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DAQ requests that a company/corporation official read the attached drafl/proposed Plan Review with
Recommended Approval Order Conditions. If this person does not understand or does not agree with the
conditions, the review engineer should be contacted within five days after receipt of the Plan Review. If
this person agrees with the Plan Review and Recommended Approval Order Conditions, this person
should sign below and return (FAX # 801-536-4099) within 10 days after receipt of the conditions. If the
review engineer is not contacted within l0 days, the review engineer shall assume that the
company/corporation official agrees with this Plan Review and will process the Plan Review towards
final approval. A public comment period will be required before the Approval Order can be issued.
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OPTIONAL: [n order for this Source Plan Review and associated Approval Order conditions to be

administatively included in your Operating Permit (Application), the Responsible Official as defined in
R307-415-3, must sign the statement below and the si$nature above is not necessary. THIS IS
STRICTLY OPTIONAL!

If you do not desire this Plan Review to be administratively included in your Operating Permit
(Application), only the Applicant Contact signature above is required. Failure to have the Responsible

Official sign below will not delay the Approval Order, but will require a separate update to your
Operating Permit Application or a request for modification of your Operating Permit, signed by the

Responsible Official, in accordance with R307--415-5a through 5e or R307-4|S-Tathrough 7i.

"Based on reasonable inquiry,I certiff that the information provided for this
Approval Order has been true, accurate and complete and request that this
Approval Order be administratively amended to the Operating Permit
(Application)."

Responsible Official
(Signature & Date)

Print Name of Responsible Official
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ABSTRACT

On June 11,2015, Tesoro Refining & Marketing Company LLC (Tesoro) submitted a NOI to construct
and operate a wet gas scrubber and LoTOx project to control emigsions from the FCCU/CO Boiler at the
Tesoro Refinery in Salt Lake City (Refinery). The Refinery is located in Salt Lake City, Salt Lake
County, which is a nonattainment area for PMl0, PM2.5 and SO2, and a maintenance area for ozone and
CO. This project was submitted in partial fulfillment of the PM2.5 requirements found in Sections
IX.H.l1.g.i and IX.H.12.r of the Utah SIP.

The project involves the installation of an ozone generation system to react with and remove NOx from
the FCCU/CO boiler exhaust stream. The exhaust gases are then passed through a new spray tower, which
removes the NOx compounds, as well as SO2/SO3 and particulates. The removed compounds are retained
in the spray tower's liquid medium - water, buffered with a sodium hydroxide reagent. the liquid is then
processed in a purge treatment unit, which separates and dewaters the solids. This results in a final
effluent stream that is low in total suspended solids.

Although there will be a small increase in fugitive dust emissions from increased truck traffic to deliver
raw materials and haul away waste byproducts associated with the project, no change in plant-wide
particulate emissions is anticipated as a result of this project.

This project was supplemented on October 12,20l5,with the submission of additional information.
Tesoro determined that approximately 17,500 lbihr of additional steam generation would be needed to
drive the combustion air fan, providing the higher pressures needed in the flue gas train. There would be
a slight increase in actual emissions from the existing cogeneration units at the refinery, the largest being
approximately 6 tpy of NOx, although this increase would be within Tesoro's existing permitted emission
caps. Tesoro also provided information regarding truck haul road emissions as part of this submission.
The fugitive dust emissions from the haul roads amount to less than 0.1 tons of iotal particulates (either
PMl0 or PM2.5).

Finally, on November 10, 2015, Tesoro submitted a separate NOI for the installation of ultra-low NOx
burners on the ultraformer unit (UFU) F-l furnace. Also submitted in partial fulfillment of the pM2.5
requirements of the Utah SIP, this project is scheduled to be installed at roughly the same time as the wet
gas scrubber project. Therefore, Tesoro has requested that the two projects be processed concurrently.
Since both projects affect equipment covered by the same existing AO (DAQE-ANI03350065-14), both
NOIs have been combined into a single AO modification for purposes of convenience and project timing.

The installation of the new burners on the UFU yields no change in established source-wide permitted
emissions (no change in Tesoro's emission caps), as this installation was already included and anticipated
in Tesoro's emission caps as required by January l,2Ol9. Only the UFU will be directly physically
changed by this portion of the project. A slight increase in actual emissions (<1 tpy) of pUfpUtOlpUZ.S
and VOC is expected from the UFU Furnace F-i. In addition, some additional steam from the
cogeneration units will be required to assist the operation of the new burners. The total increase in actual
emissions from increased utilization of the cogeneration units is less than I tpy of any pollutant (the
largest being 0.78 tpy of CO). Like the emission increases associated with the wet gas scrubber steam
demand, these emission increases are included in Tesoro's existing emission caps.

Any increase in emissions associated with increased utilization of the cogeneration units can be
accomplished under existing permit requirements and without a physical change or change in the method
of operation of those units; therefore, a review of BACT is not required for the cogeneration units. The F-
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I Furnace is being physically changed by the installation of the new bumers, and will experience a small

increase in emissions of both particulates and VOC; therefore, a BACT review is required for this

emissions unit.

The source is subject to federal NSPS, NESHAP and MACT requirements, and is defined as a major

contributing source in both the Salt Lake County PM10 Maintenance and Salt Lake City PM2.5

Nonattainment Area sections of the SIP. The SIP has established emission caps for PM10, PM2.5, SO2

and NOx. The new and project-affected equipment will be included in these emission caps which shall

remain at their present values. Total PTE from the entire refinery is estimated at the following tons per

year values: PMl0 :282, PM2.5 (a subset of PM10) : 154, NOx = 638, SO2 : 1637, CO : 1,376, VOC
:793.

SOURCE SPECIFIC DESIGNATIONS

Applicable Programs:
NSPS (Part 60), Subpart A: General Provisions applies to North Flare

NSPS (Part 60), Subpart A: General Provisions applies to South Flare

NSPS (Part 60), Subpart Db: Standards of Performance for Industrial-Commercial-Institutional Steam

Generating Units applies to CGI and CG2
NSPS (Part 60), Subpart J: Standards of Performance for Petroleum Refineries applies to F-l5
NSPS (Part 60), Subpart J: Standards of Performance for Petroleum Refineries applies to F-680 and F-

681
NSPS (Part 60), Subpart J: Standards of Performance for Petroleum Refineries applies to F-701

NSPS (Part 60), Subpart J: Standards of Performance for Petroleum Refineries applies to FCCU/CO

Boiler
NSPS (Part 60), Subpart J: Standards of Performance for Petroleum Refineries applies to H-l01
NSPS (Part 60), Subpart Ja: Standards of Performance for Petroleum Refineries for Which

Construction, Reconstruction, or Modification Commenced After May 14, 2007 applies to F-1

NSPS (Part 60), Subpart K: Standards of Performance for Storage Vessels for Petroleum Liquids for
Which Construction, Reconstruction, or Modification Commenced After June I 1,1973, and Prior to

May 19, 1978 applies to Permitted Source

NSPS (Part 60), Subpart Ka: Standards of Performance for Storage Vessels for Petroleum Liquids for
Which Construction, Reconstruction, or Modification Commenced After May 18, 1978, and Prior to

July 23,1984 applies to Permitted Source

NSPS (Part 60), Subpart Kb: Standards of Performance for Volatile Organic Liquid Storage Vessels

(Including Petoleum Liquid Storage Vessels) for Which Construction, Reconstruction, or Modification

commenced After July 23,1984 applies to Tank 327: Storage vessel - gasoline

NSPS (Part 60), Subpart GG: Standards of Performance for Stationary Gas Turbines applies to CGl
andCG2
NSPS (Part 60), Subpart XX: Standards of Perfornance for Bulk Gasoline Terminals applies to

Permitted Source
NSPS (Part 60), Subpart GGG: Standards of Performance for Equipment Leaks of VOC in Petroleum

Refineries for which Construction, Reconstruction, or Modification Commenced After January 4,1983,
and on or Before November 7 ,2006 applies to Permitted Source

NSPS (Part 60), Subpart GGGa: Standards of Performance for Equipment Leaks of VOC in Petroleum

Refineries for Which Construction, Reconstruction, or Modification Commenced After November 7,

2006 applies to Permitted Source
NSPS (Part 60), Subpart NNN: Standards of Performance for Volatile Organic Compound (VOC)

Emissions From Synthetic Organic Chemical Manufacturing Industry (SOCMI) Dstillation Operations

Engineering Review NI03350066: Salt Lake City Refinery - Installation of a Wet Gas Scrubber and Ultra-Low NOx Bumers
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applies to Permitted Source
NSPS (Part 60), Subpart QQQ: Standards of Performance for VOC Emissions From Petroleum
Refinery Wastewater Systems applies to Permitted Source
NESHAP (Part 61), Subpart A: General Provisions applies to Permitted Source
NESHAP (Part 61), Subpart M: National Emission Standard for Asbestos applies to Permitiod Source
NESHAP (Part 6l), Subpart FF: National Emission Standard for Benzene Waste Operations applies to
Permitted Source
MACT (Part 63), Subpart A: General Provisions applies to Permitted Source
MACT (Part 63), Subpart CC: National Emission Standards for Hazardous Air Pollutants From
Petroleum Refineries applies to Permitted Source
MACT (Part 63), Subpart UUU: National Emission Standards for Hazardous Air Pollutants for
Petroleum Refineries: Catalytic Cracking Units, Catalyic Reforming Units, and Sulfur Recovery Units
applies to Permitted Source
MACT (Part 63), Subpart EEEE: National Emission Standards for Hazardous Air Pollutants: Organic
Liquids Distribution (Non-Gasoline) applies to Permitted Source
MACT (Part 63), Subpart DDDDD: National Emission Standards for Hazardous Air Pollutants for
Major Sources: Industial, Commercial, and Institutional Boilers and Process Heaters applies to
Permitted Source
Major HAP source applies to Permitted Source
Major criteria source applies to Permitted Source
PMrg SIP / Maint Plan applies to Permitted Source
Title V (Part 70) major source applies to Permitted Source
Salt Lake City CO Maintenance Area applies to Permitted Source
Salt Lake County 03 Maintenance Area applies to Permitted Source
Salt Lake County PM10 NAA applies to Permitted Source
Salt Lake County PIvI2 5 NAA applies to Permitted Source
Salt Lake County SO2 NAA applies to Permitted Source

Permit History:

When issued, the approval order shall supersede or will be based on the following documents:

Supersedes DAQE-AN103350065-14 dated September 5,2014
Is Derived From Source Submitted NOI dated June I 1,2015
Incorporates Additional Information Received From EPA dated September 29,2015
Incorporates AdditionallnformationReceiveddatedSeptember23,2015
Incorporates Additional Information Received dated October 12,2015
Incorporates Additional Information Received dated November I 0, 201 5
Incorporates Additional Information Received dated January B,2016
Incorporates Additional Information Received dated February 1,2016

SUMMARY OF'NOTICE OF INTENT INFORMATION

Description of Proposal:

On June 11,2075, Tesoro Refining & Marketing Company LLC (Tesoro) submitted a NOI to construct
and operate a wet gas scrubber and LoTOx project to control emissions from the FCCU/CO Boiler at the
Tesoro Refinery in Salt Lake City (Refinery). The Refinery is located in Salt Lake City, Salt Lake
County, which is a nonattainment area for PM10, PM2 5 and SO2, and a maintenance area for ozone and
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CO. This project was submitted in partial fulfillment of the PMz r requirements found in Sections

IX.H.11.g.i and IX.H.12.r of the Utah SIP.

The project involves the installation of an ozone generation system to react with and remove NO- from

tn" p'CCUICO boiler exhaust stream. The exhaust gases are then passed through a new spray tower, which

removes the NO. compounds, as well as SOz/SOl and particulates. The removed compounds are retained

in the spray tower's liquid medium - water, buffered with a sodium hydroxide reagent. The liquid is then

processed in a purge treatment unit, which separates and dewaters the solids. This results in a final

effluent stream that is low in total suspended solids.

Although there will be a small increase in fugitive dust emissions from increased truck traffic to deliver

raw materials and haul away waste byproducts associated with the project, no change in plant-wide

particulate emissions is anticipated as a result of this project. There is the potential for a small amount of
unreacted ozone being released as "slip" from the treatment process. The total amount of ozone released

is expected to be quite small (likely less than 5 tpy)'

This project was supplemented on October 72,2}75,with the submission of additional information.

Tesoio determined tltat approximately 17,500 lb/hr of additional steam generation would be needed to

drive the combustion air fan,providing the higher pressures needed in the flue gas train. There would be

a slight increase in actual emissions from the existing cogeneration units at the refinery, the largest being

appioximately 6 @y of NO* although this increase would be within Tesoro's existing permitted emission

caps. Tesoro provided updated information regarding truck haul road emissions as part of this

sutmission. th" fugitir" dust emissions from the haul roads amounts to less than 0.1 tons of total

particulates (either PMle or PM2 5).On November 70,2015, Tesoro submitted a separate NOI for the

installation of ultra-low NO* burners on the ultraformer unit (UFU) F-lfurnace. Also submitted in partial

fulfillment of the PMz s requirements of the Utah SIP, this project is scheduled to be installed at

approximately the same time as the wet gas scrubber project. Therefore, Tesoro has requested that the

two projects be processed concurrently. Since both projects affect equipment covered by the same

existing AO (DAeE-AN103350065-14), both NOIs have been combined into a single AO change for

purposes of convenience and project timing.

The installation of the new burners on the UFU yields no change in established source-wide permitted

emissions. The installation of these burners was already included and anticipated in Tesoro's PMz.s SIP-

required emission caps, which come into effect on January 1,2019. However, these emission caps will be

added to this AO as a separate and distinct permit requirement.

Only the UFU will be directly physically modified by this portion of the project. A slight increase in

actual emissions (<1 tpy) of PM/PMro/PM2.5 and VOC is expected from the UFU Furnace F-1' In
addition, some additional steam from the cogeneration units will be required to assist the operation of the

new burners. The total increase in actual emissions from increased utilization of the cogeneration units is

less than 1 tpy of any pollutant (the largest being 0.78 tpy of CO). Like the emission increases associated

with the *"i gur scrubber steam demand, these emission increases are included in Tesoro's existing and

future (1l1l}0l9) emission caPs.

The changes anticipated by this combined permitting project are:

l. Adding one entry to Section ILA to list the new wet gas scrubber and Lo-TOx unit

2. Updating the entry in Section II.A referring to the UFU F-l Furnace to reflect the new burners

:. adding new requirements in Section II.B on the FCCU/CO Boiler based on the expected performance

of the wet gas scrubber

Engineering ReviewNl03350066: Salt Lake City..i,ffffJT;:,ltff'^ wet Gas Scrubber and Ultra-Low NOx Bumers
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4. Adding new requirements to reflect the new emission caps from SIP Sections IX.H.2 and IX.H.l2
5. Adding 40 CFR 63, Subpart DDDDD to the list of applicable subparts as it was previously left out.

Summary of Emission Totals:

The emissions listed below are an estimate of the total potential emissions from the source. Some
rounding of emissions is possible.

Estimated Criteria Pollutant Potential Emissions
CO2 Equivalent
Carbon Monoxide
Nitrogen Oxides
Particulate Matter - PMro
Particulate Matter - PMz.s
Sulfur Dioxide
Volatile Organic Compounds

Review of Best Available Control Technology:

1.00 tons/yr
1376.00 tons/yr
638.00 tons/yr
282.00 tons/yr
154.00 tons/yr

1637.00 tons/yr
793.00 tons/yr

1. BACTReview
As a combined project with two distinct sections, the requirement to review BACT applies
separately to each sub-project.

Wet Gas Scrubber Project:
The wet gas scrubber and LoTOx unit are being installed entirely as pollution control devices.
The only emission "increase" associated with the installation is the release of ozone as part of
the NO* control process. Although every effort is made to balance the amount of ozone required
to control NO*, some amount of additional ozone is required as no process can be truly isometric
in practice. Some portion of this ozone can pass through the process unreacted and be emitted in
what is called "slip". This is very similarto the passage of ammonia slip used in the SCR
process.

In fact, within the NSR permitting process the way this ozone would be reviewed must be
handled exactly as would the ammonia slip from an SCR treatment process. In other words, not
as a separate pollutant emission, but as an unfortunate by-product of the treatment process.
Nevertheless, UDAQ has conducted a search for potential applicable control technology for
direct ozone emissions and found only a single process which claims to reduce ozone emissions
directly.

The PremAir and PremAir NXT direct ozone reduction catalysts from BASF are based on an
earlier design by Engelhard (BASF bought Engelhard in 2006). These catalysts are designed for
use in vehicle radiators and reduce ozone into oxygen. Unfortunately, this technology is not
currently transferable to control the ozone slip emissions generated in the Tesoro wet gas
scrubber. As is explained in the process description, the wet gas scrubber is being installed
primarily to control SOz (and other sulfur oxide and acid gas) emissions. This system was
chosen because of the high initial particulate loading, and the ability to control multiple sulfur-
based pollutants simultaneously. This type of system has also been demonstrated as highly
effective in controlling emissions from FCCU regenerators; especially when combined with a
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LoTOx unit for controlling NO* emissions.

In the LoTOx system, the ozone is injected prior to the packed bed scrubber, in order to ensure

good mixing and elevated temperatures (which speeds the reduction). Attempting to install an

oron" reducing catalyst in this section would lead to fouling of that catalyst due to the high

particulate loading. Unfortunately, attempting to install the catalyst after the packed bed yields a

different problem. The catalyst has been shown to have greatly lowered effectiveness in high

humidity environments, and can be actively poisoned by chemical salts.

Given that the exhaust stream following the packed bed will approach 100% relative humidity,

UDAQ asserts that this technology is not transferable at this time. UDAQ was unable to find

any other direct ozone emission-controlling technology which could be applied to this process.

Operating under the assumption that the wet gas scrubberlloTOx unit operates as an emission

control divice, and the ozone used in the process is considered "slip", no existing emissions will
increase as a result of this sub-project, no new emissions will be generated, and several existing

pollutants will experience a decrease in emissions.

Thus, no additional BACT is required for this sub-project. [Last updated February ll,20l6f

BACT Review cont.
From the definition of BACT found at R307-401-2:

"Best available control technology" means an emissiors limitation (including a visible emissions

standard) based on the maximum degree of reduction for each air contaminant which would be

emitted from any proposed stationary source or modification which the director, on a case-

by-case basis, taking into account energy, environmental, and economic impacts and other costs,

determines is achievable for such source or modification through application of production

processes or available methods, systems, and techniques, including fuel cleaning or treatment or

innovative fuel combustion techniques for control of such pollutant... [emphasis added]

In this particular case, the installation of the new wet gas scrubber/LoTOx system is not a new

(proposed) stationary source, as the refinery is already existing; nor does it qualiff as a

modification, since by definition a modification requires there to be an increase in emissions

(see the definition of "modification" in R307-101-2).

Even if the emissions of ozone are treated as a separate emission, there are no new emissions of
any other air contaminants besides ozone, and so BACT would only need to be reviewed for

control of that single pollutant. Ozone is not a regulated NSR pollutant. No other processes are

being physically modified or experiencing an increase in emissions of any air contaminant.

trus, bACt for this sub-project is no additional controls beyond installation of the wet gas

scrubber and LoTox unit as described. [Last updated February 11, 2016]

BACT Review cont.
Installation of the Ultra-Low NO* Burners on the Ultraformer Unit F-1 Furnace:

As with the wet gas scrubberlloTOx system, the new ultra-low NO* burners are being installed

to reduce the NO, emissions from the F-l Furnace; ultra-low NO* burners are inherently lower

in NO* emissions than standard or "regular" low-NO* burners. However, a slight increase in

actual emissions (< 1 tpy) of PM/PMro lPMrz5 and VOC is expected from the UFU Furnace F-1.

EngineeringReviewNl03350066: SaltLakeCityRefinery-InstallationofaWetGasScrubberandUltra-LowNOxBumers
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This results in two changes which need to be considered in the BACT review process. Steam
from the existing cogeneration units is used to control the flame temperature olthe new burners.
This places additional steam demand on the cogeneration units, making them affected units
under NSR. The new burners make the F-l Furnace a modified unit.

Since the cogeneration units are not being physically changed in any way, no BACT review is
required for these units. While the emissions from these two units are included in the overall
NSR analysis, the lack of a physical change means that no BACT review is necessary. The F-l
furnace is being physically changed by the installation of the new burners, and will experience a
small increase in emissions of both particulates and VOC (see the emission calculation section
for further details).

The total estimated increase in actual particulate and VOC emissions for the F-l furnace is less
than 1 ton per year each (0.4 tpy of PM1s, 0.4 tpy of PM2 5 and 0.3 tpy of VOC). The source of
the emissions is gaseous fuel combustion - a combination of refinery fuel gas and natural gas.
At this level of emissions, UDAQ is unaware of any add-on controls for additional reduction of
particulate emissions beyond good combustion control and use of gaseous fuel. The same holds
true for VOC emissions - although additional VoC control could be obtained with thermal
oxidation, this leads to additional emissions in the form of CO, CO2, NO* and particulates from
combustion. In addition, there are no economically viable add-on controls, as butlined below.

Tesoro evaluated several possible additional control measures:
For particulate emissions - the use of baghouses, ESPs, or wet scrubber technology;
and for VOC control - the use of catalytic oxidation.
None of these control options were found to be technically or economically feasible. The
expected emission rates achievable by any of the add-on particulate controls is actually larger
than the emission rate expected from just the new bumers alone, making the use of add-on
controls superfluous. Tesoro was unable to identifu any available add-on controls for the CO
emissions. Although catalytic reduction technology has been applied to CO emissions, it has not
been utilized in this context - for emission increases on such a small scale.

Therefore, the NSR section recommends that the existing project to install ultra-low NO*
burners proceed without changes and be accepted without additional add-on controls as BACT.
Proper design, implementation of good combustion practices, and use of gaseous fuels is
considered BACT. [Last updated February 25,2016)

4. BACT Review Cont.
Control of Fugitive Dust.
No BACT Review for fugitive dust is required, as no physical change is taking place. The
increase in fugitive dust emissions are the direct result of increased vehicle traffic on Tesoro's
internal haul roads. These roads are already paved and swepVwashed as needed under Tesoro's
existing dust control plan in order to meet the opacity requiiements of R307-309. The increased
vehicle traffic does not change the control technique applicable to reduce fugitive dust
emissions. As Tesoro is already employing the most effective control strategy available, and no
changes or improvements are possible, no additional review of BACT for this "process,' is
required.

Thus, the NSR section recommends that BACT continue to remain sweeping/washing the
existing paved roads as needed. [Last updated February 29,2016)
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Modeling Results:

This combined project results in no increase in total permitted emissions of any pollutant. Under the

provisions of n:07-+tO-4 and R307-410-5, no modeling is required. Similarly, the gnly modification

occurring underthe federal provisions of 40 CFR 51,40 CFR 60,40 CFR 61 or 40 CFR 63 would be

the small increase in actual imissions of particulates and VOC resulting from the installation of the

new ultra-low NO* burners at the UFU. These increases are less than 1 ton per year for each pollutant,

well below the federal modeling thresholds.

With regard to the direct emissions of ozone (the ozone "slip" emissions), no model has been approved

for modeling direct ozone emissions, and no modeling threshold exists.

Therefore, no modeling is required for this project.

[Last updated January 14, 20167
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RECOMMENDED APPROVAL ORDER CONDITIONS

The intent is to issue an air quality Approval Order (AO) authorizing the project with the following
recommended conditions and that failure to comply with any ofthe conditions may constitute a violation
of the AO. The AO will be issued to and will apply to the following:

Name of Permittee:

Tesoro Refining & Marketing Company LLC
474W 900 N
Salt Lake City, UT 84103

UTM coordinates:
SIC code:

Permitted Location:

Salt Lake City Refinery
474 West 900 North
salt Lake city, uT 84103

423,400 m Easting,4,515,950 m Northing, UTM Zone 12

291 1 (Petroleum Refining)

I.1

r.2

I.3

r.4

Section I: GENERAL PROVISIONS

All definitions, terms, abbreviations, and references used in this AO conform to those used in the
UAC R307 and 40 CFR. Unless noted otherwise, references cited in these AO conditions refer to
those rules. [R307-101]

The limits set forth in this AO shall not be exceeded without prior approval. [R307-401]

Modifications to the equipment or processes approved by this AO that could affect the emissions
covered by this AO must be reviewed and approved. [R307-401-1]

All records referenced in this AO, which are required to be kept by the owner/operator, shall be
made available to the Director or Director's representative upon request, and the records shall
include the two-year period prior to the date of the request. Records shall be kept for a minimum
of five (5) years. Records for the Consent Decree, Civil Action No. 2:96 CV 095 RL shall be kept
for the life of the Consent Decree. [R307-415-6a]

A. The owner/operator shall comply with R307-150 Series. Inventories.

B. The owner/operator shall maintain records of annual actual emissions of NO*, SO2, VOC, and
HzSO+ on a calendar year basis in accordance with 40 CFR 52.21(r)(6). These records will be
maintained for the following emission units:

Crude Unit Furnace H-101
FCCU/CO Boiler
Ultraformer Unit Furnace F-l
UFU Regeneration Heater F-15
DDU Charge Heater F-680
DDU Rerun Boiler F-681
SRU/TGTU/TGI
GHT UNit F-701
Ultraformer Compresson K I s
Cogeneration Unit Turbines
Cogeneration Unit HRSGs
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DDU Reactor (SSM events)
VRU Vessels (SSM events)
FGDU/SWS (SRU) Flare
Cooling Tower UU3
LPG Rack
Gasoline and Diesel Truck Loadout Rack
Storage Tanks (l 86, 188, 204,212,213,242,243,252,321,324,325,326,327,330,33 1, 503,

s04)
New and Replaced Components. [R307-150, R307-405-19]

I.6 The owner/operator shall comply with UAC R307-107. General Requirements: Breakdowns.

lR307-ro7l
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Section II: SPECIAL PROYISIONS

II.A The approved installations shall consist of the following equipment:

II.A.I Permitted Source
Permitted Source

tI.A.z H-101
Crude Unit Furnace, with ultra-low NO* burners and one (1) stack, PS #l

II.A.3 F'-1

Ultraformer Unit (UFU) Furnace, with ultra-low NO* burners and four (4) stacks, PS #2

II.A.4 F-15
UFU Regeneration Heater, with low NO* burners and one (l) stack, PS #3

II.A.5 FCCU/CO Boiler
Fluid catalytic Cracking Unit (FCCU) Regenerator, Carbon Monoxide Boiler (Heat Recovery
Unit), with CONOX oxygen injection, ammonia injection, electrostatic precipitator (ESP), wet
gas scrubber/LoTOx system (WGS), and one (l) stack, PS #4

II.A.6 F-680 and F-681
Distillate Desulfurization Unit (DDU) charge heater and rerun boiler, combined rating approx.
37.8 MMBtu/hr, equipped with "ultra-ultra" low NO* burners. Heaters share common
convection section and stack, PS #5.

II.A.7 Kls
Hydrogen Compressors (Ultraformer compressors), with catalytic converters and two (2)
stacks, PS #6

II.A.8 South Flare
Flare covering Crude/UFU Unit/DDU,
Flare gas header routed to FGR system, PS #7

II.A.9 North Flare
Flare covering FCCU/VRU/Alkylation Unit/GHT,
Flare gas header routed to FGR system, PS #8

II.A.10 Modular FGR System (FGR)
Flare gas recovery compressors (electrically driven) and associated equipment

II.A.11 CO Boiler Bypass
CO Boiler Bypass, with one (l) stack, PS #9

IT.A,I2 SRUITGI/TGTU
Sulfur Recovery Unit/Tail Gas Incinerator/Tail Gas Treatment Unit, PS #10

II.A.I3 FGDU/SWS
Fuel Gas Desulfurization Unit/Sour Water Stripper (FGDU/SWS) Flare (this unit is physically
integrated with the Sulfur Recovery Unit (SRU)), PS #11

ILA.I4 T-104
Sour Water Storage Tank

ILA.I5 Emergency/Standby Sources
Waste Water Treatment Plant (WWTP) Generator, Electrical Generators, Plant Air
Compressors, Miscellaneous Air Compressors, Fire Water Pumps, B-1 Air Preheater, Package
Boilers

ILA.I6 F-701
Gasoline Hydrotreater (GHT) Unit with 8.0 MMBtu/hr process heater

II.A.I7 BSU
Benzene Saturation Unit (BSU):
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3,000 bpd Bensat reactor and 10,000 bpd reformate splitter.
ILA.I8 CGl and CG2

Cogeneration Unit: two cogeneration trains (CGl and CGz), each with one 1 1.8 MW (based
on an annual average) turbine with SoLoNO* controls and one heat recovery steam generating
unit rated at approx 157.8 MMBtu/hr (HHV). Both rates based on an annual average.

II.A.19 Loading/Unloading Racks

ll.A.20 Tank 140: Storage vessel - petroleum liquids
Storage tank with internal floating roof and primary seals

ll.A.2l Tank 141: Storage vessel - petroleum liquids
Storage tank with fixed roof

II.A.22 Tankl42z Storage vessel - petroleum liquids
Storage tank with fixed roof

lI.A.23 Tank 144: Storage vessel - petroleum liquids
Storage tank with external floating roof, primary and secondary seals

ILA.24 Tank 157: Storage vessel - petroleum liquids
Storage tank with fixed roof

II.A.25 Tank 158: Storage vessel - petroleum liquids
Storage tank with fixed roof

II.A.26 Tank 186: Storage vessel - petroleum liquids
Storage tank with internal floating roof, primary and secondary seals

II.A.27 Tank 188: Storage vessel - petroleum liquids
Storage tank with internal floating roof, primary and secondary seals

II.A.28 Tank 189: Storage vessel - petroleum liquids
Storage tank with fixed roof

II.A.29 Tank 190: Storage vessel - petroleum liquids
Storage tank with external floating roof, primary and secondary seals

II.A.30 Tank 201: Storage vessel - amine
Storage tank with fixed roof

II.A.3l Tank 203: Storage vessel - stormwater
Storage tank with fixed roof

II.A.32 Tank 204: Storage vessel - petroleum liquids
Storage tank with fixed roof

II.A.33 Tank 206: Storage vessel - petroleum liquids
Storage tank with fixed roof

II.A.34 Tank2l?z Storage vessel - petroleum liquids
Storage tank with fixed roof

II.A.35 Tank 213: Storage vessel - petroleum liquids
Storage tank with fixed roof

II.,4..36 Tank 236: Storage vessel - petroleum liquids
Storage tank with fixed roof

II.A.37 Tank 241: Storage vessel - surge tank
Storage tank with external floating roof, primary and secondary seals

II.A.38 Tank242z Storage vessel - petroleum liquids
Storage tank with external floating roof, primary and secondary seals

II.A.39 Tank243l Storage vessel - petroleum liquids
Storage tank with external floating roof, primary and secondary seals

II.A.40 Tank244: Storage vessel - petroleum liquids
Storage tank with external floating roof, primary and secondary seals
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II.A.41

TT.A.42

II.A.43

Lt.4.44

II.A.45

II.A.46

TT.A.47

II.A.48

tr.A.49

II.A.5O

TI.A.5I

TI.A.52

II.A.53

II.A.54

II.A.55

II.A.56

II.A.57

II.A.58

II.A.59

II.A.6O

II.A.61

U.A.62

II.A.63

il.A.64

II.A.65

Tank 245: Storage vessel - petroleum liquids
Storage tank with external floating roof primary and secondary seals

Tank246: Storage vessel - petroleum liquids
Storage tank with external floating roof, primary and secondary seals

Tank247: Storage vessel - petroleum liquids
Storage tank with external floating roof, primary and secondary seals

Tank252z Storage vessel - petroleum liquids
Storage tank with external floating roof, primary and secondary seals

Tank 270: Storage vessel - petroleum liquids
Storage tank with fixed roof
Tank2Tlz Storage vessel - petroleum liquids
Storage tank with fixed roof
Tank 291: Storage vessel - petroleum liquids
Storage tank with fixed roof to be retrofitted with internal floating roof
Tank297z Storage vessel - petroleum liquids
Storage tank with internal floating roof and primary seals

Tank 298: Storage vessel - petroleum liquids
Storage tank with external floating roof, primary and secondary seals

Tank 307: Storage vessel - petroleum liquids
Storage tank with external floating roof primary and secondary seals

Tank 308: Storage vessel - chemicals
Storage tank with external floating roof, primary and secondary seals

Tank 309: Storage vessel - petroleum liquids
Storage tank with external floating roof, primary and secondary seals

Tank 310: Storage vessel - petroleum liquids
Storage tank with fixed roof
Tank 311: Storage vessel - petroleum liquids
Storage tank with fixed roof
Tank 312: Storage vessel - petroleum liquids
Storage tank with fixed roof
Tank 313: Storage vessel - petroleum liquids
Storage tank with fixed roof
Tank 314: Storage vessel - petroleum liquids
Storage tank with fixed roof
Tank 315: Storage vessel - petroleum liquids
Storage tank with fixed roof
Tank 321: Storage vessel - petroleum liquids
Storage tank with internal floating roof and primary seals

Tank322: Storage vessel - petroleum liquids
Storage tank with fixed roof
Tank 323: Storage vessel - petroleum liquids
Storage tank with fixed roof
Tank 324: Storage vessel - petroleum liquids
Storage tank with external floating roof, primary and secondary seals

Tank 325: Storage vessel - petroleum liquids
Storage tank with external floating roof, primary and secondary seals

Tank 326: Storage vessel - petroleum liquids
Storage tank with external floating roof, primary and secondary seals

Tank327: Storage vessel - gasoline
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II.B

II.B.I

II.B.1.a

II.A.66

il.A.67

II.A.68

II.A.69

II.A.7O

II.A.71

II.B.1.b

II.B.1.c

II.B.l.d

II.B.l.e

II.B.1.f

Storage tank with external floating roof, primary and secondary seals, and slotted guide pole
controls
Tank 328: Storage vessel - petroleum liquids
Storage tank with external floating roof, primary and secondary seals

Tank 330: Storage vessel - petroleum liquids
Storage tank with external floating roof, primary and secondary seals

Tank 331: Storage vessel - petroleum liquids
Storage tank with internal floating roof, primary and secondary seals

SO2 Cap Sources
Sources included in emissions cap: includes F-701, CGI and CG2, H-l01, FCCU/CO Boiler,
Kls, F-1, F-15 , F-680 and F-681
NO* Cap Sources
Sources included in emissions cap: includes F-701, CG1 and CG2, H-101, FCCU/CO Boiler,
Kls, F-1, F-15 , F-680 and F-681
PMle Cap Sources
Sources included in emissions cap: includes F-701, CGl and CG2, H-101, FCCU/CO Boiler,
Kls, F-1, F-15 , F-680 and F-681

Requirements and Limitations

Conditions on Permitted Source

Visible emissions from the stacks of combustion units without controls shall be no greater than
l0 percent (%) opacity. Compliance shall be determined using opacity observations performed
in accordance with 40 CFR 60, Appendix A, Method 9. [R307-401]

Tesoro shall limit operation of the emergency/standby package boilers listed in Section II.A.l4
to an annual capacity factor of l0% (0.10) or less for natural gas as specified in 40 CFR 60
Subpart Db. [R307-401]

Visible emissions from the FCCUiCO Boiler and fugitive emissions shall not exceed20%o

opacity. Compliance shall be determined using opacity observations performed in accordance
with 40 CFR 60, Appendix A, Method 9.

Visible emissions from process flares, fugitive dust, and the FCCU (when going through the
bypass stack) shall not exceed 20%o opacity. Compliance shall be determined using opacity
observations performed in accordance with 40 CFR 60, Appendix A, Method 9. [40 CFR 60,
R307-401-81

Tesoro shall submit to the Director a projection of planned and required process shutdowns for
the upcoming calendar year by January 15 of each year. [R307-401]

Tesoro shall control the sulfur pit emissions by continuing to route sulfur pit emissions to the
incinerator at the SRU. [R307-401]

Tesoro shall supply no more than one-third of its potential electrical output capacity on an
annual basis to any utility power distribution system for sale (on a gross basis). Records of
capacity and annual electrical sales shall be maintained. [R307-401]
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II.B.l.g

II.B.1.h

rI.B.1.i

il.B.2

II.B.2.a

II.B.3

II.B.3.a

Tesoro shall install and operate a flare gas recovery system designed to limit hydrocarbon
flaring from each of the North Flare and South Flare to levels below the values listed in 40 CFR
60. 103a(c), except during periods of startup, shut down, or malfunction. [40 CFR 60 Subpart Ja,
SIP Section IX.H.l1l

Plant-wide Emission Limis:

By no later than January 1,2019, combined emissions of:

1. Total (Filterable+condensable) PMls shall not exceed 2.25 tons per day,
2. Filterable PM2.5 shall not exceed 0.42 tons per day and I l0 tons per rolling l2-month period,
3. NO* shall not exceed 1.988 tons per day and 475 tons per rolling l2-month period, and
4. so2 shall not exceed 3.1 tons per day and 300 tons per rolling 12-month period

For purposes of this requirement, a "day" is defined as a period of 24-hours commencing at
midnight and ending at the following midnight. Compliarce with the emission limits shall be
determined as outlined in Section IX.H.2 and Section IX.H.12 of the SIP, as adopted by the Air
Quality Board on December 2,2015. [SIP Section rx.H.l2, SIp Section Ix.H.2]

Tesoro shall notifu the Director in writing within 30 days after the new ultra-low NO* burners
(II.A.3) and wet gas scrubber/LoTOx system (tr.A.5) are installed and operational, as an initial
compliance inspection is required. To ensure proper credit when notiffing the Director, send
your correspondence to the Director, attn: Compliance Section.

Approval orders issued by the Director in accordance with the provisions of R307-401 will be
reviewed eighteen months after the date of issuance to determine the status of construction,
installation, modification, relocation or establishment. If a continuous program of construction,
installation, modification, relocation or establishment is not proceeding, the Director may revoke
the approval order. [R307-401-18]

Conditions on Crude Unit Furnace (II-101)

Emissions of No* shall not exceed 0.054 lb&IMBtu on a 3-hour average basis.

Compliance shall be demonstrated by means of annual NO* emissions testing as directed in 40
CFR 60 Appendix A, Test Method '7 

,'7 A,78,7C,7D or 7E.
tR307-4011

Conditions on FCCU/CO Boiler and CO Boiler Bvpass

As of January 1,2018, emissions of NO, and SOz shall not exceed the following values:

l. l0 ppmvd NO. at 0o/o Ozon a 365-day rolling average basis
2. 2A ppmvd NO. at|Yo O2on a7-day rolling average basis
3. l0 ppmvd SOz at 0%o O2on a 365-day rolling average basis
4. l8 ppmvd SOz at 0%o A2 on a7-day rolling average basis

For the 365-day NO* and SO2 limits, the first complete 365-day rolling average shall be
calculated on January 1,2079, based on monitoring data from January l,z}lr,and the 364 days
prior to January l, 2019.
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ILB.3.b

II.B.3.c

ILB.3.d

NO* and SO2 emissions during periods of startup, shutdown, or malfunction of the FCCU, or

malfunction of the associated NO* or SOz control equipment, if any, shall not be used in

determining compliance with the 7-day NO* and SOz limits established above provided that

during such periods Tesoro, to the extent practicable, maintains and operates the FCCU,

including asiociated air pollution control equipment, in a manner consistent with good air

pollution control practices for minimizing emissions. The 365-day NO* and SOz limits shall

apply at all times.

Tesoro shall use NO*, SO2, and Oz CEMS to monitor performance of the FCCU. CEMS shall be

used to demonstrate compliance with the 7-day and 365-day NO* emission limits established

above. Tesoro shall make CEMS data available to UDAQ or EPA within thiffy (30) days of a

written request. Tesoro shall install, certifu, calibrate, maintain, and operate all CEMS at the

FCCU required by this paragraph in accordance with the provisions of 40 C.F.R. $ 60.13 that are

applicable to CEMS (excluding those provisions applicable only to COMS) and Part 60

Appendices A and F, and the applicable performance specification test of 40 C.F.R. Part 60

Appendix B.

[R307-401]

By no later than January 1, 2018, Tesoro shall comply with an SOz emission limit of 25 ppmvd

@ O% excess air on a 365-day rolling average basis and 50 ppmvd @ 0% excess air on a7-day

rolling average basis.

Compliance with this limit shall be determined by following 40 C.F.R. $60.105a(g). [SIP

Section IX.H.l1.g.i l

By no later than January l,z}l9,Tesoro shall comply with an emission limit of 1.0 pounds PM

per 1000 pounds coke burned on a 3-hour average basis.

Compliance with this limit shall be determined by following the stack test protocol specified in

40 C.F.R. $60.106(b) to measure PM emissions on the FCCU. Stack tests shall be conducted

once every five years.

By no later than January 7,2019, each owner or operator of an FCCU shall install, operate, and

maintain a continuous parameter monitor system (CPMS) to measure and record operating

parameters for determination of source-wide PM2 5 emissions as appropriate. [SIP Section

Ix.H.I 1.g.il

BynolaterthanOctober l,2Ol5,TesoroshallcomplywiththefollowingCOlimitsatthe
pbCU: (l) a short-term FCCU CO emission limit of 500 ppmvd CO @ 0o/o Oz (one-hour block

average); and (2) a long-term FCCU CO emission limit of 100 ppmvd CO @ 0% 02 (365-day

rolling average). For 365-day CO emission limit, the first complete 365-day rolling average shall

be calculated on October l,2015,based on monitoring data from October 1,2015 and the 364

Days priorto October 1,2015.

CO emissions during periods of startup, shutdown, or malfunction of the FCCU, or malfunction

of the associated CO control equipment, if any, shall not be used in determining compliance

with the 7-day FCCU CO emission limit established above, provided that during such periods

Tesoro, to the extent practicable, maintains and operates the FCCU, including associated air

pollution control equipment, in a manner consistent with good air pollution control practices for
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II.B.3.e

II.B.3.f

II.B.4

II.B.4.a

II.B.4.b

minimizing emissions. The 365-day CO emission limit established above, shall apply at all
times.

Tesoro shall use a CO and 02 CEMS to monitor the performance of the FCCU. Tesoro shall
make CEMS data available to UDAQ or EPA within thiffy (30) days of a written request.
Tesoro shall install, certifu, calibrate, maintain, and operate all CEMS at the FCCU iequired by
this Paragraph in accordance with the provisions of 40 C.F.R. $ 60.13 that are applicable to
CEMS (excluding those provisions applicable only to COMS) and Part 60 Appendices A and F,
and the applicable performance specification test of 40 C.F.R. Part 60 Appendix B. [R307-401]

The FCCU Catalyst Regenerator is an "affected facility" as that term is used in 40 C.F.R. part
60, Subparts A and J for PM, SO2, and CO. On and after October l,2}ls,until January 1, 2018,
the FCCU Catalyst Regenerator shall continue to be subject to and shall comply with 40 C.F.R.
Part 60, Subparts A and J for SO2. [40 CFR 60 Subpart J]

Beginning on October 1,2015, the FCCU shall become an "affected facility" as that term is used
in 40 C.F.R. Part 60, Subpart Ja for PM and CO in lieu of Subpart J. Beginning on January 1,
2018, the FCCU shall become an "affected facility" as that term is used in 40 C.F.R. Part 60,
Subpart Ja for NO*, and Subpart Ja for SO2 in lieu of Subpart J. On and after January l, ZOIB,
Tesoro shall comply with all applicable requirements in 40 C.F.R. Part 60, Subpart Ja at the
FCCU. [40 CFR 60 Subpart J, 40 CFR 60 Subpart Ja]

Conditions on SRU/TGUTGTU

Gaseous emissions from the SRU shall be treated by the TGTU during normal operations prior
to final treatment at the TGI. [R307-401-8]

The SO2 limit atthe SRU/TGVTGTU is 1.68 tons/day. Compliance with the daily limitation
shall be determined as follows:

Daily sulfur dioxide emissions from the SRU/TGVTGTU shall be determined by multiplying the
SO2 concentration in the flue gas by the mass flow of the flue gas.

Emissions of SO2 from the SRU/TGI/TGTU shall not exceed 60 tons per rolling l2-monthons per rollng lz-montn
period. Compliance shall be determined on a l2-month rolling total. Within 20 days of the

rr.B.4.b.l

beginning of each calendar month, the SOz emission totals calculated to demonstraie compliance
with the daily limitations shall be totaled for the previous month. The monthly total shall be
added to the totals from the previous I I months to determine the new l2-monih rolling total.
1R307-4011

The SOz concentration in the flue gas shall be determined by a CEM that meets or exceeds the
requirements contained in 40 CFR 60, Appendix B, Performance Specification 2. Daily zero (0-
20Yo of span value) and span (50-100% ofspan value) calibration drift tests shall be conducted
in accordance with UAC R307-170. Quarterly cylinder gas audits and an annual relative
accuracy test audit shall be conducted in accordance with the procedures outlined in UAC R307-
170. 40 CFR 60 Methods 2,3 and 6 shall be used to determine relative accuracy. If a new
monitor is installed, an initial performance test shall be performed within 30 days of installation.
The performance test shall be conducted and data reduced in accordance with the test methods
and procedures contained in 40 CFR 60, Appendix B, Performance Specific ation2. Notification
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II.B.5

II.B.5.a

II.B.5.a.1

must be made to the Director prior to conducting the performance test. Whenever the SO2 CEM

is bypassed for short periods, SO2 CEM data from the previous three days will be averaged and

used as an emission factor to determine emissions.

The mass flow rate of the flue gas shall be determined by a volumetric flow measurement device

that meets or exceeds the requirements contained in 40 CFR 60 Appendix B. An annual relative

accuracy test audit shall be conducted in accordance with the procedures outlined in UAC R307-

170 and 40 CFR 60 Appendix B. If a new volumetric flow measurement device is installed, an

initial perfofinance test shall be performed within 30 days of installation. The performance test

shall bi conducted and data reduced in accordance with the test methods and procedures

contained in 40 CFR 52 Appendix E. Notification must be made to the Director prior to

conducting the performance test.

Tesoro shall comply with a 95%o recovery effrciency requirement for all periods of operation

except during periods of startup, shutdown, or malfunction of the SRU/TGI/TGTU. The 95%

.""or"ry efficiency will be detirmined on a daily basis; however, compliance will be determined

on a roliing 30-day average basis. Tesoro shall determine the percent recovery by measuring the

flow rate and concentration of HzS in the feed streams going to the SRU and by measuring the

SOz emissions with the CEMS at the SRU incinerator. The feed streams shall include the

overhead stream from the Fuel Gas Desulfurization unit (Amine unit) regenerator and the

overhead stream from the Sour Water Stripper. The flow rate will be determined continuously;

the HzS concentration shall be determined at least once every three years (samples may be

collecied as manual grabs or through remote monitoring). The flow rate and H2S concentration

values will be used to determine the daily feed rate. SRU efficiency results shall be reported to

the Director a minimum of once per year.

1R307-4011

Conditions on SO. CaP Sources

Combined emissions of SOz from the SO2 Cap Sources shall not exceed the following limits:

November 1 through end of February: 3.699 tons/day

March 1 through October 31 : 4.374 tonslday

Compliance with the daily limitation shall be determined by summing the emissions calculated

in conditions II.B.4.a.l and tr.B.4.a.2 below.

tR307-4011

Daily SO2 emissions from the FCCU/CO Boiler stack shall be determined by multiplying the

sulfur dioxide concentration in the flue gas by the mass flow of the flue gas.

The SOz concentration in the flue gas shall be determined by a CEM that meets or exceeds the

requirements contained in 40 CFR 60, Appendix B, Performance Specification 2. The monitor

span shall be 350 ppm. No later than January 1, 2018 the span shall be 200 ppm. Daily zero (G

iyY, ,f 
"punvaluefand 

span (50-100% of span value) calibration drift tests shall be conducted

in accordance with 40 CFR 60, Appendix F and UAC R307-170. Quarterly cylinder gas audits

and an annual relative accuracy test audit shall be conducted in accordance with 40 CFR 60

Appendix F and UAC R307-170. 40 CFR 60 Methods 2,3 and 6 shall be used to determine

relutive accuracy. If a new SO2 monitor is installed, an initial performance test shall be
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II.B.5.a.2

II.B.s.b

perficrmed within 30 days of installation. The performance test shall be conducted and data
reduced in accordance with the test methods and procedures contained in 40 CFR 60, Appendix
B, Performance Specification 2. Notification must be made to the Director prior to conducting
the performance test. Whenever the SOz CEM is unavailable for short periods (i.e. CO boiler or
CO Boiler emergency bypass, FCCU start-up and shutdowns), SO2 CEM data from the previous
three days will be averaged and used as an emission factor to determine emissions from the
FCCU.

The mass flow rate of the flue gas shall be determined by a volumetric flow measurement device
that meets or exceeds the requirements contained in 40 CFR 60 Appendix B. An annual relative
accuracy test audit shall be conducted in accordance with the procedures outlined in UAC R307-
170 and 40 CFR 60 Appendix B. If a new volumetric flow measurement device is installed, an
initial perfonnance test shall be performed within 30 days of installation. The performance test
shall be conducted and data reduced in accordance with the test methods and piocedures
contained in 40 CFR 52 Appendix E. Notification must be made to the Direcior prior to
conducting the performance test.

SO2 emissions from the FCCU regenerator shall be calculated by subhacting the emissions
athibutable to the CO Boiler from the mass emissiors. Emissions attributable to combustion of
plant gas in the CO Boiler shall be calculated by multiplying the quantity of fuel used in the CO
boiler by the emission factor for plant gas as determined belcw. B:oz-4orl

Daily SO2 emissions from other affected units shall be determined by multiplying the quantity of
each fuel used daily (24hour usage) at each affected unit by the appropriate emission factor
below. The values shall be summed to show the total daily So2 emission.

Emission factors (EF) for the various fuels shall be as follows:

Natural gas: EF:0.60 lb/ll{Mscf
Propane: EF : 0.60 lb/\rlMscf
Plant fuel gas: the emission factor shall be calculated from the I{2S measurement or from the
SO2 measurement obtained in section ILB.5.g of this permit. The emission factor, where
appropriate, shall be calculated as follows:

EF (lb So2/IVIMscf gT) : [(24tu avg. ppmdv I{2s) /10^6] (64 lb so2/lb mole)l [(10^6
scflMMscf/(3 79 scf/lb mole)l

Where mixtures of fuel are used in a Unit, the above factors shall be weighted according to the
use of each fuel. [R307-401]

Emissions of SOz from the permitted source shall not exceed 1,637 tons per rolling l2-month
period. The So* limit at the FCCU is 705 tons per rolling l2-month perioa.

Compliance shall be determined on a 12-month rolling total. Within 20 days ofthe beginning of
each calendar month, the SOz emission totals calculated to demonsfate compliance wiifr the
daily (24-hr) limitations shall be totaled for the previous month. The monthl'y total shall be
added to the totals from the previous I I months to determine the new l2-month rolling total.
[R307-401]
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II.B.5.c

II.B.5.c.1

Until January 1, 2018, the SO* emissions from the FCCU regenerator shall not exceed 9.8

lbs/l000 lbs coke burned, based on a seven-day average.

The following monitoring protocol has been approved by EPA staff in accordance with 40 CFR

60.106(D(12;l in letters from EPA dated August2g,lgg7,May 72,2003, June 20,2005 and

eug6iti, 2008, and may not be modified without prior EPA approval. [40 CFR 60 Subpart J]

Until January 1, 2018, each day, the daily SO* emissions from the FCCU regenerator, as

calculated below, shall be muliiplied by a factor of 1.05 and divided by the amount of coke

burned in the FCCU regeneratoi during the same period. The result shall be added to the

calculated values for G previous six days and the total divided by seven to determine the seven-

day average.

The weight of coke burned in the FCCU regenerator shall be determined by a mass balance

calculati,on utilizing the measured airflow to the regenerator, and the volume percent CO and Oz

measured in the regenerator flue gas, in accordance with the procedure documented in

correspondence to the DAQ dated November 3, 1995.

This monitoring method is valid only if the following process conditions and procedures are

met.

(a) Sulfur content of the feed to the FCCU is not greater than 0.85 wt0l0, based on a seven-day

average.

The sulfur content of the feed shall be determined by obtaining and analyzing a minimum of

three grab-samples per seven-day period.

(b) Temperature of the FCCU regenerator is between 1182" Fahrenheit and 1419o Fahrenheit,

based on an 8-hour average.

The temperature of the FCCU regenerator shall be determined using a suitable temperature-

sensing device. The device shall be calibrated according to manufacturer's specifications.

(c) The oxygen concentration in the FCCU regenerator is less than or equal to 3 .4 % by volume,

based on an 8-hour average.

A CEM shall be used to determine the oxygen concentration in the regenerator flue gas- The

monitor shall meet or exceed the requirements specified in 40 CFR 60, Appendix B, and

performance Specification 3. The monitor span shall be 1.5-2.0 times the allowable level. Daily

zero (1-Z1Yoofrpu, value) and span (50-100% ofspan value) calibration drift tests shall be

conducted in accordance with UAC R307-170. Quarterly cylinder gas audits and an annual

relative accuracy test audit shall be conducted in accordance with the procedures outlined in

UAC R307- 1:.O. 40 CFR 60 Method 38 shall be used to determine relative accuracy. If a new

monitor is installed, an initial performance test shall be performed within 30 days of installation.

The performance test shall be conducted and data reduced in accordance with the test methods

and irocedures contained in 40 CFR 60, Appendix B, and Performance Specification 3-

Notification must be made to the Director prior to conducting the performance test.

(d) The CO concentration in the FCCU regenerator is less than or equal to 4.4%by volume

based on an 8-hour average-
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Ir.B.5.d

II.B.5.e

A CEM shall be used to determine the CO concentration in the regenerator flue gas. The monitor
shall meet or exceed the requirements specified in 40 CFR 60, Appendix B, and Performance

Specification 4, and 40 CFR 60, Appendix F. The monitor span shall be 1.5-2.0 times the

allowable level. Daily zero (0-20o/o of span value) and span (50-100% of span value) calibration
drift tests shall be conducted in accordance with UAC R307-170. Quarterly cylinder gas audits

and an annual relative accuracy test audit shall be conducted in accordance with the procedures

outlined in UAC R307-170.40 CFR 60 Method 10 or 10A shall be used to determine relative
accuracy. If a new monitor is installed, an initial performance test shall be performed within 30

days of installation. The performance test shall be conducted and data reduced in accordance
with the test methods and procedures contained in 40 CFR 60, Appendix B, and Performance
Specification 4. Notification must be made to dre Director prior to conducting the performance
test.

If Tesoro intentionally changes the FCCU's operating parameters (FCCU's feed sulfur content,
the regenerator temperature, the regenerator oxygen concentration, or the regenerator CO
concentration) to a value outside the listed ranges, compliance with the sulfur oxides limitation
shall be demonstrated in accordance with 40 CFR 60.106(i). Performance of such compliance
demonstrations shall begin within two weeks of first recording the change in operating
parameters.

Tesoro may then conduct performance tests as required to establish a new set of parameters for
the above alternate monitoring procedure, in accordance with 40 CFR 60.106(ixl2). Tesoro
must submit the new parameters and associated test data for approval by the EPA before use.

An unintentional variation of any of the operating parameters associated with this monitoring
method beyond the range allowed by this method shall constitute a violation of this monitoring
condition, unless the variation can be positively identified as the result of an unavoidable
breakdown. [40 CFR 60 Subpart J, R307-401]

Until January l, 2018, the following information shall be maintained and made available upon
request:

1. The monitoring record of the lbs SO. i 1000Ib coke burned
2. Results of the sulfur analysis of the feed, including sample dates, times, and sulfur
concentration
3. The monitoring record of the temperature sensor, the date of each calibration ofthe sensor

and any corrective actions required or performed
4. The monitoring record of the oxygen CEM and any calibration or maintenance activity on the
monitor
5. The monitoring record of the CO CEM and any calibration or maintenance activity on the
monitor
6. The date, time, and description of any change in the listed FCCU operating parameters,
whether or not such change was intentional
7. All information associated with the performance of 40 CFR 60.106(D(12), Compliance
Demonstration, if such demonstation is performed. [40 CFR 60 Subpart J, R307-401]

Until January 1,2018, if any of the listed operating parameters are intentionally changed, Tesoro
shall submit written notification of the change and confirmation of the initiation of the 40 CFR

Engineering ReviewN103350066: Salt Lake City Refinery - Installation of a Wet Gas Scrubber and Ultra-Low NOx Burners
February 29,2016

Page23



II.B.5.f

ILB.5.g

II.B.s.h

60.106(iXl2), Compliance Demonstration, within l4 days of first recording the change. The
notification shall be submitted to the Director and to EPA.

If any of the listed operating parameters are unintentionally exceeded, Tesoro shall submit a
report of the exceedance to the Director on the next quarterly monitoring report. The report
shall include a description of the exceedance, an estimate of any excess emissions, the time of
the exceedance, and the actions taken to correct the situation. [40 CFR 60 Subpart J, R307-401]

Until January 1,2019, the following sources shall not be regulated for SOz or NO* emissions nor
shall they be included in the emission limitation totals herein:

l. North flare (FCCUA/RU/GHT/AIky Flare)
2. South flare (CruderuFU/DDU Flare). [R307-401, SIP Section IX.H.l2]

The H2S content of fuel gas combusted at any affected unit shall not exceed 0.10 grains HzS/dscf
(162 ppmdv), based on a rolling three-hour average. Compliance with this limitation shall be
determined as follows:

l. For natural gas, compliance is assumed while the fuel comes from a public utility.

2. For plant gas, the HzS content of the fuel gas shall be measured with a CMS that meets or
exceeds the requirements contained in 40 CFR 60, Appendix B, Specification 7. The monitor
shall be installed in a location representative of the H2S content in the fuel gas system. The
location shall be approved in writing by the Director prior to installation. The current approved
location of the H2S monitor is on the outlet of fuel-gas blending vessel V-917. The span of the
monitor shall be 300 ppm. Daily zero (0-20% of span value) and span (50-100% of span value)
calibration drift tests shall be conducted in accordance with 40 CFR 60 Appendix F and UAC
R307-170. Quarterly cylinder gas audits and an annual relative accuracy test audit shall be
conducted in accordance with 40 CFR 60 Appendix F and UAC R307-170. 40 CFR 60 Method
1l shall be used to determine relative accuracy. If a new monitor is installed, an initial
performance test shall be performed within 30 days of installation. The performance test shall
be conducted and data reduced in accordance with the test methods and procedures contained in
40 CFR 60, Appendix B, and Performance Specification 7. Notification must be made to the
Director prior to conducting the performance test.

If the monitor reading is not available, the refinery fuel gas shall be sampled as close to the
monitor location as safely possible at least once each day. The sample shall be analyzed for
sulfur content with a detection tube capable of reading the required concentration limit.

3. In lieu ofthe H2S CMS in paragraph 1I.8.4.g.2 above, for fuel gas combustion devices an
instrument for continuously monitoring and recording the concentration by volume (dry basis,
zero percent excess air) of SO2 emissions into the atmosphere may be used. The monitor shall
meet the requirements of 40 CFR 60.105.

4. The rolling three-hour average shall be calculated as the arithmetic average of three
contiguous one (l)-hour averages. [40 CFR 60 Subpart J, R307-401]

T-104 shall be a fixed-roof vessel with closed vent controls. The tank shall have a closed-vent
system with nitrogen purge, and shall vent gases released to the TGI/TGTU or to the Sour Water
Stripper/SRU flare when the TGI/TGTU is not operational. The tank shall comply with 40 CFR
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II.B.6.a

60 Subpart Kb. [R307-401]

Conditions on NO* Cap Sources

Combined emissions of NO. from the NO. Cap Sources shall be no greater than 1.988 tons/day.

Compliance shall be determined daily by multiplying the hcurs of operation of a unit, feed rate
to a unit, or quantity of each fuel combusted at each affected unit by the associated emission
factor listed below, and summing the results. The sources, fuels, and associated emission factors
for this limitation are as follows:

Sources included in emission cap Fuel

Crude Unit Furnace (H-101)
Ultraformer Furnace (F I )
Regenerator Gas Heater (F15)
FCCU/CO Boiler
DDU charge heater (F-680)
DDU rerun reboiler (F-681)
Cogeneration facility
GHT heater (F-701)
Hydrogen Compressors (Kl s)

The Crude Unit stack (H-101) shall be tested every year to determine the correct emission factor
for the calculations above.

The UFU stack (Fl) emissions shall be stack tested every year to determine the correct emission
factor for the calculations above.

The initial stack tests were done on the DDU to veriff the design emission factor of 0.04
lbllvlMBtu for NO*. The new emission factors for the DDU, computed from the results of the
stack tests, are 0.049Ib/IvIMBtu and 0.052 lb/IVIMBtu as specified in the above table.
Subsequent testing shall be done if directed by the Director.

Both trains in the cogeneration facility were stack tested within 180 days of startup to show
emissions equivalency of the trains. Subsequently, both trains shall be tested either
simultaneously or seriatim at least once every two years.

The GHT heater was stack tested within 180 days of startup. Subsequent testing shall be done if
directed by the Director.

All other units in the above list shall be stack-tested if directed by the Director. Tesoro may also
perform a stack test on any of the above listed sources to provide information for updating the
emission factors listed.

All stack tests shall conform to the following:

The applicant shall provide a notification of the test date at least 45 days prior to the test. A
pretest conference between the owner/operator, the tester, and the Director shall be held at least
30 days prior to the test if directed by the Director.
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Plant Gas
Plant Gas
FCU Coke & plant gas
Plant gas
Plant gas

NO* Emission factor

results oflast stack test
results oflast stack test
81 lb/IVIMscf
NO. CEM
0.049lbA4MBtu
0.052lb/IvlMBtu

Plant & natural gas results oflast stack test
Plant gas 0.074 lb/MMBtu
Propane/natural gas 1.8 lblhr



rr.B.6.b

II.B.6.c

The emission point shall conform to the requirements of 40 CFR 60, Appendix A, Method l.
Occupational Safety and Health Administration (OSHA) approved access shall be provided to
the test location.

40 CFR 60, Appendix A, Metho d 7 ,7 A,7B.,7C,7D, or 7E shall be used to determine the NO.
emission rate.

40 CFR 60, Appendix A, Method 2 shall be used to determine the volumetric flow rate.

To determine mass emission rates (lbs/hr, etc.), the pollutant concentration, as determined by the

appropriate methods above, shall be multiplied by the volumetric flow rate and any necessary

conversion factors determined by the Director to give the results in the specified units of the

emission limitation.

A NO* CEM shall be used to calculate daily NO* emissions from the FCCU/CO Boiler.
Emissions shall be determined by multiplying the nitrogen dioxide concentration in the flue gas

by the mass flow of the flue gas.

The NO* concentration in the flue gas shall be determined by a CEM that meets or exceeds the

requirements contained in 40 CFR 60, Appendix B, Performance Specification 2. Daily zero (0-

20%o of spanvalue) and span (50-100% ofspan value) calibration drift tests shall be conducted

in accordance with UAC R307-170. Quarterly cylinder gas audits and an annual relative
accuracy test audit shall be conducted in accordance with the procedures outlined in UAC R307-

17 0 . 40 CFR 60 Methods 2, 3 and 7 shall be used to determine relative accuracy. If a new
monitor is installed, an initial performance test shall be performed within 30 days of installation.
The performance test shall be conducted and data reduced in accordance with the test methods

and procedures contained in 40 CFR 60, Appendix B, Performance Specification 2. Notification
must be made to the Director prior to conducting the performance test. Whenever the NO. CEM
is bypassed for short periods, NO. CEM data from the previous three days will be averaged and

used as an emission factor to determine emissions.

The mass flow rate of the flue gas shall be determined by a volumetric flow measurement device

that meets or exceeds the requirements contained in 40 CFR 60 Appendix B. An annual relative

accuracy test audit shall be conducted in accordance with the procedures outlined in UAC R307-

170 and 40 CFR 60 Appendix B. If a new volumetric flow measurement device is installed, an

initial perforrnance test shall be performed within 30 days of installation. The performance test

shall be conducted and data reduced in accordance with the test methods and procedures

contained in 40 CFR 60 Appendix B. Notification must be made to the Director prior to
conducting the performance test. [R307-401]

Emissions of NO* from the sources listed under the NO. cap shall be no greater than 598 tons

perrolling l2-monthperiod. TheNO*limitattheFCCU is774 tonsperrolling l2-month
period.

Compliance shall be determined on a l2-month rolling total. By the 2fth day of each month, the

NO* emissions calculated to show compliance with the daily limitations for the previous month

shall be summed to give a monthly emission total. This shall be added to the previous 1 I

months' emission totals to give the new l2-month rolling total. [R307-401]

Emissions of NO* from each K1 compressor shall be no greater than3.20lblhr or 933 ppmdv
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ILB.7.a

@10% oxygen and 400o F.

Compliance shall be determined by stack testing in accordance with the procedure for stack
testing other NO* sources as described above. Testing shall be done if directed by the Director.

The maximum fired heat capacity at H-l0lwill be no greater than l74MMbtu/hr (L1IV) based
on a.l-hour average. Orifice plate will be installed to limit fuel gas pressure to 20 psi such that
maximum firing rate of the burner remains unchanged. tR307-4011

Conditions on PMtg Cap Sources

Combined emissions of filterable PMls and filterable PM2 5 from the PMle Cap Sources shall be
no greater than 522lbslday. The filterable PMls limit at the FCCU is 69 tons per rolling l2-
month period.

Compliance shall be determined daily by multiplying the quantity of each fuel combusted at the
affected units by the associated emission factor for that fuel, and summing the resrlts. The
emission factors for this limitation are as follows:

Natural gas:

Plant gas:
Cat Coke:
Propane:

5 lb/IvlMscf
5 lb/lvlMscf
results of last stack test
negligible

The FCCU/COB stack shall be stack tested every yearto determine the correct emission factor
for the calculations above. All other units in the above list shall be stack-tested if directed by the
Director- The permiued source may also perform a stack test to provide information for
updating the emission factors listed above. All stack tests shall conform to the following:

The applicant shall provide a notification ofthe test date at least 45 days prior to the test. A
pretest conference between the owner/operator, the tester, and the Director shall be held at least
30 days prior to the test if directed by the Director.

The emission point shall conform to the requirements of 40 CFR 60, Appendix A, Method 1.
OSHA approved access shall be provided to the test location. The throughput rate during
compliance testing shall be no less than90%o of the rated throughput, orioi/oof the trighist
monthly throughput achieved in the previous three years, whichever is least.

40 CFR 5 I , Appendix M, Methods 201 or 20la shall be used to determine front-half pMle
emissions in stacks in which no liquid drops are present. 40 CFR 51, Appendix M, Method Z0Z
shall be used to determine back half condensablei in such stacks.

For stacks jn which liquid drops are present, methods to eliminate the liquid drops should be
explored. If no reasonable method to eliminate the drops exists, then the following methods
shall be used: 40 CFR 60, Appendix A, Method 5, 5a, 5d, or 5e as appropriate. The back half
condensables shall also be tested using Metho d 202. All particulate laptured in the back half
shall be considered PM1e. For purposes of the PM,o SIP Cap, the back half condensables shall
not be used for compliance demonstration but shall be usedlor inventory purposes.

40 CFR 60, Appendix A, Method 2 shall be used to determine the volumetric flow rate.
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II.B.8

II.B.8.a

rI.B.8.b

II.B.8.c

II.B.8.d

To determine mass emission rates (lbs/hr, etc.), the pollutant concentration, as determined by the

appropriate methods above, shall be multiplied by the volumetric flow rate and any necessary

"irrr"irion 
factors determined by the Director to give the results in the specified units of the

emission limitation. [R307-40i]

Conditions on Tanks

For the primary seals, the accumulated area of gaps between the tank wall and the metallic shoe

seal or tire liquid-mounted seal shall not exceed 10 square inches per foot of tank diameter. The

width of any portion of any gap shall not exceed one and one half (1%) inches' If the seal is a

,upo. *orrrted seal, the accumulated area of gaps between the tank wall and seal shall not

exceed one (1) square inch per foot of tank diameter, and the width of any portion of any gap

shall not exceed one-half (%) inch. This condition applies to Tanks 190,242,243,244,245,

246, 247,308, 309, 326, and330. [R307-327]

Tanks 246 and247 shallbe used only to store heavy distillate products with a True Vapor

pressure (TVP) of less than 1.5 psia, such as Jet A fuel. [R307-401-8]

For the secondary seals, the accumulated area of gaps between the tank wall and the secondary

seal shall not exceed one square inch per foot of tank diameter and the width of any portion of

any gap shall not exceed one-half inct. fnit condition applies to Tanks 190,242,243,244,245,

:O-g,lOq, 326, and330. This condition does not apply to Tanks 246 and247.

The secondary seals shall be properly installed and maintained according to the manufacturer's

recommendations.

1P(307-3271

The owner/operator shall comply with all applicable parts of R307-327 ' Petroleum Liquid

Storage. 1P.307-3271

In addition to the requirements of this AO, all applicable provisions of the following federal programs

have been found to apply to this installation. This Ao in no way releases the owner or operator from any

liability for compliance with all other applicable federal, state, and local regulations including UAC

R307.

NSPS (Part 60), A: General Provisions
NSpS (ru.t oo;, Db: Standards of performance for Industrial-Commercial-Institutional Steam Generating Units

NSpS (furt OOy, J: Standards of Performance for Petroleum Refineries

NSpS ipurt OOi, Ja: Standards of Performance for Petroleum Refineries for Which Construction,

Reconstruction, or Modification Commenced After May 14,2047

NSpS (part 60), K: Standards of Performance for Storage Vessels for Petroleum Liquids for Which

Construction, Reconstruction, or Modification Commenced After June 1 1,7973, and Prior to May 19,1978

NSpS (part 60), Ka: Standards of Performance for Storage Vessels for Petroleum Liquids for Which

Construction, Reconstruction, or Modification Commenced After May 18, i978, and Prior to July 23,7984

NSpS (part 60), Kb: Standards of Performance for Volatile Organic Liquid Storage Vessels (Including
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Petroleum Liquid Storage Vessels) for Which Construction, Reconstruction, or Modification Commenced After
Jily 23,1984
NSPS (Part 60), GG: Standards of Performance for Stationary Gas Turbines
NSPS (Part 60), XX: Standards of Perfornance for Bulk Gasoline Terminals
NSPS (Part 60), GGG: Standards of Performance for Equipment Leaks of VOC in Petroleum Refineries for
which Construction, Reconstruction, or Modification Commenced After January 4, 1983, and on or Before
November 7,2006
NSPS (Part 60), GGGa: Standards of Performance for Equipment Leaks of VOC in Petroleum Refineries for
Which Construction, Reconstruction, or Modification Commenced After November 7,2006
NSPS (Part 60), NNN: Standards of Performance for Volatile Organic Compound (VOC) Emissions From
Synthetic Organic Chem ical Manufacturin g Industry (SOCMI) Distillation Operations
NSPS (Part 60), QQQ: Standards of Performance for VOC Emissions From Petroleum Refinery Wastewater
Systems
NESHAP (Part 6l), A: General Provisions
NESHAP (Part 61), M: National Emission Standard for Asbestos
NESHAP (Part 61), FF: National Emission Standard for Benzene Waste Operations
MACT (Part 63), A: General Provisions
MACT (Part 63), CC: National Emission Standards for Hazardous Air Pollutants From Petroleum Refineries
MACT (Part 63), UUU: National Emission Standards for Hazardous Air Pollutants for Petroleum Refineries:
catalytic cracking units, catalytic Reforming units, and Sulfur Recovery Units
MACT (Part 63), EEEE: National Emission Standards for Hazardous Air Pollutants: Organic Liquids
Distribution (Non-Gasoline)
MACT (Part 63), DDDDD: National Emission Standards for Hazardous Air Pollutants for Major Sources:
Industrial, Commercial, and Institutional Boilers and Process Heaters
Title V (Part 70) major source
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1.

REVIEWER COMMENTS

The AO will be based on the following documents:

Supersedes
Is Derived From
Incorporates
Incorporates
Incorporates
Incorporates
Incorporates
Incorporates

DAQE-ANI 033 50065-1 4 dated September 5, 2014
Source Submitted NOI dated June 11,2015
Additional Information Received From EPA dated September 29,2015
Additional Information Received dated Septembet 23,2015
Additional Information Received dated Octobet 72,2015

Additional Information Received dated November 10,2015

Additional Information Received dated January 8,2076
Additional Information Received dated February 1,2016

Comment regarding Status of sources:

Several emisiion units are specifically affected by this project. Each is addressed below:

Wet Gas Scrubber and associated systems:

This is a control device on an existing unmodified unit (see below), the FCCU/CO Boiler.

Although listed as a separate line item under II.A.6, it is considered as part of the FCCU for

federaliubpart (NSPS and NES[{AP) permitting requirements and is not a separate emitting unit'

FCCU/CO Boiler:
The installation of the wet gas scrubber system does not modiff the FCCUiCO Boiler under NSPS

or NES1{AP regulations. Although physical changes are occurring at this emission unit, they do

not trigger a reconstruction under NSPS or NESHAP regulations as they do not constitute more

than 506/, of the cost of a new unit. No modification is occurring, as no increase in the hourly

emission rate of an applicable pollutant is occurring. Also see Engineering Review Comment #2

regarding the applicability of NSR to direct ozone emissions

Ultraformer Unit F-l Furnace:
The installation ofthe new burners at the F-1 Furnace requires review due to the increase in

emissions of PM/PMrolPMz., and VOC (see "Revised Firing Rate Calculations" submitted 211116)-

Cogeneration Units:
Thi increased steam demand from the cogeneration units does not result in a modification of these

units as this can be accomplished under the existing permit conditions and without any physical

changes or changes in the method of operation of these units. See also Engineering Review

Comments 4 and 5 regarding Emission Calculations.

[Last updated February 29,2016)

Comment regarding Applicability of NSR to direct ozone emissions:

On June 4,2015,UDAQ sent an inquiry to Region 8 of US EPA regarding the Agency's

interpretation of the NSR program to direct ozone emissions. Specifically, whether or not a

,our"" which emits ozone as a pollutant is subject to the provisions of 40 CFR 52.21(bx23xii).

On Septemb er 29,2015, Region 8 responded with a letter which stated, in essence, that since

oror"l, listed in the previous paragraph 152.21(b)(23)(i)1, which defines a significant emission

rate for that pollutant as being 40 tons per year of either VOC or NO*, then [52.21(b)(23)(ii)] does
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not apply.

A copy of the Region 8 letter has been included in the source file for reference. [Last updated
January 14,2016)

3. Comment regarding Federal Requirements:
Analysis of the following specific federal subparts is included in this review:

40 CFR 60 (NSPS) Subparts J and Ja:

Under the wet gas scrubber/Low-TOx sub-project, only the FCCU/CO boiler will require any
physical changes. These changes primarily involve reconfiguration of the exhaust system to
incorporate the new controls, some external structural work to house the scrubber and other units,
and other minor electrical, plumbing, and support work as needed to accommodate the new
systems. There will not be any increase in the maximum hourly emissions of any of the pollutants
regulated under Subpart J, which currently applies to the FCCU/CO Boiler. However, the
FCCU/CO Boiler is already subject to NSPS Ja for CO and PM emissions and will be subject to
NSPS Ja for NO* and SOz by January 1, 2018 after the wet gas scrubber/Low-TOx system is
installed.

Although the installation of the new burners on the F-l furnace likely qualifies under the
exemption of 40 CFR 60.1a(e)(5):

The addition or use of any system or device whose primary fimction is the reduction of air
pollutants, except when an emission control system is removed or is replaced by a system which
the Administrator determines to be less environmentally beneficial.

Tesoro has conservatively assumed that this sub-project results in a modification of the F-l
furnace, and thus triggering the applicability of Subpart Ja for emissions of SO2.

Both of these subparts have already been listed as included/applicable to the refinery.

40 CFR 63 CNESHAP) Subpart UUU:
Again, the FCCU/CO Boiler is the only existing unit subject to Subpart UUU experiencing a
physical change as a result of the wet gas scrubber sub-project. Subpart UUU already applies to
the FCCU/CO Boiler, and no changes in that applicability will occur due to this project. There
will be new monitoring requirements associated with the wet gas scrubber as a control device after
installation.

This subpart has been previously included in the applicability list for the refinery.

40 CFR 63 Subpart DDDDD:
The F-l Furnace is currently subject to the provisions of Subpart DDDDD. The installation of the
new burners will not change the applicability of this subpart, nor will it trigger any new
requirements. However, this subpart was not previously included in the applicability list for the
refinery and will be included in this review. [Last updated February 29,2016f

4. Comment regarding Emission Calculations:
In order to properly calculate the overall change in emissions for this combined project, each sub-
project must be evaluated separately. Although both sub-projects have been combined for
permitting convenience, they were submitted separately and affect separate and distinct units at
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the refinery. Both sub-projects can be accomplished individually and independently.

While both sub-projects are required by the PMz s SIP, and both require some amount of additional
incremental steam load from the cogeneration units, these two facts do not necessarily link the two
sub-projects together. Neither sub-project is reliant upon the other in terms of infrastructure,
timing, finances, logistics, or resources. It is only the nature of the NSR permitting program itself
that requires that both projects be permitted simultaneously. Thus, each sub-project will be

evaluated separately, and then the two individual results will be summed to arrive at the final
project total change.

Wet Gas Scrubber:
Installation of the wet gas scrubber and LoTOx unit will reduce emissions of SOz, NO* and CO at

the FCCU/CO Boiler. These values, which are specific to the FCCU/CO Boiler are as follows:

Estimated current SO2 : 671.5 tpy (subject to a705 tpy SO* limit, existing condition II.B.4.b)
SO2 PTE after project : 41.06 tpy (based on a limit of l0 ppmvd ona365-day rolling average)

Current NO* : 174 tpy (existing condition II.B.5.b)
NO, PTE after project :29.48 tpy (based on a limit of 10 ppmvd on a 365-day rolling average)

Estimated current CO :933.43 tpy (subject to a 500 ppmvd limit - 40 CFR 60 Subpart J)

CO PTE after project : 179.51(based on a limit of 100 ppmvd on a 365-day rolling average)

Both the NO* and SOz values were already included in the calculations used when setting the new

plant-wide emission caps for the Tesoro refinery which become applicable on January 1,2019.
Therefore, no change in overall refinery PTE will occur as a result of this installation.

Increased utilization ofthe cogeneration units for the wet gas scrubber sub-project:

Estimated additional steam requirement is 17,500 lb/trr, which requires an increased firing rate of
approximately 19.25 MMBtu/hr. This additional firing is within the already permitted amount
authorized to Tesoro under DAQE-103350065-14, as no specific limitation on firing rate is listed

in the AO beyond that listed in II.A.18 (two steam units rated at approximately 157.8 MMBtu/hr
each, for a total of 315.6 MMBtu/trr), and the emission inventory for 2014 showed a combined
usage of approximately 162.7 MMBt:ulhr (52% of that max value). The increase in actual

emissions from the cogeneration units associated with this additional steam requirement is (all

values in tpy):
PMro : 0.84, PMz.s : 0.84, NO*: 5.97, SOz = 2.09, CO : 6.53, VOC : 0'43, HzSO+ : 0'03

These values are based on Tesoro's most recent stack test, AP-42 tables 1.4-2 and 3.1-1, NSPS

Subpart Ja, and Tesoro's supplied estimates of additional fuel and steam requirements.

Haul road fugitive dust emission estimates:

Tesoro also supplied emission estimates of the increased truck traffic on Tesoro's haul roads for
delivery of raw materials (oxygen, caustic, coagulant) and disposal/removal of waste products

(wastewater, filter cake). These estimates are based on the maximum potential increase in vehicle
traffic, although reduction in these values is possible using alternatives to vehicle transport (such

as alternative wastewater treatment).
The increase in fugitive particulates from haul road vehicle traffic is as follows (all values in tpy):

PMro:0.08, PM25 = 0.02

[Last updated February 11, 2016]
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5. Comment regarding Emission Calculations Cont.:
The installation of the new burners on the F-l furnace results in a slightly more complicated
emission calculation. First, is the estimation of the projected emissions of the unit following
completion of the project (all values in tpy)

PMro: 4.59,PM2.5:4.59, NO*: 40.06, SO2: 4.73,CO:30.81, VOC:3.32,I{2SO4 :0.07

[This is based on a firing rate of 140.7 MMBtu/hr (as supplied by Tesoro, revised l/8116).]

However, as this is a modified unit at an existing major source, to properly calculate the emission
increase from this sub-project, the "actual to projected actual" applicability test must be employed.
This test is described at 40 CFR 52.21(a)(2)(iv)(c), and incorporated by reference at R307-405-
2(2).

For purposes of simplicity, the PSD version of this description was used. The nonattainment area
thresholds for a modification are identical, as is the description of the test. The nonattainment area
version is described and outlined at R307-403-2(lXc). Since Tesoro is located in an area of
attainment for some pollutants and nonattainment for other pollutants, and functionally the two
processes are identical, only one process will be discussed.

Under the actual to projected actual test, the source calculates the difference between the projected
actual emissions of the modified unit, and the baseline actual emissions of that unit. For baseline
actual emissions, this is defined as the average rate the unit actually emitted the pollutant during
any consecutive 24-month period selected by the owner/operator within the l0-year period
immediately preceding the project. A separate 24-month period may be chosen for each pollutant.

Tesoro considered periods between May I , 2007 and May 3 l, 2015, and provided the emission
values chosen to UDAQ as part of the NOI submitted Nov 1 0, 20 I 5. UDAQ has review ed the 24-
month baseline periods and concurs with the emission values provided.

The calculation of projected actual emissions is complicated by three mitigating factors:
1. Projected actual emissions shall exclude the portion of the emissions that an existing unit "could
have accommodated during the baseline period and are also unrelated to the particular project"
2. The projected actual emissions shall exclude any emissions related to increased utilization due
to product demand growth
3. The projected actual emissions may use the emission units potential to emit in lieu of the actual
emission calculation

In this particular case, Tesoro was able to estimate values for both factors #l and#Z,b:utelected to
use the calculation of actual emissions rather than potential to emit.

Technically speaking, there are two additional components to this sub-project: the new
component's in VOC service (pipes, valves, flanges, etc.), and the increased utilization of the
cogeneration units. When including these additional components, the process is exactly the same
as for the modified unit [this is called the hybrid test, and is outlined at 40 CFR 52.21(a)(2)(iv)(0].

By definition, the baseline period, capable of accommodating emissionq and demand growth
emissions of the new components would all be zero (0), since they did not previously exist.
Similarly, the emissions from the increased utilization at the cogeneration units would only
involve the increased firing rate, since all other emissions would cancel out.
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The final calculation of emission increases can be found on the included spreadsheet [Tesoro
Revised Projected Emissions, and Revised Table 3b - Projected Actual Emission Calculations].

The conclusion is emission increases as follows (all values in tpy):

PMro : 0.5, PMz.s : 0.5, NO* : 0-72,SOz : 0-25, CO : 0'78, YOC : 2'76

However, these changes in actual emissions can be accommodated within Tesoro's existing and

future (llll20l9) emission caps with no changes.

[Last updated February 11, 2016]

6. Comment regarding NSR/PSD Applicability:
Neither sub-project triggers a major modification under either the nonattainment area NSR

OiNSR) or PSD requirements. As was previously discussed (see the emission calculation and

BACT review sections above) these two sub-projects do not need to be aggregated for permitting

purposes. They are also not tied to any previous permitting project conducted at Tesoro. This

combined project can be considered a minor modification under the NSR permitting requirements

for both NNSR and PSD. [Last updated January 13,2016]

7. Comment regarding Changes in Permit Requirements:
This project results in the following changes in the permit:

1. Update in Section II.A - the listing for the UFU F-l Furnace has been changed to reflect the

addition of the new ultra-low NO* burners, and the new components in VOC service.

2. Update in Section II.A - an additional entry has been made, listing the new wet gas scrubber

and LoTOx unit.

3. New conditions on the FCCU/CO Boiler - new requirements (emission limitations) on the

FCCU/CO Boiler have been added, limiting NO*, SOz and CO emissions on a7-day and 365-day

rolling average basis. A sub-condition detailing the compliance methodology has also been

included.

4. A condition of the applicable plant-wide caps (emission limits) which become applicable as of
January 1,2019 has been included. This condition is based on the requirements of Section

IX.H.12 of the Utah PM2 5 SIP. The requirements of the PMro Maintenance plan have not yet been

incorporated.

5. Several small corrections have been made where "12-month rolling average" was used in place

of "12-month rolling total"

6. Condition II.B.5.g has been updated to be clearer - moving the parenthetical from the first
paragraph to a separate line item.

7. Several conditions with expired dates have been updated or removed.

8. Opacity conditions have been clarified and consolidated-

9. A condition requiring initial inspection of the newly installed control equipment was added.

EngineeringReviewNl03350066: SaltLakeCity..i,fffl;"$:,ltif 
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8.

10. Several conditions have been updated where limitations change as of 1/l/18 or l/l/19.

11. With installation of the WGS, several conditions with reference to "FCCU/CO Boiler (ESp),'
have been changed to "FCCU/CO Boiler".

72- One condition was updated to include reference to filterable PM2.5 (II.B.7.a) in addition to the
already present filterable PM1s. [Last updated February 25,2016]

Comment regarding Discussion of SO2 Emission Limit:
There are two sets of apparently redundanl emission limitations on SOz. These have not been
included in error, but rather are included as a result of Tesoro's emission calculation methodology.

The,lower limits (10 ppmvd on a rolling 365-day basis and l8 ppmvd on a rolling 7-day basis) are
used to calculate the PTE of the FCCU/CO Boiler following installation of the new control
system. Thus, this limit needs to be included in the AO in order to make this calculation
enforceable. Tesoro also uses these limits to gauge the overall performance of the control system.
The higher limits (25 ppmvd on a rolling 365-day basis and 50 ppmvd on a rolling 7-day basis) are
limits associated with the PMz s SIP, and have specific associated monitoring reqriirements
[Last updated February 11,2016)

Comment regarding Fiherable PM2 5 Limit:
Condition II.B.7.a now includes a limit a filterable PMz.s. This limitation did not previously apply
to the Tesoro Refinery, and serves as a transition between previous AOs (which did not limit
PMz.s) and the applicable limits of the SIP, which do not come into effectuntil January l,ZOlg.
This limitation serves m91ely as a stopgap measure to address comments received on irevious
permitting actions as well as those comments received during the SIP development process. [Last
updated February 25, 20161
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ACRONYMS

The following lists commonly used acronyms and associated translations as they apply to this document:

40 CFR
AO
BACT
CAA
CA.rq.A

CDS
CEM
CEMS
CFR
CMS

CO
COz
CO2e

COM
DAQruDAQ
DAQE
EPA
FDCP
GHG
GWP
HAP or HAPs
ITA
LBiHR
MACT
MMBTU
NAA
NAAQS
NESHAP
NOI
NO*
NSPS
NSR
PMro
PMz.s

PSD
PTE
R307
R307-401
SOz

Title IV
Title V
TPY
UAC
VOC

Title 40 of the Code of Federal Regulations

Approval Order
Best Available Control Technology
Clean Air Act
Clean Air Act Amendments
classification Data system (used by EPA to classiff sources by sizeltype)

Continuous emissions monitor
Continuous emissions monitoring system

Code of Federal Regulations
Continuous monitoring system
Carbon monoxide
Carbon Dioxide
Carbon Dioxide Equivalent - 40 CFR Part 98, Subpart A, Table A-l
Continuous opacity monitor
Division of Air Quality
This is a document tracking code for internal UDAQ use

Env ironmental Protection AgencY

Fugitive dust control Plan
Greenhouse Gas(es) - 40 CFR 52.21 (bX49XD

Global Warming Potential - 40 CFR Part 86.1818-12(a)

Hazardous air pollutant(s)
Intent to Approve
Pounds per hour
Maximum Achievable Control Technology
Million British Thermal Units
Nonattainment Area
National Ambient Air Quality Standards

National Emission Standards for Hazardous Air Pollutants

Notice of Intent
Oxides of nitrogen
New Source Performance Standard

New Source Review
Particulate matter less than l0 microns in size

Particulate matter less than 2.5 microns in size

Prevention of Signifi cant Deterioration
Potential to Emit
Rules Series 307

Rules Series 307 - Section 401

Sulfur dioxide
Title IV of the Clean Air Act
Title V of the Clean Air Act
Tons per year
Utah Administrative Code
Volatile organic compounds

Salt Lake City Refinery - Installation of a Wet Gas Scrubber and Ultra-Low NOx Burners

FebruarY 29,2016
Page 36

Engineering Review N 1 033 50066:



co cc)

e9F. rAr)H
HM

6..
E6o,=
6=

'=P

=oJ!

O6
G-uz

E, .C, S.\\ \
ff:f
dl (l) dl

ro(o o 9:3S 3 i;
(f)N r\nd .ir\O |I)
6dH

x
EilE

Eb,r P ;s

GT

5=99
F6r)N
sl <f
6 1..
\U;
F-$HF\<+o
od(od

EE
mr)tdOn66

itrrtr
fl
99
fJ
.ct -or\ F-.o) (noor.. rru) u)
ci c,nno) q)

=5U9
ro ro
oo
Hd
<i(no<t
dol
oO
<t

o;

o9
g
:,
I

6
o.
.9t
.;
.=c
f
ho
C'o
fro
o
o-
E
@o

o

o
o

': o)
oo
OPtro
-9

E6
E .I]

io
=qAe

or
-OFE

EC
Oo
ho=€rOLoo
PO

'I=

Eo'6
.2
E3
f

o
co
c
stdo
N
_6o
o
o,
F
Eo
c
c)J
G

o
E
6
E
o
c

gH
ttl d.E--;
oo3=

oo(,(9

o(,cc
oo&,E

,cB
6d
d-
tP
qo

,fB



C
vt

5P-Horo,orc{N
-p_-iN-u1 l.r)rn(oo
Eg+3+++dic;
.o
vl
.9
E
Lrt

L

9- oo sr ul .,1 rn ro N;n q g q e q \ e
COlFlNFlrlFlOO
.o
vl
.2
E
IJ

Jsf=ffJqP 
't 

P P P Y P iIo6co6codlao;

c>\\\-\\\\-
f .a -o -Q -Cl -Cl -O -Cl -Cl

oooooooo
-oootn1nrnoto;OOosts\tmO+=lJ)OOf\f\f\tf)O!2rO-ltnOOOON
lIq']qqgqgn
cooooooooo
.9
.2
E
l!

in
P
(E
L
oo

o;its(JOv,

Eo,
==N!trPoo
rLO;',' .g (\u- r|(o=uoFl
J

\- lJ- .=lof3\Fl(lJ.!
E-CE'll
o(!

L3eE
82.U

-.E b o :5H 4 =, :Hort€co:t : E 
=().=9(Fr\.^-E(1)EE '5 6' 3.gE b. E Fr

'EE i ;o^ glr.Js6.!u
6Ar;LEE € ; P

Ug 3 co ,=g'g E g rf-

cLcP.(o
EOIJI-3q 3 P'=H .e !
Eco F F

Eg oul sr:rXru =-EREgHg==E=-



oozz
GG ^.c .c iiu uF'tr'troooc
ocr.9

E=q
PP.9
EEEoou&.to
E!,9(u(uir
@bD0
EoPE=^-0u*
C EE
f3(u
66.9
ruoo
ccd==-
.E-C YFFU
(OOll'.msiOeqqgge

+ooooooo
N
T

Ostc\r$@@
\gdld'lo).!NmmoNo

sl <toooo
8c, Ed
.h6
NN
II

ddrn l,)OF
ci ri

U(Joo

oo
d

c,o
d

o-
oo
d
ci

o-

oo
Hvld

N

CL

oq
<.oo
N
I

N
n
N

Uo
oq

,lo
N

o-
oo
c,o

CL

(J
o

siOrO)r}<fO
NHr|<fHSf

,ltio$ci+ci
N

c
slO)O)rn<iOf\Hl,)sfr{<ld;++ct.fcio

H

o-
slOrO)rrl<fONHln+dst
d;++c,.fc;

P
Io'6'
!o
(u

I
P
E
.g
3
Eo
P
-o0o..
6-
6J
6G

9e36h>EE;e
Oo
6L
6O'E '6
L6o'=e5PE
60J
6e

I
o-=39
6O-G>
Gt)Etr.9oqE
.9Pcc
bogE

roiod5-o
;'sq
\6LHE'{=
eOQo '6- .=o -!2- E
POg FE r

drC'F1;OG
6oi6coUc.)

dP ElL IE'= orr 6uE '6'tr :
clE :l .Y'3g Jc 5
E'5 €n F-E: rE $
x o -o+ g
ne 3: *'EP 6o 

-qU r f = lt
-OO:6J:
9r U.o; g .e.2 FO O -C,E YdCOFFL

oo
16

4c;
N

=CL

oou:
c)oH

c
oo
r4
o

o(J
o
lr).!
o

No
o
\o

xoz

o
@
F.
c;

oU
or)
o!
o

No
o
N\o

xoz

CLv
o6
6Oo

40

9EEEcslqO
q

utP.9otE
-o.oo
OO'e
FL9_oo
Lr-!zo9-.EEO.
oEolE --o50FOF

6
uoc
E
0,;

d

oq
o

og
o

o-
Nl,)!'tOdOd?nogqoqg
HOOOOOO
<tN(f) fo

o(J
o@maoulogo!\c\g
stLatHNO

No
\o(Y)(oo@onoqgcqq660000rrN<t st

oo
ci

o
eo

oz
o

o
st
o
-o6
F
Eo

o
o
F

f
f,
co
G
oco
boo(J
(u
-c,

o
co
G
ll
Fl
Eo
6(u
I

Eo

o'6
.2
Eu

6
0
'i!99;

HE aE?
:pE=EEs
; E EE! H

EJE,?EEqoEotI

Po,gEgb:ll!r69';

$o*E*Es.s
<cdLiciui*

xoz

CL

o(J

No

xoz

g
(u'6'
E_g
6; lu

=6c?
E

!fO.}C

:s6o)

0, 0,cuoco6
EE3&
bii<ots
ool
-ccPO
tro.6E,-t o
;(Jco.eB
-20
EL
oL)
90
OE

Ee
.=C
oOe'ii3.2OF
zfi

o
CO

€t



Catalysts

EM PRO'" PremAir@ Catalysts
PremAir@ Direcl Ozone Reduction (DOR)

PremAir@ is a patented mtalyst coating that transforms ground level
ozone, the main @mponent of smog, into oxygen. As air flows over a
vehide's mated radiator, PremAir@ ctatfzes the reaclion that converts
ozone into oxygen. This proes €pitalizes on the large volume of air that
pass through a vehicle's radiator.

PremAir@ NXT Next Generation DOR

\Mrth PremAiro NXT, even smaller radiators for today's downsized 4
cylinder engines mn mnverl as much ozone to orygen as larger radiators
wilh standard PremAip. This allows Automotive OEMS to earn the full
emisbn credit for California LEV lll and U.S. Tier 3 emision regulations.

PremAir@ NXT deliveE value through emission reduction credits

PremAir@ NXT is a DOR technology which has been validated for
150,000 miles or 15 years. Tier 3 and LEV lll have approved an emision
reduction sedit of 5 mg/mile for DOR technology. OEMS €n leverage this
tool in a number of ways to deliver value to manage their fleet average
emisions requirements.

- Optimire engine perfomance
- PremAir@ NXT sedits are a @st-effectire ahernative solulion to PGM

(Platinum Group l\,4etals) content in ctalytic converters and en be
used to maximize engine performane at a bin dassilication.

- Reduce cost
- As regulations demand more out of mtalytic onverters, additional

PGM content can have decreasing emission control efficiency.
PremAir@ NXT sedits en help optimze PGM performance to redue
total emission control costs.

- Engineering Safety Factorfor SULEV
- Performance at low NMOG and NOx levels is diffidlt lo measure for

both fresh and aged catalyst performance; borderline TWC aging
performan@ cn introdue risk to an OEM. PremAir@ NXT credits
€n be leveraged to intrea* lhe sfety faclor at a vehide bin
dassifietion.

- Managing fleet vehicle mix
- LEV lll and Tier 3 require OEMS to change their fleet percentage

sales to meet the emission standards, e OEMS have to sll more
SULEV vehides while slling les ULEV 125 vehides. High
performance sedans and @upes as well as trucks and SUVS a.e
oflen more profltable but meet h!;her emision bins. Utilizing
PremAir@ NXT sedits can enable OEMS to mitigate the impad of new
regulations on their \€hide mix

Whal is ozone?

Ozone is a moleo.rle that mnsists of three oxygen atoms. Naturally-
o@rring ozone is Iormed miles above the earth in the stratosphere. This
ozone layer is responsible for aberbing the un's harmful ultraviolet
radiatEn. Unrortunalely, the ozone at ground level is the major
component of smog. This artificially created ozone is the cause of many
adver* eflecls, such as irritation of and damage to lungs, eyes, noses
and throats. Man-made ozone is produced by lhe oxllation of nitrogen
oxides (NOx) and Volatile Organic Compounds (VOCs) in the presne oI
dired sunlight. The main eures of NOx and VOC gass are mobile
emi$ions, industrial fadories, eledrical plants, chemicl solvents, and
gamline vapors.

Click here for a list of Gr models that have been ertined with Direct
Ozone Redu6lion (PremAir).
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EMPROTM PremAir@
Ozone destruction catalysts

PremAir is the first commercial product that destroys
harmful, ground-level ozone already in the air and
converts it into oxygen. PremAir catalysts have been
successfully installed on over 3 million automotive
radiators throughout the world.

ffi*-ff
i t[':

Ill;s"'
a:l

Depending upon the conditions,
PremAir can destroy 75 percent or
more of the ozone that touches the
PremAir-coated radiator surface,
converting ozone molecules (Og) into
oxygen (Oz) molecules. There is no
signiflcant impact on cooling or other
performance attributes of the radiator.

LEV lll Credit Gertified
Having recognized the air quality
benefits of PremAir-equipped
automotive radiators, the Air
Resources Board in California has
established programs to allow vehicle
manufacturers to use PremAir in
meeting emissions standards.

PremAir Green
Where regulatory compliance is not
needed, PremAir Green is a cost-
effective option for vehicle
manufacturers to demonstrate
commitment to a clean environment
and a responsible environmental
policy.

:_l ::l_ t

-::,i- f llt +,s."."

What is ground-level ozone?
According to the U.S. Environmental
Protection Agency (EPA), in the
Earth's lower atmosphere, near ground
level, ozone is formed when pollutants
emitted by cars, power plants,
industrial boilers, refineries, chemical
plants and other sources react
chemically in the presence of sunlight.

Ozone pollution is a special concern
during summer months when the
weather conditions needed to form
ground-level ozone - lots of sun and
hot temperatures - normally occur.

The American Lung Association
reports that half of the U.S. population
breathes unhealthy levels of ozone
some time during the year. Millions of
people living in urban areas around the
world are similarly exposed.



EMPROTM Solutions
We are proud to introduce
EMPRO as the new brand for
BASF Mobile Emissions Catalysts.
The EMPRO brand represents
what makes BASF unique as
value added solutions provider.
As the global leader in catalysis,
BASF has unsurpassed expertise
in developing innovative emission
control technologies for a wide
range of applications, to enable
clean air for a sustainable future.
We are the Emissions
Professionals.

The focus of the BASF Emissions
Professional is always on
in novative, cost-effective solutions
to meet the needs of OEMs and
engine manufacturers globally.
With a creative, open, responsible
and entrepreneurial approach we
help make our customers meet
regulations and be more
profitable. That's the EMPRO way.

About Us
BASF's Catalysts division is the
world's leading supplier of
environmental and process
catalysts. The group offers
exceptional expertise in the
development of technologies that
protect the air we breathe,
produce the fuels that power our
world and ensure efficient
production of a wide variety of
chemicals, plastics and other
products, including advanced
battery materials. By leveraging
our industry-leading R&D
platforms, passion for innovation
and deep knowledge of precious
metals, BASF's Catalysts division
develops unique, proprietary
solutions that drive customer
success.

BASF - We create chemistry

Visit:
www.catalysts. basf.com/patents
for a list of our product patents.

www. cata lysts. basf. com/p re ma i r

BASF Corporation, Catalysts Headquarters
25 Middlesex/Essex Turnpike
lselin, New Jersey, 08830, USA
Tel'. +1-732-205-5000
Email: mobilecatalysts@basf.com

Brazil
Av. Angelo Demarchi 123,Pr. 4160, 5o andar
Sao Bernardo do Campo, SP, 09844-900
Tel: 55-11-2349-1118

China
239 Luqiao Road
Pudong, Shanghai 201206, P.R. China
Tel: 86-21-6109-1770

Germany
Seligmannallee 1

301 73 Hannover, Germany
Tel: 49-51 1-2886-628

lndia
E-17-18, lndustrial Estate, Maraimalai Nagar
Chennai, Tamilnadu, lndia 603 209
Tel: 9144-27454466

Poland
55-300 Sroda Slaska
ul. lnnowacji 1, Poland,
Tel: 48-71-7146-162

Russia
Kadashevskaya nab 14, str 3
Moscow 119017,Russia,
Tel: +7495-231-7200

South Africa
425 Struanway, Struandale
Port Elizabeth 6001, South Africa
Tel: 2741401-1004

Thailand
64124 Moo4, Pluakdaeng
Rayong 21 140, Thailand,
Tel: 66-38-955-555

EMPRO and PremAir are trademarks of BASF.

Although all statements and information in this publication

are believed to be accurate and reliable, they are presented
gratis and for guidance only, and risks and liability for
results oblained by use of the products or application of the
suggestlons described are assumed by the user.
WARRANTIES OF ANY KIND, EITHER EXPRESS OR
IMPLIED, INCLUDING WARRANTIES OF
MERCHANTABILIW OR FITNESS FOR A PARTICULAR
PURPOSE, ARE MADE REGARDING PRODUCTS
DESCRIBED OR DESIGNS, DATA OR INFORMATION
SET FORTH. Statements or suggestions concerning
possible use of the products are made without
representation or warranty that any such use is free of
patent infringement and are not recommendations to
infringe any patent. The user should not assume that
toxicity data and safety measures are indicated or that
other measures may not be required. @ 201 5 BASF

BF-9468 06/15
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Vvhat is a Catalyst?

Research
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Virtual Marking

Virtual Marking
The folbwing BASF produds are prolecied by patents in the U.S- and elsewhere. This website is provided to
satisfy the virtual patent marking provisions of various iurisdidions induding the virtual patent marking provisions
of the America lnvents Act.

The followhg list of BASF producls may not be all indusive, and other BASF producls not listed here may be
proteded by one or more patenls-

For additions or cflanges to the content on this page, contac{ Michael Locascio.

EMPRO Clean Air

Catalysts for Diesel Engines

Catatyad Soot Filters (CSF)

7722829,g',t19075, 803899, 81 14354, 8038956, 8679434, 8800268, 8663587, 8722000, 88s8904,
8845974, 880201 6, 87 ?2000

Diesel O(idation Catalysts (DOC)

5987882,60065'16,6422008,7078004,7576031,7875573,7947238,8148290,8211392,8?46922,
u52258, 8329607, 8449852. 8568675, 8637426

Lean NOx Traps (LNT)

6375910,6497848,702264A,7490464,7919051,80220.t0,8173574,87U759,8776499

Selectivs Catahnic Reduction & Selective Catalytic Reduction on Filter (SCR, SCR2F)
6311484,6415602. 6/,46430,6581374,6662553,6742330,6826906,7143578,7150't45,7229597.
7438878,7441983,7490464,760166?,7704475,7767176,7722845.7502107,7919051,7951742,
7968068, 7998423, 81 19088, 8122603,8246922, A293182,82931 98, 8293199 ,8404203,85241 85,
8544260,8617474, 8899023, 6004524,8961914, 8722000, 6689709, 6914026, 6125629

AIrIX

7 481983, 7767 17 6, 77 22U5, 82931 82, 8524',185, 8722000, 6689709, 6914026

Catalysts for Gasoline Engines

Thrre Way Conversion Catalysts and Four Way ConvaEion Catalysts
5866210,5888464,5898014,6044644,6110862,il92297,6497851.6764665,6777370,6923945.
7U1263,7022644,7?76212,7374729,7501098,7517510,7524465,7550124,7622096,7678347,
7749472,77U171, 7758834, 7795172,7811962,7879755, 79229A8,8007750, 8038951, 81 73087,
8568675, 88'1 51 89, 89501 74, 8765085. 6093378

' Catalysts for Motorcycles and Small Engines (MCY & SEC)

7 27 1 125, 7 521 033, 7 52777 4, 77049 1 5, 7981 390, 8062990, 8833064, 8765085

Specialized

PremAlF

599783't, 6214303, 6340066, 6506605, 6699529, 681 8254, 708382

EYap I Ep
7 189376, 727U1 0, 7 422628, 7 s31029, 7 578285, 7677226, 77 $AU, 8372477

Page Functions

F Tella friend

El Contad

g Print

Snap lnfo

Literature Library
(BrochuredDatasheets)

Events

SDS

EIB Precious
Metal Pricing

Contact Us
Americas:
+1-732-20S5000
+1-800-889-9845
Asia Pacific:
+852-?731-0191
Europe, Middle East, Africa:
+49-621-60-21 153

Ned more information?

Last updated on:
September 11,2015

General
lnfomation

Disclaimer

Data prolect,on

Crediis



USPTO P^*,tEr-rr Full-TEHT ^rrNB hvI^g.eE D^ntnen sE

[-"r-=;l[*-* lG'r*;lL--J L-----JL--J

(1or7)

United States Patent

Iloke, et al.

6,919,254

November 16,2044
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Abstract

A method and apparatus for treating the atmosphere comprising moving a vehicle through the
atmosphere, the vehicle having at least one atmosphere contacting surface and a pollutant treating
composition located on said surface. A specific embodiment comprises coating a motor vehicle radiator
with pollutant treating catalyst.
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Claims

What is claimed is:

l. A method of applying a mixture to a substrate comprising the steps of: forming a mixture comprising
water and a particulate catalytically-active material, the catilytically-active mateiial comprising a
manganese component having a BET N.sub.2 surface area of greater than 150 m.sup .2 /g, andwherein
approximately 90o/o of the particles are less than 8 micrometers; adding to the mixture a"clispersant
comprising a compound selected from the group consisting of a polym-er containing carboxylic acid
groups, an ester of the polymer and a-salt of the polymer; adaing to the mixture a pitymeri" bind",
selected from the group consisting o{an acrylic polymer and a potylvinyt) acetate; and after adding the
dispersant and polymeric binder, applying the mixture to a motor vehicle contacting surface.

2.The method of claim l, wherein the slurry is applied by spray coating, brushing, or dipping.

3. The method of claim 2, wherein the slurry is applied by spray coating.

4' The method as recited in claim I wherein the atmosphere contacting surface is selected from the group
consisting of the outer surface of an air conditiorr"..ondenser, a radiior, a radiator fan, an air charfe
cooler, a wind deflector, engine oil cooler, a transmission oil cooler and, apower steering fluid cooler.

5' The method of as recited in claim I further comprising adjusting the pH of the mixture to at least g.5.

6' A method of forming a slurry comprising the steps of: forming a mixture comprising water and a
particulate catalytically-active material, the catalytiially-active material comprisirrg u irurrganese
component having a BET N.sub.2 surface area of greater than 150 m.sup .2 l[, and-wherein"
approximately 90o/o of the particles are less than 8 micrometers; addingio thi mixture a dispersant
comprising a compound selected from the group consisting of a polym-er containing carboxylic acid
groups, an ester of the polymer and a-salt of the polymer; and adding to the mixturJa polymeric binder
selected from the group consisting of an acrylic polymer and a poly(Yvinyl) acetate.

7 'The method of claim 6, wherein the dispersant is a dicarboxylic acid ester or salt derivative.

8' The method of claim 7, wherein the dispersant is a maleic acid/isobutylene copolymer.

9' The method of claim 8, wherein the dispersant is a salt of a maleic acid/isobutylene copolymer.

10. The method of claim 9, wherein the dispersant is a sodium salt of a maleic acid/isobutylene
copolymer.



11. The method of claim 6, wherein the dispersant is a polymeric acrylate.

12. The method of claim 11, wherein the dispersant is a salt of a polymeric acrylate-

13. The method of claim 12, wherein the dispersant is a sodium salt of a polyacrylate/methacrylate

copolymer.

14. The method of as recited in claim 6 further comprising adjusting the pH of the mixture to at least 8'5'

15. The method of claims 14,6,11,12,13,7,8, 9, or 10, wherein the binder is an acrylic latex binder or

an ethylene vinYl acetate binder.

16. The method as recited in claims 14,6 or 1 wherein the catalytically active material further comprises

a platinum group metal comPonent.

17. The method as recited in claim 16 fuither comprising the step of calcining the catalytically active

material prior to adding the polymeric binder'

1g. The method as recited in claim 16 further comprising the step of reducing the catalytically active

material.

19. The method as recited in claims 14,6,o1 1 wherein the manganese component is MnO.sub'2'

20. The method as recited in claim 48 wherein the MnO.sub.2 is .alpha.-MnO.sub'2'

Zt.Themethod as recited in claim 20 wherein the .alpha.-MnO.sub.2 is selected from the group

consisting of hollandite, cryptomelane, manjiroite and coronadite'

22.Themethod as recited in claim 21 wherein the .alpha.-MnO.sub.2 is cryptomelane having a surface

area of about from 200 to 350 m.sup.2 /g.

23.Themethod as recited in claim 20 wherein the .alpha.-Mno.sub.2 comprises up to2o/oby weight of

silica.

24.Themethod of claims 14,6 or I wherein the mixture further comprises thickeners, biocides, and

antioxidants.

25. Acomposition made by the method of claims 14,6,11,12,13,7,8, 9, or 10'

26.Thecomposition of claim 25, wherein the binder is an acrylic latex binder or an ethylene vinyl

acetate binder.

2j.Thecomposition of claim 26 further comprising at least one additive selected from the group

consisting of a thickener, a biocide, and an antioxidant'

2g. A catalyticslurry for adhering to a substrate comprising: a particulate catalytically-active material

comprising a manganese component having a BET l.i.sub.i surface area of greater than 150 m'sup'2 /g,

and wherein appr&imately go% of the pariicles are less than 8 micrometers; a dispersant comprising a

compound selected from the group consisting of a polymer containing carboxylic acid groups, an ester of

the polymer and a salt of the [olymer; a polymeric binder selected from the group consisting of an



acrylic polymer and a poly(vinyl) acetate; and water.

Description

BACKGROUND OF THE INVENTION

1. Field of The Invention

The present invention relates to an apparatus for cleaning the atmosphere; and more particularly to a

vehicle comprising at least one atmosphere contacting surface having a pollution treating composition
thereon, and a related method and composition.

2. Discussion of the Related Art

A review of literature relating to pollution control reveals that the general approach is to reactively clean

waste streams entering the environment. If too much of one pollutant or another is detected or being
discharged, the tendency has been to focus on the source of the pollutant, the cause of the pollutant or the

waste stream containing the pollutant. For the most part gaseous streams are treated to reduce the

pollutants prior to entering the atmosphere.

It has been disclosed to treat atmospheric air directed into a confined space to remove undesirable

components in the air. However, there has been little effort to treat pollutants which are already in the

environment; the environment has been left to its own self cleansing systems. References are known
which disclose proactively cleaning the environment. U.S. Pat. No. 3,738,088 discloses an air filtering
assembly for cleaning pollution from the ambient air by utilizing a vehicle as a mobile cleaning device. A
variety of elements are disclosed to be used in combination with a vehicle to clean the ambient air as the

vehicle is driven through the environment. In particular, there is disclosed ducting to control air stream

velocity and direct the air to various filter means. The filter means can include filters and electronic
precipitators. Catalyzed postfilters are disclosed to be useful to heat nonparticulate or aerosol pollution
such as carbon monoxide, unburned hydrocarbons, nitrous oxide and/or sulfur oxides, and the like.
German Patent DE 43 l8 738 Cl also discloses a process for the physical and chemical cleaning of
outside air. Motor vehicles are used as carriers of conventional filters and/or catalysts, which do not
constitute operational components of the vehicle but are used to directly clean atmospheric air.

Another approach is disclosed in U.S. Pat. No. 5,147,429. There is disclosed a mobile airborne air
cleaning station. In particular this patent features a dirigible for collecting air. The dirigible has a
plurality of different types of air cleaning devices contained therein. The air cleaning devices disclosed
include wet scrubbers, filtration machines, and cyclonic spray scrubbers.

The difficulty with the above recited devices disclosed to proactively clean the atmospheric air is that
they require new and additional equipment. Even the modified vehicle disclosed in U.S. Pat. No.
3,738,088 requires ducting and filters which can include catalytic filters.

DE 40 07 965 C2 to Klaus Hager discloses a catalyst comprising copper oxides for converting ozone and

a mixture of copper oxides and manganese oxides for converting carbon monoxide. The catalyst can be

applied as a coating to a self heating radiator, oil coolers or charged-air coolers. The catalyst coating
comprises heat resistant binders which are also gas permeable. It is indicated that the copper oxides and

manganese oxides are widely used in gas mask filters and have the disadvantage of being poisoned by



water vapor. However, the heating of the surfaces of the automobile during operation evaporates the
water. In this way, continuous use of the catalyst is possible since no drying agent is necessary.

Manganese oxides are known to catalyze the oxidation of ozone to form oxygen. Many commercially
available types of manganese compound and compositions, including alpha manganese oxide are
disclosed to catalyze the reaction of ozone to form oxygen. In particular, it is known to use the
cryptomelane form of alpha manganese oxide to catalyze the reaction of ozone to form oxygen-

Alpha manganese oxides are disclosed in references such as O'Young, Hydrothermal Synthesis of
Manganese Oxides with Tunnel Structures, Modern Analytical Techniques for Analysis of Petroleum,
presented at the Symposium on Advances in Zeolites and Pillared Clay Structures before the Division of
Petroleum Chemistry, Inc. American Chemical Society New York City Meeting, Aug. 25-30,1991
beginning atpage 348. Such materials are also disclosed in U.S. Pat. No. 5,340,562 to O'Young, et al.
Additionally, forms of .alpha.-MnO.sub.2 are disclosed in McKenzie, the Synthesis of Birnessite,
Cryptomelane, and Some Other Oxides and Hydroxides of Manganese, Mineralogical Magazine,
December 1971, Vol. 38, pp.493-502.For the purposes of the present invention, .alpha.-MnO.sub.2 is
defined to include hollandite (BaMn.sub.S O.sub.16.xH.sub.2 O), cryptomelane (KMn.sub.S
O.sub.16.xH.sub.2 O), manjiroite (NaMn.sub.8 O.sub.l6.xH.sub.2 O) and coronadite (PbMn.sub.8
O.sub.16.xH.sub.2 O). O'Young discloses these materials to have a three dimensional framework tunnel
structure (U.S. Pat. No. 5,340,562 and O'Young Hydrothermal Synthesis of Manganese Oxides with
Tunnel Structures both hereby incorporated by reference). For the purposes of the present invention,
.a1pha.-MnO.sub.2 is considered to have a2.times.2 tunnel structure and to include hollandite,
cryptomelane, manjiroite and coronadite.

SUMMARY OF THE INVENTION

The present invention relates to an apparatus, method and composition to treat the atmosphere. For the
purposes of the present invention atmosphere is defined as the mass of air surrounding the earth.

The present invention is directed to an apparatus and related method for treating the atmosphere
comprising a vehicle and a means such as a motor to translate the vehicle from one place to another
through the atmosphere. The vehicle comprises at least one atmosphere contacting vehicle surface and a
pollutant treating composition located on that surface. The atmosphere contacting surface is a surface of
a component of the vehicle that is in direct contact with the atmosphere. Preferred and useful atmosphere

- contacting surfaces include body surfaces, wind deflector surfaces, grill surfaces, mirror backs and the
surfaces of "under the hood" components. Preferred atmosphere contacting surfaces are located within
the body of the motor vehicle, typically in proximity to the engine, i.e., the engine compartment. The
surfaces are preferably the surfaces of cooling means which comprise an in flow path for liquids or gases
through a coolant walled enclosure such as tubes or a housing and an outer surface on which is located
fins to enhance heat transfer. Preferred atmosphere contacting surfaces comprise a finned outer surface
and are selected from the outer surfaces of the radiator, air conditioner condenser, the surfaces of the
radiator fan, engine oil cooler, transmission oil cooler, power steering fluid cooler and air charge cooler
also referred to as an intercooler or after cooler. The most preferred atmosphere contacting surfaces are
the outer surfaces of the air conditioner condenser and radiator due to their large surface area and
relatively high ambient operating temperatures of from about 40.degree. C. to 135.degree. C. and
typically up to l l0.degree. C.

An advantage of the present invention is that the atmosphere contacting surface useful to support a
pollution treating composition can be the surface of existing vehicle components. No additional filter, or
apparatus to support a pollutant treating composition, is required. Accordingly, the apparatus and method



of the present invention can be located on existing components of new cars or retrofitted onto old cars.

Retrofitting may comprise coating a suitable pollutant treating composition on an existing vehicle surface

which comes in contact with atmospheric air as the vehicle is driven through the atmosphere.

The present invention is directed to compositions, methods and articles to treat pollutants in air. Such

pollutants may typically comprise from 0 to 400 parts, more typically I to 300, and yet more typically I
to 2}O,parts per billion (ppb) ozote;0 to 30 parts, and more typically I to 20, parts per million (pp-)
carbon monoxide; and} to 3000 ppb unsaturated hydrocarbon compounds such as C.sub.2 to about

C.sub.20 olefins and partially oxygenated hydrocarbons such as alcohols, aldehydes, esters, ethers,

ketones and the like. Typical hydrocarbons which can be treated include, but are not limited to,

propylene, butylene, formaldehyde and other airborne hydrocarbon gases and vapors. Other pollutants

present may include nitrogen oxides and sulfur oxides. The National Ambient Air Quality Standard for
ozone is 120 ppb, and for carbon monoxide is 9 ppm.

Pollutant treating compositions include catalyst compositions useful for catalyzing the conversion of
pollutants present in the atmosphere to non-objectionable materials. Altematively, adsorption

compositions can be used as the pollutant treating composition to absorb pollutants which can be

destroyed upon adsorption, or stored for further treatment at a later time.

Catalyst compositions can be used which can assist in the conversion of the pollutants to harmless

compounds or to less harmful compounds. Useful and preferred catalyst compositions include
compositions which catalyze the reaction of ozone to form oxygen, catalyze the reaction of carbon

monoxide to form carbon dioxide, and/or catalyze the reaction of hydrocarbons to form water and carbon

dioxide. Specific and preferred catalysts to catalyze the reaction of hydrocarbons are useful for catalyzing
the reaction of low molecular weight unsaturated hydrocarbons having from two to twenty carbons and at

least one double bond, such as C.sub.2 to about C.sub.8 mono-olefins. Such low molecular weight
hydrocarbons have been identified as being sufficiently reactive to cause smog. Particular olefins which
can be reacted include propylene and butylene. A useful and preferred catalyst can catalyze the reactions

of both ozone and carbon monoxide; and preferably ozone, carbon monoxide and hydrocarbons.

Ozone--Useful and preferred catalyst compositions to treat ozone include a composition comprising
manganese compounds including oxides such as Mn.sub.2 O.sub.3 and MnO.sub.2 with a preferred
composition comprising .a1pha.-Mno.sub.2, and cryptomelane being most preferred. Other useful and
preferred compositions include a mixture of MnO.sub.2 and CuO. Specific and preferred compositions
comprise hopcalite which contains CuO and MnO.sub.2 and, more preferably Carulite.RTM. which
contains MnO.sub.2, CuO and Al.sub.2 O.sub.3 and sold by the Carus Chemical Co. An alternative
composition comprises a refractory metal oxide support on which is dispersed a catalytically effective
amount of a palladium component and preferably also includes a manganese component. Also useful is a
catalyst comprising a precious metal component, preferably a platinum component on a support of
coprecipitated zirconia and manganese oxide. The use of this coprecipitated support has been found to be
particularly effective to enable a platinum component to be used to treat ozone. Yet another composition
which can result in the conversion of ozone to oxygen comprises carbon, and palladium or platinum
supported on carbon, manganese dioxide, Carulite.RTM. and/or hopcalite. Manganese supported on a
refractory oxide such as alumina has also been found to be useful.

Carbon Monoxide--Useful and preferred catalyst compositions to treat carbon monoxide include a

composition comprising a refractory metal oxide support on which is dispersed a catalytically effective
amount of a platinum and/or palladium component, preferably a platinum component. A most preferred
catalyst composition to treat carbon monoxide comprises a reduced platinum group component supported
on a refractory metal oxide, preferably titania. Useful catalytic materials include precious metal



components including platinum group components which include the metals and their compounds. Such
metals can be selected from platinum, palladium, rhodium and ruthenium, gold and/or silver components.
Platinum will also result in the catalytic reaction of ozone. Also useful is a catalyst comprising a precious
metal component, preferably a platinum component on a support of coprecipitated zirconia and
manganese dioxide. Preferably, this catalyst embodiment is reduced. Other useful compositions which
can convert carbon monoxide to carbon dioxide include a platinum component supported on carbon or a
support comprising manganese dioxide. Preferred catalysts to treat such pollutants are reduced. Another
composition useful to treat carbon monoxide comprises a platinum group metal component, preferably a
platinum component, arefractory oxide support, preferably alumina and titania and at least one metal
component selected from a tungsten component and rhenium component, preferably in the metal oxide
form.

Hydrocarbons--Useful and preferred catalyst compositions to treat unsaturated hydrocarbons including
C.sub.2 to about C.sub.2O olefins and typically C.sub.2 to C.sub.S mono-olefins such as propylene and
partially oxygenated hydrocarbons as recited have been found to be the same type as recited for use in
catalyzing the reaction of carbon monoxide with the preferred compositions for unsaturated
hydrocarbons comprising a reduced platinum and/or palladium component and a refractory metal oxide
support for the platinum component. A preferred refractory metal oxide support is titania. Other useful
compositions which can convert hydrocarbons to carbon dioxide and water include a platinum
component supported on carbon or a support comprising manganese dioxide. Preferred catalysts to treat
such pollutants are reduced. Another composition useful to convert hydrocarbons comprises a platinum
group metal component, preferably a platinum component, a refractory oxide support, preferably alumina
and titania and at least one metal component selected from a tungsten component and rhenium
component, preferably in the metal oxide form. A combination of a platinum component and a palladium
component results in improved CO conversion at an increase in cost and is most preferred where greater
conversion is desired and cost increase is acceptable.

Ozone and Carbon Monoxide--A useful and preferred catalyst which can treat both ozone and carbon
monoxide comprises a support such as a refractory metal oxide support on which is dispersed a precious
metal component. The refractory oxide support can comprise a support component selected from the
group consisting of ceria, alumina, silica, titania, zirconia, and mixtures thereof. Also useful as a support
for precious metal catalyst components is a coprecipitate of zirconia and manganese oxides. Most
preferably, this support is used with a platinum component and the catalyst is in reduced form. This
single catalyst has been found to effectively treat both ozone and carbon monoxide. Other useful and
preferred precious metal components are comprised of precious metal components selected from
palladium and also platinum components with palladium preferred. A combination of a ceria support
with a palladium component results in an effective catalyst for treating both ozone and carbon monoxide.
Other useful and preferred catalysts to treat both ozone and carbon monoxide include a platinum group
component, preferably a platinum component and/or palladium component and more preferably a
platinum component, on titania or on a combination of zirconia and silica. A combination of a platinum
component and a palladium component results in improved CO conversion at an increase in cost and is
most preferred where greater conversion is desired and cost increase is acceptable. Other useful
compositions which can convert ozone to oxygen and carbon monoxide to carbon dioxide include a
platinum component supported on carbon or on a support comprising manganese dioxide. Preferred
catalysts are reduced.

Ozone, Carbon Monoxide and Hydrocarbons--A useful and preferred catalyst which can treat ozone,
carbon monoxide and hydrocarbons, typically low molecular weight olefins (C.sub.2 to about C.sub.20)
and typically C.sub.2 to C.sub.8 mono-olefins and partially oxygenated hydrocarbons as recited
comprises a support, preferably a refractory metal oxide support on which is dispersed a precious metal



component. The refractory metal oxide support can comprise a support component selected from the
group consisting of ceria, alumina, titania, zirconia and mixtures thereof with titania most preferred.
Useful and preferred precious metal components are comprised of precious metal components selected
from platinum group components including palladium and/or platinum components with platinum most
preferred. It has been found that a combination of a titania support with a platinum co*porent results in
the most effective catalyst for treating ozone, carbon monoxide and low molecular weight gaseous olefin
compounds. A combination of a platinum component and a palladium component results in improved CO
and hydrocarbon conversion at an increase in cost and is most preferred where greater conversion is
desired and cost increase is acceptable. It is preferred to reduce the platinum group components with a
suitable reducing agent. Other useful compositions which can convert ozone to oiygen,iarbon monoxide
to carbon dioxide, and hydrocarbons to carbon dioxide include a platinum component supported on
carbon, a support comprising manganese dioxide, or a support comprising a coprecipitate of manganese
oxides and zirconia. Preferred catalysts are reduced.

The above compositions can be applied by coating to at least one atmosphere contacting vehicle surface.
Particularly preferred compositions catalyze the destruction of ozone, carbon monoxide and/or
unsaturated low molecular weight olefinic compounds at ambient conditions or ambient operating
conditions. Ambient conditions are the conditions of the atmosphere. By ambient operating condilions it
is meant the conditions, such as temperature, of the atmosphere contacting surface during iormal
operation of the vehicle without the use of additional energy directed to heating the poilulant treating
composition. Certain atmosphere contacting surfaces such as a grill or wind dehector can be at the ,irn.
or similar temperature as the atmosphere. It has been found that preferred catalysts which catalyze the
reaction of ozone can catalyze the reaction of ozone at ambient conditions in ranges as low a, 5.d"gr"..
C. to 3O.degree. C.

Atmosphere contacting surfaces may have higher temperatures than the ambient atmospheric
temperatures due to the nature of the operation of the component underlying the surfaci. For example,
preferred atmosphere contacting surfaces are the surfaces of the air conditi*lng condenser and the
radiator due to their high surface area. Where vehicles use air charge coolers, these are preferred due to
high surface area and operating temperatures of from ambient to 25O.degree. F. Normally, during
ambienl operating conditions the surfaces of these components increaseio higher tempeiature levels than
the ambient environment due to the nature of their operation. After the vehicli motor Las warmed up,
these components are typically attemperatures which rarrge up to about l3O.degree. C. and typically
from 40.degree. C. to 110.degree. C. The temperature range olthese atmospheri contacting surfacei
helps to enhance the conversion rates of the ozone, carbon monoxide and hydrocarbon cata-lysts
supported on such surfaces. Air charge coolers operate at temperatures up to about l30.degrle. C. and
typically from 60.degree. C. to l30.degree. C.

Various of the catalyst compositions can be combined, and a combined coating applied to the atmosphere
contacting surface. Alternatively, different surfaces or different parts of the same surface can be coated
with different catalyst compositions.

The method and apparatus of the present invention are designed so that the pollutants can be treated at
ambient atmospheric conditions or at the ambient operating conditions of the vehicle atmosphere
contacting surface. The present invention is particularly useful for treating ozone by coating motor
vehicle atmosphere contacting surfaces with suitable catalysts useful to destroy such pollutints even at
ambient conditions, and at vehicle surface temperatures typically from at leasi0.d.g.L.. C., preferably
from l0.degree. C. to l05.degree. C., and more preferably from 40.degree. C. to l0-0.degr.". C. Carbon
monoxide is preferably treated at atmosphere contacting surface temperatures from 4O.d-egree. C. to
105.degree. C. Low molecular weight hydrocarbons, typically unsaturated hydrocarbons f,aving at least



one unsaturated bond, such as C.sub.2 to about C.sub.20 olefins and typically C.sub.2 to C-sub-8 mono-

olefins, are preferably treated at atmosphere contacting surface temperatures of from 40.degree. C. to

l05.degree. C. The plrcent conversion of ozone, carbon monoxide and/or hydrocarbons depends on the

temperiture and .pui. velocity of the atmospheric air relative to the atmosphere contacting surface, and

the temperature of the atmosphere contacting surface.

Accordingly, the present invention, in most preferred embodiments can result in at least reducing the

ozone, .uibo1monoxide and/or hydrocarbon levels present in the atmosphere without the addition of any

mechanical features or energy source to existing vehicles, particularly motor vehicles. Additionally, the

catalytic reaction takes place-at the normal ambient operating conditions experienced by the surfaces of
these motor vehicle elements so that no changes in the construction or method of operation of the motor

vehicle are required.

While the apparatus and method of the present invention are generally directed to treating the

atmospherg it *itt be appreciated that variations of the apparatus are contemplated for use to treat

volumes of air in encloied spaces. For example, a motor vehicle having an atmosphere contacting surface

supporting a pollutant treating composition can be used to treat the air within factories, mines and

tunnels. Such apparatus can include vehicles used in such environments.

While the preferred embodiments of the present invention are directed to the destruction of pollutants at

the ambient operating temperatures of the atmosphere contacting surface, it is also desirable to treat

pollutants which have a citalyzedreaction temperature higher than the ambient temperature or ambient

Lperating temperature of the atmosphere contacting surface. Such pollutants include hydrocarbons and

nitrogen oxides and any carbon monoxide which bypasses or is not treated at the atmosphere contacting

surfa-ce. These pollutants can be treated at higher temperatures typically in the range of at least

l00.degree. C. io 450.degree. C. This can be accomplished, for example, by the use of an auxiliary

heated-cat alyzedsurface. By an auxiliary heated surface, it is meant that there are supplemental means to

heat the surface. A preferred auxiliary heated surface is the surface ofan electrically heated catalyzed

monolith such as an electrically heatid catalyzed,metal honeycomb of the type known to those skilled in

the art. Electricity can be p.orid.d by batteries or a generator such as are present in motor vehicles. The

catalyst composiiion can b. urry well known oxidation and/or reduction catalyst, preferably a three way

catalyst (TWC) comprising precious group metals such as platinum, palladium, rhodium and the like

,rrppt.t.d on refracto.y o*id. .rppo.t.. An auxiliary heated catalyzed surface can be used in combination

*ith, and preferably downstream of, tn" vehicle atmosphere contacting surface to further treat the

pollutants.

As previously stated, adsorption compositions can also be used to adsorb pollutants such as hydrocarbons

urrd/o, particulate matter for later oxidation or subsequent removal. Useful and preferred adsorption

.o1nporitions include zeolites, other molecular sieves, carbon, and Group IIA alkaline earth metal oxides

,u.h u, calcium oxide. Hydrocarbons and particulate matter can be adsorbed from 0.degree. C. to

l l0.degree. C. and subsequently treated by desorption followed by catalftic reaction or incineration.

It is preferred to coat areas of the vehicle that have a relatively high surface area exposed to a large flow

rate of atmospheric air as the motor vehicle is driven through the environment. For land use motor

vehicles, particularly preferred atmosphere contacting surfaces include the radiator, fan blades, the air

conditioning condenri. or heat exchanger, air charge cooler, engine oil cooler, transmission oil cooler,

and wind deflectors of the type used on the roof of truck cabs.

Most preferably, the atmosphere contacting surface is a surface of a radiator. The radiator has alarge

surface area for enhanced iooling of internal combustion engine fluid coolants. By applying a catalyst to



be supported on the radiator surface, advantage can be taken of the large honeycomb-like surface area,
usually with little or no effect on the cooling function of the radiator. The high honeycomb-like surface
area enables a maximization of contact of the catalyst with the air passing through the honeycomb-like
design of the radiator. Additionally, radiators in many automobiles are located behind the air conditioner
condenser and are thereby protected by the air conditioner condenser.

The present invention includes methods to coat pollutant treating compositions on to atrnosphere
contacting surfaces of motor vehicles. In particular, the present invention includes a method to coat
catalyst compositions onto finned elements such as radiators, air conditioner condensers, and air charge
coolers.

Calculations suggest that in motor vehicle traffic congested areas, there are a sufficient number of motor
vehicles to significantly impact pollutants treated in accordance with the present invention. For example,
in Southern California's South Coast Air Quality Management District, there are approximately eight
million cars. It has been calculated that if each car travels 20 miles per day, all of the air in this region to
an altitude of 100 feet can be cycled through radiators in one week.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. I is a side schematic view of a truck showing a grill, air conditioner condenser, electrically heated
catalyst, air charge cooler, radiator, fan and engine with a wind deflector on the roof of the truck cab.

FIG. 2 is a partial schematic view of a motor vehicle showing the grill, air conditioner condenser,
radiator and fan.

FIG. 3 is a front view of the radiator.

FIG. 4 is a front view of the air conditioner condenser.

FIG. 5 is a front view of a wind deflector of the type illustrated in FIG. l.

FIG. 6 is a front view of the truck of FIG. l.

FIG. 7 is a partial schematic sectional view of coated finned cooling element.

FIG. 8 is a photograph of the coated radiator from Examples I and 2.

FIGS. 9-14 and 16-17 are graphs of CO conversion versus temperature for using different catalysts in
Examples 4,9-12,14 and 15.

FIG. l5 is a graph of propylene conversion versus temperature based on Example 14.

FIG. 18 is a graph of ozone conversion versus temperature based on Example 17.

FIG. 19 is an IR spectrum for cryptomelane.

FIG. 20 is an XRD pattern for cryptomelane shown as counts using a square root scale versus the Bragg
angle,2.theta..

FIG. 21 is a graph of CO and hydrocarbon conversion versus temperature based on Example 30.



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention relates to apparatus and methods for cleaning the atmosphere useful with vehicles
having means to convey the vehicle through the atmosphere. As the vehicle moves through the
atmosphere, at least one atmosphere contacting surface comprising a pollutant treating composition (e.9.,

a catalyst or an adsorber) located thereon contacts atmospheric air. As the atmospheric air encounters the
pollutant treating composition, various pollutants including particulate matter and/or gaseous pollutants
carried in the air can be catalytically reacted or adsorbed by the pollutant treating composition located on

the atmosphere contacting surface.

It will be appreciated by those skilled in the art that the vehicle can be any suitable vehicle which has a

translation means to propel the vehicle such as wheels, sails, belts, tracks or the like. Such means can be

powered by any suitable power means including engines which use fossil fuel such as gasoline or diesel

fuel, ethanol, methanol, gas engines powered by fuels such as by methane gas, wind power such as by
wind driving sails or propellers, solar power or electric power such as in battery operated automobiles.
Vehicles include cars, trucks, buses, trains, boats, ships, airplanes, dirigibles, balloons and the like.

The atmosphere contacting surface can be any suitable surface that encounters and contacts air as the

vehicle moves through the atmosphere. Preferably in a motor vehicle, preferably cars, trucks and buses,

the contact means is a surface located toward the front of the vehicle and can contact air as the vehicle
proceeds in a forward direction. Useful contact surfaces should have a relatively large surface area.

Preferred contact surfaces are at least partially enclosed in the vehicle. Preferred atmosphere contacting
surfaces are located under the hood and are located within the body of the motor vehicle, typically in
proximity to the engine, i.e., the engine compartment. The surfaces are preferably the outer surfaces of
cooling means which comprise a flow path for liquids or gases through a coolant walled enclosure such

as tubes or a housing and an outer surface on which is located fins to enhance heat transfer. Useful
contact surfaces include the outside surfaces of means to cool fluids, including liquids and/or gases used

in the vehicle such as the air conditioner condenser, the radiator, air charge cooler, engine oil cooler,
transmission oil cooler, power steering fluid cooler, the fan shroud, and the radiator fan which are all
located and supported within the housing of the vehicle. A useful contact surface outside of the vehicle
can be the grill typically located and supported on the front of the housing, or wind deflectors commonly
supported on the roof of the cabs of large trucks. It is preferred that the contacting surface is a forward
facing surface, side facing surface or surface facing the top or bottom of the vehicle. The front facing
surfaces face the front of the vehicle, surfaces such as the fins of the radiator and condenser elements
face the side, top and bottom of the vehicle. Even surfaces directed to face away from the front and

toward the back of the vehicle which contact air can be atmosphere contacting surfaces, such as the back
surface of fan blades. Surfaces of airplane engines such as wings, propellers and jet engine parts

including turbine rotors and/or stators can be coated.

Preferred atmosphere contacting surfaces in motor vehicles are located on engine cooling elements such

as motor vehicle radiators, air conditioner condensers, air charge coolers, also known as intercoolers or
after coolers, engine oil coolers and transmission oil coolers. Such elements typically have high surface

area structures associated with them to have improved heat transfer. The high surface areas are useful for
maximizing the contact of the atmospheric air with the pollutant treating composition. All such elements

are well known in the automotive arts. Reference is made to Bosch Automotive Handbook, Second

Edition, pages 301-303, 320 and349-351, published by Robert Bosch GmbH, 1986, herein incorporated
by reference. This reference illustrates a truck diesel engine with a radiator, an intercooler and a fan.

Such elements may be coated with a pollutant treating surface of the present invention. The radiator and

intercooler typically operate at temperatures higher than that of the atmospheric air. Reference is also



made to Taylor, The Internal Combustion Engine in Theory and Practice, Vol. l: Thermo Dynamics,
Fluid Flow, Performance, Second Edition, Rev. The MIT Press, 1985 at pages 304-306 for radiator and
fin_ design; and page 392 for after coolers. The above pages in Taylor are herein incorporated by
reference.

Reference is also made to a collection of papers in 1993 Vehicle Thermal Management Systems
Conference Proceedings, SAE P:263 published by the Society of Automotive Eigin"..., ir.., 1993. The
following papers.are herein incorporated by reference. SAE iaper No. 931088 Ue-ginning atpage 157
entitled, Calculation and Design of Cooling Systems by Eichlseder and Raab of St-eyr Dlmler puchag
and Charge Air Cooler for Passenger Cars by Collette of Valeo Thermique Moteur; SAE paper No.
931092 entitled, State of the Art and Future Developments of Aluminum Radiators for Cars and Trucks
by Kern and Eitel of Behr GmbH and Co. beginning at page 187; SAE Paper g3lll2 entitled, Air Mix
vs. Coolant Flow to Control Discharge Air Temperature and Vehicle Heating Air Conditioning Systems
by Rolling and Cummings of Behr of America, inc. and Schweizer of Behr GmbH & Co. The above
papers include descriptions of radiator, air conditioner and air charge cooler strucfures for use in the
motor vehicles- Reference is additionally made to SAE Paper 931ll5 entitled, Engine Cooling Module
Development Using Air Flow Management Techniques by El-Bourini and Chen olCalsonic Technical
Cgnter beginning at page 379 andhereby incorporaied by reference. Of interest are Appendices I and,2
which illustrate typical radiator and condenser structures useful in motor vehicle applications. Reference
is also made to SAE Paper 931125 entitled, Durability Concerns of Aluminum Aii to Ai, Charged
Coolers by Smith, Valeo Engine Cooling Inc. which discloses air charge coolers and is hereby
incorporated by reference.

The present invention will be understood by those skilled in the art by reference to the accompanying
FIGS. 1-7.

FIG. I illustrates a truck 10 schematically containing a variety of vehicle components comprising
atmosphere contacting surfaces. These surfaces include the surfaces of grill li,theair conditioner
condenser 14, an air charge cooler 25, the radiator 16, and,the radiator fan 18. Also shown on this truck is
a wind deflector 20havinga front deflecting surface 22.Itis recognized that the various components can
have different relative locations on different vehicles.

Referring to FIGS. I to 4 the preferred contacting surfaces include the surface of the front l3 and side l5
surfaces of the air conditioner condenser 14, the front 17 and side l9 surfaces of the radiator 16,
corresponding surfaces of the air charge cooler 25 and.the front 2l andback23 surfaces of the radiator
fan 18. These surfaces are located within the housin g24 of thetruck. They are typically under the hood
24 of the truck between the front 26 of thetruck urd th. engine 28. The air condiiioneicondenser, air
charge cooler, radiator and radiator fan can be directly or iridirectly supported by housing 24 ora frame
(not shown) within the housing.

FIG. 2 generally shows a schematic view of an automobile assembly. Corresponding elements in FIGS. I
and2 have common reference characters. The automobile comprises a housing 30. ihere is a motor
vehicle ftont32 having a gdll l2 supported on the front of the Lousing 30. An air conditioner condenser
14, aradiator 16, and a radiator fan 18 can be located within the housi-ng 30.

Referring to embodiments in FIGS. 1,2 ard,6, the contacting surface on the front and sides of least one
of the grlll12, air conditioner condenser 14, the air charge cooler 25, and,radiator l6; the front and back
of the radiator fan l8; and the front of the wind deflectoi20 can have apollutant treating composition
located thereon. The grill 12 canhave a zuitable grill grid type design *ii.t, provides fo"r openings 36
through which air passes as the truck 12 is operateO ana *or"r through the atmosphere. The openings are



defined by the grill grid 3 8. The grill grid 3 8 has a front grill surface 40 and a side grill surfac e 42. The

front and side glitt frid surfac.r +o uia qz can be used as atmosphere contacting surfaces on which

pollutant treating compositions are located'

Referring to FIGS. I and 4, the air conditioning condenser l4 comprises a plurality of air conditioning

condenser fins 44. Additionally, there is an airionditioning fluid conduit 46 which conducts the air

conditioning fluid through condenser 14. The front and side surfaces of the air conditioning fins 44, as

well as the front surface-of the air conditioning conduit 46 catbe the atmosphere contacting surfaces on

which a pollutant treating composition is located. As indicated, both the front 21 and back 23 surfaces of

the radiator fan 18 can bI a contacting surface to support a pollutant treating composition-

The most preferred atmosphere contacting surface is on radiator l6 as shown in FIG' 3. A typical radiator

l6 has a frontal radiator surface l7 as well as a plurality of radiator comrgated plates or fins 50 located in

corresponding radiator plate or fin channels 52 which pass through the radiator 16. It is preferred to coat

the front surface 17 as well as the side surfaces of the radiator plates 50 and channel 52 surfaces- The

radiator is most preferred because it is located within the housin g24 or 30 and is protected from the front

by at least the girtt tzand preferably an air conditioner condenser 14. In addition to air entering into the

hood chamber 34 asthe motor vehicle moves through the atmosphere, radiator fan 18 draws air in and

through the channels 52. Therefore, the radiator l6 is located and protected by the grill 12,-the air

conditioner condenser 19 and is in front of the radiator fan 18. Additionally, as indicated above, the

radiator has a large surfa ce areafor heat transfer purposes. In accordance with the present invention,

pollutant treating composition can be effectivelyio.it.d on, and take advantage of, such a large surface

area without significantly adversely impacting on the heat transfer function of the radiator.

The above description is particularly directed to and illustrates the use of atmosphere treating surfaces on

apparatus such as radiatoi l6 and air conditioner condenser 14. As indicated the atmosphere contacting

surface can be on other suitable means to cool engine fluids including well known articles such as the

above referenced air charge cooler 25 aswell as engine oil coolers, transmission oil coolers and power

steering oil coolers. A coirmonality of all such cooling means is a housing or conduit through which the

fluid plsses. The housing comprises a wall having un in 
"r 

surface in contact with the fluid and an outer

surface typically in contict with the atmospher" *itt in the frame of the vehicle and typically within the

engine compartment. In order to efficiently transfer heat from the fluid in these various apparatus, there

u.Jfr6 or piates extending from the outer surface of the cooling, housing or conduit'

A useful and preferred embodiment with each of these cooling means is illustrated in FIG. 7. FIG' 7 is a

schematic sectional view of a coated finned cooling element 60. The element comprises a housing or

conduit defined by a housing or conduit wall62.Located within the conduit is a passageway or chamber

64 through whictr-fluid such as oils or cooling liquids or air conditioning fluids pass. Such fluids are

shown as referenced character 66. The housiig wall comprises an inner swface 68 and an outer surface

70. Located and attached to the outer surface are plates or fins 72.In accordance with the present

invention, there is a pollutant treating composition 74 which can be located on the outer surface 70 and

the fins or plates T2.Dtingoperation air streams contact the pollutant treating composition to cause

various of the pollutants to be treated-

Applicant herein incorporates by reference commonly assigned patent application e1t-it19d, "Pollution

Tieating Device and Methods of Making the Same", filed as U.S. Ser. No. 08/537,208. Additionally, any

of the embodiments of the apparatus oflhe present invention and method of use thereof can optionally

further incorporate a replaceable pollution treating device as disclosed therein-

pollutant treating compositions can also be located on outer surfaces of the vehicle- As indicated, such



compositions can be located on the grill 12 and in the case of the truck shown in FIGS. 1 and 6, on the

wind deflector 20 frontal wind deflector surface 22. Addirionally, pollution treatment compositions can

be located on the front of the mirror 54 as well as any of a variety of front facing surfaces'

The use of an air charge cooler 25 represents a particularly effective atmosphere contacting surface on

which pollutant treating compositions can be supported. The operating temperatures can reach as high as

250.degree. F. At such temperatures, the catalyst compositions of the present invention can more

effectively treat ozone, hydrocarbons, and carbon monoxide pollutants. Particularly useful are

compositions containing precious metals such as platinum, palladium, gold or silver components.

Alternatively, the catalyst can include manganese compounds such as manganese dioxide and copper

compounds including copper oxide such Carulite or hopcalite-

During normal operation, the vehicle moves in a forward direction with the front26 of the vehicle 10

initially contacting the atmospheric air. Typically, vehicles move through the air at velocities of up to

about 1,000 miles per hour for jet planes. Land vehicles and water vehicles typically move at velocities

of up to 300 miles per hour, more typically up to 200 miles per hour with motor vehicles moving at

velocities up to 100 miles per hour and typically from 5 to 75 miles per hour. Seagoing vehicles, such as

boats, typically move through the water at velocities up to 30 miles per hour and typically from 2 to 20

miles per hour. In accordance with method of the present invention the relative velocity (or face velocity)
between the atmosphere contacting surface and the atmosphere, as the vehicle, typically an automobile or

land based vehicle, moves through the atmosphere, is from 0 to 100 miles per hour, and typically from 2
to 75 miles per hour in an automobile typically from 5 to 60 miles per hour. The face velocity is the

velocity of the air relative to the pollutant treating surface.

In motor vehicles such as trucks 10 which have a radiator fan 18, the fan draws atmospheric air through

the grill 72, ak conditioner condenser 14, air charge cooler 25 andlor radiator l6 in addition to air which
passes across these elements as the motor vehicle moves through the atmosphere. When the motor
vehicle is idling the relative face velocity of air drawn into the radiator typically ranges from about 5 to

l5 mph. The radiator fan moderates the flow rate of air through radiator as the motor vehicle moves

through the atmosphere. When a typical car is moving through the atmosphere at speeds approaching 70

mph, the inlet face velocity of air is at about 25 mph. Depending on the design of a motor vehicle using a

radiator fan, cars have a face velocity as low as when the fan is used during idle up to about 100% of the

face velocity corresponding to the velocity of the motor vehicle. However, typically, the face velocity of
the air relative to the atmosphere contacting surface is equal to the idle face velocity plus from 0.1 to 1.0

and more typically 0.2 to 0.8 times the velocity of the vehicle.

In accordance with the present invention, large volumes of air can be treated at relatively low
temperatures. This occurs as vehicles move through the atmosphere. High surface area components of
vehicles including radiators, air conditioner condensers and charge air coolers typically have a large

frontal surface area which encounters the air stream. However, these devices are relatively narrow,
typically ranging from about 314 of an inch deep up to about 2 inches deep and usually in the range of 314

to | 712 inches deep. The linear velocity of the atmospheric air contacting the frontal surface of such

devices is typically in the range of up to 20, and more typically 5 to l5 miles per hour. An indication of
the amount of air being treated as it passes across the catalyzed vehicle component is commonly referred
to space velocity or more precisely volume hourly space velocity (VHSV). This is measured as volume
(corresponding to the volume of the catalyzed element) of air per hour which passes across the volume of
the catalytic article. It is based on the cubic feet per hour of air divided by the cubic feet of catalyst

substrate. The volume of the catalyst substrate is the frontal area times the depth or axial length in the

direction of the air flow. Alternatively, volume hourly space velocity is the number of catalyst volumes
based on the volume of the catalytic article being treated per hour. Because of the relatively short axial



depth of the catalyzed, elements of the present invention, the space velocities are relatively high. The
volume hourly space velocities of air which can be treated in accordance with the present invention can
be a million or more reciprocal hours. A face velocity of air against one of these elements at 5 miles per
hour can result in a space velocity of as high as 300,000 reciprocal hours. In accordance with the present
invention, the catalysts are designed to treat pollutants in the atmosphere at space velocities in ranges as
high as from 250,000 to 750,000 and typically 300,000 to 600,000 reciprocal hours. This is accomplished
even at the relatively low ambient temperatures and ambient operating temperatures of the vehicle
elements containing pollutant treating compositions in accordance with the present invention.

The ambient operating temperature of the atmosphere contacting surfaces can vary depending on whether
they are located in the proximity of heat sources within the vehicle or are the surfaces of elements which
function to cool parts of the vehicle. However, contacting surfaces such as grlll12, wind deflector 20 are
at ambient conditions. During typical operation, the means to cool operates at above ambient atmospheric
temperature, with the contacting surfaces such as the surfaces of the air conditioner condenser 14, and
radiator 16 and air charge cooler 25 canrange up to 130.degree. C. and typically up to 105.degree. C. and
are typically in the range of from lO.degree. C. to l05.degree. C., more typically from 40.degree. C. to
1O0.degree. C. and can be from lO.degree. C. to 75.degree. C. The air charge cooler 25 typically operates
at temperatures of from 750 to l30.degree. C. The amount of contacting surface can vary with air
conditioner condensers, radiators and air charge coolers typically having from 20 to 2,000 square feet and
fan blades l8 typically having from 0.2 to up to about 40 square feet when considering front and back
surfaces.

The pollutant treating composition is preferably a catalytic composition or adsorption composition.
Useful and preferred catalyst compositions are compositions which can catalytically cause the reaction of
targeted pollutants at the space velocity of the air as it contacts the surface, and at the temperature of the
surface at the point of contact. Typically, these catalyzed reactions will be in the temperature range at the
atmosphere contacting surface of from 0.degree. C. to l3O.degree. C., more typically 2O.degree. C. to
l05.degree. C. and yet more typically from about 4O.degree. C. to l0O.degree. C. There is no limit on the
efficiency of the reaction as long as some reaction takes place. Preferably, there is at least a l%o

conversion efficiency with as high a conversion efficiency as possible. Useful conversion efficiencies are
preferably at least about 5o/o and more preferably at least about lUoh.Preferred conversions depend on the
particular pollutant and pollutant treating composition. Where ozone is treated with a catalytic
composition on an atmosphere contacting surface it is preferred that the conversion efficiency be greater
than about from 30% to 40Yo, preferably greater than 50Yo, and more preferably greater thanT}o/o.
Preferred conversion for carbon monoxide is greater than30o/o and preferably greater than 50%.
Preferred conversion efficiency for hydrocarbons and partially oxygenated hydrocarbons is atleast l0o/o,
preferably at least l5o/o, and most preferably at least 25%. These conversion rates are particularly
preferred where the atmosphere contacting surface is at ambient operating conditions of up to about
l lO.degree. C. These temperatures are the surface temperatures typically experienced during normal
operation of atmosphere contacting surfaces of the vehicle including the surfaces of the radiator and air
conditioning condenser. Where there is supplemental heating of the atmosphere contacting surface such
as by having an electrically heated catalytic monolith, grid, screen, ga,uze or the like, it is preferred that
the conversion efficiency be greater than 90o/o and more preferably greater than 95o/o. The conversion
efficiency is based on the mole percent of the particular pollutants in the air which react in the presence
of the catalyst composition.

Ozone treating catalyst compositions comprise manganese compounds including manganese dioxide,
including non stoichiometric manganese dioxide (e.g., MnO.sub.(l .5-2.0), and/or Mn.sub.2 O.sub.3.
Preferred manganese dioxides, which are nominally referred to as MnO.sub.2 have a chemical formula
wherein the molar ratio of manganese to oxide is about from I .5 to 2.0, such as Mn.sub.8 O.sub.l6. Up to



100 percent by weight of manganese dioxide MnO.sub.2 canbe used in catalyst compositions to treat
ozone. Altemative compositions which are available comprise manganese dioxide and compounds such
as copper oxide alone or copper oxide and alumina.

Useful and preferred manganese dioxides are alpha manganese dioxides nominally having a molar ratio
of manganese to oxygen of from I to 2. Useful alpha manganese dioxides are disclosed in U.S. Pat. No.
5,340,562 to O'Young, et al.; also in O'Young, Hydrothermal Synthesis of Manganese Oxides with
Tunnel Structures presented at the Symposium on Advances in Zeolites and Pillared Clay Structures
presented before the Division of Petroleum Chemistry,Inc. American Chemical Society New York City
Meeting, Aug. 25-30, 1991 beginning at page 342, and in McKenzie, the Synthesis of Birnessite,
Cryptomelane, and Some Other Oxides and Hydroxides of Manganese, Mineralogical Magazine,
December 1971, Vol. 38, pp. 493-502.For the purposes of the present invention, the preferred alpha
manganese dioxide is a 2.times.2 tunnel structure which can be hollandite (BaMn.sub.8
O.sub.l6.xH.sub .2 O), cryptomelane (KMn.sub.8 O.sub.l6.xH.sub .2 O), manjiroite (NaMn.sub.8
O. sub. I 6.xH. sub.2 O) and coronadite (PbMn.sub. 8 O. sub. 1 6.xH.sub.2 O).

The manganese dioxides of the present invention preferably have a surface area, measured by BET
N.sub.2 adsorption, of greater than 150 m.sup.2 lg,more preferably greater than 200 m.sup.2 lg, and
more preferably greater than 220 m.sup.2 /g. The upper range can be as high as 300 m.sup.2 lg, 325
m.sup.2 /g or even 350 m.sup.2 lg.Preferred materials are in the range of 200-350 m.sup.2 /g, preferably
200-275 m.sup.2 lg and most preferably 220-250 m.sup.2 /g. The composition preferably comprises a

binder as described below with preferred binders being polymeric binders. The composition can further
comprise precious metal components with preferred precious metal components being the oxides of
precious metal, preferably the oxides of platinum group metals and most preferably the oxides of
palladium or platinum also referred to as palladium black or platinum black. The amount of palladium or
platinum black can range from 0 to 25o/o, with useful amounts being in ranges of from about I to 25 and
5 to l5o/o by weight based on the weight of the manganese component and the precious component.

It has been found that the use of compositions comprising the cryptomelane form of alpha manganese
oxide, which also contain a polymeric binder can result in greater than 50o/o, preferably greater than 60%o

and most preferably from 75-85o/o conversion of ozone in a concentration range of from 0 to 400 parts
per billion (ppb) and an air stream moving across a radiator at space velocity of from 300,000 to 650,000
reciprocal hours. Where a portion of the cryptomelane is replaced by up to 25o/o and preferably from 15-
25o/oparts by weight of palladium black (PdO), ozone conversion rates at the above conditions range
from 95-100% using a powder reactor.

The preferred cryptomelane manganese dioxide has from 1.0 to 3.0 weight percent potassium, typically
as K.sub.2 O, and a crystallite size ranging fuom2 to 10 and preferably from less than 5 nm. It can be
calcined at a temperature range of from 25O.degree. C. to 550.degree. C. and preferably below
5O0.degree. C. and greater than 30O.degree. C. for at least 1.5 hours and preferably at least 2 hours up to
about 6 hours.

The preferred cryptomelane can be made in accordance described in the above referenced articles and
patents to O'Young and McKenzie. The cryptomelane can be made by reacting a manganese salt
including salts selected from the group consisting MnCl.sub.2, Mn(NO.sub.3).sub.2, MnSO.sub.4 and
Mn(CH.sub.3 COO).sub.2 with a permanganate compound. Cryptomelane is made using potassium
permanganate; hollandite is made using barium pennanganate; coronadite is made using lead
permanganate; and manjiroite is made using sodium permanganate. It is recognized that the alpha
manganese useful in the present invention can contain one or more of hollandite, cryptomelane,
manjiroite or coronadite compounds. Even when making cryptomelane minor amounts of other metal



ions such as sodium may be present. Useful methods to form the alpha manganese dioxide are described
in the above references which are incorporated by reference.

The preferred alpha manganese for use in accordance with the present invention is cryptomelane. The
preferred cryptomelane is "clean" or substantially free of inorganic anions, particularly on the surface.
Such anions could include chlorides, sulfates and nitrates which are introduced during the method to
form cryptomelane. An alternate method to make the clean cryptomelane is to react a manganese
carboxylate, preferably manganese acetate, with potassium peflnanganate. It has been found that the use

of such a material which has been calcined is "clean". The use of material containing inorganic anions
can result in conversion of ozone to oxygen of up to about 60%. The use of cryptomelane with a "clean"
surface results in conversions of up about 80%.

It is believed that the carboxylates are burned off during the calcination process. However, inorganic
anions remain on the surface even during calcination. The inorganic anions such as sulfates can be

washed away with an aqueous solution or a slightly acidic aqueous solution. Preferably the alpha
manganese dioxide is a "clean" alpha manganese dioxide. The cryptomelane can be washed at from about
60.degree. C. to l0O.degree. C. for about one-half hour to remove a significant amount of sulfate anions.
The washing also lowers the level of potassium present. The nitrate anions may be removed in a similar
manner. The "clean" alpha manganese dioxide is characteized as having an IR spectrum as illustrated in
FIG. 19 and in X-ray diffraction (XRD) pattern as illustrated in FIG. 20. Such a cryptomelane preferably
has a surface area greater than 200 m.sup .2 lg and more preferably greater than 250 m.sup.2 lS. A review
of the IR spectrum for the most preferred cryptomelane, shown in FIG. 19 is characterized by the absence

of peaks assignable to carbonate, sulfate and nitrate groups. Expected peaks for carbonate groups appear

in the range of from 1320 to 1520 wavenumbers; and for sulfate groups appear in the range of from 950
to 1250 wavenumbers. FIG. 20 is apowder X-ray diffraction pattern for high surface area cryptomelane
prepared in Example 23. The X-ray pattern for cryptomelane useful in the present invention is

charactenzed by broad peaks resulting from small crystallite size (.about.5-10 nm). Approximate peak
positions (.+-.0.l5.degree.2.theta.) and approximate relative intensities (.+-.5) for cryptomelane using
CuK.sub..alpha. radiation as shown in FIG. 20 are:2.theta.lRelative Intensities--l2.ll9; l8l9;'28.3/10;
37 .51100;41.8132; 49.7116; 53.815; 60.1113:- 55.7138; arrd 68.0123.

A preferred method of making cryptomelane useful in the present invention comprises mixing an
aqueous acidic manganese salt solution with a potassium pennanganate solution. The acidic manganese

salt solution preferably has a pH of from 0.5 to 3.0 and can be made acidic using any cornmon acid,
preferably acetic acid at a concentration of from 0.5 to 5.0 normal and more preferably from 1.0 to 2.0
normal. The mixture forms a slurry which is stirred at a temperature range of from 5O.degree. C. to
I l0.degree. C. The slurry is filtered and the filtrate is dried at a temperature range of from 75.degree. C.
to 200.degree. C. The resulting cryptomelane crystals have a surface area of typically in the range of
from 200 m.sup.2 /g to 350 m.sup.2 /g.

Another useful composition comprising manganese dioxide is a composition comprising manganese

dioxide and minor amounts of silica, typically up to 2oh, more typically up to lo/o with preferred amounts
being from 0.4 to 0.8% based on the weight of the manganese dioxide and the silica. The presence of
silica in the preferred amounts has been found to effect the crystalline morphology of manganese

dioxide, particularly the cryptomelane form of manganese dioxide. It is speculated that the presence of
minor amounts of silica, particularly in the preferred range, may provide certain advantages to the
composition of the present invention. The presence of silica is believed to make the composition more
hydrophobic, particularly when used as a coating on a substrate such as a coating on a radiator. Secondly,
it is believed that the presence of silica in coating compositions comprising manganese dioxide increases

the pH to help the compatibility of the manganese dioxide with latex binders. A preferred and useful



composition for use as a coating material comprises cryptomelane and silica. Such a material comprises
cryptomelane having a surface area from 200 to 340 and preferably 220 to 250 m.sup.2 lg, aweight
percent of potassium of from I to 3o/o less than 0.1% sulphur and a measured loss on ignition of 13 to
18%by weight primarily due to moisture. The pH of the composition is about 3. Surface area is
measured by a BET nitrogen adsorption and desorption test. As the amount of sulphur is reduced, the pH
typically increases slightly. Additionally, typically the pH increases with the amount of potassium
present with preferred amounts of potassium being from I .2 to 2.8 weight percent.

Other useful compositions comprise manganese dioxide and optionally copper oxide and alumina and at
least one precious metal component such as a platinum group metal supported on the manganese dioxide
and where present copper oxide and alumina. Useful compositions contain up to 100, from 40 to 80 and
preferably 50 to 70 weight percent manganese dioxide and 10 to 60 and typically 30 to 50 percent copper
oxide. Useful compositions include hopcalite which is about 60 percent manganese dioxide and about 40
percent copper oxide; and Carulite.RTM. 200 (sold by Carus Chemical Co.) which is reported to have 60
to 75 weight percent manganese dioxide, 1l to 14 percent copper oxide and 15 to 16 percent aluminum
oxide. The surface area of Carulite.RTM. is reported to be about 180 m.sup.2 /g. Calcining at 450.degree.
C. reduces the surface area of the Carulite.RTM. by about fifty percent (50%) without significantly
affecting activity. It is preferred to calcine manganese compounds at from 300.degree. C. to 5O0.degree.
C. and more preferably 350.degree. C. to 450.degree. C. Calcining at 550.degree. C. causes a great loss
of surface area and ozone treatment activity. Calcining the Carulite.RTM. after ball milling with acetic
acid and coating on a substrate can improve adhesion of the coating to a substrate.

Other compositions to treat ozone can comprise a manganese dioxide component and precious metal
components such as platinum group metal components. While both components are catalytically active,
the manganese dioxide can also support the precious metal component. The platinum group metal
component preferably is a palladium and./or platinum component. The amount of platinum group metal
compound preferably ranges from about 0.1 to about 10 weight percent (based on the weight of the
platinum group metal) of the composition. Preferably, where platinum is present it is in amounts of from
0.1 to 5 weight percent, with useful and preferred amounts on pollutant treating catalyst volume, based
on the volume of the supporting article, ranging from about 0.5 to about 70 g/ft.sup.3. The amount of
palladium component preferably ranges from about 2 to about 10 weight percent of the composition, with
useful and preferred amounts on pollutant treating catalyst volume ranging from about 10 to about 250
g/ft.sup.3.

Various useful and preferred pollutant treating catalyst compositions, especially those containing a
catalytically active component such as a precious metal catalytic component, caficomprise a suitable
support material such as a refractory oxide support. The preferred refractory oxide can be selected from
the group consisting of silica, alumina, titania, ceria, zirconia and chromia, and mixtures thereof. More
preferably, the support is at least one activated, high surface area compound selected from the group
consisting of alumina, silica, titania, silica-alumina, silica-zirconia, alumina silicates, alumina zircinia,
alumina-chromia and alumina-ceria. The refractory oxide can be in suitable form including butk
particulate form typically having particle sizes ranging from about 0.1 to about 100 and preferably I to
10 .mu.m or in sol form also having a particle size ranging from about I to about 50 and preferably about
I to about l0 nm. A preferred titania sol support comprises titania having a particle size ranging from
about 1 to about 10, and typically from about2 to 5 nm.

Also useful as a preferred support is a coprecipitate of a manganese oxide and zirconia. This composition
can be made as recited in U.S. Pat. No. 5,283,041incorporated herein by reference. Briefly, this
coprecipitated support material preferably comprises in a ratio based on the weight of manganese and
zirconium metals from 5:95 to 95:5; preferably 10:90 to 75:25; more preferably 10:90 to 50:50; and most



preferably from 15:85 to 50:50. A useful and preferred embodiment comprises aMn:Zr weight ratio of
20:80. U.S. Pat. No. 5,283,041 describes a preferred method to make a coprecipitate of a manganese

oxide component and a zirconiacomponent. As recited in U.S. Pat. No. 5,283,041 azirconia oxide and

manganese oxide material may be prepared by mixing aqueous solutions of suitable zirconium oxide

precnrsors such as zirconium oxynitrate, zirconium acetate, zirconium oxychloride, or zirconium
oxysulfate and a suitable manganese oxide precursor such as manganese nitrate, manganese acetate,

manganese dichloride or manganese dibromide, adding a sufficient amount of a base such as ammonium

hydroxide to obtain a pH of 8-9, filtering the resulting precipitate, washing with water, and drying at

450.degree.-5 00.degree. C.

A useful support for a catalyst to treat ozone is selected from a refractory oxide support, preferably

alumina and silica-alumina with a more preferred support being a silica-alumina support comprising from

about lohto 10%by weight of silica and from 9|o/oto 99%by weight of alumina.

Useful refractory oxide supports for a catalyst comprising a platinum group metal to treat carbon

monoxide are selected from alumina, titania, silica-zirconia, and manganese-zirconia. Preferred supports

for a catalyst composition to treat carbon monoxide is a zirconia-silica support as recited in U.S. Pat. No.

5,145,825, a manganese-zirconia support as recited in U.S. Pat. No. 5,283,041and high sutface area

alumina. Most preferred for treatment of carbon monoxide is titania. Reduced catalysts having titania

supports resulted in greater carbon monoxide conversion than corresponding non reduced catalysts.

The support for catalyst to treat hydrocarbons, such as low molecular weight hydrocarbons, particularly

low molecular weight olefinic hydrocarbons having about from two up to about twenty carbons and

typically two to about eight carbon atoms, as well as partially oxygenated hydrocarbons is preferably

selected from refractory metal oxides including alumina and titania. As with catalysts to treat carbon

monoxide reduced catalysts results in greater hydrocarbon conversion. Particularly preferred is a titania

support which has been found useful since it results in a catalyst composition having enhanced ozone

conversion as well as significant conversion of carbon monoxide and low molecular weight olefins. Also

useful are high surface area, macroporous refractory oxides, preferably alumina and titania having a

surface area of greater than 150 m.sup .2 lg andpreferably ranging from about 150 to 350, preferably

from 200 to 300, and more preferably from225 to 275 m.sup.2 /g; a porosity of greater than 0.5 cclg,

typically ranging from 0.5 to 4.0 and preferably about from 1 to 2 cclg measured based on mercury

porosometry; and particle sizes range from 0.1 to 10 .mu.m. A useful material is Versal GL alumina

having a surface area of about260 m.sup.2 /g, a porosity of 1.4 to 1.5 cclg and supplied by LaRoche

Industries.

A preferred refractory support for platinum group metals, preferably platinum and/or palladium for use in
treating carbon monoxide and/or hydrocarbons is titania dioxide. The titania can be used in bulk powder

form or in the form of titania dioxide sol. Also useful is nano particle size (nanometer) titania. The

catalyst composition can be prepared by adding a platinum group metal in a liquid media preferably in
the form of a solution such as platinum nitrate with the titania sol, with the sol most preferred. The

obtained slurry can then be coated onto a suitable substrate such as an atmosphere treating surface such

as a radiator, metal monolith substrate or ceramic substrate. The preferred platinum group metal is a

platinum compound. The platinum titania sol catalyst obtained from the above procedure has high

ictivity for carbon monoxide and/or hydrocarbon oxidation at ambient operating temperature. Metal

components other than platinum components which can be combined with the titania sol include gold,

palladium, rhodium, silver components and mixtures thereof. A reduced platinum group component,

preferably a platinum component on titanium catalyst which is indicated to be preferred for treating

iarbon monoxide, has also been found to be useful and preferred for treating hydrocarbons, particularly

olefinic hydrocarbons.



A preferred titania sol support comprises titania having a particle size ranging from about I to about 10,
and typically from about 2 to 5 nm.

A preferred bulk titania has a surface area of about from 25 to 120 m.sup.2 lg, andpreferably from 50 to
100 m.sup.2 /g; ar.d a particle size of about from 0.1 to 10 .mu.m. A specific and preferred bulk titania
support has a surface area of 45-50 m.sup.2 /g, aparticle size of about I .mu.m, and is sold by DeGussa
as P-25. Useful nano particle size titanium comprises having a particle size ranging from about 5 to 100
andtypically greater l0 to about 50 nm.

A preferred silica-zirconia support comprises from I to l0 percent silica and 90 to 99 percent zirconia.
Preferred support particles have high surface area, e.g. from 100 to 500 square meters per gram (m.sup.2
/g) surface area, preferably from 150 to 450 m.sup.2 /g, more preferably from 200 to 400 m.sup.2 lg,io
enhance dispersion of the catalytic metal component or components thereon. The preferred refractory
metal oxide support also has a high porosity with pores of up to about 145 nm radius, e.g., from about
0.75 to 1.5 cubic centimeters per gram (cm.sup.3 /g), preferably from about 0.9 to 1.2 cm.sup .3 /g, and. a
pore size range of at least about 50% of the porosity being provided by pores of 5 to 100 nm in.idi.5.

A useful ozone treating catalyst comprises at least one precious metal component, preferably a palladium
component dispersed on a suitable support such as a refractory oxide support. The composition
comprises from 0.1 to 20.0 weight percent, and preferably 0.5 to 15 weight percent of precious metal on
the support, such as a refractory oxide support, based on the weight of the precious metal (metal and not
oxide) and the support. Palladium is preferably used in amounts of from 2 to Is,more preferably 5 to and
yet more preferably 8 to 12 weight percent. Platinum is preferably used at 0.1 to 10, more preferably 0.1
to 5'0, and yet more preferably 2 to 5 weight percent. Palladium is most preferred to catalyze the reaction
of ozone to form oxygen. The support materials can be selected from the group recited above. In
preferred embodiments, there can additionally be a bulk manganese component as recited above, or a
manganese component dispersed on the same or different refractory oxide support as the precious metal,
preferably palladium component. There can be up to 80, preferably up to 50, more preferibly from 1 to
40 and yet more preferably 5 to 35 weight percent of a manganese component based on the weight of
palladium and manganese metal in the pollutant treating composition. Stated another way, there is
preferably about 2 to 30 and preferably 2 to 10 weight percent of a manganese .o*pon.rt. The catalyst
loading is from 20 to 250 grams and preferably about 50 to 250 grams of palladiurnper cubic foot
(g/ft.sup.3) of catalyst volume. The catalyst volume is the total volume of the finished catalyst
composition and therefore includes the total volume of air conditioner condenser or radiatoi including
void spaces provided by the gas flow passages. Generally, the higher loading of palladium results in i
greater ozone conversion ) t.e.) a greater percentage of ozone decomposition in the heated air skeam.

Conversions of ozone to oxygen attained with a palladium/manganese catalyst on alumina support
compositions at a temperature of about 40.degree. C. to 50.degree. C. have been about 50 moie percent
where the ozone concentrations range from 0.1 to 0.4 ppm and the face velocity was about 10 miles per
hour. Lower conversions were attained using a platinum on alumina catalyst.

Of particular interest is the use of a support comprising the above described coprecipitated product of a
manganese oxide, and zirconia which is used to support a precious metal, preferably selected from
platinum and palladium, and most preferably platinum. Platinum is of particular interest in that it has
been found that platinum is particularly effective when used on this coprecipitated support. The amount
of platinum can range fiom 0.1 to 6, preferably 0.5 to 4, more preferabiy I io 4,and most preferably 2 to
4 weight percent based on metallic platinum and the coprecipitated support. The use of platinum to 6.eat
ozone has been found to be particularly effective on this support. Additionally, as discussed below, this



catalyst is useful to treat carbon monoxide. Preferably the precious metal is platinum and the catalyst is

reduced.

Other useful catalysts to catalytically convert ozone to oxygen are described in U.S. Pat. Nos' 4,343,716

and 4,405,507, both hereby incorporated by reference. A useful and most preferred composition is

disclosed in commonly assigned U.S. Ser. No. 081202,397 filed Feb. 25,1994, now U.S. Pat. No.

5,422,331and entitled, "Light Weight, Low Pressure Drop Ozone Decomposition Catalyst for. Aircraft

Applications" hereby incorporated by reference. Yet other compositions which can result in the

conversion of ozone to oxygen comprises carbon, and palladium or platinum supported on carbon,

manganese dioxide, Carulite.RTM., and/or hopcalite. Manganese supported on a refractory oxide such as

recited above has also been found to be useful.

Carbon monoxide treating catalysts preferably comprise at least one precious metal component,

preferably selected from platinum and/or palladium components with platinum components being most

preferred. A combination of a platinum component and a palladium component results in improved CO

ionversion at an increase in cost and is most preferred where greater conversion is desired and cost

increase is acceptable. The composition comprises from 0.01 to 20 weight percent, and preferably 0.5 to

l5 weight percent of the precious metal component on a suitable support such as refractory oxide

rrrppori-, *ith th. amouniof precious metal being based on the weight of precious metal (metal and not

thi metal component) and the support. Platinum is most preferred and is preferably used in amounts of
from 0.01 to l0 weight percent and more preferably 0.1 to 5 weight percent, and most preferably 1.0 to

5.0 weight percent. Pallidium is useful in amounts from 2 to 15, preferably 5 to 15 and yet more

preferably S to tZ weight percent. The preferred support is titania, with titania sol most preferred as

iecited ubor.. When toaaeO onto a monolithic structure such as a radiator or onto other atmosphere

contacting surfaces the catalyst loading is preferably about 1 to 150, and more preferably 10 to 100

grams of platinum per cubic foot (g/ft.sup.3) of catalyst volume and/or 20 to 250 andpreferably 50 to

ISO grun r of palladium per g1ft.sup.3 of catalyst volume. When platinum and palladium are used in

com6inatior, ih"r" is from about 25 to 100 g/ft.sup.3 of platinum and 50 to 250 g/ft 3of palladium. A
preferred composition comprises about 50 to 90 g/ft.sup.3 of platinum and 100 to 225 g/ft.sup.3 of
palladium. frefened catalyits are reduced. Conversions of 5 to 80 mole percent of carbon monoxide to

carbon dioxjde were attained using coated core samples from automotive radiator having from 1 to 6

weight percent (based on metal) of platinum on titania compositions at temperatures from 25.degree. to

90.deg1ee. C. wirere the carbon monoxide concentration was 15 to 25 parts per million and the space

velociiy was 300,000 to 500,000 reciprocal hours. Also, conversions of 5 to 65 mole percent of carbon

,rrono*id. to carbon dioxide were attained using 1.5 to 4.0 weight percent platinum on alumina support

compositions at a temperature of about up to 95.degree. C. where the carbon monoxide concentration

was about 15 parts per million and the space velocity was about 300,000 reciprocal hours- Lower

conversions have been attained with palladium on a ceria support.

An alternate and preferred catalyst composition to treat carbon monoxide comprises a precious metal

component supported on the above described coprecipitate of a manganese oxide and zirconia- The

coprecipitate is formed as described above. The preferred ratios of manganese to zirconia are 5:95 to
qS:S; t0:90 to 75:25; 10:90 to 50:50; and 15:85 to 2575 with a preferred coprecipitate having a

manganese oxides to zirconia of 20:80. The percent of platinum supported on the coprecipitate based on

platiium metal ranges from 0.1 to 6, preferably 0.5 to 4, more preferably I to 4, and most pteferably 2-4

weight percent. preferably the catalyst is reduced. The catalyst can be reduced in powder form or after it
has been coated onto a supporting substrate. Other useful compositions which can convert carbon

monoxide to carbon dioxide include a platinum component supported on carbon or a support comprising

manganese dioxide.



Catalysts to treat hydrocarbons, typically unsaturated hydrocarbons, more typically unsaturated mono-
olefins having from two to about twenty carbon atoms and, in particular, from two to eight carbon atoms,
and partially oxygenated hydrocarbons of the type referred to above, comprise at least one precious metal
component, preferably selected from platinum and palladium with platinum being most preferred. A
combination of a platinum component and a palladium component results in improved hydrocarbons
conversion at an increase in cost and is most preferred where greater conversion is desired and cost
increase is acceptable. Useful catalyst compositions include those described for use to treat carbon
monoxide. Composition to treat hydrocarbons comprise from 0.01 to 20 wt. o/o and preferably 0.5 to 15
wt. o/o of the precious metal component on a suitable support such as a refractory oxide support, with the
amount of precious metal being based on the weight of the precious metal, (not the metal component)
and the support. Platinum is the most preferred and is preferably used in amounts of from 0.01 to l0 wt.
o/, and more preferably 0.1 to 5 wt. oh and most preferably 1.0 to 5 wL %. When loaded onto a monolithic
skucture such as a motor vehicle radiator or on to other atmospheric contacting surfaces, the catalyst
loading is preferably about I to 150, and more preferably l0 to 100 grams of platinum per cubic foot
(g/ft.sup.3) of catalyst volume. When platinum and palladium are used in combination, there is from
about 25 to 100 g/ft.sup.3 of platinum and 50 to 250 g/ft.sup.3 of palladium. A preferred composition
comprises about 50 to 90 g/ft.sup.3 of platinum and 100 to 225 g/ft.sup.3 of palladium. The preferred
refractory oxide support is a metal oxide refractory which is preferably selected from ceria, silica,
zirconia, alumina, titania and mixtures thereof with alumina and titania being most preferred. The
preferred titania is characteized by as recited above with titania sol most preferred. The preferred
catalyst is reduced. Testing on a coated automotive radiator resulted in conversions of a low molecular
weight mono-olefin such as propylene to water and carbon dioxide with I .5 to 4 wt. o of platinum on an
alumina or titania support have been between 15 and 25ohwhere the propylene concentration was about
l0 parts per million propylene and the space velocity was about 320,000 reciprocal hours. These catalysts
were not reduced. Reduction of the catalyst improves conversion.

Catalysts useful for the oxidation of both carbon monoxide and hydrocarbons generally include those
recited above as useful to treat either carbon monoxide or hydrocarbons. Most preferred catalysts which
have been found to have good activity for the treatment of both carbon monoxide and hydrocarbon such
as unsafurated olefins comprise platinum component supported on a preferred titania support. The
composition preferably comprises a binder and can be coated on a suitable support structure in amounts
of from 0.8 to 1.0 g/in. A preferred platinum concentration ranges from 2 to 60/o and preferably 3 to 5o/o
by weight of platinum metal on the titania support. Useful and preferred substrate cell densities are
equivalent to about 300 to 400 cells per square inch. The catalyst is preferably reduced as a powder or on
the coated article using a suitable reducing agent. Preferably the catalyst is reduced in the gis stream
comprising about TYohydrogen with the balance nitrogen at from 200.degree. to 50O.degree. C. or from I
to 12 hours. The most preferred reduction or forming temperature is 400.degree. C. for 2-6 hours. This
catalyst has been found to maintain high activity in air and humidified air at elevated temperatures of up
to l0O.degree. C. after prolonged exposure.

Useful catalysts which can treat both ozone and carbon monoxide comprise at least one precious metal
component, most preferably a precious metal selected from palladium, platinum and mixtures thereof on
a suitable support such as a refractory oxide support. A combination of a platinum component and a
palladium component results in improved Co conversion at an increase in cost and is most preferred
where greater conversion is desired and cost increase is acceptable. Useful refractory oxide supports
comprise ceria, zirconia, alumina, titania, silica and mixtures thereof including a mixture of zirConia and
silica as recited above. Also useful and preferred as a support are the above described coprecipitates of
manganese oxides and zirconia. The composition comprises from 0.1 to 20.0, preferably 0.5 to 15, and
more preferably from I to l0 weight percent of the precious metal component on the support based on
the weight of the precious metal and the support. Palladium is preferably used in amounti fro* 2to and,



more preferably from 3 to 8 weight percent. Platinum is preferably used in amounts of from 0.1 to 6

p.r.e.rt and more preferably 2 to 5 weight percent. A preferred composition is a composition wherein the

iefractory component comprises ceria and the precious metal component comprises palladium. This

composition has resulted in relatively high ozone and carbon monoxide conversions. More particularly,

testing of this composition on a coated radiator has resulted in a 2lo/o conversion of carbon monoxide in
an air stream comprising 16 ppm of carbon monoxide contacting a surface at 95.degree. C. with a face

velocity of the gas stream being 5 miles per hour. The same catalyst resulted in a 55Yo ozone conversion

where the stream contained 0.25 ppm of ozone and the treating surface was at 25.degree. C. with an air

stream face velocity of 10 miles per hour. Also preferred is a composition comprising a precious metal,

preferably a platinum group metal, more preferably selected from platinum and palladium components,

and mostpreferably a platinum component and the above recited coprecipitate of manganese oxide and

zkconia. This above recited precious metal containing catalyst in the form of a catalyst powder or coating

on a suitable substrate is in reduced form. Preferred reduction conditions include those recited above with
the most preferred condition being from 250.degree. to 350.degree. C. for from 2 to 4 hours in a reducing

gu* .o*p.i sitgTo/ohydrogen andg3Yo nitrogen. This catalyst has been found to be particularly useful in
treating both cirbon monoxide and ozone. Other useful compositions to convert ozone to oxygen and

carbon monoxide to carbon dioxide comprise a platinum component supported on carbon, manganese

dioxide, or a refractory oxide support, and optionally having an additional manganese component.

A useful and preferred catalyst which can treat ozone, carbon monoxide and hydrocarbons, as well as

partially oxygenated hydrocarbons, comprises a precious metal component, preferably a platinum

component on a suitable support such as a refractory oxide support. A combination of a platinum

.o*po.r.rt and a palladium component results in improved Co conversion at an increase in cost and is

mosi preferred where greater conversion is desired and cost increase is acceptable. Useful refractory

oxidJsupports comprise ceria, zirconia, alumina, titania, silica and mixtures thereof including a mixture

of zirconii and silici as recited above. Also useful is a support including the above-recited coprecipitate

of manganese oxide and zirconia. The composition comprises from 0.1 to 20, preferably 0'5 to 15 and

more pieferably I to 10 wt. yo of the precious metal component on the refractory support based on the

weighl of the precious metal and the support. Where the hydrocarbon component is sought to be

converted to Carbon dioxide and water, platinum is the most preferred catalyst and is preferably used in
amounts of from 0.1 to 5Yo andmore preferably 2to 5o/o by weight.

In specific embodiments, there can be a combination of catalysts including the above recited catalyst as

weli as a catalyst which is particularly preferred for the treatment of ozone such as a catalyst comprising

a manganese component. The manganese component can be optionally combined with a platinum

.o*p*.rt. The manganese and platinum can be on the same or different supports. There can be up to

80, preferably up to 5b, more preferably from I to 40 and yet more preferably from 10 to 35 wt. % of the

manganese component based on the weight of the precious metal and manganese in the pollutant treating

composition. The catalyst loading is the same at that recited above with regard to the ozone catalyst. A
prefirred composition is a composition wherein the refractory component comprises an alumina or titania

iupport and the precious metal component comprises a platinum component. Testing of such a

composition coated onto a radiator has resulted in 68 to 72Yo conversion of carbon monoxide ,8 to 15o/o

conversion of ozone and 17 to 18% conversion of propylene when contacting a surface at 95.degree. C.

with a face velocity of the gas stream being about ten miles per hour (hourly space velocity of 320,000

per reciprocal hours) with air dew point at 35.degree. F. Generally, as the contacting surface temperature

d....ur.r and the space velocity or face velocity of the atmosphere air flow over the pollutant contacting

surface increases, the percent conversion decreases.

Catalyst activity, particularly to treat carbon monoxide and hydrocarbons can be further enhanced by

reducing the ca-talyst in a forming gas such as hydrogen, carbon monoxide, methane or hydrocarbon plus



nitrogen gas. Alternatively, the reducing agent can be in the form of a liquid such as a hydrazine, formic
acid, and formate salts such as sodium formate solution. The catalyst can be reduced as a powder or after
coating onto a substrate. The reduction can be conducted in gas at from l50.sup.0-500.degree. C.,
preferably 200.sup.0-400.degree. C. for I to 12 hours, preferably 2 to t hours. In a preferred process,
coated article or powder can be reduced in a gas comprisingT% hydrogen in nitrogen at
275.degree.-350.degree. C. for 2 to 4 hours.

An alternate composition for use in the method and apparatus of the present invention comprises a

catalytically active material selected from the group consisting of precious metal components including
platinum group metal components, gold components and silver components and a metal component
selected from the group consisting of tungsten components and rhenium components. The relative
amounts of catalytically active material to the tungsten component and /or rhenium component based on
the weight of the metal are from I to 25, to 15 to 1.

The composition containing a fungsten component and/or a rhenium component preferably comprises
tungsten and/or rhenium in the oxide form. The oxide can be obtained by forming the composition using
tungsten or rhenium salts and the composition can subsequently be calcined to form tungsten and/or
rhenium oxide. The composition can comprise further components such as supports including refractory
oxide supports, manganese components, carbon, and coprecipitates of a manganese oxide and zirconia.
Useful refractory metal oxides include alumina, silica, titania, ceia, zirconia, chromia and mixtures
thereof. The composition can additionally comprise a binder material, such as metal sols including
alumina or titania sols or polymeric binder which can be provided in the form of a polymeric latex
binder.

In preferred compositions, there are from 0.5 to 15, preferably 1 to 10, and most preferably from 3 to 5
percent by weight of the catalytically active material. The preferred catalytically active materials are
platinum group metals with platinum and palladium being more preferred and platinum being most
preferred. The amount of tungsten and/or rhenium component based on the metals ranges I to 25,
preferably 2 to 15 and most preferably 3 to l0 weight percent. The amount of binder car..vary from 0 to
20 weight percent, preferably 0.5 to 20, more preferably 2 to l0 and most preferably 2 to 5 weight
percent. Depending on the support material a binder is not necessary in this composition. Preferred
compositions comprise from 60 to 98.5 weight percent of a refractory oxide support, from 0.5 to 15
weight percent of the catalytically active material, from I to 25 weight of the tungsten and/or rhenium
component, and from 0 to 10 weight percent binder.

Compositions containing the tungsten component and rhenium component can be calcined under
conditions as recited above. Additionally, the composition can be reduced. However, as shown in the
examples below, the compositions need not be reduced and the presence of the tungsten and/or rhenium
component can result in conversions of carbon monoxide and hydrocarbons comparable to compositions
containing platinum group metals which have been reduced.

The pollutant treating compositions of the present invention preferably comprise a binder which acts to
adhere the composition and to provide adhesion to the atmosphere contacting surface. It has been found
that a preferred binder is a polymeric binder used in amounts of from 0.5 to 20, more preferably 2 to 10,
and most preferably to 2 to 5 percent by weight of binder based on the weight of the composition.
Preferably, the binder is a polymeric binder which can be a thermosetting or thermoplastic polymeric
binder. The polymeric binder can have suitable stabilizers and age resistors known in the polymeric art.
The polymer can be a plastic or elastomeric polymer. Most preferred are thermosetting, elastomeric
polymers introduced as a latex into the catalyst into a slurry of the catalyst composition, preferably an
aqueous slurry. Upon application of the composition and heating the binder material can crosslink



providing a suitable support which enhances the integrity of the coating, its adhesion to the atmosphere

contacting surface and provides structural stability under vibrations encountered in motor vehicles. The

use of preferred polymeric binder enables the pollutant treating composition to adhere to the atmosphere

contacting surface without the necessity of an undercoat layer. The binder can comprise water resistant

additives to improve water resistance and improve adhesion. Such additives can include fluorocarbon
emulsions and petroleum wax emulsions.

Useful polymeric compositions include polyethylene, polypropylene, polyolefin copolymers,
polyisoprene, polybutadiene, polybutadiene copolymers, chlorinated rubber, nitrile rubber,
polychloroprene, ethylene-propylene-diene elastomers, polystyrene, polyacrylate, polymethacrylate,
polyacrylonitrile, poly(vinyl esters), poly(vinyl halides), polyamides, cellulosic polymers, polyimides,
acrylics, vinyl acrylics and styrene acrylics, poly vinyl alcohol, thermoplastic polyesters, thermosetting
polyesters, poly(phenylene oxide), poly(phenylene sulfide), fluorinated polymers such as

poly(tetrafluoroethylene) polyvinylidene fluoride, poly(vinylfluoride) and chloro/fluoro copolymers such

as ethylene chlorotrifluoroethylene copolymer, polyamide, phenolic resins and epoxy resins,
polyurethane, and silicone polymers. A most preferred polymeric material is an acrylic polymeric latex
as described in the accompanying examples.

Particularly preferred polymers and copolymers are vinyl acrylic polymers and ethylene vinyl acetate

copolymers. A preferred vinyl acrylic polymer is a cross linking polymer sold by National Starch and

Chemical Company as Xtink 2833.It is described as a vinyl acrylic polymer having a Tg of -15.degree.

C., 45o solids, a pH of 4.5 and a viscosity of 300 cps. In particular, it is indicated to have vinyl acetate

CAS No. 108-05-4 in a concentration range of less than 0.5 percent. It is indicated to be a vinyl acetate

copolymer. Other preferred vinyl acetate copolymers which are sold by the National Starch and Chemical
Company include Dur-O-Set E-623 and Dur-O-Set E-646. Dur-O-SetE-623 is indicated to be ethylene

vinyl acetate copolymers having a Tg of 0.degree. C.,52oA solids, a pH of 5.5 and a viscosity of 200 cps.

Dur-O-Set E-646 is indicated to be an ethylene vinyl acetate copolymer with a Tg of -l2.degree. C.,52o/o

solids, a pH of 5.5 and a viscosity of 300 cps. A useful and preferred binder is a crosslinking acrylic
copolymer sold by National Starch and Chemical Company as X-4280.I1is described as a milk white
aqueous emulsion having apH of 2.6; a boiling point of 2l2.degree. F., afueezingpoint of 32.degree. F.;
a specific gravity of 1.060; a viscosity of 100 cps.

An alternate and useful binding material is the use of a zirconium compound. Zirconyl acetate is

preferred zirconium compound used. It is believed that zirconia acts as a high temperature stabilizer,
promotes catalytic activity, and improves catalyst adhesion. Upon calcination, zirconium compounds

such as zirconyl acetate are convertedto ZrO.sub.2 which is believed to be the binding material. Various
useful zirconium compounds include acetates, hydroxides, nitrates, etc. for generating ZrO.sub.2 in
catalysts. In the case of using zirconyl acetate as a binder for the present catalysts, Zfr.sub.2 will not be

formed unless the radiator coating is calcined. Since good adhesion has been attained at a "calcination"
temperature of only l2O.degree. C., it is believed that the zirconyl acetate has not decomposed to

zirconium oxide but instead has formed a cross linked network with the pollutant treating material such

as Carulite.RTM. particles and the acetates which were formed from ball milling with acetic acid.

Accordingly, the use of any zirconium containing compounds in the present catalysts are not restricted
only to zirconia. Additionally, the zirconium compounds can be used with other binders such as the

polymeric binder recited above.

An alternate pollutant treating catalyst composition can comprise activated carbon composition. The

carbon composition comprises activated carbon, a binder, such as a polymeric binder, and optionally
conventional additives such as defoamers and the like. A useful activated carbon composition comprises

from 75 to 85 weight percent activated carbon such as "coconut shell" carbon or carbon from wood and a



binder such as an acrylic binder with a defoamer. Useful slurries comprise from 10 to 50 weight percent
solids. The activated carbon can catalyze reduction of ozone to oxygen, as well as adsorb other
pollutants.

Pollutant treating catalyst compositions of the present invention can be prepared in any suitable process.
A preferred process is disclosed in U.S. Pat. No. 4,734,860 herein incorporated by reference. In
accordance with this method, the refractory oxide support such as activated alumina, titania or activated
silica alumina is jet milled, impregnated with a catalytic metal salt, preferably precious metal salt
solution and calcined at a suitable temperature, typically from about 300.degree. C. to about 600.degree.
C-, preferably from about 350.degree. C. to about 550.degree. C., and more preferably from about
40O.degree. C. to about 5O0.degree. C. for from about 0.5 to about 12 hours. Palladium salts are
preferably a palladium nitrate or a palladium amine such as palladium tetraamine acetate,or palladium
tetraamine hydroxide. Platinum salts preferably include platinum hydroxide solubilized in an amine. In
specific and preferred embodiments the calcined catalyst is reduced as recited above.

In an ozone treating composition, a manganese salt, such as manganese nitrate, can then be mixed with
the dried and calcined alumina supported palladium in the pr.r"ri. of deionized water. The amount of
water added should be an amount up to the point of incipient wetness. Reference is made to the method
reviewed in the above referenced and incorporated U.S. Pat. No. 4,134,860. The point of incipient
wetness is the point at which the amount of liquid added is the lowest concentratiron at which the
powdered mixture is sufficiently dry so as to absorb essentially all of the liquid. In this way asoluble
manganese salt such as Mn(NO.sub.3).sub.2 inwater can be added into theialcined supported catalytic
precious metal. The mixture is then dried and calcined at a suitable temperature, preferably 400 to
5OO.degree. C. for about 0.5 to about 12 hours.

Alternatively, the supported catalyticpowder (i.e., palladium supported on alumina) can be combined
wlth a liquid, preferably water, to form a slurry to which a solution of a manganese salt, such as
Mn(NO.sub.3).sub.2 is added. Preferably, the manganese component and paladium supported on a
refractory support such as activated alumina, more preferably activated siiica-alumina is mixed with a
suitable amount of water to result in a slurry having from 15 to 40o/o andpreferable 20 to35 weight
percent solids. The combined mixture can be coated onto a carrier such as a radiator and the radiator
dried in air at suitable conditions such as SO.degree. C. to lsO.degree. C. for I to 12 hours. The substrate
which supports the coating can then be heated in an oven at suitable conditions typically from
300.degree. C. to 550.degree. C., preferably 35O.degree. C. to 500.degree. C., moie preierably
350.degree. C. to 450.degree. C. and most preferably from 400.d.gr... C. and 500.degree. C. in an
oxygen containing atmosphere, preferably air for about 0.5 to about 12 hours to calcine the components
and help to secure the coating to the substrate atmosphere contacting surface. Where the compoiitio,
further comprises a precious metal component, it is preferably reduced after calcining.

Amethod of the present invention includes forming a mixture comprisin g a catalytically active material
selected from at least one platinum group metal component, a gold comp6nent, u rilr.r.omponent, a
manganese component and mixtures thereof and water. The catalytically active material .ur,^b" o, u
suitable support, preferably a refractory oxide support. The mixture canbe milled, and then optionally be
calcined and reduced when using precious metal catalytic material. The calcining step can be conducted
prior to milling and adding the polymeric binder. It is also preferred to reduce tfr. rufitytically active
material prior to milling, calcining and adding the polymeric binder. The slurry comprises a carboxylic
acid compound or polymer containing carboxylic acid groups or derivatives thereof in an amount to
result in a pH of about from 3 to T,typically 3 to 6. Preferubly the acid comprises from 0.5 to l5 weight
percent of glacial acetic acid based on the weight of the catalytically active material and acetic acid. The
amount of water can be added as suited to attain a slurry of the desiied solids concentration and/or



viscosity. The percent solids are typically 20 to 50 and preferably 30 to 40 percent by weight- The

preferred vehicle is deionized water (D.I.). The acetic acid can be added upon forming the mixture of the

catalytically active material, which may have been calcined, with water. Alternatively, the acetic acid can

be added with the polymeric binder. A preferred composition to treat ozone using manganese dioxide as

the catalyst can be made using about f 
"SOO 

g of manganese dioxide which is mixed with2,250 g of

deionized water and 75 g of a-cetic acid. The mixture is combined in a 1 gallon ballmill and ballmilled for

about 4 hours until appr6ximately 90% of the particles are less than 8 micrometers. The ballmill is

drained and 150 g ofpoty.neric binder is added. The mixture is then blended on a rollmill for 30 minutes.

The resulting miiture is ieaay for coating onto a suitable substrate such as an automobile radiator

according to the methods descnbed below.

It has been found that compatibility of the components of a slurry comprising a catalytic material and a

polymeric binder, such as u lut.* emulsion, is desirable to maintain slurry stability and uniformity. For

it. prr.pore of the present invention compatibility means that the binder and the catalytic material remain

as a miitore of separate particles in the ri.r.ry. It is believed that where the polymeric binder is a latex

emulsion and the catalytic material have electrical charges which cause them to repel each other, they are

compatible and the slurry is stable and has a uniform distribution of the catalytic material and the

polymer latex in the liquid vehicle, e.g. aqueous fluid such as water. If the catalytic material and latex

Lr.rrrtrion particles do not mutually repel each other, irreversible agglomeration of the latex on the

catalytic material will occur. These materials are therefore incompatible and the latex comes out of the

emulsion.

Compatibility of a high surface area catalyst with the organic latex binder is a key property in preparing a

stable, uniform slurryl If the catalyst and iatex emulsion particles do not mutually repel each other,

irreveisible agglomeiation will occur. The result of this will be an unstable, non-uniform slurry which

will produce i poorly adherent coating. Although the mutual repulsion of the catalyst and binder particles

is controlled by uuii"ty physical fact-ors, surfaie charge plays a key role. Since latex emulsion particles

are typically nlgatively charged, catalyst particles must be similarly charged. Zetapotential

measurements have ,ho*rr, ho*"r.r, ihaicatalyst particles, such as MnO.sub.2 are only slightly

negatively or even positiveiy charged, and as a r..rlt, irreversible coagulation of the catalyst and latex

o.Irrr, (i.L. catalysf and latex are not compatible). It has been found that although the above described

method of adding acetic acid provides certain advantages to the slurries of the present invention, such as

viscosity control, it does not enhance compatibility and may even be detrimental to aged slurry stability'

Where the catalytically material is positively or slightly negatively charged, improved compatibility can

be achieved by making ttre slurry more basit. rhe pH of the slurry can be controlled depending on the

acidity of the tatalytiJmaterial, with preferred pH levels being at least 6, preferablyat least-7, more

prefeiably at least it.5. G.r.raliy, the slurry should not be too caustic and a preferred upper limit is about

11. A preferred range is from 8.5 to l1-

Maintaining a pH.gtoreq.8.5 of a slurry comprising a latex emulsion and Mno.sub.2 (cryptomelane) is

critical. If the pu j.opr felow 8.5 for an extinded period of time (days), the binder and catalyst will

irreversibly coagulate. Despite the large negative charg" on the cryptomelane particles at this pH, long

term stabiiity oicryptomelane containlng siurries has been difficult to achieve. Preferred binders are

poly(acrylicj acid derivative based binders with a particularly preferred binder which has long term

,tuUiiitv 
"nder 

these conditions being an acrylic la-tex sold by National Starch as x-4280 acrylic latex-

The difficulty in achieving long term compatibility even with basic slurries containing negatively

charged latex and catalysiparticles indicaGs that ilthough surface charge is important, it is not the only

factor in determining binder/catalyst compatibility. Other factors which play arole include emulsion

particle size, surfactint packug., it.. The present method involves raising the pH of the ball milled



catalyst slurry to pH.gtoreq.8.5 and preferably 9 to enhance stability.

An alternative method to enhance slurry stability involves adding a surfactant such as a polymeric
dispersant to the slurry instead of or in addition to increasing the pH. In the second case, binder/catalyst
compatibility is achieved by adding a polymeric acrylate derived dispersant (ca.3% solids basis) instead
of increasing the pH. The result is the same, however, in that the catalyst particle is given a large
negative charge which can repel the like charged latex particles. The dispersant can be added during the
ball milling operation or after. Despite generating alarge negative charge on the catalyst particles, not all
dispersants work equally as well. Preferred dispersants comprise polymers containing carboxylic acid
groups or derivatives thereof such as esters and salts. Preferred dispersants include Accusol 445 (from
Rohm & Haas) and Colloid226135 (from Rhone-Poulenc). Useful dispersants and a review of diipersion
technology are presented in, Additives for Dispersion Technology, published by Rhone-Poulenc,
Surfactants & Specialties hereby incorporated by reference. Useful polymeric dispersants include but are
not limited to polyacrylic acid partial sodium salts and anionic copolymer sodium salts sold by Rhone-
Poulenc as Colloid.TM. polymeric dispersants. Again, although surface charge is an important factor in
determining catalyst/binder compatibility, it is not the only factor. In general, the dispersant (particularly
Colloid 226) does a good job of stabilizing the slurry since a greater variety of latex binders (e.g.
acrylics, styrene acrylics, and EVA's) are compatible. Long term compatibility problems may be
addressed by increasing the quantity of dispersant, raising the pH somewhat, or both.

The above recited methods enhance compatibility and result in a stable catalyst slurry. Both methods
generate a large negative surface charge on the catalyst particle which in turn stabilizes the catalyst in the
presence of the like charged (anionic) latex emulsion particles. For both systems, good adhesion has been
observed(i.e. catalyst cannot be wiped off the face of a coated monolith) with a l0%by weight loading
(solids basis) of the polymeric binder. At 5oh, adhesion is not as good, so the optimum loading is
probably somewhere in between.

While these methods have been shown to enhance compatability of MnO.sub.2 llatexslurries, the present
invention is not limited to systems using negatively charged latex emulsions. Those skilled in the art will
understand that slurry compatability can likewise be achieved using cationic latex emulsions, using
cationic surfactant and/or dispersant packages to stabilize the catalyst particles.

The polymeric slurries of the present, particularly polymer latex slurries, can contain conventional
additives such as thickeners, biocides, antioxidants and the like.

The pollutant treating composition can be applied to the atmosphere contacting vehicle surface by any
suitable means such as spray coating, powder coating, or brushing or dipping the surface into a catalyst
slurry.

The atmosphere contacting surface is preferably cleaned to remove surface dirt, particularly oils which
could result in poor adhesion of the pollutant treating composition to the surface. Where possible, it is
preferred to heat the substrate on which the surface is located to a high enough temperature to volatilize
or burn off surface debris and oils.

Where the substrate on which there is an atmosphere contacting surface is made of a material which can
withstand elevated temperatures such as an aluminum radiator, the substrate surface can be treated in
such a manner as to improve adhesion to the catalyst composition, preferably the ozone carbon
monoxide, and/or hydrocarbon catalyst composition. One method is to heat the aluminum substrate such
as the radiator to a sufficient temperature in air for a sufficient time to form a thin layer of aluminum
oxide on the surface. This helps clean the surface by removing oils which may be delrimental to



adhesion. Additionally, if the surface is aluminum a sufficient layer of oxidized aluminum has been

found to be able to be formed by heating the radiator in air for from 0.5 to 24 hours, preferably from 8 to

24 hours and more preferably from l2 to hours at from 350.degree. C. to 50O.degree. C., preferably from

400 to 500.degree. C. and more preferably 425 to 475.degree. C. In some cases, sufficient adhesion

without the use of an undercoat layer has been attained where an aluminum radiator has been heated at

45g.degree. C. for l6 hours in air. This method is particularly useful when applying the coating to new

surfaces such as radiators or air conditioner condensers prior to assembly in a motor vehicle either as

original equipment or replacement.

Adhesion may improve by applying an undercoat or precoat to the substrate. Useful undercoats or

precoats include refractory oxide supports of the type discussed above, with alumina preferred. A
preferred undercoat to increase adhesion between the atmosphere contacting surface and an overcoat of
u., oror,. catalyst composition is described in commonly assigned U.S. Pat. No. 5,422,331 herein

incorporated herein by reference. The undercoat layer is disclosed as comprising a mixture of fine

particulate refractory metal oxide and a sol selected from silica, alumina, zirconia and titania sols. In
accordance with the method of the present invention, surfaces on existing vehicles can be coated while

the substrate such as the radiator, radiator fan or air conditioner condenser is located on the vehicle. The

catalyst composition can be applied directly to the surface. Where additional adhesion is desired, an

undercoat can be used as recited above.

Where it is practical to separate the radiator from the vehicle, a support material such as activated

alumina, silica-alumina, bulk titatia,titanium sol, silica zkconia,manganese zirconia and others as

recited can be formed into a slurry and coated on the substrate preferably with a silica sol to improve

adhesion. The precoated substrate can subsequently be coated with soluble precious metal salts such as

the platinum urrd/o, palladium salts, and optionally manganese nitrate. The coated substrate can then be

heated in an oven in air for sufficient time (0.5 to 12 hours at 350.degree. C. to 55O.degree. C.) to calcine

the palladium and manganese components to form the oxides thereof.

The present invention can comprise adsorption compositions supported on the atmosphere contacting

surface. The adsorption compoiitiorr can be used to adsorb gaseous pollutants such as hydrocarbons and

sulfur dioxide as well as partlculate matter such as particulate hydrocarbon, soot, pollen, bacteria and

gerrns. Useful supported compositions can include adsorbents such as zeolite to adsorb hydrocarbons.

Useful zeolitic compositions are described in Publication No. WO 94127709 published Dec. 8, 1994 and

entitled Nitrous Oxide Decomposition Catalyst hereby incorporated by reference. Particularly preferred

zeolites are Beta zeolite, and dealuminated ZeoliteY -

Carbon, preferably activated carbon, can be formed into carbon adsorption compositions comprising

activated carbon and binders such as polymers as known in the art. The carbon adsorption composition

can be applied to the atmosphere contacting surface. Activated carbon can adsorb hydrocarbons, volatile

organic .o*por.nts, bacteria, pollen and the like. Yet another adsorption composition can include

,J*pon..rts which can adsorb SO.sub.3. A particularly useful SO.sub.3 adsorbent is calcium oxide. The

calcium oxide is converted to calcium sulfate. The calcium oxide adsorbent compositions can also

contain a vanadium or platinum catalyst which can be used to convert sulfur dioxide to sulfur trioxide

which can then be adsorbed onto the calcium oxide to form calcium sulfate.

In addition to treatment of atmospheric air containing pollutants at ambient condition or ambient

operating conditions, the present invention contemplates the catalytic oxidation and/or reduction of
fryarocarUons, nitrogen oiid.. and residual carbon monoxide using conventional three way catalysts

supported on electriially heated catalysts such as are known in the art. The electrically heated catalysts

.un b" located on electrically heated catalyst monolith 56 illustrated in FIG. l. Such electrically heated



catalyst substrates are known in the art and are disclosed in references such as U.S. Pat. Nos. 5,308,591
and 5,317 ,869 hereby incorporated by reference. For the purposes of the present invention, the
electrically heated catalyst is a metal honeycomb having a suitable thickness to fit in the flow direction,
preferably of from 118 inch to 12 inches, and more preferably 0.5 to 3 inches. Where the electrically
heated catalyst must fit into a nalrow space, it can be from 0.25 to 1.5 inches thick. Preferred supports are
monolithic carriers of the type having a plurality of fine, parallel gas flow passages extending
therethrough from an inlet face to an outlet face of the carrier so that the passages are open to air flow
entering from the front26 and passing through the monolith 56 in the direction toward the fan 20.
Preferably the passages are essentially straight from their inlet to their outlet and are defined by walls in
which the catalytic material is coated as a wash coat so that the gases flowing through the passages
contact the catalytic material. The flow passages of the monolithic carrier are thin wall channels which
can be of any suitable cross-sectional shape and size such as trapezoidal, rectangular, square, sinusoidal,
hexagonal, oval, circular or formed from metallic components which are corrugated and flat as are
known in the art. Such structures may contain from about 60 to 600 or more gas inlet openings ("cells")
per square inch of cross section. The monolith may be made of any suitable material and is preferably
capable of being heated upon application of an electric current. A useful catalyst to apply is the three way
catalyst (TWC) as recited above which can enhance the oxidation of hydrocarbons and carbon monoxide
as well as the reduction of nitrogen oxides. Useful TWC catalysts are recited in U.S. Pat. Nos. 4,714,694;
4,7 38,9 47 ; 5,0 1 0,05 I ; 5,057,483 ; and 5,139,992.

The present invention is illustrated fuither by the following examples which are not intended to limit the
scope of this invention.

EXAMPLES

Example I

A 1993 Nissan Altima radiator core (Nissanpartnumber 21460-18400) was heat treated in air to
450.degree. C. for 16 hours to clean and oxidize the surface and then a portion coated with high surface
area silica-alumina undercoat (dry loading:0.23 g/in.sup.3) by pouring a water slurry containing the
silica-alumina through the radiator channels, blowing out the eic.ss with an air gun, drying at room
temperature with afan, and then calcining to 450.degree. C. The silica-alumina slurry was prepared by
ball milling high surface area calcined SRS-II alumina (Davison) with acetic acid (0.5% based on
alumina) and water (total solids ca.20o/o) to a particle size of 90Yo <4 .mu.m. The ball milled material
was then blended with Nalco silica sol (#9lSJ06S--28% solids) in a ratio of 25o/ol75o/o.The SRS-II
alumina is specified to have a structure of xSiO.sub.2.yAl.sub.2 O.sub.3.zH.sub.2 O with 92-95%by
weight Al.sub.2 O.sub.3 and 4-7Yo by weight SiO.sub.2 after activation. BET surface area is specified to
be a minimum of 260 m.sup.2 lgafter calcination.

A PdAdr/Al.sub.2 O.sub.3 catalyst slurry (nominally 10%by weight palladium on alumina) was
prepared by impregnating high surface area SRS-II alumina (Davison) to the point of incipient wetness
with a water solution containing sufficient palladium tetraamine acetate. The resulting powder was dried
and then calcined for I hour at 450.degree. C. The powder was subsequently mixed under high shear
with a water solution of manganese nitrate (amount equivalent to 5.5o/oby weight MnO.sub.2 on the
alumina powder) and sufficient dilution water to yield a slurry of 32-34% solids. The radiator was coated
with the slurry, dried in air using a farr, and then calcined in air at 45O.degree. C. for l6 hours. This ozone
destruction catalyst contained palladium (dry loading:263 g/ft.sup.3 of radiator volume) and manganese
dioxide (dry loading:t4z g/ft.sup.3) on high surface area SRS-II alumina. The partially coated radiator
reassembled with the coolant tanks, also referred to as headers is shown in FIG. 8.



Ozone destruction performance of the coated catalyst was determined by blowing an air stream

containing a given concentration of ozone through the radiator channels atface velocities typical of
driving speeds and then measuring the concentration of ozone exiting the back face of the radiator. The

air used was at about 20.degree. C. and had a dew point of about 35.degree. F. Coolant fluid was

circulated through the radiator at a temperature of about 50.degree. C. Ozone concentrations ranged from
0.1-0.4 ppm. Ozone conversion was measured at linear air velocities (face velocities) equivalent ta 12.5

miles per hour ta be 43oh; at 25 mph to be 33o/o; at 37 .5 mph to be 30o/o and at 49 mph to be 24oh.

Example 2 (Comparative)

A portion of the same radiator used in Example I which was not coated with catalyst was similarly
evaluated for ozone destruction performance (i.e. control experiment). No conversion of ozone was

observed.

Example 3

After heat treatment for 60 hours in air at 45O.degree. C., a Lincoln Town Car radiator core (part #FIVY-
8005-A) was coated sequentially in 6".times.6" square patches with a variety of different ozone

destruction catalyst compositions (i.e., different catalysts; catalyst loadings, binder formulations, and heat

treatments). Several of the radiator patches were precoated with a high surface area alumina or silica-

alumina and calcined to 450.degree. C. prior to coating with the catalyst. The actual coating was

accomplished similarly to Example 1 by pouring a water slurry containing the specific catalyst

formulation through the radiator channels, blowing out the excess with an air gun, and drying at room

temperature with a fan. The radiator core was then dried to l20.degree. C., or dried to l20.degree. C. and

then calcined to 400 to 450.degree. C. The radiator core was then reattached to its plastic tanks and ozone

destruction performance of the various catalysts was determined at a radiator surface temperature of
about 40.degree. C. to 50.degree. C. and a face velocrty of 10 mph as described in Example 1.

Table I summarizes the variety of catalysts coated onto the radiator. Details of the catalyst slurry
preparations are given below.

A PVAl.sub.2 O.sub.3 catalyst (nominally 2%by weight Pt on Al.sub.2 O.sub.3) was prepared by
impregnating 114 g of a platinum salt solution derived from H.sub.2 P(OH).sub.6 solubilized in an

amine, (179% Pt), dissolved in 520 gof water to 1000 g of Condea SBA-150 high surface area

(specif,red to be about 150 m.sup.2 /g) alumina powder. Subsequently 49.5 g of acetic acid was added.

The powder was then dried at l lO.degree. C. for I hour and calcined at 550.degree. C. for 2 hours. A
catalyst slurry was then prepared by adding 875 g of the powder to 1069 g of water md 44.6 g of acetic

acid in a ball mill and milling the mixture to a particle size 90o/o<10 .mu.m. (Patches I and 4)

A carbon catalyst slurry was a formulation (29% solids) purchased from Grant Industries, Inc., Elmwood
Park, N.J. The carbon is derived from coconut shell. There is an acrylic binder and a defoamer. (Patches

8 and 12)

The Carulite.RTM. 200 catalyst (CuO/MnO.sub.2) was prepared by first ball milling 1000 g of
Carulite.RTM. 200 (purchased from Carus Chemical Co., Chicago, Il1.) with 1500 g of water to a particle

size 90o/o<6 .mu.m. Carulite.RTM. 200 is specified as containing 60 to 75 weight percent MnO.sub.2, l1-
14 percent CuO and 15-16 percent Al.sub.2 O.sub.3. The resulting slurry was diluted to ca. 28% solids

and then mixed with either 3% (solids basis) of Nalco #1056 silica sol or 2% (solids basis) National
Starch #x426A acrylic copolymer. (Patches 5,9 and 10)



The Pd/Mn/A1.sub.2 O.sub.3 catalyst slurry (nominally lU%by weight palladium on alumina) was

prepared as described in Example l. (Patches2,3 and 6)

An I.W. (incipient wetness) PdA4n/Al.sub.2 O.sub.3 catalyst (nominally 8% palladium and 55%
MnO.sub.2 based on alumina) was prepared similarly by first impregnating high surface area SRS-II
alumina (Davison) to the point of incipierit wetness with a water solution containing palladium
tetraamine acetate. After drying and then calcining the powder for two hours at 450.degree. C., the
powder was reimpregnated to the point of incipient wetness with a water solution containing manganese

nitrate. Again, after drying and calcination at  l}.degree. C. for two hours, the powder was mixed in a
ball mill with acetic acid (3o/o by weight of catalyst powder) and enough water to create a slurry of 35o/o

solids. The mixture was then milled until the particle size was 90oZ<8 .mu.m. (Patches 7 and 11)

The SiO.sub.2 /Al.sub.2 O.sub.3 precoat slurry was prepared as described in Example 1. (Patches 3 and

l1)

The Al.sub.2 O.sub.3 precoat slurry was prepared by ball milling high surface area Condea SBA-150
alumina with acetic acid (5o/o by weight based on alumina) and water (total solids ca.44o/o) to a particle
size of 90Yo<10 .mu.m. (Patches 9 and 12)

Results are summarizedinTable I. The conversion of carbon monoxide after being on the automobile for
5,000 miles was also measured at the conditions recited in Example I for patch #4. At a radiator
temperature of 50.degree. C. and a linear velocity of l0 mph no conversion was observed.

TABLE I CATALYST SUMMARY PATCH # CATALYST OZONE CONVERSION (%) lPVAl.sub.2
O.sub.3 12 0.67 g/in.sup.3 (23 g/ft.sup.3 P0 No Precoat No Calcine (l20.degree. C. only) 2
PdAdr/Al.sub.2 O.sub.3 25 0.97 g/in.sup.3 (171 g/ft.sup.3 Pd) No Precoat Calcined 45O.degree. C. 3
PdA{r/Al.sub.2 O.sub.3 241.19 g/in.sup.3 (209 g/ft.sup.3 Pd) SiO.sub.2 /?t/Al.sub.2 O.sub.3 Precoat
(0.16 g/in.sup.3) Calcined 450.degree . C. 4 Pt/Al.sub.2 O.sub.3 8 0.79 g/in.sup.3 (27 g ft.sup.3 Pt) No
Precoat Calcined 45O.degree. C. 5 Carulite 200 50 0.49 g/in.sup.3 3oh Sio.sub.2 /Pt/Al.sub.2 O.sub.3
Binder No Precoat Calcined 4O0.degree. C. 6 PdA{r/Al.sub.2 O.sub.3 28 0.39 g/in.sup.3 (70 g/ft.sup.3
Pd) No Precoat Calcined 450.degree. C.7 I.W. Pd/Ivln/Al.sub.2 O.sub.3 50 0.69 g/in.sup.3 (95 g/ft.sup.3
Pd) No Precoat No Calcine (l20.degree. C. only) 8 Carbon 22 0.80 g/in.sup.3 No Precoat No Calcine
(l2O.degree. C. only) 9 Carulite 200 38 0.65 g/in.sup.3 3Yo SiO.sub.2 /Al.sub.2 O.sub.3 Binder Al.sub.2
O.sub.3 Precoat (0.25 g/in.sup.3) Calcined 45O.degree. C. l0 Carulite 200 42 0.70 g/in.sup.3 2Yo Latex
Binder No Precoat No Calcine (l2O.degree. C. only) 11 I.W. PdA4r/A1.sub.2 O.sub.3 46 0.59 g/in.sup.3
(82 g/ft.sup.3 Pd) SiO.sub.2 /Al.sub.2 O.sub.3 precoat (0.59 g/in.sup.3) No Calcine either Coat
(l20.degree. C. only) 12CarbonlT l.A7 g/in.sup.3 Al.sub.2 O.sub.3 Precoat (0.52 g/in.sup.3) calcinedto
45O.degree. C. Topcoat not calcined (l20.degree. C. only)

Example 4

A 1993 Nissan Altima radiator core (Nissan part number X46A-18400) was heat treated in air to
40O.degree. C. for 16 hours and then a portion coated with Condea high surface area SBA-150 alumina
(dry loading:0.86 g/in.sup.3) by pouring a water slurry containing the alumina through the radiator
channels, blowing out the excess with an air gun, drying at room temperature with afan, and then
calcining to 400.degree. C. The alumina precoat slurry was prepared as described in Example 3. The
radiator was then coated sequentially in 2".times.2" square patches with seven different CO destruction
catalysts (Table II). Each coating was applied by pouring a water slurry containing the specific catalyst
formulation through the radiator channels, blowing out the excess with an air gun, and drying at room
temperature with a fan.



The Carulite.RTM. and2o/o PtlAl.sub.2 O.sub.3 catalysts (Patch lA and #6, respectively) were prepared
according to the procedure described in Example 3. The 3YoPtlZrO.sub.2 /SiO.sub.2 catalyst (Patch #3)
was made by first calcining 510 g of zirconialsilica trit (95% ZrO.sub-2 /5% SiO.sub.2 --Magnesium
Elektron XZO678|01) for t hour at 500.degree. C. A catalyst slurry was then prepared by adding to 480 g
of deionized water, 468 g of the resulting powder, 42 g of glacial acetic acid, and 79.2 g of a platinum
salt solution (182% Pt) derived from H.sub.2 P(OH).sub.6 solubilized with an amine. The resulting
mixture was milled on a ball mill for 8 hours to a particle size of 9Aoh less than 3 .mu.m.

The 3o/o Pt/TiO.sub.2 catalyst (Patch #7) was prepared by mixing in a conventional blender 500 g of
TiO.sub.2 (Degussa P25),500 g of deionized water, 12 gof concentrated ammonium hydroxide, and 82 g
of a platinum salt solution (18.2% Pt) derived from H.sub.2 P(OH).sub.6 solubilized with an amine.
After blending for 5 minutes to a particle size of 90% less than 5 .mu.m, 32.7 g of Nalco 1056 silica sol
and sufficient deionized water to reduoe the solids content to ca. 22ohwas added. The resulting mixture
was blended on a roll mill to mix all ingredients.

The 3ohPt/Mn/Zro.sub.2 catalyst slurry (Patch #5) was prepared by combining in a ball mill 70 g of
manganeselzirconia frit comprising a coprecipitate of 20 weight percent manganese and 80 weight
percent zirconium based on metal weight (Magnesium Elektron XZO7l9l01), 100 g of deionized water,
3.5 g of acetic acid and ll.7 g of a platinum salt solution (18.2% Pt) derived from H.sub.2 P(OH).sub.6
solubilized with an amine. The resulting mixture was milled for l6 hours to a particle size 90% less than
l0.mu.m.

The 2Yo PtlCeO.sub.2 catalyst (Patch #1) was prepared by impregnating 490 g of alumina stabilized high
surface area ceia (Rhone Poulenc) with 54.9 g of a platinum salt solution (18.2% Pt) derived from
H.sub.2 Pt(OH).sub.6 solubilized with an amine and dissolved in deionized water (total volume-
-155mL). The powder was dried at l10.degree. C. for 6 hours and calcined at 400.degree. C. for 2 hours.
A catalyst slurry was then prepared by adding 491 g of the powder to 593 g of deionizedwater in a ball
mill and then milling the mixture for 2 hours to a particle size of 90Yo less than 4 .mu.m. The 4.6Yo
Pd/CeO.sub.2 catalyst (Patch #2) was prepared similarly via incipient wetness impregnation using 209.5
g (l80ml.) of palladium tetraamine acetate solution.

After all seven catalysts were applied, the radiator was calcined for about 16 hours at 4OO.degree. C.
After attaching the radiator core to the plastic tanks, CO destruction perfornance of the various catalysts
were determined by blowing an air stream containing CO (ca. l6ppm) through the radiator channels at a
5 mph linear face velocity (315,000/h space velocity) and then measuring the concentration of CO
exiting the back face of the radiator. The radiator temperature was ca.95.degree. C., and the air stream
had a dew point of approximately 35.degree. F. Results are summarizedin Table II.

Ozone destruction performance was measured as described in Example I at 25.degree.C., 0.25 ppm
ozone, and a linear face velocity of 10 mph with a flow of 135.2 L/min and an hourly space velocity of
640,000/h. The air used had a dewpoint of 35.degree. F. Results are summarizedin Table II. FIG. 9
illustrates CO conversion v. temperature for Patch Nos. 3, 6 and7.

The catalysts were also tested for the destruction of propylene by blowing an air stream containing
propylene (ca. 10 ppm) through the radiator channels at a 5 mph linear face velocity, with a flow rate of
68.2Llmin and an hourly space velocity of 320,0001h, and then measuring the concentration of
propylene exiting the back face of the radiator. The radiator temperature was ca. 95.degree. C., and the
air skeam had a dew point of approximately 35.degree. F. Results are summarized in Table II.



TABLE TI COIHCIOZONE CONVERSION SUMMARY CARBON MON- PROPYL- OXIDE OZONE
ENE PATCH CONVER- CONVER- CONVER- # CATALYST SION (%).sup.l SION (%).sup2 SION
(%)-sup.3 l 20 PtlceO.sub.2 2 14 0 0.7 g/in.sup .3 (24 g/ft.sup.3 Pt) 2 4.60/o Pd/CeO.sub'.2 21 55 A A.5
g/in.sup.3 (40 g/ft.sup.3 Pd) 3 3% Pt/ZrO.sub.2 /SiO.sub.2 67 14 2 0.5 gin.sup.3 (26 g|ft.sry.3 p0 4
Carulite 200 5 56 0 0.5 g/in.sup.3 3% SiO.sub.2 /Al.sub.2 O.sub.3 binder 5 3%ptlMn/ZrO.sub.2 7 410
0.7 g/in.sup.3 (36 g/ft.sup.3 Pt) 6 2% Pt/Al.sub.2 O.sub.3 72 817 0.5 g/in.sup .3 (17 g/ft.sup.3 pt) 7 3%
PtlTiO-sub.2 68 15 18 0.7 g/in.sup.3 (36 g/ft.sup.3 P0 3% SiO.sub.2 lAl.sub.Z O.sub.3 binder .sup.1 Test
Conditions: 16 ppm CO; 95.degree. C.; 5 mph face velocity;68.2L/min;LHSV (hourly space veiocity) :
320,0004; Air dewpoint: 35.degree. F. .sup.2 Test Conditions: 0.25 ppm O.sub.3 ;Zi.degree. C.; lO
mph face velocity; 135.2Llmin; LHSV (hourly space velocity) : 640,000/h; Air dewpoini: 35.degree.
F. .sup.3 Test Conditions: l0 ppm propylene; 95.degree. C.; 5 mph face velocity; Agitlmin, LHSV
(hourly space velocity) :32A,000/b; Air dewpoint:35.degree. F.

Example 5

This example summarizes the technical results from on-the-road vehicle testing conducted in February
and March 1995 in the Los Angeles area. The purpose of the test was to measuie catalyticozone
decomposition efficiency over a catalyzed radiator under actual driving conditions. ThL Los Angeles
(LA) area was chosen as the most appropriate test site primarily due to its measurable ozone levels
during this March testing period. In addition, specific driving routes are defined in the LA areawhich are
typical of AM and PM peak and off-peak driving. Two different catalyst compositions were evaluated: l)
carulite.RTM. 200 (Cuo/Ivlno.sub.2 /Al.sub.2 o.sub.3 purchased from carus chemical company); and,
2)Pd/Mn/Al.sub.2 O.sub.3 (77 g/ft.sry.3 Pd) prepared as described in Example 3. Both catalysts were
coated in patches onto a late model Cadillac V-6 engine aluminum radiator. The radiator was an
aluminum replacement for the copper-brass OEM radiator which was on a Chewolet Caprice test vehicle.
The car was outfitted with l/4" Teflon.RTM. PTFE sampling lines located directly behina each catalyst
patch and behind an uncoated portion of the radiator (controi patch). Ambient (caialyst in) ozone levils
were measured via a sampling line placed in front of the radiator. Ozone concentrations were measured
with two Dasibi Model l003AH ozone monitors located in the back seat of the vehicle. Temperature
probes were mounted (with epoxy) directly onto each radiator test patch within a few inches of the
sampling line. A single air velocity probe was mounted on the froni face of the radiator midway between
the two patches. Data from the ozone analyzers, temperature probes, air velocity probe, and vehicle
speedometer were collected with a personal computer located in the trunk and downloaded to floppy
disks.

Overall results from the test are summarized in Table III below. For each catalyst (Carulite.RTM. &
PdA{n/Al.sub.2 O.sub.3), results for cold idle, hot idle and on-the-road driving are reported. Data were
collected on two separate trips to LA in February and March of 1995. The firsitrip1,yu. cut short after
only a few days due to low ambient ozone levels. Although somewhat higher during the second trip in
March, ambient levels still only averaged approximately4O ppb. The last-three days-of testing (March
17-20) had the highest ozone encountered. Peak levels *"." upproximately t0O ppb. In general, no trend
in conversion vs. ozone concentration was noted.

Except for the cold idle results, those reported in Table III are averages from at least eleven different runs
(the actual range of values appear in parentheses). Only data corresp-onding to inlet ozone concentration
greater or equal to 30 ppb were included. Freeway data was not inciuded since ambient levels dropped to
20 ppb or lower. Only two runs were completed for the cold idle tests. By cold idle refers to data
collected immediately after vehicle startup during idle before the thermostat switches on and pumps
wann coolant fluid to the radiator. Overall, ozone conversions were very good for both catalysts *ittr the
highest values obtained during hot idle. This can be attributed to the frigher temperatures and lower face



velocities associated with idling. Cold idle gave the lowest conversion due to the lower ambient

temperature of the radiator surface. Driving results were intermediate of hot and cold idle results-

Although the radiator was warn, temperature was lower and face velocity higher than those encountered

with hot idle conditions. In general, oior. conversions measured for Carulite.RTM. were greater than

those measured for pd/Mn/Al.sub.2 o.sub.3 (e.g. 78.1 vs. 63.0% while driving). However, for the hot

idle and driving runs, the average temperature of the Carulite.RTM. catalyst was typically 40.degree. F.

greater than thJ pd/Mn/Al.sub.2 O.sub.: catalyst while the average radiator face velocity was typically I

mph lower.

Overall, the results indicate that ozone can be decomposed at high conversion rates under typical driving

conditions.

TABLE III ON-ROAD OZONE CONVERSION RESULTS* OZONE CONVER'TEMPER- FACE

VEHICLE SION ATURE VELOCITY SPEED (%) (.degree. F.) (mph) (mph) Pd/Mr/A1.sub.2 O.sub.3

rdle Cold 48.z 70.6 9.0 0.0 (47 .2-49.2) (70.s-70.8) (8.9-9.2) Idle Hot 80.6 120.0 7 .4 0-0 (70.7-89.9)

(104.7-14s.2) (6.1-8.4) Driving 63.0104.3 13.22s.3 (ss.s-69.9) (99.2-109.6) (12-2-14.9) (20.s-29'7)

daru[te (CuO/IranO.sub.2) tdle Cotd 67.4 7r.8 8.2 0.0 (67.4-67.s) (70.8-72.9) (7-s-8-9) Idle Hot 84.5

ts1.r 7.5 0.0 (71.4-s3.s1(t+.s-nr.2) (6.7-8.2) Driving 78.1 r43.7 12.219.2 (72.3-83.8) (1329-149.6)

(11.2-13.5) (13.7-24.8) *Average values. Ranges appear in parentheses.

In general, the results of motor testing are consistent with fresh activity measured in the lab prior to

installation of the radiator. At room temperature (.about.25.degree. C.),20% relative humidity (0-l%

water vapor absolute), and a l0 mph equivalent face velocity, lab conversions for Pd/Jvln/Al.sub.2

O.sub.3 and Carulite.Rttvt. *er" 55 aiA egN respectively. Increasing the RH to 70o/o at room

temperature (.about.25.degree. C.) (2.3%water vapor absolute) lowered conversions to 38 and 52o/o,

respectively. Since the coid idle (70.degree. F.) conversions measured at a 9 mph face velocity were 48

und Ary"respectively, it would appear thut th. hrr*idity levels encountered during the testing were low.

The face velocity of air entering the radiator was low. At an average driving speed of rougtly 20 mph

(typical of local driving), radiat-or face velocity was only approximately 13 mph. Even atteeway speeds

ir, 
"*".r, 

of 60 mph, ridiator face velocity was only ca,25mph. The fan significantly affects control of

air flowing through the radiator. While idling, the fan typically pulled about 8 mph.

Example 6

An 8 weight percent Pd on Carulite.RTM. catalyst was prepared by impregnating 100 g Carulite.RTM'

200 powJer (ground up in a blender) to the point of incipient wetness with 69.0 g of a water solution

containing punudi.r* tetraamine acetate (1i.6%Pd). The powder was dried overnight at 9O.degree. C.

and then calcined to 450.degree. C. or 55b.degree. C. for 2 hours.92 g of the resulting calcined catalyst

was then combined with 17I g of deionized water in a ballmill to create a slurry of 35Yo solids- After

milling for 30 minutes to a paiticle size 90%o.Ltoreq.9 .mu.m, 3.1 g of National Starch x4260 acrylic latex

bindei(s0% solids) was added, and the resulting mixture was milled for an additional 30 minutes to

disperse the binder. Compositions containing2,4 and 6 weight percent Pd on Carulite.RTM. catalysts

were similarly prepared and evaluated.

The catalysts were evaluated for ozone decomposition at room temperature and 630,000ih space velocity

using washcoated 300 cpsi (cells per square inch) ceramic honeycombs. The catalyst samples were

prep"ared as recited above. Resulti are s^ummarized in Table IV. As can readily be seen, the 4 andSo/o

pdiCarulite.RTM. catalysts which were calcined to 450.degree. C. gave equivalent initial arvd 45 minute

ozone conversions (ca. 62 and 60o/o,respectively). These results are equivalent to those of Carulite.RTM.



alone under the identical test conditions . The 2 and 4%o Pd catalysts which were calcined to 550.degree.
C. gave significantly lower conversions after 45 minutes (7%). This is attributed to a loss in surfaie area
at the higher temperature of calcination. The 6Yo catalyst was also calcined to 550.degree. C. but did not
show quite as large of an activity drop.

TABLE MZONE RESULTS (300 cpsi Honeycomb, 630,000/h Space Velocity) LOADING
CONVERSION CONVERSION CATALYST (giin.sup.3) (%) initiil (%) 45 Minutes pd on Carulite 200
4o/oPd/Carulite 1.8 64 59 (calcined 450.degree . C.) 8% PdiCarulite 2.A 6160 (calcined 450.degree. C.)
2YoPd/Carulite2.l 57 48 (calcined 55O.degree. C) 4% Pd/Carulite 1.9 57 46 (calcined 550.de!ree. C.i
60/oPd/Carulite 2.3 59 53 (calcined 55O.degree. C.)

Example 7

A series of tests were conducted to evaluate a variety of catalyst compositions comprising a palladium
component to treat air containing0.25 ppm ozone. The air was at ambient conditions (23-.degee. C.;
0.6% water). The compositions were coated onto a 300 cell per inch ceramic (cordieriie) floiv through
honeycomb at loadings of about 2 g of washcoat per cubic inch of substrate. The coated monoliths
containing the various supported palladium catalysts were loaded into a 1" diameter stainless steel pipe,
and the air stream was passed perpendicular to the open face of the honeycomb at a space velocity if
630,000/h. Ozone concentration was measured inlet and outlet of the catalyst. One alumina support used
was SRS-II gamma alumina (purchased from Davison) characterizedas described in Example^f (surface
area approximately 300 m.sup .2 /9. Also used was a low surfac e areatheta alumina characierized by a
surface area of approximately 58 m.sup.2 lg andan average pore radius of about 80 Angstrom. E-160
alumina is a gamma alumina characterrzed by a surface area of about 180 m.sup.2 /g aiaan average pore
radius of about 47 Angstrom. Ceria used had a surface area about 120 m.sup .Zig andan average pore
radius of about 28 Angstrom. Also used was dealuminated Beta zeolite with a silica to alumina ratio of
approximately 250 to I and a surface area about 430 m.sup .2 /g. Carbon, a microporous wood carbon
chatacteized with a surface area of about 850 m.sup.2 /g, was also used as a support. Finally, atitania
purchased from Rhone-Poulenc (DT51 grade) and characteizedby a surfac" *u of approximately 15
I l0 m'sup.2 /gwas used as a support. Results are summarized,iniable V which includes the relative
weight percent of various catalyst components, the loading on the honeycomb, initial ozone conversion,
and conversion after 45 minutes.

TABLE V OZONE RESULTS - (300 cpsi Honeycomb, 630,000/h Space Velocity, 0.6%Water; ca.0.25
ppm ozone) LoADING CONVERSION CONVERSIoN CATALY-ST (g/in.sup'.3) (%) initial (%) 4s
Minutes I.W. 8% Pd/5% Mn/ 1.8 60 55 Al.sub.2 O.sub.3 I.W. 8% pUS%r-lttnt l-.g 64 60low Surface
Area Al.sub.2 O.sub.3 \o/oPd/Low Surface 1.9 56 44 AreaAl.sub.2 O.sub.3 B%pdlE-160 Al.sub.2
O.sub.3 2.2 61 57 4.6% Pd/CeO.sub.2 1.99 59 58 8% Pd/BETA 1.9 38 32 Zeolite (dealumin ated) 5o/o
Pd/C 0.5 63 61 8%PdlDT-S1 TiO.sub.2 t.8 39 20

Example 8

Following is a preparation of Carulite.RTM. slurry which includes vinyl acetate latex binder and is used
in coating radiators which results in excellent adhesion of the catalyst io an aluminum radiator.

1000 g of Carulite.RTM. 200, 1500 g of deionized water, and 50 g of acetic acid.(S%based on
Carulite.RTM.) were combined in a I gallon ball mill and milled for 4 hours to a particle size
90o/o.ltoreq.7 .mu.m. After draining the resulting slurry from the mill, 104 g(s%solids basis) ofNational
Starch Dur-o-Set E-646cross linking EvA copolymer (48%solids) *ur uid"d. Thorough biending of
the binder was achieved by rolling the slurry on a mill without milling media for several hours.



Following coating of this slurry onto a piece of aluminum substrate (e.g., radiator), excellent adhesion

(i.e., coatlng ro,ri-d not be wiped offl wis obtained after drying for 30 minutes at 3O.degree. C. Higher

iemperaturei of curing (up to 15O.degree. C.) can be utilized if desired'

Example 9

Carbon monoxide conversion was tested by coating a variety of titania supported platinum compositions

onto ceramic honeycombs as described in Lxampl e 6. Catalyst loadings were about 2 g/in.sup.3, and

testing was conducted using an air stream having l6 ppm carbon monoxide (dew point 35.degree. F.) at a

space"velocity of 315,000/h. The catalyst compositioni were reduced on the honeycomb using a forming

gas having 77o H.sub.2 ard93% N.sub .2 at3}}.degree. C. for 3 hours. Compositions conlaining

TiO.sub.2 included Z and3 weight percent platinum component on P25 titania; and2 and 3 weight

percent platinum component on UTSZ grade titania. DT51 grade titania was purchased from Rhone-

iroulenc and had a surface area of approximately 110 m.sup.2 lg.DT52 grade titania was a tungsten

containing titania purchased from Rhone-Poulenc and which had a surface area of approximately 2lA

m.sup.2 ti.pzs giade titania was purchased from Degussa and was characterized as having a particle size

orupp.o*i*atelf 1 .mu.m and a surface area of ca.45-50 m.sup.2 ig. Results are illustrated in FIG' 10.

Example 10

Example l0 relates to the evaluation of CO conversion for compositions containing alumina, ceria and

zeolite. The supports were characteized as described in Example 7. Compositions evaluated included 2

weight prr..rriilrtinum on low surface area theta alumina; 2 weight percent platinum and ceia;2

wei[nt percent platinum on SRS-II gamma alumina, and2weight percent platinum on Beta zeolite.

Results are illustrated in FIG. 11.

Example 11

CO conversion was measured v. temperature for compositions containing 2 weight percent platinum on

SRS-II gailrma alumina and on zSM:5 zeolite which were coated onto a 1993 Nissan Altima radiator as

recited I nxample 4 and tested using the same procedure to test CO as used in Example 4. Results are

illustrated in FIG. 9.

Example 12

0.659 g of a solution of amine solubilized platinum hydroxide solution having 17 .75 weight percent

platinrin (based on metallic platinum) was slowly added to 20 g of an I I .7 weight percent aqueous slurry

of a titania sol in a glass beaker and siirred with a magnetic stirrer. A one-inch diameter by one-inch long

400 cells per square"inch (cpsi) metal monolith cored sample was dipped into the slurry. Air was blown

over the coated monolith to clear the channels and the monolith was dried for three hours at l lO.degree.

C. At this time, the monolith was redipped into the slurry once again and the steps of air blowing the

channels and drying at l10.degree. C.-was repeated. The twice coated monolith was calcined at

3gg.degree. C. for foo hours. the uncoated metal monolith weighed 12.36 g. After the first dipping, it

weighe-d 14.069, after the first drying 12.6 g, after the second dipping 14.38 g and after calcination

weilrred 13.05 g indicating a totai*.lgt t gain of 0.69 g. The coated monolith had72 y'ft.sup.3 of
plati"num based-on the metal and is designited as72Pt/Ti. The catalyst was evaluated in an air stream

containing 20 ppm carbon monoxide at a gas flow rate of 36.6 liters per minute. After this initial

evaluation the catalyst core was reduced in a forming gas having 7'/ohydrogen and 93o/o nittogen at

3g0.degree. C. for i2 horr6 and the evaluation to treat an air stream containing 20 ppm carbon monoxide

was refeated. The reduced coated monolith as designatedasT2 PYTi/R. The above recited slurry was



then evaluated using a cored sample from a ceramic monolith having 400 cells per square inch (cpsi),

which was precoated with 40 g per cubic foot, of 5:l weight ratio of platinum to rhodium plus 2.0 g per
cubic inch of ES-160 (alumina) and the core had 11 cells by l0 cells by 0.75 inches long monolith and

designated as 33 Pt/7Rh/Al was dipped into the above recited slurry and air blown to clean the channels.

This monolith was dried at l10.degree. C. for three hours and calcined at 30O.degree. C. for two hours.

The catalyst substrate including the first platinum and rhodium layer weighed 2.19 g. After the first dip it
weighed 3.40 gand after calcination 2.38 g showing a total weight gain of 0.19 g which is equal to 0.90 g
per cubic inch of the platinum/titania slurry. The dipped ceramic core containedT4 per cubic foot of
platinum based on the platinum metal and designated as T4PtlTillPtlRh. Results are illustrated in FIG.
12.

Example 13

A platinum on titanium catalyst as described in the above referenced Example 12 has been used in an air
stream containing 4 ppm propane and 4 ppm propylene. In an air stream at a space velocity of 650,000
standard hourly space velocity. The platinum and titanium catalyst had72 g of platinum per cubic foot of
total catalyst and substrate used. It was evaluated on the ceramic honeycomb as recited in Example 13.

The measured results for propylene conversion were 16.70/o at 65.degree. C.; l9o/o at 70.degree. C.;
23.8% at75.degree. C.; 28.6% at 80.degree. C.; 35.7% at 85.degree. C.; 40.5o/o at 95.degree. C. and
47.6% at l05.degree. C.

Example 14

Example 14 is an illustration of a platinum component on atitania support. This Example illustrates the
excellent activity of platinum supported on titania for carbon monoxide and hydrocarbon oxidation. The
evaluation was carried out using a catalyst prepared from a colloidal titania sol to form a composition
comprising 5.0 weight percent platinum component based on the weight of the platinum metal and
titania. The platinum was added to titania in the form of amine solubilized platinum hydroxide solution.
It was added to colloidal titania slurry or into titania powders to prepare a platinum and titania containing
slurry. The slurry was coated onto a ceramic monolith having 400 cells per square inch (cpsi). Samples
had coating amounts varying from 0.8-1.0 g/in. The coated monoliths were calcined for 300.degree. C.
for 2 hours in the air and then reduced. The reduction was carried out at 30O.degree. C. in a gas

containing 7o/ohydrogen and 93o/onitrogen for l2 hours. The colloidal titania slurry contained l0%by
weight titania in an aqueous media. The titania had a nominal particle size of 2-5nm.

Carbon monoxide conversion was measured in an air stream containing 20 ppm CO. The flow rate of the
carbon monoxide in various experiments range from space velocities of 300,000 VHSV to 650,000
VHSV at a temperature between ambient to 1lO.degree. C. The air used was purified air from an air
cylinder and where humidity was added the air was passed through a water bath. Where humidity was
studied the relative humidity was varied from 0-100% humidity at room temperature (25.degree. C.). The
carbon monoxide containing air stream was passed through the ceramic monolith coated with the catalyst
compositions using a space velocity of 650,0001h.

FIG. l3 represents a study using air with 20 ppm CO having to measure carbon monoxide conversion v.
temperature comparing platinum supported on titania which has been reduced (PtlTi-R) at 3O0.degree. C.
using a reducing gas containingTo/o hydrogen and93o/o nitrogen for 12 hours as recited above with a non
reduced platinum supported on titania catalyst (PUTD coating. FIG. l3 illustrates a significant advantage
when using a reduced catalyst.

FIG. 14 illustrates a comparison of platinum on titania which has been reduced with varying supports



including platinum on tin oxide (Pt/Sn), platinum on zinc oxide (Ptlzn) and platinum on ceria (Pt/Ce) for
comparative sake. All of the samples were reduced at the above indicated conditions. The flow rate of
carbon monoxide in the air was 650,000 shsv. As can be seen, the reduced platinum on colloidal titania
had significantly higher conversion results than platinum on the various other support materials.

Hydrocarbon oxidation was measured using a 6 ppm propylene air mixture. The propylene air stream
was passed through the catalyst monolith at a space velocity of 300,000 vhsv at a temperature which
varied from room temperature to 1l0.degree. C. Propylene concentration was determined using a flame
ionized detector before and after the catalyst. The results are summarized in FIG. 15. The support used
was 5o/o by weight based on the weight of platinum metal and yttrium oxide Y.sub.2 O.sub.3. The
comparison was between reduced and non reduced catalyst. As shown in FIG. l5 reducing the catalyst
resulted in a significant improvement in propylene conversion.

The above recited platinum supported on titania catalyst was reduced in a forming gas containingTYo
hydrogen and93Yo nitrogen at 50O.degree. C. for I hour. The conversion of carbon monoxide was
evaluated in 0 percent relative humidity air at a flow rate of 500,000 vhsv. The evaluation was conducted
to determine if the reduction of the catalyst was reversible. Initially, the catalyst was evaluated for the
ability to convert carbon monoxide atZ2.degree. C. As shown in FIG. 16, the catalyst initially converted
about 53% of the carbon monoxide and dropped down to 30oh after approximately 200 minutes. At 200
minutes the air and carbon monoxide was heated to 50.degree. C. and carbon monoxide conversion
increased to 650/o. The catalyst was further heated to 100.degree. C. in air and carbon monoxide and held
at 100.degree. C. for one hour, and then cooled in air to room temperature (about 25.degree. C.). Initially,
the conversion dropped to about 30o/, in the period from about225-400 minutes. The evaluation was
continued at l00.degree. C. to 1200 minutes at which time conversion was measured at about 40%. A
parallel study was conducted at 5O.degree. C. At about 225 minttes the conversion was about 65oh. After
1200 minutes, the conversion actually rose to about 75%. This Example shows that reduction of the
catalyst permanently improves the catalysis activity.

Example 15

Example 15 is used to illustrate ozone conversion at room temperature for platinum andlor palladium
components supported on a manganese oxidelzirconia coprecipitate. This Example also shows a platinum
catalyst which catalyzes the conversion of ozone to oxygen and, at the same time, oxidize carbon
monoxide and hydrocarbons. Manganese oxidelzirconia mixed oxide powders were made having 1:l and
l:4 weight based on Mn andZr metals. The coprecipitate was made in accordance with the procedure
disclosed in U.S. Pat. No. 5,283,041referenced above. 3o/o and 6o/oPt on manganese/zirconia catalysts
(1:4 weight basis of Mn to Zr) were prepared as described in Example 4. SBA-150 gamma alumina (10%
based on the weight of the mixed oxide powder) was added as a binder in the form of a 40o/o water slurry
containing acetic acid (5Yo by weight of alumina powder) and milled to a particle size 90oh<10.mu.m.
The 6Yo weight percent Pd catalyst was prepared by impregnating manganese lzirconia frit (l : I weight
basis of Mn to Zr) to the point of incipient wetness with a water solution containing palladium tetraamine
acetate. After drying and then calcining the powder for two hours at 450.degree. C., the catalyst was
mixed in a ball mill with Nalco #1056 silica sol (10% by weight of catalyst powder) and enough water to
create a slurry of approximately 35% solids. The mixture was then milled until the particle size was
90%.1toreq.l0 .mu.m. Various samples were reduced using a forming gas having 7% H.sub.2 and93o/o

N.sub.2 at 3O0.degree. C. for 3 hours. Evaluations were conducted to determine the conversion of ozone
on coated radiator minicores from a 1993 Altima radiator which were approximately ll2 inchby 7i8 inch
by 1 inch deep. The evaluation was conducted at room temperature using a one-inch diameter stainless
steel pipe as described in Example 7 with house air (laboratory supplied air) at a 630,0001h space

velocity with an inlet ozone concentration of 0.25 ppm. Results are provided on Table VI.



TABLE VI SUMMARY OF FRESH ACTIVITY OZONE RESULTS - (39 cpsi Nissan Altima core,

630,000/h Space Velocity; 25.degree. C.;0.25 ppm ozone; House air - ca. 0.6% water) LOAD- CORE

ING CO-NVERSION CONVERSION NO. CATALYST (g/in.sup.3) (%) Initial (%) 45 Minutes I 3%

PtAvlnO.sub .2 I 0.1 70.7 65.8 ZrO.sub.2 (l:4) (calcined at 450.degree. C.) 2 3% Pt/MnO.sub.2 I 0.7 70.5

63.7 ZrO.sub.2 (1:4) (calcined at 450.degree. C.; reduced at 300.degree. C.) 3 6% Pt/MnO.sub.2 I 0.68

68.2 62.3 ZrO.stb.2 (l:4) (calcined at 450.degree . C.) 4 6o/,Pt/MnO.sub.2 I 0.66 66 55.8 ZrO.sub.2 (l:4)
(calcined 45O.degree. C.; reduced at 300.degree. C.) 5 6% Pd/Mno.stb.2 10.39 38.3 2l.l ZrO.sub.2 (1:l)
w.l}ohNalco 1056 6 MnO.sub.2 lZrO.yu;b.2 0.41 58.3 44.9 (l:1) w. l0% Nalco 10567 MnO.sub.2

lZrO.sub.2 0.37 55.8 41.2 (l:l) w. 10% Nalco 1056 8 3o/oPtlZrO.sub.2 I 0.79 27.4 l0 Sio.sub.2
(calcined 450.degree. C.) 9 3o/oPtlZrO.sub.2 I 0.76 54.2 30.1 SiO.sub.2 (calcined 450.degree. C. and

reduced at 3O0.degree. C.)

As can be seem from Table VI Cores I and 2 having only 3o/o platinum resulted in excellent ozone

conversion initially and after 45 minutes both for reduced and unreduced catalyst. Cores 3 and 4 having a

6Yo platiruxr. concentration also had excellent results but not quite as good as the 3o/o platinum results.

Cores 5-7 illustrate a variety of other support materials used which resulted in conversion of ozone. Core

5 had palladium on a manganese oxidelzirconia coprecipitate and resulted in lower than expected but still
significant ozone conversion. Cores 6 and 7 evaluations used the coprecipitate without precious metal

and also resulted in significant ozone conversions but here again not as good as when using platinum as a

catalyst. Core 8 was platinum on a zirconia/silica support which was calcined but not reduced and Core 9

was platinum on zirconia/silica support which was reduced- Both Cores 8 and 9 gave some conversion
but yet not as good as the conversion obtained with platinum on the coprecipitate.

In addition, carbon monoxide conversion was evaluated on 39 cpsi radiator minicores, as recited, for 3o/o

and 60/o platinum on manganese/zirconia supports. Reduced and unreduced samples were evaluated. For
illustrative purposes, platinum on zirconia/silica supports and platinum on Carulite.RTM. reduced and

unreduced are also presented. As can be seen from FIG. 17,the results of 3% reduced platinum on

manganeselziconia support were higher when compared to the other embodiments.

Example 16 (Comparative)

Ozone conversion was measured over an uncoated 1995 Ford Contour radiator at room temperature and

8O.degree. C.by blowing an air stream containing ozone (0.25 ppm) through the radiator channels at a l0
mph linear velocity (630,000/h space velocity) and then measuring the concentration of ozone exiting the

back face of the radiator. The air stream had a dew point of approximately 35.degree. F. Heated coolant
was not circulated through the radiator, but the air stream was heated as necessary with heating tape to
achieve the desired radiator temperature. Additional testing was completed with an uncoated 0.75"
(L)x0.5" (W)xI.0" (D) Ford Taurus radiator "mini-core" in a l" diameter stainless steel pipe as described
in Example 7. The air stream was heated with heating tape to achieve the desired radiator temperature.

For both tests, no decomposition of ozone was observed up to l20.degree. C.

Example 17

Ozone conversion was measured at various temperatures for a reduced 3%PtlTio.sub.2 catalyst in the

absence and in the presence of 15 ppm CO. Degussa P25 grade titania was used as the support and was

charactenzed as having a particle size of approximately I .mu.m and a surface area of ca. 45-50 m.sup.2

/g. The catalyst was coated onto a 300 cpsi ceramic (cordierite) honeycomb and was reduced on the

honeycomb using a forming gas having 7% H.sub.2 and 93% N.sub.2 at30}.degree. C. for 3 hours.
Testing was accomplished as described previously in Example 7. The air stream (35.degree. F. dewpoint)



was heated with heatingtape to achieve the desired temperature. As can be seen in FIG. 18, an
approximate 5o/o enhancement in absolute ozone conversion was observed from 25 to SO.degree. C. The
presence of CO improves the conversion of ozone.

Example 18

100 g of Versal GL alumina obtained from LaRoche Industries Inc. was impregnated with about 28 g of
Pt amine hydroxide (Pt(A)salt) diluted in water to about 80 g of solution. 5 g of acetic acid was added to
fix the Pt onto the alumina surface. After mixing for half hour, the Pt impregnated catalyst was made into
a slurry by adding water to make about 40% solids. The slurry was ballmilled for 2 hours. The particle
size was measured tobe90o/o less than l0 microns. The catalyst was coated onto a 1.5" diameterby 1.0"
length 400 cpsi ceramic substrate to give a washcoat loading after drying of about 0.65 g/in.sup.3. The
catalyst was then dried at lO0.degree. C. and calcined at 550.degree. C. for 2 hours. This catalyst was
tested for C.sub.3 H.sub.6 oxidation at temperatures between 60 and lO0.degree. C. in dry air as
described in Example 21.

Some of calcined PVAl.sub.2 O.sub.3 sample described above was also reduced inTo/oH2/N2 at
4O0.degree. C. for I hour. The reduction step was carried out by ramping the catalyst temperature from
25 to 40O.degree . C. at aH2lNZ gas flow rate of 500 cclmin. The ramp temperature was about 5.degree.
C./min. The catalyst was cooled down to room temperature and the catalyst was tested for C.sub.3
H.sub.6 oxidation as described in Example2l.

Example 19

6.8 g of ammonium tungstate was dissolved in 30 cc of water and the pH adjusted to 10 and the solution
impregnated onto 50 g of Versal GL alumina (LaRoche Industries Inc.). The material was dried at
lO0.degree. C. and calcined for 2 hours at 550.degree. C. The approximately l\%by metal weight of W
on Al.sub.2 O.sub.3 was cooled to room temperature and impregnated with 13.7 gof Pt amine hydroxide
(183%Pt).2.5 g of acetic acid was added and mixed well. The catalyst was then made into a slurry
containing 35% solid by adding water. The slurry was then coated over a 400 cpsi, 1.5"-1.0" diameter
ceramic substrate resulting, after drying, in having a catalyst washcoat loading of 0.79 g/in.sup.3. The
coated catalyst was then dried and calcined at 550.degree. C. for 2 hours. The catalyst was tested calcined
in C.sub.3 H.sub.6 and dry air in the temperature range 60 to l00.degree. C.

Example 20

6.8 g of perrhenic acid(36% Re in solution) was further diluted in water to make l0 g percent perrhenic
acid solution. The solution was impregnated onto 25 g of Versal GL alumina. The impregnated alumina
was dried and the powder calcined at 55O.degree. C. for 2 hours. The impregnated 10 weight percent
based metal of Re on Al.sub.2 O.sub.3 powder was then further impregnated with 6.85 g of Pt amine
hydroxide solution (Pt metal in solution was 18.3%). 5 g of acetic acid was added and mixed for a half
hour. A slurry was made by adding water to make 28Yo solid. The slurry was ballmilled for 2 hours and
coated onto 1.5" diameter x 1.0" length 400 cpsi ceramic substrate to give a catalyst washcoat loading of
0.51 g/in.sup.3 after drying. The catalyst coated substrate was dried at l0O.degree. C. and calcined at
550.degree. C. for 2 hours. The catalyst was tested in the calcined form using 60 ppm C.sub.3 H.sub.6
and dry air in the temperature range of 60 to l00.degree. C.

Example 21

The catalyst.of Examples 18, l9 and 20 were tested in a microreactor. The size of the catalyst samples



was 0.5" diameter and 0.4" length. The feed was composed of 60 ppm C.sub.3 H.sub.6 in dry air in the

temperature range of 25 to l00.degree. C. The C.sub.3 H.sub.6 was measured at 60, 70, 80, 90 and

lO0.degree. C. at steady sate condition. Results are summarized in Table VII.

TABLE VII SUMMARY RESULTS OF C3H6 CONVERSION Catalyst Name PV Pt/Al.sub.2 O.sub.3

rc%WlPtfl}%Ptel o/o C3H6 Pt/Al.sub.2 O.sub.3 Calcined Al.sub.2 O.sub.3 Al.sub.2 O.sub.3
Conversion Calcined and reduced Calcined Calcined @ (Ex.l8) (Ex. 18) (Ex. 19) (Ex. 20) 60.degree. C.

0 10 9 11 70.degree. C. 7 22 17 27 8}.degree. C. 20 5A 39 45 90.degree. C. 38 7A 65 64 100.degree. C.

60 83 82 83

It is clear from the Table that addition of W or Re oxide has enhanced the activity of the Pt/Al.sub.2
O.sub.3 in the calcined form. The C.sub.3 H.sub.6 conversion of the calcined PVAl.sub.2 O.sub.3 was
enhanced significantly when catalyst was reduced at 4O0.degree. C. for I hour. The enhanced activity
was also observed for the calcined catalyst by incorporation of W or Re oxides.

Example 22

This is an example of preparing high surface area cryptomelane using MnSO.sub.4.

Molar ratios: KMnO.sub.4 : MnSO.sub.4 : acetic acid were l:1.43:5.72

Molarities of Mn in solutions prior to mixing were:

0.44 M KmnO.sub.4

0.50 M MnSO.sub.4

FW KMnO.sub.4 :l 58.04 g/mol

FW MnSo.sub.4.H.sub.2 0:769.0 I g/mol

FW C.sub.2 H.sub.4 O.sub.2:60.0 g/mol

The following steps were conducted: 1. Made a solution of 3.50 moles (553 grams) of KMnO.sub.4 in
8.05 L of D.I. water and heated to 68.degree. C. 2.Made 10.5 L of 2N acetic acid by using 1260 grams of
glacial acetic acid and diluting to 10.5 L with D.I. water. Density of this solution is 1.01 gltnL.3.
Weighed out 5.00 moles (846 grams) of manganous sulfate hydrate (MnSO.sub.4.H.sub.2 O) and
dissolved in 10,115 g of the above 2N acetic acid solution and heated to 4O.degree. C. 4. Added the
solution from 3. to the solution from l. over l5 minutes while continuously stirring. After addition was
complete, began heating the slurry according to the following heat-up rate:

l:06pm 69.4.degree. C. l:07 pm 7l.2.degree. C. 1:11 pm 74.5.degree. C. 1:15 pm 77.3.degree. C. l:18
pm SO.2.degree. C.l:23 pm 83.9.degree. C.l:25 pm 86.7.degree. C.l:28 pm 88.9.degree. C. 5. At 1:28
pm approximately 100 mL of slurry was removed from the vessel and promptly filtered on a BUchner
funnel, washed with? L of D.I. water; and then dried in an oven at l0O.degree. C. The sample was
determined to have a BET Multi-Point surface area of 259 m.sup.2 /g.

Example 23

This is an example of preparing high surface area cryptomelane using Mn(CH.sub.3 COO).sub.2.



Molar ratios: KMnO.sub.4 : Mn(CH.sub.3 CO.sub.2).sub.2 : acetic acid were l:1.43:5.72

FW KMnO.sub.4:158.04 g/mol Aldrich Lot #08824MG

FW Mn(CH.sub.3 CO.sub.2).sub.2.H.sub .2 0:245.A9 g/mol Aldrich Lot#08722HG

FW C.sub.2 H.sub.4 O.sub.2:60.0 g/mol 1. Made a solution of 2.0 moles (316 grams) of KMnO.sub.4 in

4.6L of D.I. water and heated to 60.degree. C. by heating on hot plates. 2.Made up 6.0 of 2N acetic acid

by using 720 gramsof glacial acetic acid and diluting to 6.0 L with D.I. water. Density of this solution is

t.Ot glmt. 3. Weighed out 2.86 moles (700 grams) of manganese (II) acetate tetrahydrate [Mn(CH.sub.3
CO.sub.2).stb.Z.4H2Ol and dissolved in 5780 g of the above 2N acetic acid solution (in the reactor

vessel). Heated to 60.degree. C. in the reactor vessel. 4. Added the solution from l. to the solution from

3. while maintaining the slurry at 62-63.degree. C. After complete addition, gently heated the slurry

according to the following:

82.0.degree. C. at 3:58 pm

86.5.degree. C. at 4:02 pm

87.0.degree. C. at 4:06 pm

87.1.degree. C. at 4:08 pm

shut off heat then quenched the slurry by pumping 10 L of D.I. water into the vessel. This cooled the

slurry to 53.degree. C. at 4:13 pm. The slurry was filtered on Buchner funnels. The resulting filter cakes

were reslurried in 12L of D.I. water then stirred overnight in a 5 gallon bucket using a mechanical

stirrer. The washed product was refiltered in the morning then dried in an oven at lOO.degree. C. The

sample was determined to have a BET Multi-Point surface area of 296 m.sup.2 /g. The resulting

cryptomelane is characterrzed by the XRD pattern of FIG. 20.\t is expected to have an IR spectrum

similar to that shown in FIG. 19.

Example 24

Following is a description of the ozone testing method for determining percent ozone decomposition

used in this Example. A test apparatus comprising an ozone generator, gas flow control equipment, water

bubbler, chilled mirror dew point hygrometer, and ozone detector was used to measure the percent ozone

destroyed by catalyst samples. Ozone was generated in situ utilizing the ozone generator in a flowing gas

stream comprised of air and water vapor. The ozone concentration was measured using the ozone

detector and the water content was determined utilizing the dew point hygrometer. Samples were tested

as 25.degree. C. using inlet ozone concentrations of 4.5 to 7 parts per million (ppm) in a gas stream

flowing at approximately 1.5 L/minute with a dew point between 15.degree. C. and lT.degree- C.

Samples were tested as particles sized to -251+45 mesh held between glass wool plugs in a ll4" I-D.
Pyrex.RTM. glass tube. Tested samples filled a I cm portion of the glass tube.

Sample testing generally required between 2 to 16 hours to achieve a steady state of conversion. Samples

typiCaly gaveclose to 100% conversion when testing began and slowly decreased to a "leveled off'
conversation that remained steady for extended periods of time (48 hours). After a steady state was

obtained, conversions were calculated from the equation: o/o ozorte conversion:[(l-(ozone concentration

after passing over catalyst)/(ozone concentration before passing over catalyst)]*100.



Ozone destruction testing on the sample of Example 22 showed 58% conversron.

Ozone destruction testing on the sample of Example 23 showedS5o/o conversion.

Example 25

This example is intended to illustrate that the method of Example 23 generated "clean" high surface area
cryptomelane for which the ozone destruction perfbrmance was not further enhanced by calcination and
washing, A20 gramportion of the sample represented by Example 23 was calcined in air at 200.degree.
C. for I hour, cooled to room temperature, then washed at l0O.degree. C. in 200 mL of D.I. water by
stirring the slurry for 30 minutes. The resulting product was filtered and dried at l00.degree. C. in an
oven. The sample was determined to have BET Multi-Point surface area of 265 m.sup.2 lg. Ozone
destruction testing on the sample showed 85oZ conversion. A comparison to the testing of the sample of
Example 23 demonstrated that no benefit in ozone conversion was realized from the washing and
calcination of the sample of Example 23.

Example 26

Samples of high surface area cryptomelane were obtained from commercial suppliers and modified by
calcination and/or washing. As received and modified powders were tested for ozone decomposition
performance according to the method of Example 24 and characteized by powder X-ray diffraction,
infrared spectroscopy, and BET surface area measurements by nitrogen adsorption.

Example 26a

A commercially supplied sample of high surface area cryptomelane (Chemetals, Inc., Baltimore, Md.)
was washed for 30 minutes in D.I. water at 60.degree. C., filtered, rinsed, and oven-dried at l00.degree.
C. Ozone conversion of the as received sample was 64Yo compared to 79Yo for the washed material.
Washing did not change the surface area or crystal structure of this material (223 msup.2 lg
cryptomelane) as determined by nitrogen adsorption and powder X-ray diffraction measurements,
respectively. However, infrared spectroscopy showed the disappearance of peaks at 7220 and 1320
wavenumbers in the spectrum of the washed sample indicating the removal of sulfate group anions.

Example 26b

Commercially supplied samples of high surface area cryptomelane (Chemetals, Inc., Baltimore, Md.)
were calcined at 3O0.degree. C. for 4 hours and 400.degree. C. for 8 hours. Ozone conversion of the as
received material was 44o/o compared to 7l%o for the 300.degree. C. calcined sample atd75o/o for the
400.degree. C. calcined sample. Calcination did not significantly change the surface area or crystal
structure of the 300.degree. C. or 40O.degree. C. samples (334 m.sup.2 /g cryptomelane). A trace of
Mn.sub.2 O.sub.3 was detected in the 400.degree. C. sample. Calcination causes dehydroxylation of
these samples. Infrared spectroscopy show a decrease in the intensity of the band betw een 2700 and 3700
wavenumbers assigned to surface hydroxyl groups.

Example 27

The addition Pd black (containing Pd metal and oxide) to high surface area cryptomelane is found to
significantly enhance ozone decomposition perfoflnance. Samples were prepared comprising Pd black
powder physically mixed with powders of (1) a commercially obtained cryptomelane (the 3O0.degree. C.



calcined sample described in Example 26b) md (2) the high surface area cryptomelane synthesized in
Example 23 calcined at 200.degree. C. for I hour. The samples were prepared by mixing, in a dry state,
powder of Pd black and cryptomelane in a l:4 proportion by weight. The dry mixture was shaken until
homogeneous in color. An amount of D.I. water was added to the mixture in a beaker to yield 204A%
solids content, thus forming a suspension. Aggregates in the suspension were broken up mechanically
with a stirring rod. The suspension was sonicated in a Bransonic.RTM. Model 5210 ultrasonic cleaner for
l0 minutes and then oven dried at 120-l4}.degree. C. for approximately 8 hours.

The ozone conversion for the commercially obtained cryptomelane calcined at 30O.degree. C. was 7lo/o

as measured on the powder reactor (Example 26b). A sample of this product was mixed with 20 weight
percent Pd black yielded 88% conversion.

The cryptomelane sample prepared as in Example 23 calcined at 2OO.degree. C. had 85olo conversion.
Performance improvedto 97Yo with 20 weight percent Pd black added.

Example 28

1500 g of high surface area manganese dioxide (cryptomelane purchased from Chemetals) and 2250 gof
deionized water were combined in a one gallon ball mill and milled for 1.5 hours to a particle size

90%.1toreq.7 .mu.m. After draining the resulting slurry from the mill into a separate I gallon container,
sufficient KOH (20% solution in DI water) was added to raise the pH to ca. 9.5- Additional KOH was
added over the next several days to maintain a pH of 9.5. Subsequently,294 g (10% solids basis) of
National Starch x-4280 acrylic latex polymer (51oh solids) was added. Thorough blending of the binder
was achieved by rolling the container containing the slurry on a two roll mill. The container contained no
milling media such as ceramic milling balls. Slurry made according to this process was coated onto a
variety of substrates and exhibited excellent adhesion. Such substates included a porous monolithic
support (eg. ceramic honeycomb) onto which the coating was applied by dipping the honeycomb into the

slurry. The slurry was also spray coated onto an aluminum radiator. It was also dip coated on to small
radiator minicores of the type recited above. Additionally, polyfiber filter media of the type used to filter
air was coated by dipping or spraying. Typically, the samples were coated with loadings which could
vary from 0.15 to 1.5 grams per cubic inch. The samples were air dried at 30.degree. C. until dry,
typically for at least two hours. Excellent catalyst adhesion was attained in each case (i.e. coating could
not be wiped off). Higher temperatures of drying (up to 150.degree. C.) can be utilized if desired. The

latex cures during drying.

Example 29

To 96.56 g of the ball milled catalyst slurry obtained in Example 28 (before KOH addition) was added

3.20 g (3% solids basis) of Rhone-Poulenc Colloid 226 polymeric dispersant. After rolling the mixture on
a roll mill for several hours, 7 .31 g (10% solids basis) of National Starch x-4280 acrylic latex polymer
(51% solids) was added. As in Example 28, thorough blending of the binder was achieved by rolling the
container containing the slurry on a two roll mill. The container contained no milling media such as

ceramic milling balls. Slurry made according to this process was coated onto a variety of substrates and

exhibited excellent adhesion. Such substates included a porous monolithic support (eg. ceramic
honeycomb) onto which the coating was applied by dipping the honeycomb into the slurry. The slurry
was also dip coated on to small radiator minicores of the type recited above. Typically, the samples were
coated with loadings which could vary from 0.15 to 1.5 grams per cubic inch. The samples were air dried
at 30.degree. C. until dry, typically for at least two hours. Excellent catalyst adhesion was attained in
each case (i.e. coating could not be wiped off). Higher temperatures of drying (up to l50.degree. C.) can

be utilized if desired. The latex cures during drying.



Example 30

8.9 grams of D.I. water was added to l.l grams of TiO2 nano powder in a beaker. An ammonialwater
concentrate was added to adjust the pH to 9.5. A solution of amine solubilized platinum hydroxide
having 17 .75 weight percent platinum (based on metallic platinum) was slowly added, with mixing to
obtain 5%by weight of platinum on titania. Then a solution of palladium nitrate containing 2A%by
weight based on palladium metal was added, with mixing to obtain 14.3% palladium on the titania. A
one-inch diameter by one-inch long 400 cells per square inch (cpsi) metal monolith cored sample was
dipped into the slurry. Air was blown over the coated monolith to clear the channels and the monolith
was dried for three hours at 1l0.degree. C. At this time, the monolith was redipped into the slurry once
again and the steps of air blowing the channels and drying at I lO.degree. C. was repeated. The twice
coated monolith was calcined at 300.degree. C. for two hours. After this initial evaluation the catalyst
core was reduced in a forming gas having TYohydrogen and 93o/o nitrogen at 3O0.degree. C. for l2 hours.
The catalyst was evaluated in an air stream containing 20 ppm carbon monoxide and20 ppm of
hydrocarbons based on C.sub.l. The hydrocarbons were evaluated in the presence of the 20 ppm CO.
The hydrocarbons evaluated were ethylene C.sub.2:;propylene C.sub.3 :; and pentene C.sub.5 :at a
gas flow rate of 36.6 liters per minute which corresponds to 300,000 standard hourly space velocity
(SHSV). The air stream was at 30Yorelative humidity (RH).Results are illustrated in FIG. 21.
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January 29,20L6

Marty Gray, Major NSR Section Manager
Utah Division of Air Quality
195 North 1950 West
P.O. Box 1,44820

Salt Lake City, Utah 8411.4-4920

LJTAH ri=P,'\FlTtul ENT OF
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r5B 0 I 20t0

DIVISIOIi OF AIR QUALITY

HAND DELIVERED

TESORO
Tesoro Refining and Marketing Company
Mountain Region
474Wes|900 North
Salt Lake City, UT U103-1494
801 521 4810
801 521 4952Fax

Dear Mr. Gray:

On November \O,20L5, Tesoro Refining & Marketing Company LLC (Tesoro) submitted a Notice of
lntent (NOl) application for installation of Ultra-Low NOx Burners on the Ultraformer Unit (UFU) F-1
Furnace at the Salt Lake City Refinery. The NOI was for the purpose of achieving the NOx reduction from
the F-1 Furnace required by the PM2.5 SlP. Since the time the original application was submitted, Tesoro
has determined that the projected annualfiring rate of the burners will be higherthan anticipated in the
original submittal. This results in a very small increase in particulate and VOC emissions. An updated
version of Table 3-3 of the original application is presented below to reflect the change in emissions due
to the updated projected actualfiring rate of the F-i. Furnace. Attachment B (Emission calculations)has
also been updated and is included as an attachmentto this letter.

Table 3-3. Project Actual Emission Increase Summary

* For the regulatory applicability purposes of this table, a zero emission increase is sr,o*n; f,o*er"r, this prolect
will result in an estimated decrease in actual Nox emissions of 13 ton/yr.

As described in Section 3.0 of the initialapplication, the project is not a major modification and is not
subject to the PSD program. The updated projected firing rate does not change the pSD applicability of
the project.

Section 4-4.2 of the initial application describes applicability of best available control technology (BACT).
A BACT review is required for new emission units and existing emission units where there is a physical
modification and an increase in emissions. As a result of the updated projected actualfiring rate, as
shown in the table above, there willbe a slight increase in emissions of pM/pMrs/pMz.s,and VOCfrom
the UFU Furnace F-1. A BACT evaluation has been prepared in accordance with R3O7-401-5(d) and is
attached to this letter. For PM/PM1o/PMr.s, BACT is determined to be good combustion practices and

Emissions Unit

Nox Soz CO PM PMro PMz.s voc H2SO4

tpy tpv tpy tpv tpy tpy tpy tpy
UFU Furnace F-1 0.00* 0.00 0.00 0.40 0.40 0.40 0.29 0.00

Cogeneration Units 0.72 0.2s 0.78 0.10 0.10 0.10 0.05 0.00

New Process Components 0.00 0.00 0.00 0.00 0.00 0.00 2.42 0.00

Total Project Emission Increase 0.72 0.25 0.78 0.50 0.50 0.50 2.76 0.00



use of gaseous fuel. For VOC, BACT is determined to be good combustion practice and proper
equipment design, which is the industry standard for control of voC emissions from refinery process
heaters.

This update to the Nol application does not change the result of any applicable rules or requirements as
described in the original NOI application.

Please contact me at 801-52L-4966 or Michelle Bujdoso at 801-366-2035 if you need more information
or have questions.

Sincerely,

William Snarr
Health Safety and Environmental Manager

Enclosures
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Best Available Control Technology Review

Prepared for
Tesoro Refining and Marketing Company

Salt Lake City Refinery
Salt Lake Gity, UT

January 2016
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1.0 Executive Summa

Tesoro Refining & Marketing Company LLC's (Tesoro's) Salt Lake City (SLC) Refinery is

proposing to install Ultra Low NOl burners (ULNB) on the Ultraformer Unit (UFU) Fumace F-l.
The Project will replace the existing burners in the UFU Furnace F-l with ULNB and is being

undertaken primarily to meet the PM2 5 SIP requirements. The Project will result in an estimated

actual reduction in NOx emissions of 13 tons/yr. Further, the Project will not result in a significant

emission increase or significant net emission increase in air emissions of any regulated New Source

Review (NSR) pollutant from the refinery; therefore, the Project is not subject to federal NSR

requirements as provided in Utah's State Implementation Plan (SIP). However, Utah Administrative

Code, Air Quality Rule R307-a01-3(c) requires submittal of a Notice of Intent (NOD to "install a

control apparatus or other equipment intended to control emissions of air contaminants."

Additionally under R307-401-5(d), the NOI must include, "an analysis of best available control

technology for the proposed source or modification" for any unit that will be both physically

modified and experience an increase in emissions as a result of the project. Accordingly, Tesoro

is submitting this Best Available Control Technology (BACT) analysis for the UFU, which will
experience a small increase in emissions of particulate matter and volatile organic compounds as a

result of the installation of the ULNB on the UFU. This BACT analysis follows the following

approach:

Step 1 - Identify All Available Control Technologies

Step 2 - Eliminate Technically Infeasible Options

Step 3 - Rank Remaining control Technologies by control Effectiveness

Step 4 - Evaluate Most Effective Control Technologies and Document Results

Step5-SelectBACT

a

a



2.0 BACT Methodology

As presented in R307-401-2 (d):

""Best available control technologt" means an emissions limitation (inctuding a visible emissions

standard) based on the maximum degree of reduction for each air contaminant which would be

emitted from any proposed stationary source or modification which the director, on a case-by-case

basis, taking into account energt, environmental, and economic impacts and other costs, determines

is achievable for such soLtrce or modification through application of production processes or
available methods, systems, and techniques, includingfuel cleaning or treatment or innovativefuel

combustion techniquesfor control ofsuch pollutant. In no event shall application ofbest available

control technologlt result in emissions of any pollutant which would exceed the emissions allowed by

any applicable standard under 40 CFR parts 60 and 61. If the director determines that technological

or economic limitations on the application of measurement methodologlt to a particular emissions

unit would make the imposition of an emissions standard infeasible, a design, equipment, work
practice, operational standard or combination thereof, may be prescribed instead to satisfy the

requirement for the application of best available control technology. Such standard shatl, to the

degree possible, setforth the emissions reduction achievable by implementation of such design,

equipment, work practice or operation, and shall provide for compliance by means which achieve

equivalent results."

For purposes of this analysis, the proposed BACT emissions limits have been selected using the

approach set forth above.

Step I - Identify all Control Technologies

All available control technologies are identified. A control technology is considered available for a
specific pollutant if it could practically be applied to the specific emission unit. To identify all
available control technologies, the following sources were consulted:

EPA's RACT/BACT/LAER Clearinghouse (RBLC);

EPA's Clean Air Technology Center (CATC) website;

Control Technology Vendors; and/ or

Other EPA/State air quality permits.

a

o

a

a



Step 2 - Eliminate Technically Infeasible Options

Each control technology identified in Step 1 is evaluated, using source-specific factors, to determine

if it is technically feasible. If physical, chemical and engineering principles demonstrate that a

technology could not be successfully used on the emission unit, then that technology is determined to

be technically infeasible. Economics are not considered in the determination of technical feasibility.
Technologies that are determined to be infeasible are eliminated from further consideration.

Step 3 - Rank Remaining Control Technologies by Control Effectiveness

All technically feasible technologies are ranked in order of overall control effectiveness. Rankings

are based on the level of emission control expressed as emissions per unit of production, emissions

per unit of energy used, control efficiency, or a similar measure. The control effectiveness listed will
be representative of the level of emission control which can be achieved by the control technology at

the operating conditions of the emission unit being reviewed. Controls are listed in order of overall
control effectiveness for the pollutant under review, with the most effective control alternative at the
top.

Step 4 - Evaluate Most Effective Control Technologies and Document Result

The economic, environmental, and energy impacts of each technically feasible control technology are

evaluated. Step 4 is only required if the most effective control technology is not proposed as BACT.

Step5-SelectBACT

The most effective option not rejected is BACT. Per R307-401-2(d),if technological or economic

limitations on the application of measurement methodology to a particular emissions unit would make the
imposition of an emissions standard infeasible, a design, equipment, work practice, operational standard,

or combination thereof, may be prescribed instead to satisfy the requirement for the application of BACT.



3.0 BACT for Modified UFU Furnace F-1

3.1 UFU Furnace F-1 PM/PM1g/pM2.5 Emissions
Particulate matter including PM less than 10 microns in diameter (PM,o) and pM less than 2.5

microns in diameter (PMz.s) has the potential to be emitted from UFU Furnace F-1 as a result of
incomplete combustion, particulate matter present in the combustion air, and solid and condensable

materials contained in gaseous fuels. The existing UFU Furnace F-1 uses refinery fuel gas. This
BACT report consolidates the BACT analysis for PM, PM1s, and PM2.5 because particulate matter
from gaseous fuel firing can all be considered to be fine particulate less than 1.0 micron in size.r

3.1.1 Step 1 - ldentify All Available Control Technotogies for pM/pMl,/pMz.s
Emissions

Potentially available control options for PM/PMr0/PM2.5 emissions from combustion at UFU Furnace
F-l are shown in the table below:

Table 3-1 PM/PM10/PM2.5 Emission Gontrol options for uFU Furnace F-1

Add-On Control
Technologies

Add-on particulate control technologies, such as a baghouse or electrostatic
precipitator (ESP), are control technologies that reduce primarily filterable
particulate emissions entrained in the exhaust gas stream.

Clean Fuels
Both refinery fuel gas and natural gas contain very low concentrations of ash
and other forms of particulate matter, thus the use of the gaseous fuel
minimizes PM/PMr9/PM2 5 emissions.

Good Combustion
Practices

Good combustion practices are preventative measures that minimi ze the
release of pollutants generated from incomplete combustion of fuels into the
environment. Good combustion practices may include the proper design and
maintenance of equipment, good housekeeping, and good opeiating practices

3.1-2 Step 2 - Technical Feasibility of PM/PMro/PMz.s Controt Options as
Applied to UFU Furnace F-1

The use ofadd-on control technologies, such as a baghouse, electrostatic precipitator, or wet
scrubber, can provide particulate matter control for solid and liquid fuel combustion applications by
removing filterable PM. However, these add-on control technologies are not effective for gaseous

I AP 42,Chapter 1.4 Table 1.4-2,ht@:l/www3.epa.govlttn/cfueflap42/ch0l/finaVc0lsO4.pdf



fuel post-combustion emissions control due to the very low filterable pM outlet concentrations and
the capture limitations of the control technologies.

EPA's emissions factor information for natural gas combustion provide d, in ,\p-42,lists the filterable
particulate matter concentration for natural gas combustion at 0.0015 grldscf exhaust, which is lower
than the post-combustion outlet range achievable with add-on control devices. Additionally, it is
expected that the particulate emission rates for refinery fuel gas combustion are consistent with the
natural gas factors from AP-42 and also are below the post-combustion outlet range achievable with
add-on control devices. Accordingly, add, on controls are not proposed because they will not reduce
emissions for this source fired by refinery fuel gas.

It is Tesoro's understanding that no add-on control technologies for particulate emissions have been
applied to reduce particulate emissions from a gas-fired refinery process heater. Additionally, there
were no applications of add-on particulate control technologies for gas fuel gas fired process heaters
identified in the RBLC or any of the other references reviewed as part of this BACT analysis, as

listed in Section 1.0 above. This is most likely because gaseous fuels have almost no inert materials
or ash, and therefore, the "uncontrolled" filterable particulate emissions from the combustion of these
gaseous fuels is as low (or lower) than a controlled filterable particulate emission rate from a solid or
liquid fuel combustion source that uses an air pollution control technology such as a baghouse.

Consequently, there is no add-on control technology that is technically feasible for controlling
PM/PMlo/ PM2-5 emissions at UFU Furnace F-1. Adherence to good combustion practices with the
use of refinery fuel gas are the only technically feasible control options for control of particulate
emissions.

3'1'3 Step 3 - Rank Effectiveness of Feasibte PM/PMro/pMz.s Gontrol options
Tesoro will combine good combustion practices with the use of refinery fuel gas as clean fuels
because those options are the only technically feasible PM/PM16 /pM2.5control options for UFU
Furnace F-1. Ranking of the control measures is not necessary because both can be used in
combination.

3'1'4 Step 4 - Evaluation of Most Effective PM/PM1o/PMz.s Contro! options
Tesoro has selected the only technically feasible, and thus the top ranked, control options. There are
no adverse energy, environmental, or economic impacts associated with implementing good
combustion practices or with the use of refinery fuel gas at UFU Furnace F_l.



3.1.5 Step 5 - PM/PMro/pMz.s BACT Selection
Good combustion practices in conjunction with the use of refinery fuel gas is the proposed BACT for
particulate emissions from UFU Furnace F-1. Total particulate emissions, including pM, pMls and
PMz.s, from UFU Furnace F-1 have been estimated using the AP-42 emission factor of 0.0075
lb/MMBtu for natural gas combustion, which is a representative estimate of the pM/pMr0/pM2 

5

emissions that may result from refinery fuel gas combustion.Per AP-42 all pM (total, condensable,
and filterable) that results from gaseous fuel combustion can be considered to be less than 1.0

micrometer in diameter; therefore the PM emission factor can be used to estimate pM, pMls and
PMz.s. To ensure continued operation applying good combustion techniques, Tesoro will conduct
heater tune-ups in accordance with 40 C.F.R. Part 63, Subpart DDDDD. Actions taken during each
tune up will follow the schedule required for this unit under NESHAP Subpart DDDDD.

3.2 UFU Furnace F-1 VOC Emissions
VoC is emitted from UFU Furnace F-1 as a result of incomplete combustion of hydrocarbons. VoC
formation is dependent on the efficiency of the process heaters. Emissions are result of low operating
temperature, insufficient residence time, inadequate mixin g, andlor low air-to-fuel ratio in the
combustion zone. Additionally, trace amounts of VOC species in the refinery fuel gas (e.g.,
formaldehyde and benzene) may also contribute to VOC emissions if they are not completely
combusted in the unit.

3'2.1 Step 1 - ldentify All Avaitable Control Technologies for Voc Emissions
Potentially available control options for VOC emissions from UFU Furnace F-1 are shown in the
table below:

Table 3-2 VOC Emission Contro! Options

Catalytic Oxidation

Catallic oxidation of VOC gases requires a catalyst bed located in the exhaust of the
unit being controlled where vocs are converted to co2 and water vapor in the
presence of excess air in the combustion exhaust stream. For gaseous fired
combustion units reduction efficiency can reach up to 50%. The optimal range for
oxidation catalysts is approximately g50 to 1,100 .F.

Proper Burner Design
and Good Combustion
Practices

Good design includes process and m"chu
inherently lower pollutitg or are designed to minimize emissiJns and achieve good
combustion efficiency. Good combustion practice includes operational and des-ign
elements to control the amount and distribution of excess airln the flue gas. This
ensures that there is enough oxygen present for complete combustion. If sufficient
combustion air supply, temperature, residence time, and mixing are incorporated in
the combustion design and operation, voc emissions are minitized.



3-2.2 Step 2 - Technical Feasibility of VOC Control Options as Applied to UFU
Furnace F-1

The technical feasibility of potential control options for VOC emissions are summar ized inthe below
table.

Table 3-3 Technical Feasibility of VOG Controt Options for UFU Furnace F-1

Catalytic Oxidation No
Proper Burner Design and Good Combustion
Practices Yes

Tesoro contacted vendors regarding VOC removal by catalytic oxidation. Vendors have indicated
that saturated hydrocarbon removal can only be achieved at temperatures above 800"F, which will be

above the normal operating range of the process heater, making catalytic oxidation infeasible for
VOC control.

3.2.3 step 3 - Effectiveness of Feasible voc controt options
Proper burner design and good combustion practices is the only technically feasible VOC control
option at UFU Furnace F-l and is therefore the top ranked control.

3.2.4 step 4 - Evaluation of Most Effective voc Gontrol options

Tesoro has selected the only technically feasible, and thus the top ranked, control option. There are

no adverse energy, environmental, or economic impacts associated with implementing proper burner
design and good combustion practices. The only control strategy identified for the refinery fuel gas-

fired process heaters is adherence to good combustion practices. This control strategy is technically
feasible and will not cause adverse energy, environmental, or economic impacts.

3.2.5 Step 5 - VOC BACT Setection
Adherence to good combustion practices is the proposed BACT for VOC emissions from UFU
Furnace F-1. The UFU Furnace F-1 will implement good combustion practices, including
preventative measures that minimizethe release of pollutants into the environment. Good combustion
practice includes operational and design elements to control the amount and distribution of excess air
in the flue gas. This ensures that there is enough oxygen present for complete combustion. Since



sufficient combustion air supply, temperature, residence time, and mixing are incorporated in the

combustion design and operation, VOC emissions are minimized. To ensure continued operation

applying good combustion techniques, Tesoro will conduct heater tune-ups in accordance with 40

C.F.R. Part 63, Subpart DDDDD. Actions taken during each tune up will follow the schedule

required for this unit under NESHAP Subpart DDDDD.

The VOC emissions from UFU Furnace F-l have been estimated using the AP-42 emission factor of
0'0054 lb/MMBtu for natural gas combustion, which is a representative estimate of the VOC

emissions that may result from refinery fuel gas combustion at UFU Furnace F-1.
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TESORO

Tesoro Refining & Marketing Company LLC

474 West 900 North
Salt Lake City, UT 84103

November 10,2015

Marty Gray, Major NSR Section Manager
Utah Division of Air Quality
195 North 1950 West
P.O. Box 144820
salt Lake city, utah 84114-4820

Re: Tesoro Salt Lake Citv Refinerv Installation of Ultra-Low NOx Burners
Ultraformer Unit F-l Furnace NOI Submittal

Dear Mr. Gray:

Enclosed please find a Notice of Intent (NOI) application for the installation of Ultra-
Low NOx Burners on the Ultraformer Unit (UFU) F-l Furnace. This project will occur
at the Tesoro Refining and Marketing Company's (Tesoro's) Salt Lake City (SLC)
Refinery which operates under Approval Order (AO) DAQE-AN103350065-14.

Included is a receipt for $2300 which covers the filing fee and the base fee (Existing
Major Source with a Minor Modification) for the NOI application.

Please contact me at 801-521-4966 or Michelle Bujdoso at 801-366-2036 if you need

more information or have questions.

Sincerely,

William Snarr
Health, Safety and Environmental Manager

Enclosures

tv:f
RECEIVED

Nov I 0 2015

DEPARTMENT OF
ENVIRONMEIiTAL OUALIry

HAND DELIVERE,D
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RECEIVED
Nov t0 20t5

DEPARTMENT OF
ENVIRONMEIITAL OUALIry

lnstallation of Ultra-Low NOx Burners on
Ultraformer Unit (UFU) Furnace F-l

Notice of lntent for an Approval Order

Prepared for
Tesoro Refining & Marketing Company LLC
Salt Lake City Refinery

November 2015

4700 West 77th Street
Minneapolis, MN 55435-4803
Phone: (952) 832-2600
Fax: (952) 832-2601
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lnstallation of Ultra-Low Nox Burners on Ultraformer Unit (uFU)
Furnace F-1

Notice of lntent for an Approvat Order

November 2015
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1.0 lntroduction

This Notice of Intent (NOI) package is submitted for approval of the installation of Ultra Low NOx

burners (ULNB) on the Ultraformer Unit (UFU) Furnace F-1 (Project) at the Tesoro Refining &
Marketing Company LLC's (Tesoro's) Salt Lake City (SLC) Refinery. The SLC Refinery currently

operates under multiple Approval Orders (AOs), of which DAQE-AN0103350065-14 for the major

process units is affected by this Project. The SLC Refinery is situated on236 acres in Salt Lake

County, approximately 1.5 miles north of Salt Lake City.

This Project will replace the existing burners in the UFU Furnace F-1 with ULNB. Similar to

Tesoro's project to install a Wet Gas Scrubber and LoTOxrM system on the FCCU/CO Boiler, this

project is being undertaken primarily to meet the PMz.s SIP requirements and will result in a

significant reduction in NOx emissions. Due to project timing, Tesoro requests that the NOI for this

project be processed concurrently with the Wet Gas Scrubber and and LoTOxrM system NOI.

The Project will not result in a significant emission increase or significant net emission increase in

air emissions of a regulated New Source Review (NSR) pollutant from the refinery; therefore, the

Project is not subject to federal NSR requirements as provided in Utah's State Implementation Plan

(srP).

Rule R307-401-3(b) requires submittal of an NOI to "make modifications or relocate an existing

installation which will or might reasonably expected to increase the amount or change the effect of,

or the character of, air contaminants discharged, so that such installation may be expected to become

a source or indirect source of air pollution." Rule R307-401 -5 requires that the NOI must contain

specific information related to the process, nature of emissions, control device(s), and regulatory

applicability and compliance. This NOI includes a project description, an emissions summary, and a

description of regulatory applicability and demonstration of compliance to address these

requirements.

This NOI is organized as follows:

Section 2.0 contains a project description,

Section 3.0 contains an NSR applicability analysis,

Section 4.0 contains a description of regulatory applicability and compliance demonstration,

Section 5.0 contains a summary of the NOI requirements,

I



o Attachment A contains a site diagram,

o Attachment B contains the project emission calculations,

o Attachment C contains Form I and the NOI checklist.
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2.0 Project Description

This section includes a general description ofthe facility and details ofthe proposed Project.

2.1 General Facility lnformation
The Tesoro Salt Lake City Refinery is located at 474 West 900 North, Salt Lake City, Utah. The

refinery is located in a nonattainment area for PMz.s (including precursors NO;, SOz, and VOC)1,

PMro (including precursors SOz and NOx)2, and SOz. The area is also a designated maintenance area

for ozone (VOC and NOx) and CO. Attachment A includes a figure that shows the location of the

refinery in Salt Lake City.

2,2 Project Description
This Project involves replacement of the UFU Furnace F-l (A through E) burners with new burners

that will have Ultra Low NOx burner (ULNB) technology. Specifically, the Project involves the

following physical changes:

o UFU Furnace F-l (A through E) burners will be replaced with new burners with ULNB

technology.

o Due to the decreased size of the burner tip orifices in the ULNB, fuel gas coalescers will be

installed as recommended by API 535.

o Fuel gas piping from the coalescer to the burners, including new fuel gas control valves, will be

changed to stainless steel.

. The existing air pre-heater will be replaced.

o Combustion air ducting will be modified as required to accommodate the new bumers, new

preheater, and new fans.

o New electronic igniters will be installed.

o The existing induced draft/forced draft fans will be replaced to match the pressure drop

requirements of the air pre-heater, ducting, and furnace.

o Furnace repairs will be performed as needed.

. 2,100lb/hr of steam injection will be used for flame temperature control.

IUtah PMz.s Nonattainment Provisions for Salt Lake County, Section IX.A.2|, December 3,2014.
2 Utah PMro Maintenance Provisions for Salt Lake County, Section IX.A.10, July 6,2005.
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Tesoro has estimated the existing and future firing capacities of the burners and has determined it is
possible that the new burners will have a slightly greater rated maximum hourly heat input capacity

than the existing burners. Therefore, the short-term potential-to-emit (PTE) of pollutants other than

NOx ma! increase at the UFU Furnace F-l as a result of the Project. However, future actual firing
rates and actual emissions are not expected to increase. In order to demonstrate the actual emissions

due to the project will not increase, Tesoro has conservatively completed emission calculations. The

emission calculations included were completed in accordance with the federal Nonattainment New
Source Review (NNSR) and Prevention of Significant Deterioration (PSD) preconstruction

permitting programs in Section 3.0 of this application.

2.3 Modified Emission Units
The UFU Furnace F-l is considered a modified emission unit as a result of the burner replacements.

No other emission units are modified as part of this project.

Upon Project completion, Tesoro does not expect to see an increase in actual emissions for any
pollutants at the UFU Furnace. Tesoro does not intend to increase the actual furnace firing rate as a

result of the Project. The Project is being undertaken to lower the NOx emissions from the unit.

2.4 New Emission Units
Minor piping changes involving installation of new components in VOC service will occur as part of
this Project.

2.5 Affected Non-Modified Emission Units
The Project does not relieve constraints of any process units at the refinery. The firing rate at the

UFU Furnace F-l does not currently restrict production rate atthe UFU. The installation of the new
ULNB will not have any upstream or downstream impacts on the refinery's operation. However, a

small amount of additional steam from the facility's Cogeneration Units (CGl and CG2) will be

required to assist the operation of the ULNB. Therefore, the Cogeneration Units are non-modified
emissions units that will be affected by the project.

2.6 Project Schedule
The estimated start of construction date is June 2016, pending permit approval. The UFU is expected
to restart operations in November 2016, assuming permit approval by the estimated date for start of
construction.
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3.0 NSR Applicabili Ana SIS

Utah rules implement the New Source Review (NSR) permitting program for major sources and
major modifications. Rule R307-403 and R307-405 implement the federal Nonattainment New
Source Review (NNSR) and Prevention of Significant Deterioration (pSD) preconstruction
permitting programs, respectively. The Tesoro SLC Refinery is a major source as defined in Utah
Rule R307-100 and in these federal permitting programs. Therefore, Tesoro has completed an
applicability analysis to determine if this Project is a major modification as defined under utah rules
and the NSR permitting program.

The NSR pollutants are covered either by the PSD or NNSR permitting programs, but for purposes of
determining applicability as a major modification, the significance thresholds are the same. For
simplicity, Tesoro uses the PSD definitions and rules at 40 cFR 52.21 todescribe the applicability
analysis. The PSD rules are incorporated by reference into the Utah rules.

on June 23,2014, the u.s. Supreme court issued its decision in utility Air Regulatory Group v.
EPA' The court held that EPA may not treat greenhouse gases (GHGs) as an air pollutant for
purposes of determining whether a source is a major source required to obtain a pSD or title V
permit' As described in the following sections, NSR is not triggered for pollutants other than
greenhouse gases (GHG). Since there is not a significant emissions increase of a regulated pollutant
other than GHG, GHG is not a regulated pollutant and need not be further analyzed.

3.1 "Hybrid Test,, of pSD Applicability
An NSR applicability analysis has been conducted for the project to determine if it is a..major
modification" under NSR regulations. Because this project involves the proposed modification to
both "existing emission units" and "new emissions units," the "hybrid test,, is used to determine if a
"significant emissions increase" and a "significant net emissions increase,, of a .,regulated NSR
pollutant" will occur. The hybrid test is described as the following:3

" "' A signrficant emissions 
-increqse 

of a regulated NSR pollutant is projected to occur if the sumof the emissions increases for each emissions unit, using the method specified in paragraphs(a)(2)(iv)(c) through (e) of this section as applicabte with r:eipect to each emissiins unit, for each

3 40 cFR s2.21(a)(2)(iv)(f).
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type of emissions unit equals or exceeds the significant amountfor that pollutant (as defined inparagraph (b)(23) of this section)..."

The hybrid test refers to the use of two emissions increase calculation methods listed in paragraphs
40 CFR 52'21(a)(2)(iv)(c) and (d). The methods prescribed for existing emissions units are described
further below. The remainder of this section focuses on the emissions increase test.

An increase is significant if it exceeds the annual ton per year (tpy) thresholds known as the pSD

significant emission rates, which are listed in Table 3-1 for only those regulated NSR pollutants that
are emitted in quantifiable amounts from emission units affected by this project.

Table 3-1. NSR Significant Emission Rates

Pollutant"
Significant Emission Rate

(tpy)

Particulate matter (PM) 25

Particulate matter less than l0 microns (pMro) 15

Particulate matter less than 2.5 microns (pMz.r)" l0
Sulfur dioxide (SOz) 40
Nitrogen oxides lNOx) 40

Carbon monoxide (CO) 100

Volatile organic compounds (VOC) 40c
Sulfuric Acid Mist (HzSO+) 7

only those NSR pollutants that are emitted in quantifiable amounts from emission units affected by this
project are shown in the table. Condensable particulate matter is included within the definition of pMro and
PM:.s.

The significant emission rate for direct PMz.s emissions is l0 tpy; additionally this includes 40 tpy of So:
emissions and/or 40 tpy of Nox emissions unless they are demonstrated not to be a pMz s precursor.

The NSR significant emission rate is assessed based on emissions of volatile organic compounds (VoC) as aprecursor to ozone.

"Net emissions increase" means the amount by which the sum of the following exceeds zero:4

" (a) The increase in emissions from a particular physical change or change in the method ofoperation at a stationqry source as calculated pursuant to paragraph (q)O)6v) of thk section;and

(b) Any other increases and decreases in actual emissions at the major stationary source that arecontemporqneous with the particular change and are otherwise creditable. Bqseline actual

4 40 cFR 52.21(bX3Xi).
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emissionsfor calculating increases and decreases under this paragraph (b)(3)(i)(b) shail bedetermined as provided in paragraph (b)(45) of this section, except that paragraphs (UGs)(i)(c)and (b)(aQ(i)(d) of this section shall not apply ,,

The project emissions increase is calculated as the sum of emissions increases from the existing
emissions units that are impacted by this project and the new piping components. If the project
emissions increase for a regulated NSR pollutant is less than the significant emission rate, NSR is not
required for that pollutant. As described in the following sections, the project emissions increase is
less than the significant emission rate for each regulated NSR pollutant.

3.1.1 Actua!-to-projected-Actuat rest for Existing Emissions Units
To estimate the change in emissions at the UFU Furnace F-1, Tesoro has utilized the actual-to-
projected-actual applicability test which is described in 40 cFR 52.21(a)(2)(iv)(c) as follows:

" (c) Actual-to-proiected-actual applicabitiQ testfor projects that only involve existing emissionsunits' A signfficant emissions increase of a regulitei uin pouutant is projected to occur iJ.thesum of the dffirence between the proiected aituat emissiins (as defined in paragraph (e@l) ofthis section) and the baseline qctial imissions (as defined in paragraphs (e@g)(i) and (ii) ofthis section), for each existing emissions unit, equali or exceeds the significant amountfor thatpollutant (as defined in paragraph (b)(23) of this section).,;

Terms within this paragraph that have specific definitions include .,existing emissions unit,,,
"projected actual emissions," and "baseline actual emissions." An ,,existing emissions unit,, is any
part of a stationary source that emits any regulated NSR pollutant and has been in existence for at
least two years from the date it first operated.r A description of "projected actual emissions,, and
"baseline actual emissions,, are as follows.

3.1.1.1 Projected Actual Emissions

"Projected actual emissions" are calculated as:6

" "' the maximum yfyll ra-te, in tons per year, at which an existing emissions unit is projectedto emit a regulated NSR pollutant in any one of the 5 years (t 2 -moith period) following the d(ttethe unit resumes regular operation aftir.the pioject, ir iio'ny one of the t0 years folowing thatdate' if the pro.iect-involves increasiig the emrsirons unit's design capacity or its potential to emitthat regulated NSR potlutant and fullufihzqtion of the unit ioutd ,eiult in a sig;ificantemissions increase or a significqnt net emissions increase at the major strtionirisource.,,

5 40 cFR s2.21(b)(7)(ii).
b 40 cFR s2.21(b)(41)(i).
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A source shall consider when determining projected actual emissions any relevant business or
regulatory information. In addition, fugitive emissions and emissions associated with startups,
shutdowns and malfunctions must be calculated, as applicable. By definition, projected actual
emissions shall exclude the portion of the emissions that an existing unit could have accommodated
during the baseline period and that are also unrelated to the particular project, including any
increased utilization due to product demand growth.T A source may use the emission unit,s potential
to emit in lieu of the aforementioned projected actual emissions calculation.

The projected actual throughput for the uFU Furnace F-1 is based on engineering and business
projections' Projected emissions are calculated based on annual throughput and firing rate following
startup of the Project and emission factors representative of expected operation. The emission factors
used for the projected emissions are generally also representative of the baseline period for most
pollutants' For projected actual Nox and co emissions, emission factors are based on ULNB
manufacturer's specifi cations.

The product demand growth exclusions, or emissions that the unit was capable of accommodating
during the baseline period, are calculated based on the maximum actual firing rate experienced
during any 1-month period during the 24-month baseline period. A utilization factor of 9g%was used
in the calculation of annualized emissions that the emission unit was ,,capable of accommodating,,
during the baseline period. The utilization factor was multiplied by the maximum monthly observed
firing rate converted to an annual rate. This utilization factor accounts for normal rate reductions that
occur each year due to mechanical or supply issues. Tesoro conservatively assumes that none ofthese
normal rate reductions occurred during the month when the maximum throughput was observed. This
9SYoutilization factor is equivalent to assuming 175 hours of annual downtime. It is also important to
note that Tesoro did not include this utilization factor in its projected post-project operating rates.
The net result is a more conservative estimate of the emissions increase. The emission factors used to
calculate the product demand growth exclusion are generally consistent with those used for projected
emissions.

The difference between the annualized emissions that the units were capable of accommodating and
the baseline actual emissions is excluded (i.e. subtracted from) the projected emissions. The
emissions increase is then calculated by subtracting the baseline actual emissions from the projected

7 40 cFR s2.21(b)(at)(ii)(c).
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actual emissions- This approach is consistent with that outlined by EpA Region 4 regarding an
applicability analysis completed by Georgia-pacific wood products, LLC.8

3.1.1.2 Baseline Actual Emissions

"Baseline actual emissions" for an existing emissions unit are calculated as:

" "' the average rate, in tons per year, ot which the emissions unit actually emitted the pollutantduring any consec-utive 24-month period selected by the owner or operator within the l0-yearperiod immediately preceding either the date the owner or operatoi begins actual construction ofthe project, or the dyte a complete permit application is received by the Administrstorfor apermit required under this section or by the reviewing authority for a permit required by a plan,
whichever is earlier, except that the lT-year period Jil not inilude )ny p"rioi earlier thqnNovember 15, 1990."

For baseline actual emissions, Tesoro has defined a 24-monthbaseline period specific to each NSR
pollutant' Tesoro has considered emissions between May l, 2007 andMay 3 l, z0l5,for all pollutants
for its baseline emissions analysis. The 24-month baseline periods are chosen because they are
considered the most representative of past and current capabilities of the UFU Furnace F-l for those
pollutants (i'e', this time period is indicative of capabilities that exist today and could be utilized with
variations in crude slate or intermediates). Refer to Attachment B for documentation of the baseline
periods selected and the calculated baseline actual emissions.

As with projected actual emissions, baseline actual emissions shall include fugitive emissions and
emissions associated with startups, shutdowns, and malfunctions.e The baseline emissions are
adjusted downwards to address emissions that occurred during the Z4-month baseline or emissions
that could have exceeded a current emission limitation. l0

Generally, baseline actual emissions are calculated according to the following hierarchy:

Continuous emission monitoring system (CEMS) data

Stack test results and measured process data

Standard emission factors from public sources and measured process data (i.e. EpA,s Ap-42)

8 March 18,20l0letter from Mr.
LLC.
e 40 cFR s2.21(b)(as)(ii)(a).
'o 40 CFR s2.21(bx4sXii)(b)-(c).

worley of EPA Region 4 to Mr. Robinson of Georgia-pacirrc wood products,
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3.1.2 Actual-to-potentiar rest for New Emissions Units
To estimate emissions from new process components, Tesoro utilized the actual-to-potential test for
new emissions units' In 40 cFR 52.21(a)(2)(iv)(d), the actual-to-potential applicability test is
described as the following:

" (d) Actual-to-potential test for proiects that only involve construction of a new emissionsunit(s)' A significant emissions in"i"or" of a regulated NSR poltutant is projected to occur if thesum of the dffirence between the potential to emit (as defined in paragraph (b)(4) of thissection)from each new emissions unitfollowing comptetiotn of the project and the baseline actualemissions (as defined in paragraph (b)(4s)(iii)-ottni section) of these units before the projectequals or exceeds the significani amount for inoi pou"toi (as defined in paragraph (b)(2 3) ofthis section)."

Terms within this paragraph that have specific definitions include ..new emissions unit,,, ,,potential 
to

emit"' and "baseline actual emissions." A "new emissions unit" is any partof a stationary source that
emits any regulated NSR pollutant and is or will be newly constructed and has existed for less than
two years from the date such emissions unit first operated.rl A description of ,,potential 

to emit,, and
"baseline actual emissions,, are as follows.

"Potential to emit,,is defined as: 12

" "' the mqximum capacity of a stationary source to emit a pollutant under its physical andoperational design Any physical or operationql limitqtion on the capacity oyk"'rour"e to emit apollutant' including air pollution control equipment ond ,'urtri"tions on hours of operation or onthe type or amount of material combusted, 
-stired, o, pror"r,r"d, shall be treated is part of itsdesign if the limitation or the effect it would have onLmissions is /bderally enforceable... ,,

The potential to emit for an emissions unit yet to be constructed is generally calculated as the product
of its hourly maximum throughput or heat input capacity and an emission factor, which may be from
EPA documents (e'g', AP-42), a manufacturer performance guarantee, existing regulatory standards
(e'g'' a New source Performance Standard), or from other information sources. Federally enforceable
emission limitations on the capacity of the source to emit a pollutant (e.g., air pollution control
equipment' restriction on hours of operation) may be taken to reduce the unit,s potential to emit.

The methodology in this section may also be applied to estimate maximum emissions from existing
emission units to reduce post-project annuar emission recordkeeping requirements.

rr 40 cFR s2.21(b)(7)(ii).
'.2 40 cFR s2.2t(b)(4).
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3.1.3 Methodotogy for Non-Modified Existing Units
As previously described, the cogeneration units will not be modified but may experience an increase
in emissions' The EPA recognizes in its PSD rules that non-modified existing units experiencing an
emissions increase as a result of the project need to be considered in the overall emissions increase
calculation' For non-modified emission units, EPA allows for calculating the emissions increase as
the product of the potential increase in throughput due to the project and an emissions factor
representative of "worst-case" operations. The "potential increase in utilization,, approach is
consistent with the 1980 NSR rules and has been maintained for existing emissions units in the
existing rules through $52.21(bX4lXiiX d ), which allows a prE approach in lieu of future actual
emissions.

3.2 Affected units at the sart Lake city Refinery
All existing, non-modified emission units at the salt Lake city Refinery were reviewed to determine
if the project will result in an emissions increase. units that will or may experience an emissions
increase due to the project (i.e., be affected by the project) are presented in Table 3-2.

Table 3-2. Summary of Affected Emission Units

3.3 Calculation of Emissions
Tesoro has calculated the change in emissions expected at the emissions units affected by the project
as described further below. Details are included in Attachment B.

3.3.1 New Equipment and piping components in voc service
New equipment and piping components in VoC service will be installed as part of this project. The
emissions increase is calculated based upon the counts of new components to be added plus a safety
factor for conservatism.

The USEPA Protocol for Equipment Leak Emission Estimates is used to quantify potential emissions
from the new components installed as part of this Project. The final number of installed components
will likely change from this estimate after additional detailed design/engineering is performed;

Modified / Non-modified
UFU Furnace F-l Existing

Cogeneration Unit CGI and CG2

New/Replaced Components

l3I
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however, the change in VOC emissions from this activity is not appreciable and will not change the

P SD applicability determination.

3.3.2 Cogeneration Units
The Project will result in additional steam demand required to control the flame temperature of the

new ULNB' The emission factors are based on AP-42 emissions factors, the estimated sulfur content

of the fuel gas, stack test results, and manufacturer specifications.

3.4 Project Emissions lncrease Summary
Table 3-3 presents a summary of the Project emissions increase. The Project emissions increase are

less than their respective NSR significant emission rates for each regulated pollutant; therefore the

Project does not trigger NSR.
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3.4.1 "Reasonable possibility,, Requirements
on December 21,2007, the US EPA promulgated updates to the federal pSD rules at 40 CFR
52'21(r)(6)(vi) that defines when an owner/operator of a major source is required to conduct
recordkeeping and reporting when using the baseline-actual-to-projected-actual emissions increase
calculation methodology' The utah Air Quality Board has adopted the federal pSD rules as they
existed in the code of Federal Regulations on July r, 200g, at R307-405.

A "reasonable possibility" occurs when the project is calculated to result in either: ra

"( o ) A proiected erctuql emissions increase-of at least 50 percent of the amount thqt is a"significant emissions increqse," as deJined ;r;r;;;;;;;;h @)(40) of this section (without

;s,:;;i,':rthe 
amount that is a significant net emissions iicreaie),'for the r)[uiated NSR

( b ) A proiected actual emissions increase that, added to the amount of emissions excluded underparagraph (b)ft1)(ii)( c ) of this section, sums to at least 50 percent of the amount thqt is a"significant emissions increase," as de{ne! ,rirr rrrrsrrin @)(40) of this section (withoutreference to the amount that is a significant net emissiois iicreqse), -for the regulated NSRpollutant' For a proiect for which i riasonable possibility o)"urc only within lhe meaning ofparagraph (r)(6)(vil( b ) of this section, and noi also witiin th" *eanirg of paragraph (r)(6)(vi)(a ) of this section, then provisions (r)(6)(ii) *roiin- @-"io'not appry to the project.,,
A summary of reasonable possibility applicability and requirements is shown in Table 3-4 below.
since emissions do not exceed 50% of the significance rate for any pollutant, reasonable possibility
recordkeeping requirements do not apply.

'4 40 cFR s2.21(r)(6)(vi)( a )_( b )
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Table 3-4. Summary of Reasonable Possibitity Appticability and Requirements

Pollutant
Emission Increase

(tons/yr)

Significant Emission
Rate (SER)

(tons/yr)
Percentage of SER

(%)

NOx 0.72 40 1.8%

SOz 0.25 40 0.6%

CO 0.78 r00 0.8%

PM 0.10 25 0.4%

PMro 0.10 l5 0.7%

PMz.s 0.10 l0 1.0%

VOC 2.47 40 6.2%

HzSO+ 0.00 7 0.1%

t7
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In addition to the PSD analysis detailed in Section 3.0, Tesoro has completed an applicability review
of all Federal and State air quality regulations as part of the air permit application process. Table 4-l
provides a summary of the major air quality programs that were reviewed for the project. Each
regulation which requires explanation is described in the following sections. Certain aspects of the
Project result in the triggering of new applicable requirements.

Table 4-1. Summary of Air euarity Regulatory Applicabitity for the project

Report
Section Program Description

Regulatory
Citation

Does This Project Trigger New
Applicable Requirements?

National Ambient Air euality Standards
(NAAQS)

40 CFR 50 No

3.0 New Source Review (NSR) 40 CFR 52 No
4.1 New Source Performance Standards (NSPS) 40 CFR 60 Yes

4.2 National Emission Standards for Hazardous
Air Pollutants (NESHAps)

40 CFR 6t No

4.2 NESHAPs for Source Categories 40 CFR 63 No
Risk Management programs for Chemical
Accidental Release prevention 40 CFR 68 No

Title V Operating permit 40 CFR 70 No
Acid Rain Requirements 40 CFR 72 No
Stratospheric Ozone Protection Requirements 40 CFR 82 No
Utah State Rules UAC R3O7

4.1 Stationary Sources R307-210 Yes
4.2 National Emission Standards for Hazardous

Air Pollutants
R307-214 No

4.3
Ozone Nonattainment and Maintenance
Areas: Control of Hydrocarbon Emissions
Petroleum Refineries

ln R307-326 Yes

Ozone Nonattainment and Maintenance
Areas: Petroleum Liquid Storage R307-327 No

4.4 Permit: New and Modified Sources R307-401 Yes
4.5 Nonattainment and Maintenance Areas R307-403 No
4.6 Permits: Major Sources in Attainment or

Unclassified Areas (pSD)
R307-405 No

l8I
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4.1 R307-210: Stationary Sources
New Source Performance Standards (NSPS) are incorporated by reference into the UDAQ rules.

There is no new construction of any NSPS affected facilities. Tesoro reviewed whether the Project

will result in a "modification" or'oreconstruction" for any NSPS affected facilities, and thus result in

applicability of that NSPS. The NSPS regulation, at 40 CFR $60.l4(a), defines a modification as a

physical or operational change to the affected facility that is not specifically exempted and that

results in an increase in the emissions rate to the atmosphere of any pollutant to which a standard

applies. An increase in production rate, if that increase can be accomplished without a capital

expenditure on that facility, is not considered a modification per $60.14(e)(2). "Increase in emissions

rate" is defined pursuant to $60.14(b) as an increase in the maximum hourly emission rate of an

applicable pollutant from the affected facility. A reconstruction occurs when the fixed capital cost of
the project is 50 percent or greater than the current replacement cost ofthe affected facility.

The physical changes performed as part of the Project affect only the UFU Furnace F-1. Applicability

to 40 CFR 60 Subpart Ja is discussed below in additional detail.

Regulatory coverage for other NSPS subparts currently applicable to the facility will not change as a

result ofthis Project.

4.1.1 Subpart Ja: Standards of Performance for Petroleum Refineries for
Which Gonstruction, Reconstruction, or Modification Commenced After
May 14,2007

NSPS Subpart Ja applies to various facilities in petroleum refineries, including process heaters as

"fuel gas combustion devices." For process heaters, NSPS Ja regulates NOx and SOz emissions.

Tesoro has reviewed the applicability of Subpart Ja UFU Furnace F-I. Per 40 CFR 60.14(a), "any

physical or operational change to an existingfacility which results in an increase in the emission

rate to the atmosphere of any pollutant to which a standard applies shall be considered a

modification " 40 CFR 60.14(e) provides exemptions for modification including"the qddition or use

Report
Section Program Description

Regulatory
Citation

Does This Project Trigger New
Applicable Requirements?

4.7 Visibility R307-406 No

4.8 Permits: Emissions Impact Analysis R307-410 No

4.9 Permits: Ozone Offset Requirements in Davis
and Salt Lake Counties

F.307-420 No

I
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of any system or device whose primaryfunction is the reduction of air pollutants, except when qn
emission control system is removed or is replaced by a system which the Administrqtor determines to
be less environmentally beneficial".TheProject is to install ULNB on the ultraformer Furnace F-l;
the new burner's primary function is to reduce air pollution. Therefore, this NSps exemption could
apply to the Project' However, Tesoro has conservatively assumed that the project results in a
modification of UFU Furnace F-1, resulting in applicability of NSpS Subpart Ja for Soz. In addition
to the pollution control exemption above, the maximum hourly emission rate of Nox w,l decrease
because of installation of the ULNB.

Reconstruction is define d at 40 cFR 60' l5(b) as the replacement of components of an existing
facility such that the fixed capital cost ofthe project is 50 percent or greater than the current
replacement cost of the affected facility. The cost of the Project is estimated to be approximately 2g
percent ofthe current replacement cost ofthe uFU Furnace F-l; therefore, this project does not
result in reconstruction of the unit as defined under NSpS.

4.2 R307-214: Nationat Emission standards ror Hazardous AirPollutants
NESHAP standards from 40 cFR 61 and 40 cFR 63 are incorporated by reference into the uDAe
rules' The physical changes performed as part of the project only affects the UFU Furnace F-1. The
UFU Furnace F-l is currently subject to 40 cFR 63 subpart DDDDD for..National Emission
standards for Hazardous Air Pollutants for Major Sources: Industrial, commercial, and Institutional
Boilers and Process Heaters." Tesoro will continue to comply with the emission standards for an
existing affected facility and other requirements of this rule. No new requirements will be triggered
as a result ofthis project.

Tesoro also considered whether a reconstruction15 would occur, which would affect the compliance
date' Reconstruction is defined at 40 cFR 63.2 asthe replacement of components of a source such
that the fixed capital cost ofthe project exceeds 50 percent ofthe current replacement cost ofthe
source' The cost of the new burners is estimated to be approximately 2g percent of the current
replacement cost of the UFU Furnace F-l; therefore, this Project does not result in reconstruction of
the unit as defined under 40 CFR 63.2.

15 There are no provisions for "modification" under 40 cFR 63 as there are under 40 cFR 60.

20I
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Regulatory coverage for other subparts currently applicable to the facility will not change as a result
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ofthis project.
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f\t'vr -o40; vzone Nonaftainment and Maintenance Areas:control of Hydrocarbon Emissions in petroleum Refineries
Rule R307-326-9 contains requirements for leaks from petroleum refinery equipment. New process
components associated with the Project will be subject to the repair, recordkeeping, and reporting
requirements of the rule' Following the Project, Tesoro will continue to comply with the
requirements of this rule for the new process components installed as part of the project.

4.4 R307-401: permit: New and Modified sources
Rule R307-401-3(b) requires submittal of an NoI to "make modifications or relocate an existing
installation which will or might reasonably be expected to increase the amount or change the effect
of' or the character of, air contaminants discharged, so that such installation may be expected to
become a source or indirect source of air pollution." The project may increase the amount of air
contaminants discharged from the cogeneration Units and from new process components. Rule
R307-401-5 requires submittal of an NoI, which must contain specific information related to the
process' nature of emissions, control device(s), and regulatory appricability and compliance. Refer to
Section 5.0 for a summary of compliance with the NOI requirements.

4.4.1 Low Oxides of Nitrogen Burner Technotogy
Rule R307-401-4 requires installation of low oxides of nitrogen burners or equivalent oxides of
nitrogen controls whenever existing fuel combustion burners are replaced, unless such equipment is
not physically practical or cost effective. Tesoro is meeting this requirement by installing uLNB at
the Ultraformer Furnace F_1.

4.4.2 BACT

Rule R307-401-5(d) permits the issuance of an approval order if it is determined that the polrution
control for emissions is at least best available control technology (BACT). A BACT review is
required for new emission units and existing emission units where there is a physical modification
and an increase in emissions' The uFU Furnace F-1 is the only existing emissions unit undergoing aphysical modification; however, as discussed in Section 3.0 and shown in Attachment B, there will
not be an increase in emissions from this unit.

New process components will meet BACT by meeting the requirements of NSpS Subpart GGGa.

T
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4.5 R30z-403: Nonattainment and Maintenance Areas
R307-403 applies to major new sources or major modifications to be located in a nonattainment area.
The proposed project is neither a new major source nor a major modification as defined in
R307-101-2 since the actual emissions increase is less than the significant emission rate (sER)
thresholds. Refer to Section 3.4 for a summary of this determination.

4.5.1 R307-403-S: Offsets: pMro Nonattainment Area
Emission offsets are required if the combined allowable emission increase of pMro, so2, and Noa
exceeds 25 tons per year' The combined allowable emission increase from the project is zero (0) tons
per year. Therefore, no emission offsets are required.

4-6 R307'40s.: permits: Major sources in Attainment orUnclassified Areas (pSD)
This project is not a major modification and is not subject to the psD program as described in
Section 3'0' Refer to section 3.4 for a summary of this determination. Tesoro has demonstrated
compliance with all applicable requirements with the submission of this NoI. Therefore the
requirements of R307-405 are not applicable to this proposed project.

4.7 R307-406:Visibitity
R307-406 applies to major new sources or major modifications. This project is not a new major
source or a major modification; therefore the provisions of this rule are not applicable.

4'8 R30z'410: permits: Emissions rmpact Anarysis
R307-410 establishes the procedures and requirements for evaluating the emissions impact of new or
modified sources' Pursuant to R307-410-4, dispersion modeling is required for increases in the total
controlled emission rate of attainment pollutants (NOx and CO for the SLC refinery) in an amount
greater or equal to values given in Table I ofthe rule. For these pollutants, the thresholds given in
Table 1 are equal to the SERs. Dispersion modeling is not required since the increases in emissions
of NOx and CO are less than the SERs.

4'8'1 R307-410-s: Ambient Air rmpacts for Hazardous Air portutants
The requirements of R307-410-5 requires sources to provide documentation of increases in emissions
ofhazardous air pollutants prior to receiving an approval order. The rule requires each applicant,s
notice of intent to include the estimated maximum pounds per hour emission rate increase from each
affected installation. Per R307-410-5(l)(a)(i), this rule does not apply to installations which are

I 22
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subject to or are scheduled to be subject to an emission standard promulgated tnder 42USC 7412 at

the time the NOI is submitted. As described in Section 4.2, the UFU Furnace F-l is subject to 40

CFR 63 Subpart DDDDD. In addition, there will be not be a lb/hr emission rate increase of HAP at

the Cogeneration Units. Therefore, the requirements of R307-410-5 do not apply to the Project.

4.9 R307-420: Permits: Ozone Offset Requirements in Davis and
Salt Lake Gounties

The SLC Refinery is located in a maintenance area for ozone. Emission offsets are required for any

new major source or major modification of VOC or NOx. The project is neither a new major source

nor a major modification for VOC or NO1, therefore offsets are not required.
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5.0 Summary of NOI Requirements for Project

Table 5-1 provides a summary of how this NOI complies with the specific requirements of Rule

R307-401-s(2).

Table 5-1. Summary of NOI Requirements

Requirement Section Reference for Information Provided

(a) A description ofthe nature ofthe processes
involved; the nature, procedures for handling and
quantities of raw materials; the type and quantity
of fuels employed; and the nature and quantity of
finished product.

Section 2.2

(b) Expected composition and physical
characteristics ofeffluent stream both before and
after treatment by any control apparatus, including
emission rates, volume, temperature, air
contaminant types, and concentration of air
contaminants.

Section 3.0

(c) Size, type and performance characteristics of
any control apparatus.

N/A

(d) An analysis of best available control
technology for the proposed source or
modification. When determining best available
control technology for a new or modified source
in an ozone nonattainment or maintenance area
that will emit volatile organic compounds or
nitrogen oxides, the owner or operator of the
source shall consider EPA Control Technique
Guidance (CTG) documents and Alternative
Control Technique documents that are applicable
to the source. Best available control technology
shall be at least as stringent as any published CTG
that is applicable to the source.

Section 4.4.2

(e) Location and elevation of the emission point
and other factors relating to dispersion and
diffusion of the air contaminant in relation to
nearby structures and window openings, and other
information necessary to appraise the possible
effects of the effluent.

Attachment A - location provided - other info
not needed since modeling is not required.

(f) The location of planned sampling points and
the tests of the completed installation to be made
by the owner or operator when necessary to
ascertain compliance.

Not applicable - no new testing is necessary to
demonstrate compliance.
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Requirement Section Reference for Information Provided

(g) The typical operating schedule. Section 2.2

(h) A schedule for construction. Section 2.6

(i) AnV plans, specifications and related
information that are in final form at the time of
submission of notice of intent.

No plans or specifications are in final form at
the time of this submission.

0) A"V additional information required by:

(0 R307-403, Permits:New and Modified
Sources in Nonattainment Areas and
Maintenance Areas;

(ii) R307-405, Permits: Major Sources in
Attainment or Unclassified Areas (PSD);

(iii) R307-406, Visibility;
(iv) R307-410, Emissions Impact Analysis;

(v) R307-420, Permits: Ozone Offset
Requirements in Davis and Salt Lake
Counties;

(vi) R307-421, Permits: PMl0 Offset
Requirements in Salt Lake County and Utah
County.

(i) Section 4.5

(ii) Section 4.6

(iii)Section 4.7

(iv) Section 4.8

(v) Section 4.9

N/A

(k) Any other information necessary to determtne
if the proposed source or modification will be in
compliance with Title R307.

Section 4.1 (NSPS Compliance)
Section 4.2 (MACT Compliance)
Section 4.3 (Control of Hydrocarbons)
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Attachment A

Figure A-1 - Refinery Location Map



Figure A-1
Refinery Location Map
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Attachment A

Figure A-2 - Refinery plot plan
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Attachment B

Emission Galculations for Project
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New Source Review Section

Form 1

Notice of Intent (NOl)

Applicationfor: ElnitialApprovalOrder [lApproval Order Mod ification

APPROVAL ORDER MUST BE ISSUED BEFORE ANY CONSTRUCTION OR INSTALLATION CAN BEGIN. ThiS iS
not a stand alone document; please refer to UAC R3O7-401and the published NOI guidebook for information on
requirements of the specified information below. Please print ortype all information requested. All oulined information
requested must be accurate and completed before DAQ can determine that an NOI is complete and an engineering
review can be initiated. lf you have any questions, contact the Division of Air Quality at (801) 536-4000 aid ask to
speak with a New Source Review Engineer. Written inquiries may be addressed to: Division of Air euality, New Source
Review Section, P.O. Box 144820, Salt Lake City, Utah 84114-4920.

Utah Division of Air Quality

General Owner and Facility Information

3. Company name and address:
Tesoro Refining & Marketing Company LLC
474 West 900 North
Salt Lake City, UT 84103

Phone No.: ( 801 ) 366-2036
Fax No.: (Bo1) 521-4965

4. Company*" contact for environmental matters:
Wilfiam Snarr

Phone no.: (801.) s21-4966
Email: WiIIiam. K. SnarrGtsocorp. com*" Company contact only; consuftant or independent contractor contact

information can be provided in a cover letter

5. Facility name and address (if different from above):
Tesoro Refining & Marketing Company LLC
474 West 900 North
Salt Lake City, UT 84103

Phone no.: (Bo1) 366-2036
Fax no.: (Bo1) 521-4965

6. Owners name and address:
Tesoro Corporation
19100 Ridgewood Parkway

San AnLonio, TX 18259

Phone no.:
Fax no.:

7. Property Universal Transverse Mercator coordinates
(UTM), including System and Datum:

Easting: 423 | 4oo

Northing: 4,515,950

System: UTMZone 12

Datum:

8. County where the facility is located in:

Saft Lake

9. Standard lndustrial Classification Code:

2971

DAQ Form 1 Notice of lntenl
1of 3

Updated: 111301'11
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10. Designation of facility in an attainment, maintenance, or nonattainment area(s):

SL City CO Maint Area
SL Co Ozone Maint Area
SL Co PM10 NAA
SL Co PM2.5 NAA
SL Co SO2 NAA

11. lf requestformodification, Ao#to be modified: DAQE#oaeE-AN10335006s-14 Date:gt1t14

12. ldentify any current Approval Orde(s) for the facility not being modified with this request:
AO#oaQn-aN1o33soo63-14 Dat..3/71 /14
AO#oaee-aNo1033500 42-oB Date5/13l08

XModification
EPermanent site for portable Approval Order
lChange of location

13. Application for:
ENew construction
!existing equipment operating without permit
l_JChange of permit condition

14. Construction or modification estimated start date:6/1/15 Estimated completion date:

15. Does this apptication contain justifiabte confidential data? [tyes X No

16. Current Title V (Operating permit) tdentification:

an enhanced Title V permit with this AO modification

Ultraformer Unit F-

Brief (50 words or less) description of project to post on DAQ web for public awarenessThls Project lnvolves instaflatlon of urtra Low Nox Burners on the1 Furnace -

Appendix A: Detailed description of project,including process flow diagram (See Forms 2-23)
f]Fuels and their use lEquipment used in process 

[oescription of product(s)
ERaw materials used EDesiription of cnanges to process (if appticabte) -nsi;;;;ameters
loperation schedules Iproduction rates (including daily/seasonalvariances)

Appendix B: site plan of facility with all emission points and elevations,
included

building dimensions, stack parameters

DAQ Form 1 Notice of lntent

2of 3 Updated: 11130111
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Emissions lnformation

20. Appendix C: Emission Calculations that must include:
XEmissions per new/modified unit for each of the following: PMro, PMz s, NO*, SO,, CO, VOC, and HAps
XDesignation of fugitive and non fugitive emissions
Ettlajor GHG Sources: Emissions per new/modified unit for GHGs (in COze short tons per year)
XReferences/assumptions for each Emission Factor used in calculating Criteria pollutant, HAP, and GHG emissions
XHAP emissions (in pounds per hour and tons per year) broken out by-specific pottutant and summed 

"ir3r,ll?lu,r,,o,

21. Appendix D: DAQ Form 1a or equivalent (comparison of existing emissions to proposed emission and resulting new
totalemissions)

22. Appendix E: Source Size determination (Minor, Synthetic Minor, Major, or pSD)
X tt an Existing Major Source: Determination of Minor, Major or PSb modification

23. lpRend ix F : Offset req u irements (nonattai n menVmai ntena nce areas)
EAcquired required offsets R307-401-420 & R307-401 -421

Air Pollution Control Equipment lnformation

24. Appendix G: Best Available Control Technology (BACT) analysis for the proposed source or modificatio;ror-00.,-u,r,,.,

25. Appendix H: Detailed information on all new/modified equipment controls. lt is strongly recommended using DAe
forms as they outline required information, but something equivalent to the DAe tormi is acceptable.

R307-40'l -5(2)(c)

26. Appendix l: Discussion of Federal/State requirement applicability (NAAQS, Slp, NSPS, NESHAp, etc)

Modeling lnformation

27. Appendix J: Emissions lmpact Analysis (if applicable) R307-410-4

Electronic NOI

28. A complete and accurate electronic NOI submitted
R307-401-5('1)

I hereby certify that the information and data submitted in and with this application is completely true, accurate and
complete, based on reasonable inquiry made by me and to the best of my knowledge and belief.

Signature: Title:

Name (print) Telephone Number: Date:

*with the exception of Federal Agencies who wilt be bilted at completion of the project

DAQ Form 1 Notice of lntent
3of3

Updated: 11130111
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Utah Division of Air Quality

NOTICE OF INTENT
COMPLETEN ESS CH ECKLIST

TO BE COMPLETED BY PROJECT ENGINEER WtTHtN 30 DAYS OF RECEtpr OF THE NOTTCE OF TNTENT (NOt).
CRITERIA DERIVED FROM R307-401-5, UTAH ADMTNTSTRATTVE CODE (UAC). ANy NEGATTVE RESPONSE WtLL
CAUSE APPLICATION TO BE DELAYED. ALL REFERENCES ARE TO THE UAC EXCEPT AS NOTED.

Project Name: Date:

Boxes indicate where
information can be found in
the application.

6. Justifiable confidentiarOata 
Jvn I

A.
B.

4.

5.

I
I
I
I
I
I
I
I
I
t
I
I
I
I
t
I
t
I
I

1. Fees Paid
A. Filing Fee
B. Application Fee

2. Source ldentification lnformation: [R307-401-5(2)(k)]
A. Name, address, and telephone number (w/area code)
B. Company submitting application
C. Plant manager and/or Company contact
D. Plant (if different from Company)
E. Company owner and agent
F. Property UTM coordinates
G. County where facility is located

letter

orm 1

information in Sections 1.O and 2.1

1 Yfl NE N/Afl

N/A fl
N/A E

YE NE

YE ruE N/Af]

YN NE N/AE

2.0 and sub-sections

YE NE
YE NE

N/A fl

N/A E

N/A fl
N/A E

H. SIC Code(s)
l. Facility area designation (attainment, maintenance, or nonattaiment)

YE NE
YN NE
YE NE
YN Ntr
Ytr NE
Ytr NE
Ytr NE
YE NE
YE NE

3. lf modification, AO# to be modified [R307-401-5(2)(k)]

Other current Approval Orde(s) for facility not being modified
Current Title V (Operating Permit)

orm 1

1.0

Ytr NE
Ytr NE

Purpose of application [R307-401 -5(2Xa)]

Construction schedule [R307-401 -5(2Xh)]

7. Description of Source Process. [R307-401-5(2)]

A. Detailed description of project: [(Appendix A) (Forms 2-29)]
1. Fuels and their use
2. Raw materials used
3. Description of product(s)
4. Equipment used in process
5. Operation schedules
6. Description of changes to process
7. Production rates

YE NE
Ytr ND
YE NE
YE NE
YE NE
Ytr NE
Ytr NE

1

2.6

Utah New Source Review NOI Completeness Checklist Last revised 8l3ol2o11



I
I
I
I
I
t
I
I
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I
T

I
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I
I
T

A'EmissionslmpactAnalysis[(R3o7-410-4),(AppendixJ)]

12. Signature on application (Form 1 Notice of lntent)

B. Site plan of facility with, building dimensions, stack parameters included: y E Ntr

8. Emissions Related lnformation. [R307-401 -(2Xb)]

A. Emission Calculations: (Appendix C)
1. Emissions per new/modified unit for all pollutants:

(PMro, PM2.5 NOr, SOr, CO, VOC, and HAps)
2. Designation of fugitive and non-fugitive emissions
3. Major GHG Sources: (in CO2e short tons per year)
4. References/assumptions for each calculation and pollutant
5 HAP emissions (broken out by specific pollutant in pounds per hr)
6. Applicable Material Safety Data Sheets

DAQ Form 1a or equivalent (Appendix D)

Source size determination (Appendix E)

Modification

(Appendix B)
1. Emission points and elevations

2. Building dimensions
3. Stack parameters

A
No stack parameters included
(no modeling analysis)

YE
YE
Ytr

YN NN

Yf] NEruNE

YnNE runn

YfINE ruinn

Nn
N fl N/A fl
NEN/Afl

Ytr Ntr

Ytr Ntr
Yf] NEruNE
YE NE
YE ruEN/AE
YD Ntr

B.

C.

D. Offset requirements (nonattainmenVmaintenance areas)
[(R307-401 -420)(R307-401 -421)] (Appendix F)

4.9
not applicable)

1. Acquired required offsets

9. Air Pollution Control Equipment Not applicable.

10.

11.

A. Best Available ControlTechnology (BACT) Analysis
1R307-401 -5(2)(d), (Appendix G)l

B. Detailed information on new/modified equipment controls
401 -5(2)(c), (Appendix H)l

Federal/State requirement applicability [(NAAeS, Stp, NSpS, etc), (Appendix t) y E
Modetinginformation @

Yn

1R307- Y tr

NE

NE

NflN/AE

Yf] NEN/AE

YE NEForm 1

and
;

B

c

Utah New Source Review NOI Completeness Checklist Last revised 813012011



October t2,2075

Marty Gray, Major NSR Section Manager
Utah Division of Air Quality
195 North 1950 West
P.O, Box L44820
salt Lake city, Utah 84\74-4820

//it

.. litr''r
Tesoro Refining & Marketing Company LLC
474 West 900 North

HaruoDeuvrReo ;3'1lqlifl%ur84103

Re: Tesoro Salt Lake Citv Refinerv FCCU/CO Boiter Wet Gas Scrubber and LoTOxrM lnstallation
NO! Update

Dear Mr. Gray:

On June 7L,2OL5, Tesoro Refining & Marketing Company LLC (Tesoro) submitted a Notice of
lntent (NOl) application for the FCCU/CO Boiler Wet Gas Scrubber and LoTOxrM lnstallation for
the Salt Lake City Refinery. Since the time the original application was submitted, Tesoro has
determined that an incremental steam load of approximately 17,500 lb/hr of 300 psi steam will
be required as part of the project. The additionalsteam load will drive the CO Boiler
combustion air fan which will provide higher pressures through the flue gas train. This
additional pressure is needed to overcome the pressure drop associated with installing the Wet
Gas Scrubber. ln addition, Tesoro is submitting estimated fugitive PM, PM1e, and PM2.5

emissions associated with truck traffic on existing paved roads at the facility due to raw
material (oxygen, caustic and coagulant) delivery and filter cake (associated with the wet gas

scrubber's purge treatment unit) disposal. While not likely, trucks may also be utilized to
dispose of wastewater. The final option for wastewater disposal has not been determined at
this time; however, to be conservative, Tesoro has assumed haul trucks will be utilized to
dispose of wastewater.

Emissions Summarv

To account for the potential increase in emissions due to additional steam demand, Tesoro has
estimated the increase in emissions at the facility's Cogeneration Units for the incremental
steam consumption. For haul road truck traffic, emissions are estimated using methodology
from AP-42 Section 73.2.L, Paved Roads (equation 2), January 2}lt.

A summary of emissions increases from the project is provided below. Detailed calculations are
provided in Attachment A to this letter.

TESORO

4817 -3667 -6137 .vl



Emissions Increase (ton/yr)
Emissions Unit Nox SOz co PM PMro PMz.s voc H2SO4

Cogeneration
Units

5.97 2.09 6.s3 0.84 0.84 0.84 0.43 0.03

Truck Traffic 0.40 0.08 0.02
Total 5.97 2.09 6.s3 1.24 o.92 0.86 0.43 0.03
PSD Significant
Emissions Rate
(SER)

40 40 100 25 15 10 40 7

Exceeds PSD

threshold?
No No No No No No No No

This update to the NOI application does not change the result of any applicable rules or
requirements as described in the original NOI application.

Please contact me at 801-521-4966 or Michelle Bujdoso at 801-366-2036 if you need more
information or have questions.

Sincerely,

q,/M-,^-
William Snarr
Health Safety and Environmental Manager

Enclosu res

4817-3667 -6137 .vl
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UTAH D=PAI]TiVIENT OF

ENVIRONMENTAL QUALITY

iu[-l l I 2015

DIVISION OF AIR QUALITY

*;;; l.'

Tesoro Refining & Markettng Company LLC

474 West 900 North
Salt Lake City, UT 84103
801 521 4810

I
TESORO

HAND DELIVERED

June 11,2015

Marty Gray, Major NSR Section Manager
Utah Division of Air Quality
195 North 1950 West
P.O. Box 144820
Salt Lake City, Utah 84114-4820

Re: Tesoro Salt Lake City Refinery FCCU/C0 Boiler Wet Gas Scrubber and

Dear Mr. Gray:

Enclosed please find a Nollge of Intent (NOI) application for the FCCU/CO Boiler Wet

Gas Scrubber and LoTOxrM Installation. This project will occur at the Tesoro Refining

and Marketing Company's (Tesoro's) Salt Lake City (SLC) Refinery which operates

under Approval Order (AO) DAQE-ANI03350065-14.

Also included is a check for $2300 which covers the filing fee and the base fee (Existing

Major Source with a Minor Modification) for the NOI application.

Please contact me at 801-521-4966 or Michelle Bujdoso at 801-366-2036 if you need

more information or have questions.

Sincerely,

William Snarr
Health, Safety and Environmental Manager

Enclosures



UTAH DEPAHTIIENT OF
ENVIRONMENTAL QUALITY

iuN I I 2015

DIVISION OF AIR QUALITY

FCCU/CO Boiler Wet Gas Scrubber and
LoTOxrM lnstatlation

Notice of lntent for an Approval Order

Prepared for
Tesoro Refining & Marketing Company LLC
SaIf Lake City Refinery

June 201 5

TESORO

]lARR

-

4700 West 77th Street
Minneapolis, MN 5S435-4803
Phone: (952) 832-2600
Fax: (952)832-2601



Fccu/co Boiler wet Gas scrubber and LoToxrM lnstailation

Notice of lntent for an Approvat Order

June 2015
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1.0 lntroduction

This Notice of Intent (NOD package is submitted for approval of the installation of wet gas scrubber

(WGS) and LoTOxrM emission control systems on the fluidized catalytic cracking unit/carbon

monoxide boiler (FCCU/CO Boiler) at the Tesoro Refining &Marketing Company LLC's (Tesoro's)

Salt Lake City (SLC) Refinery (hereinafter referred to as the "Project"). The SLC Refinery currently

operates under multiple Approval Orders (AOs), of which DAQE-AN103350065-14 is affected by

this Project. The SLC Refinery is situated on236 acres in Salt Lake County, approximately 1.5 miles

north of Salt Lake City.

This Project involves installation of WGS and LoTOxrM systems to control emissions from the

FCCU/CO Boiler. These emission control systems are being installed primarily to meet Utah's pM2.5

State Implementation Plan (SIP) requirements that apply to Tesoro. The PM2 5 SIP, as most recently

amended by the Utah Air Quality Board on Decemb er 3,2014, is incorporated by reference and made

part of Utah rules pursuant to R307-1 l0-10. Section IX.H.11,g.i. of the SIP contains requirements for
petroleum refineries and specifically for fluid catalytic cracking units. In addition, source-wide limits
are included specifically for Tesoro's SLC Refinery in section IX.H.1 1 .r. These requirements are

included in section 4.1 of this application.

In general, the WGS and LoTOxrM technology process reduces the emissions of SO2 and NOx by

converting these compounds to other compounds that are easily removed from the flue gas by liquid
sprays within the scrubber. These same liquid sprays also remove particulates from the flue gas. The

LoTOxrM system injects ozone into the FCCU/CO Boiler exhaust stream within the WGS. NO1

compounds are oxidized with ozone to form compounds that are removed from the flue gas in the

WGS. It is expected that a small amount of ozone (approximately 3 ppm) will not react with the NOy

compounds and will be emitted directly to the atmosphere (known as "slip"). Emissions of NO1 and

SO2from the FCCU/CO Boiler will be reduced due to the installation of the pollution control

equipment.

Utah administrative code Rule R307-401-3(c) requires submittal of an NOI to "install a control

apparatus or other equipment intended to control emissions of air contaminants." Rule R307-401-5

requires that the NOI must contain specific information related to the process, nature of emissions,

control device(s), and regulatory applicability and compliance. This NOI includes a project

description, an emissions surlmary, and a description of regulatory applicability and demonstration

of compliance to address these requirements.



This NOI is organized as follows:

o Section 2.0 contains a project description,

o Section 3.0 contains the emissions sufitmary,

o Section 4.0 contains a description of regulatory applicability and compliance demonstration,
o Section 5.0 contains a sumrrrary of the NOI requirements,

o Attachment A contains a site diagram,

o Attachment B contains the project emission calculations,

o Attachment c contains Form l, Form 9, and the NoI checklist.



2.0 Project Description

This section includes a general description of the facility and details of the proposed project.

2.1 General Facility lnformation
The Tesoro Salt Lake city Refinery is located at 474 west 900 North, salt Lake city, Utah. The
refinery is located in a nonattainment area for PM2.5 (including precursors NOa, SO2, and VoC)r,
PMls (including precursors So2 and No*)2, and Soz. The area is also a designated maintenance area
for ozone (VoC and No*) and Co. Attachment A includes a figure that shows the location of the
refinery in Salt Lake City.

2.2 Project Description
This Project will install a Belco wet gas scrubber (wGS) and Linde LoToxrM system. Specifically,
the control system will consist of:

o A Belco spray tower for SO2 and particulate removal,

e A Linde LoToxrM system including an onsite ozone generator for Noa removal, and
r A Belco purge treatment unit (PTU) for dewatering and solid waste disposal.

For control of Nox emissions, the proposed wet scrubbing system uses Linde LLC,s patented
LoToxrM process' In the LoToxrM process, ozone is injected into the FCCU/co Boiler exhaust gas
stream within the wGS' Nox compounds are oxidized with ozone to form compounds that are
removed from the flue gas in the WGS.

So2 and Soq are removed from the FCCU/CO Boiler exhaust gas stream by contacting the exhaust
gas with water, buffered with a sodium reagent (either sodium hydroxide, NaoH or soda ash or
Na2co), in the spray tower. The reagent and reagent byproducts are liquids.

Similar to So1 removal, particulates are also removed through liquid-gas contact in the scrubber,s
spray tower' Liquid containing these compounds is collected and purged from the scrubber. It is then
processed by a Purge Treatment Unit (PTU), which separates and dewaters the particulate. The

' utah state Implementation Plan control Measures for Area and point Sources, Fine particulate Matter, pM2.5
SIP for the Salt Lake city, UT Nonattainment Area section IX. part A.21, December 3,2014
'utahPMl0 Maintenance provisions for Salt Lake county, Section Ix.A. 10, ruly 6,2005.



system is designed to discharge a neutral pH liquid stream. The final effluent is low in total
suspended solids (TSS), and contains up to lOYo total dissolved solids (TDS) from sodium sulfate and
sodium nitrate.

A small increase in fugitive dust emissions will occur due to increased truck traffic to deliver raw
materials and haul waste byproducts associated with the wGS and LoToxrM system. In addition,
there is an increase in electrical demand resulting from onsite ozone generation and pumping loads;
however, all incremental electricity will be provided by off-site generation, since on-site generation
is fully utilized by existing process facilities within the refinery.

2.3 Affected Non-Modified Emission Units
The emission unit controlled by the Project is the FCCU/co Boiler (ps# 4). However, the unit itself
will not be modified and Noa So2, PM2 5, PMro, and PM emissions will not increase after the
Project.

2.4 Emission Units Not Affected by project
Tesoro has evaluated the Project impacts to other portions of the refinery and has determined that no
non-modified emission units are affected by the Project. The Project does not relieve constraints of
any other process units.

2.5 Project Schedule
The estimated start of construction is May 2016,pending permit
begin operations in October 2017, assuming permit approval by
construction.

approval. The system is expected

the estimated date for start of



3.0 Emissions Summ ary

The Utah Department of Environmental Quality Division of Air Quality (UDAe) requires a

comparison of the emissions before and after the Project. There will be no increase in potential or
actual emissions at the FCCU/co Boiler (pM, pMro, pMz.s, No1, So2, co). There will be a small
amount of ozone emissions resulting from ozone slip in the LoTOxrM system (approximately 3 ppm)
after the installation of the control system.

Attachment B contains detailed emission calculations which summarize the potential emissions of the
FCCU/CO Boiler before and after the Project. These emission calculations reflect new emission
limitations that will apply or are being proposed (refer to section 3.2).

3.1 R307-403 and R307-405 Emissions Determination
Pollutant-specific emission calculations must be completed to determine whether a major
modification will occur under R307-403 for nonattainment and maintenance areas and under R307-
405 for attainment areas. Since the Project does not result in an increase in actual emissions for the
affected unit (the FCCU/CO Boiler) or for any other emission units, a major modification will not
occur. Refer to Sections 4.6 and 4.7 for determinations of the applicability of New Source Review
(NSR).

3.2 Calculation of Emissions
As previously discussed, NOx and SO2 emissions from the FCCU/CO Boiler will decrease as part of
the Project. The annual emissions decreases are described and quantified as follows to reflect new
applicable and proposed limitations. In addition to the annual limits described below, short term
limits are also proposed. A summary of all emissions limits is provided in Section 3.4. Asummary of
the annual potential emissions of SO2, NOa, and CO from the FCCU/CO Boiler before and after the
project is presented in Table 3-1 below.

Potential SO2 emissions before the Project are based on the existing SO; limit at the
FCCU/CO Boiler of 705 tons per rolling l2-month period and the conversion factor of 1.05

to convert from SO1 to SO2. Potential SO2 emissions after the Project are calculated using a

proposed SO2 emission limit of 10 ppmvd, @ O% excess air on a 365-d,ay rolling average.

Potential NOa emissions before the Project are based on the existing NO1 limit at the
FCCU/CO Boiler of 174 tons per year. Potential NO1 emissions after the project are



calculated using a proposed NOa emission limit of l0 ppmv d @ O% excess air on a 365-d,ay
rolling average.

o Potential co emissions before the Project are based on the existing co limit of 500 ppmvd.
Potential co emissions after the Project are calculated using a proposed co emission limit of
100 ppmvd @ 0% excess air on a 365_d,ay rolling average.

o Potential emissions of other pollutants will not change because there are no new applicable or
proposed limits. The PM2 5 SIP contains a limit of 1.0 pounds pM per 1000 pounds coke
burned on a 3-hour average basis; however, the same PM limit already applies per 40cFR 60
(NSPS) Subpart J.

Table 3-1' summary of FCCU/co Boiler Potential to Emit (prE) Before and After project

PhrI,Iir:*iirrr

Soz 671.43 4t.06
NOx 174.00 29.48

CO 933.43 179.51

3.3 Hazardous Air pottutant (HAp) Emissions
There are no increases in actual or potential emissions of HAps as a result of the project. The wGS
may result in a decrease in HAP emissions such as heavy metals in particulate form or volatile
organic compounds that are soluble in water; however, these potential decreases have not been
quantified.

3-4 Existing and proposed Emissions Limits
Proposed new emission limits are presented in Table 3-2 forthe FCCU/co Boiler. Section 4.1 also
provides the refinery-wide limits that are required by the pM2 5 slp. Tesoro will use continuous
emission monitoring systems (CEMS) to demonstrate compliance with the proposed Noa, Soz, and
CO limits for the FCCU/CO Boiler.



Table 3-2. Proposed FCCU/CO Boiler Emission Limits

Table 3-3. Proposed Source-Wide Emission Limits

Pollutant Limit Averaging Periqd Date Applicable
Nox 10 ppmvd at 0%o Oz Rolling 365-day January 1,2018
NO, 20 ppmvd at 0%o 02 Rolling 7-day January 1,2078
SO, 10 ppmvd at 0%o 02 Rolling 365-day January 1,2018
SO, l8 ppmvd at \Yo 02 Rolling 7-day January 1,2018
SO, 25 ppmvd at }Yo Oz Rolling 365-day January l,20lB
SO, 50 ppmvd at 0%o 02 Rolling 7-day January 1,2018
CO 100 ppmvd at \Yo 02 Rolling 365-day October l, 2015

Pollutant Limit Averaging Period Date Applicable
PM2 5 (filterable) 0.42 ton/day I -day January 1,2019
PM2 5 (filterable) 1 l0 ton/yr Rolling l2-month January 1,2019

Nox 1.988 ton/day 1-day January 1,2019
Nox 475 ton/yr Rolling l2-month January 1,2079
Soz 3.1ton/day 1-day January I,2019
Soz 300 ton/yr Rolling 12-month January 1,2019



4-0 Regulatory Applicability and compliance
Demonstration

Tesoro has completed an applicability review of all Federal and State air quality regulations as part
of the air permit application process. Table 4-1 provides a summary of the major air quality programs
that were reviewed for the Project. Each regulation which requires explanation is described in the
following sections.

Table 4-1. summary of Air euality Regulatory Applicability for the project

Report
Section Program Description

Regulatory
Citation

Does This Project Trigger New
Applicable Requirements?

Utah State Rules R307

4.1 General Requirements: State Implementation
Plan

R307-l 10 Yes

4.2 Stationary Sources R307-210 No
4.3 National Emission Standards for Hazardous

Air Pollutants
R307-214 No

4.4
Ozone Nonattainment and Maintenance
Areas: Control of Hydrocarbon Emissions in
Petroleum Refineries

P.307-326 No

Ozone Nonattainment and Maintenance
Areas: Petroleum Liquid Storage R307-327 No

4.5 Permit: New and Modified Sources R307-40r Yes
4.6 Nonattainment and Maintenance Areas R307-403 No
4.7 Permits: Major Sources in Attainment or

Unclassified Areas (pSD)
R307-405 No

4.8 Visibility R307-406 No
4.9 Permits: Emissions Impact Analysis R307-410 No

Permits: Fees for Approval Orders R307-4r4 No
4.10 Permits: Ozone Offset Requirements in Davis

and Salt Lake Counties
R307-420 No

4.tt Permits: PMls Offset Requirements in Salt
Lake County and Utah County R307-421 No

4.12
Consent Decree - United States, et.al. v. Bp
Exploration & Oil, et. al., Civil Action No.
2:96 CY 095 RL

No

Federal Rules 40 CFR



Report
Section Program Description

Regulatory
Citation

Does This Project Trigger New
Applicable Requirements?

Natlonal Ambient Air euality Standards
(NAAQS)

40 CFR 50 No

4.6,4.7 New Source Review (NSR) 40 CFR 52 No
4.2 New Source Performance Standards (NSPS) 40 CFR 60 Yes

4.3 Natronal Emission Standards for Hazardous
Air Pollutants (NESHAps)

40 CFR 6I No

4.3 NESHAPs for Source Categories 40 CFR 63 No
Risk Management Programs for Chemical
Accidental Release prevention 40 CFR 68 No

Irtle V Operating permit
40 CFR 70 No

Acrd Rain Requirements 40 CFR 72 No
Stratospheric Ozone protection Requirements 40 CFR 82 No

4.1 Rule R30z-110. Generar Requirements: state rmptementation
Plan

The PM2.5 State Implementation Plan (SIP), as most recently amended by the Utah Air euality Board
on December 3,2014, is incorporated by reference and made part of Utah rules pursuant to R307-
110-10' The limits described below are summarized in Section 3.4 of this application. section
Ix'H'11'g'i of the PM2.5 sIP contains the following requirements for petroleum refineries.

Petroleum Refineries.

i. Limits at Fluid Catalytic Cracking Units

A. FCCU SO2 Emissions

I' By no later than January I, 2018, each owner or operator of an FCC(J shall comply
with an soz emission limit of 25 ppmvd @ 0% excess air on a 365-day rolling average
basis and 50 ppmvd @ 0% excess air on a z-day roring average basis.

II. compliance with this limit shall be determined byfollowing 40 c.F.R. g60.105a(g).

B. FCCU PM Emissions



I' By no later than January t , 201B, each owner or operator of an FCC(J shall comply
with an emission limit of 1.0 pounds PM per 1000 pounds coke burned on a 3-hour
average basis.

II' compliance with this limit shall be determined by fotlowing the stack test protocol
specified in 40 C.F.R. 560.106(b) to measure PM emissions on the FCCU. Each owner
operator shall conduct stack tests once every five years at each FCCU.

III' By no later than January t, 201g, each owner or operator of an FCC(J shall install,
operate and maintain a continuous parameter monitor system (C\MS) to measure and
record operating parameters for determination of source-wide pMz.t emissions as
appropriate.

In addition, the following source-wide requirements apply specifically to the Tesoro SLC Refinery
per Section IX.H.1 I .r.

r. Tesoro Refining and Marketing Company; Salt Lake City Refinery

i. Source-wide pM2.5

By no later than January 1, 201g, combined emissions offilterable pM2.5 shall not exceed 0.42
tons per day (tpd) and I I0 tons per rolling I2_month period.

PM2'5 emissions shalt be determined daily by apptying the listed emissionfoctors or emission
factors determined from the most current performance test to the relevant quantities offuel
combusted' (Jnless adiusted by performance testing as discussed above, the default emission
factors to be used are as follows;

Natural gas - 1.9 lb/MMscf (filterable), 5.2 rb/MMscf (condensabre)

Plant gas - 1.9 lb/MMscf (firterabte), 5-7 rb/MMscf (condensabre)

Daily gas consumption by all boilers andfurnaces shall be measured by meters that can
delineate theflow of gas to the indicated emission points.

The equations used to determine emissions for the boilers and furnaces shalt be as follows;

Emission Factor (rb/MMscfl * Gas consumption (MMscf/24 hrs)/(2,000 lb/ton)

10



By no later than January 1, 2019, Tesoro shall conduct stack testing to establish the ratio of
condensable PM2'5 from the FCC(I wet gas scrubber stack. At that time the condensable fraction
will be added and a new source-wide limitation shall be established in the AO.

Total 24-hour PM2-5 (filterable * condensable) emissions shall be calculated by adding the
results o-f the above filterable PM2 .5 equations for natural gas and plant gas combustion to the
values for the FCC(I wet gas scrubber stack and to the estimate for the sRU/TGTU/TGI. Results
shall be tabulated every day, and records shall be kept which include the meter readings (in the
appropriate units) and the calculated emissions.

ii. Source-wide NOx

By no later than January t, 201g, combined emissions of Nox shall not exceed l.9gB tons per
day Qpd) and 475 tons per rolling t2_month period.

compliance shall be determined daity by multiplying the hours of operation of a unit, Jbed rate to
a unit, or quantity of each fuet combusted at each affected unit by the associated emission factor,
and summing the results.

A Nox cEM shall be used to calculate daily Nox emissions from the FCC7 wet gas scrubber
stack' Emissions shall be determined by multiplying the nitrogen dioxide concentration in the.flue
gas by the massflow of theJlue gas. The Nox concentration in theflue gas shall be determined
by a CEM.

The emission factors for all other emission units are based on the results of the most recent stack
test for that unit.

Total daily Nox emissions shall be calculated by adding the emissions for each emitting unit.
Results shall be tabulated every day, and records shatl be kept which include the meter readings
(in the appropriate units) and the calculated emissions.

iii. Source-wide SO2

By no later than January I , 201 g, combined emissions of so2 shall not exceed 3 . I tons per day
(tpd) and 300 tons per rolling l2_month period.

t1



Daily SO2 emissions from the FCCU wet gas scrubber stack shall be determined by multiplying
the SO2 concentration in theflue gas by the massflow of theflue gas. The SO2 concentration in
the flue gas shall be determined by a CEM.

Daily So2 emissions from other affected units shatl be determined by multiplying the quantity of
eachfuel used daily (24 hour usage) at each affected unit by the appropriate emissionfactor
below.

Emission factors (EF) for the various fuels shall be as follows;

Natural gas: EF = 0.60 lb/MMscf

Propane: EF : 0.60\b/MMscf

Plantfuel gas: the emissionfactor shall be calculatedfrom the H2S measurement orfrom the
SO2 measurement obtained by direct testing/monitoring.

The emission factor, where appropriate, shatt be calculated as follows;

EF (lb so2/MMscf sas) : [(24 hr avg. ppmdv H2s) /10^6J t64 tb so2/tb mote)J [e0^6

s cf/MM s cfl / ( 3 7 9 s cf/ I b mo I e)J

v[/here mixtures offuel are used in a Unit, the above factors shall be weighted according to the

use of eachfuel.

Total daily SO2 emissions shall be calculated by addingthe daily results of the above SO2
emissions equations for natural gas, plant fuel gas, and propane combustion to the wet gas

scrubber stack. Results shall be tabulated every day, and records shall be kept which include the
CEM readings for H2S (averaged for each one-hour period), alt meter readings (in the
appropriate units), and the calculoted emissions.

Tesoro requests that the requirements from the SIP be incorporated into the Approval Order issued
for this Project.

4.2 R307-210: Stationary Sources
New Source Performance Standards (NSPS) are incorporated by reference into the UDAe rules.
There is no new construction of any NSPS affected facilities. Tesoro reviewed whether the project

t2



will result in a "modification" or "reconstruction" for any NSPS affected facilities, and thus result in
applicability of that NSPS. The NSPS regulation, at 40 CFR g60.14(a), defines a modification as a
physical or operational change to the affected facility that is not specifically exempted and that
results in an increase in the emissions rate to the atmosphere of any pollutant to which a standard
applies. An increase in production rate, if that increase can be accomplished without a capital
expenditure on that facility, is not considered a modification per $60.14(eX2). ,,Increase in emissions
rate" is defined pursuant to $60.14(b) as an increase in the maximum hourly emission rate of an
applicable pollutant from the affected facility. A reconstruction occurs when the fixed capital cost of
the Project is 50 percent or greater than the current replacement cost ofthe affected facility.

The FCCU/CO Boiler is the only emissions unit that will require physical changes as part of the
Project and is currently an affected facility under NSPS Subpart J. Tesoro reviewed the physical
changes performed as part of the Project to determine if NSPS Subpart Ja is triggered for the
FCCU/Co Boiler' There will not be any increase in maximum hourly emissions of any pollutant
regulated by NSPS Subpart Ja (PM, NOy, SO2 and CO). Therefore, the FCCU/CO Boiler is not
considered to be "modified" according to NSPS regulations. In addition, the estimated cost of
changes being made to the FCCU/CO Boiler as part of the Project are less than S1%oof the
replacement cost of the affected facility; therefore, o'reconstruction" is also not triggered.

Tesoro is evaluating applicability of wastewater system modifications related to the project to
determine whether modification is triggered under NSPS Subpart QQe and is uncertain at this time
whether a modification to an affected facility will occur as part of the Project. Tesoro will review the
detailed drawings when they are available and in the event that modification is triggered under
Subpart QQQ, Tesoro will provide the required notifications to UDAe.

The Project will not affect applicability of any other NSpS subparts.

4-3 R307-214: Nationat Emission standards for Hazardous Air
Pollutants

NESHAP standards from 40 CFR 61 and 40 CFR 63 are incorporated by reference into the UDAe
rules' The physical changes performed as part of the Project affect only the FCCU/CO Boiler; which
is currently subject to 40 CFR 63 Subpart UUU for "National Emission Standards for Hazardous Air
Pollutants for Petroleum Refineries: Catalytic Cracking Units, Catalyic Reforming Units, and Sulfur
Recovery Units." Catalylic cracking units are regulated as emission points under this subpart. Tesoro

l3



will continue to comply with the emission standards and other requirements of this rule following the
Project.

4-4 R307-326: ozone Nonattainment and Maintenance Areas:
Contro! of Hydrocarbon Emissions in Petroleum Refineries

Rule R307-326-7 contains requirements for flue gas from catalfiic cracker catalyst regeneration
units' The FCCU/CO Boiler is currently subject and will remain subject to this requirement after the
Project' Tesoro will continue to comply with the requirements of this rule following the project.

4.5 R307'401: Permit: New and Modified sources
Rule R307-401-3(c) requires submittal of an NoI to "install a control apparatus or other equipment
intended to control emissions of air contaminants." Since the project is installation of emission
control systems, an NoI must be submitted. Rule R307- 4ol-5 requires submittal of an NoI, which
must contain specific information related to the process, nature of emissions, control device(s), and
regulatory applicability and compliance. Refer to Section 5.0 for a summary of compliance with the
NOI requirements.

4.5.1 State BACT
R307-401-5(d) permits the issuance of an approval order if it is determined that the pollution control
for emissions is at least best available control technology (BACT). A BACT review is required for
new emission units and existing emission units where there is a physical modification and an increase
in emissions. Because emissions are not increasing at the FCCU/Co Boiler a BACT review is not
required.

4.6 R307-403: Nonattainment and Maintenance Areas
R307-403 applies to major new sources or major modifications to be located in a nonattainment area.
The refinery is located in a nonattainment area for PM2 5 (including precursors So2, Nox, and VoC),
PMls (including precursors So2 and No*), and So2. The area is also a designated maintenan ce area
for ozone (voc and No*) and co. The proposed Project is neither a new major source nor a major
modification as defined in R307-101-2 since the actual emissions increase is zero, which is less than
the significant emission rate (SER) threshold for each applicable pollutant.

Emission offsets are required if the combined allowable emission increase of pM1s, So2, and No*
exceeds 25 tons per year per R307-403-5. Since the combined allowable emission increase from the
Project is zero tons per year of these pollutants, no emission offsets are required.
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4-7 R307-405: permits: Major sources in Attainment or
Unclassified Areas (pSD)

R307-405 applies to major new sources or major modifications located in an attainment, unclassified,
and maintenance areas. This rule requires review of all regulated NSR pollutants except those
pollutants in nonattainment with the ambient air quality standards (pMz.s, pMro, and So2). The
proposed Project is neither a new major source nor a major modification as defined in R307-405-3
since the emissions increase for all applicable pollutants is zero, which is less than the SER threshold
for each applicable pollutant. Tesoro has demonstrated compliance with all applicable requirements
with the submission of this NoI. Therefore the requirements of R307-405 are not applicable to this
proposed Project.

4.8 R307-40G: Visibitity
The installation of the emission control systems results in a reduction in pollutants (Noa, So2, and
PM) that cause or contribute to visibility impairment. As a result, Tesoro believes that the project
will not cause an "Adverse Impact on Visibility" as defined in the rule and no further review is
required.

4-9 R307-410: permits: Emissions rmpact Anarysis
R307-410 establishes the procedures and requirements for evaluating the emissions impact of new or
modified sources' Pursuant to R307-410-4, dispersion modeling is required for increases in the total
controlled emission rate of attainment pollutants (No* and co for the SLC refinery) in an amount
greater or equal to values given in Table 1 of the rule. For these pollutants, the thresholds given in
Table I are equal to the sERs. Dispersion modeling is not required since there is not an increase in
emissions of NO* or CO.

The requirements of R307-410-5 for documentation of ambient air impacts for hazardous air
pollutants do not apply since the Project does not result in an increase in emissions of hazardous air
pollutants.

4-10R307'420: permits: ozone offset Requirements in Davis andSalt Lake Counties
The SLC Refinery is located in a maintenance area for ozone. Emission offsets are required for any
new major source or major modification of voc or No*. R3o7-420-2defines a significant emission
increase at a level of 25 tpy voc rather than 40 tpy voc. The project is neither a new major source
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nor a major modification for voc (considering the lower threshold) or No^; therefore, offsets are not
required.

4.11R307'421: Permits: pMls offset Requirements in sart Lake
Gounty and Utah Gounty

Emission offsets are required if the combined allowable emission increase of So2 and No* exceeds
25 tons per year' The combined allowable emission increase of these pollutants from the project is 0
tons per year. Therefore, no emission offsets are required.

4-l2consent Decree - United states, et.al. v. Bp Exploration & oil,et. al., Civil Action No. 2:96 CV 095 RL
on August 29,2ool BP Exploration entered into a consent Decree with the us EpA covering eight
refineries including the Salt Lake city and Mandan refineries. when Tesoro purchased the salt Lake
and Mandan refineries from BP, Tesoro assumed responsibility for the provisions of the consent
decree as they related to the two facilities. This Project is not being undertaken to comply with any
provisions of this consent decree. Tesoro will continue to comply with the provisions of the consent
decree, if applicable, after implementation of the project.
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5.0 summary of Nol Requirements for project

Table 5-1 provides a surlmary of how this NoI complies with the specific requirements of Rule
R307-401-s(2).

Table 5-1. Summary of NOI Requirements

Requirement Section Reference for Information provided
(a) A description ofthe nature ofthe processes
involved; the nature, procedures for handling and
quantities of raw materials; the type and quantity of
fuels employed; and the nature and quantily of
finished product.

Section 2.2

(b) Expected composition and physical
characteristics of effluent stream both before and
after treatment by any control apparatus, including
emission rates, volume, temperature, air
contaminant types, and concentration of air
contaminants.

Section 3.2, Attachment B

(c) Size, type and performance characteristics of
any control apparatus.

Attachment C, Form 9.

(d) An analysis of best available control technology
for the proposed source or modification. When
determining best available control technology for a
new or modified source in an ozone nonattainment
or maintenance area that will emit volatile organic
compounds or nitrogen oxides, the owner or
operator ofthe source shall consider EpA Control
Technique Guidance (CTG) documents and
Altemative Control Technique documents that are
applicable to the source. Best available control
technology shall be at least as stringent as any
published CTG that is applicable to the source.

N/A. The Project does not include installation of
a new or modified source.

(e) Location and elevation of the emission point
and other factors relating to dispersion and
diffusion of the air contaminant in relation to
nearby structures and window openings, and other
information necessary to appraise the possible
effects ofthe effluent.

Attachment A - location provided - other info
not needed since modeling is not required.

(f) The location of planned sampling points and the
tests of the completed installation to be made by
the owner or operator when necessary to ascertain
compliance.

Not applicable - no new testing is necessary to
demonstrate compliance.

(g) The typical operating schedule.
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Requirement Section Reference for Information Provided
(h) A schedule for construction. Section 2.5

(i) AnV plans, specifications and related
information that are in final form at the time of
submission of notice of intent.

No plans or specifications are in final form at the
time of this submission.

0) AnV additional information required by:
(i) R307-403, Permits: New and Modified
Sources in Nonattainment Areas and
Maintenance Areas;

(ii) R307-405, Permits: Major Sources in
Attainment or Unclassified Areas (PSD);

(iii) R307-406, Visibility;
(iv) R307-410, Emissions Impact Analysis;
(v) R307-420, Permits: Ozone Offset
Requirements in Davis and Salt Lake Counties;
(vi) R307-421, Permits: PMls Offset
Requirements in Salt Lake County and Utah
County.

(i) Section 4.6

(ii) Section 4.7

(iii)Section 4.8

(iv) Section 4.9

(v) Section 0

(vi) Section 4.1 1

(k) AnV other information necessary to determine if
the proposed source or modification will be in
compliance with Title R307.

Section 4.2 (NSPS Compliance)
Section 4.3 (MACT Compliance)
Section 4.4 (Control of Hydrocarbons)



Attachment A

Refinery Location Map and Site Diagram



Figure A-1
Refinery Location Map
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Attachment B

Emission Calculations for project
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Attachment C

Form 1, Form g, and NOI Ghecklist



UTAFrA)
ilrra^etS
T'"k#

Utah Division of Air Quality
New Source Review Section

Form 1

Notice of lntent (NOl)

Applicationfor: XtnitiatApprovalOrder

Date

lApproval Order Modification

APPROVAL ORDER MUST BE ISSUED BEFORE ANY CONSTRUCTION OR INSTALLATION CAN BEGIN. ThiS iSnot a stand alone document; please refer to uAC R307-4o1and the published Nol guidebook for information onrequirements of the specified information below. Please print or type all information requested. All ouflined informationrequested must be accurate and completed before DACi can determine that an Nol is complete and an engineeringreview can be initiated. lf you have any questions, contact the Division of Air Quatity at (g01) 536-4000 and ask tospeak with a New Source Review Engineer. W.ritten inquiries may be addressed to: Division of Air euality, New SourceReview Section, p.O. Box 144BzO, Sitt take City, Utah A+tlq,_iazo.

General Owner and Facitity lnformation
1. Filino Fee Paid* 2. Application Fee Paid*
3. Company name and address:
Tesoro Refining & Marketlng Company LLC
474 West 900 North
Saft Lake City, UT 84103

Phone No.: (801) 366-2036
Fax No.: (801) s2 t-4965

Phone no.: (801) !11-4956
Email: Wil-f iam. K. SnarrGtsocorp. com

".* pompany contact onty; consultant or independent contractor contact
information can be provided in a cover leftei

4. Company** contact for environmental matters:
William Snarr

5. Facility name and address (if different from above):
Tesoro Refining & Marketing Company LLC
474 West 900 North
Sal-t Lake City, UT 84103

Phone no.: (801) 366-2036
Fax no.: ( Bo1 ) 52 t-4965

6. Owners name and address:
Tesoro Corporation
19100 Ridgewood parkway

San Antonio, TX 18259

Phone no.:
Fax no.:

7. Property Universal Transverse Mercator coordinates
(UTM), including System and Datum:

Easting: 423, 4oo

Northing: 4, 575, g5O

System: UTM Zone 12

Datum:

8. County where the facility is located in:

Sal-t Lake

9. Standard lndustrial Classification Code:

2977

DAQ Form 1 Notice of lntent

1of 3
Updated: 11130111



10. Designation of facility in an attainment, maintenance, or nonattainment area(s):

SL City CO Maint Area
SL Co Ozone Maint Area
SL Co PM10 NAA
SL Co PM2.5 NAA
SL Co SO2 NAA

11. lf request for modification, AO# to be modified: DAQE#oaOE-AN103350065-14 Dale: gl5t14

12. ldentify any current Approval Orde(s) for the facility not being modified with this request:
AO#DAQE-AN103350063-14 Date3/71 /1_4

AO#oaQu-aNO103350O 42-08 Date'/73/OB

Application for:
Xtrtew construction
!Existing equipment operating without permit
EChange of permit condition

flModification
nPermanent site for Portable Approval
lChange of location

14. Construction or modification estimated start date:S/1/16 Estimated completion date:10t31t17

15. Does this application contain justifiable confidential data? nyes X No

16. Current Title V (Operating permit) ldentification: Date

an enhanced Title V permit with this AO modification

Brief (50 words or less) description of project to post on DAQ web for public awarenessThis Project invol-ves instaffation of wGS and LoToxTM emissions control systems on theFCCU exhaust stack. These emission controf systems are being instaffed primarily tomeet utah's PM2'5 State rmplementatlon PIan (SrP) requirements that apply to Tesoro.

Appendix A: Detailed description of project including process flow diagram (See Forms 2-23)
EFuels and their use ngquipment used in procJss '-go"."ription 

of product(s)
ERaw materials used EDesiription of changes to process (if appticable) trStr"k iarametersEOperation schedules EProduction rates linituOing daily/seasonalvariances)

19' Appendix B: Site plan of facility with all emission points and elevations, building dimensions, stack parameters
included

DAQ Form 1 Notice of lntent

2of 3
Updated: 11130111



Emissions lnformation
20. Appendix C: Emission Calculations that must include:

xEmissions oer new/modified unit for each of the following: pM1e, pM2.5, No,, so", co, voc, and HApsIDesignation of fugitive anO non iugitive emissions
EMaior GHG Sources; Emissions f"ei ne*lmodified unit for GHGs (in Co2e short tons per year)
xReferences/assumptions for 

"r"it 
Erirrion Factor used in calculating criteria pollutant, HAp, and GHG emissionsnHep emissions (in pounds per houi and tons p"r v""l.) 6ror"n out by specific pollutant and summed as a totat

21 ' Appendix D: DAQ Form 1a or equivalent (comparison of existing emissions to proposed emission and resulting newtotalemissions)

22. Appendix E: source size determination (Minor, synthetic Minor, Major, or psD)
X tt an Existing Major Source: Determination of Minor, Major or pSD modification

23. Append ix F: offset req-uirements (nonattainmenumaintenance areas)
flAcquired required offsets

R307 -40 1 - 420 & R3o7 -40 1 _ 42 1

Air Pollution Gontrot equipment lntormati6f
24' Appendix G: Best Available control rechnology (BACT) analysis for the proposed source or modification

25' Appendix H: Detailed information on all new/modified equipment controls. lt is strongly recommended using DAeforms as they outline required information, but something ;quivatent to the DAe forms is acceptable.

26' Appendix l: Discussion of Federal/state requirement applicability (NAAas, slp, NSps, NESHAp, etc)

Modeling lnformation
27. Appendix J: Emissions tmpact Analysis (if applicable)

Electronic NO!

28. A complete and accurate electronic NOI submitted

I hereby certify that the information and data submitted in and with this application is completely true, accurate andcomplete, based on reasonable inquiry made by me and to tl.ie oest of my t<nowieog" ,no belief.

rire: VP. 5B\\ L-o.Ke

Telephone Number:

*with the exception of Federal Agencies who wilt be billed at comptetion of the project

DAQ Form 1 Notice of lntent

3of3 Updated: 11130111



UTAt

rfr,;
ihr.a^el;ffi

Utah Division of Air euatity

NOTICE OF INTENT
gQ[,tP LETEN ESS CH ECKL| ST

TO BE COMPLETED BY PROJECT ENGINEER WlrHtN s0 DAys oF RECElpr oF THE NOTTCE OF TNTENT (NOt).
SXLHf'BiflXF,i[,1"iiTtRl,-P1-:i"Jl tlytltii[rtvi-to-o-eruA.) ANy NEGAT,E RES'.NSE wrLLCAUSE APPLrcArroN ro BE ormveo. Au- nrrrner.rdes on-="r"oiIEIii3'E'*JEE?'i[=,,[?Tr:

I

Project Name: 1R{r0?"W Date: r\,,\15
1. Fees Paid

A. Filing Fee
B. Application Fee

l. Facility area designation (attainment, maintenance, or nonattaiment)

3. lf modification, AO# ro be modified [R307_401_5(2)(k)]

1

General information in Sections 1.0 and 2.1

Form 1

2.0 and sub-sections

N/A fl

YE r.rn runa

YE IVE ruNI_l
Yn run runI
YN NN

YE IVE ruNE

Yn run runE

N/A n

N/A fl
N/A fl

indicate where
can be found in

application.

YN NN
YN NN

2. Source tdentification tnformatjon: [R307_401_5(2Xk)]A. Name, address,.and telephone number f*lrdi-lto"t
P Company submitting application
C. Plant manager and/or bbmpany contact
P Plant (if different from Company)
E. _Company owner and agent
F. Property UTM coordinaies

YN N!
Ytr Ntr
YN NN
Ytr Ntr
YE NN
YN NN
YN NN
YN NN
YN NN

G. County where facility is located
H. SIC Code(s)

4.

5.

6.

7.

I Plfl:grent Agprovat.orde(s) for facitity not beins modifiedB. Current Titte V (Operating eeimitl
1

Section 1.0

1

Section 2.5

Purpose of apptication [R307-401 _5(2Xa)]

Construction schedute IR307-401 _5(2Xh)]

Justifiabte confidentiat Oata 
llyn I

Description of Source process. 
[R307_401_5(2)]

A' Detailed description of project: [(Appendix A) (Forms 2-2s))1. Fuels and their use
2. Raw materials used
3. Description of product(s)

!. Equipment used in process
5. Operation schedules
6. Description of changes to process
7. Production rates

YN NN
YN NN
YN NN
YE NE
YN NN
Ytr NE
YE NE

Utah New Source Review NOI Completeness Checklist
Last revised 8/AO12O11



B. site plan of facility with, building dimensions, stack parameters included: y E N E(Appendix B)

8. Emissions Retated tnformation. [R307_401_(2Xb)]

A. Emission Calculations: (Appendix C)
1 . Emissions per new/modified unit ior all pollutants:

(PMro, pM25 NOr, SO*, CO, VOC, and HAps)

-2 Designation of fugitive and non_fugitive emissions

1. Emission points and elevations

2. Building dimensions
3. Stack parameters

A
stack parameters included
modeling analysis)

YE
Yn
Yn

YN Ntr

Yn runrunE

YnruE runa

Ynrun run!

NE
N fl N/A fl
NflN/An

Ytr Ntr

Ytr Ntr
YE IVEruIAE
YN Ntr
YE r'rEruna
YE Ntr

B.

c.

4. References/assumptions for each carcuration ano ilortutant
I HAP emisslons (br.o!e! oulby specific poilutant in'pounos'per n46. Applicabte Materiat Safety Daia bheets

3 Major GHG SourCes: (in CO2e sfrdrt toni G;y;;rj

DAQ Form 1a or equivalent (Appendix D)

Source size determination (Apoendix Et ls
1. lf Existing Major Source: Oeterminatioi

3.0 and
S;

B

Sections 4.1O,4.1
applicable)

Minor,
Modification

9. Air Pollution Control Equipment

D 9.Ilqlrequirements (nonattainmenVmaintenance areas)(R307-401-420)(Rso7-401-421)l(AppendixF) -.-'

1. Acquired required offsets

.2 and 4.5,
orm I

A. Best Available ControlTechnology (BACT) Analysis
1R307-401-5(2Xd), (Appendix c)f 

- '

B. Detailed information on new/modified equipment contrors
401 -5(2)(c), (Appendix H)l

Federal/state requirement applicability [(NAAQS, stpfNSps-etc), (Appendix t) ,y n N tr N/A E
Modeling information lsection 4.0 and sub-sections 

I

YN NE

1R307- Yn Nn

10.

11.

A.EmissionslmpactAnalysis[(R3o7-410-4),(AppendixJ)]

12. Signature on application (Form 1 Notice of lntent) Form 1

YE runruna
YN NN

c

Utah New Source Review NOI Completeness Checklist
Last revised 8l30l2}'l 1



UTA'{

_rAI
itrra.etsffi

Utah Division of Air Quality
New Source Review Section

Form 9
Scrubbers & Wet Gollectors

corpany@mpany
Site/Source Salt Lake City Refinery

Date May 1,2015

Equipment !nformation

1. Provide diagram of internal components (attachment)
TBD

2. Manufacturer. BeICO
Modelno.TB-

3. Date installed: October 1.2017 4. Emission Equipment served: FCCU

5. Type of pollutant(s) controlled: Fitterabte (pM, pM1e, and

Particulate (type)_ PM2.5) and condensable
6. Type ofScrubber: TBD

A Spray Chamber tr Venturi

! Cyclone ! packed Tower Type

tr Orifice E Mechanical

7. Gas Stream Characteristics

Gas Stream
Temoeratun

Particulate Grain Loading

Outlet

134"F

8. Particulate size: TBD microns (mean geometric diameter)

Scrubbing Liquid Characteristics

9. Scrubbing Liquid
PH 14 Range

Composition
1.

2.

3.

4.
5.
6.

Design Maximum

80

Average Expected

70-80

11. Pressure at Spray

Nozzle: TBD
(psia)

12. Pressure Drop thru
Scrubber

TBD
iilclres of wat4

Data for Venturi Scrubber Data for Packed Towers

13. Throat Dimensions
(Specify Units)

nla

14. Throat Velocity
(fUsec)

nla

15. Type ofPacking '16. SuperficialGas
Velocity through Bed

nla

Page 1 of3



Form 9 Scrubbers & Wet Collectors - Continued

Data Stack/Exhaust Exit
'17. Height: 180 feet 18. Temperature of

exhaust stream:
134 "F

lnside dimensions:
8 feet diameter or

feet x feet

waterpressuref --.--iE6-
Units

inches of water column
gallons per minute
pounds per square inch

21. Dimensions of setfling pond:
width:
Length: nla
Depth:

22. Flow rate through setfling pond: nla

23. Residence time of water in pond: nla

Emissions Calculations (pTE)

calculated emissions for this device Refer to Attachment B of application.
PMro _-Lbs/hr-- Tons/yr PMz.s 

-Lbs/hr- 

Tons/yrNo. _-Lbs/hr_- Tons/yr so, 
- 

Lbs/hr_ Tons/yrCO --Lbs/hr-- Tons/yr VOC 

--Lbs/hr_ 
Tons/yrHAPs_Lbs/h r (speciate)_Ton s/yr (speciate)

Submit calculations as an appendix.

Page 2 of 3



I

rnstructions - Form 9 scrubbers & wet cortectors

NOTE: 
12,CalltheDivisionorruro@ifyouhaveproblemsorquestionsin

filling out this form. Ask to sfeir wiirrc iv"#sorr"" hevi6w 
"ngin";r. 

-w;'irill 
o" gtad to hetpt

1' supply an assembly drawing, dimensioned and to scale of the interior dimensions and features ofthe equipment' Please include inlet and outlet liquid aro gr. flo* directions and temperatures, anddemister section.
2. Specify the manufacturer and model number of equipment.
3. Please indicate the date that the equipment was installed.
4. specify what type of equipment or process the scrubber is being used for.5. specify what polutant is being controiled by the scruboerlwet loilector.6. Specify the type of scrubber.
7' supply the specifications for the gas stream including the flow rate at the design maximum andexpected average, inlet and outlet temperatures, and particulate grain loading at inlet and ouflet.8. Supply the particulate mean geometric diameter.

! supply the compositigl of the scrubbing riquid used in the equipment.
10' lndicate what the liquid injection rate isior the design maximum and the expected average ingallons per minute.
11. lndicate the pressure at the spray nozzle.
12. ldentify what the pressure drop through the scrubber is.
13. lndicate what the throat dimensions are for a venturi scrubber.
14. lndicate what the throat velocity is for a venturi scrubber.
15. lndicate what the type of packing is in a packed tower.

]! snecifv what the gas verocity is ihrough it'" o"o in a packed tower.
17. lndicate what the stack height is of the scrubber.
18. lndicate the temperature of the exhaust gas.
19. Supply the inside dimensions of the stack.
20' Supply specifications of any monitoring equipment which is used in the system.21. Specify the dimensions of the setiling lond.
22. lndicale the frow rate of the water through the setfling pond.
23. Supply the residence time of the water in the setflinjpond.
24' Supply calculations for all criteria pollutants and HAFs. Use Ap42 or Manufacturers data tocomplete your calculations.

U:\aq\ENGINEER\GENERIC\Forms 201 0Form09 Scrubbers.doc
Revised 12120t1O

Page 3 of 3



John Jenks <jjenks@utah. gov>is* 6s

: rI. llllf #*3*li"ffir

RE: Questions on WGS NOI
1 nressage

Drechsel, Chris S <Christopher.S.Drechsel@tsocorp.com> Wed, Sep 16,2015 at 3:49 PM

To: John Jenks <jjenks@utah.gov>, "Bujdoso, Michelle D" <Michelle.D.Bujdoso@tsocorp.com>

John - I will review and provide feedback on your questions below. l'll also give you a call to discuss the
other items.

As another option, l'll be in SLC next Monday - Weds. Would you have any time for a face-to-face to review

these items and the other topics I wanted to discuss?

Thanks. Chris.

From : John Jenks [mailto:jjenks@ utah. gov]
Sent: Wednesday, September 16, 2015 2:40 PM

To: Bujdoso, Michelle D; Drechsel, Chris S
Subject: QuesUons on WGS NOI

Michelle,

lVe got a few questions on the WGS NOl. Hopefully they are pretty easy, and I can wrap this project up for you
guys in the next couple of days.

y'e.> 4> b.,clc.l1 *. uas

I X. I just want to verify that the existing particulate controls (cyclones/ESP) are remaining in place on the FCC?

)S" NOI doesnt specify anything about changes, so I assume so.

2. ln addition, although there is a reference to increased fugitive dust emissions (road dust) from vehicle traffic,
this will be absorbed by the existing plant wide caps, and there will be no increase in overall particulates?

.,
r.\,6{. j( e, -,Li c cll7, "1..1(.+tJ b..# ac.o"n$- g^-

'Ihere isn't a lot of discussion on particulates in the NOI generally, so I had to infer part of the engineering
review, but one question that is liable to come up during any potential comment or challenge would be why there
is no drop in particulate emissions since ultimately the spray tower's function is to remove particulates (treated
NOx compounds for example).

3. There are three existing conditions ll.B.4.b, ll.B.5.b and ll.B.6.a that have cunent limitations on the FCCU in



terms of tons/year, but are built into the existing plant-wide caps. l'm easily able to write a new condition(s) for
the required limits found in Table 3-2from the NOl, but those limits are ppmvd values. Once the new plant-wide
limits (found in Table &3) are also included, those FCCU yearly limits from the existing conditions no longer
seem valid or aoolicable.r" I

,^."a1 +, ,*tf PsQ concc-^ /r. E([ altt*"g\ 'r"ll '1'"'ve ta/ ,*uL L at ra'
l'd like to propose putting in a sunset clause on those limits such that they expire once the new plant-wide caps
come into play. This project obviously has to go out to public comment anyway, so it doesn't extend the
permitting process. Thoughts?

/it tCC- co\et?-

4. YouVe included a specific CO limitation as well as calculations showing a CO reduction, but no explanation
was included as to why this was included. ln order to include this information I'll need to include some
explanation within the engineering review so there is a justification for the limit and a reason for demonstrating
the reduction. Even if the justification was "a voluntary emission reduction" that would suffice. Otherwise,
management yon't allow me to include the limitation as there would be no basis for it.

irztr$,'I 1, Lo clc^2a-

5. Monitoring: Cunently there are CEMs and/or stack testing in place for demonstrating compliance with the
SO2/NOx/particulate limits at the FCCU/CO boiler (see 11.B.4.c.1, ll.B.5.a and ll.B.6.a, respectively. Willthese
same methods remain in place and in use following the installation of the WGS? Or will anything need to
change?

Vt+P

6. Finally, I'm not cunently including the PM10 SIP requirements, since that SIP isnt going to be final until at
least December (and not published in the State Bulletin until January), and I hope to be well finished with this
project before then. However, it is possible that we'll get comments asking why those provisions havent been
included.

ytttJ t.."['l-' 5"rcc '^u(,) il"L

Chris, I did receive your phone call, hopefully this brings you up to speed on where I am with the WGS project.
am available anytime the rest of this week if you would like to schedule another call for further discussions on
your other topics.

- John

John D. Jenks

Environmental Engineer

Utah Division of Air Quality

P: (801) 5364459

F: (801) s36-4099



u.

q.

IV.

Tesoro/UDAQ Air Permitting Update Meeting

September 23,2015

WGS NOI Application:

A. Discuss UDAQ email questions

B. Steam use application update letter

C. Ozone applicability EPA Region 8 request

Ultraformer ULNB NOI Application

Tesoro Logistics Truck Loading Rack Tank NOI Application

Further Discussion/Questions



I've got a few questions on the wGS Nol. Hopefully they are pretty easy, and I can wrap this project up
for you guys in the next couple of days.

1' I just want to verify that the existing particulate controls (cyclones/ESp) are remaining in place on the
FCC? The Nor doesn't specify anything about changes, so r assume so.

2' ln addition, although there is a reference to increased fugitive dust emissions (road dust) from
vehicle traffic, this will be absorbed by the existing plant wide caps, and there will be no increase in
overall particulates?

There isn't a lot of discussion on particulates in the Nolgenerally, so I had to infer part of the
engineering review, but one question that is liable to come up during any potential comment or
challenge would be why there is no drop in particulate emissions since ultimately the spray tower,s
function is to remove particulates (treated Nox compounds for example).

3' There are three existing conditions ll.B.4.b, ll.B.s.b and ll.B.6.a that have current limitations on the
FCCU in terms of tons/year, but are built into the existing plant-wide caps. I'm easily able to write a new
condition(s) for the required limits found in Table 3-2 from the Not, but those limits are ppmvd
values' once the new plant-wide limits (found in Table 3-3) are also included, those FCCU yearly limits
from the existing conditions no ronger seem varid or appricabre.

I'd like to propose putting in a sunset clause on those limits such that they expire once the new plant-
wide caps come into play. This project obviously has to go out to public comment anyway, so it doesn,t
extend the permitting process. Thoughts?

4' You've included a specific Co limitation as well as calculations showing a co reduction, but no
explanation was included as to why this was included. ln order to include this information l,ll need to
include some explanation within the engineering review so there is a justification for the limit and a
reason for demonstrating the reduction. Even if the justification was "a voluntary emission reduction,,
that would suffice. otherwise, management won't allow me to include the limitation as there would be
no basis for it.

5' Monitoring: currently there are cEMs and/or stack testing in place for demonstrating compliance
with the SO2/NOx/particulate limits at the FCCU/CO boiler (see il.B.4.c.1, il.B.5.a and il.8.6.a,
respectively. Willthese same methods remain in place and in use following the installation of the
WGS? Or will anything need to change?

6' Finally, I'm not currently including the PM10 SIP requirements, since that Slp isn,t going to be final
untilat least December (and not published in the state Bulletin untilJanuary), and I hope to be well
finished with this project before then. However, it is possible that we'll get comments asking why those
provisions haven't been included.
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UNITED STATES ENVIRONMENTAL PROTECTION AGENGY
REGION 8

1595 Wynkoop Street
Denver, CO 80202-1129

Phone 800-227-8917
www.epa.gov/region08

September 29,2015
UTAH DEPARTMENT OF

ENVIRONMENTAL QUALITY

()cT -,5 206
Ref: 8P-AR

Bryce Bird, Director
Division of Air Quality
Utah Dept. of Environmental Quality
P.O. Box 144820
Salt Lake City, Utah 84114-4820

DIVISION OF AIB QUALITY

RE: Response to Your Inquiry Regarding Direct Ozone Emissions

Dear Mr. Bird:

This letter is in response to your inquiry letter of June 4,2015, regarding interpretation of Prevention of
Significant Deterioration (PSD) regulations as they pertain to direct emissions of ozone. You explained
that you are anticipating receipt of a New Source Review (NSR) permit application shortly for a project
involving installation of a wet gas scrubber unit at a local refinery. The purpose of the new unit is to
reduce nitrogen oxide emissions. Since the unit will be using ozone injection to accomplish this
reduction, direct emissions of ozone from the scrubber stack are highly probable. You asked how the
definition of "significant" in the PSD regulations at 40 CFR 52.21(b)(23)(ii) pertains to direct emissions
of ozone. The definition of "significant" provides that with regard to a regulated NSR pollutant that is
not listed in paragraph (b)(23xi), any emissions rate is significant.

Since paragraph (b)(23XD specifically lists the pollutant ozone and defines a significant emi.ssions rate
for ozone as 40 tons per year of volatile organic compounds or nitrogen oxides, we do not interpret
paragraph (bx23xii) to apply to ozone or direct ozone emissions.

If you have any further questions, please feel free to contact me at (303) 312-6416, or your staff may
contact Mike Owens at (303) 312-6440.

Sincerely,

Carl Daly, Director
Air Program

Pinted on Recycled Paper
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Iune 4,2075

DAQE-009-15

Carl Daly
US EPA Region 8

1595 Wynkoop Street
Denver, CO 80202-1129

Dear Mr. Daly:

This letter requests an official letter documenting the Agency's interpretation of the applicability of the
New Source Review (NSR) program to direct emissionJof ozone. The Utah Division of ai. euality(DAO is shortly expecting to receive an application for a wet gas scrubber unit at a local refinery. This
scrubber will be equipped with a Low-TOx system, which ur".-oron, injection to reduce emissions of No*
from the effluent stream. 

-As 
with any system which relies on injection Jf a reageng some unreacted .

reagent (ozone "slip") will occur. Thus, direct emissions of ozone from the r.r-,IUU", stack are highly
probable.

DAQ's request for interpretation specifically applies to the definition of "significant,, under the prevention
of Significant Deterioration regulations at 40 CFR 52.21(b)(23)(ii). paragri'pt, OjfZ:Xii) provides that
with regard to a regulated NSR pollutant that is not listed'in'paragraph fUIXzSXil, any emissions rate issignificant. we are aware of the draft letter from OAQPS oirector, 

-st"irrii,i, 
eai" ,"jaraing the Archer

Daniel Midland case, but have been unable to obtain a copy of the irnat ,errior"of tt T, ao"r-".rt.

Asthe-refinery application in question is being srlbmitted in partial fulfillment ofthe refinery,s obligations
under both Utah's State Implementation Plan and the refinery's pending consent decree with EpA,
obtaining documentation of the agency's position on this issue would be of great assistance in DAe,s
efforts to issue a timely and accurate NSR permit.

Sincerely,

195 North 1950 West. Salt Lake City, UT
Mailing Address: P.O. Box lM82O . Salt Lake City, Uf B4n4-4gZO

Telephone (801) 5364000. Fax (801)53540SS. r.D.O. (8Ot) 5364414
www.deq.utah.gov

Printed on 100% recycled paper

BCB:JJjc



SITE ID # AND PROJECT #:
COMPANY NAME:
REGARDING:

NEW SOURCE REVIEW SECTION

N/A
EPA
Request an official letter documenting the Agency's
interpretation of the applicability of the New Source Review
(NSR) program to direct emissions of ozone

tHE AI"IAUHIID DOUUMEN I lS UAIEGORIZED AS: (PLBASE CHOOSE ONE

NEWSPAPERNOTICE OIN) Office Tech signs cover letter ofNewspaper Notice

INTENT TO APPROVE (ITA)
Cover lefter and ITA signed by associated Section Manager
Electronic Coov of ITA sent to Ron Reece

APPROVAL ORDER (AO) Copy olpurple sheet and cover lener of AO to Teri Weiss

,EXPERIMENTAL AO Copy of purple sheet and cover letter of AO to Teri Weiss

CORRESPONDENCE Signatory varies

SOIL REMEDIATION If associated fee, send copy of purple sheet and letter to Teri Weiss

SALES TAX EXEMPTION (TAX)

SMALL SOURCE EXEMPTION Copy of purple sheet and letter to Teri Weiss

EMISSIONS BANKING LETTER Copy of letter to Camron Harry

NAME CHANGE Copy of purple sheet and letter to Teri Weiss

COPIES TO BE SENT TO THE FOLLOWING PARTIES: LEASE CHECK AS THEY APPLY

Manila File Folder (working file) Greens Folder

Health Department (see letter for which) EPA - Mike Owens

Compliance (associated Section Manager) Finance - Teri Weiss

Name Change Letters:
Deborah McMurtrie Susan Weisenberg Dave Beatty Brett Wilding, Utah State Ta,x Commission, Technical Research Unit

of document(s) to Camron Enter final Name Change Letters in /engineer/aoname

Enter in /engineer/aocond & in AO Log:
AOs, AO not needed, Replacement in Kind

NEWSPAPER NOTICE _ COPIES TO:

Cities, Counties, Gov. Agencies, & etc.l& a copy of
Public Official letter with self-addressed envelope

E-Mail To: dvd.kvd@juno.com, Jodie Swanson, Lori
Walker, Debbie Obemdorfer, Bill Sinclair, Beverly
Rasmussen & Jen Burge, Donna Spangler, Ron
Reece, and Kelly Beck

E-Mail cooy & Far to Newsoaper Agencies

PSD PROJECTS:

Copy the NOI, Engineering Review, ITA, NOTICE & AO

Send to:
Mike Owens, EPA
Don Banks, Bureau of Land Management
Chris Hocket, U.S. Forest Service
Chris Shaver, National Park Service

TITLE V: Check w/ NSR Engineer for which document(s) to be copied.

REVIEWED BY AND DOCUMENT SIGN OFF DATES:

Completeness determination
Section Manager sign off
Branch Manager sign off

,( \.I\J
John Jenks - n

Marry Gray /4-)J
Reginald Olsen

E>Oi/"r/,



UTAH DIVISION OF AIR OUALITY
SOT]RCE PLAN REVIEW

William Snarr
Tesoro Refining & Marketing Company LLC
474W 900N
Salt Lake city, uT 84103

RE:

Project Number: N103350066

Review Engineer:
Date:

Notice of Intent Submitted:

Plant Contact:
Phone Number:
Fax Number:

Source Location:
Salt Lake County
4,515,950 m Northing,423,400 m Easting, UTMZone 12
UTM Datum: NAD27

DAQ requests that a company/corporation official read the attached drafl/proposed Plan Review with
Recommended Approval Order Conditions. If this person does not understand or does not agree with the
conditions, the review engineer should be contacted within five days after receipt of the Plan Review. If
this person agrees with the Plan Review and Recommended Approval Order Conditions, this person
should sign below and return (FAX # 801-536-4099) within 10 days after receipt of the conditions. If the
review engineer is not contacted within l0 days, the review engineer shall assume that the
company/corporation official agrees with this Plan Review and will process the Plan Review towards
final approval. A public comment period will be required before the Approval Order can be issued.

Applicant Contact
(Signature & Date)

Engineering ReviewNl03350066: Salt Lake City Refinery - Installation of a Wet Gas Scrubber and Ultra-Low NOx Bumers
February 29,2016

Page I

Installation of a Wet Gas Scrubber and Ultra-Low NO.
Burners
Salt Lake County; CDS A; MACT (Part 63),
Nonattainment or Maintenance Area, Title V (Part 70)
major source, PMrg SIP / Maint Plan, PM2.5 Moderate Area
SIP, Major criteria source, NESHAP (Part 6l), Major HAP
source, NSPS (Part 60)

John Jenks
February 29,2076

June 11,2015

Michelle Bujdoso
(801) 366-2036
(80r) s2r4e6s 

EmA l: Hichclle .D. Su,
474 west 900 North, salt Lake ciry, ur ddoJ@f' a(ary- Cdn



OPTIONAL: [n order for this Source Plan Review and associated Approval Order conditions to be

administatively included in your Operating Permit (Application), the Responsible Official as defined in
R307-415-3, must sign the statement below and the si$nature above is not necessary. THIS IS
STRICTLY OPTIONAL!

If you do not desire this Plan Review to be administratively included in your Operating Permit
(Application), only the Applicant Contact signature above is required. Failure to have the Responsible

Official sign below will not delay the Approval Order, but will require a separate update to your
Operating Permit Application or a request for modification of your Operating Permit, signed by the

Responsible Official, in accordance with R307--415-5a through 5e or R307-4|S-Tathrough 7i.

"Based on reasonable inquiry,I certiff that the information provided for this
Approval Order has been true, accurate and complete and request that this
Approval Order be administratively amended to the Operating Permit
(Application)."

Responsible Official
(Signature & Date)

Print Name of Responsible Official

Engineering Review NI03350066: Salt Lake City Refinery - Installation of a Wet Gas Scrubber and Ultra-Low NOx Burners
February 29,2016

Page2



ABSTRACT

On June 11,2015, Tesoro Refining & Marketing Company LLC (Tesoro) submitted a NOI to construct
and operate a wet gas scrubber and LoTOx project to control emigsions from the FCCU/CO Boiler at the
Tesoro Refinery in Salt Lake City (Refinery). The Refinery is located in Salt Lake City, Salt Lake
County, which is a nonattainment area for PMl0, PM2.5 and SO2, and a maintenance area for ozone and
CO. This project was submitted in partial fulfillment of the PM2.5 requirements found in Sections
IX.H.l1.g.i and IX.H.12.r of the Utah SIP.

The project involves the installation of an ozone generation system to react with and remove NOx from
the FCCU/CO boiler exhaust stream. The exhaust gases are then passed through a new spray tower, which
removes the NOx compounds, as well as SO2/SO3 and particulates. The removed compounds are retained
in the spray tower's liquid medium - water, buffered with a sodium hydroxide reagent. the liquid is then
processed in a purge treatment unit, which separates and dewaters the solids. This results in a final
effluent stream that is low in total suspended solids.

Although there will be a small increase in fugitive dust emissions from increased truck traffic to deliver
raw materials and haul away waste byproducts associated with the project, no change in plant-wide
particulate emissions is anticipated as a result of this project.

This project was supplemented on October 12,20l5,with the submission of additional information.
Tesoro determined that approximately 17,500 lbihr of additional steam generation would be needed to
drive the combustion air fan, providing the higher pressures needed in the flue gas train. There would be
a slight increase in actual emissions from the existing cogeneration units at the refinery, the largest being
approximately 6 tpy of NOx, although this increase would be within Tesoro's existing permitted emission
caps. Tesoro also provided information regarding truck haul road emissions as part of this submission.
The fugitive dust emissions from the haul roads amount to less than 0.1 tons of iotal particulates (either
PMl0 or PM2.5).

Finally, on November 10, 2015, Tesoro submitted a separate NOI for the installation of ultra-low NOx
burners on the ultraformer unit (UFU) F-l furnace. Also submitted in partial fulfillment of the pM2.5
requirements of the Utah SIP, this project is scheduled to be installed at roughly the same time as the wet
gas scrubber project. Therefore, Tesoro has requested that the two projects be processed concurrently.
Since both projects affect equipment covered by the same existing AO (DAQE-ANI03350065-14), both
NOIs have been combined into a single AO modification for purposes of convenience and project timing.

The installation of the new burners on the UFU yields no change in established source-wide permitted
emissions (no change in Tesoro's emission caps), as this installation was already included and anticipated
in Tesoro's emission caps as required by January l,2Ol9. Only the UFU will be directly physically
changed by this portion of the project. A slight increase in actual emissions (<1 tpy) of pUfpUtOlpUZ.S
and VOC is expected from the UFU Furnace F-i. In addition, some additional steam from the
cogeneration units will be required to assist the operation of the new burners. The total increase in actual
emissions from increased utilization of the cogeneration units is less than I tpy of any pollutant (the
largest being 0.78 tpy of CO). Like the emission increases associated with the wet gas scrubber steam
demand, these emission increases are included in Tesoro's existing emission caps.

Any increase in emissions associated with increased utilization of the cogeneration units can be
accomplished under existing permit requirements and without a physical change or change in the method
of operation of those units; therefore, a review of BACT is not required for the cogeneration units. The F-

EngineeringReviewNl03350066: SaltLakeCity..ffffl#r;;l,lffif 
""WetGasScrubberandUltra-LowNoxBurners

Page 3



I Furnace is being physically changed by the installation of the new bumers, and will experience a small

increase in emissions of both particulates and VOC; therefore, a BACT review is required for this

emissions unit.

The source is subject to federal NSPS, NESHAP and MACT requirements, and is defined as a major

contributing source in both the Salt Lake County PM10 Maintenance and Salt Lake City PM2.5

Nonattainment Area sections of the SIP. The SIP has established emission caps for PM10, PM2.5, SO2

and NOx. The new and project-affected equipment will be included in these emission caps which shall

remain at their present values. Total PTE from the entire refinery is estimated at the following tons per

year values: PMl0 :282, PM2.5 (a subset of PM10) : 154, NOx = 638, SO2 : 1637, CO : 1,376, VOC
:793.

SOURCE SPECIFIC DESIGNATIONS

Applicable Programs:
NSPS (Part 60), Subpart A: General Provisions applies to North Flare

NSPS (Part 60), Subpart A: General Provisions applies to South Flare

NSPS (Part 60), Subpart Db: Standards of Performance for Industrial-Commercial-Institutional Steam

Generating Units applies to CGI and CG2
NSPS (Part 60), Subpart J: Standards of Performance for Petroleum Refineries applies to F-l5
NSPS (Part 60), Subpart J: Standards of Performance for Petroleum Refineries applies to F-680 and F-

681
NSPS (Part 60), Subpart J: Standards of Performance for Petroleum Refineries applies to F-701

NSPS (Part 60), Subpart J: Standards of Performance for Petroleum Refineries applies to FCCU/CO

Boiler
NSPS (Part 60), Subpart J: Standards of Performance for Petroleum Refineries applies to H-l01
NSPS (Part 60), Subpart Ja: Standards of Performance for Petroleum Refineries for Which

Construction, Reconstruction, or Modification Commenced After May 14, 2007 applies to F-1

NSPS (Part 60), Subpart K: Standards of Performance for Storage Vessels for Petroleum Liquids for
Which Construction, Reconstruction, or Modification Commenced After June I 1,1973, and Prior to

May 19, 1978 applies to Permitted Source

NSPS (Part 60), Subpart Ka: Standards of Performance for Storage Vessels for Petroleum Liquids for
Which Construction, Reconstruction, or Modification Commenced After May 18, 1978, and Prior to

July 23,1984 applies to Permitted Source

NSPS (Part 60), Subpart Kb: Standards of Performance for Volatile Organic Liquid Storage Vessels

(Including Petoleum Liquid Storage Vessels) for Which Construction, Reconstruction, or Modification

commenced After July 23,1984 applies to Tank 327: Storage vessel - gasoline

NSPS (Part 60), Subpart GG: Standards of Performance for Stationary Gas Turbines applies to CGl
andCG2
NSPS (Part 60), Subpart XX: Standards of Perfornance for Bulk Gasoline Terminals applies to

Permitted Source
NSPS (Part 60), Subpart GGG: Standards of Performance for Equipment Leaks of VOC in Petroleum

Refineries for which Construction, Reconstruction, or Modification Commenced After January 4,1983,
and on or Before November 7 ,2006 applies to Permitted Source

NSPS (Part 60), Subpart GGGa: Standards of Performance for Equipment Leaks of VOC in Petroleum

Refineries for Which Construction, Reconstruction, or Modification Commenced After November 7,

2006 applies to Permitted Source
NSPS (Part 60), Subpart NNN: Standards of Performance for Volatile Organic Compound (VOC)

Emissions From Synthetic Organic Chemical Manufacturing Industry (SOCMI) Dstillation Operations

Engineering Review NI03350066: Salt Lake City Refinery - Installation of a Wet Gas Scrubber and Ultra-Low NOx Bumers

February 29,2016
Page 4



applies to Permitted Source
NSPS (Part 60), Subpart QQQ: Standards of Performance for VOC Emissions From Petroleum
Refinery Wastewater Systems applies to Permitted Source
NESHAP (Part 61), Subpart A: General Provisions applies to Permitted Source
NESHAP (Part 61), Subpart M: National Emission Standard for Asbestos applies to Permitiod Source
NESHAP (Part 6l), Subpart FF: National Emission Standard for Benzene Waste Operations applies to
Permitted Source
MACT (Part 63), Subpart A: General Provisions applies to Permitted Source
MACT (Part 63), Subpart CC: National Emission Standards for Hazardous Air Pollutants From
Petroleum Refineries applies to Permitted Source
MACT (Part 63), Subpart UUU: National Emission Standards for Hazardous Air Pollutants for
Petroleum Refineries: Catalytic Cracking Units, Catalyic Reforming Units, and Sulfur Recovery Units
applies to Permitted Source
MACT (Part 63), Subpart EEEE: National Emission Standards for Hazardous Air Pollutants: Organic
Liquids Distribution (Non-Gasoline) applies to Permitted Source
MACT (Part 63), Subpart DDDDD: National Emission Standards for Hazardous Air Pollutants for
Major Sources: Industial, Commercial, and Institutional Boilers and Process Heaters applies to
Permitted Source
Major HAP source applies to Permitted Source
Major criteria source applies to Permitted Source
PMrg SIP / Maint Plan applies to Permitted Source
Title V (Part 70) major source applies to Permitted Source
Salt Lake City CO Maintenance Area applies to Permitted Source
Salt Lake County 03 Maintenance Area applies to Permitted Source
Salt Lake County PM10 NAA applies to Permitted Source
Salt Lake County PIvI2 5 NAA applies to Permitted Source
Salt Lake County SO2 NAA applies to Permitted Source

Permit History:

When issued, the approval order shall supersede or will be based on the following documents:

Supersedes DAQE-AN103350065-14 dated September 5,2014
Is Derived From Source Submitted NOI dated June I 1,2015
Incorporates Additional Information Received From EPA dated September 29,2015
Incorporates AdditionallnformationReceiveddatedSeptember23,2015
Incorporates Additional Information Received dated October 12,2015
Incorporates Additional Information Received dated November I 0, 201 5
Incorporates Additional Information Received dated January B,2016
Incorporates Additional Information Received dated February 1,2016

SUMMARY OF'NOTICE OF INTENT INFORMATION

Description of Proposal:

On June 11,2075, Tesoro Refining & Marketing Company LLC (Tesoro) submitted a NOI to construct
and operate a wet gas scrubber and LoTOx project to control emissions from the FCCU/CO Boiler at the
Tesoro Refinery in Salt Lake City (Refinery). The Refinery is located in Salt Lake City, Salt Lake
County, which is a nonattainment area for PM10, PM2 5 and SO2, and a maintenance area for ozone and

Engineering Review N103350066: Salt Lake City Refinery - Installation of a Wet Gas Scrubber and Ultra-Low NOx Burners
February 29,2016
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CO. This project was submitted in partial fulfillment of the PMz r requirements found in Sections

IX.H.11.g.i and IX.H.12.r of the Utah SIP.

The project involves the installation of an ozone generation system to react with and remove NO- from

tn" p'CCUICO boiler exhaust stream. The exhaust gases are then passed through a new spray tower, which

removes the NO. compounds, as well as SOz/SOl and particulates. The removed compounds are retained

in the spray tower's liquid medium - water, buffered with a sodium hydroxide reagent. The liquid is then

processed in a purge treatment unit, which separates and dewaters the solids. This results in a final

effluent stream that is low in total suspended solids.

Although there will be a small increase in fugitive dust emissions from increased truck traffic to deliver

raw materials and haul away waste byproducts associated with the project, no change in plant-wide

particulate emissions is anticipated as a result of this project. There is the potential for a small amount of
unreacted ozone being released as "slip" from the treatment process. The total amount of ozone released

is expected to be quite small (likely less than 5 tpy)'

This project was supplemented on October 72,2}75,with the submission of additional information.

Tesoio determined tltat approximately 17,500 lb/hr of additional steam generation would be needed to

drive the combustion air fan,providing the higher pressures needed in the flue gas train. There would be

a slight increase in actual emissions from the existing cogeneration units at the refinery, the largest being

appioximately 6 @y of NO* although this increase would be within Tesoro's existing permitted emission

caps. Tesoro provided updated information regarding truck haul road emissions as part of this

sutmission. th" fugitir" dust emissions from the haul roads amounts to less than 0.1 tons of total

particulates (either PMle or PM2 5).On November 70,2015, Tesoro submitted a separate NOI for the

installation of ultra-low NO* burners on the ultraformer unit (UFU) F-lfurnace. Also submitted in partial

fulfillment of the PMz s requirements of the Utah SIP, this project is scheduled to be installed at

approximately the same time as the wet gas scrubber project. Therefore, Tesoro has requested that the

two projects be processed concurrently. Since both projects affect equipment covered by the same

existing AO (DAeE-AN103350065-14), both NOIs have been combined into a single AO change for

purposes of convenience and project timing.

The installation of the new burners on the UFU yields no change in established source-wide permitted

emissions. The installation of these burners was already included and anticipated in Tesoro's PMz.s SIP-

required emission caps, which come into effect on January 1,2019. However, these emission caps will be

added to this AO as a separate and distinct permit requirement.

Only the UFU will be directly physically modified by this portion of the project. A slight increase in

actual emissions (<1 tpy) of PM/PMro/PM2.5 and VOC is expected from the UFU Furnace F-1' In
addition, some additional steam from the cogeneration units will be required to assist the operation of the

new burners. The total increase in actual emissions from increased utilization of the cogeneration units is

less than 1 tpy of any pollutant (the largest being 0.78 tpy of CO). Like the emission increases associated

with the *"i gur scrubber steam demand, these emission increases are included in Tesoro's existing and

future (1l1l}0l9) emission caPs.

The changes anticipated by this combined permitting project are:

l. Adding one entry to Section ILA to list the new wet gas scrubber and Lo-TOx unit

2. Updating the entry in Section II.A referring to the UFU F-l Furnace to reflect the new burners

:. adding new requirements in Section II.B on the FCCU/CO Boiler based on the expected performance

of the wet gas scrubber

Engineering ReviewNl03350066: Salt Lake City..i,ffffJT;:,ltff'^ wet Gas Scrubber and Ultra-Low NOx Bumers
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4. Adding new requirements to reflect the new emission caps from SIP Sections IX.H.2 and IX.H.l2
5. Adding 40 CFR 63, Subpart DDDDD to the list of applicable subparts as it was previously left out.

Summary of Emission Totals:

The emissions listed below are an estimate of the total potential emissions from the source. Some
rounding of emissions is possible.

Estimated Criteria Pollutant Potential Emissions
CO2 Equivalent
Carbon Monoxide
Nitrogen Oxides
Particulate Matter - PMro
Particulate Matter - PMz.s
Sulfur Dioxide
Volatile Organic Compounds

Review of Best Available Control Technology:

1.00 tons/yr
1376.00 tons/yr
638.00 tons/yr
282.00 tons/yr
154.00 tons/yr

1637.00 tons/yr
793.00 tons/yr

1. BACTReview
As a combined project with two distinct sections, the requirement to review BACT applies
separately to each sub-project.

Wet Gas Scrubber Project:
The wet gas scrubber and LoTOx unit are being installed entirely as pollution control devices.
The only emission "increase" associated with the installation is the release of ozone as part of
the NO* control process. Although every effort is made to balance the amount of ozone required
to control NO*, some amount of additional ozone is required as no process can be truly isometric
in practice. Some portion of this ozone can pass through the process unreacted and be emitted in
what is called "slip". This is very similarto the passage of ammonia slip used in the SCR
process.

In fact, within the NSR permitting process the way this ozone would be reviewed must be
handled exactly as would the ammonia slip from an SCR treatment process. In other words, not
as a separate pollutant emission, but as an unfortunate by-product of the treatment process.
Nevertheless, UDAQ has conducted a search for potential applicable control technology for
direct ozone emissions and found only a single process which claims to reduce ozone emissions
directly.

The PremAir and PremAir NXT direct ozone reduction catalysts from BASF are based on an
earlier design by Engelhard (BASF bought Engelhard in 2006). These catalysts are designed for
use in vehicle radiators and reduce ozone into oxygen. Unfortunately, this technology is not
currently transferable to control the ozone slip emissions generated in the Tesoro wet gas
scrubber. As is explained in the process description, the wet gas scrubber is being installed
primarily to control SOz (and other sulfur oxide and acid gas) emissions. This system was
chosen because of the high initial particulate loading, and the ability to control multiple sulfur-
based pollutants simultaneously. This type of system has also been demonstrated as highly
effective in controlling emissions from FCCU regenerators; especially when combined with a

Engineering ReviewNl03350066: Salt Lake City ."i,ff3;}Bi,ltif r" Wet Gas Scrubber and Ultra-Low NOx Burners
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LoTOx unit for controlling NO* emissions.

In the LoTOx system, the ozone is injected prior to the packed bed scrubber, in order to ensure

good mixing and elevated temperatures (which speeds the reduction). Attempting to install an

oron" reducing catalyst in this section would lead to fouling of that catalyst due to the high

particulate loading. Unfortunately, attempting to install the catalyst after the packed bed yields a

different problem. The catalyst has been shown to have greatly lowered effectiveness in high

humidity environments, and can be actively poisoned by chemical salts.

Given that the exhaust stream following the packed bed will approach 100% relative humidity,

UDAQ asserts that this technology is not transferable at this time. UDAQ was unable to find

any other direct ozone emission-controlling technology which could be applied to this process.

Operating under the assumption that the wet gas scrubberlloTOx unit operates as an emission

control divice, and the ozone used in the process is considered "slip", no existing emissions will
increase as a result of this sub-project, no new emissions will be generated, and several existing

pollutants will experience a decrease in emissions.

Thus, no additional BACT is required for this sub-project. [Last updated February ll,20l6f

BACT Review cont.
From the definition of BACT found at R307-401-2:

"Best available control technology" means an emissiors limitation (including a visible emissions

standard) based on the maximum degree of reduction for each air contaminant which would be

emitted from any proposed stationary source or modification which the director, on a case-

by-case basis, taking into account energy, environmental, and economic impacts and other costs,

determines is achievable for such source or modification through application of production

processes or available methods, systems, and techniques, including fuel cleaning or treatment or

innovative fuel combustion techniques for control of such pollutant... [emphasis added]

In this particular case, the installation of the new wet gas scrubber/LoTOx system is not a new

(proposed) stationary source, as the refinery is already existing; nor does it qualiff as a

modification, since by definition a modification requires there to be an increase in emissions

(see the definition of "modification" in R307-101-2).

Even if the emissions of ozone are treated as a separate emission, there are no new emissions of
any other air contaminants besides ozone, and so BACT would only need to be reviewed for

control of that single pollutant. Ozone is not a regulated NSR pollutant. No other processes are

being physically modified or experiencing an increase in emissions of any air contaminant.

trus, bACt for this sub-project is no additional controls beyond installation of the wet gas

scrubber and LoTox unit as described. [Last updated February 11, 2016]

BACT Review cont.
Installation of the Ultra-Low NO* Burners on the Ultraformer Unit F-1 Furnace:

As with the wet gas scrubberlloTOx system, the new ultra-low NO* burners are being installed

to reduce the NO, emissions from the F-l Furnace; ultra-low NO* burners are inherently lower

in NO* emissions than standard or "regular" low-NO* burners. However, a slight increase in

actual emissions (< 1 tpy) of PM/PMro lPMrz5 and VOC is expected from the UFU Furnace F-1.
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This results in two changes which need to be considered in the BACT review process. Steam
from the existing cogeneration units is used to control the flame temperature olthe new burners.
This places additional steam demand on the cogeneration units, making them affected units
under NSR. The new burners make the F-l Furnace a modified unit.

Since the cogeneration units are not being physically changed in any way, no BACT review is
required for these units. While the emissions from these two units are included in the overall
NSR analysis, the lack of a physical change means that no BACT review is necessary. The F-l
furnace is being physically changed by the installation of the new burners, and will experience a
small increase in emissions of both particulates and VOC (see the emission calculation section
for further details).

The total estimated increase in actual particulate and VOC emissions for the F-l furnace is less
than 1 ton per year each (0.4 tpy of PM1s, 0.4 tpy of PM2 5 and 0.3 tpy of VOC). The source of
the emissions is gaseous fuel combustion - a combination of refinery fuel gas and natural gas.
At this level of emissions, UDAQ is unaware of any add-on controls for additional reduction of
particulate emissions beyond good combustion control and use of gaseous fuel. The same holds
true for VOC emissions - although additional VoC control could be obtained with thermal
oxidation, this leads to additional emissions in the form of CO, CO2, NO* and particulates from
combustion. In addition, there are no economically viable add-on controls, as butlined below.

Tesoro evaluated several possible additional control measures:
For particulate emissions - the use of baghouses, ESPs, or wet scrubber technology;
and for VOC control - the use of catalytic oxidation.
None of these control options were found to be technically or economically feasible. The
expected emission rates achievable by any of the add-on particulate controls is actually larger
than the emission rate expected from just the new bumers alone, making the use of add-on
controls superfluous. Tesoro was unable to identifu any available add-on controls for the CO
emissions. Although catalytic reduction technology has been applied to CO emissions, it has not
been utilized in this context - for emission increases on such a small scale.

Therefore, the NSR section recommends that the existing project to install ultra-low NO*
burners proceed without changes and be accepted without additional add-on controls as BACT.
Proper design, implementation of good combustion practices, and use of gaseous fuels is
considered BACT. [Last updated February 25,2016)

4. BACT Review Cont.
Control of Fugitive Dust.
No BACT Review for fugitive dust is required, as no physical change is taking place. The
increase in fugitive dust emissions are the direct result of increased vehicle traffic on Tesoro's
internal haul roads. These roads are already paved and swepVwashed as needed under Tesoro's
existing dust control plan in order to meet the opacity requiiements of R307-309. The increased
vehicle traffic does not change the control technique applicable to reduce fugitive dust
emissions. As Tesoro is already employing the most effective control strategy available, and no
changes or improvements are possible, no additional review of BACT for this "process,' is
required.

Thus, the NSR section recommends that BACT continue to remain sweeping/washing the
existing paved roads as needed. [Last updated February 29,2016)
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Modeling Results:

This combined project results in no increase in total permitted emissions of any pollutant. Under the

provisions of n:07-+tO-4 and R307-410-5, no modeling is required. Similarly, the gnly modification

occurring underthe federal provisions of 40 CFR 51,40 CFR 60,40 CFR 61 or 40 CFR 63 would be

the small increase in actual imissions of particulates and VOC resulting from the installation of the

new ultra-low NO* burners at the UFU. These increases are less than 1 ton per year for each pollutant,

well below the federal modeling thresholds.

With regard to the direct emissions of ozone (the ozone "slip" emissions), no model has been approved

for modeling direct ozone emissions, and no modeling threshold exists.

Therefore, no modeling is required for this project.

[Last updated January 14, 20167
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RECOMMENDED APPROVAL ORDER CONDITIONS

The intent is to issue an air quality Approval Order (AO) authorizing the project with the following
recommended conditions and that failure to comply with any ofthe conditions may constitute a violation
of the AO. The AO will be issued to and will apply to the following:

Name of Permittee:

Tesoro Refining & Marketing Company LLC
474W 900 N
Salt Lake City, UT 84103

UTM coordinates:
SIC code:

Permitted Location:

Salt Lake City Refinery
474 West 900 North
salt Lake city, uT 84103

423,400 m Easting,4,515,950 m Northing, UTM Zone 12

291 1 (Petroleum Refining)

I.1

r.2

I.3

r.4

Section I: GENERAL PROVISIONS

All definitions, terms, abbreviations, and references used in this AO conform to those used in the
UAC R307 and 40 CFR. Unless noted otherwise, references cited in these AO conditions refer to
those rules. [R307-101]

The limits set forth in this AO shall not be exceeded without prior approval. [R307-401]

Modifications to the equipment or processes approved by this AO that could affect the emissions
covered by this AO must be reviewed and approved. [R307-401-1]

All records referenced in this AO, which are required to be kept by the owner/operator, shall be
made available to the Director or Director's representative upon request, and the records shall
include the two-year period prior to the date of the request. Records shall be kept for a minimum
of five (5) years. Records for the Consent Decree, Civil Action No. 2:96 CV 095 RL shall be kept
for the life of the Consent Decree. [R307-415-6a]

A. The owner/operator shall comply with R307-150 Series. Inventories.

B. The owner/operator shall maintain records of annual actual emissions of NO*, SO2, VOC, and
HzSO+ on a calendar year basis in accordance with 40 CFR 52.21(r)(6). These records will be
maintained for the following emission units:

Crude Unit Furnace H-101
FCCU/CO Boiler
Ultraformer Unit Furnace F-l
UFU Regeneration Heater F-15
DDU Charge Heater F-680
DDU Rerun Boiler F-681
SRU/TGTU/TGI
GHT UNit F-701
Ultraformer Compresson K I s
Cogeneration Unit Turbines
Cogeneration Unit HRSGs
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DDU Reactor (SSM events)
VRU Vessels (SSM events)
FGDU/SWS (SRU) Flare
Cooling Tower UU3
LPG Rack
Gasoline and Diesel Truck Loadout Rack
Storage Tanks (l 86, 188, 204,212,213,242,243,252,321,324,325,326,327,330,33 1, 503,

s04)
New and Replaced Components. [R307-150, R307-405-19]

I.6 The owner/operator shall comply with UAC R307-107. General Requirements: Breakdowns.

lR307-ro7l
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Section II: SPECIAL PROYISIONS

II.A The approved installations shall consist of the following equipment:

II.A.I Permitted Source
Permitted Source

tI.A.z H-101
Crude Unit Furnace, with ultra-low NO* burners and one (1) stack, PS #l

II.A.3 F'-1

Ultraformer Unit (UFU) Furnace, with ultra-low NO* burners and four (4) stacks, PS #2

II.A.4 F-15
UFU Regeneration Heater, with low NO* burners and one (l) stack, PS #3

II.A.5 FCCU/CO Boiler
Fluid catalytic Cracking Unit (FCCU) Regenerator, Carbon Monoxide Boiler (Heat Recovery
Unit), with CONOX oxygen injection, ammonia injection, electrostatic precipitator (ESP), wet
gas scrubber/LoTOx system (WGS), and one (l) stack, PS #4

II.A.6 F-680 and F-681
Distillate Desulfurization Unit (DDU) charge heater and rerun boiler, combined rating approx.
37.8 MMBtu/hr, equipped with "ultra-ultra" low NO* burners. Heaters share common
convection section and stack, PS #5.

II.A.7 Kls
Hydrogen Compressors (Ultraformer compressors), with catalytic converters and two (2)
stacks, PS #6

II.A.8 South Flare
Flare covering Crude/UFU Unit/DDU,
Flare gas header routed to FGR system, PS #7

II.A.9 North Flare
Flare covering FCCU/VRU/Alkylation Unit/GHT,
Flare gas header routed to FGR system, PS #8

II.A.10 Modular FGR System (FGR)
Flare gas recovery compressors (electrically driven) and associated equipment

II.A.11 CO Boiler Bypass
CO Boiler Bypass, with one (l) stack, PS #9

IT.A,I2 SRUITGI/TGTU
Sulfur Recovery Unit/Tail Gas Incinerator/Tail Gas Treatment Unit, PS #10

II.A.I3 FGDU/SWS
Fuel Gas Desulfurization Unit/Sour Water Stripper (FGDU/SWS) Flare (this unit is physically
integrated with the Sulfur Recovery Unit (SRU)), PS #11

ILA.I4 T-104
Sour Water Storage Tank

ILA.I5 Emergency/Standby Sources
Waste Water Treatment Plant (WWTP) Generator, Electrical Generators, Plant Air
Compressors, Miscellaneous Air Compressors, Fire Water Pumps, B-1 Air Preheater, Package
Boilers

ILA.I6 F-701
Gasoline Hydrotreater (GHT) Unit with 8.0 MMBtu/hr process heater

II.A.I7 BSU
Benzene Saturation Unit (BSU):
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3,000 bpd Bensat reactor and 10,000 bpd reformate splitter.
ILA.I8 CGl and CG2

Cogeneration Unit: two cogeneration trains (CGl and CGz), each with one 1 1.8 MW (based
on an annual average) turbine with SoLoNO* controls and one heat recovery steam generating
unit rated at approx 157.8 MMBtu/hr (HHV). Both rates based on an annual average.

II.A.19 Loading/Unloading Racks

ll.A.20 Tank 140: Storage vessel - petroleum liquids
Storage tank with internal floating roof and primary seals

ll.A.2l Tank 141: Storage vessel - petroleum liquids
Storage tank with fixed roof

II.A.22 Tankl42z Storage vessel - petroleum liquids
Storage tank with fixed roof

lI.A.23 Tank 144: Storage vessel - petroleum liquids
Storage tank with external floating roof, primary and secondary seals

ILA.24 Tank 157: Storage vessel - petroleum liquids
Storage tank with fixed roof

II.A.25 Tank 158: Storage vessel - petroleum liquids
Storage tank with fixed roof

II.A.26 Tank 186: Storage vessel - petroleum liquids
Storage tank with internal floating roof, primary and secondary seals

II.A.27 Tank 188: Storage vessel - petroleum liquids
Storage tank with internal floating roof, primary and secondary seals

II.A.28 Tank 189: Storage vessel - petroleum liquids
Storage tank with fixed roof

II.A.29 Tank 190: Storage vessel - petroleum liquids
Storage tank with external floating roof, primary and secondary seals

II.A.30 Tank 201: Storage vessel - amine
Storage tank with fixed roof

II.A.3l Tank 203: Storage vessel - stormwater
Storage tank with fixed roof

II.A.32 Tank 204: Storage vessel - petroleum liquids
Storage tank with fixed roof

II.A.33 Tank 206: Storage vessel - petroleum liquids
Storage tank with fixed roof

II.A.34 Tank2l?z Storage vessel - petroleum liquids
Storage tank with fixed roof

II.A.35 Tank 213: Storage vessel - petroleum liquids
Storage tank with fixed roof

II.,4..36 Tank 236: Storage vessel - petroleum liquids
Storage tank with fixed roof

II.A.37 Tank 241: Storage vessel - surge tank
Storage tank with external floating roof, primary and secondary seals

II.A.38 Tank242z Storage vessel - petroleum liquids
Storage tank with external floating roof, primary and secondary seals

II.A.39 Tank243l Storage vessel - petroleum liquids
Storage tank with external floating roof, primary and secondary seals

II.A.40 Tank244: Storage vessel - petroleum liquids
Storage tank with external floating roof, primary and secondary seals
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II.A.41

TT.A.42

II.A.43

Lt.4.44

II.A.45

II.A.46

TT.A.47

II.A.48

tr.A.49

II.A.5O

TI.A.5I

TI.A.52

II.A.53

II.A.54

II.A.55

II.A.56

II.A.57

II.A.58

II.A.59

II.A.6O

II.A.61

U.A.62

II.A.63

il.A.64

II.A.65

Tank 245: Storage vessel - petroleum liquids
Storage tank with external floating roof primary and secondary seals

Tank246: Storage vessel - petroleum liquids
Storage tank with external floating roof, primary and secondary seals

Tank247: Storage vessel - petroleum liquids
Storage tank with external floating roof, primary and secondary seals

Tank252z Storage vessel - petroleum liquids
Storage tank with external floating roof, primary and secondary seals

Tank 270: Storage vessel - petroleum liquids
Storage tank with fixed roof
Tank2Tlz Storage vessel - petroleum liquids
Storage tank with fixed roof
Tank 291: Storage vessel - petroleum liquids
Storage tank with fixed roof to be retrofitted with internal floating roof
Tank297z Storage vessel - petroleum liquids
Storage tank with internal floating roof and primary seals

Tank 298: Storage vessel - petroleum liquids
Storage tank with external floating roof, primary and secondary seals

Tank 307: Storage vessel - petroleum liquids
Storage tank with external floating roof primary and secondary seals

Tank 308: Storage vessel - chemicals
Storage tank with external floating roof, primary and secondary seals

Tank 309: Storage vessel - petroleum liquids
Storage tank with external floating roof, primary and secondary seals

Tank 310: Storage vessel - petroleum liquids
Storage tank with fixed roof
Tank 311: Storage vessel - petroleum liquids
Storage tank with fixed roof
Tank 312: Storage vessel - petroleum liquids
Storage tank with fixed roof
Tank 313: Storage vessel - petroleum liquids
Storage tank with fixed roof
Tank 314: Storage vessel - petroleum liquids
Storage tank with fixed roof
Tank 315: Storage vessel - petroleum liquids
Storage tank with fixed roof
Tank 321: Storage vessel - petroleum liquids
Storage tank with internal floating roof and primary seals

Tank322: Storage vessel - petroleum liquids
Storage tank with fixed roof
Tank 323: Storage vessel - petroleum liquids
Storage tank with fixed roof
Tank 324: Storage vessel - petroleum liquids
Storage tank with external floating roof, primary and secondary seals

Tank 325: Storage vessel - petroleum liquids
Storage tank with external floating roof, primary and secondary seals

Tank 326: Storage vessel - petroleum liquids
Storage tank with external floating roof, primary and secondary seals

Tank327: Storage vessel - gasoline
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II.B

II.B.I

II.B.1.a

II.A.66

il.A.67

II.A.68

II.A.69

II.A.7O

II.A.71

II.B.1.b

II.B.1.c

II.B.l.d

II.B.l.e

II.B.1.f

Storage tank with external floating roof, primary and secondary seals, and slotted guide pole
controls
Tank 328: Storage vessel - petroleum liquids
Storage tank with external floating roof, primary and secondary seals

Tank 330: Storage vessel - petroleum liquids
Storage tank with external floating roof, primary and secondary seals

Tank 331: Storage vessel - petroleum liquids
Storage tank with internal floating roof, primary and secondary seals

SO2 Cap Sources
Sources included in emissions cap: includes F-701, CGI and CG2, H-l01, FCCU/CO Boiler,
Kls, F-1, F-15 , F-680 and F-681
NO* Cap Sources
Sources included in emissions cap: includes F-701, CG1 and CG2, H-101, FCCU/CO Boiler,
Kls, F-1, F-15 , F-680 and F-681
PMle Cap Sources
Sources included in emissions cap: includes F-701, CGl and CG2, H-101, FCCU/CO Boiler,
Kls, F-1, F-15 , F-680 and F-681

Requirements and Limitations

Conditions on Permitted Source

Visible emissions from the stacks of combustion units without controls shall be no greater than
l0 percent (%) opacity. Compliance shall be determined using opacity observations performed
in accordance with 40 CFR 60, Appendix A, Method 9. [R307-401]

Tesoro shall limit operation of the emergency/standby package boilers listed in Section II.A.l4
to an annual capacity factor of l0% (0.10) or less for natural gas as specified in 40 CFR 60
Subpart Db. [R307-401]

Visible emissions from the FCCUiCO Boiler and fugitive emissions shall not exceed20%o

opacity. Compliance shall be determined using opacity observations performed in accordance
with 40 CFR 60, Appendix A, Method 9.

Visible emissions from process flares, fugitive dust, and the FCCU (when going through the
bypass stack) shall not exceed 20%o opacity. Compliance shall be determined using opacity
observations performed in accordance with 40 CFR 60, Appendix A, Method 9. [40 CFR 60,
R307-401-81

Tesoro shall submit to the Director a projection of planned and required process shutdowns for
the upcoming calendar year by January 15 of each year. [R307-401]

Tesoro shall control the sulfur pit emissions by continuing to route sulfur pit emissions to the
incinerator at the SRU. [R307-401]

Tesoro shall supply no more than one-third of its potential electrical output capacity on an
annual basis to any utility power distribution system for sale (on a gross basis). Records of
capacity and annual electrical sales shall be maintained. [R307-401]
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II.B.l.g

II.B.1.h

rI.B.1.i

il.B.2

II.B.2.a

II.B.3

II.B.3.a

Tesoro shall install and operate a flare gas recovery system designed to limit hydrocarbon
flaring from each of the North Flare and South Flare to levels below the values listed in 40 CFR
60. 103a(c), except during periods of startup, shut down, or malfunction. [40 CFR 60 Subpart Ja,
SIP Section IX.H.l1l

Plant-wide Emission Limis:

By no later than January 1,2019, combined emissions of:

1. Total (Filterable+condensable) PMls shall not exceed 2.25 tons per day,
2. Filterable PM2.5 shall not exceed 0.42 tons per day and I l0 tons per rolling l2-month period,
3. NO* shall not exceed 1.988 tons per day and 475 tons per rolling l2-month period, and
4. so2 shall not exceed 3.1 tons per day and 300 tons per rolling 12-month period

For purposes of this requirement, a "day" is defined as a period of 24-hours commencing at
midnight and ending at the following midnight. Compliarce with the emission limits shall be
determined as outlined in Section IX.H.2 and Section IX.H.12 of the SIP, as adopted by the Air
Quality Board on December 2,2015. [SIP Section rx.H.l2, SIp Section Ix.H.2]

Tesoro shall notifu the Director in writing within 30 days after the new ultra-low NO* burners
(II.A.3) and wet gas scrubber/LoTOx system (tr.A.5) are installed and operational, as an initial
compliance inspection is required. To ensure proper credit when notiffing the Director, send
your correspondence to the Director, attn: Compliance Section.

Approval orders issued by the Director in accordance with the provisions of R307-401 will be
reviewed eighteen months after the date of issuance to determine the status of construction,
installation, modification, relocation or establishment. If a continuous program of construction,
installation, modification, relocation or establishment is not proceeding, the Director may revoke
the approval order. [R307-401-18]

Conditions on Crude Unit Furnace (II-101)

Emissions of No* shall not exceed 0.054 lb&IMBtu on a 3-hour average basis.

Compliance shall be demonstrated by means of annual NO* emissions testing as directed in 40
CFR 60 Appendix A, Test Method '7 

,'7 A,78,7C,7D or 7E.
tR307-4011

Conditions on FCCU/CO Boiler and CO Boiler Bvpass

As of January 1,2018, emissions of NO, and SOz shall not exceed the following values:

l. l0 ppmvd NO. at 0o/o Ozon a 365-day rolling average basis
2. 2A ppmvd NO. at|Yo O2on a7-day rolling average basis
3. l0 ppmvd SOz at 0%o O2on a 365-day rolling average basis
4. l8 ppmvd SOz at 0%o A2 on a7-day rolling average basis

For the 365-day NO* and SO2 limits, the first complete 365-day rolling average shall be
calculated on January 1,2079, based on monitoring data from January l,z}lr,and the 364 days
prior to January l, 2019.
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ILB.3.b

II.B.3.c

ILB.3.d

NO* and SO2 emissions during periods of startup, shutdown, or malfunction of the FCCU, or

malfunction of the associated NO* or SOz control equipment, if any, shall not be used in

determining compliance with the 7-day NO* and SOz limits established above provided that

during such periods Tesoro, to the extent practicable, maintains and operates the FCCU,

including asiociated air pollution control equipment, in a manner consistent with good air

pollution control practices for minimizing emissions. The 365-day NO* and SOz limits shall

apply at all times.

Tesoro shall use NO*, SO2, and Oz CEMS to monitor performance of the FCCU. CEMS shall be

used to demonstrate compliance with the 7-day and 365-day NO* emission limits established

above. Tesoro shall make CEMS data available to UDAQ or EPA within thiffy (30) days of a

written request. Tesoro shall install, certifu, calibrate, maintain, and operate all CEMS at the

FCCU required by this paragraph in accordance with the provisions of 40 C.F.R. $ 60.13 that are

applicable to CEMS (excluding those provisions applicable only to COMS) and Part 60

Appendices A and F, and the applicable performance specification test of 40 C.F.R. Part 60

Appendix B.

[R307-401]

By no later than January 1, 2018, Tesoro shall comply with an SOz emission limit of 25 ppmvd

@ O% excess air on a 365-day rolling average basis and 50 ppmvd @ 0% excess air on a7-day

rolling average basis.

Compliance with this limit shall be determined by following 40 C.F.R. $60.105a(g). [SIP

Section IX.H.l1.g.i l

By no later than January l,z}l9,Tesoro shall comply with an emission limit of 1.0 pounds PM

per 1000 pounds coke burned on a 3-hour average basis.

Compliance with this limit shall be determined by following the stack test protocol specified in

40 C.F.R. $60.106(b) to measure PM emissions on the FCCU. Stack tests shall be conducted

once every five years.

By no later than January 7,2019, each owner or operator of an FCCU shall install, operate, and

maintain a continuous parameter monitor system (CPMS) to measure and record operating

parameters for determination of source-wide PM2 5 emissions as appropriate. [SIP Section

Ix.H.I 1.g.il

BynolaterthanOctober l,2Ol5,TesoroshallcomplywiththefollowingCOlimitsatthe
pbCU: (l) a short-term FCCU CO emission limit of 500 ppmvd CO @ 0o/o Oz (one-hour block

average); and (2) a long-term FCCU CO emission limit of 100 ppmvd CO @ 0% 02 (365-day

rolling average). For 365-day CO emission limit, the first complete 365-day rolling average shall

be calculated on October l,2015,based on monitoring data from October 1,2015 and the 364

Days priorto October 1,2015.

CO emissions during periods of startup, shutdown, or malfunction of the FCCU, or malfunction

of the associated CO control equipment, if any, shall not be used in determining compliance

with the 7-day FCCU CO emission limit established above, provided that during such periods

Tesoro, to the extent practicable, maintains and operates the FCCU, including associated air

pollution control equipment, in a manner consistent with good air pollution control practices for
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II.B.3.e

II.B.3.f

II.B.4

II.B.4.a

II.B.4.b

minimizing emissions. The 365-day CO emission limit established above, shall apply at all
times.

Tesoro shall use a CO and 02 CEMS to monitor the performance of the FCCU. Tesoro shall
make CEMS data available to UDAQ or EPA within thiffy (30) days of a written request.
Tesoro shall install, certifu, calibrate, maintain, and operate all CEMS at the FCCU iequired by
this Paragraph in accordance with the provisions of 40 C.F.R. $ 60.13 that are applicable to
CEMS (excluding those provisions applicable only to COMS) and Part 60 Appendices A and F,
and the applicable performance specification test of 40 C.F.R. Part 60 Appendix B. [R307-401]

The FCCU Catalyst Regenerator is an "affected facility" as that term is used in 40 C.F.R. part
60, Subparts A and J for PM, SO2, and CO. On and after October l,2}ls,until January 1, 2018,
the FCCU Catalyst Regenerator shall continue to be subject to and shall comply with 40 C.F.R.
Part 60, Subparts A and J for SO2. [40 CFR 60 Subpart J]

Beginning on October 1,2015, the FCCU shall become an "affected facility" as that term is used
in 40 C.F.R. Part 60, Subpart Ja for PM and CO in lieu of Subpart J. Beginning on January 1,
2018, the FCCU shall become an "affected facility" as that term is used in 40 C.F.R. Part 60,
Subpart Ja for NO*, and Subpart Ja for SO2 in lieu of Subpart J. On and after January l, ZOIB,
Tesoro shall comply with all applicable requirements in 40 C.F.R. Part 60, Subpart Ja at the
FCCU. [40 CFR 60 Subpart J, 40 CFR 60 Subpart Ja]

Conditions on SRU/TGUTGTU

Gaseous emissions from the SRU shall be treated by the TGTU during normal operations prior
to final treatment at the TGI. [R307-401-8]

The SO2 limit atthe SRU/TGVTGTU is 1.68 tons/day. Compliance with the daily limitation
shall be determined as follows:

Daily sulfur dioxide emissions from the SRU/TGVTGTU shall be determined by multiplying the
SO2 concentration in the flue gas by the mass flow of the flue gas.

Emissions of SO2 from the SRU/TGI/TGTU shall not exceed 60 tons per rolling l2-monthons per rollng lz-montn
period. Compliance shall be determined on a l2-month rolling total. Within 20 days of the

rr.B.4.b.l

beginning of each calendar month, the SOz emission totals calculated to demonstraie compliance
with the daily limitations shall be totaled for the previous month. The monthly total shall be
added to the totals from the previous I I months to determine the new l2-monih rolling total.
1R307-4011

The SOz concentration in the flue gas shall be determined by a CEM that meets or exceeds the
requirements contained in 40 CFR 60, Appendix B, Performance Specification 2. Daily zero (0-
20Yo of span value) and span (50-100% ofspan value) calibration drift tests shall be conducted
in accordance with UAC R307-170. Quarterly cylinder gas audits and an annual relative
accuracy test audit shall be conducted in accordance with the procedures outlined in UAC R307-
170. 40 CFR 60 Methods 2,3 and 6 shall be used to determine relative accuracy. If a new
monitor is installed, an initial performance test shall be performed within 30 days of installation.
The performance test shall be conducted and data reduced in accordance with the test methods
and procedures contained in 40 CFR 60, Appendix B, Performance Specific ation2. Notification
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II.B.5

II.B.5.a

II.B.5.a.1

must be made to the Director prior to conducting the performance test. Whenever the SO2 CEM

is bypassed for short periods, SO2 CEM data from the previous three days will be averaged and

used as an emission factor to determine emissions.

The mass flow rate of the flue gas shall be determined by a volumetric flow measurement device

that meets or exceeds the requirements contained in 40 CFR 60 Appendix B. An annual relative

accuracy test audit shall be conducted in accordance with the procedures outlined in UAC R307-

170 and 40 CFR 60 Appendix B. If a new volumetric flow measurement device is installed, an

initial perfofinance test shall be performed within 30 days of installation. The performance test

shall bi conducted and data reduced in accordance with the test methods and procedures

contained in 40 CFR 52 Appendix E. Notification must be made to the Director prior to

conducting the performance test.

Tesoro shall comply with a 95%o recovery effrciency requirement for all periods of operation

except during periods of startup, shutdown, or malfunction of the SRU/TGI/TGTU. The 95%

.""or"ry efficiency will be detirmined on a daily basis; however, compliance will be determined

on a roliing 30-day average basis. Tesoro shall determine the percent recovery by measuring the

flow rate and concentration of HzS in the feed streams going to the SRU and by measuring the

SOz emissions with the CEMS at the SRU incinerator. The feed streams shall include the

overhead stream from the Fuel Gas Desulfurization unit (Amine unit) regenerator and the

overhead stream from the Sour Water Stripper. The flow rate will be determined continuously;

the HzS concentration shall be determined at least once every three years (samples may be

collecied as manual grabs or through remote monitoring). The flow rate and H2S concentration

values will be used to determine the daily feed rate. SRU efficiency results shall be reported to

the Director a minimum of once per year.

1R307-4011

Conditions on SO. CaP Sources

Combined emissions of SOz from the SO2 Cap Sources shall not exceed the following limits:

November 1 through end of February: 3.699 tons/day

March 1 through October 31 : 4.374 tonslday

Compliance with the daily limitation shall be determined by summing the emissions calculated

in conditions II.B.4.a.l and tr.B.4.a.2 below.

tR307-4011

Daily SO2 emissions from the FCCU/CO Boiler stack shall be determined by multiplying the

sulfur dioxide concentration in the flue gas by the mass flow of the flue gas.

The SOz concentration in the flue gas shall be determined by a CEM that meets or exceeds the

requirements contained in 40 CFR 60, Appendix B, Performance Specification 2. The monitor

span shall be 350 ppm. No later than January 1, 2018 the span shall be 200 ppm. Daily zero (G

iyY, ,f 
"punvaluefand 

span (50-100% of span value) calibration drift tests shall be conducted

in accordance with 40 CFR 60, Appendix F and UAC R307-170. Quarterly cylinder gas audits

and an annual relative accuracy test audit shall be conducted in accordance with 40 CFR 60

Appendix F and UAC R307-170. 40 CFR 60 Methods 2,3 and 6 shall be used to determine

relutive accuracy. If a new SO2 monitor is installed, an initial performance test shall be
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II.B.5.a.2

II.B.s.b

perficrmed within 30 days of installation. The performance test shall be conducted and data
reduced in accordance with the test methods and procedures contained in 40 CFR 60, Appendix
B, Performance Specification 2. Notification must be made to the Director prior to conducting
the performance test. Whenever the SOz CEM is unavailable for short periods (i.e. CO boiler or
CO Boiler emergency bypass, FCCU start-up and shutdowns), SO2 CEM data from the previous
three days will be averaged and used as an emission factor to determine emissions from the
FCCU.

The mass flow rate of the flue gas shall be determined by a volumetric flow measurement device
that meets or exceeds the requirements contained in 40 CFR 60 Appendix B. An annual relative
accuracy test audit shall be conducted in accordance with the procedures outlined in UAC R307-
170 and 40 CFR 60 Appendix B. If a new volumetric flow measurement device is installed, an
initial perfonnance test shall be performed within 30 days of installation. The performance test
shall be conducted and data reduced in accordance with the test methods and piocedures
contained in 40 CFR 52 Appendix E. Notification must be made to the Direcior prior to
conducting the performance test.

SO2 emissions from the FCCU regenerator shall be calculated by subhacting the emissions
athibutable to the CO Boiler from the mass emissiors. Emissions attributable to combustion of
plant gas in the CO Boiler shall be calculated by multiplying the quantity of fuel used in the CO
boiler by the emission factor for plant gas as determined belcw. B:oz-4orl

Daily SO2 emissions from other affected units shall be determined by multiplying the quantity of
each fuel used daily (24hour usage) at each affected unit by the appropriate emission factor
below. The values shall be summed to show the total daily So2 emission.

Emission factors (EF) for the various fuels shall be as follows:

Natural gas: EF:0.60 lb/ll{Mscf
Propane: EF : 0.60 lb/\rlMscf
Plant fuel gas: the emission factor shall be calculated from the I{2S measurement or from the
SO2 measurement obtained in section ILB.5.g of this permit. The emission factor, where
appropriate, shall be calculated as follows:

EF (lb So2/IVIMscf gT) : [(24tu avg. ppmdv I{2s) /10^6] (64 lb so2/lb mole)l [(10^6
scflMMscf/(3 79 scf/lb mole)l

Where mixtures of fuel are used in a Unit, the above factors shall be weighted according to the
use of each fuel. [R307-401]

Emissions of SOz from the permitted source shall not exceed 1,637 tons per rolling l2-month
period. The So* limit at the FCCU is 705 tons per rolling l2-month perioa.

Compliance shall be determined on a 12-month rolling total. Within 20 days ofthe beginning of
each calendar month, the SOz emission totals calculated to demonsfate compliance wiifr the
daily (24-hr) limitations shall be totaled for the previous month. The monthl'y total shall be
added to the totals from the previous I I months to determine the new l2-month rolling total.
[R307-401]
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II.B.5.c

II.B.5.c.1

Until January 1, 2018, the SO* emissions from the FCCU regenerator shall not exceed 9.8

lbs/l000 lbs coke burned, based on a seven-day average.

The following monitoring protocol has been approved by EPA staff in accordance with 40 CFR

60.106(D(12;l in letters from EPA dated August2g,lgg7,May 72,2003, June 20,2005 and

eug6iti, 2008, and may not be modified without prior EPA approval. [40 CFR 60 Subpart J]

Until January 1, 2018, each day, the daily SO* emissions from the FCCU regenerator, as

calculated below, shall be muliiplied by a factor of 1.05 and divided by the amount of coke

burned in the FCCU regeneratoi during the same period. The result shall be added to the

calculated values for G previous six days and the total divided by seven to determine the seven-

day average.

The weight of coke burned in the FCCU regenerator shall be determined by a mass balance

calculati,on utilizing the measured airflow to the regenerator, and the volume percent CO and Oz

measured in the regenerator flue gas, in accordance with the procedure documented in

correspondence to the DAQ dated November 3, 1995.

This monitoring method is valid only if the following process conditions and procedures are

met.

(a) Sulfur content of the feed to the FCCU is not greater than 0.85 wt0l0, based on a seven-day

average.

The sulfur content of the feed shall be determined by obtaining and analyzing a minimum of

three grab-samples per seven-day period.

(b) Temperature of the FCCU regenerator is between 1182" Fahrenheit and 1419o Fahrenheit,

based on an 8-hour average.

The temperature of the FCCU regenerator shall be determined using a suitable temperature-

sensing device. The device shall be calibrated according to manufacturer's specifications.

(c) The oxygen concentration in the FCCU regenerator is less than or equal to 3 .4 % by volume,

based on an 8-hour average.

A CEM shall be used to determine the oxygen concentration in the regenerator flue gas- The

monitor shall meet or exceed the requirements specified in 40 CFR 60, Appendix B, and

performance Specification 3. The monitor span shall be 1.5-2.0 times the allowable level. Daily

zero (1-Z1Yoofrpu, value) and span (50-100% ofspan value) calibration drift tests shall be

conducted in accordance with UAC R307-170. Quarterly cylinder gas audits and an annual

relative accuracy test audit shall be conducted in accordance with the procedures outlined in

UAC R307- 1:.O. 40 CFR 60 Method 38 shall be used to determine relative accuracy. If a new

monitor is installed, an initial performance test shall be performed within 30 days of installation.

The performance test shall be conducted and data reduced in accordance with the test methods

and irocedures contained in 40 CFR 60, Appendix B, and Performance Specification 3-

Notification must be made to the Director prior to conducting the performance test.

(d) The CO concentration in the FCCU regenerator is less than or equal to 4.4%by volume

based on an 8-hour average-
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Ir.B.5.d

II.B.5.e

A CEM shall be used to determine the CO concentration in the regenerator flue gas. The monitor
shall meet or exceed the requirements specified in 40 CFR 60, Appendix B, and Performance

Specification 4, and 40 CFR 60, Appendix F. The monitor span shall be 1.5-2.0 times the

allowable level. Daily zero (0-20o/o of span value) and span (50-100% of span value) calibration
drift tests shall be conducted in accordance with UAC R307-170. Quarterly cylinder gas audits

and an annual relative accuracy test audit shall be conducted in accordance with the procedures

outlined in UAC R307-170.40 CFR 60 Method 10 or 10A shall be used to determine relative
accuracy. If a new monitor is installed, an initial performance test shall be performed within 30

days of installation. The performance test shall be conducted and data reduced in accordance
with the test methods and procedures contained in 40 CFR 60, Appendix B, and Performance
Specification 4. Notification must be made to dre Director prior to conducting the performance
test.

If Tesoro intentionally changes the FCCU's operating parameters (FCCU's feed sulfur content,
the regenerator temperature, the regenerator oxygen concentration, or the regenerator CO
concentration) to a value outside the listed ranges, compliance with the sulfur oxides limitation
shall be demonstrated in accordance with 40 CFR 60.106(i). Performance of such compliance
demonstrations shall begin within two weeks of first recording the change in operating
parameters.

Tesoro may then conduct performance tests as required to establish a new set of parameters for
the above alternate monitoring procedure, in accordance with 40 CFR 60.106(ixl2). Tesoro
must submit the new parameters and associated test data for approval by the EPA before use.

An unintentional variation of any of the operating parameters associated with this monitoring
method beyond the range allowed by this method shall constitute a violation of this monitoring
condition, unless the variation can be positively identified as the result of an unavoidable
breakdown. [40 CFR 60 Subpart J, R307-401]

Until January l, 2018, the following information shall be maintained and made available upon
request:

1. The monitoring record of the lbs SO. i 1000Ib coke burned
2. Results of the sulfur analysis of the feed, including sample dates, times, and sulfur
concentration
3. The monitoring record of the temperature sensor, the date of each calibration ofthe sensor

and any corrective actions required or performed
4. The monitoring record of the oxygen CEM and any calibration or maintenance activity on the
monitor
5. The monitoring record of the CO CEM and any calibration or maintenance activity on the
monitor
6. The date, time, and description of any change in the listed FCCU operating parameters,
whether or not such change was intentional
7. All information associated with the performance of 40 CFR 60.106(D(12), Compliance
Demonstration, if such demonstation is performed. [40 CFR 60 Subpart J, R307-401]

Until January 1,2018, if any of the listed operating parameters are intentionally changed, Tesoro
shall submit written notification of the change and confirmation of the initiation of the 40 CFR
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II.B.5.f

ILB.5.g

II.B.s.h

60.106(iXl2), Compliance Demonstration, within l4 days of first recording the change. The
notification shall be submitted to the Director and to EPA.

If any of the listed operating parameters are unintentionally exceeded, Tesoro shall submit a
report of the exceedance to the Director on the next quarterly monitoring report. The report
shall include a description of the exceedance, an estimate of any excess emissions, the time of
the exceedance, and the actions taken to correct the situation. [40 CFR 60 Subpart J, R307-401]

Until January 1,2019, the following sources shall not be regulated for SOz or NO* emissions nor
shall they be included in the emission limitation totals herein:

l. North flare (FCCUA/RU/GHT/AIky Flare)
2. South flare (CruderuFU/DDU Flare). [R307-401, SIP Section IX.H.l2]

The H2S content of fuel gas combusted at any affected unit shall not exceed 0.10 grains HzS/dscf
(162 ppmdv), based on a rolling three-hour average. Compliance with this limitation shall be
determined as follows:

l. For natural gas, compliance is assumed while the fuel comes from a public utility.

2. For plant gas, the HzS content of the fuel gas shall be measured with a CMS that meets or
exceeds the requirements contained in 40 CFR 60, Appendix B, Specification 7. The monitor
shall be installed in a location representative of the H2S content in the fuel gas system. The
location shall be approved in writing by the Director prior to installation. The current approved
location of the H2S monitor is on the outlet of fuel-gas blending vessel V-917. The span of the
monitor shall be 300 ppm. Daily zero (0-20% of span value) and span (50-100% of span value)
calibration drift tests shall be conducted in accordance with 40 CFR 60 Appendix F and UAC
R307-170. Quarterly cylinder gas audits and an annual relative accuracy test audit shall be
conducted in accordance with 40 CFR 60 Appendix F and UAC R307-170. 40 CFR 60 Method
1l shall be used to determine relative accuracy. If a new monitor is installed, an initial
performance test shall be performed within 30 days of installation. The performance test shall
be conducted and data reduced in accordance with the test methods and procedures contained in
40 CFR 60, Appendix B, and Performance Specification 7. Notification must be made to the
Director prior to conducting the performance test.

If the monitor reading is not available, the refinery fuel gas shall be sampled as close to the
monitor location as safely possible at least once each day. The sample shall be analyzed for
sulfur content with a detection tube capable of reading the required concentration limit.

3. In lieu ofthe H2S CMS in paragraph 1I.8.4.g.2 above, for fuel gas combustion devices an
instrument for continuously monitoring and recording the concentration by volume (dry basis,
zero percent excess air) of SO2 emissions into the atmosphere may be used. The monitor shall
meet the requirements of 40 CFR 60.105.

4. The rolling three-hour average shall be calculated as the arithmetic average of three
contiguous one (l)-hour averages. [40 CFR 60 Subpart J, R307-401]

T-104 shall be a fixed-roof vessel with closed vent controls. The tank shall have a closed-vent
system with nitrogen purge, and shall vent gases released to the TGI/TGTU or to the Sour Water
Stripper/SRU flare when the TGI/TGTU is not operational. The tank shall comply with 40 CFR
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II.B.6

II.B.6.a

60 Subpart Kb. [R307-401]

Conditions on NO* Cap Sources

Combined emissions of NO. from the NO. Cap Sources shall be no greater than 1.988 tons/day.

Compliance shall be determined daily by multiplying the hcurs of operation of a unit, feed rate
to a unit, or quantity of each fuel combusted at each affected unit by the associated emission
factor listed below, and summing the results. The sources, fuels, and associated emission factors
for this limitation are as follows:

Sources included in emission cap Fuel

Crude Unit Furnace (H-101)
Ultraformer Furnace (F I )
Regenerator Gas Heater (F15)
FCCU/CO Boiler
DDU charge heater (F-680)
DDU rerun reboiler (F-681)
Cogeneration facility
GHT heater (F-701)
Hydrogen Compressors (Kl s)

The Crude Unit stack (H-101) shall be tested every year to determine the correct emission factor
for the calculations above.

The UFU stack (Fl) emissions shall be stack tested every year to determine the correct emission
factor for the calculations above.

The initial stack tests were done on the DDU to veriff the design emission factor of 0.04
lbllvlMBtu for NO*. The new emission factors for the DDU, computed from the results of the
stack tests, are 0.049Ib/IvIMBtu and 0.052 lb/IVIMBtu as specified in the above table.
Subsequent testing shall be done if directed by the Director.

Both trains in the cogeneration facility were stack tested within 180 days of startup to show
emissions equivalency of the trains. Subsequently, both trains shall be tested either
simultaneously or seriatim at least once every two years.

The GHT heater was stack tested within 180 days of startup. Subsequent testing shall be done if
directed by the Director.

All other units in the above list shall be stack-tested if directed by the Director. Tesoro may also
perform a stack test on any of the above listed sources to provide information for updating the
emission factors listed.

All stack tests shall conform to the following:

The applicant shall provide a notification of the test date at least 45 days prior to the test. A
pretest conference between the owner/operator, the tester, and the Director shall be held at least
30 days prior to the test if directed by the Director.
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Plant Gas
Plant Gas
FCU Coke & plant gas
Plant gas
Plant gas

NO* Emission factor

results oflast stack test
results oflast stack test
81 lb/IVIMscf
NO. CEM
0.049lbA4MBtu
0.052lb/IvlMBtu

Plant & natural gas results oflast stack test
Plant gas 0.074 lb/MMBtu
Propane/natural gas 1.8 lblhr



rr.B.6.b

II.B.6.c

The emission point shall conform to the requirements of 40 CFR 60, Appendix A, Method l.
Occupational Safety and Health Administration (OSHA) approved access shall be provided to
the test location.

40 CFR 60, Appendix A, Metho d 7 ,7 A,7B.,7C,7D, or 7E shall be used to determine the NO.
emission rate.

40 CFR 60, Appendix A, Method 2 shall be used to determine the volumetric flow rate.

To determine mass emission rates (lbs/hr, etc.), the pollutant concentration, as determined by the

appropriate methods above, shall be multiplied by the volumetric flow rate and any necessary

conversion factors determined by the Director to give the results in the specified units of the

emission limitation.

A NO* CEM shall be used to calculate daily NO* emissions from the FCCU/CO Boiler.
Emissions shall be determined by multiplying the nitrogen dioxide concentration in the flue gas

by the mass flow of the flue gas.

The NO* concentration in the flue gas shall be determined by a CEM that meets or exceeds the

requirements contained in 40 CFR 60, Appendix B, Performance Specification 2. Daily zero (0-

20%o of spanvalue) and span (50-100% ofspan value) calibration drift tests shall be conducted

in accordance with UAC R307-170. Quarterly cylinder gas audits and an annual relative
accuracy test audit shall be conducted in accordance with the procedures outlined in UAC R307-

17 0 . 40 CFR 60 Methods 2, 3 and 7 shall be used to determine relative accuracy. If a new
monitor is installed, an initial performance test shall be performed within 30 days of installation.
The performance test shall be conducted and data reduced in accordance with the test methods

and procedures contained in 40 CFR 60, Appendix B, Performance Specification 2. Notification
must be made to the Director prior to conducting the performance test. Whenever the NO. CEM
is bypassed for short periods, NO. CEM data from the previous three days will be averaged and

used as an emission factor to determine emissions.

The mass flow rate of the flue gas shall be determined by a volumetric flow measurement device

that meets or exceeds the requirements contained in 40 CFR 60 Appendix B. An annual relative

accuracy test audit shall be conducted in accordance with the procedures outlined in UAC R307-

170 and 40 CFR 60 Appendix B. If a new volumetric flow measurement device is installed, an

initial perforrnance test shall be performed within 30 days of installation. The performance test

shall be conducted and data reduced in accordance with the test methods and procedures

contained in 40 CFR 60 Appendix B. Notification must be made to the Director prior to
conducting the performance test. [R307-401]

Emissions of NO* from the sources listed under the NO. cap shall be no greater than 598 tons

perrolling l2-monthperiod. TheNO*limitattheFCCU is774 tonsperrolling l2-month
period.

Compliance shall be determined on a l2-month rolling total. By the 2fth day of each month, the

NO* emissions calculated to show compliance with the daily limitations for the previous month

shall be summed to give a monthly emission total. This shall be added to the previous 1 I

months' emission totals to give the new l2-month rolling total. [R307-401]

Emissions of NO* from each K1 compressor shall be no greater than3.20lblhr or 933 ppmdv
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II.B.7

ILB.7.a

@10% oxygen and 400o F.

Compliance shall be determined by stack testing in accordance with the procedure for stack
testing other NO* sources as described above. Testing shall be done if directed by the Director.

The maximum fired heat capacity at H-l0lwill be no greater than l74MMbtu/hr (L1IV) based
on a.l-hour average. Orifice plate will be installed to limit fuel gas pressure to 20 psi such that
maximum firing rate of the burner remains unchanged. tR307-4011

Conditions on PMtg Cap Sources

Combined emissions of filterable PMls and filterable PM2 5 from the PMle Cap Sources shall be
no greater than 522lbslday. The filterable PMls limit at the FCCU is 69 tons per rolling l2-
month period.

Compliance shall be determined daily by multiplying the quantity of each fuel combusted at the
affected units by the associated emission factor for that fuel, and summing the resrlts. The
emission factors for this limitation are as follows:

Natural gas:

Plant gas:
Cat Coke:
Propane:

5 lb/IvlMscf
5 lb/lvlMscf
results of last stack test
negligible

The FCCU/COB stack shall be stack tested every yearto determine the correct emission factor
for the calculations above. All other units in the above list shall be stack-tested if directed by the
Director- The permiued source may also perform a stack test to provide information for
updating the emission factors listed above. All stack tests shall conform to the following:

The applicant shall provide a notification ofthe test date at least 45 days prior to the test. A
pretest conference between the owner/operator, the tester, and the Director shall be held at least
30 days prior to the test if directed by the Director.

The emission point shall conform to the requirements of 40 CFR 60, Appendix A, Method 1.
OSHA approved access shall be provided to the test location. The throughput rate during
compliance testing shall be no less than90%o of the rated throughput, orioi/oof the trighist
monthly throughput achieved in the previous three years, whichever is least.

40 CFR 5 I , Appendix M, Methods 201 or 20la shall be used to determine front-half pMle
emissions in stacks in which no liquid drops are present. 40 CFR 51, Appendix M, Method Z0Z
shall be used to determine back half condensablei in such stacks.

For stacks jn which liquid drops are present, methods to eliminate the liquid drops should be
explored. If no reasonable method to eliminate the drops exists, then the following methods
shall be used: 40 CFR 60, Appendix A, Method 5, 5a, 5d, or 5e as appropriate. The back half
condensables shall also be tested using Metho d 202. All particulate laptured in the back half
shall be considered PM1e. For purposes of the PM,o SIP Cap, the back half condensables shall
not be used for compliance demonstration but shall be usedlor inventory purposes.

40 CFR 60, Appendix A, Method 2 shall be used to determine the volumetric flow rate.
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II.B.8

II.B.8.a

rI.B.8.b

II.B.8.c

II.B.8.d

To determine mass emission rates (lbs/hr, etc.), the pollutant concentration, as determined by the

appropriate methods above, shall be multiplied by the volumetric flow rate and any necessary

"irrr"irion 
factors determined by the Director to give the results in the specified units of the

emission limitation. [R307-40i]

Conditions on Tanks

For the primary seals, the accumulated area of gaps between the tank wall and the metallic shoe

seal or tire liquid-mounted seal shall not exceed 10 square inches per foot of tank diameter. The

width of any portion of any gap shall not exceed one and one half (1%) inches' If the seal is a

,upo. *orrrted seal, the accumulated area of gaps between the tank wall and seal shall not

exceed one (1) square inch per foot of tank diameter, and the width of any portion of any gap

shall not exceed one-half (%) inch. This condition applies to Tanks 190,242,243,244,245,

246, 247,308, 309, 326, and330. [R307-327]

Tanks 246 and247 shallbe used only to store heavy distillate products with a True Vapor

pressure (TVP) of less than 1.5 psia, such as Jet A fuel. [R307-401-8]

For the secondary seals, the accumulated area of gaps between the tank wall and the secondary

seal shall not exceed one square inch per foot of tank diameter and the width of any portion of

any gap shall not exceed one-half inct. fnit condition applies to Tanks 190,242,243,244,245,

:O-g,lOq, 326, and330. This condition does not apply to Tanks 246 and247.

The secondary seals shall be properly installed and maintained according to the manufacturer's

recommendations.

1P(307-3271

The owner/operator shall comply with all applicable parts of R307-327 ' Petroleum Liquid

Storage. 1P.307-3271

In addition to the requirements of this AO, all applicable provisions of the following federal programs

have been found to apply to this installation. This Ao in no way releases the owner or operator from any

liability for compliance with all other applicable federal, state, and local regulations including UAC

R307.

NSPS (Part 60), A: General Provisions
NSpS (ru.t oo;, Db: Standards of performance for Industrial-Commercial-Institutional Steam Generating Units

NSpS (furt OOy, J: Standards of Performance for Petroleum Refineries

NSpS ipurt OOi, Ja: Standards of Performance for Petroleum Refineries for Which Construction,

Reconstruction, or Modification Commenced After May 14,2047

NSpS (part 60), K: Standards of Performance for Storage Vessels for Petroleum Liquids for Which

Construction, Reconstruction, or Modification Commenced After June 1 1,7973, and Prior to May 19,1978

NSpS (part 60), Ka: Standards of Performance for Storage Vessels for Petroleum Liquids for Which

Construction, Reconstruction, or Modification Commenced After May 18, i978, and Prior to July 23,7984

NSpS (part 60), Kb: Standards of Performance for Volatile Organic Liquid Storage Vessels (Including
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Petroleum Liquid Storage Vessels) for Which Construction, Reconstruction, or Modification Commenced After
Jily 23,1984
NSPS (Part 60), GG: Standards of Performance for Stationary Gas Turbines
NSPS (Part 60), XX: Standards of Perfornance for Bulk Gasoline Terminals
NSPS (Part 60), GGG: Standards of Performance for Equipment Leaks of VOC in Petroleum Refineries for
which Construction, Reconstruction, or Modification Commenced After January 4, 1983, and on or Before
November 7,2006
NSPS (Part 60), GGGa: Standards of Performance for Equipment Leaks of VOC in Petroleum Refineries for
Which Construction, Reconstruction, or Modification Commenced After November 7,2006
NSPS (Part 60), NNN: Standards of Performance for Volatile Organic Compound (VOC) Emissions From
Synthetic Organic Chem ical Manufacturin g Industry (SOCMI) Distillation Operations
NSPS (Part 60), QQQ: Standards of Performance for VOC Emissions From Petroleum Refinery Wastewater
Systems
NESHAP (Part 6l), A: General Provisions
NESHAP (Part 61), M: National Emission Standard for Asbestos
NESHAP (Part 61), FF: National Emission Standard for Benzene Waste Operations
MACT (Part 63), A: General Provisions
MACT (Part 63), CC: National Emission Standards for Hazardous Air Pollutants From Petroleum Refineries
MACT (Part 63), UUU: National Emission Standards for Hazardous Air Pollutants for Petroleum Refineries:
catalytic cracking units, catalytic Reforming units, and Sulfur Recovery Units
MACT (Part 63), EEEE: National Emission Standards for Hazardous Air Pollutants: Organic Liquids
Distribution (Non-Gasoline)
MACT (Part 63), DDDDD: National Emission Standards for Hazardous Air Pollutants for Major Sources:
Industrial, Commercial, and Institutional Boilers and Process Heaters
Title V (Part 70) major source

Engineering ReviewNl03350066: Salt Lake City Refinery - Installation of a Wet Gas Scrubber and Ultra-Low NOx Bumers
February 29,2016

Page 29



1.

REVIEWER COMMENTS

The AO will be based on the following documents:

Supersedes
Is Derived From
Incorporates
Incorporates
Incorporates
Incorporates
Incorporates
Incorporates

DAQE-ANI 033 50065-1 4 dated September 5, 2014
Source Submitted NOI dated June 11,2015
Additional Information Received From EPA dated September 29,2015
Additional Information Received dated Septembet 23,2015
Additional Information Received dated Octobet 72,2015

Additional Information Received dated November 10,2015

Additional Information Received dated January 8,2076
Additional Information Received dated February 1,2016

Comment regarding Status of sources:

Several emisiion units are specifically affected by this project. Each is addressed below:

Wet Gas Scrubber and associated systems:

This is a control device on an existing unmodified unit (see below), the FCCU/CO Boiler.

Although listed as a separate line item under II.A.6, it is considered as part of the FCCU for

federaliubpart (NSPS and NES[{AP) permitting requirements and is not a separate emitting unit'

FCCU/CO Boiler:
The installation of the wet gas scrubber system does not modiff the FCCUiCO Boiler under NSPS

or NES1{AP regulations. Although physical changes are occurring at this emission unit, they do

not trigger a reconstruction under NSPS or NESHAP regulations as they do not constitute more

than 506/, of the cost of a new unit. No modification is occurring, as no increase in the hourly

emission rate of an applicable pollutant is occurring. Also see Engineering Review Comment #2

regarding the applicability of NSR to direct ozone emissions

Ultraformer Unit F-l Furnace:
The installation ofthe new burners at the F-1 Furnace requires review due to the increase in

emissions of PM/PMrolPMz., and VOC (see "Revised Firing Rate Calculations" submitted 211116)-

Cogeneration Units:
Thi increased steam demand from the cogeneration units does not result in a modification of these

units as this can be accomplished under the existing permit conditions and without any physical

changes or changes in the method of operation of these units. See also Engineering Review

Comments 4 and 5 regarding Emission Calculations.

[Last updated February 29,2016)

Comment regarding Applicability of NSR to direct ozone emissions:

On June 4,2015,UDAQ sent an inquiry to Region 8 of US EPA regarding the Agency's

interpretation of the NSR program to direct ozone emissions. Specifically, whether or not a

,our"" which emits ozone as a pollutant is subject to the provisions of 40 CFR 52.21(bx23xii).

On Septemb er 29,2015, Region 8 responded with a letter which stated, in essence, that since

oror"l, listed in the previous paragraph 152.21(b)(23)(i)1, which defines a significant emission

rate for that pollutant as being 40 tons per year of either VOC or NO*, then [52.21(b)(23)(ii)] does

Engineering ReviewNl03350066: Salt Lake City Refinery - Installation of a Wet Gas Scrubber and Ultra-Low NOx Bumers
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not apply.

A copy of the Region 8 letter has been included in the source file for reference. [Last updated
January 14,2016)

3. Comment regarding Federal Requirements:
Analysis of the following specific federal subparts is included in this review:

40 CFR 60 (NSPS) Subparts J and Ja:

Under the wet gas scrubber/Low-TOx sub-project, only the FCCU/CO boiler will require any
physical changes. These changes primarily involve reconfiguration of the exhaust system to
incorporate the new controls, some external structural work to house the scrubber and other units,
and other minor electrical, plumbing, and support work as needed to accommodate the new
systems. There will not be any increase in the maximum hourly emissions of any of the pollutants
regulated under Subpart J, which currently applies to the FCCU/CO Boiler. However, the
FCCU/CO Boiler is already subject to NSPS Ja for CO and PM emissions and will be subject to
NSPS Ja for NO* and SOz by January 1, 2018 after the wet gas scrubber/Low-TOx system is
installed.

Although the installation of the new burners on the F-l furnace likely qualifies under the
exemption of 40 CFR 60.1a(e)(5):

The addition or use of any system or device whose primary fimction is the reduction of air
pollutants, except when an emission control system is removed or is replaced by a system which
the Administrator determines to be less environmentally beneficial.

Tesoro has conservatively assumed that this sub-project results in a modification of the F-l
furnace, and thus triggering the applicability of Subpart Ja for emissions of SO2.

Both of these subparts have already been listed as included/applicable to the refinery.

40 CFR 63 CNESHAP) Subpart UUU:
Again, the FCCU/CO Boiler is the only existing unit subject to Subpart UUU experiencing a
physical change as a result of the wet gas scrubber sub-project. Subpart UUU already applies to
the FCCU/CO Boiler, and no changes in that applicability will occur due to this project. There
will be new monitoring requirements associated with the wet gas scrubber as a control device after
installation.

This subpart has been previously included in the applicability list for the refinery.

40 CFR 63 Subpart DDDDD:
The F-l Furnace is currently subject to the provisions of Subpart DDDDD. The installation of the
new burners will not change the applicability of this subpart, nor will it trigger any new
requirements. However, this subpart was not previously included in the applicability list for the
refinery and will be included in this review. [Last updated February 29,2016f

4. Comment regarding Emission Calculations:
In order to properly calculate the overall change in emissions for this combined project, each sub-
project must be evaluated separately. Although both sub-projects have been combined for
permitting convenience, they were submitted separately and affect separate and distinct units at

Engineering ReviewNl03350066: Salt Lake City -.ff?Jn;|l,lffif 
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the refinery. Both sub-projects can be accomplished individually and independently.

While both sub-projects are required by the PMz s SIP, and both require some amount of additional
incremental steam load from the cogeneration units, these two facts do not necessarily link the two
sub-projects together. Neither sub-project is reliant upon the other in terms of infrastructure,
timing, finances, logistics, or resources. It is only the nature of the NSR permitting program itself
that requires that both projects be permitted simultaneously. Thus, each sub-project will be

evaluated separately, and then the two individual results will be summed to arrive at the final
project total change.

Wet Gas Scrubber:
Installation of the wet gas scrubber and LoTOx unit will reduce emissions of SOz, NO* and CO at

the FCCU/CO Boiler. These values, which are specific to the FCCU/CO Boiler are as follows:

Estimated current SO2 : 671.5 tpy (subject to a705 tpy SO* limit, existing condition II.B.4.b)
SO2 PTE after project : 41.06 tpy (based on a limit of l0 ppmvd ona365-day rolling average)

Current NO* : 174 tpy (existing condition II.B.5.b)
NO, PTE after project :29.48 tpy (based on a limit of 10 ppmvd on a 365-day rolling average)

Estimated current CO :933.43 tpy (subject to a 500 ppmvd limit - 40 CFR 60 Subpart J)

CO PTE after project : 179.51(based on a limit of 100 ppmvd on a 365-day rolling average)

Both the NO* and SOz values were already included in the calculations used when setting the new

plant-wide emission caps for the Tesoro refinery which become applicable on January 1,2019.
Therefore, no change in overall refinery PTE will occur as a result of this installation.

Increased utilization ofthe cogeneration units for the wet gas scrubber sub-project:

Estimated additional steam requirement is 17,500 lb/trr, which requires an increased firing rate of
approximately 19.25 MMBtu/hr. This additional firing is within the already permitted amount
authorized to Tesoro under DAQE-103350065-14, as no specific limitation on firing rate is listed

in the AO beyond that listed in II.A.18 (two steam units rated at approximately 157.8 MMBtu/hr
each, for a total of 315.6 MMBtu/trr), and the emission inventory for 2014 showed a combined
usage of approximately 162.7 MMBt:ulhr (52% of that max value). The increase in actual

emissions from the cogeneration units associated with this additional steam requirement is (all

values in tpy):
PMro : 0.84, PMz.s : 0.84, NO*: 5.97, SOz = 2.09, CO : 6.53, VOC : 0'43, HzSO+ : 0'03

These values are based on Tesoro's most recent stack test, AP-42 tables 1.4-2 and 3.1-1, NSPS

Subpart Ja, and Tesoro's supplied estimates of additional fuel and steam requirements.

Haul road fugitive dust emission estimates:

Tesoro also supplied emission estimates of the increased truck traffic on Tesoro's haul roads for
delivery of raw materials (oxygen, caustic, coagulant) and disposal/removal of waste products

(wastewater, filter cake). These estimates are based on the maximum potential increase in vehicle
traffic, although reduction in these values is possible using alternatives to vehicle transport (such

as alternative wastewater treatment).
The increase in fugitive particulates from haul road vehicle traffic is as follows (all values in tpy):

PMro:0.08, PM25 = 0.02

[Last updated February 11, 2016]
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5. Comment regarding Emission Calculations Cont.:
The installation of the new burners on the F-l furnace results in a slightly more complicated
emission calculation. First, is the estimation of the projected emissions of the unit following
completion of the project (all values in tpy)

PMro: 4.59,PM2.5:4.59, NO*: 40.06, SO2: 4.73,CO:30.81, VOC:3.32,I{2SO4 :0.07

[This is based on a firing rate of 140.7 MMBtu/hr (as supplied by Tesoro, revised l/8116).]

However, as this is a modified unit at an existing major source, to properly calculate the emission
increase from this sub-project, the "actual to projected actual" applicability test must be employed.
This test is described at 40 CFR 52.21(a)(2)(iv)(c), and incorporated by reference at R307-405-
2(2).

For purposes of simplicity, the PSD version of this description was used. The nonattainment area
thresholds for a modification are identical, as is the description of the test. The nonattainment area
version is described and outlined at R307-403-2(lXc). Since Tesoro is located in an area of
attainment for some pollutants and nonattainment for other pollutants, and functionally the two
processes are identical, only one process will be discussed.

Under the actual to projected actual test, the source calculates the difference between the projected
actual emissions of the modified unit, and the baseline actual emissions of that unit. For baseline
actual emissions, this is defined as the average rate the unit actually emitted the pollutant during
any consecutive 24-month period selected by the owner/operator within the l0-year period
immediately preceding the project. A separate 24-month period may be chosen for each pollutant.

Tesoro considered periods between May I , 2007 and May 3 l, 2015, and provided the emission
values chosen to UDAQ as part of the NOI submitted Nov 1 0, 20 I 5. UDAQ has review ed the 24-
month baseline periods and concurs with the emission values provided.

The calculation of projected actual emissions is complicated by three mitigating factors:
1. Projected actual emissions shall exclude the portion of the emissions that an existing unit "could
have accommodated during the baseline period and are also unrelated to the particular project"
2. The projected actual emissions shall exclude any emissions related to increased utilization due
to product demand growth
3. The projected actual emissions may use the emission units potential to emit in lieu of the actual
emission calculation

In this particular case, Tesoro was able to estimate values for both factors #l and#Z,b:utelected to
use the calculation of actual emissions rather than potential to emit.

Technically speaking, there are two additional components to this sub-project: the new
component's in VOC service (pipes, valves, flanges, etc.), and the increased utilization of the
cogeneration units. When including these additional components, the process is exactly the same
as for the modified unit [this is called the hybrid test, and is outlined at 40 CFR 52.21(a)(2)(iv)(0].

By definition, the baseline period, capable of accommodating emissionq and demand growth
emissions of the new components would all be zero (0), since they did not previously exist.
Similarly, the emissions from the increased utilization at the cogeneration units would only
involve the increased firing rate, since all other emissions would cancel out.
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The final calculation of emission increases can be found on the included spreadsheet [Tesoro
Revised Projected Emissions, and Revised Table 3b - Projected Actual Emission Calculations].

The conclusion is emission increases as follows (all values in tpy):

PMro : 0.5, PMz.s : 0.5, NO* : 0-72,SOz : 0-25, CO : 0'78, YOC : 2'76

However, these changes in actual emissions can be accommodated within Tesoro's existing and

future (llll20l9) emission caps with no changes.

[Last updated February 11, 2016]

6. Comment regarding NSR/PSD Applicability:
Neither sub-project triggers a major modification under either the nonattainment area NSR

OiNSR) or PSD requirements. As was previously discussed (see the emission calculation and

BACT review sections above) these two sub-projects do not need to be aggregated for permitting

purposes. They are also not tied to any previous permitting project conducted at Tesoro. This

combined project can be considered a minor modification under the NSR permitting requirements

for both NNSR and PSD. [Last updated January 13,2016]

7. Comment regarding Changes in Permit Requirements:
This project results in the following changes in the permit:

1. Update in Section II.A - the listing for the UFU F-l Furnace has been changed to reflect the

addition of the new ultra-low NO* burners, and the new components in VOC service.

2. Update in Section II.A - an additional entry has been made, listing the new wet gas scrubber

and LoTOx unit.

3. New conditions on the FCCU/CO Boiler - new requirements (emission limitations) on the

FCCU/CO Boiler have been added, limiting NO*, SOz and CO emissions on a7-day and 365-day

rolling average basis. A sub-condition detailing the compliance methodology has also been

included.

4. A condition of the applicable plant-wide caps (emission limits) which become applicable as of
January 1,2019 has been included. This condition is based on the requirements of Section

IX.H.12 of the Utah PM2 5 SIP. The requirements of the PMro Maintenance plan have not yet been

incorporated.

5. Several small corrections have been made where "12-month rolling average" was used in place

of "12-month rolling total"

6. Condition II.B.5.g has been updated to be clearer - moving the parenthetical from the first
paragraph to a separate line item.

7. Several conditions with expired dates have been updated or removed.

8. Opacity conditions have been clarified and consolidated-

9. A condition requiring initial inspection of the newly installed control equipment was added.
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8.

10. Several conditions have been updated where limitations change as of 1/l/18 or l/l/19.

11. With installation of the WGS, several conditions with reference to "FCCU/CO Boiler (ESp),'
have been changed to "FCCU/CO Boiler".

72- One condition was updated to include reference to filterable PM2.5 (II.B.7.a) in addition to the
already present filterable PM1s. [Last updated February 25,2016]

Comment regarding Discussion of SO2 Emission Limit:
There are two sets of apparently redundanl emission limitations on SOz. These have not been
included in error, but rather are included as a result of Tesoro's emission calculation methodology.

The,lower limits (10 ppmvd on a rolling 365-day basis and l8 ppmvd on a rolling 7-day basis) are
used to calculate the PTE of the FCCU/CO Boiler following installation of the new control
system. Thus, this limit needs to be included in the AO in order to make this calculation
enforceable. Tesoro also uses these limits to gauge the overall performance of the control system.
The higher limits (25 ppmvd on a rolling 365-day basis and 50 ppmvd on a rolling 7-day basis) are
limits associated with the PMz s SIP, and have specific associated monitoring reqriirements
[Last updated February 11,2016)

Comment regarding Fiherable PM2 5 Limit:
Condition II.B.7.a now includes a limit a filterable PMz.s. This limitation did not previously apply
to the Tesoro Refinery, and serves as a transition between previous AOs (which did not limit
PMz.s) and the applicable limits of the SIP, which do not come into effectuntil January l,ZOlg.
This limitation serves m91ely as a stopgap measure to address comments received on irevious
permitting actions as well as those comments received during the SIP development process. [Last
updated February 25, 20161
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ACRONYMS

The following lists commonly used acronyms and associated translations as they apply to this document:

40 CFR
AO
BACT
CAA
CA.rq.A

CDS
CEM
CEMS
CFR
CMS

CO
COz
CO2e

COM
DAQruDAQ
DAQE
EPA
FDCP
GHG
GWP
HAP or HAPs
ITA
LBiHR
MACT
MMBTU
NAA
NAAQS
NESHAP
NOI
NO*
NSPS
NSR
PMro
PMz.s

PSD
PTE
R307
R307-401
SOz

Title IV
Title V
TPY
UAC
VOC

Title 40 of the Code of Federal Regulations

Approval Order
Best Available Control Technology
Clean Air Act
Clean Air Act Amendments
classification Data system (used by EPA to classiff sources by sizeltype)

Continuous emissions monitor
Continuous emissions monitoring system

Code of Federal Regulations
Continuous monitoring system
Carbon monoxide
Carbon Dioxide
Carbon Dioxide Equivalent - 40 CFR Part 98, Subpart A, Table A-l
Continuous opacity monitor
Division of Air Quality
This is a document tracking code for internal UDAQ use

Env ironmental Protection AgencY

Fugitive dust control Plan
Greenhouse Gas(es) - 40 CFR 52.21 (bX49XD

Global Warming Potential - 40 CFR Part 86.1818-12(a)

Hazardous air pollutant(s)
Intent to Approve
Pounds per hour
Maximum Achievable Control Technology
Million British Thermal Units
Nonattainment Area
National Ambient Air Quality Standards

National Emission Standards for Hazardous Air Pollutants

Notice of Intent
Oxides of nitrogen
New Source Performance Standard

New Source Review
Particulate matter less than l0 microns in size

Particulate matter less than 2.5 microns in size

Prevention of Signifi cant Deterioration
Potential to Emit
Rules Series 307

Rules Series 307 - Section 401

Sulfur dioxide
Title IV of the Clean Air Act
Title V of the Clean Air Act
Tons per year
Utah Administrative Code
Volatile organic compounds

Salt Lake City Refinery - Installation of a Wet Gas Scrubber and Ultra-Low NOx Burners
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Catalysts

EM PRO'" PremAir@ Catalysts
PremAir@ Direcl Ozone Reduction (DOR)

PremAir@ is a patented mtalyst coating that transforms ground level
ozone, the main @mponent of smog, into oxygen. As air flows over a
vehide's mated radiator, PremAir@ ctatfzes the reaclion that converts
ozone into oxygen. This proes €pitalizes on the large volume of air that
pass through a vehicle's radiator.

PremAir@ NXT Next Generation DOR

\Mrth PremAiro NXT, even smaller radiators for today's downsized 4
cylinder engines mn mnverl as much ozone to orygen as larger radiators
wilh standard PremAip. This allows Automotive OEMS to earn the full
emisbn credit for California LEV lll and U.S. Tier 3 emision regulations.

PremAir@ NXT deliveE value through emission reduction credits

PremAir@ NXT is a DOR technology which has been validated for
150,000 miles or 15 years. Tier 3 and LEV lll have approved an emision
reduction sedit of 5 mg/mile for DOR technology. OEMS €n leverage this
tool in a number of ways to deliver value to manage their fleet average
emisions requirements.

- Optimire engine perfomance
- PremAir@ NXT sedits are a @st-effectire ahernative solulion to PGM

(Platinum Group l\,4etals) content in ctalytic converters and en be
used to maximize engine performane at a bin dassilication.

- Reduce cost
- As regulations demand more out of mtalytic onverters, additional

PGM content can have decreasing emission control efficiency.
PremAir@ NXT sedits en help optimze PGM performance to redue
total emission control costs.

- Engineering Safety Factorfor SULEV
- Performance at low NMOG and NOx levels is diffidlt lo measure for

both fresh and aged catalyst performance; borderline TWC aging
performan@ cn introdue risk to an OEM. PremAir@ NXT credits
€n be leveraged to intrea* lhe sfety faclor at a vehide bin
dassifietion.

- Managing fleet vehicle mix
- LEV lll and Tier 3 require OEMS to change their fleet percentage

sales to meet the emission standards, e OEMS have to sll more
SULEV vehides while slling les ULEV 125 vehides. High
performance sedans and @upes as well as trucks and SUVS a.e
oflen more profltable but meet h!;her emision bins. Utilizing
PremAir@ NXT sedits can enable OEMS to mitigate the impad of new
regulations on their \€hide mix

Whal is ozone?

Ozone is a moleo.rle that mnsists of three oxygen atoms. Naturally-
o@rring ozone is Iormed miles above the earth in the stratosphere. This
ozone layer is responsible for aberbing the un's harmful ultraviolet
radiatEn. Unrortunalely, the ozone at ground level is the major
component of smog. This artificially created ozone is the cause of many
adver* eflecls, such as irritation of and damage to lungs, eyes, noses
and throats. Man-made ozone is produced by lhe oxllation of nitrogen
oxides (NOx) and Volatile Organic Compounds (VOCs) in the presne oI
dired sunlight. The main eures of NOx and VOC gass are mobile
emi$ions, industrial fadories, eledrical plants, chemicl solvents, and
gamline vapors.

Click here for a list of Gr models that have been ertined with Direct
Ozone Redu6lion (PremAir).
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EMPROTM PremAir@
Ozone destruction catalysts

PremAir is the first commercial product that destroys
harmful, ground-level ozone already in the air and
converts it into oxygen. PremAir catalysts have been
successfully installed on over 3 million automotive
radiators throughout the world.

ffi*-ff
i t[':

Ill;s"'
a:l

Depending upon the conditions,
PremAir can destroy 75 percent or
more of the ozone that touches the
PremAir-coated radiator surface,
converting ozone molecules (Og) into
oxygen (Oz) molecules. There is no
signiflcant impact on cooling or other
performance attributes of the radiator.

LEV lll Credit Gertified
Having recognized the air quality
benefits of PremAir-equipped
automotive radiators, the Air
Resources Board in California has
established programs to allow vehicle
manufacturers to use PremAir in
meeting emissions standards.

PremAir Green
Where regulatory compliance is not
needed, PremAir Green is a cost-
effective option for vehicle
manufacturers to demonstrate
commitment to a clean environment
and a responsible environmental
policy.

:_l ::l_ t

-::,i- f llt +,s."."

What is ground-level ozone?
According to the U.S. Environmental
Protection Agency (EPA), in the
Earth's lower atmosphere, near ground
level, ozone is formed when pollutants
emitted by cars, power plants,
industrial boilers, refineries, chemical
plants and other sources react
chemically in the presence of sunlight.

Ozone pollution is a special concern
during summer months when the
weather conditions needed to form
ground-level ozone - lots of sun and
hot temperatures - normally occur.

The American Lung Association
reports that half of the U.S. population
breathes unhealthy levels of ozone
some time during the year. Millions of
people living in urban areas around the
world are similarly exposed.



EMPROTM Solutions
We are proud to introduce
EMPRO as the new brand for
BASF Mobile Emissions Catalysts.
The EMPRO brand represents
what makes BASF unique as
value added solutions provider.
As the global leader in catalysis,
BASF has unsurpassed expertise
in developing innovative emission
control technologies for a wide
range of applications, to enable
clean air for a sustainable future.
We are the Emissions
Professionals.

The focus of the BASF Emissions
Professional is always on
in novative, cost-effective solutions
to meet the needs of OEMs and
engine manufacturers globally.
With a creative, open, responsible
and entrepreneurial approach we
help make our customers meet
regulations and be more
profitable. That's the EMPRO way.

About Us
BASF's Catalysts division is the
world's leading supplier of
environmental and process
catalysts. The group offers
exceptional expertise in the
development of technologies that
protect the air we breathe,
produce the fuels that power our
world and ensure efficient
production of a wide variety of
chemicals, plastics and other
products, including advanced
battery materials. By leveraging
our industry-leading R&D
platforms, passion for innovation
and deep knowledge of precious
metals, BASF's Catalysts division
develops unique, proprietary
solutions that drive customer
success.

BASF - We create chemistry

Visit:
www.catalysts. basf.com/patents
for a list of our product patents.

www. cata lysts. basf. com/p re ma i r

BASF Corporation, Catalysts Headquarters
25 Middlesex/Essex Turnpike
lselin, New Jersey, 08830, USA
Tel'. +1-732-205-5000
Email: mobilecatalysts@basf.com

Brazil
Av. Angelo Demarchi 123,Pr. 4160, 5o andar
Sao Bernardo do Campo, SP, 09844-900
Tel: 55-11-2349-1118

China
239 Luqiao Road
Pudong, Shanghai 201206, P.R. China
Tel: 86-21-6109-1770

Germany
Seligmannallee 1

301 73 Hannover, Germany
Tel: 49-51 1-2886-628

lndia
E-17-18, lndustrial Estate, Maraimalai Nagar
Chennai, Tamilnadu, lndia 603 209
Tel: 9144-27454466

Poland
55-300 Sroda Slaska
ul. lnnowacji 1, Poland,
Tel: 48-71-7146-162

Russia
Kadashevskaya nab 14, str 3
Moscow 119017,Russia,
Tel: +7495-231-7200

South Africa
425 Struanway, Struandale
Port Elizabeth 6001, South Africa
Tel: 2741401-1004

Thailand
64124 Moo4, Pluakdaeng
Rayong 21 140, Thailand,
Tel: 66-38-955-555

EMPRO and PremAir are trademarks of BASF.

Although all statements and information in this publication

are believed to be accurate and reliable, they are presented
gratis and for guidance only, and risks and liability for
results oblained by use of the products or application of the
suggestlons described are assumed by the user.
WARRANTIES OF ANY KIND, EITHER EXPRESS OR
IMPLIED, INCLUDING WARRANTIES OF
MERCHANTABILIW OR FITNESS FOR A PARTICULAR
PURPOSE, ARE MADE REGARDING PRODUCTS
DESCRIBED OR DESIGNS, DATA OR INFORMATION
SET FORTH. Statements or suggestions concerning
possible use of the products are made without
representation or warranty that any such use is free of
patent infringement and are not recommendations to
infringe any patent. The user should not assume that
toxicity data and safety measures are indicated or that
other measures may not be required. @ 201 5 BASF

BF-9468 06/15
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Locations

Facls & Figures

Vvhat is a Catalyst?

Research

Responsible Care

Virtual Marking

Virtual Marking
The folbwing BASF produds are prolecied by patents in the U.S- and elsewhere. This website is provided to
satisfy the virtual patent marking provisions of various iurisdidions induding the virtual patent marking provisions
of the America lnvents Act.

The followhg list of BASF producls may not be all indusive, and other BASF producls not listed here may be
proteded by one or more patenls-

For additions or cflanges to the content on this page, contac{ Michael Locascio.

EMPRO Clean Air

Catalysts for Diesel Engines

Catatyad Soot Filters (CSF)

7722829,g',t19075, 803899, 81 14354, 8038956, 8679434, 8800268, 8663587, 8722000, 88s8904,
8845974, 880201 6, 87 ?2000

Diesel O(idation Catalysts (DOC)

5987882,60065'16,6422008,7078004,7576031,7875573,7947238,8148290,8211392,8?46922,
u52258, 8329607, 8449852. 8568675, 8637426

Lean NOx Traps (LNT)

6375910,6497848,702264A,7490464,7919051,80220.t0,8173574,87U759,8776499

Selectivs Catahnic Reduction & Selective Catalytic Reduction on Filter (SCR, SCR2F)
6311484,6415602. 6/,46430,6581374,6662553,6742330,6826906,7143578,7150't45,7229597.
7438878,7441983,7490464,760166?,7704475,7767176,7722845.7502107,7919051,7951742,
7968068, 7998423, 81 19088, 8122603,8246922, A293182,82931 98, 8293199 ,8404203,85241 85,
8544260,8617474, 8899023, 6004524,8961914, 8722000, 6689709, 6914026, 6125629

AIrIX

7 481983, 7767 17 6, 77 22U5, 82931 82, 8524',185, 8722000, 6689709, 6914026

Catalysts for Gasoline Engines

Thrre Way Conversion Catalysts and Four Way ConvaEion Catalysts
5866210,5888464,5898014,6044644,6110862,il92297,6497851.6764665,6777370,6923945.
7U1263,7022644,7?76212,7374729,7501098,7517510,7524465,7550124,7622096,7678347,
7749472,77U171, 7758834, 7795172,7811962,7879755, 79229A8,8007750, 8038951, 81 73087,
8568675, 88'1 51 89, 89501 74, 8765085. 6093378

' Catalysts for Motorcycles and Small Engines (MCY & SEC)

7 27 1 125, 7 521 033, 7 52777 4, 77049 1 5, 7981 390, 8062990, 8833064, 8765085

Specialized

PremAlF

599783't, 6214303, 6340066, 6506605, 6699529, 681 8254, 708382

EYap I Ep
7 189376, 727U1 0, 7 422628, 7 s31029, 7 578285, 7677226, 77 $AU, 8372477
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United States Patent

Iloke, et al.

6,919,254

November 16,2044

Stable slurries of catalytically active materials

Abstract

A method and apparatus for treating the atmosphere comprising moving a vehicle through the
atmosphere, the vehicle having at least one atmosphere contacting surface and a pollutant treating
composition located on said surface. A specific embodiment comprises coating a motor vehicle radiator
with pollutant treating catalyst.

Inventors:

Assignee:
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Appl. No.:
Filed:

Hoke; Jeffrey B. (North Brunswick, NJ), AIIen; Fred M. (Princeton Junction, NJ),
Blosser; Patrick W. (East Windsor, NJ), Hu; Zhicheng (Edison, NJ), Heck; Ronald M.
(Frenchtown, NJ)

Engelhard Corporation (Iselin, NJ)

33425551

081682,174

July 16, 1996

Related U.S. Patent Documents

Application Number
589182

537206

410445

376332

Filing Date

Jan 19,1996

Sep 29, 1995

Mar 24,1995
Jan20,1995

Patent Number Issue Date

Current U.S. Class:

Current CPC Class:

4271421.1; 427 1429; 427 /435; 4271443.2; 50212; 5021324; 5021325;
5021339; 5021 506; sazl 512

B01D s3102 (20130101); B0lD 531867s (20130101); B0lD
s3l88s (20130101); B0lD s3174 (20130101); Yl0S

sazlst2 (20130101); B01D 22stl40 (20130101); B0lD



Current International Class:

Field of Search:

22s11602 (20130101); B01D 22s31r02 (20130101); B01D
22s31108 (20130101); B0lD 22s3lrl (20130101); B01D
22fi12a2 (20130101); B0lD 225312s (20130101); B01D

22s31304 (20130101); B01D 22531306 (20130101); B01D
22s71106 (20130101); BOID 22s713a2 (20130101); B0lD
22s71404 (20130101); B0lD 22s71s02 (20130101); B0lD
22s71702 (20130101); B01D 22s8la6 (20130101); B0lD

22s9 I 4ss8 (20 I 30 I 0 I ); Yl 0S 5021 s06 (20 I 30 I 0 I )
B01D s3174 (20060101); B0lD s3104 (20060101); B01D

s3186 (20060101); B0lD 53/88 (20060101); B0lJ 023134 0; B0sD
00t102 0;BO5D 001/18 0; BO5D 001/28 0

;5 02 I 2,324,325,43 9,5 0 6,5 12,5 I 4 ;427 I 421,429,43 5,443 .2

References Cited [Referenced Byl

1484782

r628344

1863015

1937488

1937489

22t30rl
2455734

2473563

2sst823
2658742

2701104

2956860

2966339

3l 10300

3141100

32424r3

326980t

33s64s2

3414440

3565203

3596441

3640683

368s983

3738088

377A868

3823s33

3837149

U.S. Patent Documents

February 1924

May 1927

June 1932

November 1933

November 1933

August 1940

December 1948

June 1949

May 1951

November 1953

February 1955

October 1960

December 1960

November 1963

September 1964

March 1966

August 1966

December 1967

December 1968

February 1971

August l97l
February 1972

August 1972

June 1973

November 1973

July 1974

September 1974

Heise

Walsh

Kamrath

Jenness

Jenness

Perkins

Clausen

Beja et al.

Buttner et al.

Suter et al.

Fox

Welsh

Morgan

Brown et al.

Wilber
Mehne et al.

Boberg et al.

Moore

Moore

Ashton et al.

Luedahl

Miyazaki et al.

Louzos

Colosimo

Swinkels et al.

Alverson et al.

West et al.



38s9788

38641 18

3883637

3915837

3959021

3993s97

4006217

400787s

4089928

4101296

4134860

4141963

4160806

4t7t2tt
4173549

4184983

419s606

4197366

4200609

4206083

4207291

4214867

4234326

4246253

4261863

4277364

4284618

42859t3

4302490

4310494

4343776

4348360

4352321

4363787

4379129

4379817

4399185

4402931

4405507

4405699

442514s

January 1975

February 1975

May 1975

October 1975

May 1976

November 1976

February 1977

February 1977

May 1978

July 1978

January 1979

February 1979

JuJy 1979

October 1979

November 1979

January 1980

April 1980

April 1980

April 1980

June 1980

June 1980

July 1980

November 1980

January 1981

April 1981

July 1981

August 1981

August 1981

November l98l
January 1982

August 1982

September 1982

October 1982

December 1982

April 1983

April 1983

August 1983

September 1983

September 1983

September 1983

January 1984

King et al.

Schumacher et al.

Benedict

Feige, Jr.

Nishino et al.

Stiles

Faber et al.

Stolz et al.

Foroglou

Lowther

Hindin et al.

Miller
Long et al.

Carter

Kent et al.

Putz et al.

Wallis, Jr. et al.

Tamura et al.

Byrd

Chang

Byrd et al.

Hunter et al.

Bailey et al.

Hunter

Kent et al.

Mellors et al.

van der Heyden et al.

Soni et al.

Byrd

Welsh

Carr et al.

Chang et al.

Fukui et al.

Yoon

Abe

Kozawa

Petrow

Tanabe et al.

Carr et al.

Kruger

Reese



4476144

4477541

4483828

448s073

4489A43

4s37839

45512s4

4579723

4581219

45857r8

45900s9

4595643

4604336

4619821

4657887

466206s

466s973

4666677

4670474

4684381

4714694

4733605

4734tt3
4738947

4742038

48 I 8354

4824363

4838910

4871709

49098 I 5

492t689

4961762

497s346

5044487

s01005 I
s057483

5080882

5082570

s085266

5092396

s1 r3836

October 1984

October 1984

November 1984

November 1984

December 1984

August 1985

November 1985

April 1986

April 1986

April 1986

May 1986

June 1986

August 1986

October 1986

April 1987

May 1987

May 1987

May 1987

June 1987

August 1987

December 1987

March 1988

March 1988

April 1988

May 1988

April 1989

April 1989

June 1989

October 1989

March 1990

May 1990

October 1990

December 1990

April 1991

April 1991

October 1991

January 1992

lanuary 1992

February 1992

March 1992

May 1992

Mellors

Fraioli

Laughlin et al.

Robertson et al.

Bowerman et al.

Cameron

Imada et al.

Weltmer et al.

Imada et al.

Uedaira et al.

Mellors

Koshiba et al.

Nardi

Elv
Hardman et al.

Marincic et al.

Limberg et al.

Ramus et al.

Hinnenkamp et al.

Wasylyniuk
Wan et al.

Holter et al.

Takagi et al.

Wan et al.

Matsumoto

Preisler et al.

Abthoff et al.

Stollenwerk et al.

Tatsushima et al.

Meyer

Walker et al.

Howeth

Lecerf et al.

Kowalczyk

Rudy

Wan

Yoshimoto et al.

Higgins et al.

Arold et al.

Murano et al-

Sweeten



sl30l09
s 135780

5139992

5r42864

5145657

5145822

514582s

5141429

5 I 60586

5162274

5176833

5 I 80502

5187137

s194233

5212140

szt40t4
5221649

s22t6s2
5227144

5232882

5232886

5250487

52s2299

5262129

s277890

5283041

s283139

5294499

529643s

s308591

5312863

s317869

5340562

s348726

5356457

5382417

539136s

5395s34

5401417

5405594

5411643

July 1992

August 1992

August 1992

September 1992

September 1992

September 1992

September 1992

September 1992

November 1992

November 1992

January 1993

Jantary 1993

February 1993

March 1993

May 1993

May 1993

June 1993

June 1993

July 1993

August 1993

August 1993

October 1993

October 1993

November 1993

January 1994

February 1994

February 1994

March 1994

March 1994

May 1994

May 1994

June 1994

August 1994

September 1994

October 1994

January 1995

February 1995

March 1995

March 1995

April 1995

May 1995

Wan

Kissel

Tauster et al.

Dunne

Kobayashi et al.

Falke et al.

Deeba et al.

Bartholomew et al.

Yoshimoto et al.

Deitz
Vaughn et al.

Nishiki et al.

Terui et al.

Kitahara et al.

Yoshimoto et al.

Yoshimoto et al.

Yoshimoto et al.

Tierney et al.

Perez delaGarza
Yoshimoto et al.

Yoshimoto et al.

Wirtz et al.

Retallick

Terada et al.

Wang et al.

Nguyen et al.

Newman et al.

Furukawa et al.

Kitaguchi et al.

Whittenberger

Van Rheenen et al.

Takeuchi

O'Young et al.

Wang et al.

Pincheira Alvarez et al.

Haase

Wang et al.

Smith

Cawlfield et al.

Andersen et al.

Cawlfield et al.



5419882

s422331

s43t9s6

5433772

s447693

5620672

s676913

822 053

1067691

1095128

1 101 160

tt33t54
2tss738
2155738

25 49 621

2s 49 621

30 19 828

33 34 992

37 t3 03s

40 07 964

40 07 965

40 07 965

40 t7 892

42 09 t96
40 a7 965

43 18 738

44 20 224

4423 329

94 ts 457.0

097 287

0 186 477

186 477

351 036

373 648

0 431 648

470 va
537 815

o 561 484

0 628 338

0 $4 245

May 1995

June 1995

July 1995

July 1995

September 1995

April 1997

October 1997

Foreign Patent Documents

Nov 1951

Oct 1959

Dec 1960

Mar 1961

luJ1962
Jan 1973

May 1973

May 1977

May 1977

Nov 1980

Apr 1985

Oct 1988

Sep l99l
Sep l99l
Sep 1991

Dec 1991

Jul 1993

Mar 1994

Jul 1994

Jan 1995

Jan 1995

Jan 1995

Jan 1984

. Jul 1986

Jul 1989

Jan 1990

Jun 1990

Jun 1991

Feb 1992

Apr 1993

Sep 1993

Dec 1994

Jan 1995

Jibiki
Galligan et al.

Robb et al.

Sikora

Ohta et al.

Galligan et al.

Cirillo et al.

DE

DE

DE

DE

DE
DE

DE

DE

DE

DE

DE

DE

DE

DE

DE

DE

DE
DE

DE

DE

DE

DE

EP

EP

EP

EP

EP

EP

EP

EP

EP

EP

EP



0 63s 685

0 653 956

a 666776

2 009 392

2 056 424

2 0s6 424

2037 607

2 tta 174

2 218 3s4
40ttt4t
52148468

5s 1068 13

56059671

57122924

61035853

3-229645

4110045

H4-176316

4297341

H4-29734t
5-7776

5023590

5038443

H6-13204

I 703 173

wo 90fi1433
wo 9u097ss
wo 93105821

wo 94/27709

wo 95t2239s

wo 96109109

wo 96t22146

wo 96122148

wa 97At948
wo 98ta6479

wo 98/06480

Jan 1995

May 1995

Aug 1995

Iun 1979

Mar 1981

Mar 1981

May 1983

Jun 1983

Nov 1989

Mar 1974

Dec 1977

Aug 1980

May 1981

Jul 1982

Feb 1986

Oct 1991

Apr 1992

Iun 1992

Oct 1992

Oct 1992

Ian 1993

Feb 1993

Feb 1993

Jan 1994

Ian 1992

Oct 1990

Jul 1991

Apr 1993

Dec 1994

Aug 1995

Mar 1996

Jul 1996

Jul 1996

Nov 1997

Feb 1998

Feb 1998

Other References

EP

EP

EP

GB

GB

GB

GB

GB

GB

JP

JP

JP

JP

JP

JP

JP

JP

JP

JP

JP

JP

JP

JP

JP

SU

wo
wo
wo
wo
wo
wo
wo
wo
wo
wo
wo

US. patent application Ser. No. A8/537,208, filed Sep. 29, lgg5. .

SAE 931088 Calculation and Design of Cooling Systems by Eichiseder & Raab of Steyr
Damler Puchag. .



SAE 931089 Charge Air Cooler for Passenger Cars by thierry Collette of Valeo Thermique

Moteur. .

SAE 931092 State of the Art & Future Developments of Aluminum Radiators for Cars &
Trucks by Josef Kern & Jochen Eitel of Behr GmbH & Co. .

SAE 931112 Air Mix versus Coolant Flow to Control Discharge Air Temperature in Vehicle

Heating and Air Conditioning Systems by Gary Rolling and Robert Cummings of Behr of
America, Inc. and Gebhard Schweizer of Behr GmbH & Co. .

SAE 93it tS englne Cooling Module Development Using Air Flow Management Technique

by Refki El-Bourini & Samuel Chen of Calsonic Technical Center. .

SAE 931125 Durability Concerns of Aluminum Air to Air Charge Air Coolers by Paul

Richard Smith of Valeo Engine Cooling Inc. .

Taylor, The Internal Combustion Engine in Theory and Practice, vol. I: Thermo Dynamics,

Fluid Flow, Performance, Second Edition, Rev. .

Bosch Automotive Handbook, Second Edition, pp. 301-303,320 and349-351 published by

Robert Bosch GmbH, 1986. .

O'Young, Hydroythermal Synthesis of Manganese Oxides with Tunnel Structures, Modern

AnalytiJal Techniques for Analysis of Petroleum, presented at Symposium on Advances in

Zeolites and Pillared Clay Structures before the Division of Petroleum Chemistry, Inc.,

American Chemical Society, NYC Meeting, A;utg.25-30, 1991 beginning at p. 348. .

McKenzie, The Synthesis of Birnessite, Cryptomelane, and Some Other Oxides and

Hydroxides of Manganese, Mineralogical Magazine,December 1971, vol. 38, pp 493'502. .

Additives for Dispersion Technology, published by Rhone Poulenc. .

Mark, et al., Kirk-Othmer Encyclopedia of Chemical Technology, Ed. 3, vol. 5, Castor Oil to

Chlorosulfuric Acid, 1989, Wiley & Sons, NY, pp. 22-23,40,49-51' '

Gerhartz,et a1., Ullmann's Encyclopedia of Industrial Chemistry, Ed. 5, vol. 45, Cancer

Chemotherapy to Ceramic Colorants, 1986, VCH Verlag, De, Weinheim, pp. 336,347-353. -

Derwent Abstracts (see Attached). -

Manganese Compounds, vol. 15, pp. 1003-1050. .

SAE 93 ll20 ANew Zeolite Energy Storage Concept for Cooling & Heating Sleeping Cabins

in Trucks by Manfred Nonnenman & Noureddine Khellifa of Behr GmbH & Co. pp. 405-413-

SAE 931 121 Automotive Evaporator and Condenser Modeling by Francisco Castro,

Francisco Tinaut & A.A. Rahman Ali of Universidad de Valladolid. pp. 415-427. .

Taylor "The Internal-Combustion Engine in Theory and Practice vol. I: Thermodynamics,

ftuia Flow, performance" 2ndEdition The MIT Press, 1985 at pp. 304-306 for radiator and

fin design; and p. 392 for after coolers. .

Outside submission from Litman Law Offices, Ltd. In the Application of Leo K. Brown for

an Environmental Air Filtration System for Vehicles. .

Outside submission from Attorney Conrad O. Gardner in the Application of A System for

Ambient Air Pollution Processing by Motor Vehicles. .

Newspaper Article with Informal Translation--Mobile Air Purification. .

Ne*spuper Article with Informal Translation--Super-Kat in Cars ensures clean air forever..

Primary Examiner: Langel; WaYne A.
Attorney, Agent or Firm: Lindenfeldar; Russell G.

Parent Case Text



RELATED APPLICATION

This is a continuation-in-part application of U.S. Ser. No. 08/589,182 filed Jan. 19, 1996 now abandoned
which is a continuation-in-part of U.S. Ser. No. 081537,206 filed Sep. 29, 1995 now abandoned which is
a continuation-in-part of U.S. Ser. No. 0814rc,445 filed Mar.24,19^95 now abandoned which is a
continuation-in-part of U.S. Ser. No. 081376,332 filed Jan. 2A,lggs,now abandoned all of said
applications are herein incorporated by reference.

Claims

What is claimed is:

l. A method of applying a mixture to a substrate comprising the steps of: forming a mixture comprising
water and a particulate catalytically-active material, the catilytically-active mateiial comprising a
manganese component having a BET N.sub.2 surface area of greater than 150 m.sup .2 /g, andwherein
approximately 90o/o of the particles are less than 8 micrometers; adding to the mixture a"clispersant
comprising a compound selected from the group consisting of a polym-er containing carboxylic acid
groups, an ester of the polymer and a-salt of the polymer; adaing to the mixture a pitymeri" bind",
selected from the group consisting o{an acrylic polymer and a potylvinyt) acetate; and after adding the
dispersant and polymeric binder, applying the mixture to a motor vehicle contacting surface.

2.The method of claim l, wherein the slurry is applied by spray coating, brushing, or dipping.

3. The method of claim 2, wherein the slurry is applied by spray coating.

4' The method as recited in claim I wherein the atmosphere contacting surface is selected from the group
consisting of the outer surface of an air conditiorr"..ondenser, a radiior, a radiator fan, an air charfe
cooler, a wind deflector, engine oil cooler, a transmission oil cooler and, apower steering fluid cooler.

5' The method of as recited in claim I further comprising adjusting the pH of the mixture to at least g.5.

6' A method of forming a slurry comprising the steps of: forming a mixture comprising water and a
particulate catalytically-active material, the catalytiially-active material comprisirrg u irurrganese
component having a BET N.sub.2 surface area of greater than 150 m.sup .2 l[, and-wherein"
approximately 90o/o of the particles are less than 8 micrometers; addingio thi mixture a dispersant
comprising a compound selected from the group consisting of a polym-er containing carboxylic acid
groups, an ester of the polymer and a-salt of the polymer; and adding to the mixturJa polymeric binder
selected from the group consisting of an acrylic polymer and a poly(Yvinyl) acetate.

7 'The method of claim 6, wherein the dispersant is a dicarboxylic acid ester or salt derivative.

8' The method of claim 7, wherein the dispersant is a maleic acid/isobutylene copolymer.

9' The method of claim 8, wherein the dispersant is a salt of a maleic acid/isobutylene copolymer.

10. The method of claim 9, wherein the dispersant is a sodium salt of a maleic acid/isobutylene
copolymer.



11. The method of claim 6, wherein the dispersant is a polymeric acrylate.

12. The method of claim 11, wherein the dispersant is a salt of a polymeric acrylate-

13. The method of claim 12, wherein the dispersant is a sodium salt of a polyacrylate/methacrylate

copolymer.

14. The method of as recited in claim 6 further comprising adjusting the pH of the mixture to at least 8'5'

15. The method of claims 14,6,11,12,13,7,8, 9, or 10, wherein the binder is an acrylic latex binder or

an ethylene vinYl acetate binder.

16. The method as recited in claims 14,6 or 1 wherein the catalytically active material further comprises

a platinum group metal comPonent.

17. The method as recited in claim 16 fuither comprising the step of calcining the catalytically active

material prior to adding the polymeric binder'

1g. The method as recited in claim 16 further comprising the step of reducing the catalytically active

material.

19. The method as recited in claims 14,6,o1 1 wherein the manganese component is MnO.sub'2'

20. The method as recited in claim 48 wherein the MnO.sub.2 is .alpha.-MnO.sub'2'

Zt.Themethod as recited in claim 20 wherein the .alpha.-MnO.sub.2 is selected from the group

consisting of hollandite, cryptomelane, manjiroite and coronadite'

22.Themethod as recited in claim 21 wherein the .alpha.-MnO.sub.2 is cryptomelane having a surface

area of about from 200 to 350 m.sup.2 /g.

23.Themethod as recited in claim 20 wherein the .alpha.-Mno.sub.2 comprises up to2o/oby weight of

silica.

24.Themethod of claims 14,6 or I wherein the mixture further comprises thickeners, biocides, and

antioxidants.

25. Acomposition made by the method of claims 14,6,11,12,13,7,8, 9, or 10'

26.Thecomposition of claim 25, wherein the binder is an acrylic latex binder or an ethylene vinyl

acetate binder.

2j.Thecomposition of claim 26 further comprising at least one additive selected from the group

consisting of a thickener, a biocide, and an antioxidant'

2g. A catalyticslurry for adhering to a substrate comprising: a particulate catalytically-active material

comprising a manganese component having a BET l.i.sub.i surface area of greater than 150 m'sup'2 /g,

and wherein appr&imately go% of the pariicles are less than 8 micrometers; a dispersant comprising a

compound selected from the group consisting of a polymer containing carboxylic acid groups, an ester of

the polymer and a salt of the [olymer; a polymeric binder selected from the group consisting of an



acrylic polymer and a poly(vinyl) acetate; and water.

Description

BACKGROUND OF THE INVENTION

1. Field of The Invention

The present invention relates to an apparatus for cleaning the atmosphere; and more particularly to a

vehicle comprising at least one atmosphere contacting surface having a pollution treating composition
thereon, and a related method and composition.

2. Discussion of the Related Art

A review of literature relating to pollution control reveals that the general approach is to reactively clean

waste streams entering the environment. If too much of one pollutant or another is detected or being
discharged, the tendency has been to focus on the source of the pollutant, the cause of the pollutant or the

waste stream containing the pollutant. For the most part gaseous streams are treated to reduce the

pollutants prior to entering the atmosphere.

It has been disclosed to treat atmospheric air directed into a confined space to remove undesirable

components in the air. However, there has been little effort to treat pollutants which are already in the

environment; the environment has been left to its own self cleansing systems. References are known
which disclose proactively cleaning the environment. U.S. Pat. No. 3,738,088 discloses an air filtering
assembly for cleaning pollution from the ambient air by utilizing a vehicle as a mobile cleaning device. A
variety of elements are disclosed to be used in combination with a vehicle to clean the ambient air as the

vehicle is driven through the environment. In particular, there is disclosed ducting to control air stream

velocity and direct the air to various filter means. The filter means can include filters and electronic
precipitators. Catalyzed postfilters are disclosed to be useful to heat nonparticulate or aerosol pollution
such as carbon monoxide, unburned hydrocarbons, nitrous oxide and/or sulfur oxides, and the like.
German Patent DE 43 l8 738 Cl also discloses a process for the physical and chemical cleaning of
outside air. Motor vehicles are used as carriers of conventional filters and/or catalysts, which do not
constitute operational components of the vehicle but are used to directly clean atmospheric air.

Another approach is disclosed in U.S. Pat. No. 5,147,429. There is disclosed a mobile airborne air
cleaning station. In particular this patent features a dirigible for collecting air. The dirigible has a
plurality of different types of air cleaning devices contained therein. The air cleaning devices disclosed
include wet scrubbers, filtration machines, and cyclonic spray scrubbers.

The difficulty with the above recited devices disclosed to proactively clean the atmospheric air is that
they require new and additional equipment. Even the modified vehicle disclosed in U.S. Pat. No.
3,738,088 requires ducting and filters which can include catalytic filters.

DE 40 07 965 C2 to Klaus Hager discloses a catalyst comprising copper oxides for converting ozone and

a mixture of copper oxides and manganese oxides for converting carbon monoxide. The catalyst can be

applied as a coating to a self heating radiator, oil coolers or charged-air coolers. The catalyst coating
comprises heat resistant binders which are also gas permeable. It is indicated that the copper oxides and

manganese oxides are widely used in gas mask filters and have the disadvantage of being poisoned by



water vapor. However, the heating of the surfaces of the automobile during operation evaporates the
water. In this way, continuous use of the catalyst is possible since no drying agent is necessary.

Manganese oxides are known to catalyze the oxidation of ozone to form oxygen. Many commercially
available types of manganese compound and compositions, including alpha manganese oxide are
disclosed to catalyze the reaction of ozone to form oxygen. In particular, it is known to use the
cryptomelane form of alpha manganese oxide to catalyze the reaction of ozone to form oxygen-

Alpha manganese oxides are disclosed in references such as O'Young, Hydrothermal Synthesis of
Manganese Oxides with Tunnel Structures, Modern Analytical Techniques for Analysis of Petroleum,
presented at the Symposium on Advances in Zeolites and Pillared Clay Structures before the Division of
Petroleum Chemistry, Inc. American Chemical Society New York City Meeting, Aug. 25-30,1991
beginning atpage 348. Such materials are also disclosed in U.S. Pat. No. 5,340,562 to O'Young, et al.
Additionally, forms of .alpha.-MnO.sub.2 are disclosed in McKenzie, the Synthesis of Birnessite,
Cryptomelane, and Some Other Oxides and Hydroxides of Manganese, Mineralogical Magazine,
December 1971, Vol. 38, pp.493-502.For the purposes of the present invention, .alpha.-MnO.sub.2 is
defined to include hollandite (BaMn.sub.S O.sub.16.xH.sub.2 O), cryptomelane (KMn.sub.S
O.sub.16.xH.sub.2 O), manjiroite (NaMn.sub.8 O.sub.l6.xH.sub.2 O) and coronadite (PbMn.sub.8
O.sub.16.xH.sub.2 O). O'Young discloses these materials to have a three dimensional framework tunnel
structure (U.S. Pat. No. 5,340,562 and O'Young Hydrothermal Synthesis of Manganese Oxides with
Tunnel Structures both hereby incorporated by reference). For the purposes of the present invention,
.a1pha.-MnO.sub.2 is considered to have a2.times.2 tunnel structure and to include hollandite,
cryptomelane, manjiroite and coronadite.

SUMMARY OF THE INVENTION

The present invention relates to an apparatus, method and composition to treat the atmosphere. For the
purposes of the present invention atmosphere is defined as the mass of air surrounding the earth.

The present invention is directed to an apparatus and related method for treating the atmosphere
comprising a vehicle and a means such as a motor to translate the vehicle from one place to another
through the atmosphere. The vehicle comprises at least one atmosphere contacting vehicle surface and a
pollutant treating composition located on that surface. The atmosphere contacting surface is a surface of
a component of the vehicle that is in direct contact with the atmosphere. Preferred and useful atmosphere

- contacting surfaces include body surfaces, wind deflector surfaces, grill surfaces, mirror backs and the
surfaces of "under the hood" components. Preferred atmosphere contacting surfaces are located within
the body of the motor vehicle, typically in proximity to the engine, i.e., the engine compartment. The
surfaces are preferably the surfaces of cooling means which comprise an in flow path for liquids or gases
through a coolant walled enclosure such as tubes or a housing and an outer surface on which is located
fins to enhance heat transfer. Preferred atmosphere contacting surfaces comprise a finned outer surface
and are selected from the outer surfaces of the radiator, air conditioner condenser, the surfaces of the
radiator fan, engine oil cooler, transmission oil cooler, power steering fluid cooler and air charge cooler
also referred to as an intercooler or after cooler. The most preferred atmosphere contacting surfaces are
the outer surfaces of the air conditioner condenser and radiator due to their large surface area and
relatively high ambient operating temperatures of from about 40.degree. C. to 135.degree. C. and
typically up to l l0.degree. C.

An advantage of the present invention is that the atmosphere contacting surface useful to support a
pollution treating composition can be the surface of existing vehicle components. No additional filter, or
apparatus to support a pollutant treating composition, is required. Accordingly, the apparatus and method



of the present invention can be located on existing components of new cars or retrofitted onto old cars.

Retrofitting may comprise coating a suitable pollutant treating composition on an existing vehicle surface

which comes in contact with atmospheric air as the vehicle is driven through the atmosphere.

The present invention is directed to compositions, methods and articles to treat pollutants in air. Such

pollutants may typically comprise from 0 to 400 parts, more typically I to 300, and yet more typically I
to 2}O,parts per billion (ppb) ozote;0 to 30 parts, and more typically I to 20, parts per million (pp-)
carbon monoxide; and} to 3000 ppb unsaturated hydrocarbon compounds such as C.sub.2 to about

C.sub.20 olefins and partially oxygenated hydrocarbons such as alcohols, aldehydes, esters, ethers,

ketones and the like. Typical hydrocarbons which can be treated include, but are not limited to,

propylene, butylene, formaldehyde and other airborne hydrocarbon gases and vapors. Other pollutants

present may include nitrogen oxides and sulfur oxides. The National Ambient Air Quality Standard for
ozone is 120 ppb, and for carbon monoxide is 9 ppm.

Pollutant treating compositions include catalyst compositions useful for catalyzing the conversion of
pollutants present in the atmosphere to non-objectionable materials. Altematively, adsorption

compositions can be used as the pollutant treating composition to absorb pollutants which can be

destroyed upon adsorption, or stored for further treatment at a later time.

Catalyst compositions can be used which can assist in the conversion of the pollutants to harmless

compounds or to less harmful compounds. Useful and preferred catalyst compositions include
compositions which catalyze the reaction of ozone to form oxygen, catalyze the reaction of carbon

monoxide to form carbon dioxide, and/or catalyze the reaction of hydrocarbons to form water and carbon

dioxide. Specific and preferred catalysts to catalyze the reaction of hydrocarbons are useful for catalyzing
the reaction of low molecular weight unsaturated hydrocarbons having from two to twenty carbons and at

least one double bond, such as C.sub.2 to about C.sub.8 mono-olefins. Such low molecular weight
hydrocarbons have been identified as being sufficiently reactive to cause smog. Particular olefins which
can be reacted include propylene and butylene. A useful and preferred catalyst can catalyze the reactions

of both ozone and carbon monoxide; and preferably ozone, carbon monoxide and hydrocarbons.

Ozone--Useful and preferred catalyst compositions to treat ozone include a composition comprising
manganese compounds including oxides such as Mn.sub.2 O.sub.3 and MnO.sub.2 with a preferred
composition comprising .a1pha.-Mno.sub.2, and cryptomelane being most preferred. Other useful and
preferred compositions include a mixture of MnO.sub.2 and CuO. Specific and preferred compositions
comprise hopcalite which contains CuO and MnO.sub.2 and, more preferably Carulite.RTM. which
contains MnO.sub.2, CuO and Al.sub.2 O.sub.3 and sold by the Carus Chemical Co. An alternative
composition comprises a refractory metal oxide support on which is dispersed a catalytically effective
amount of a palladium component and preferably also includes a manganese component. Also useful is a
catalyst comprising a precious metal component, preferably a platinum component on a support of
coprecipitated zirconia and manganese oxide. The use of this coprecipitated support has been found to be
particularly effective to enable a platinum component to be used to treat ozone. Yet another composition
which can result in the conversion of ozone to oxygen comprises carbon, and palladium or platinum
supported on carbon, manganese dioxide, Carulite.RTM. and/or hopcalite. Manganese supported on a
refractory oxide such as alumina has also been found to be useful.

Carbon Monoxide--Useful and preferred catalyst compositions to treat carbon monoxide include a

composition comprising a refractory metal oxide support on which is dispersed a catalytically effective
amount of a platinum and/or palladium component, preferably a platinum component. A most preferred
catalyst composition to treat carbon monoxide comprises a reduced platinum group component supported
on a refractory metal oxide, preferably titania. Useful catalytic materials include precious metal



components including platinum group components which include the metals and their compounds. Such
metals can be selected from platinum, palladium, rhodium and ruthenium, gold and/or silver components.
Platinum will also result in the catalytic reaction of ozone. Also useful is a catalyst comprising a precious
metal component, preferably a platinum component on a support of coprecipitated zirconia and
manganese dioxide. Preferably, this catalyst embodiment is reduced. Other useful compositions which
can convert carbon monoxide to carbon dioxide include a platinum component supported on carbon or a
support comprising manganese dioxide. Preferred catalysts to treat such pollutants are reduced. Another
composition useful to treat carbon monoxide comprises a platinum group metal component, preferably a
platinum component, arefractory oxide support, preferably alumina and titania and at least one metal
component selected from a tungsten component and rhenium component, preferably in the metal oxide
form.

Hydrocarbons--Useful and preferred catalyst compositions to treat unsaturated hydrocarbons including
C.sub.2 to about C.sub.2O olefins and typically C.sub.2 to C.sub.S mono-olefins such as propylene and
partially oxygenated hydrocarbons as recited have been found to be the same type as recited for use in
catalyzing the reaction of carbon monoxide with the preferred compositions for unsaturated
hydrocarbons comprising a reduced platinum and/or palladium component and a refractory metal oxide
support for the platinum component. A preferred refractory metal oxide support is titania. Other useful
compositions which can convert hydrocarbons to carbon dioxide and water include a platinum
component supported on carbon or a support comprising manganese dioxide. Preferred catalysts to treat
such pollutants are reduced. Another composition useful to convert hydrocarbons comprises a platinum
group metal component, preferably a platinum component, a refractory oxide support, preferably alumina
and titania and at least one metal component selected from a tungsten component and rhenium
component, preferably in the metal oxide form. A combination of a platinum component and a palladium
component results in improved CO conversion at an increase in cost and is most preferred where greater
conversion is desired and cost increase is acceptable.

Ozone and Carbon Monoxide--A useful and preferred catalyst which can treat both ozone and carbon
monoxide comprises a support such as a refractory metal oxide support on which is dispersed a precious
metal component. The refractory oxide support can comprise a support component selected from the
group consisting of ceria, alumina, silica, titania, zirconia, and mixtures thereof. Also useful as a support
for precious metal catalyst components is a coprecipitate of zirconia and manganese oxides. Most
preferably, this support is used with a platinum component and the catalyst is in reduced form. This
single catalyst has been found to effectively treat both ozone and carbon monoxide. Other useful and
preferred precious metal components are comprised of precious metal components selected from
palladium and also platinum components with palladium preferred. A combination of a ceria support
with a palladium component results in an effective catalyst for treating both ozone and carbon monoxide.
Other useful and preferred catalysts to treat both ozone and carbon monoxide include a platinum group
component, preferably a platinum component and/or palladium component and more preferably a
platinum component, on titania or on a combination of zirconia and silica. A combination of a platinum
component and a palladium component results in improved CO conversion at an increase in cost and is
most preferred where greater conversion is desired and cost increase is acceptable. Other useful
compositions which can convert ozone to oxygen and carbon monoxide to carbon dioxide include a
platinum component supported on carbon or on a support comprising manganese dioxide. Preferred
catalysts are reduced.

Ozone, Carbon Monoxide and Hydrocarbons--A useful and preferred catalyst which can treat ozone,
carbon monoxide and hydrocarbons, typically low molecular weight olefins (C.sub.2 to about C.sub.20)
and typically C.sub.2 to C.sub.8 mono-olefins and partially oxygenated hydrocarbons as recited
comprises a support, preferably a refractory metal oxide support on which is dispersed a precious metal



component. The refractory metal oxide support can comprise a support component selected from the
group consisting of ceria, alumina, titania, zirconia and mixtures thereof with titania most preferred.
Useful and preferred precious metal components are comprised of precious metal components selected
from platinum group components including palladium and/or platinum components with platinum most
preferred. It has been found that a combination of a titania support with a platinum co*porent results in
the most effective catalyst for treating ozone, carbon monoxide and low molecular weight gaseous olefin
compounds. A combination of a platinum component and a palladium component results in improved CO
and hydrocarbon conversion at an increase in cost and is most preferred where greater conversion is
desired and cost increase is acceptable. It is preferred to reduce the platinum group components with a
suitable reducing agent. Other useful compositions which can convert ozone to oiygen,iarbon monoxide
to carbon dioxide, and hydrocarbons to carbon dioxide include a platinum component supported on
carbon, a support comprising manganese dioxide, or a support comprising a coprecipitate of manganese
oxides and zirconia. Preferred catalysts are reduced.

The above compositions can be applied by coating to at least one atmosphere contacting vehicle surface.
Particularly preferred compositions catalyze the destruction of ozone, carbon monoxide and/or
unsaturated low molecular weight olefinic compounds at ambient conditions or ambient operating
conditions. Ambient conditions are the conditions of the atmosphere. By ambient operating condilions it
is meant the conditions, such as temperature, of the atmosphere contacting surface during iormal
operation of the vehicle without the use of additional energy directed to heating the poilulant treating
composition. Certain atmosphere contacting surfaces such as a grill or wind dehector can be at the ,irn.
or similar temperature as the atmosphere. It has been found that preferred catalysts which catalyze the
reaction of ozone can catalyze the reaction of ozone at ambient conditions in ranges as low a, 5.d"gr"..
C. to 3O.degree. C.

Atmosphere contacting surfaces may have higher temperatures than the ambient atmospheric
temperatures due to the nature of the operation of the component underlying the surfaci. For example,
preferred atmosphere contacting surfaces are the surfaces of the air conditi*lng condenser and the
radiator due to their high surface area. Where vehicles use air charge coolers, these are preferred due to
high surface area and operating temperatures of from ambient to 25O.degree. F. Normally, during
ambienl operating conditions the surfaces of these components increaseio higher tempeiature levels than
the ambient environment due to the nature of their operation. After the vehicli motor Las warmed up,
these components are typically attemperatures which rarrge up to about l3O.degree. C. and typically
from 40.degree. C. to 110.degree. C. The temperature range olthese atmospheri contacting surfacei
helps to enhance the conversion rates of the ozone, carbon monoxide and hydrocarbon cata-lysts
supported on such surfaces. Air charge coolers operate at temperatures up to about l30.degrle. C. and
typically from 60.degree. C. to l30.degree. C.

Various of the catalyst compositions can be combined, and a combined coating applied to the atmosphere
contacting surface. Alternatively, different surfaces or different parts of the same surface can be coated
with different catalyst compositions.

The method and apparatus of the present invention are designed so that the pollutants can be treated at
ambient atmospheric conditions or at the ambient operating conditions of the vehicle atmosphere
contacting surface. The present invention is particularly useful for treating ozone by coating motor
vehicle atmosphere contacting surfaces with suitable catalysts useful to destroy such pollutints even at
ambient conditions, and at vehicle surface temperatures typically from at leasi0.d.g.L.. C., preferably
from l0.degree. C. to l05.degree. C., and more preferably from 40.degree. C. to l0-0.degr.". C. Carbon
monoxide is preferably treated at atmosphere contacting surface temperatures from 4O.d-egree. C. to
105.degree. C. Low molecular weight hydrocarbons, typically unsaturated hydrocarbons f,aving at least



one unsaturated bond, such as C.sub.2 to about C.sub.20 olefins and typically C.sub.2 to C-sub-8 mono-

olefins, are preferably treated at atmosphere contacting surface temperatures of from 40.degree. C. to

l05.degree. C. The plrcent conversion of ozone, carbon monoxide and/or hydrocarbons depends on the

temperiture and .pui. velocity of the atmospheric air relative to the atmosphere contacting surface, and

the temperature of the atmosphere contacting surface.

Accordingly, the present invention, in most preferred embodiments can result in at least reducing the

ozone, .uibo1monoxide and/or hydrocarbon levels present in the atmosphere without the addition of any

mechanical features or energy source to existing vehicles, particularly motor vehicles. Additionally, the

catalytic reaction takes place-at the normal ambient operating conditions experienced by the surfaces of
these motor vehicle elements so that no changes in the construction or method of operation of the motor

vehicle are required.

While the apparatus and method of the present invention are generally directed to treating the

atmospherg it *itt be appreciated that variations of the apparatus are contemplated for use to treat

volumes of air in encloied spaces. For example, a motor vehicle having an atmosphere contacting surface

supporting a pollutant treating composition can be used to treat the air within factories, mines and

tunnels. Such apparatus can include vehicles used in such environments.

While the preferred embodiments of the present invention are directed to the destruction of pollutants at

the ambient operating temperatures of the atmosphere contacting surface, it is also desirable to treat

pollutants which have a citalyzedreaction temperature higher than the ambient temperature or ambient

Lperating temperature of the atmosphere contacting surface. Such pollutants include hydrocarbons and

nitrogen oxides and any carbon monoxide which bypasses or is not treated at the atmosphere contacting

surfa-ce. These pollutants can be treated at higher temperatures typically in the range of at least

l00.degree. C. io 450.degree. C. This can be accomplished, for example, by the use of an auxiliary

heated-cat alyzedsurface. By an auxiliary heated surface, it is meant that there are supplemental means to

heat the surface. A preferred auxiliary heated surface is the surface ofan electrically heated catalyzed

monolith such as an electrically heatid catalyzed,metal honeycomb of the type known to those skilled in

the art. Electricity can be p.orid.d by batteries or a generator such as are present in motor vehicles. The

catalyst composiiion can b. urry well known oxidation and/or reduction catalyst, preferably a three way

catalyst (TWC) comprising precious group metals such as platinum, palladium, rhodium and the like

,rrppt.t.d on refracto.y o*id. .rppo.t.. An auxiliary heated catalyzed surface can be used in combination

*ith, and preferably downstream of, tn" vehicle atmosphere contacting surface to further treat the

pollutants.

As previously stated, adsorption compositions can also be used to adsorb pollutants such as hydrocarbons

urrd/o, particulate matter for later oxidation or subsequent removal. Useful and preferred adsorption

.o1nporitions include zeolites, other molecular sieves, carbon, and Group IIA alkaline earth metal oxides

,u.h u, calcium oxide. Hydrocarbons and particulate matter can be adsorbed from 0.degree. C. to

l l0.degree. C. and subsequently treated by desorption followed by catalftic reaction or incineration.

It is preferred to coat areas of the vehicle that have a relatively high surface area exposed to a large flow

rate of atmospheric air as the motor vehicle is driven through the environment. For land use motor

vehicles, particularly preferred atmosphere contacting surfaces include the radiator, fan blades, the air

conditioning condenri. or heat exchanger, air charge cooler, engine oil cooler, transmission oil cooler,

and wind deflectors of the type used on the roof of truck cabs.

Most preferably, the atmosphere contacting surface is a surface of a radiator. The radiator has alarge

surface area for enhanced iooling of internal combustion engine fluid coolants. By applying a catalyst to



be supported on the radiator surface, advantage can be taken of the large honeycomb-like surface area,
usually with little or no effect on the cooling function of the radiator. The high honeycomb-like surface
area enables a maximization of contact of the catalyst with the air passing through the honeycomb-like
design of the radiator. Additionally, radiators in many automobiles are located behind the air conditioner
condenser and are thereby protected by the air conditioner condenser.

The present invention includes methods to coat pollutant treating compositions on to atrnosphere
contacting surfaces of motor vehicles. In particular, the present invention includes a method to coat
catalyst compositions onto finned elements such as radiators, air conditioner condensers, and air charge
coolers.

Calculations suggest that in motor vehicle traffic congested areas, there are a sufficient number of motor
vehicles to significantly impact pollutants treated in accordance with the present invention. For example,
in Southern California's South Coast Air Quality Management District, there are approximately eight
million cars. It has been calculated that if each car travels 20 miles per day, all of the air in this region to
an altitude of 100 feet can be cycled through radiators in one week.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. I is a side schematic view of a truck showing a grill, air conditioner condenser, electrically heated
catalyst, air charge cooler, radiator, fan and engine with a wind deflector on the roof of the truck cab.

FIG. 2 is a partial schematic view of a motor vehicle showing the grill, air conditioner condenser,
radiator and fan.

FIG. 3 is a front view of the radiator.

FIG. 4 is a front view of the air conditioner condenser.

FIG. 5 is a front view of a wind deflector of the type illustrated in FIG. l.

FIG. 6 is a front view of the truck of FIG. l.

FIG. 7 is a partial schematic sectional view of coated finned cooling element.

FIG. 8 is a photograph of the coated radiator from Examples I and 2.

FIGS. 9-14 and 16-17 are graphs of CO conversion versus temperature for using different catalysts in
Examples 4,9-12,14 and 15.

FIG. l5 is a graph of propylene conversion versus temperature based on Example 14.

FIG. 18 is a graph of ozone conversion versus temperature based on Example 17.

FIG. 19 is an IR spectrum for cryptomelane.

FIG. 20 is an XRD pattern for cryptomelane shown as counts using a square root scale versus the Bragg
angle,2.theta..

FIG. 21 is a graph of CO and hydrocarbon conversion versus temperature based on Example 30.



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention relates to apparatus and methods for cleaning the atmosphere useful with vehicles
having means to convey the vehicle through the atmosphere. As the vehicle moves through the
atmosphere, at least one atmosphere contacting surface comprising a pollutant treating composition (e.9.,

a catalyst or an adsorber) located thereon contacts atmospheric air. As the atmospheric air encounters the
pollutant treating composition, various pollutants including particulate matter and/or gaseous pollutants
carried in the air can be catalytically reacted or adsorbed by the pollutant treating composition located on

the atmosphere contacting surface.

It will be appreciated by those skilled in the art that the vehicle can be any suitable vehicle which has a

translation means to propel the vehicle such as wheels, sails, belts, tracks or the like. Such means can be

powered by any suitable power means including engines which use fossil fuel such as gasoline or diesel

fuel, ethanol, methanol, gas engines powered by fuels such as by methane gas, wind power such as by
wind driving sails or propellers, solar power or electric power such as in battery operated automobiles.
Vehicles include cars, trucks, buses, trains, boats, ships, airplanes, dirigibles, balloons and the like.

The atmosphere contacting surface can be any suitable surface that encounters and contacts air as the

vehicle moves through the atmosphere. Preferably in a motor vehicle, preferably cars, trucks and buses,

the contact means is a surface located toward the front of the vehicle and can contact air as the vehicle
proceeds in a forward direction. Useful contact surfaces should have a relatively large surface area.

Preferred contact surfaces are at least partially enclosed in the vehicle. Preferred atmosphere contacting
surfaces are located under the hood and are located within the body of the motor vehicle, typically in
proximity to the engine, i.e., the engine compartment. The surfaces are preferably the outer surfaces of
cooling means which comprise a flow path for liquids or gases through a coolant walled enclosure such

as tubes or a housing and an outer surface on which is located fins to enhance heat transfer. Useful
contact surfaces include the outside surfaces of means to cool fluids, including liquids and/or gases used

in the vehicle such as the air conditioner condenser, the radiator, air charge cooler, engine oil cooler,
transmission oil cooler, power steering fluid cooler, the fan shroud, and the radiator fan which are all
located and supported within the housing of the vehicle. A useful contact surface outside of the vehicle
can be the grill typically located and supported on the front of the housing, or wind deflectors commonly
supported on the roof of the cabs of large trucks. It is preferred that the contacting surface is a forward
facing surface, side facing surface or surface facing the top or bottom of the vehicle. The front facing
surfaces face the front of the vehicle, surfaces such as the fins of the radiator and condenser elements
face the side, top and bottom of the vehicle. Even surfaces directed to face away from the front and

toward the back of the vehicle which contact air can be atmosphere contacting surfaces, such as the back
surface of fan blades. Surfaces of airplane engines such as wings, propellers and jet engine parts

including turbine rotors and/or stators can be coated.

Preferred atmosphere contacting surfaces in motor vehicles are located on engine cooling elements such

as motor vehicle radiators, air conditioner condensers, air charge coolers, also known as intercoolers or
after coolers, engine oil coolers and transmission oil coolers. Such elements typically have high surface

area structures associated with them to have improved heat transfer. The high surface areas are useful for
maximizing the contact of the atmospheric air with the pollutant treating composition. All such elements

are well known in the automotive arts. Reference is made to Bosch Automotive Handbook, Second

Edition, pages 301-303, 320 and349-351, published by Robert Bosch GmbH, 1986, herein incorporated
by reference. This reference illustrates a truck diesel engine with a radiator, an intercooler and a fan.

Such elements may be coated with a pollutant treating surface of the present invention. The radiator and

intercooler typically operate at temperatures higher than that of the atmospheric air. Reference is also



made to Taylor, The Internal Combustion Engine in Theory and Practice, Vol. l: Thermo Dynamics,
Fluid Flow, Performance, Second Edition, Rev. The MIT Press, 1985 at pages 304-306 for radiator and
fin_ design; and page 392 for after coolers. The above pages in Taylor are herein incorporated by
reference.

Reference is also made to a collection of papers in 1993 Vehicle Thermal Management Systems
Conference Proceedings, SAE P:263 published by the Society of Automotive Eigin"..., ir.., 1993. The
following papers.are herein incorporated by reference. SAE iaper No. 931088 Ue-ginning atpage 157
entitled, Calculation and Design of Cooling Systems by Eichlseder and Raab of St-eyr Dlmler puchag
and Charge Air Cooler for Passenger Cars by Collette of Valeo Thermique Moteur; SAE paper No.
931092 entitled, State of the Art and Future Developments of Aluminum Radiators for Cars and Trucks
by Kern and Eitel of Behr GmbH and Co. beginning at page 187; SAE Paper g3lll2 entitled, Air Mix
vs. Coolant Flow to Control Discharge Air Temperature and Vehicle Heating Air Conditioning Systems
by Rolling and Cummings of Behr of America, inc. and Schweizer of Behr GmbH & Co. The above
papers include descriptions of radiator, air conditioner and air charge cooler strucfures for use in the
motor vehicles- Reference is additionally made to SAE Paper 931ll5 entitled, Engine Cooling Module
Development Using Air Flow Management Techniques by El-Bourini and Chen olCalsonic Technical
Cgnter beginning at page 379 andhereby incorporaied by reference. Of interest are Appendices I and,2
which illustrate typical radiator and condenser structures useful in motor vehicle applications. Reference
is also made to SAE Paper 931125 entitled, Durability Concerns of Aluminum Aii to Ai, Charged
Coolers by Smith, Valeo Engine Cooling Inc. which discloses air charge coolers and is hereby
incorporated by reference.

The present invention will be understood by those skilled in the art by reference to the accompanying
FIGS. 1-7.

FIG. I illustrates a truck 10 schematically containing a variety of vehicle components comprising
atmosphere contacting surfaces. These surfaces include the surfaces of grill li,theair conditioner
condenser 14, an air charge cooler 25, the radiator 16, and,the radiator fan 18. Also shown on this truck is
a wind deflector 20havinga front deflecting surface 22.Itis recognized that the various components can
have different relative locations on different vehicles.

Referring to FIGS. I to 4 the preferred contacting surfaces include the surface of the front l3 and side l5
surfaces of the air conditioner condenser 14, the front 17 and side l9 surfaces of the radiator 16,
corresponding surfaces of the air charge cooler 25 and.the front 2l andback23 surfaces of the radiator
fan 18. These surfaces are located within the housin g24 of thetruck. They are typically under the hood
24 of the truck between the front 26 of thetruck urd th. engine 28. The air condiiioneicondenser, air
charge cooler, radiator and radiator fan can be directly or iridirectly supported by housing 24 ora frame
(not shown) within the housing.

FIG. 2 generally shows a schematic view of an automobile assembly. Corresponding elements in FIGS. I
and2 have common reference characters. The automobile comprises a housing 30. ihere is a motor
vehicle ftont32 having a gdll l2 supported on the front of the Lousing 30. An air conditioner condenser
14, aradiator 16, and a radiator fan 18 can be located within the housi-ng 30.

Referring to embodiments in FIGS. 1,2 ard,6, the contacting surface on the front and sides of least one
of the grlll12, air conditioner condenser 14, the air charge cooler 25, and,radiator l6; the front and back
of the radiator fan l8; and the front of the wind deflectoi20 can have apollutant treating composition
located thereon. The grill 12 canhave a zuitable grill grid type design *ii.t, provides fo"r openings 36
through which air passes as the truck 12 is operateO ana *or"r through the atmosphere. The openings are



defined by the grill grid 3 8. The grill grid 3 8 has a front grill surface 40 and a side grill surfac e 42. The

front and side glitt frid surfac.r +o uia qz can be used as atmosphere contacting surfaces on which

pollutant treating compositions are located'

Referring to FIGS. I and 4, the air conditioning condenser l4 comprises a plurality of air conditioning

condenser fins 44. Additionally, there is an airionditioning fluid conduit 46 which conducts the air

conditioning fluid through condenser 14. The front and side surfaces of the air conditioning fins 44, as

well as the front surface-of the air conditioning conduit 46 catbe the atmosphere contacting surfaces on

which a pollutant treating composition is located. As indicated, both the front 21 and back 23 surfaces of

the radiator fan 18 can bI a contacting surface to support a pollutant treating composition-

The most preferred atmosphere contacting surface is on radiator l6 as shown in FIG' 3. A typical radiator

l6 has a frontal radiator surface l7 as well as a plurality of radiator comrgated plates or fins 50 located in

corresponding radiator plate or fin channels 52 which pass through the radiator 16. It is preferred to coat

the front surface 17 as well as the side surfaces of the radiator plates 50 and channel 52 surfaces- The

radiator is most preferred because it is located within the housin g24 or 30 and is protected from the front

by at least the girtt tzand preferably an air conditioner condenser 14. In addition to air entering into the

hood chamber 34 asthe motor vehicle moves through the atmosphere, radiator fan 18 draws air in and

through the channels 52. Therefore, the radiator l6 is located and protected by the grill 12,-the air

conditioner condenser 19 and is in front of the radiator fan 18. Additionally, as indicated above, the

radiator has a large surfa ce areafor heat transfer purposes. In accordance with the present invention,

pollutant treating composition can be effectivelyio.it.d on, and take advantage of, such a large surface

area without significantly adversely impacting on the heat transfer function of the radiator.

The above description is particularly directed to and illustrates the use of atmosphere treating surfaces on

apparatus such as radiatoi l6 and air conditioner condenser 14. As indicated the atmosphere contacting

surface can be on other suitable means to cool engine fluids including well known articles such as the

above referenced air charge cooler 25 aswell as engine oil coolers, transmission oil coolers and power

steering oil coolers. A coirmonality of all such cooling means is a housing or conduit through which the

fluid plsses. The housing comprises a wall having un in 
"r 

surface in contact with the fluid and an outer

surface typically in contict with the atmospher" *itt in the frame of the vehicle and typically within the

engine compartment. In order to efficiently transfer heat from the fluid in these various apparatus, there

u.Jfr6 or piates extending from the outer surface of the cooling, housing or conduit'

A useful and preferred embodiment with each of these cooling means is illustrated in FIG. 7. FIG' 7 is a

schematic sectional view of a coated finned cooling element 60. The element comprises a housing or

conduit defined by a housing or conduit wall62.Located within the conduit is a passageway or chamber

64 through whictr-fluid such as oils or cooling liquids or air conditioning fluids pass. Such fluids are

shown as referenced character 66. The housiig wall comprises an inner swface 68 and an outer surface

70. Located and attached to the outer surface are plates or fins 72.In accordance with the present

invention, there is a pollutant treating composition 74 which can be located on the outer surface 70 and

the fins or plates T2.Dtingoperation air streams contact the pollutant treating composition to cause

various of the pollutants to be treated-

Applicant herein incorporates by reference commonly assigned patent application e1t-it19d, "Pollution

Tieating Device and Methods of Making the Same", filed as U.S. Ser. No. 08/537,208. Additionally, any

of the embodiments of the apparatus oflhe present invention and method of use thereof can optionally

further incorporate a replaceable pollution treating device as disclosed therein-

pollutant treating compositions can also be located on outer surfaces of the vehicle- As indicated, such



compositions can be located on the grill 12 and in the case of the truck shown in FIGS. 1 and 6, on the

wind deflector 20 frontal wind deflector surface 22. Addirionally, pollution treatment compositions can

be located on the front of the mirror 54 as well as any of a variety of front facing surfaces'

The use of an air charge cooler 25 represents a particularly effective atmosphere contacting surface on

which pollutant treating compositions can be supported. The operating temperatures can reach as high as

250.degree. F. At such temperatures, the catalyst compositions of the present invention can more

effectively treat ozone, hydrocarbons, and carbon monoxide pollutants. Particularly useful are

compositions containing precious metals such as platinum, palladium, gold or silver components.

Alternatively, the catalyst can include manganese compounds such as manganese dioxide and copper

compounds including copper oxide such Carulite or hopcalite-

During normal operation, the vehicle moves in a forward direction with the front26 of the vehicle 10

initially contacting the atmospheric air. Typically, vehicles move through the air at velocities of up to

about 1,000 miles per hour for jet planes. Land vehicles and water vehicles typically move at velocities

of up to 300 miles per hour, more typically up to 200 miles per hour with motor vehicles moving at

velocities up to 100 miles per hour and typically from 5 to 75 miles per hour. Seagoing vehicles, such as

boats, typically move through the water at velocities up to 30 miles per hour and typically from 2 to 20

miles per hour. In accordance with method of the present invention the relative velocity (or face velocity)
between the atmosphere contacting surface and the atmosphere, as the vehicle, typically an automobile or

land based vehicle, moves through the atmosphere, is from 0 to 100 miles per hour, and typically from 2
to 75 miles per hour in an automobile typically from 5 to 60 miles per hour. The face velocity is the

velocity of the air relative to the pollutant treating surface.

In motor vehicles such as trucks 10 which have a radiator fan 18, the fan draws atmospheric air through

the grill 72, ak conditioner condenser 14, air charge cooler 25 andlor radiator l6 in addition to air which
passes across these elements as the motor vehicle moves through the atmosphere. When the motor
vehicle is idling the relative face velocity of air drawn into the radiator typically ranges from about 5 to

l5 mph. The radiator fan moderates the flow rate of air through radiator as the motor vehicle moves

through the atmosphere. When a typical car is moving through the atmosphere at speeds approaching 70

mph, the inlet face velocity of air is at about 25 mph. Depending on the design of a motor vehicle using a

radiator fan, cars have a face velocity as low as when the fan is used during idle up to about 100% of the

face velocity corresponding to the velocity of the motor vehicle. However, typically, the face velocity of
the air relative to the atmosphere contacting surface is equal to the idle face velocity plus from 0.1 to 1.0

and more typically 0.2 to 0.8 times the velocity of the vehicle.

In accordance with the present invention, large volumes of air can be treated at relatively low
temperatures. This occurs as vehicles move through the atmosphere. High surface area components of
vehicles including radiators, air conditioner condensers and charge air coolers typically have a large

frontal surface area which encounters the air stream. However, these devices are relatively narrow,
typically ranging from about 314 of an inch deep up to about 2 inches deep and usually in the range of 314

to | 712 inches deep. The linear velocity of the atmospheric air contacting the frontal surface of such

devices is typically in the range of up to 20, and more typically 5 to l5 miles per hour. An indication of
the amount of air being treated as it passes across the catalyzed vehicle component is commonly referred
to space velocity or more precisely volume hourly space velocity (VHSV). This is measured as volume
(corresponding to the volume of the catalyzed element) of air per hour which passes across the volume of
the catalytic article. It is based on the cubic feet per hour of air divided by the cubic feet of catalyst

substrate. The volume of the catalyst substrate is the frontal area times the depth or axial length in the

direction of the air flow. Alternatively, volume hourly space velocity is the number of catalyst volumes
based on the volume of the catalytic article being treated per hour. Because of the relatively short axial



depth of the catalyzed, elements of the present invention, the space velocities are relatively high. The
volume hourly space velocities of air which can be treated in accordance with the present invention can
be a million or more reciprocal hours. A face velocity of air against one of these elements at 5 miles per
hour can result in a space velocity of as high as 300,000 reciprocal hours. In accordance with the present
invention, the catalysts are designed to treat pollutants in the atmosphere at space velocities in ranges as
high as from 250,000 to 750,000 and typically 300,000 to 600,000 reciprocal hours. This is accomplished
even at the relatively low ambient temperatures and ambient operating temperatures of the vehicle
elements containing pollutant treating compositions in accordance with the present invention.

The ambient operating temperature of the atmosphere contacting surfaces can vary depending on whether
they are located in the proximity of heat sources within the vehicle or are the surfaces of elements which
function to cool parts of the vehicle. However, contacting surfaces such as grlll12, wind deflector 20 are
at ambient conditions. During typical operation, the means to cool operates at above ambient atmospheric
temperature, with the contacting surfaces such as the surfaces of the air conditioner condenser 14, and
radiator 16 and air charge cooler 25 canrange up to 130.degree. C. and typically up to 105.degree. C. and
are typically in the range of from lO.degree. C. to l05.degree. C., more typically from 40.degree. C. to
1O0.degree. C. and can be from lO.degree. C. to 75.degree. C. The air charge cooler 25 typically operates
at temperatures of from 750 to l30.degree. C. The amount of contacting surface can vary with air
conditioner condensers, radiators and air charge coolers typically having from 20 to 2,000 square feet and
fan blades l8 typically having from 0.2 to up to about 40 square feet when considering front and back
surfaces.

The pollutant treating composition is preferably a catalytic composition or adsorption composition.
Useful and preferred catalyst compositions are compositions which can catalytically cause the reaction of
targeted pollutants at the space velocity of the air as it contacts the surface, and at the temperature of the
surface at the point of contact. Typically, these catalyzed reactions will be in the temperature range at the
atmosphere contacting surface of from 0.degree. C. to l3O.degree. C., more typically 2O.degree. C. to
l05.degree. C. and yet more typically from about 4O.degree. C. to l0O.degree. C. There is no limit on the
efficiency of the reaction as long as some reaction takes place. Preferably, there is at least a l%o

conversion efficiency with as high a conversion efficiency as possible. Useful conversion efficiencies are
preferably at least about 5o/o and more preferably at least about lUoh.Preferred conversions depend on the
particular pollutant and pollutant treating composition. Where ozone is treated with a catalytic
composition on an atmosphere contacting surface it is preferred that the conversion efficiency be greater
than about from 30% to 40Yo, preferably greater than 50Yo, and more preferably greater thanT}o/o.
Preferred conversion for carbon monoxide is greater than30o/o and preferably greater than 50%.
Preferred conversion efficiency for hydrocarbons and partially oxygenated hydrocarbons is atleast l0o/o,
preferably at least l5o/o, and most preferably at least 25%. These conversion rates are particularly
preferred where the atmosphere contacting surface is at ambient operating conditions of up to about
l lO.degree. C. These temperatures are the surface temperatures typically experienced during normal
operation of atmosphere contacting surfaces of the vehicle including the surfaces of the radiator and air
conditioning condenser. Where there is supplemental heating of the atmosphere contacting surface such
as by having an electrically heated catalytic monolith, grid, screen, ga,uze or the like, it is preferred that
the conversion efficiency be greater than 90o/o and more preferably greater than 95o/o. The conversion
efficiency is based on the mole percent of the particular pollutants in the air which react in the presence
of the catalyst composition.

Ozone treating catalyst compositions comprise manganese compounds including manganese dioxide,
including non stoichiometric manganese dioxide (e.g., MnO.sub.(l .5-2.0), and/or Mn.sub.2 O.sub.3.
Preferred manganese dioxides, which are nominally referred to as MnO.sub.2 have a chemical formula
wherein the molar ratio of manganese to oxide is about from I .5 to 2.0, such as Mn.sub.8 O.sub.l6. Up to



100 percent by weight of manganese dioxide MnO.sub.2 canbe used in catalyst compositions to treat
ozone. Altemative compositions which are available comprise manganese dioxide and compounds such
as copper oxide alone or copper oxide and alumina.

Useful and preferred manganese dioxides are alpha manganese dioxides nominally having a molar ratio
of manganese to oxygen of from I to 2. Useful alpha manganese dioxides are disclosed in U.S. Pat. No.
5,340,562 to O'Young, et al.; also in O'Young, Hydrothermal Synthesis of Manganese Oxides with
Tunnel Structures presented at the Symposium on Advances in Zeolites and Pillared Clay Structures
presented before the Division of Petroleum Chemistry,Inc. American Chemical Society New York City
Meeting, Aug. 25-30, 1991 beginning at page 342, and in McKenzie, the Synthesis of Birnessite,
Cryptomelane, and Some Other Oxides and Hydroxides of Manganese, Mineralogical Magazine,
December 1971, Vol. 38, pp. 493-502.For the purposes of the present invention, the preferred alpha
manganese dioxide is a 2.times.2 tunnel structure which can be hollandite (BaMn.sub.8
O.sub.l6.xH.sub .2 O), cryptomelane (KMn.sub.8 O.sub.l6.xH.sub .2 O), manjiroite (NaMn.sub.8
O. sub. I 6.xH. sub.2 O) and coronadite (PbMn.sub. 8 O. sub. 1 6.xH.sub.2 O).

The manganese dioxides of the present invention preferably have a surface area, measured by BET
N.sub.2 adsorption, of greater than 150 m.sup.2 lg,more preferably greater than 200 m.sup.2 lg, and
more preferably greater than 220 m.sup.2 /g. The upper range can be as high as 300 m.sup.2 lg, 325
m.sup.2 /g or even 350 m.sup.2 lg.Preferred materials are in the range of 200-350 m.sup.2 /g, preferably
200-275 m.sup.2 lg and most preferably 220-250 m.sup.2 /g. The composition preferably comprises a

binder as described below with preferred binders being polymeric binders. The composition can further
comprise precious metal components with preferred precious metal components being the oxides of
precious metal, preferably the oxides of platinum group metals and most preferably the oxides of
palladium or platinum also referred to as palladium black or platinum black. The amount of palladium or
platinum black can range from 0 to 25o/o, with useful amounts being in ranges of from about I to 25 and
5 to l5o/o by weight based on the weight of the manganese component and the precious component.

It has been found that the use of compositions comprising the cryptomelane form of alpha manganese
oxide, which also contain a polymeric binder can result in greater than 50o/o, preferably greater than 60%o

and most preferably from 75-85o/o conversion of ozone in a concentration range of from 0 to 400 parts
per billion (ppb) and an air stream moving across a radiator at space velocity of from 300,000 to 650,000
reciprocal hours. Where a portion of the cryptomelane is replaced by up to 25o/o and preferably from 15-
25o/oparts by weight of palladium black (PdO), ozone conversion rates at the above conditions range
from 95-100% using a powder reactor.

The preferred cryptomelane manganese dioxide has from 1.0 to 3.0 weight percent potassium, typically
as K.sub.2 O, and a crystallite size ranging fuom2 to 10 and preferably from less than 5 nm. It can be
calcined at a temperature range of from 25O.degree. C. to 550.degree. C. and preferably below
5O0.degree. C. and greater than 30O.degree. C. for at least 1.5 hours and preferably at least 2 hours up to
about 6 hours.

The preferred cryptomelane can be made in accordance described in the above referenced articles and
patents to O'Young and McKenzie. The cryptomelane can be made by reacting a manganese salt
including salts selected from the group consisting MnCl.sub.2, Mn(NO.sub.3).sub.2, MnSO.sub.4 and
Mn(CH.sub.3 COO).sub.2 with a permanganate compound. Cryptomelane is made using potassium
permanganate; hollandite is made using barium pennanganate; coronadite is made using lead
permanganate; and manjiroite is made using sodium permanganate. It is recognized that the alpha
manganese useful in the present invention can contain one or more of hollandite, cryptomelane,
manjiroite or coronadite compounds. Even when making cryptomelane minor amounts of other metal



ions such as sodium may be present. Useful methods to form the alpha manganese dioxide are described
in the above references which are incorporated by reference.

The preferred alpha manganese for use in accordance with the present invention is cryptomelane. The
preferred cryptomelane is "clean" or substantially free of inorganic anions, particularly on the surface.
Such anions could include chlorides, sulfates and nitrates which are introduced during the method to
form cryptomelane. An alternate method to make the clean cryptomelane is to react a manganese
carboxylate, preferably manganese acetate, with potassium peflnanganate. It has been found that the use

of such a material which has been calcined is "clean". The use of material containing inorganic anions
can result in conversion of ozone to oxygen of up to about 60%. The use of cryptomelane with a "clean"
surface results in conversions of up about 80%.

It is believed that the carboxylates are burned off during the calcination process. However, inorganic
anions remain on the surface even during calcination. The inorganic anions such as sulfates can be

washed away with an aqueous solution or a slightly acidic aqueous solution. Preferably the alpha
manganese dioxide is a "clean" alpha manganese dioxide. The cryptomelane can be washed at from about
60.degree. C. to l0O.degree. C. for about one-half hour to remove a significant amount of sulfate anions.
The washing also lowers the level of potassium present. The nitrate anions may be removed in a similar
manner. The "clean" alpha manganese dioxide is characteized as having an IR spectrum as illustrated in
FIG. 19 and in X-ray diffraction (XRD) pattern as illustrated in FIG. 20. Such a cryptomelane preferably
has a surface area greater than 200 m.sup .2 lg and more preferably greater than 250 m.sup.2 lS. A review
of the IR spectrum for the most preferred cryptomelane, shown in FIG. 19 is characterized by the absence

of peaks assignable to carbonate, sulfate and nitrate groups. Expected peaks for carbonate groups appear

in the range of from 1320 to 1520 wavenumbers; and for sulfate groups appear in the range of from 950
to 1250 wavenumbers. FIG. 20 is apowder X-ray diffraction pattern for high surface area cryptomelane
prepared in Example 23. The X-ray pattern for cryptomelane useful in the present invention is

charactenzed by broad peaks resulting from small crystallite size (.about.5-10 nm). Approximate peak
positions (.+-.0.l5.degree.2.theta.) and approximate relative intensities (.+-.5) for cryptomelane using
CuK.sub..alpha. radiation as shown in FIG. 20 are:2.theta.lRelative Intensities--l2.ll9; l8l9;'28.3/10;
37 .51100;41.8132; 49.7116; 53.815; 60.1113:- 55.7138; arrd 68.0123.

A preferred method of making cryptomelane useful in the present invention comprises mixing an
aqueous acidic manganese salt solution with a potassium pennanganate solution. The acidic manganese

salt solution preferably has a pH of from 0.5 to 3.0 and can be made acidic using any cornmon acid,
preferably acetic acid at a concentration of from 0.5 to 5.0 normal and more preferably from 1.0 to 2.0
normal. The mixture forms a slurry which is stirred at a temperature range of from 5O.degree. C. to
I l0.degree. C. The slurry is filtered and the filtrate is dried at a temperature range of from 75.degree. C.
to 200.degree. C. The resulting cryptomelane crystals have a surface area of typically in the range of
from 200 m.sup.2 /g to 350 m.sup.2 /g.

Another useful composition comprising manganese dioxide is a composition comprising manganese

dioxide and minor amounts of silica, typically up to 2oh, more typically up to lo/o with preferred amounts
being from 0.4 to 0.8% based on the weight of the manganese dioxide and the silica. The presence of
silica in the preferred amounts has been found to effect the crystalline morphology of manganese

dioxide, particularly the cryptomelane form of manganese dioxide. It is speculated that the presence of
minor amounts of silica, particularly in the preferred range, may provide certain advantages to the
composition of the present invention. The presence of silica is believed to make the composition more
hydrophobic, particularly when used as a coating on a substrate such as a coating on a radiator. Secondly,
it is believed that the presence of silica in coating compositions comprising manganese dioxide increases

the pH to help the compatibility of the manganese dioxide with latex binders. A preferred and useful



composition for use as a coating material comprises cryptomelane and silica. Such a material comprises
cryptomelane having a surface area from 200 to 340 and preferably 220 to 250 m.sup.2 lg, aweight
percent of potassium of from I to 3o/o less than 0.1% sulphur and a measured loss on ignition of 13 to
18%by weight primarily due to moisture. The pH of the composition is about 3. Surface area is
measured by a BET nitrogen adsorption and desorption test. As the amount of sulphur is reduced, the pH
typically increases slightly. Additionally, typically the pH increases with the amount of potassium
present with preferred amounts of potassium being from I .2 to 2.8 weight percent.

Other useful compositions comprise manganese dioxide and optionally copper oxide and alumina and at
least one precious metal component such as a platinum group metal supported on the manganese dioxide
and where present copper oxide and alumina. Useful compositions contain up to 100, from 40 to 80 and
preferably 50 to 70 weight percent manganese dioxide and 10 to 60 and typically 30 to 50 percent copper
oxide. Useful compositions include hopcalite which is about 60 percent manganese dioxide and about 40
percent copper oxide; and Carulite.RTM. 200 (sold by Carus Chemical Co.) which is reported to have 60
to 75 weight percent manganese dioxide, 1l to 14 percent copper oxide and 15 to 16 percent aluminum
oxide. The surface area of Carulite.RTM. is reported to be about 180 m.sup.2 /g. Calcining at 450.degree.
C. reduces the surface area of the Carulite.RTM. by about fifty percent (50%) without significantly
affecting activity. It is preferred to calcine manganese compounds at from 300.degree. C. to 5O0.degree.
C. and more preferably 350.degree. C. to 450.degree. C. Calcining at 550.degree. C. causes a great loss
of surface area and ozone treatment activity. Calcining the Carulite.RTM. after ball milling with acetic
acid and coating on a substrate can improve adhesion of the coating to a substrate.

Other compositions to treat ozone can comprise a manganese dioxide component and precious metal
components such as platinum group metal components. While both components are catalytically active,
the manganese dioxide can also support the precious metal component. The platinum group metal
component preferably is a palladium and./or platinum component. The amount of platinum group metal
compound preferably ranges from about 0.1 to about 10 weight percent (based on the weight of the
platinum group metal) of the composition. Preferably, where platinum is present it is in amounts of from
0.1 to 5 weight percent, with useful and preferred amounts on pollutant treating catalyst volume, based
on the volume of the supporting article, ranging from about 0.5 to about 70 g/ft.sup.3. The amount of
palladium component preferably ranges from about 2 to about 10 weight percent of the composition, with
useful and preferred amounts on pollutant treating catalyst volume ranging from about 10 to about 250
g/ft.sup.3.

Various useful and preferred pollutant treating catalyst compositions, especially those containing a
catalytically active component such as a precious metal catalytic component, caficomprise a suitable
support material such as a refractory oxide support. The preferred refractory oxide can be selected from
the group consisting of silica, alumina, titania, ceria, zirconia and chromia, and mixtures thereof. More
preferably, the support is at least one activated, high surface area compound selected from the group
consisting of alumina, silica, titania, silica-alumina, silica-zirconia, alumina silicates, alumina zircinia,
alumina-chromia and alumina-ceria. The refractory oxide can be in suitable form including butk
particulate form typically having particle sizes ranging from about 0.1 to about 100 and preferably I to
10 .mu.m or in sol form also having a particle size ranging from about I to about 50 and preferably about
I to about l0 nm. A preferred titania sol support comprises titania having a particle size ranging from
about 1 to about 10, and typically from about2 to 5 nm.

Also useful as a preferred support is a coprecipitate of a manganese oxide and zirconia. This composition
can be made as recited in U.S. Pat. No. 5,283,041incorporated herein by reference. Briefly, this
coprecipitated support material preferably comprises in a ratio based on the weight of manganese and
zirconium metals from 5:95 to 95:5; preferably 10:90 to 75:25; more preferably 10:90 to 50:50; and most



preferably from 15:85 to 50:50. A useful and preferred embodiment comprises aMn:Zr weight ratio of
20:80. U.S. Pat. No. 5,283,041 describes a preferred method to make a coprecipitate of a manganese

oxide component and a zirconiacomponent. As recited in U.S. Pat. No. 5,283,041 azirconia oxide and

manganese oxide material may be prepared by mixing aqueous solutions of suitable zirconium oxide

precnrsors such as zirconium oxynitrate, zirconium acetate, zirconium oxychloride, or zirconium
oxysulfate and a suitable manganese oxide precursor such as manganese nitrate, manganese acetate,

manganese dichloride or manganese dibromide, adding a sufficient amount of a base such as ammonium

hydroxide to obtain a pH of 8-9, filtering the resulting precipitate, washing with water, and drying at

450.degree.-5 00.degree. C.

A useful support for a catalyst to treat ozone is selected from a refractory oxide support, preferably

alumina and silica-alumina with a more preferred support being a silica-alumina support comprising from

about lohto 10%by weight of silica and from 9|o/oto 99%by weight of alumina.

Useful refractory oxide supports for a catalyst comprising a platinum group metal to treat carbon

monoxide are selected from alumina, titania, silica-zirconia, and manganese-zirconia. Preferred supports

for a catalyst composition to treat carbon monoxide is a zirconia-silica support as recited in U.S. Pat. No.

5,145,825, a manganese-zirconia support as recited in U.S. Pat. No. 5,283,041and high sutface area

alumina. Most preferred for treatment of carbon monoxide is titania. Reduced catalysts having titania

supports resulted in greater carbon monoxide conversion than corresponding non reduced catalysts.

The support for catalyst to treat hydrocarbons, such as low molecular weight hydrocarbons, particularly

low molecular weight olefinic hydrocarbons having about from two up to about twenty carbons and

typically two to about eight carbon atoms, as well as partially oxygenated hydrocarbons is preferably

selected from refractory metal oxides including alumina and titania. As with catalysts to treat carbon

monoxide reduced catalysts results in greater hydrocarbon conversion. Particularly preferred is a titania

support which has been found useful since it results in a catalyst composition having enhanced ozone

conversion as well as significant conversion of carbon monoxide and low molecular weight olefins. Also

useful are high surface area, macroporous refractory oxides, preferably alumina and titania having a

surface area of greater than 150 m.sup .2 lg andpreferably ranging from about 150 to 350, preferably

from 200 to 300, and more preferably from225 to 275 m.sup.2 /g; a porosity of greater than 0.5 cclg,

typically ranging from 0.5 to 4.0 and preferably about from 1 to 2 cclg measured based on mercury

porosometry; and particle sizes range from 0.1 to 10 .mu.m. A useful material is Versal GL alumina

having a surface area of about260 m.sup.2 /g, a porosity of 1.4 to 1.5 cclg and supplied by LaRoche

Industries.

A preferred refractory support for platinum group metals, preferably platinum and/or palladium for use in
treating carbon monoxide and/or hydrocarbons is titania dioxide. The titania can be used in bulk powder

form or in the form of titania dioxide sol. Also useful is nano particle size (nanometer) titania. The

catalyst composition can be prepared by adding a platinum group metal in a liquid media preferably in
the form of a solution such as platinum nitrate with the titania sol, with the sol most preferred. The

obtained slurry can then be coated onto a suitable substrate such as an atmosphere treating surface such

as a radiator, metal monolith substrate or ceramic substrate. The preferred platinum group metal is a

platinum compound. The platinum titania sol catalyst obtained from the above procedure has high

ictivity for carbon monoxide and/or hydrocarbon oxidation at ambient operating temperature. Metal

components other than platinum components which can be combined with the titania sol include gold,

palladium, rhodium, silver components and mixtures thereof. A reduced platinum group component,

preferably a platinum component on titanium catalyst which is indicated to be preferred for treating

iarbon monoxide, has also been found to be useful and preferred for treating hydrocarbons, particularly

olefinic hydrocarbons.



A preferred titania sol support comprises titania having a particle size ranging from about I to about 10,
and typically from about 2 to 5 nm.

A preferred bulk titania has a surface area of about from 25 to 120 m.sup.2 lg, andpreferably from 50 to
100 m.sup.2 /g; ar.d a particle size of about from 0.1 to 10 .mu.m. A specific and preferred bulk titania
support has a surface area of 45-50 m.sup.2 /g, aparticle size of about I .mu.m, and is sold by DeGussa
as P-25. Useful nano particle size titanium comprises having a particle size ranging from about 5 to 100
andtypically greater l0 to about 50 nm.

A preferred silica-zirconia support comprises from I to l0 percent silica and 90 to 99 percent zirconia.
Preferred support particles have high surface area, e.g. from 100 to 500 square meters per gram (m.sup.2
/g) surface area, preferably from 150 to 450 m.sup.2 /g, more preferably from 200 to 400 m.sup.2 lg,io
enhance dispersion of the catalytic metal component or components thereon. The preferred refractory
metal oxide support also has a high porosity with pores of up to about 145 nm radius, e.g., from about
0.75 to 1.5 cubic centimeters per gram (cm.sup.3 /g), preferably from about 0.9 to 1.2 cm.sup .3 /g, and. a
pore size range of at least about 50% of the porosity being provided by pores of 5 to 100 nm in.idi.5.

A useful ozone treating catalyst comprises at least one precious metal component, preferably a palladium
component dispersed on a suitable support such as a refractory oxide support. The composition
comprises from 0.1 to 20.0 weight percent, and preferably 0.5 to 15 weight percent of precious metal on
the support, such as a refractory oxide support, based on the weight of the precious metal (metal and not
oxide) and the support. Palladium is preferably used in amounts of from 2 to Is,more preferably 5 to and
yet more preferably 8 to 12 weight percent. Platinum is preferably used at 0.1 to 10, more preferably 0.1
to 5'0, and yet more preferably 2 to 5 weight percent. Palladium is most preferred to catalyze the reaction
of ozone to form oxygen. The support materials can be selected from the group recited above. In
preferred embodiments, there can additionally be a bulk manganese component as recited above, or a
manganese component dispersed on the same or different refractory oxide support as the precious metal,
preferably palladium component. There can be up to 80, preferably up to 50, more preferibly from 1 to
40 and yet more preferably 5 to 35 weight percent of a manganese component based on the weight of
palladium and manganese metal in the pollutant treating composition. Stated another way, there is
preferably about 2 to 30 and preferably 2 to 10 weight percent of a manganese .o*pon.rt. The catalyst
loading is from 20 to 250 grams and preferably about 50 to 250 grams of palladiurnper cubic foot
(g/ft.sup.3) of catalyst volume. The catalyst volume is the total volume of the finished catalyst
composition and therefore includes the total volume of air conditioner condenser or radiatoi including
void spaces provided by the gas flow passages. Generally, the higher loading of palladium results in i
greater ozone conversion ) t.e.) a greater percentage of ozone decomposition in the heated air skeam.

Conversions of ozone to oxygen attained with a palladium/manganese catalyst on alumina support
compositions at a temperature of about 40.degree. C. to 50.degree. C. have been about 50 moie percent
where the ozone concentrations range from 0.1 to 0.4 ppm and the face velocity was about 10 miles per
hour. Lower conversions were attained using a platinum on alumina catalyst.

Of particular interest is the use of a support comprising the above described coprecipitated product of a
manganese oxide, and zirconia which is used to support a precious metal, preferably selected from
platinum and palladium, and most preferably platinum. Platinum is of particular interest in that it has
been found that platinum is particularly effective when used on this coprecipitated support. The amount
of platinum can range fiom 0.1 to 6, preferably 0.5 to 4, more preferabiy I io 4,and most preferably 2 to
4 weight percent based on metallic platinum and the coprecipitated support. The use of platinum to 6.eat
ozone has been found to be particularly effective on this support. Additionally, as discussed below, this



catalyst is useful to treat carbon monoxide. Preferably the precious metal is platinum and the catalyst is

reduced.

Other useful catalysts to catalytically convert ozone to oxygen are described in U.S. Pat. Nos' 4,343,716

and 4,405,507, both hereby incorporated by reference. A useful and most preferred composition is

disclosed in commonly assigned U.S. Ser. No. 081202,397 filed Feb. 25,1994, now U.S. Pat. No.

5,422,331and entitled, "Light Weight, Low Pressure Drop Ozone Decomposition Catalyst for. Aircraft

Applications" hereby incorporated by reference. Yet other compositions which can result in the

conversion of ozone to oxygen comprises carbon, and palladium or platinum supported on carbon,

manganese dioxide, Carulite.RTM., and/or hopcalite. Manganese supported on a refractory oxide such as

recited above has also been found to be useful.

Carbon monoxide treating catalysts preferably comprise at least one precious metal component,

preferably selected from platinum and/or palladium components with platinum components being most

preferred. A combination of a platinum component and a palladium component results in improved CO

ionversion at an increase in cost and is most preferred where greater conversion is desired and cost

increase is acceptable. The composition comprises from 0.01 to 20 weight percent, and preferably 0.5 to

l5 weight percent of the precious metal component on a suitable support such as refractory oxide

rrrppori-, *ith th. amouniof precious metal being based on the weight of precious metal (metal and not

thi metal component) and the support. Platinum is most preferred and is preferably used in amounts of
from 0.01 to l0 weight percent and more preferably 0.1 to 5 weight percent, and most preferably 1.0 to

5.0 weight percent. Pallidium is useful in amounts from 2 to 15, preferably 5 to 15 and yet more

preferably S to tZ weight percent. The preferred support is titania, with titania sol most preferred as

iecited ubor.. When toaaeO onto a monolithic structure such as a radiator or onto other atmosphere

contacting surfaces the catalyst loading is preferably about 1 to 150, and more preferably 10 to 100

grams of platinum per cubic foot (g/ft.sup.3) of catalyst volume and/or 20 to 250 andpreferably 50 to

ISO grun r of palladium per g1ft.sup.3 of catalyst volume. When platinum and palladium are used in

com6inatior, ih"r" is from about 25 to 100 g/ft.sup.3 of platinum and 50 to 250 g/ft 3of palladium. A
preferred composition comprises about 50 to 90 g/ft.sup.3 of platinum and 100 to 225 g/ft.sup.3 of
palladium. frefened catalyits are reduced. Conversions of 5 to 80 mole percent of carbon monoxide to

carbon dioxjde were attained using coated core samples from automotive radiator having from 1 to 6

weight percent (based on metal) of platinum on titania compositions at temperatures from 25.degree. to

90.deg1ee. C. wirere the carbon monoxide concentration was 15 to 25 parts per million and the space

velociiy was 300,000 to 500,000 reciprocal hours. Also, conversions of 5 to 65 mole percent of carbon

,rrono*id. to carbon dioxide were attained using 1.5 to 4.0 weight percent platinum on alumina support

compositions at a temperature of about up to 95.degree. C. where the carbon monoxide concentration

was about 15 parts per million and the space velocity was about 300,000 reciprocal hours- Lower

conversions have been attained with palladium on a ceria support.

An alternate and preferred catalyst composition to treat carbon monoxide comprises a precious metal

component supported on the above described coprecipitate of a manganese oxide and zirconia- The

coprecipitate is formed as described above. The preferred ratios of manganese to zirconia are 5:95 to
qS:S; t0:90 to 75:25; 10:90 to 50:50; and 15:85 to 2575 with a preferred coprecipitate having a

manganese oxides to zirconia of 20:80. The percent of platinum supported on the coprecipitate based on

platiium metal ranges from 0.1 to 6, preferably 0.5 to 4, more preferably I to 4, and most pteferably 2-4

weight percent. preferably the catalyst is reduced. The catalyst can be reduced in powder form or after it
has been coated onto a supporting substrate. Other useful compositions which can convert carbon

monoxide to carbon dioxide include a platinum component supported on carbon or a support comprising

manganese dioxide.



Catalysts to treat hydrocarbons, typically unsaturated hydrocarbons, more typically unsaturated mono-
olefins having from two to about twenty carbon atoms and, in particular, from two to eight carbon atoms,
and partially oxygenated hydrocarbons of the type referred to above, comprise at least one precious metal
component, preferably selected from platinum and palladium with platinum being most preferred. A
combination of a platinum component and a palladium component results in improved hydrocarbons
conversion at an increase in cost and is most preferred where greater conversion is desired and cost
increase is acceptable. Useful catalyst compositions include those described for use to treat carbon
monoxide. Composition to treat hydrocarbons comprise from 0.01 to 20 wt. o/o and preferably 0.5 to 15
wt. o/o of the precious metal component on a suitable support such as a refractory oxide support, with the
amount of precious metal being based on the weight of the precious metal, (not the metal component)
and the support. Platinum is the most preferred and is preferably used in amounts of from 0.01 to l0 wt.
o/, and more preferably 0.1 to 5 wt. oh and most preferably 1.0 to 5 wL %. When loaded onto a monolithic
skucture such as a motor vehicle radiator or on to other atmospheric contacting surfaces, the catalyst
loading is preferably about I to 150, and more preferably l0 to 100 grams of platinum per cubic foot
(g/ft.sup.3) of catalyst volume. When platinum and palladium are used in combination, there is from
about 25 to 100 g/ft.sup.3 of platinum and 50 to 250 g/ft.sup.3 of palladium. A preferred composition
comprises about 50 to 90 g/ft.sup.3 of platinum and 100 to 225 g/ft.sup.3 of palladium. The preferred
refractory oxide support is a metal oxide refractory which is preferably selected from ceria, silica,
zirconia, alumina, titania and mixtures thereof with alumina and titania being most preferred. The
preferred titania is characteized by as recited above with titania sol most preferred. The preferred
catalyst is reduced. Testing on a coated automotive radiator resulted in conversions of a low molecular
weight mono-olefin such as propylene to water and carbon dioxide with I .5 to 4 wt. o of platinum on an
alumina or titania support have been between 15 and 25ohwhere the propylene concentration was about
l0 parts per million propylene and the space velocity was about 320,000 reciprocal hours. These catalysts
were not reduced. Reduction of the catalyst improves conversion.

Catalysts useful for the oxidation of both carbon monoxide and hydrocarbons generally include those
recited above as useful to treat either carbon monoxide or hydrocarbons. Most preferred catalysts which
have been found to have good activity for the treatment of both carbon monoxide and hydrocarbon such
as unsafurated olefins comprise platinum component supported on a preferred titania support. The
composition preferably comprises a binder and can be coated on a suitable support structure in amounts
of from 0.8 to 1.0 g/in. A preferred platinum concentration ranges from 2 to 60/o and preferably 3 to 5o/o
by weight of platinum metal on the titania support. Useful and preferred substrate cell densities are
equivalent to about 300 to 400 cells per square inch. The catalyst is preferably reduced as a powder or on
the coated article using a suitable reducing agent. Preferably the catalyst is reduced in the gis stream
comprising about TYohydrogen with the balance nitrogen at from 200.degree. to 50O.degree. C. or from I
to 12 hours. The most preferred reduction or forming temperature is 400.degree. C. for 2-6 hours. This
catalyst has been found to maintain high activity in air and humidified air at elevated temperatures of up
to l0O.degree. C. after prolonged exposure.

Useful catalysts which can treat both ozone and carbon monoxide comprise at least one precious metal
component, most preferably a precious metal selected from palladium, platinum and mixtures thereof on
a suitable support such as a refractory oxide support. A combination of a platinum component and a
palladium component results in improved Co conversion at an increase in cost and is most preferred
where greater conversion is desired and cost increase is acceptable. Useful refractory oxide supports
comprise ceria, zirconia, alumina, titania, silica and mixtures thereof including a mixture of zirConia and
silica as recited above. Also useful and preferred as a support are the above described coprecipitates of
manganese oxides and zirconia. The composition comprises from 0.1 to 20.0, preferably 0.5 to 15, and
more preferably from I to l0 weight percent of the precious metal component on the support based on
the weight of the precious metal and the support. Palladium is preferably used in amounti fro* 2to and,



more preferably from 3 to 8 weight percent. Platinum is preferably used in amounts of from 0.1 to 6

p.r.e.rt and more preferably 2 to 5 weight percent. A preferred composition is a composition wherein the

iefractory component comprises ceria and the precious metal component comprises palladium. This

composition has resulted in relatively high ozone and carbon monoxide conversions. More particularly,

testing of this composition on a coated radiator has resulted in a 2lo/o conversion of carbon monoxide in
an air stream comprising 16 ppm of carbon monoxide contacting a surface at 95.degree. C. with a face

velocity of the gas stream being 5 miles per hour. The same catalyst resulted in a 55Yo ozone conversion

where the stream contained 0.25 ppm of ozone and the treating surface was at 25.degree. C. with an air

stream face velocity of 10 miles per hour. Also preferred is a composition comprising a precious metal,

preferably a platinum group metal, more preferably selected from platinum and palladium components,

and mostpreferably a platinum component and the above recited coprecipitate of manganese oxide and

zkconia. This above recited precious metal containing catalyst in the form of a catalyst powder or coating

on a suitable substrate is in reduced form. Preferred reduction conditions include those recited above with
the most preferred condition being from 250.degree. to 350.degree. C. for from 2 to 4 hours in a reducing

gu* .o*p.i sitgTo/ohydrogen andg3Yo nitrogen. This catalyst has been found to be particularly useful in
treating both cirbon monoxide and ozone. Other useful compositions to convert ozone to oxygen and

carbon monoxide to carbon dioxide comprise a platinum component supported on carbon, manganese

dioxide, or a refractory oxide support, and optionally having an additional manganese component.

A useful and preferred catalyst which can treat ozone, carbon monoxide and hydrocarbons, as well as

partially oxygenated hydrocarbons, comprises a precious metal component, preferably a platinum

component on a suitable support such as a refractory oxide support. A combination of a platinum

.o*po.r.rt and a palladium component results in improved Co conversion at an increase in cost and is

mosi preferred where greater conversion is desired and cost increase is acceptable. Useful refractory

oxidJsupports comprise ceria, zirconia, alumina, titania, silica and mixtures thereof including a mixture

of zirconii and silici as recited above. Also useful is a support including the above-recited coprecipitate

of manganese oxide and zirconia. The composition comprises from 0.1 to 20, preferably 0'5 to 15 and

more pieferably I to 10 wt. yo of the precious metal component on the refractory support based on the

weighl of the precious metal and the support. Where the hydrocarbon component is sought to be

converted to Carbon dioxide and water, platinum is the most preferred catalyst and is preferably used in
amounts of from 0.1 to 5Yo andmore preferably 2to 5o/o by weight.

In specific embodiments, there can be a combination of catalysts including the above recited catalyst as

weli as a catalyst which is particularly preferred for the treatment of ozone such as a catalyst comprising

a manganese component. The manganese component can be optionally combined with a platinum

.o*p*.rt. The manganese and platinum can be on the same or different supports. There can be up to

80, preferably up to 5b, more preferably from I to 40 and yet more preferably from 10 to 35 wt. % of the

manganese component based on the weight of the precious metal and manganese in the pollutant treating

composition. The catalyst loading is the same at that recited above with regard to the ozone catalyst. A
prefirred composition is a composition wherein the refractory component comprises an alumina or titania

iupport and the precious metal component comprises a platinum component. Testing of such a

composition coated onto a radiator has resulted in 68 to 72Yo conversion of carbon monoxide ,8 to 15o/o

conversion of ozone and 17 to 18% conversion of propylene when contacting a surface at 95.degree. C.

with a face velocity of the gas stream being about ten miles per hour (hourly space velocity of 320,000

per reciprocal hours) with air dew point at 35.degree. F. Generally, as the contacting surface temperature

d....ur.r and the space velocity or face velocity of the atmosphere air flow over the pollutant contacting

surface increases, the percent conversion decreases.

Catalyst activity, particularly to treat carbon monoxide and hydrocarbons can be further enhanced by

reducing the ca-talyst in a forming gas such as hydrogen, carbon monoxide, methane or hydrocarbon plus



nitrogen gas. Alternatively, the reducing agent can be in the form of a liquid such as a hydrazine, formic
acid, and formate salts such as sodium formate solution. The catalyst can be reduced as a powder or after
coating onto a substrate. The reduction can be conducted in gas at from l50.sup.0-500.degree. C.,
preferably 200.sup.0-400.degree. C. for I to 12 hours, preferably 2 to t hours. In a preferred process,
coated article or powder can be reduced in a gas comprisingT% hydrogen in nitrogen at
275.degree.-350.degree. C. for 2 to 4 hours.

An alternate composition for use in the method and apparatus of the present invention comprises a

catalytically active material selected from the group consisting of precious metal components including
platinum group metal components, gold components and silver components and a metal component
selected from the group consisting of tungsten components and rhenium components. The relative
amounts of catalytically active material to the tungsten component and /or rhenium component based on
the weight of the metal are from I to 25, to 15 to 1.

The composition containing a fungsten component and/or a rhenium component preferably comprises
tungsten and/or rhenium in the oxide form. The oxide can be obtained by forming the composition using
tungsten or rhenium salts and the composition can subsequently be calcined to form tungsten and/or
rhenium oxide. The composition can comprise further components such as supports including refractory
oxide supports, manganese components, carbon, and coprecipitates of a manganese oxide and zirconia.
Useful refractory metal oxides include alumina, silica, titania, ceia, zirconia, chromia and mixtures
thereof. The composition can additionally comprise a binder material, such as metal sols including
alumina or titania sols or polymeric binder which can be provided in the form of a polymeric latex
binder.

In preferred compositions, there are from 0.5 to 15, preferably 1 to 10, and most preferably from 3 to 5
percent by weight of the catalytically active material. The preferred catalytically active materials are
platinum group metals with platinum and palladium being more preferred and platinum being most
preferred. The amount of tungsten and/or rhenium component based on the metals ranges I to 25,
preferably 2 to 15 and most preferably 3 to l0 weight percent. The amount of binder car..vary from 0 to
20 weight percent, preferably 0.5 to 20, more preferably 2 to l0 and most preferably 2 to 5 weight
percent. Depending on the support material a binder is not necessary in this composition. Preferred
compositions comprise from 60 to 98.5 weight percent of a refractory oxide support, from 0.5 to 15
weight percent of the catalytically active material, from I to 25 weight of the tungsten and/or rhenium
component, and from 0 to 10 weight percent binder.

Compositions containing the tungsten component and rhenium component can be calcined under
conditions as recited above. Additionally, the composition can be reduced. However, as shown in the
examples below, the compositions need not be reduced and the presence of the tungsten and/or rhenium
component can result in conversions of carbon monoxide and hydrocarbons comparable to compositions
containing platinum group metals which have been reduced.

The pollutant treating compositions of the present invention preferably comprise a binder which acts to
adhere the composition and to provide adhesion to the atmosphere contacting surface. It has been found
that a preferred binder is a polymeric binder used in amounts of from 0.5 to 20, more preferably 2 to 10,
and most preferably to 2 to 5 percent by weight of binder based on the weight of the composition.
Preferably, the binder is a polymeric binder which can be a thermosetting or thermoplastic polymeric
binder. The polymeric binder can have suitable stabilizers and age resistors known in the polymeric art.
The polymer can be a plastic or elastomeric polymer. Most preferred are thermosetting, elastomeric
polymers introduced as a latex into the catalyst into a slurry of the catalyst composition, preferably an
aqueous slurry. Upon application of the composition and heating the binder material can crosslink



providing a suitable support which enhances the integrity of the coating, its adhesion to the atmosphere

contacting surface and provides structural stability under vibrations encountered in motor vehicles. The

use of preferred polymeric binder enables the pollutant treating composition to adhere to the atmosphere

contacting surface without the necessity of an undercoat layer. The binder can comprise water resistant

additives to improve water resistance and improve adhesion. Such additives can include fluorocarbon
emulsions and petroleum wax emulsions.

Useful polymeric compositions include polyethylene, polypropylene, polyolefin copolymers,
polyisoprene, polybutadiene, polybutadiene copolymers, chlorinated rubber, nitrile rubber,
polychloroprene, ethylene-propylene-diene elastomers, polystyrene, polyacrylate, polymethacrylate,
polyacrylonitrile, poly(vinyl esters), poly(vinyl halides), polyamides, cellulosic polymers, polyimides,
acrylics, vinyl acrylics and styrene acrylics, poly vinyl alcohol, thermoplastic polyesters, thermosetting
polyesters, poly(phenylene oxide), poly(phenylene sulfide), fluorinated polymers such as

poly(tetrafluoroethylene) polyvinylidene fluoride, poly(vinylfluoride) and chloro/fluoro copolymers such

as ethylene chlorotrifluoroethylene copolymer, polyamide, phenolic resins and epoxy resins,
polyurethane, and silicone polymers. A most preferred polymeric material is an acrylic polymeric latex
as described in the accompanying examples.

Particularly preferred polymers and copolymers are vinyl acrylic polymers and ethylene vinyl acetate

copolymers. A preferred vinyl acrylic polymer is a cross linking polymer sold by National Starch and

Chemical Company as Xtink 2833.It is described as a vinyl acrylic polymer having a Tg of -15.degree.

C., 45o solids, a pH of 4.5 and a viscosity of 300 cps. In particular, it is indicated to have vinyl acetate

CAS No. 108-05-4 in a concentration range of less than 0.5 percent. It is indicated to be a vinyl acetate

copolymer. Other preferred vinyl acetate copolymers which are sold by the National Starch and Chemical
Company include Dur-O-Set E-623 and Dur-O-Set E-646. Dur-O-SetE-623 is indicated to be ethylene

vinyl acetate copolymers having a Tg of 0.degree. C.,52oA solids, a pH of 5.5 and a viscosity of 200 cps.

Dur-O-Set E-646 is indicated to be an ethylene vinyl acetate copolymer with a Tg of -l2.degree. C.,52o/o

solids, a pH of 5.5 and a viscosity of 300 cps. A useful and preferred binder is a crosslinking acrylic
copolymer sold by National Starch and Chemical Company as X-4280.I1is described as a milk white
aqueous emulsion having apH of 2.6; a boiling point of 2l2.degree. F., afueezingpoint of 32.degree. F.;
a specific gravity of 1.060; a viscosity of 100 cps.

An alternate and useful binding material is the use of a zirconium compound. Zirconyl acetate is

preferred zirconium compound used. It is believed that zirconia acts as a high temperature stabilizer,
promotes catalytic activity, and improves catalyst adhesion. Upon calcination, zirconium compounds

such as zirconyl acetate are convertedto ZrO.sub.2 which is believed to be the binding material. Various
useful zirconium compounds include acetates, hydroxides, nitrates, etc. for generating ZrO.sub.2 in
catalysts. In the case of using zirconyl acetate as a binder for the present catalysts, Zfr.sub.2 will not be

formed unless the radiator coating is calcined. Since good adhesion has been attained at a "calcination"
temperature of only l2O.degree. C., it is believed that the zirconyl acetate has not decomposed to

zirconium oxide but instead has formed a cross linked network with the pollutant treating material such

as Carulite.RTM. particles and the acetates which were formed from ball milling with acetic acid.

Accordingly, the use of any zirconium containing compounds in the present catalysts are not restricted
only to zirconia. Additionally, the zirconium compounds can be used with other binders such as the

polymeric binder recited above.

An alternate pollutant treating catalyst composition can comprise activated carbon composition. The

carbon composition comprises activated carbon, a binder, such as a polymeric binder, and optionally
conventional additives such as defoamers and the like. A useful activated carbon composition comprises

from 75 to 85 weight percent activated carbon such as "coconut shell" carbon or carbon from wood and a



binder such as an acrylic binder with a defoamer. Useful slurries comprise from 10 to 50 weight percent
solids. The activated carbon can catalyze reduction of ozone to oxygen, as well as adsorb other
pollutants.

Pollutant treating catalyst compositions of the present invention can be prepared in any suitable process.
A preferred process is disclosed in U.S. Pat. No. 4,734,860 herein incorporated by reference. In
accordance with this method, the refractory oxide support such as activated alumina, titania or activated
silica alumina is jet milled, impregnated with a catalytic metal salt, preferably precious metal salt
solution and calcined at a suitable temperature, typically from about 300.degree. C. to about 600.degree.
C-, preferably from about 350.degree. C. to about 550.degree. C., and more preferably from about
40O.degree. C. to about 5O0.degree. C. for from about 0.5 to about 12 hours. Palladium salts are
preferably a palladium nitrate or a palladium amine such as palladium tetraamine acetate,or palladium
tetraamine hydroxide. Platinum salts preferably include platinum hydroxide solubilized in an amine. In
specific and preferred embodiments the calcined catalyst is reduced as recited above.

In an ozone treating composition, a manganese salt, such as manganese nitrate, can then be mixed with
the dried and calcined alumina supported palladium in the pr.r"ri. of deionized water. The amount of
water added should be an amount up to the point of incipient wetness. Reference is made to the method
reviewed in the above referenced and incorporated U.S. Pat. No. 4,134,860. The point of incipient
wetness is the point at which the amount of liquid added is the lowest concentratiron at which the
powdered mixture is sufficiently dry so as to absorb essentially all of the liquid. In this way asoluble
manganese salt such as Mn(NO.sub.3).sub.2 inwater can be added into theialcined supported catalytic
precious metal. The mixture is then dried and calcined at a suitable temperature, preferably 400 to
5OO.degree. C. for about 0.5 to about 12 hours.

Alternatively, the supported catalyticpowder (i.e., palladium supported on alumina) can be combined
wlth a liquid, preferably water, to form a slurry to which a solution of a manganese salt, such as
Mn(NO.sub.3).sub.2 is added. Preferably, the manganese component and paladium supported on a
refractory support such as activated alumina, more preferably activated siiica-alumina is mixed with a
suitable amount of water to result in a slurry having from 15 to 40o/o andpreferable 20 to35 weight
percent solids. The combined mixture can be coated onto a carrier such as a radiator and the radiator
dried in air at suitable conditions such as SO.degree. C. to lsO.degree. C. for I to 12 hours. The substrate
which supports the coating can then be heated in an oven at suitable conditions typically from
300.degree. C. to 550.degree. C., preferably 35O.degree. C. to 500.degree. C., moie preierably
350.degree. C. to 450.degree. C. and most preferably from 400.d.gr... C. and 500.degree. C. in an
oxygen containing atmosphere, preferably air for about 0.5 to about 12 hours to calcine the components
and help to secure the coating to the substrate atmosphere contacting surface. Where the compoiitio,
further comprises a precious metal component, it is preferably reduced after calcining.

Amethod of the present invention includes forming a mixture comprisin g a catalytically active material
selected from at least one platinum group metal component, a gold comp6nent, u rilr.r.omponent, a
manganese component and mixtures thereof and water. The catalytically active material .ur,^b" o, u
suitable support, preferably a refractory oxide support. The mixture canbe milled, and then optionally be
calcined and reduced when using precious metal catalytic material. The calcining step can be conducted
prior to milling and adding the polymeric binder. It is also preferred to reduce tfr. rufitytically active
material prior to milling, calcining and adding the polymeric binder. The slurry comprises a carboxylic
acid compound or polymer containing carboxylic acid groups or derivatives thereof in an amount to
result in a pH of about from 3 to T,typically 3 to 6. Preferubly the acid comprises from 0.5 to l5 weight
percent of glacial acetic acid based on the weight of the catalytically active material and acetic acid. The
amount of water can be added as suited to attain a slurry of the desiied solids concentration and/or



viscosity. The percent solids are typically 20 to 50 and preferably 30 to 40 percent by weight- The

preferred vehicle is deionized water (D.I.). The acetic acid can be added upon forming the mixture of the

catalytically active material, which may have been calcined, with water. Alternatively, the acetic acid can

be added with the polymeric binder. A preferred composition to treat ozone using manganese dioxide as

the catalyst can be made using about f 
"SOO 

g of manganese dioxide which is mixed with2,250 g of

deionized water and 75 g of a-cetic acid. The mixture is combined in a 1 gallon ballmill and ballmilled for

about 4 hours until appr6ximately 90% of the particles are less than 8 micrometers. The ballmill is

drained and 150 g ofpoty.neric binder is added. The mixture is then blended on a rollmill for 30 minutes.

The resulting miiture is ieaay for coating onto a suitable substrate such as an automobile radiator

according to the methods descnbed below.

It has been found that compatibility of the components of a slurry comprising a catalytic material and a

polymeric binder, such as u lut.* emulsion, is desirable to maintain slurry stability and uniformity. For

it. prr.pore of the present invention compatibility means that the binder and the catalytic material remain

as a miitore of separate particles in the ri.r.ry. It is believed that where the polymeric binder is a latex

emulsion and the catalytic material have electrical charges which cause them to repel each other, they are

compatible and the slurry is stable and has a uniform distribution of the catalytic material and the

polymer latex in the liquid vehicle, e.g. aqueous fluid such as water. If the catalytic material and latex

Lr.rrrtrion particles do not mutually repel each other, irreversible agglomeration of the latex on the

catalytic material will occur. These materials are therefore incompatible and the latex comes out of the

emulsion.

Compatibility of a high surface area catalyst with the organic latex binder is a key property in preparing a

stable, uniform slurryl If the catalyst and iatex emulsion particles do not mutually repel each other,

irreveisible agglomeiation will occur. The result of this will be an unstable, non-uniform slurry which

will produce i poorly adherent coating. Although the mutual repulsion of the catalyst and binder particles

is controlled by uuii"ty physical fact-ors, surfaie charge plays a key role. Since latex emulsion particles

are typically nlgatively charged, catalyst particles must be similarly charged. Zetapotential

measurements have ,ho*rr, ho*"r.r, ihaicatalyst particles, such as MnO.sub.2 are only slightly

negatively or even positiveiy charged, and as a r..rlt, irreversible coagulation of the catalyst and latex

o.Irrr, (i.L. catalysf and latex are not compatible). It has been found that although the above described

method of adding acetic acid provides certain advantages to the slurries of the present invention, such as

viscosity control, it does not enhance compatibility and may even be detrimental to aged slurry stability'

Where the catalytically material is positively or slightly negatively charged, improved compatibility can

be achieved by making ttre slurry more basit. rhe pH of the slurry can be controlled depending on the

acidity of the tatalytiJmaterial, with preferred pH levels being at least 6, preferablyat least-7, more

prefeiably at least it.5. G.r.raliy, the slurry should not be too caustic and a preferred upper limit is about

11. A preferred range is from 8.5 to l1-

Maintaining a pH.gtoreq.8.5 of a slurry comprising a latex emulsion and Mno.sub.2 (cryptomelane) is

critical. If the pu j.opr felow 8.5 for an extinded period of time (days), the binder and catalyst will

irreversibly coagulate. Despite the large negative charg" on the cryptomelane particles at this pH, long

term stabiiity oicryptomelane containlng siurries has been difficult to achieve. Preferred binders are

poly(acrylicj acid derivative based binders with a particularly preferred binder which has long term

,tuUiiitv 
"nder 

these conditions being an acrylic la-tex sold by National Starch as x-4280 acrylic latex-

The difficulty in achieving long term compatibility even with basic slurries containing negatively

charged latex and catalysiparticles indicaGs that ilthough surface charge is important, it is not the only

factor in determining binder/catalyst compatibility. Other factors which play arole include emulsion

particle size, surfactint packug., it.. The present method involves raising the pH of the ball milled



catalyst slurry to pH.gtoreq.8.5 and preferably 9 to enhance stability.

An alternative method to enhance slurry stability involves adding a surfactant such as a polymeric
dispersant to the slurry instead of or in addition to increasing the pH. In the second case, binder/catalyst
compatibility is achieved by adding a polymeric acrylate derived dispersant (ca.3% solids basis) instead
of increasing the pH. The result is the same, however, in that the catalyst particle is given a large
negative charge which can repel the like charged latex particles. The dispersant can be added during the
ball milling operation or after. Despite generating alarge negative charge on the catalyst particles, not all
dispersants work equally as well. Preferred dispersants comprise polymers containing carboxylic acid
groups or derivatives thereof such as esters and salts. Preferred dispersants include Accusol 445 (from
Rohm & Haas) and Colloid226135 (from Rhone-Poulenc). Useful dispersants and a review of diipersion
technology are presented in, Additives for Dispersion Technology, published by Rhone-Poulenc,
Surfactants & Specialties hereby incorporated by reference. Useful polymeric dispersants include but are
not limited to polyacrylic acid partial sodium salts and anionic copolymer sodium salts sold by Rhone-
Poulenc as Colloid.TM. polymeric dispersants. Again, although surface charge is an important factor in
determining catalyst/binder compatibility, it is not the only factor. In general, the dispersant (particularly
Colloid 226) does a good job of stabilizing the slurry since a greater variety of latex binders (e.g.
acrylics, styrene acrylics, and EVA's) are compatible. Long term compatibility problems may be
addressed by increasing the quantity of dispersant, raising the pH somewhat, or both.

The above recited methods enhance compatibility and result in a stable catalyst slurry. Both methods
generate a large negative surface charge on the catalyst particle which in turn stabilizes the catalyst in the
presence of the like charged (anionic) latex emulsion particles. For both systems, good adhesion has been
observed(i.e. catalyst cannot be wiped off the face of a coated monolith) with a l0%by weight loading
(solids basis) of the polymeric binder. At 5oh, adhesion is not as good, so the optimum loading is
probably somewhere in between.

While these methods have been shown to enhance compatability of MnO.sub.2 llatexslurries, the present
invention is not limited to systems using negatively charged latex emulsions. Those skilled in the art will
understand that slurry compatability can likewise be achieved using cationic latex emulsions, using
cationic surfactant and/or dispersant packages to stabilize the catalyst particles.

The polymeric slurries of the present, particularly polymer latex slurries, can contain conventional
additives such as thickeners, biocides, antioxidants and the like.

The pollutant treating composition can be applied to the atmosphere contacting vehicle surface by any
suitable means such as spray coating, powder coating, or brushing or dipping the surface into a catalyst
slurry.

The atmosphere contacting surface is preferably cleaned to remove surface dirt, particularly oils which
could result in poor adhesion of the pollutant treating composition to the surface. Where possible, it is
preferred to heat the substrate on which the surface is located to a high enough temperature to volatilize
or burn off surface debris and oils.

Where the substrate on which there is an atmosphere contacting surface is made of a material which can
withstand elevated temperatures such as an aluminum radiator, the substrate surface can be treated in
such a manner as to improve adhesion to the catalyst composition, preferably the ozone carbon
monoxide, and/or hydrocarbon catalyst composition. One method is to heat the aluminum substrate such
as the radiator to a sufficient temperature in air for a sufficient time to form a thin layer of aluminum
oxide on the surface. This helps clean the surface by removing oils which may be delrimental to



adhesion. Additionally, if the surface is aluminum a sufficient layer of oxidized aluminum has been

found to be able to be formed by heating the radiator in air for from 0.5 to 24 hours, preferably from 8 to

24 hours and more preferably from l2 to hours at from 350.degree. C. to 50O.degree. C., preferably from

400 to 500.degree. C. and more preferably 425 to 475.degree. C. In some cases, sufficient adhesion

without the use of an undercoat layer has been attained where an aluminum radiator has been heated at

45g.degree. C. for l6 hours in air. This method is particularly useful when applying the coating to new

surfaces such as radiators or air conditioner condensers prior to assembly in a motor vehicle either as

original equipment or replacement.

Adhesion may improve by applying an undercoat or precoat to the substrate. Useful undercoats or

precoats include refractory oxide supports of the type discussed above, with alumina preferred. A
preferred undercoat to increase adhesion between the atmosphere contacting surface and an overcoat of
u., oror,. catalyst composition is described in commonly assigned U.S. Pat. No. 5,422,331 herein

incorporated herein by reference. The undercoat layer is disclosed as comprising a mixture of fine

particulate refractory metal oxide and a sol selected from silica, alumina, zirconia and titania sols. In
accordance with the method of the present invention, surfaces on existing vehicles can be coated while

the substrate such as the radiator, radiator fan or air conditioner condenser is located on the vehicle. The

catalyst composition can be applied directly to the surface. Where additional adhesion is desired, an

undercoat can be used as recited above.

Where it is practical to separate the radiator from the vehicle, a support material such as activated

alumina, silica-alumina, bulk titatia,titanium sol, silica zkconia,manganese zirconia and others as

recited can be formed into a slurry and coated on the substrate preferably with a silica sol to improve

adhesion. The precoated substrate can subsequently be coated with soluble precious metal salts such as

the platinum urrd/o, palladium salts, and optionally manganese nitrate. The coated substrate can then be

heated in an oven in air for sufficient time (0.5 to 12 hours at 350.degree. C. to 55O.degree. C.) to calcine

the palladium and manganese components to form the oxides thereof.

The present invention can comprise adsorption compositions supported on the atmosphere contacting

surface. The adsorption compoiitiorr can be used to adsorb gaseous pollutants such as hydrocarbons and

sulfur dioxide as well as partlculate matter such as particulate hydrocarbon, soot, pollen, bacteria and

gerrns. Useful supported compositions can include adsorbents such as zeolite to adsorb hydrocarbons.

Useful zeolitic compositions are described in Publication No. WO 94127709 published Dec. 8, 1994 and

entitled Nitrous Oxide Decomposition Catalyst hereby incorporated by reference. Particularly preferred

zeolites are Beta zeolite, and dealuminated ZeoliteY -

Carbon, preferably activated carbon, can be formed into carbon adsorption compositions comprising

activated carbon and binders such as polymers as known in the art. The carbon adsorption composition

can be applied to the atmosphere contacting surface. Activated carbon can adsorb hydrocarbons, volatile

organic .o*por.nts, bacteria, pollen and the like. Yet another adsorption composition can include

,J*pon..rts which can adsorb SO.sub.3. A particularly useful SO.sub.3 adsorbent is calcium oxide. The

calcium oxide is converted to calcium sulfate. The calcium oxide adsorbent compositions can also

contain a vanadium or platinum catalyst which can be used to convert sulfur dioxide to sulfur trioxide

which can then be adsorbed onto the calcium oxide to form calcium sulfate.

In addition to treatment of atmospheric air containing pollutants at ambient condition or ambient

operating conditions, the present invention contemplates the catalytic oxidation and/or reduction of
fryarocarUons, nitrogen oiid.. and residual carbon monoxide using conventional three way catalysts

supported on electriially heated catalysts such as are known in the art. The electrically heated catalysts

.un b" located on electrically heated catalyst monolith 56 illustrated in FIG. l. Such electrically heated



catalyst substrates are known in the art and are disclosed in references such as U.S. Pat. Nos. 5,308,591
and 5,317 ,869 hereby incorporated by reference. For the purposes of the present invention, the
electrically heated catalyst is a metal honeycomb having a suitable thickness to fit in the flow direction,
preferably of from 118 inch to 12 inches, and more preferably 0.5 to 3 inches. Where the electrically
heated catalyst must fit into a nalrow space, it can be from 0.25 to 1.5 inches thick. Preferred supports are
monolithic carriers of the type having a plurality of fine, parallel gas flow passages extending
therethrough from an inlet face to an outlet face of the carrier so that the passages are open to air flow
entering from the front26 and passing through the monolith 56 in the direction toward the fan 20.
Preferably the passages are essentially straight from their inlet to their outlet and are defined by walls in
which the catalytic material is coated as a wash coat so that the gases flowing through the passages
contact the catalytic material. The flow passages of the monolithic carrier are thin wall channels which
can be of any suitable cross-sectional shape and size such as trapezoidal, rectangular, square, sinusoidal,
hexagonal, oval, circular or formed from metallic components which are corrugated and flat as are
known in the art. Such structures may contain from about 60 to 600 or more gas inlet openings ("cells")
per square inch of cross section. The monolith may be made of any suitable material and is preferably
capable of being heated upon application of an electric current. A useful catalyst to apply is the three way
catalyst (TWC) as recited above which can enhance the oxidation of hydrocarbons and carbon monoxide
as well as the reduction of nitrogen oxides. Useful TWC catalysts are recited in U.S. Pat. Nos. 4,714,694;
4,7 38,9 47 ; 5,0 1 0,05 I ; 5,057,483 ; and 5,139,992.

The present invention is illustrated fuither by the following examples which are not intended to limit the
scope of this invention.

EXAMPLES

Example I

A 1993 Nissan Altima radiator core (Nissanpartnumber 21460-18400) was heat treated in air to
450.degree. C. for 16 hours to clean and oxidize the surface and then a portion coated with high surface
area silica-alumina undercoat (dry loading:0.23 g/in.sup.3) by pouring a water slurry containing the
silica-alumina through the radiator channels, blowing out the eic.ss with an air gun, drying at room
temperature with afan, and then calcining to 450.degree. C. The silica-alumina slurry was prepared by
ball milling high surface area calcined SRS-II alumina (Davison) with acetic acid (0.5% based on
alumina) and water (total solids ca.20o/o) to a particle size of 90Yo <4 .mu.m. The ball milled material
was then blended with Nalco silica sol (#9lSJ06S--28% solids) in a ratio of 25o/ol75o/o.The SRS-II
alumina is specified to have a structure of xSiO.sub.2.yAl.sub.2 O.sub.3.zH.sub.2 O with 92-95%by
weight Al.sub.2 O.sub.3 and 4-7Yo by weight SiO.sub.2 after activation. BET surface area is specified to
be a minimum of 260 m.sup.2 lgafter calcination.

A PdAdr/Al.sub.2 O.sub.3 catalyst slurry (nominally 10%by weight palladium on alumina) was
prepared by impregnating high surface area SRS-II alumina (Davison) to the point of incipient wetness
with a water solution containing sufficient palladium tetraamine acetate. The resulting powder was dried
and then calcined for I hour at 450.degree. C. The powder was subsequently mixed under high shear
with a water solution of manganese nitrate (amount equivalent to 5.5o/oby weight MnO.sub.2 on the
alumina powder) and sufficient dilution water to yield a slurry of 32-34% solids. The radiator was coated
with the slurry, dried in air using a farr, and then calcined in air at 45O.degree. C. for l6 hours. This ozone
destruction catalyst contained palladium (dry loading:263 g/ft.sup.3 of radiator volume) and manganese
dioxide (dry loading:t4z g/ft.sup.3) on high surface area SRS-II alumina. The partially coated radiator
reassembled with the coolant tanks, also referred to as headers is shown in FIG. 8.



Ozone destruction performance of the coated catalyst was determined by blowing an air stream

containing a given concentration of ozone through the radiator channels atface velocities typical of
driving speeds and then measuring the concentration of ozone exiting the back face of the radiator. The

air used was at about 20.degree. C. and had a dew point of about 35.degree. F. Coolant fluid was

circulated through the radiator at a temperature of about 50.degree. C. Ozone concentrations ranged from
0.1-0.4 ppm. Ozone conversion was measured at linear air velocities (face velocities) equivalent ta 12.5

miles per hour ta be 43oh; at 25 mph to be 33o/o; at 37 .5 mph to be 30o/o and at 49 mph to be 24oh.

Example 2 (Comparative)

A portion of the same radiator used in Example I which was not coated with catalyst was similarly
evaluated for ozone destruction performance (i.e. control experiment). No conversion of ozone was

observed.

Example 3

After heat treatment for 60 hours in air at 45O.degree. C., a Lincoln Town Car radiator core (part #FIVY-
8005-A) was coated sequentially in 6".times.6" square patches with a variety of different ozone

destruction catalyst compositions (i.e., different catalysts; catalyst loadings, binder formulations, and heat

treatments). Several of the radiator patches were precoated with a high surface area alumina or silica-

alumina and calcined to 450.degree. C. prior to coating with the catalyst. The actual coating was

accomplished similarly to Example 1 by pouring a water slurry containing the specific catalyst

formulation through the radiator channels, blowing out the excess with an air gun, and drying at room

temperature with a fan. The radiator core was then dried to l20.degree. C., or dried to l20.degree. C. and

then calcined to 400 to 450.degree. C. The radiator core was then reattached to its plastic tanks and ozone

destruction performance of the various catalysts was determined at a radiator surface temperature of
about 40.degree. C. to 50.degree. C. and a face velocrty of 10 mph as described in Example 1.

Table I summarizes the variety of catalysts coated onto the radiator. Details of the catalyst slurry
preparations are given below.

A PVAl.sub.2 O.sub.3 catalyst (nominally 2%by weight Pt on Al.sub.2 O.sub.3) was prepared by
impregnating 114 g of a platinum salt solution derived from H.sub.2 P(OH).sub.6 solubilized in an

amine, (179% Pt), dissolved in 520 gof water to 1000 g of Condea SBA-150 high surface area

(specif,red to be about 150 m.sup.2 /g) alumina powder. Subsequently 49.5 g of acetic acid was added.

The powder was then dried at l lO.degree. C. for I hour and calcined at 550.degree. C. for 2 hours. A
catalyst slurry was then prepared by adding 875 g of the powder to 1069 g of water md 44.6 g of acetic

acid in a ball mill and milling the mixture to a particle size 90o/o<10 .mu.m. (Patches I and 4)

A carbon catalyst slurry was a formulation (29% solids) purchased from Grant Industries, Inc., Elmwood
Park, N.J. The carbon is derived from coconut shell. There is an acrylic binder and a defoamer. (Patches

8 and 12)

The Carulite.RTM. 200 catalyst (CuO/MnO.sub.2) was prepared by first ball milling 1000 g of
Carulite.RTM. 200 (purchased from Carus Chemical Co., Chicago, Il1.) with 1500 g of water to a particle

size 90o/o<6 .mu.m. Carulite.RTM. 200 is specified as containing 60 to 75 weight percent MnO.sub.2, l1-
14 percent CuO and 15-16 percent Al.sub.2 O.sub.3. The resulting slurry was diluted to ca. 28% solids

and then mixed with either 3% (solids basis) of Nalco #1056 silica sol or 2% (solids basis) National
Starch #x426A acrylic copolymer. (Patches 5,9 and 10)



The Pd/Mn/A1.sub.2 O.sub.3 catalyst slurry (nominally lU%by weight palladium on alumina) was

prepared as described in Example l. (Patches2,3 and 6)

An I.W. (incipient wetness) PdA4n/Al.sub.2 O.sub.3 catalyst (nominally 8% palladium and 55%
MnO.sub.2 based on alumina) was prepared similarly by first impregnating high surface area SRS-II
alumina (Davison) to the point of incipierit wetness with a water solution containing palladium
tetraamine acetate. After drying and then calcining the powder for two hours at 450.degree. C., the
powder was reimpregnated to the point of incipient wetness with a water solution containing manganese

nitrate. Again, after drying and calcination at  l}.degree. C. for two hours, the powder was mixed in a
ball mill with acetic acid (3o/o by weight of catalyst powder) and enough water to create a slurry of 35o/o

solids. The mixture was then milled until the particle size was 90oZ<8 .mu.m. (Patches 7 and 11)

The SiO.sub.2 /Al.sub.2 O.sub.3 precoat slurry was prepared as described in Example 1. (Patches 3 and

l1)

The Al.sub.2 O.sub.3 precoat slurry was prepared by ball milling high surface area Condea SBA-150
alumina with acetic acid (5o/o by weight based on alumina) and water (total solids ca.44o/o) to a particle
size of 90Yo<10 .mu.m. (Patches 9 and 12)

Results are summarizedinTable I. The conversion of carbon monoxide after being on the automobile for
5,000 miles was also measured at the conditions recited in Example I for patch #4. At a radiator
temperature of 50.degree. C. and a linear velocity of l0 mph no conversion was observed.

TABLE I CATALYST SUMMARY PATCH # CATALYST OZONE CONVERSION (%) lPVAl.sub.2
O.sub.3 12 0.67 g/in.sup.3 (23 g/ft.sup.3 P0 No Precoat No Calcine (l20.degree. C. only) 2
PdAdr/Al.sub.2 O.sub.3 25 0.97 g/in.sup.3 (171 g/ft.sup.3 Pd) No Precoat Calcined 45O.degree. C. 3
PdA{r/Al.sub.2 O.sub.3 241.19 g/in.sup.3 (209 g/ft.sup.3 Pd) SiO.sub.2 /?t/Al.sub.2 O.sub.3 Precoat
(0.16 g/in.sup.3) Calcined 450.degree . C. 4 Pt/Al.sub.2 O.sub.3 8 0.79 g/in.sup.3 (27 g ft.sup.3 Pt) No
Precoat Calcined 45O.degree. C. 5 Carulite 200 50 0.49 g/in.sup.3 3oh Sio.sub.2 /Pt/Al.sub.2 O.sub.3
Binder No Precoat Calcined 4O0.degree. C. 6 PdA{r/Al.sub.2 O.sub.3 28 0.39 g/in.sup.3 (70 g/ft.sup.3
Pd) No Precoat Calcined 450.degree. C.7 I.W. Pd/Ivln/Al.sub.2 O.sub.3 50 0.69 g/in.sup.3 (95 g/ft.sup.3
Pd) No Precoat No Calcine (l20.degree. C. only) 8 Carbon 22 0.80 g/in.sup.3 No Precoat No Calcine
(l2O.degree. C. only) 9 Carulite 200 38 0.65 g/in.sup.3 3Yo SiO.sub.2 /Al.sub.2 O.sub.3 Binder Al.sub.2
O.sub.3 Precoat (0.25 g/in.sup.3) Calcined 45O.degree. C. l0 Carulite 200 42 0.70 g/in.sup.3 2Yo Latex
Binder No Precoat No Calcine (l2O.degree. C. only) 11 I.W. PdA4r/A1.sub.2 O.sub.3 46 0.59 g/in.sup.3
(82 g/ft.sup.3 Pd) SiO.sub.2 /Al.sub.2 O.sub.3 precoat (0.59 g/in.sup.3) No Calcine either Coat
(l20.degree. C. only) 12CarbonlT l.A7 g/in.sup.3 Al.sub.2 O.sub.3 Precoat (0.52 g/in.sup.3) calcinedto
45O.degree. C. Topcoat not calcined (l20.degree. C. only)

Example 4

A 1993 Nissan Altima radiator core (Nissan part number X46A-18400) was heat treated in air to
40O.degree. C. for 16 hours and then a portion coated with Condea high surface area SBA-150 alumina
(dry loading:0.86 g/in.sup.3) by pouring a water slurry containing the alumina through the radiator
channels, blowing out the excess with an air gun, drying at room temperature with afan, and then
calcining to 400.degree. C. The alumina precoat slurry was prepared as described in Example 3. The
radiator was then coated sequentially in 2".times.2" square patches with seven different CO destruction
catalysts (Table II). Each coating was applied by pouring a water slurry containing the specific catalyst
formulation through the radiator channels, blowing out the excess with an air gun, and drying at room
temperature with a fan.



The Carulite.RTM. and2o/o PtlAl.sub.2 O.sub.3 catalysts (Patch lA and #6, respectively) were prepared
according to the procedure described in Example 3. The 3YoPtlZrO.sub.2 /SiO.sub.2 catalyst (Patch #3)
was made by first calcining 510 g of zirconialsilica trit (95% ZrO.sub-2 /5% SiO.sub.2 --Magnesium
Elektron XZO678|01) for t hour at 500.degree. C. A catalyst slurry was then prepared by adding to 480 g
of deionized water, 468 g of the resulting powder, 42 g of glacial acetic acid, and 79.2 g of a platinum
salt solution (182% Pt) derived from H.sub.2 P(OH).sub.6 solubilized with an amine. The resulting
mixture was milled on a ball mill for 8 hours to a particle size of 9Aoh less than 3 .mu.m.

The 3o/o Pt/TiO.sub.2 catalyst (Patch #7) was prepared by mixing in a conventional blender 500 g of
TiO.sub.2 (Degussa P25),500 g of deionized water, 12 gof concentrated ammonium hydroxide, and 82 g
of a platinum salt solution (18.2% Pt) derived from H.sub.2 P(OH).sub.6 solubilized with an amine.
After blending for 5 minutes to a particle size of 90% less than 5 .mu.m, 32.7 g of Nalco 1056 silica sol
and sufficient deionized water to reduoe the solids content to ca. 22ohwas added. The resulting mixture
was blended on a roll mill to mix all ingredients.

The 3ohPt/Mn/Zro.sub.2 catalyst slurry (Patch #5) was prepared by combining in a ball mill 70 g of
manganeselzirconia frit comprising a coprecipitate of 20 weight percent manganese and 80 weight
percent zirconium based on metal weight (Magnesium Elektron XZO7l9l01), 100 g of deionized water,
3.5 g of acetic acid and ll.7 g of a platinum salt solution (18.2% Pt) derived from H.sub.2 P(OH).sub.6
solubilized with an amine. The resulting mixture was milled for l6 hours to a particle size 90% less than
l0.mu.m.

The 2Yo PtlCeO.sub.2 catalyst (Patch #1) was prepared by impregnating 490 g of alumina stabilized high
surface area ceia (Rhone Poulenc) with 54.9 g of a platinum salt solution (18.2% Pt) derived from
H.sub.2 Pt(OH).sub.6 solubilized with an amine and dissolved in deionized water (total volume-
-155mL). The powder was dried at l10.degree. C. for 6 hours and calcined at 400.degree. C. for 2 hours.
A catalyst slurry was then prepared by adding 491 g of the powder to 593 g of deionizedwater in a ball
mill and then milling the mixture for 2 hours to a particle size of 90Yo less than 4 .mu.m. The 4.6Yo
Pd/CeO.sub.2 catalyst (Patch #2) was prepared similarly via incipient wetness impregnation using 209.5
g (l80ml.) of palladium tetraamine acetate solution.

After all seven catalysts were applied, the radiator was calcined for about 16 hours at 4OO.degree. C.
After attaching the radiator core to the plastic tanks, CO destruction perfornance of the various catalysts
were determined by blowing an air stream containing CO (ca. l6ppm) through the radiator channels at a
5 mph linear face velocity (315,000/h space velocity) and then measuring the concentration of CO
exiting the back face of the radiator. The radiator temperature was ca.95.degree. C., and the air stream
had a dew point of approximately 35.degree. F. Results are summarizedin Table II.

Ozone destruction performance was measured as described in Example I at 25.degree.C., 0.25 ppm
ozone, and a linear face velocity of 10 mph with a flow of 135.2 L/min and an hourly space velocity of
640,000/h. The air used had a dewpoint of 35.degree. F. Results are summarizedin Table II. FIG. 9
illustrates CO conversion v. temperature for Patch Nos. 3, 6 and7.

The catalysts were also tested for the destruction of propylene by blowing an air stream containing
propylene (ca. 10 ppm) through the radiator channels at a 5 mph linear face velocity, with a flow rate of
68.2Llmin and an hourly space velocity of 320,0001h, and then measuring the concentration of
propylene exiting the back face of the radiator. The radiator temperature was ca. 95.degree. C., and the
air skeam had a dew point of approximately 35.degree. F. Results are summarized in Table II.



TABLE TI COIHCIOZONE CONVERSION SUMMARY CARBON MON- PROPYL- OXIDE OZONE
ENE PATCH CONVER- CONVER- CONVER- # CATALYST SION (%).sup.l SION (%).sup2 SION
(%)-sup.3 l 20 PtlceO.sub.2 2 14 0 0.7 g/in.sup .3 (24 g/ft.sup.3 Pt) 2 4.60/o Pd/CeO.sub'.2 21 55 A A.5
g/in.sup.3 (40 g/ft.sup.3 Pd) 3 3% Pt/ZrO.sub.2 /SiO.sub.2 67 14 2 0.5 gin.sup.3 (26 g|ft.sry.3 p0 4
Carulite 200 5 56 0 0.5 g/in.sup.3 3% SiO.sub.2 /Al.sub.2 O.sub.3 binder 5 3%ptlMn/ZrO.sub.2 7 410
0.7 g/in.sup.3 (36 g/ft.sup.3 Pt) 6 2% Pt/Al.sub.2 O.sub.3 72 817 0.5 g/in.sup .3 (17 g/ft.sup.3 pt) 7 3%
PtlTiO-sub.2 68 15 18 0.7 g/in.sup.3 (36 g/ft.sup.3 P0 3% SiO.sub.2 lAl.sub.Z O.sub.3 binder .sup.1 Test
Conditions: 16 ppm CO; 95.degree. C.; 5 mph face velocity;68.2L/min;LHSV (hourly space veiocity) :
320,0004; Air dewpoint: 35.degree. F. .sup.2 Test Conditions: 0.25 ppm O.sub.3 ;Zi.degree. C.; lO
mph face velocity; 135.2Llmin; LHSV (hourly space velocity) : 640,000/h; Air dewpoini: 35.degree.
F. .sup.3 Test Conditions: l0 ppm propylene; 95.degree. C.; 5 mph face velocity; Agitlmin, LHSV
(hourly space velocity) :32A,000/b; Air dewpoint:35.degree. F.

Example 5

This example summarizes the technical results from on-the-road vehicle testing conducted in February
and March 1995 in the Los Angeles area. The purpose of the test was to measuie catalyticozone
decomposition efficiency over a catalyzed radiator under actual driving conditions. ThL Los Angeles
(LA) area was chosen as the most appropriate test site primarily due to its measurable ozone levels
during this March testing period. In addition, specific driving routes are defined in the LA areawhich are
typical of AM and PM peak and off-peak driving. Two different catalyst compositions were evaluated: l)
carulite.RTM. 200 (Cuo/Ivlno.sub.2 /Al.sub.2 o.sub.3 purchased from carus chemical company); and,
2)Pd/Mn/Al.sub.2 O.sub.3 (77 g/ft.sry.3 Pd) prepared as described in Example 3. Both catalysts were
coated in patches onto a late model Cadillac V-6 engine aluminum radiator. The radiator was an
aluminum replacement for the copper-brass OEM radiator which was on a Chewolet Caprice test vehicle.
The car was outfitted with l/4" Teflon.RTM. PTFE sampling lines located directly behina each catalyst
patch and behind an uncoated portion of the radiator (controi patch). Ambient (caialyst in) ozone levils
were measured via a sampling line placed in front of the radiator. Ozone concentrations were measured
with two Dasibi Model l003AH ozone monitors located in the back seat of the vehicle. Temperature
probes were mounted (with epoxy) directly onto each radiator test patch within a few inches of the
sampling line. A single air velocity probe was mounted on the froni face of the radiator midway between
the two patches. Data from the ozone analyzers, temperature probes, air velocity probe, and vehicle
speedometer were collected with a personal computer located in the trunk and downloaded to floppy
disks.

Overall results from the test are summarized in Table III below. For each catalyst (Carulite.RTM. &
PdA{n/Al.sub.2 O.sub.3), results for cold idle, hot idle and on-the-road driving are reported. Data were
collected on two separate trips to LA in February and March of 1995. The firsitrip1,yu. cut short after
only a few days due to low ambient ozone levels. Although somewhat higher during the second trip in
March, ambient levels still only averaged approximately4O ppb. The last-three days-of testing (March
17-20) had the highest ozone encountered. Peak levels *"." upproximately t0O ppb. In general, no trend
in conversion vs. ozone concentration was noted.

Except for the cold idle results, those reported in Table III are averages from at least eleven different runs
(the actual range of values appear in parentheses). Only data corresp-onding to inlet ozone concentration
greater or equal to 30 ppb were included. Freeway data was not inciuded since ambient levels dropped to
20 ppb or lower. Only two runs were completed for the cold idle tests. By cold idle refers to data
collected immediately after vehicle startup during idle before the thermostat switches on and pumps
wann coolant fluid to the radiator. Overall, ozone conversions were very good for both catalysts *ittr the
highest values obtained during hot idle. This can be attributed to the frigher temperatures and lower face



velocities associated with idling. Cold idle gave the lowest conversion due to the lower ambient

temperature of the radiator surface. Driving results were intermediate of hot and cold idle results-

Although the radiator was warn, temperature was lower and face velocity higher than those encountered

with hot idle conditions. In general, oior. conversions measured for Carulite.RTM. were greater than

those measured for pd/Mn/Al.sub.2 o.sub.3 (e.g. 78.1 vs. 63.0% while driving). However, for the hot

idle and driving runs, the average temperature of the Carulite.RTM. catalyst was typically 40.degree. F.

greater than thJ pd/Mn/Al.sub.2 O.sub.: catalyst while the average radiator face velocity was typically I

mph lower.

Overall, the results indicate that ozone can be decomposed at high conversion rates under typical driving

conditions.

TABLE III ON-ROAD OZONE CONVERSION RESULTS* OZONE CONVER'TEMPER- FACE

VEHICLE SION ATURE VELOCITY SPEED (%) (.degree. F.) (mph) (mph) Pd/Mr/A1.sub.2 O.sub.3

rdle Cold 48.z 70.6 9.0 0.0 (47 .2-49.2) (70.s-70.8) (8.9-9.2) Idle Hot 80.6 120.0 7 .4 0-0 (70.7-89.9)

(104.7-14s.2) (6.1-8.4) Driving 63.0104.3 13.22s.3 (ss.s-69.9) (99.2-109.6) (12-2-14.9) (20.s-29'7)

daru[te (CuO/IranO.sub.2) tdle Cotd 67.4 7r.8 8.2 0.0 (67.4-67.s) (70.8-72.9) (7-s-8-9) Idle Hot 84.5

ts1.r 7.5 0.0 (71.4-s3.s1(t+.s-nr.2) (6.7-8.2) Driving 78.1 r43.7 12.219.2 (72.3-83.8) (1329-149.6)

(11.2-13.5) (13.7-24.8) *Average values. Ranges appear in parentheses.

In general, the results of motor testing are consistent with fresh activity measured in the lab prior to

installation of the radiator. At room temperature (.about.25.degree. C.),20% relative humidity (0-l%

water vapor absolute), and a l0 mph equivalent face velocity, lab conversions for Pd/Jvln/Al.sub.2

O.sub.3 and Carulite.Rttvt. *er" 55 aiA egN respectively. Increasing the RH to 70o/o at room

temperature (.about.25.degree. C.) (2.3%water vapor absolute) lowered conversions to 38 and 52o/o,

respectively. Since the coid idle (70.degree. F.) conversions measured at a 9 mph face velocity were 48

und Ary"respectively, it would appear thut th. hrr*idity levels encountered during the testing were low.

The face velocity of air entering the radiator was low. At an average driving speed of rougtly 20 mph

(typical of local driving), radiat-or face velocity was only approximately 13 mph. Even atteeway speeds

ir, 
"*".r, 

of 60 mph, ridiator face velocity was only ca,25mph. The fan significantly affects control of

air flowing through the radiator. While idling, the fan typically pulled about 8 mph.

Example 6

An 8 weight percent Pd on Carulite.RTM. catalyst was prepared by impregnating 100 g Carulite.RTM'

200 powJer (ground up in a blender) to the point of incipient wetness with 69.0 g of a water solution

containing punudi.r* tetraamine acetate (1i.6%Pd). The powder was dried overnight at 9O.degree. C.

and then calcined to 450.degree. C. or 55b.degree. C. for 2 hours.92 g of the resulting calcined catalyst

was then combined with 17I g of deionized water in a ballmill to create a slurry of 35Yo solids- After

milling for 30 minutes to a paiticle size 90%o.Ltoreq.9 .mu.m, 3.1 g of National Starch x4260 acrylic latex

bindei(s0% solids) was added, and the resulting mixture was milled for an additional 30 minutes to

disperse the binder. Compositions containing2,4 and 6 weight percent Pd on Carulite.RTM. catalysts

were similarly prepared and evaluated.

The catalysts were evaluated for ozone decomposition at room temperature and 630,000ih space velocity

using washcoated 300 cpsi (cells per square inch) ceramic honeycombs. The catalyst samples were

prep"ared as recited above. Resulti are s^ummarized in Table IV. As can readily be seen, the 4 andSo/o

pdiCarulite.RTM. catalysts which were calcined to 450.degree. C. gave equivalent initial arvd 45 minute

ozone conversions (ca. 62 and 60o/o,respectively). These results are equivalent to those of Carulite.RTM.



alone under the identical test conditions . The 2 and 4%o Pd catalysts which were calcined to 550.degree.
C. gave significantly lower conversions after 45 minutes (7%). This is attributed to a loss in surfaie area
at the higher temperature of calcination. The 6Yo catalyst was also calcined to 550.degree. C. but did not
show quite as large of an activity drop.

TABLE MZONE RESULTS (300 cpsi Honeycomb, 630,000/h Space Velocity) LOADING
CONVERSION CONVERSION CATALYST (giin.sup.3) (%) initiil (%) 45 Minutes pd on Carulite 200
4o/oPd/Carulite 1.8 64 59 (calcined 450.degree . C.) 8% PdiCarulite 2.A 6160 (calcined 450.degree. C.)
2YoPd/Carulite2.l 57 48 (calcined 55O.degree. C) 4% Pd/Carulite 1.9 57 46 (calcined 550.de!ree. C.i
60/oPd/Carulite 2.3 59 53 (calcined 55O.degree. C.)

Example 7

A series of tests were conducted to evaluate a variety of catalyst compositions comprising a palladium
component to treat air containing0.25 ppm ozone. The air was at ambient conditions (23-.degee. C.;
0.6% water). The compositions were coated onto a 300 cell per inch ceramic (cordieriie) floiv through
honeycomb at loadings of about 2 g of washcoat per cubic inch of substrate. The coated monoliths
containing the various supported palladium catalysts were loaded into a 1" diameter stainless steel pipe,
and the air stream was passed perpendicular to the open face of the honeycomb at a space velocity if
630,000/h. Ozone concentration was measured inlet and outlet of the catalyst. One alumina support used
was SRS-II gamma alumina (purchased from Davison) characterizedas described in Example^f (surface
area approximately 300 m.sup .2 /9. Also used was a low surfac e areatheta alumina characierized by a
surface area of approximately 58 m.sup.2 lg andan average pore radius of about 80 Angstrom. E-160
alumina is a gamma alumina characterrzed by a surface area of about 180 m.sup.2 /g aiaan average pore
radius of about 47 Angstrom. Ceria used had a surface area about 120 m.sup .Zig andan average pore
radius of about 28 Angstrom. Also used was dealuminated Beta zeolite with a silica to alumina ratio of
approximately 250 to I and a surface area about 430 m.sup .2 /g. Carbon, a microporous wood carbon
chatacteized with a surface area of about 850 m.sup.2 /g, was also used as a support. Finally, atitania
purchased from Rhone-Poulenc (DT51 grade) and characteizedby a surfac" *u of approximately 15
I l0 m'sup.2 /gwas used as a support. Results are summarized,iniable V which includes the relative
weight percent of various catalyst components, the loading on the honeycomb, initial ozone conversion,
and conversion after 45 minutes.

TABLE V OZONE RESULTS - (300 cpsi Honeycomb, 630,000/h Space Velocity, 0.6%Water; ca.0.25
ppm ozone) LoADING CONVERSION CONVERSIoN CATALY-ST (g/in.sup'.3) (%) initial (%) 4s
Minutes I.W. 8% Pd/5% Mn/ 1.8 60 55 Al.sub.2 O.sub.3 I.W. 8% pUS%r-lttnt l-.g 64 60low Surface
Area Al.sub.2 O.sub.3 \o/oPd/Low Surface 1.9 56 44 AreaAl.sub.2 O.sub.3 B%pdlE-160 Al.sub.2
O.sub.3 2.2 61 57 4.6% Pd/CeO.sub.2 1.99 59 58 8% Pd/BETA 1.9 38 32 Zeolite (dealumin ated) 5o/o
Pd/C 0.5 63 61 8%PdlDT-S1 TiO.sub.2 t.8 39 20

Example 8

Following is a preparation of Carulite.RTM. slurry which includes vinyl acetate latex binder and is used
in coating radiators which results in excellent adhesion of the catalyst io an aluminum radiator.

1000 g of Carulite.RTM. 200, 1500 g of deionized water, and 50 g of acetic acid.(S%based on
Carulite.RTM.) were combined in a I gallon ball mill and milled for 4 hours to a particle size
90o/o.ltoreq.7 .mu.m. After draining the resulting slurry from the mill, 104 g(s%solids basis) ofNational
Starch Dur-o-Set E-646cross linking EvA copolymer (48%solids) *ur uid"d. Thorough biending of
the binder was achieved by rolling the slurry on a mill without milling media for several hours.



Following coating of this slurry onto a piece of aluminum substrate (e.g., radiator), excellent adhesion

(i.e., coatlng ro,ri-d not be wiped offl wis obtained after drying for 30 minutes at 3O.degree. C. Higher

iemperaturei of curing (up to 15O.degree. C.) can be utilized if desired'

Example 9

Carbon monoxide conversion was tested by coating a variety of titania supported platinum compositions

onto ceramic honeycombs as described in Lxampl e 6. Catalyst loadings were about 2 g/in.sup.3, and

testing was conducted using an air stream having l6 ppm carbon monoxide (dew point 35.degree. F.) at a

space"velocity of 315,000/h. The catalyst compositioni were reduced on the honeycomb using a forming

gas having 77o H.sub.2 ard93% N.sub .2 at3}}.degree. C. for 3 hours. Compositions conlaining

TiO.sub.2 included Z and3 weight percent platinum component on P25 titania; and2 and 3 weight

percent platinum component on UTSZ grade titania. DT51 grade titania was purchased from Rhone-

iroulenc and had a surface area of approximately 110 m.sup.2 lg.DT52 grade titania was a tungsten

containing titania purchased from Rhone-Poulenc and which had a surface area of approximately 2lA

m.sup.2 ti.pzs giade titania was purchased from Degussa and was characterized as having a particle size

orupp.o*i*atelf 1 .mu.m and a surface area of ca.45-50 m.sup.2 ig. Results are illustrated in FIG' 10.

Example 10

Example l0 relates to the evaluation of CO conversion for compositions containing alumina, ceria and

zeolite. The supports were characteized as described in Example 7. Compositions evaluated included 2

weight prr..rriilrtinum on low surface area theta alumina; 2 weight percent platinum and ceia;2

wei[nt percent platinum on SRS-II gamma alumina, and2weight percent platinum on Beta zeolite.

Results are illustrated in FIG. 11.

Example 11

CO conversion was measured v. temperature for compositions containing 2 weight percent platinum on

SRS-II gailrma alumina and on zSM:5 zeolite which were coated onto a 1993 Nissan Altima radiator as

recited I nxample 4 and tested using the same procedure to test CO as used in Example 4. Results are

illustrated in FIG. 9.

Example 12

0.659 g of a solution of amine solubilized platinum hydroxide solution having 17 .75 weight percent

platinrin (based on metallic platinum) was slowly added to 20 g of an I I .7 weight percent aqueous slurry

of a titania sol in a glass beaker and siirred with a magnetic stirrer. A one-inch diameter by one-inch long

400 cells per square"inch (cpsi) metal monolith cored sample was dipped into the slurry. Air was blown

over the coated monolith to clear the channels and the monolith was dried for three hours at l lO.degree.

C. At this time, the monolith was redipped into the slurry once again and the steps of air blowing the

channels and drying at l10.degree. C.-was repeated. The twice coated monolith was calcined at

3gg.degree. C. for foo hours. the uncoated metal monolith weighed 12.36 g. After the first dipping, it

weighe-d 14.069, after the first drying 12.6 g, after the second dipping 14.38 g and after calcination

weilrred 13.05 g indicating a totai*.lgt t gain of 0.69 g. The coated monolith had72 y'ft.sup.3 of
plati"num based-on the metal and is designited as72Pt/Ti. The catalyst was evaluated in an air stream

containing 20 ppm carbon monoxide at a gas flow rate of 36.6 liters per minute. After this initial

evaluation the catalyst core was reduced in a forming gas having 7'/ohydrogen and 93o/o nittogen at

3g0.degree. C. for i2 horr6 and the evaluation to treat an air stream containing 20 ppm carbon monoxide

was refeated. The reduced coated monolith as designatedasT2 PYTi/R. The above recited slurry was



then evaluated using a cored sample from a ceramic monolith having 400 cells per square inch (cpsi),

which was precoated with 40 g per cubic foot, of 5:l weight ratio of platinum to rhodium plus 2.0 g per
cubic inch of ES-160 (alumina) and the core had 11 cells by l0 cells by 0.75 inches long monolith and

designated as 33 Pt/7Rh/Al was dipped into the above recited slurry and air blown to clean the channels.

This monolith was dried at l10.degree. C. for three hours and calcined at 30O.degree. C. for two hours.

The catalyst substrate including the first platinum and rhodium layer weighed 2.19 g. After the first dip it
weighed 3.40 gand after calcination 2.38 g showing a total weight gain of 0.19 g which is equal to 0.90 g
per cubic inch of the platinum/titania slurry. The dipped ceramic core containedT4 per cubic foot of
platinum based on the platinum metal and designated as T4PtlTillPtlRh. Results are illustrated in FIG.
12.

Example 13

A platinum on titanium catalyst as described in the above referenced Example 12 has been used in an air
stream containing 4 ppm propane and 4 ppm propylene. In an air stream at a space velocity of 650,000
standard hourly space velocity. The platinum and titanium catalyst had72 g of platinum per cubic foot of
total catalyst and substrate used. It was evaluated on the ceramic honeycomb as recited in Example 13.

The measured results for propylene conversion were 16.70/o at 65.degree. C.; l9o/o at 70.degree. C.;
23.8% at75.degree. C.; 28.6% at 80.degree. C.; 35.7% at 85.degree. C.; 40.5o/o at 95.degree. C. and
47.6% at l05.degree. C.

Example 14

Example 14 is an illustration of a platinum component on atitania support. This Example illustrates the
excellent activity of platinum supported on titania for carbon monoxide and hydrocarbon oxidation. The
evaluation was carried out using a catalyst prepared from a colloidal titania sol to form a composition
comprising 5.0 weight percent platinum component based on the weight of the platinum metal and
titania. The platinum was added to titania in the form of amine solubilized platinum hydroxide solution.
It was added to colloidal titania slurry or into titania powders to prepare a platinum and titania containing
slurry. The slurry was coated onto a ceramic monolith having 400 cells per square inch (cpsi). Samples
had coating amounts varying from 0.8-1.0 g/in. The coated monoliths were calcined for 300.degree. C.
for 2 hours in the air and then reduced. The reduction was carried out at 30O.degree. C. in a gas

containing 7o/ohydrogen and 93o/onitrogen for l2 hours. The colloidal titania slurry contained l0%by
weight titania in an aqueous media. The titania had a nominal particle size of 2-5nm.

Carbon monoxide conversion was measured in an air stream containing 20 ppm CO. The flow rate of the
carbon monoxide in various experiments range from space velocities of 300,000 VHSV to 650,000
VHSV at a temperature between ambient to 1lO.degree. C. The air used was purified air from an air
cylinder and where humidity was added the air was passed through a water bath. Where humidity was
studied the relative humidity was varied from 0-100% humidity at room temperature (25.degree. C.). The
carbon monoxide containing air stream was passed through the ceramic monolith coated with the catalyst
compositions using a space velocity of 650,0001h.

FIG. l3 represents a study using air with 20 ppm CO having to measure carbon monoxide conversion v.
temperature comparing platinum supported on titania which has been reduced (PtlTi-R) at 3O0.degree. C.
using a reducing gas containingTo/o hydrogen and93o/o nitrogen for 12 hours as recited above with a non
reduced platinum supported on titania catalyst (PUTD coating. FIG. l3 illustrates a significant advantage
when using a reduced catalyst.

FIG. 14 illustrates a comparison of platinum on titania which has been reduced with varying supports



including platinum on tin oxide (Pt/Sn), platinum on zinc oxide (Ptlzn) and platinum on ceria (Pt/Ce) for
comparative sake. All of the samples were reduced at the above indicated conditions. The flow rate of
carbon monoxide in the air was 650,000 shsv. As can be seen, the reduced platinum on colloidal titania
had significantly higher conversion results than platinum on the various other support materials.

Hydrocarbon oxidation was measured using a 6 ppm propylene air mixture. The propylene air stream
was passed through the catalyst monolith at a space velocity of 300,000 vhsv at a temperature which
varied from room temperature to 1l0.degree. C. Propylene concentration was determined using a flame
ionized detector before and after the catalyst. The results are summarized in FIG. 15. The support used
was 5o/o by weight based on the weight of platinum metal and yttrium oxide Y.sub.2 O.sub.3. The
comparison was between reduced and non reduced catalyst. As shown in FIG. l5 reducing the catalyst
resulted in a significant improvement in propylene conversion.

The above recited platinum supported on titania catalyst was reduced in a forming gas containingTYo
hydrogen and93Yo nitrogen at 50O.degree. C. for I hour. The conversion of carbon monoxide was
evaluated in 0 percent relative humidity air at a flow rate of 500,000 vhsv. The evaluation was conducted
to determine if the reduction of the catalyst was reversible. Initially, the catalyst was evaluated for the
ability to convert carbon monoxide atZ2.degree. C. As shown in FIG. 16, the catalyst initially converted
about 53% of the carbon monoxide and dropped down to 30oh after approximately 200 minutes. At 200
minutes the air and carbon monoxide was heated to 50.degree. C. and carbon monoxide conversion
increased to 650/o. The catalyst was further heated to 100.degree. C. in air and carbon monoxide and held
at 100.degree. C. for one hour, and then cooled in air to room temperature (about 25.degree. C.). Initially,
the conversion dropped to about 30o/, in the period from about225-400 minutes. The evaluation was
continued at l00.degree. C. to 1200 minutes at which time conversion was measured at about 40%. A
parallel study was conducted at 5O.degree. C. At about 225 minttes the conversion was about 65oh. After
1200 minutes, the conversion actually rose to about 75%. This Example shows that reduction of the
catalyst permanently improves the catalysis activity.

Example 15

Example 15 is used to illustrate ozone conversion at room temperature for platinum andlor palladium
components supported on a manganese oxidelzirconia coprecipitate. This Example also shows a platinum
catalyst which catalyzes the conversion of ozone to oxygen and, at the same time, oxidize carbon
monoxide and hydrocarbons. Manganese oxidelzirconia mixed oxide powders were made having 1:l and
l:4 weight based on Mn andZr metals. The coprecipitate was made in accordance with the procedure
disclosed in U.S. Pat. No. 5,283,041referenced above. 3o/o and 6o/oPt on manganese/zirconia catalysts
(1:4 weight basis of Mn to Zr) were prepared as described in Example 4. SBA-150 gamma alumina (10%
based on the weight of the mixed oxide powder) was added as a binder in the form of a 40o/o water slurry
containing acetic acid (5Yo by weight of alumina powder) and milled to a particle size 90oh<10.mu.m.
The 6Yo weight percent Pd catalyst was prepared by impregnating manganese lzirconia frit (l : I weight
basis of Mn to Zr) to the point of incipient wetness with a water solution containing palladium tetraamine
acetate. After drying and then calcining the powder for two hours at 450.degree. C., the catalyst was
mixed in a ball mill with Nalco #1056 silica sol (10% by weight of catalyst powder) and enough water to
create a slurry of approximately 35% solids. The mixture was then milled until the particle size was
90%.1toreq.l0 .mu.m. Various samples were reduced using a forming gas having 7% H.sub.2 and93o/o

N.sub.2 at 3O0.degree. C. for 3 hours. Evaluations were conducted to determine the conversion of ozone
on coated radiator minicores from a 1993 Altima radiator which were approximately ll2 inchby 7i8 inch
by 1 inch deep. The evaluation was conducted at room temperature using a one-inch diameter stainless
steel pipe as described in Example 7 with house air (laboratory supplied air) at a 630,0001h space

velocity with an inlet ozone concentration of 0.25 ppm. Results are provided on Table VI.



TABLE VI SUMMARY OF FRESH ACTIVITY OZONE RESULTS - (39 cpsi Nissan Altima core,

630,000/h Space Velocity; 25.degree. C.;0.25 ppm ozone; House air - ca. 0.6% water) LOAD- CORE

ING CO-NVERSION CONVERSION NO. CATALYST (g/in.sup.3) (%) Initial (%) 45 Minutes I 3%

PtAvlnO.sub .2 I 0.1 70.7 65.8 ZrO.sub.2 (l:4) (calcined at 450.degree. C.) 2 3% Pt/MnO.sub.2 I 0.7 70.5

63.7 ZrO.sub.2 (1:4) (calcined at 450.degree. C.; reduced at 300.degree. C.) 3 6% Pt/MnO.sub.2 I 0.68

68.2 62.3 ZrO.stb.2 (l:4) (calcined at 450.degree . C.) 4 6o/,Pt/MnO.sub.2 I 0.66 66 55.8 ZrO.sub.2 (l:4)
(calcined 45O.degree. C.; reduced at 300.degree. C.) 5 6% Pd/Mno.stb.2 10.39 38.3 2l.l ZrO.sub.2 (1:l)
w.l}ohNalco 1056 6 MnO.sub.2 lZrO.yu;b.2 0.41 58.3 44.9 (l:1) w. l0% Nalco 10567 MnO.sub.2

lZrO.sub.2 0.37 55.8 41.2 (l:l) w. 10% Nalco 1056 8 3o/oPtlZrO.sub.2 I 0.79 27.4 l0 Sio.sub.2
(calcined 450.degree. C.) 9 3o/oPtlZrO.sub.2 I 0.76 54.2 30.1 SiO.sub.2 (calcined 450.degree. C. and

reduced at 3O0.degree. C.)

As can be seem from Table VI Cores I and 2 having only 3o/o platinum resulted in excellent ozone

conversion initially and after 45 minutes both for reduced and unreduced catalyst. Cores 3 and 4 having a

6Yo platiruxr. concentration also had excellent results but not quite as good as the 3o/o platinum results.

Cores 5-7 illustrate a variety of other support materials used which resulted in conversion of ozone. Core

5 had palladium on a manganese oxidelzirconia coprecipitate and resulted in lower than expected but still
significant ozone conversion. Cores 6 and 7 evaluations used the coprecipitate without precious metal

and also resulted in significant ozone conversions but here again not as good as when using platinum as a

catalyst. Core 8 was platinum on a zirconia/silica support which was calcined but not reduced and Core 9

was platinum on zirconia/silica support which was reduced- Both Cores 8 and 9 gave some conversion
but yet not as good as the conversion obtained with platinum on the coprecipitate.

In addition, carbon monoxide conversion was evaluated on 39 cpsi radiator minicores, as recited, for 3o/o

and 60/o platinum on manganese/zirconia supports. Reduced and unreduced samples were evaluated. For
illustrative purposes, platinum on zirconia/silica supports and platinum on Carulite.RTM. reduced and

unreduced are also presented. As can be seen from FIG. 17,the results of 3% reduced platinum on

manganeselziconia support were higher when compared to the other embodiments.

Example 16 (Comparative)

Ozone conversion was measured over an uncoated 1995 Ford Contour radiator at room temperature and

8O.degree. C.by blowing an air stream containing ozone (0.25 ppm) through the radiator channels at a l0
mph linear velocity (630,000/h space velocity) and then measuring the concentration of ozone exiting the

back face of the radiator. The air stream had a dew point of approximately 35.degree. F. Heated coolant
was not circulated through the radiator, but the air stream was heated as necessary with heating tape to
achieve the desired radiator temperature. Additional testing was completed with an uncoated 0.75"
(L)x0.5" (W)xI.0" (D) Ford Taurus radiator "mini-core" in a l" diameter stainless steel pipe as described
in Example 7. The air stream was heated with heating tape to achieve the desired radiator temperature.

For both tests, no decomposition of ozone was observed up to l20.degree. C.

Example 17

Ozone conversion was measured at various temperatures for a reduced 3%PtlTio.sub.2 catalyst in the

absence and in the presence of 15 ppm CO. Degussa P25 grade titania was used as the support and was

charactenzed as having a particle size of approximately I .mu.m and a surface area of ca. 45-50 m.sup.2

/g. The catalyst was coated onto a 300 cpsi ceramic (cordierite) honeycomb and was reduced on the

honeycomb using a forming gas having 7% H.sub.2 and 93% N.sub.2 at30}.degree. C. for 3 hours.
Testing was accomplished as described previously in Example 7. The air stream (35.degree. F. dewpoint)



was heated with heatingtape to achieve the desired temperature. As can be seen in FIG. 18, an
approximate 5o/o enhancement in absolute ozone conversion was observed from 25 to SO.degree. C. The
presence of CO improves the conversion of ozone.

Example 18

100 g of Versal GL alumina obtained from LaRoche Industries Inc. was impregnated with about 28 g of
Pt amine hydroxide (Pt(A)salt) diluted in water to about 80 g of solution. 5 g of acetic acid was added to
fix the Pt onto the alumina surface. After mixing for half hour, the Pt impregnated catalyst was made into
a slurry by adding water to make about 40% solids. The slurry was ballmilled for 2 hours. The particle
size was measured tobe90o/o less than l0 microns. The catalyst was coated onto a 1.5" diameterby 1.0"
length 400 cpsi ceramic substrate to give a washcoat loading after drying of about 0.65 g/in.sup.3. The
catalyst was then dried at lO0.degree. C. and calcined at 550.degree. C. for 2 hours. This catalyst was
tested for C.sub.3 H.sub.6 oxidation at temperatures between 60 and lO0.degree. C. in dry air as
described in Example 21.

Some of calcined PVAl.sub.2 O.sub.3 sample described above was also reduced inTo/oH2/N2 at
4O0.degree. C. for I hour. The reduction step was carried out by ramping the catalyst temperature from
25 to 40O.degree . C. at aH2lNZ gas flow rate of 500 cclmin. The ramp temperature was about 5.degree.
C./min. The catalyst was cooled down to room temperature and the catalyst was tested for C.sub.3
H.sub.6 oxidation as described in Example2l.

Example 19

6.8 g of ammonium tungstate was dissolved in 30 cc of water and the pH adjusted to 10 and the solution
impregnated onto 50 g of Versal GL alumina (LaRoche Industries Inc.). The material was dried at
lO0.degree. C. and calcined for 2 hours at 550.degree. C. The approximately l\%by metal weight of W
on Al.sub.2 O.sub.3 was cooled to room temperature and impregnated with 13.7 gof Pt amine hydroxide
(183%Pt).2.5 g of acetic acid was added and mixed well. The catalyst was then made into a slurry
containing 35% solid by adding water. The slurry was then coated over a 400 cpsi, 1.5"-1.0" diameter
ceramic substrate resulting, after drying, in having a catalyst washcoat loading of 0.79 g/in.sup.3. The
coated catalyst was then dried and calcined at 550.degree. C. for 2 hours. The catalyst was tested calcined
in C.sub.3 H.sub.6 and dry air in the temperature range 60 to l00.degree. C.

Example 20

6.8 g of perrhenic acid(36% Re in solution) was further diluted in water to make l0 g percent perrhenic
acid solution. The solution was impregnated onto 25 g of Versal GL alumina. The impregnated alumina
was dried and the powder calcined at 55O.degree. C. for 2 hours. The impregnated 10 weight percent
based metal of Re on Al.sub.2 O.sub.3 powder was then further impregnated with 6.85 g of Pt amine
hydroxide solution (Pt metal in solution was 18.3%). 5 g of acetic acid was added and mixed for a half
hour. A slurry was made by adding water to make 28Yo solid. The slurry was ballmilled for 2 hours and
coated onto 1.5" diameter x 1.0" length 400 cpsi ceramic substrate to give a catalyst washcoat loading of
0.51 g/in.sup.3 after drying. The catalyst coated substrate was dried at l0O.degree. C. and calcined at
550.degree. C. for 2 hours. The catalyst was tested in the calcined form using 60 ppm C.sub.3 H.sub.6
and dry air in the temperature range of 60 to l00.degree. C.

Example 21

The catalyst.of Examples 18, l9 and 20 were tested in a microreactor. The size of the catalyst samples



was 0.5" diameter and 0.4" length. The feed was composed of 60 ppm C.sub.3 H.sub.6 in dry air in the

temperature range of 25 to l00.degree. C. The C.sub.3 H.sub.6 was measured at 60, 70, 80, 90 and

lO0.degree. C. at steady sate condition. Results are summarized in Table VII.

TABLE VII SUMMARY RESULTS OF C3H6 CONVERSION Catalyst Name PV Pt/Al.sub.2 O.sub.3

rc%WlPtfl}%Ptel o/o C3H6 Pt/Al.sub.2 O.sub.3 Calcined Al.sub.2 O.sub.3 Al.sub.2 O.sub.3
Conversion Calcined and reduced Calcined Calcined @ (Ex.l8) (Ex. 18) (Ex. 19) (Ex. 20) 60.degree. C.

0 10 9 11 70.degree. C. 7 22 17 27 8}.degree. C. 20 5A 39 45 90.degree. C. 38 7A 65 64 100.degree. C.

60 83 82 83

It is clear from the Table that addition of W or Re oxide has enhanced the activity of the Pt/Al.sub.2
O.sub.3 in the calcined form. The C.sub.3 H.sub.6 conversion of the calcined PVAl.sub.2 O.sub.3 was
enhanced significantly when catalyst was reduced at 4O0.degree. C. for I hour. The enhanced activity
was also observed for the calcined catalyst by incorporation of W or Re oxides.

Example 22

This is an example of preparing high surface area cryptomelane using MnSO.sub.4.

Molar ratios: KMnO.sub.4 : MnSO.sub.4 : acetic acid were l:1.43:5.72

Molarities of Mn in solutions prior to mixing were:

0.44 M KmnO.sub.4

0.50 M MnSO.sub.4

FW KMnO.sub.4 :l 58.04 g/mol

FW MnSo.sub.4.H.sub.2 0:769.0 I g/mol

FW C.sub.2 H.sub.4 O.sub.2:60.0 g/mol

The following steps were conducted: 1. Made a solution of 3.50 moles (553 grams) of KMnO.sub.4 in
8.05 L of D.I. water and heated to 68.degree. C. 2.Made 10.5 L of 2N acetic acid by using 1260 grams of
glacial acetic acid and diluting to 10.5 L with D.I. water. Density of this solution is 1.01 gltnL.3.
Weighed out 5.00 moles (846 grams) of manganous sulfate hydrate (MnSO.sub.4.H.sub.2 O) and
dissolved in 10,115 g of the above 2N acetic acid solution and heated to 4O.degree. C. 4. Added the
solution from 3. to the solution from l. over l5 minutes while continuously stirring. After addition was
complete, began heating the slurry according to the following heat-up rate:

l:06pm 69.4.degree. C. l:07 pm 7l.2.degree. C. 1:11 pm 74.5.degree. C. 1:15 pm 77.3.degree. C. l:18
pm SO.2.degree. C.l:23 pm 83.9.degree. C.l:25 pm 86.7.degree. C.l:28 pm 88.9.degree. C. 5. At 1:28
pm approximately 100 mL of slurry was removed from the vessel and promptly filtered on a BUchner
funnel, washed with? L of D.I. water; and then dried in an oven at l0O.degree. C. The sample was
determined to have a BET Multi-Point surface area of 259 m.sup.2 /g.

Example 23

This is an example of preparing high surface area cryptomelane using Mn(CH.sub.3 COO).sub.2.



Molar ratios: KMnO.sub.4 : Mn(CH.sub.3 CO.sub.2).sub.2 : acetic acid were l:1.43:5.72

FW KMnO.sub.4:158.04 g/mol Aldrich Lot #08824MG

FW Mn(CH.sub.3 CO.sub.2).sub.2.H.sub .2 0:245.A9 g/mol Aldrich Lot#08722HG

FW C.sub.2 H.sub.4 O.sub.2:60.0 g/mol 1. Made a solution of 2.0 moles (316 grams) of KMnO.sub.4 in

4.6L of D.I. water and heated to 60.degree. C. by heating on hot plates. 2.Made up 6.0 of 2N acetic acid

by using 720 gramsof glacial acetic acid and diluting to 6.0 L with D.I. water. Density of this solution is

t.Ot glmt. 3. Weighed out 2.86 moles (700 grams) of manganese (II) acetate tetrahydrate [Mn(CH.sub.3
CO.sub.2).stb.Z.4H2Ol and dissolved in 5780 g of the above 2N acetic acid solution (in the reactor

vessel). Heated to 60.degree. C. in the reactor vessel. 4. Added the solution from l. to the solution from

3. while maintaining the slurry at 62-63.degree. C. After complete addition, gently heated the slurry

according to the following:

82.0.degree. C. at 3:58 pm

86.5.degree. C. at 4:02 pm

87.0.degree. C. at 4:06 pm

87.1.degree. C. at 4:08 pm

shut off heat then quenched the slurry by pumping 10 L of D.I. water into the vessel. This cooled the

slurry to 53.degree. C. at 4:13 pm. The slurry was filtered on Buchner funnels. The resulting filter cakes

were reslurried in 12L of D.I. water then stirred overnight in a 5 gallon bucket using a mechanical

stirrer. The washed product was refiltered in the morning then dried in an oven at lOO.degree. C. The

sample was determined to have a BET Multi-Point surface area of 296 m.sup.2 /g. The resulting

cryptomelane is characterrzed by the XRD pattern of FIG. 20.\t is expected to have an IR spectrum

similar to that shown in FIG. 19.

Example 24

Following is a description of the ozone testing method for determining percent ozone decomposition

used in this Example. A test apparatus comprising an ozone generator, gas flow control equipment, water

bubbler, chilled mirror dew point hygrometer, and ozone detector was used to measure the percent ozone

destroyed by catalyst samples. Ozone was generated in situ utilizing the ozone generator in a flowing gas

stream comprised of air and water vapor. The ozone concentration was measured using the ozone

detector and the water content was determined utilizing the dew point hygrometer. Samples were tested

as 25.degree. C. using inlet ozone concentrations of 4.5 to 7 parts per million (ppm) in a gas stream

flowing at approximately 1.5 L/minute with a dew point between 15.degree. C. and lT.degree- C.

Samples were tested as particles sized to -251+45 mesh held between glass wool plugs in a ll4" I-D.
Pyrex.RTM. glass tube. Tested samples filled a I cm portion of the glass tube.

Sample testing generally required between 2 to 16 hours to achieve a steady state of conversion. Samples

typiCaly gaveclose to 100% conversion when testing began and slowly decreased to a "leveled off'
conversation that remained steady for extended periods of time (48 hours). After a steady state was

obtained, conversions were calculated from the equation: o/o ozorte conversion:[(l-(ozone concentration

after passing over catalyst)/(ozone concentration before passing over catalyst)]*100.



Ozone destruction testing on the sample of Example 22 showed 58% conversron.

Ozone destruction testing on the sample of Example 23 showedS5o/o conversion.

Example 25

This example is intended to illustrate that the method of Example 23 generated "clean" high surface area
cryptomelane for which the ozone destruction perfbrmance was not further enhanced by calcination and
washing, A20 gramportion of the sample represented by Example 23 was calcined in air at 200.degree.
C. for I hour, cooled to room temperature, then washed at l0O.degree. C. in 200 mL of D.I. water by
stirring the slurry for 30 minutes. The resulting product was filtered and dried at l00.degree. C. in an
oven. The sample was determined to have BET Multi-Point surface area of 265 m.sup.2 lg. Ozone
destruction testing on the sample showed 85oZ conversion. A comparison to the testing of the sample of
Example 23 demonstrated that no benefit in ozone conversion was realized from the washing and
calcination of the sample of Example 23.

Example 26

Samples of high surface area cryptomelane were obtained from commercial suppliers and modified by
calcination and/or washing. As received and modified powders were tested for ozone decomposition
performance according to the method of Example 24 and characteized by powder X-ray diffraction,
infrared spectroscopy, and BET surface area measurements by nitrogen adsorption.

Example 26a

A commercially supplied sample of high surface area cryptomelane (Chemetals, Inc., Baltimore, Md.)
was washed for 30 minutes in D.I. water at 60.degree. C., filtered, rinsed, and oven-dried at l00.degree.
C. Ozone conversion of the as received sample was 64Yo compared to 79Yo for the washed material.
Washing did not change the surface area or crystal structure of this material (223 msup.2 lg
cryptomelane) as determined by nitrogen adsorption and powder X-ray diffraction measurements,
respectively. However, infrared spectroscopy showed the disappearance of peaks at 7220 and 1320
wavenumbers in the spectrum of the washed sample indicating the removal of sulfate group anions.

Example 26b

Commercially supplied samples of high surface area cryptomelane (Chemetals, Inc., Baltimore, Md.)
were calcined at 3O0.degree. C. for 4 hours and 400.degree. C. for 8 hours. Ozone conversion of the as
received material was 44o/o compared to 7l%o for the 300.degree. C. calcined sample atd75o/o for the
400.degree. C. calcined sample. Calcination did not significantly change the surface area or crystal
structure of the 300.degree. C. or 40O.degree. C. samples (334 m.sup.2 /g cryptomelane). A trace of
Mn.sub.2 O.sub.3 was detected in the 400.degree. C. sample. Calcination causes dehydroxylation of
these samples. Infrared spectroscopy show a decrease in the intensity of the band betw een 2700 and 3700
wavenumbers assigned to surface hydroxyl groups.

Example 27

The addition Pd black (containing Pd metal and oxide) to high surface area cryptomelane is found to
significantly enhance ozone decomposition perfoflnance. Samples were prepared comprising Pd black
powder physically mixed with powders of (1) a commercially obtained cryptomelane (the 3O0.degree. C.



calcined sample described in Example 26b) md (2) the high surface area cryptomelane synthesized in
Example 23 calcined at 200.degree. C. for I hour. The samples were prepared by mixing, in a dry state,
powder of Pd black and cryptomelane in a l:4 proportion by weight. The dry mixture was shaken until
homogeneous in color. An amount of D.I. water was added to the mixture in a beaker to yield 204A%
solids content, thus forming a suspension. Aggregates in the suspension were broken up mechanically
with a stirring rod. The suspension was sonicated in a Bransonic.RTM. Model 5210 ultrasonic cleaner for
l0 minutes and then oven dried at 120-l4}.degree. C. for approximately 8 hours.

The ozone conversion for the commercially obtained cryptomelane calcined at 30O.degree. C. was 7lo/o

as measured on the powder reactor (Example 26b). A sample of this product was mixed with 20 weight
percent Pd black yielded 88% conversion.

The cryptomelane sample prepared as in Example 23 calcined at 2OO.degree. C. had 85olo conversion.
Performance improvedto 97Yo with 20 weight percent Pd black added.

Example 28

1500 g of high surface area manganese dioxide (cryptomelane purchased from Chemetals) and 2250 gof
deionized water were combined in a one gallon ball mill and milled for 1.5 hours to a particle size

90%.1toreq.7 .mu.m. After draining the resulting slurry from the mill into a separate I gallon container,
sufficient KOH (20% solution in DI water) was added to raise the pH to ca. 9.5- Additional KOH was
added over the next several days to maintain a pH of 9.5. Subsequently,294 g (10% solids basis) of
National Starch x-4280 acrylic latex polymer (51oh solids) was added. Thorough blending of the binder
was achieved by rolling the container containing the slurry on a two roll mill. The container contained no
milling media such as ceramic milling balls. Slurry made according to this process was coated onto a
variety of substrates and exhibited excellent adhesion. Such substates included a porous monolithic
support (eg. ceramic honeycomb) onto which the coating was applied by dipping the honeycomb into the

slurry. The slurry was also spray coated onto an aluminum radiator. It was also dip coated on to small
radiator minicores of the type recited above. Additionally, polyfiber filter media of the type used to filter
air was coated by dipping or spraying. Typically, the samples were coated with loadings which could
vary from 0.15 to 1.5 grams per cubic inch. The samples were air dried at 30.degree. C. until dry,
typically for at least two hours. Excellent catalyst adhesion was attained in each case (i.e. coating could
not be wiped off). Higher temperatures of drying (up to 150.degree. C.) can be utilized if desired. The

latex cures during drying.

Example 29

To 96.56 g of the ball milled catalyst slurry obtained in Example 28 (before KOH addition) was added

3.20 g (3% solids basis) of Rhone-Poulenc Colloid 226 polymeric dispersant. After rolling the mixture on
a roll mill for several hours, 7 .31 g (10% solids basis) of National Starch x-4280 acrylic latex polymer
(51% solids) was added. As in Example 28, thorough blending of the binder was achieved by rolling the
container containing the slurry on a two roll mill. The container contained no milling media such as

ceramic milling balls. Slurry made according to this process was coated onto a variety of substrates and

exhibited excellent adhesion. Such substates included a porous monolithic support (eg. ceramic
honeycomb) onto which the coating was applied by dipping the honeycomb into the slurry. The slurry
was also dip coated on to small radiator minicores of the type recited above. Typically, the samples were
coated with loadings which could vary from 0.15 to 1.5 grams per cubic inch. The samples were air dried
at 30.degree. C. until dry, typically for at least two hours. Excellent catalyst adhesion was attained in
each case (i.e. coating could not be wiped off). Higher temperatures of drying (up to l50.degree. C.) can

be utilized if desired. The latex cures during drying.



Example 30

8.9 grams of D.I. water was added to l.l grams of TiO2 nano powder in a beaker. An ammonialwater
concentrate was added to adjust the pH to 9.5. A solution of amine solubilized platinum hydroxide
having 17 .75 weight percent platinum (based on metallic platinum) was slowly added, with mixing to
obtain 5%by weight of platinum on titania. Then a solution of palladium nitrate containing 2A%by
weight based on palladium metal was added, with mixing to obtain 14.3% palladium on the titania. A
one-inch diameter by one-inch long 400 cells per square inch (cpsi) metal monolith cored sample was
dipped into the slurry. Air was blown over the coated monolith to clear the channels and the monolith
was dried for three hours at 1l0.degree. C. At this time, the monolith was redipped into the slurry once
again and the steps of air blowing the channels and drying at I lO.degree. C. was repeated. The twice
coated monolith was calcined at 300.degree. C. for two hours. After this initial evaluation the catalyst
core was reduced in a forming gas having TYohydrogen and 93o/o nitrogen at 3O0.degree. C. for l2 hours.
The catalyst was evaluated in an air stream containing 20 ppm carbon monoxide and20 ppm of
hydrocarbons based on C.sub.l. The hydrocarbons were evaluated in the presence of the 20 ppm CO.
The hydrocarbons evaluated were ethylene C.sub.2:;propylene C.sub.3 :; and pentene C.sub.5 :at a
gas flow rate of 36.6 liters per minute which corresponds to 300,000 standard hourly space velocity
(SHSV). The air stream was at 30Yorelative humidity (RH).Results are illustrated in FIG. 21.
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January 29,20L6

Marty Gray, Major NSR Section Manager
Utah Division of Air Quality
195 North 1950 West
P.O. Box 1,44820

Salt Lake City, Utah 8411.4-4920
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DIVISIOIi OF AIR QUALITY

HAND DELIVERED

TESORO
Tesoro Refining and Marketing Company
Mountain Region
474Wes|900 North
Salt Lake City, UT U103-1494
801 521 4810
801 521 4952Fax

Dear Mr. Gray:

On November \O,20L5, Tesoro Refining & Marketing Company LLC (Tesoro) submitted a Notice of
lntent (NOl) application for installation of Ultra-Low NOx Burners on the Ultraformer Unit (UFU) F-1
Furnace at the Salt Lake City Refinery. The NOI was for the purpose of achieving the NOx reduction from
the F-1 Furnace required by the PM2.5 SlP. Since the time the original application was submitted, Tesoro
has determined that the projected annualfiring rate of the burners will be higherthan anticipated in the
original submittal. This results in a very small increase in particulate and VOC emissions. An updated
version of Table 3-3 of the original application is presented below to reflect the change in emissions due
to the updated projected actualfiring rate of the F-i. Furnace. Attachment B (Emission calculations)has
also been updated and is included as an attachmentto this letter.

Table 3-3. Project Actual Emission Increase Summary

* For the regulatory applicability purposes of this table, a zero emission increase is sr,o*n; f,o*er"r, this prolect
will result in an estimated decrease in actual Nox emissions of 13 ton/yr.

As described in Section 3.0 of the initialapplication, the project is not a major modification and is not
subject to the PSD program. The updated projected firing rate does not change the pSD applicability of
the project.

Section 4-4.2 of the initial application describes applicability of best available control technology (BACT).
A BACT review is required for new emission units and existing emission units where there is a physical
modification and an increase in emissions. As a result of the updated projected actualfiring rate, as
shown in the table above, there willbe a slight increase in emissions of pM/pMrs/pMz.s,and VOCfrom
the UFU Furnace F-1. A BACT evaluation has been prepared in accordance with R3O7-401-5(d) and is
attached to this letter. For PM/PM1o/PMr.s, BACT is determined to be good combustion practices and

Emissions Unit

Nox Soz CO PM PMro PMz.s voc H2SO4

tpy tpv tpy tpv tpy tpy tpy tpy
UFU Furnace F-1 0.00* 0.00 0.00 0.40 0.40 0.40 0.29 0.00

Cogeneration Units 0.72 0.2s 0.78 0.10 0.10 0.10 0.05 0.00

New Process Components 0.00 0.00 0.00 0.00 0.00 0.00 2.42 0.00

Total Project Emission Increase 0.72 0.25 0.78 0.50 0.50 0.50 2.76 0.00



use of gaseous fuel. For VOC, BACT is determined to be good combustion practice and proper
equipment design, which is the industry standard for control of voC emissions from refinery process
heaters.

This update to the Nol application does not change the result of any applicable rules or requirements as
described in the original NOI application.

Please contact me at 801-52L-4966 or Michelle Bujdoso at 801-366-2035 if you need more information
or have questions.

Sincerely,

William Snarr
Health Safety and Environmental Manager

Enclosures
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Best Available Control Technology Review

Prepared for
Tesoro Refining and Marketing Company

Salt Lake City Refinery
Salt Lake Gity, UT

January 2016
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1.0 Executive Summa

Tesoro Refining & Marketing Company LLC's (Tesoro's) Salt Lake City (SLC) Refinery is

proposing to install Ultra Low NOl burners (ULNB) on the Ultraformer Unit (UFU) Fumace F-l.
The Project will replace the existing burners in the UFU Furnace F-l with ULNB and is being

undertaken primarily to meet the PM2 5 SIP requirements. The Project will result in an estimated

actual reduction in NOx emissions of 13 tons/yr. Further, the Project will not result in a significant

emission increase or significant net emission increase in air emissions of any regulated New Source

Review (NSR) pollutant from the refinery; therefore, the Project is not subject to federal NSR

requirements as provided in Utah's State Implementation Plan (SIP). However, Utah Administrative

Code, Air Quality Rule R307-a01-3(c) requires submittal of a Notice of Intent (NOD to "install a

control apparatus or other equipment intended to control emissions of air contaminants."

Additionally under R307-401-5(d), the NOI must include, "an analysis of best available control

technology for the proposed source or modification" for any unit that will be both physically

modified and experience an increase in emissions as a result of the project. Accordingly, Tesoro

is submitting this Best Available Control Technology (BACT) analysis for the UFU, which will
experience a small increase in emissions of particulate matter and volatile organic compounds as a

result of the installation of the ULNB on the UFU. This BACT analysis follows the following

approach:

Step 1 - Identify All Available Control Technologies

Step 2 - Eliminate Technically Infeasible Options

Step 3 - Rank Remaining control Technologies by control Effectiveness

Step 4 - Evaluate Most Effective Control Technologies and Document Results

Step5-SelectBACT

a

a



2.0 BACT Methodology

As presented in R307-401-2 (d):

""Best available control technologt" means an emissions limitation (inctuding a visible emissions

standard) based on the maximum degree of reduction for each air contaminant which would be

emitted from any proposed stationary source or modification which the director, on a case-by-case

basis, taking into account energt, environmental, and economic impacts and other costs, determines

is achievable for such soLtrce or modification through application of production processes or
available methods, systems, and techniques, includingfuel cleaning or treatment or innovativefuel

combustion techniquesfor control ofsuch pollutant. In no event shall application ofbest available

control technologlt result in emissions of any pollutant which would exceed the emissions allowed by

any applicable standard under 40 CFR parts 60 and 61. If the director determines that technological

or economic limitations on the application of measurement methodologlt to a particular emissions

unit would make the imposition of an emissions standard infeasible, a design, equipment, work
practice, operational standard or combination thereof, may be prescribed instead to satisfy the

requirement for the application of best available control technology. Such standard shatl, to the

degree possible, setforth the emissions reduction achievable by implementation of such design,

equipment, work practice or operation, and shall provide for compliance by means which achieve

equivalent results."

For purposes of this analysis, the proposed BACT emissions limits have been selected using the

approach set forth above.

Step I - Identify all Control Technologies

All available control technologies are identified. A control technology is considered available for a
specific pollutant if it could practically be applied to the specific emission unit. To identify all
available control technologies, the following sources were consulted:

EPA's RACT/BACT/LAER Clearinghouse (RBLC);

EPA's Clean Air Technology Center (CATC) website;

Control Technology Vendors; and/ or

Other EPA/State air quality permits.

a

o

a

a



Step 2 - Eliminate Technically Infeasible Options

Each control technology identified in Step 1 is evaluated, using source-specific factors, to determine

if it is technically feasible. If physical, chemical and engineering principles demonstrate that a

technology could not be successfully used on the emission unit, then that technology is determined to

be technically infeasible. Economics are not considered in the determination of technical feasibility.
Technologies that are determined to be infeasible are eliminated from further consideration.

Step 3 - Rank Remaining Control Technologies by Control Effectiveness

All technically feasible technologies are ranked in order of overall control effectiveness. Rankings

are based on the level of emission control expressed as emissions per unit of production, emissions

per unit of energy used, control efficiency, or a similar measure. The control effectiveness listed will
be representative of the level of emission control which can be achieved by the control technology at

the operating conditions of the emission unit being reviewed. Controls are listed in order of overall
control effectiveness for the pollutant under review, with the most effective control alternative at the
top.

Step 4 - Evaluate Most Effective Control Technologies and Document Result

The economic, environmental, and energy impacts of each technically feasible control technology are

evaluated. Step 4 is only required if the most effective control technology is not proposed as BACT.

Step5-SelectBACT

The most effective option not rejected is BACT. Per R307-401-2(d),if technological or economic

limitations on the application of measurement methodology to a particular emissions unit would make the
imposition of an emissions standard infeasible, a design, equipment, work practice, operational standard,

or combination thereof, may be prescribed instead to satisfy the requirement for the application of BACT.



3.0 BACT for Modified UFU Furnace F-1

3.1 UFU Furnace F-1 PM/PM1g/pM2.5 Emissions
Particulate matter including PM less than 10 microns in diameter (PM,o) and pM less than 2.5

microns in diameter (PMz.s) has the potential to be emitted from UFU Furnace F-1 as a result of
incomplete combustion, particulate matter present in the combustion air, and solid and condensable

materials contained in gaseous fuels. The existing UFU Furnace F-1 uses refinery fuel gas. This
BACT report consolidates the BACT analysis for PM, PM1s, and PM2.5 because particulate matter
from gaseous fuel firing can all be considered to be fine particulate less than 1.0 micron in size.r

3.1.1 Step 1 - ldentify All Available Control Technotogies for pM/pMl,/pMz.s
Emissions

Potentially available control options for PM/PMr0/PM2.5 emissions from combustion at UFU Furnace
F-l are shown in the table below:

Table 3-1 PM/PM10/PM2.5 Emission Gontrol options for uFU Furnace F-1

Add-On Control
Technologies

Add-on particulate control technologies, such as a baghouse or electrostatic
precipitator (ESP), are control technologies that reduce primarily filterable
particulate emissions entrained in the exhaust gas stream.

Clean Fuels
Both refinery fuel gas and natural gas contain very low concentrations of ash
and other forms of particulate matter, thus the use of the gaseous fuel
minimizes PM/PMr9/PM2 5 emissions.

Good Combustion
Practices

Good combustion practices are preventative measures that minimi ze the
release of pollutants generated from incomplete combustion of fuels into the
environment. Good combustion practices may include the proper design and
maintenance of equipment, good housekeeping, and good opeiating practices

3.1-2 Step 2 - Technical Feasibility of PM/PMro/PMz.s Controt Options as
Applied to UFU Furnace F-1

The use ofadd-on control technologies, such as a baghouse, electrostatic precipitator, or wet
scrubber, can provide particulate matter control for solid and liquid fuel combustion applications by
removing filterable PM. However, these add-on control technologies are not effective for gaseous

I AP 42,Chapter 1.4 Table 1.4-2,ht@:l/www3.epa.govlttn/cfueflap42/ch0l/finaVc0lsO4.pdf



fuel post-combustion emissions control due to the very low filterable pM outlet concentrations and
the capture limitations of the control technologies.

EPA's emissions factor information for natural gas combustion provide d, in ,\p-42,lists the filterable
particulate matter concentration for natural gas combustion at 0.0015 grldscf exhaust, which is lower
than the post-combustion outlet range achievable with add-on control devices. Additionally, it is
expected that the particulate emission rates for refinery fuel gas combustion are consistent with the
natural gas factors from AP-42 and also are below the post-combustion outlet range achievable with
add-on control devices. Accordingly, add, on controls are not proposed because they will not reduce
emissions for this source fired by refinery fuel gas.

It is Tesoro's understanding that no add-on control technologies for particulate emissions have been
applied to reduce particulate emissions from a gas-fired refinery process heater. Additionally, there
were no applications of add-on particulate control technologies for gas fuel gas fired process heaters
identified in the RBLC or any of the other references reviewed as part of this BACT analysis, as

listed in Section 1.0 above. This is most likely because gaseous fuels have almost no inert materials
or ash, and therefore, the "uncontrolled" filterable particulate emissions from the combustion of these
gaseous fuels is as low (or lower) than a controlled filterable particulate emission rate from a solid or
liquid fuel combustion source that uses an air pollution control technology such as a baghouse.

Consequently, there is no add-on control technology that is technically feasible for controlling
PM/PMlo/ PM2-5 emissions at UFU Furnace F-1. Adherence to good combustion practices with the
use of refinery fuel gas are the only technically feasible control options for control of particulate
emissions.

3'1'3 Step 3 - Rank Effectiveness of Feasibte PM/PMro/pMz.s Gontrol options
Tesoro will combine good combustion practices with the use of refinery fuel gas as clean fuels
because those options are the only technically feasible PM/PM16 /pM2.5control options for UFU
Furnace F-1. Ranking of the control measures is not necessary because both can be used in
combination.

3'1'4 Step 4 - Evaluation of Most Effective PM/PM1o/PMz.s Contro! options
Tesoro has selected the only technically feasible, and thus the top ranked, control options. There are
no adverse energy, environmental, or economic impacts associated with implementing good
combustion practices or with the use of refinery fuel gas at UFU Furnace F_l.



3.1.5 Step 5 - PM/PMro/pMz.s BACT Selection
Good combustion practices in conjunction with the use of refinery fuel gas is the proposed BACT for
particulate emissions from UFU Furnace F-1. Total particulate emissions, including pM, pMls and
PMz.s, from UFU Furnace F-1 have been estimated using the AP-42 emission factor of 0.0075
lb/MMBtu for natural gas combustion, which is a representative estimate of the pM/pMr0/pM2 

5

emissions that may result from refinery fuel gas combustion.Per AP-42 all pM (total, condensable,
and filterable) that results from gaseous fuel combustion can be considered to be less than 1.0

micrometer in diameter; therefore the PM emission factor can be used to estimate pM, pMls and
PMz.s. To ensure continued operation applying good combustion techniques, Tesoro will conduct
heater tune-ups in accordance with 40 C.F.R. Part 63, Subpart DDDDD. Actions taken during each
tune up will follow the schedule required for this unit under NESHAP Subpart DDDDD.

3.2 UFU Furnace F-1 VOC Emissions
VoC is emitted from UFU Furnace F-1 as a result of incomplete combustion of hydrocarbons. VoC
formation is dependent on the efficiency of the process heaters. Emissions are result of low operating
temperature, insufficient residence time, inadequate mixin g, andlor low air-to-fuel ratio in the
combustion zone. Additionally, trace amounts of VOC species in the refinery fuel gas (e.g.,
formaldehyde and benzene) may also contribute to VOC emissions if they are not completely
combusted in the unit.

3'2.1 Step 1 - ldentify All Avaitable Control Technologies for Voc Emissions
Potentially available control options for VOC emissions from UFU Furnace F-1 are shown in the
table below:

Table 3-2 VOC Emission Contro! Options

Catalytic Oxidation

Catallic oxidation of VOC gases requires a catalyst bed located in the exhaust of the
unit being controlled where vocs are converted to co2 and water vapor in the
presence of excess air in the combustion exhaust stream. For gaseous fired
combustion units reduction efficiency can reach up to 50%. The optimal range for
oxidation catalysts is approximately g50 to 1,100 .F.

Proper Burner Design
and Good Combustion
Practices

Good design includes process and m"chu
inherently lower pollutitg or are designed to minimize emissiJns and achieve good
combustion efficiency. Good combustion practice includes operational and des-ign
elements to control the amount and distribution of excess airln the flue gas. This
ensures that there is enough oxygen present for complete combustion. If sufficient
combustion air supply, temperature, residence time, and mixing are incorporated in
the combustion design and operation, voc emissions are minitized.



3-2.2 Step 2 - Technical Feasibility of VOC Control Options as Applied to UFU
Furnace F-1

The technical feasibility of potential control options for VOC emissions are summar ized inthe below
table.

Table 3-3 Technical Feasibility of VOG Controt Options for UFU Furnace F-1

Catalytic Oxidation No
Proper Burner Design and Good Combustion
Practices Yes

Tesoro contacted vendors regarding VOC removal by catalytic oxidation. Vendors have indicated
that saturated hydrocarbon removal can only be achieved at temperatures above 800"F, which will be

above the normal operating range of the process heater, making catalytic oxidation infeasible for
VOC control.

3.2.3 step 3 - Effectiveness of Feasible voc controt options
Proper burner design and good combustion practices is the only technically feasible VOC control
option at UFU Furnace F-l and is therefore the top ranked control.

3.2.4 step 4 - Evaluation of Most Effective voc Gontrol options

Tesoro has selected the only technically feasible, and thus the top ranked, control option. There are

no adverse energy, environmental, or economic impacts associated with implementing proper burner
design and good combustion practices. The only control strategy identified for the refinery fuel gas-

fired process heaters is adherence to good combustion practices. This control strategy is technically
feasible and will not cause adverse energy, environmental, or economic impacts.

3.2.5 Step 5 - VOC BACT Setection
Adherence to good combustion practices is the proposed BACT for VOC emissions from UFU
Furnace F-1. The UFU Furnace F-1 will implement good combustion practices, including
preventative measures that minimizethe release of pollutants into the environment. Good combustion
practice includes operational and design elements to control the amount and distribution of excess air
in the flue gas. This ensures that there is enough oxygen present for complete combustion. Since



sufficient combustion air supply, temperature, residence time, and mixing are incorporated in the

combustion design and operation, VOC emissions are minimized. To ensure continued operation

applying good combustion techniques, Tesoro will conduct heater tune-ups in accordance with 40

C.F.R. Part 63, Subpart DDDDD. Actions taken during each tune up will follow the schedule

required for this unit under NESHAP Subpart DDDDD.

The VOC emissions from UFU Furnace F-l have been estimated using the AP-42 emission factor of
0'0054 lb/MMBtu for natural gas combustion, which is a representative estimate of the VOC

emissions that may result from refinery fuel gas combustion at UFU Furnace F-1.



ATTACHMENT B
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TESORO

Tesoro Refining & Marketing Company LLC

474 West 900 North
Salt Lake City, UT 84103

November 10,2015

Marty Gray, Major NSR Section Manager
Utah Division of Air Quality
195 North 1950 West
P.O. Box 144820
salt Lake city, utah 84114-4820

Re: Tesoro Salt Lake Citv Refinerv Installation of Ultra-Low NOx Burners
Ultraformer Unit F-l Furnace NOI Submittal

Dear Mr. Gray:

Enclosed please find a Notice of Intent (NOI) application for the installation of Ultra-
Low NOx Burners on the Ultraformer Unit (UFU) F-l Furnace. This project will occur
at the Tesoro Refining and Marketing Company's (Tesoro's) Salt Lake City (SLC)
Refinery which operates under Approval Order (AO) DAQE-AN103350065-14.

Included is a receipt for $2300 which covers the filing fee and the base fee (Existing
Major Source with a Minor Modification) for the NOI application.

Please contact me at 801-521-4966 or Michelle Bujdoso at 801-366-2036 if you need

more information or have questions.

Sincerely,

William Snarr
Health, Safety and Environmental Manager

Enclosures

tv:f
RECEIVED

Nov I 0 2015

DEPARTMENT OF
ENVIRONMEIiTAL OUALIry

HAND DELIVERE,D
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RECEIVED
Nov t0 20t5

DEPARTMENT OF
ENVIRONMEIITAL OUALIry

lnstallation of Ultra-Low NOx Burners on
Ultraformer Unit (UFU) Furnace F-l

Notice of lntent for an Approval Order

Prepared for
Tesoro Refining & Marketing Company LLC
Salt Lake City Refinery

November 2015

4700 West 77th Street
Minneapolis, MN 55435-4803
Phone: (952) 832-2600
Fax: (952) 832-2601
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Notice of lntent for an Approvat Order
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1.0 lntroduction

This Notice of Intent (NOI) package is submitted for approval of the installation of Ultra Low NOx

burners (ULNB) on the Ultraformer Unit (UFU) Furnace F-1 (Project) at the Tesoro Refining &
Marketing Company LLC's (Tesoro's) Salt Lake City (SLC) Refinery. The SLC Refinery currently

operates under multiple Approval Orders (AOs), of which DAQE-AN0103350065-14 for the major

process units is affected by this Project. The SLC Refinery is situated on236 acres in Salt Lake

County, approximately 1.5 miles north of Salt Lake City.

This Project will replace the existing burners in the UFU Furnace F-1 with ULNB. Similar to

Tesoro's project to install a Wet Gas Scrubber and LoTOxrM system on the FCCU/CO Boiler, this

project is being undertaken primarily to meet the PMz.s SIP requirements and will result in a

significant reduction in NOx emissions. Due to project timing, Tesoro requests that the NOI for this

project be processed concurrently with the Wet Gas Scrubber and and LoTOxrM system NOI.

The Project will not result in a significant emission increase or significant net emission increase in

air emissions of a regulated New Source Review (NSR) pollutant from the refinery; therefore, the

Project is not subject to federal NSR requirements as provided in Utah's State Implementation Plan

(srP).

Rule R307-401-3(b) requires submittal of an NOI to "make modifications or relocate an existing

installation which will or might reasonably expected to increase the amount or change the effect of,

or the character of, air contaminants discharged, so that such installation may be expected to become

a source or indirect source of air pollution." Rule R307-401 -5 requires that the NOI must contain

specific information related to the process, nature of emissions, control device(s), and regulatory

applicability and compliance. This NOI includes a project description, an emissions summary, and a

description of regulatory applicability and demonstration of compliance to address these

requirements.

This NOI is organized as follows:

Section 2.0 contains a project description,

Section 3.0 contains an NSR applicability analysis,

Section 4.0 contains a description of regulatory applicability and compliance demonstration,

Section 5.0 contains a summary of the NOI requirements,

I



o Attachment A contains a site diagram,

o Attachment B contains the project emission calculations,

o Attachment C contains Form I and the NOI checklist.
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2.0 Project Description

This section includes a general description ofthe facility and details ofthe proposed Project.

2.1 General Facility lnformation
The Tesoro Salt Lake City Refinery is located at 474 West 900 North, Salt Lake City, Utah. The

refinery is located in a nonattainment area for PMz.s (including precursors NO;, SOz, and VOC)1,

PMro (including precursors SOz and NOx)2, and SOz. The area is also a designated maintenance area

for ozone (VOC and NOx) and CO. Attachment A includes a figure that shows the location of the

refinery in Salt Lake City.

2,2 Project Description
This Project involves replacement of the UFU Furnace F-l (A through E) burners with new burners

that will have Ultra Low NOx burner (ULNB) technology. Specifically, the Project involves the

following physical changes:

o UFU Furnace F-l (A through E) burners will be replaced with new burners with ULNB

technology.

o Due to the decreased size of the burner tip orifices in the ULNB, fuel gas coalescers will be

installed as recommended by API 535.

o Fuel gas piping from the coalescer to the burners, including new fuel gas control valves, will be

changed to stainless steel.

. The existing air pre-heater will be replaced.

o Combustion air ducting will be modified as required to accommodate the new bumers, new

preheater, and new fans.

o New electronic igniters will be installed.

o The existing induced draft/forced draft fans will be replaced to match the pressure drop

requirements of the air pre-heater, ducting, and furnace.

o Furnace repairs will be performed as needed.

. 2,100lb/hr of steam injection will be used for flame temperature control.

IUtah PMz.s Nonattainment Provisions for Salt Lake County, Section IX.A.2|, December 3,2014.
2 Utah PMro Maintenance Provisions for Salt Lake County, Section IX.A.10, July 6,2005.
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Tesoro has estimated the existing and future firing capacities of the burners and has determined it is
possible that the new burners will have a slightly greater rated maximum hourly heat input capacity

than the existing burners. Therefore, the short-term potential-to-emit (PTE) of pollutants other than

NOx ma! increase at the UFU Furnace F-l as a result of the Project. However, future actual firing
rates and actual emissions are not expected to increase. In order to demonstrate the actual emissions

due to the project will not increase, Tesoro has conservatively completed emission calculations. The

emission calculations included were completed in accordance with the federal Nonattainment New
Source Review (NNSR) and Prevention of Significant Deterioration (PSD) preconstruction

permitting programs in Section 3.0 of this application.

2.3 Modified Emission Units
The UFU Furnace F-l is considered a modified emission unit as a result of the burner replacements.

No other emission units are modified as part of this project.

Upon Project completion, Tesoro does not expect to see an increase in actual emissions for any
pollutants at the UFU Furnace. Tesoro does not intend to increase the actual furnace firing rate as a

result of the Project. The Project is being undertaken to lower the NOx emissions from the unit.

2.4 New Emission Units
Minor piping changes involving installation of new components in VOC service will occur as part of
this Project.

2.5 Affected Non-Modified Emission Units
The Project does not relieve constraints of any process units at the refinery. The firing rate at the

UFU Furnace F-l does not currently restrict production rate atthe UFU. The installation of the new
ULNB will not have any upstream or downstream impacts on the refinery's operation. However, a

small amount of additional steam from the facility's Cogeneration Units (CGl and CG2) will be

required to assist the operation of the ULNB. Therefore, the Cogeneration Units are non-modified
emissions units that will be affected by the project.

2.6 Project Schedule
The estimated start of construction date is June 2016, pending permit approval. The UFU is expected
to restart operations in November 2016, assuming permit approval by the estimated date for start of
construction.
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3.0 NSR Applicabili Ana SIS

Utah rules implement the New Source Review (NSR) permitting program for major sources and
major modifications. Rule R307-403 and R307-405 implement the federal Nonattainment New
Source Review (NNSR) and Prevention of Significant Deterioration (pSD) preconstruction
permitting programs, respectively. The Tesoro SLC Refinery is a major source as defined in Utah
Rule R307-100 and in these federal permitting programs. Therefore, Tesoro has completed an
applicability analysis to determine if this Project is a major modification as defined under utah rules
and the NSR permitting program.

The NSR pollutants are covered either by the PSD or NNSR permitting programs, but for purposes of
determining applicability as a major modification, the significance thresholds are the same. For
simplicity, Tesoro uses the PSD definitions and rules at 40 cFR 52.21 todescribe the applicability
analysis. The PSD rules are incorporated by reference into the Utah rules.

on June 23,2014, the u.s. Supreme court issued its decision in utility Air Regulatory Group v.
EPA' The court held that EPA may not treat greenhouse gases (GHGs) as an air pollutant for
purposes of determining whether a source is a major source required to obtain a pSD or title V
permit' As described in the following sections, NSR is not triggered for pollutants other than
greenhouse gases (GHG). Since there is not a significant emissions increase of a regulated pollutant
other than GHG, GHG is not a regulated pollutant and need not be further analyzed.

3.1 "Hybrid Test,, of pSD Applicability
An NSR applicability analysis has been conducted for the project to determine if it is a..major
modification" under NSR regulations. Because this project involves the proposed modification to
both "existing emission units" and "new emissions units," the "hybrid test,, is used to determine if a
"significant emissions increase" and a "significant net emissions increase,, of a .,regulated NSR
pollutant" will occur. The hybrid test is described as the following:3

" "' A signrficant emissions 
-increqse 

of a regulated NSR pollutant is projected to occur if the sumof the emissions increases for each emissions unit, using the method specified in paragraphs(a)(2)(iv)(c) through (e) of this section as applicabte with r:eipect to each emissiins unit, for each

3 40 cFR s2.21(a)(2)(iv)(f).
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type of emissions unit equals or exceeds the significant amountfor that pollutant (as defined inparagraph (b)(23) of this section)..."

The hybrid test refers to the use of two emissions increase calculation methods listed in paragraphs
40 CFR 52'21(a)(2)(iv)(c) and (d). The methods prescribed for existing emissions units are described
further below. The remainder of this section focuses on the emissions increase test.

An increase is significant if it exceeds the annual ton per year (tpy) thresholds known as the pSD

significant emission rates, which are listed in Table 3-1 for only those regulated NSR pollutants that
are emitted in quantifiable amounts from emission units affected by this project.

Table 3-1. NSR Significant Emission Rates

Pollutant"
Significant Emission Rate

(tpy)

Particulate matter (PM) 25

Particulate matter less than l0 microns (pMro) 15

Particulate matter less than 2.5 microns (pMz.r)" l0
Sulfur dioxide (SOz) 40
Nitrogen oxides lNOx) 40

Carbon monoxide (CO) 100

Volatile organic compounds (VOC) 40c
Sulfuric Acid Mist (HzSO+) 7

only those NSR pollutants that are emitted in quantifiable amounts from emission units affected by this
project are shown in the table. Condensable particulate matter is included within the definition of pMro and
PM:.s.

The significant emission rate for direct PMz.s emissions is l0 tpy; additionally this includes 40 tpy of So:
emissions and/or 40 tpy of Nox emissions unless they are demonstrated not to be a pMz s precursor.

The NSR significant emission rate is assessed based on emissions of volatile organic compounds (VoC) as aprecursor to ozone.

"Net emissions increase" means the amount by which the sum of the following exceeds zero:4

" (a) The increase in emissions from a particular physical change or change in the method ofoperation at a stationqry source as calculated pursuant to paragraph (q)O)6v) of thk section;and

(b) Any other increases and decreases in actual emissions at the major stationary source that arecontemporqneous with the particular change and are otherwise creditable. Bqseline actual

4 40 cFR 52.21(bX3Xi).
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emissionsfor calculating increases and decreases under this paragraph (b)(3)(i)(b) shail bedetermined as provided in paragraph (b)(45) of this section, except that paragraphs (UGs)(i)(c)and (b)(aQ(i)(d) of this section shall not apply ,,

The project emissions increase is calculated as the sum of emissions increases from the existing
emissions units that are impacted by this project and the new piping components. If the project
emissions increase for a regulated NSR pollutant is less than the significant emission rate, NSR is not
required for that pollutant. As described in the following sections, the project emissions increase is
less than the significant emission rate for each regulated NSR pollutant.

3.1.1 Actua!-to-projected-Actuat rest for Existing Emissions Units
To estimate the change in emissions at the UFU Furnace F-1, Tesoro has utilized the actual-to-
projected-actual applicability test which is described in 40 cFR 52.21(a)(2)(iv)(c) as follows:

" (c) Actual-to-proiected-actual applicabitiQ testfor projects that only involve existing emissionsunits' A signfficant emissions increase of a regulitei uin pouutant is projected to occur iJ.thesum of the dffirence between the proiected aituat emissiins (as defined in paragraph (e@l) ofthis section) and the baseline qctial imissions (as defined in paragraphs (e@g)(i) and (ii) ofthis section), for each existing emissions unit, equali or exceeds the significant amountfor thatpollutant (as defined in paragraph (b)(23) of this section).,;

Terms within this paragraph that have specific definitions include .,existing emissions unit,,,
"projected actual emissions," and "baseline actual emissions." An ,,existing emissions unit,, is any
part of a stationary source that emits any regulated NSR pollutant and has been in existence for at
least two years from the date it first operated.r A description of "projected actual emissions,, and
"baseline actual emissions,, are as follows.

3.1.1.1 Projected Actual Emissions

"Projected actual emissions" are calculated as:6

" "' the maximum yfyll ra-te, in tons per year, at which an existing emissions unit is projectedto emit a regulated NSR pollutant in any one of the 5 years (t 2 -moith period) following the d(ttethe unit resumes regular operation aftir.the pioject, ir iio'ny one of the t0 years folowing thatdate' if the pro.iect-involves increasiig the emrsirons unit's design capacity or its potential to emitthat regulated NSR potlutant and fullufihzqtion of the unit ioutd ,eiult in a sig;ificantemissions increase or a significqnt net emissions increase at the major strtionirisource.,,

5 40 cFR s2.21(b)(7)(ii).
b 40 cFR s2.21(b)(41)(i).
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A source shall consider when determining projected actual emissions any relevant business or
regulatory information. In addition, fugitive emissions and emissions associated with startups,
shutdowns and malfunctions must be calculated, as applicable. By definition, projected actual
emissions shall exclude the portion of the emissions that an existing unit could have accommodated
during the baseline period and that are also unrelated to the particular project, including any
increased utilization due to product demand growth.T A source may use the emission unit,s potential
to emit in lieu of the aforementioned projected actual emissions calculation.

The projected actual throughput for the uFU Furnace F-1 is based on engineering and business
projections' Projected emissions are calculated based on annual throughput and firing rate following
startup of the Project and emission factors representative of expected operation. The emission factors
used for the projected emissions are generally also representative of the baseline period for most
pollutants' For projected actual Nox and co emissions, emission factors are based on ULNB
manufacturer's specifi cations.

The product demand growth exclusions, or emissions that the unit was capable of accommodating
during the baseline period, are calculated based on the maximum actual firing rate experienced
during any 1-month period during the 24-month baseline period. A utilization factor of 9g%was used
in the calculation of annualized emissions that the emission unit was ,,capable of accommodating,,
during the baseline period. The utilization factor was multiplied by the maximum monthly observed
firing rate converted to an annual rate. This utilization factor accounts for normal rate reductions that
occur each year due to mechanical or supply issues. Tesoro conservatively assumes that none ofthese
normal rate reductions occurred during the month when the maximum throughput was observed. This
9SYoutilization factor is equivalent to assuming 175 hours of annual downtime. It is also important to
note that Tesoro did not include this utilization factor in its projected post-project operating rates.
The net result is a more conservative estimate of the emissions increase. The emission factors used to
calculate the product demand growth exclusion are generally consistent with those used for projected
emissions.

The difference between the annualized emissions that the units were capable of accommodating and
the baseline actual emissions is excluded (i.e. subtracted from) the projected emissions. The
emissions increase is then calculated by subtracting the baseline actual emissions from the projected

7 40 cFR s2.21(b)(at)(ii)(c).
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actual emissions- This approach is consistent with that outlined by EpA Region 4 regarding an
applicability analysis completed by Georgia-pacific wood products, LLC.8

3.1.1.2 Baseline Actual Emissions

"Baseline actual emissions" for an existing emissions unit are calculated as:

" "' the average rate, in tons per year, ot which the emissions unit actually emitted the pollutantduring any consec-utive 24-month period selected by the owner or operator within the l0-yearperiod immediately preceding either the date the owner or operatoi begins actual construction ofthe project, or the dyte a complete permit application is received by the Administrstorfor apermit required under this section or by the reviewing authority for a permit required by a plan,
whichever is earlier, except that the lT-year period Jil not inilude )ny p"rioi earlier thqnNovember 15, 1990."

For baseline actual emissions, Tesoro has defined a 24-monthbaseline period specific to each NSR
pollutant' Tesoro has considered emissions between May l, 2007 andMay 3 l, z0l5,for all pollutants
for its baseline emissions analysis. The 24-month baseline periods are chosen because they are
considered the most representative of past and current capabilities of the UFU Furnace F-l for those
pollutants (i'e', this time period is indicative of capabilities that exist today and could be utilized with
variations in crude slate or intermediates). Refer to Attachment B for documentation of the baseline
periods selected and the calculated baseline actual emissions.

As with projected actual emissions, baseline actual emissions shall include fugitive emissions and
emissions associated with startups, shutdowns, and malfunctions.e The baseline emissions are
adjusted downwards to address emissions that occurred during the Z4-month baseline or emissions
that could have exceeded a current emission limitation. l0

Generally, baseline actual emissions are calculated according to the following hierarchy:

Continuous emission monitoring system (CEMS) data

Stack test results and measured process data

Standard emission factors from public sources and measured process data (i.e. EpA,s Ap-42)

8 March 18,20l0letter from Mr.
LLC.
e 40 cFR s2.21(b)(as)(ii)(a).
'o 40 CFR s2.21(bx4sXii)(b)-(c).

worley of EPA Region 4 to Mr. Robinson of Georgia-pacirrc wood products,
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3.1.2 Actual-to-potentiar rest for New Emissions Units
To estimate emissions from new process components, Tesoro utilized the actual-to-potential test for
new emissions units' In 40 cFR 52.21(a)(2)(iv)(d), the actual-to-potential applicability test is
described as the following:

" (d) Actual-to-potential test for proiects that only involve construction of a new emissionsunit(s)' A significant emissions in"i"or" of a regulated NSR poltutant is projected to occur if thesum of the dffirence between the potential to emit (as defined in paragraph (b)(4) of thissection)from each new emissions unitfollowing comptetiotn of the project and the baseline actualemissions (as defined in paragraph (b)(4s)(iii)-ottni section) of these units before the projectequals or exceeds the significani amount for inoi pou"toi (as defined in paragraph (b)(2 3) ofthis section)."

Terms within this paragraph that have specific definitions include ..new emissions unit,,, ,,potential 
to

emit"' and "baseline actual emissions." A "new emissions unit" is any partof a stationary source that
emits any regulated NSR pollutant and is or will be newly constructed and has existed for less than
two years from the date such emissions unit first operated.rl A description of ,,potential 

to emit,, and
"baseline actual emissions,, are as follows.

"Potential to emit,,is defined as: 12

" "' the mqximum capacity of a stationary source to emit a pollutant under its physical andoperational design Any physical or operationql limitqtion on the capacity oyk"'rour"e to emit apollutant' including air pollution control equipment ond ,'urtri"tions on hours of operation or onthe type or amount of material combusted, 
-stired, o, pror"r,r"d, shall be treated is part of itsdesign if the limitation or the effect it would have onLmissions is /bderally enforceable... ,,

The potential to emit for an emissions unit yet to be constructed is generally calculated as the product
of its hourly maximum throughput or heat input capacity and an emission factor, which may be from
EPA documents (e'g', AP-42), a manufacturer performance guarantee, existing regulatory standards
(e'g'' a New source Performance Standard), or from other information sources. Federally enforceable
emission limitations on the capacity of the source to emit a pollutant (e.g., air pollution control
equipment' restriction on hours of operation) may be taken to reduce the unit,s potential to emit.

The methodology in this section may also be applied to estimate maximum emissions from existing
emission units to reduce post-project annuar emission recordkeeping requirements.

rr 40 cFR s2.21(b)(7)(ii).
'.2 40 cFR s2.2t(b)(4).
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3.1.3 Methodotogy for Non-Modified Existing Units
As previously described, the cogeneration units will not be modified but may experience an increase
in emissions' The EPA recognizes in its PSD rules that non-modified existing units experiencing an
emissions increase as a result of the project need to be considered in the overall emissions increase
calculation' For non-modified emission units, EPA allows for calculating the emissions increase as
the product of the potential increase in throughput due to the project and an emissions factor
representative of "worst-case" operations. The "potential increase in utilization,, approach is
consistent with the 1980 NSR rules and has been maintained for existing emissions units in the
existing rules through $52.21(bX4lXiiX d ), which allows a prE approach in lieu of future actual
emissions.

3.2 Affected units at the sart Lake city Refinery
All existing, non-modified emission units at the salt Lake city Refinery were reviewed to determine
if the project will result in an emissions increase. units that will or may experience an emissions
increase due to the project (i.e., be affected by the project) are presented in Table 3-2.

Table 3-2. Summary of Affected Emission Units

3.3 Calculation of Emissions
Tesoro has calculated the change in emissions expected at the emissions units affected by the project
as described further below. Details are included in Attachment B.

3.3.1 New Equipment and piping components in voc service
New equipment and piping components in VoC service will be installed as part of this project. The
emissions increase is calculated based upon the counts of new components to be added plus a safety
factor for conservatism.

The USEPA Protocol for Equipment Leak Emission Estimates is used to quantify potential emissions
from the new components installed as part of this Project. The final number of installed components
will likely change from this estimate after additional detailed design/engineering is performed;

Modified / Non-modified
UFU Furnace F-l Existing

Cogeneration Unit CGI and CG2

New/Replaced Components

l3I
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however, the change in VOC emissions from this activity is not appreciable and will not change the

P SD applicability determination.

3.3.2 Cogeneration Units
The Project will result in additional steam demand required to control the flame temperature of the

new ULNB' The emission factors are based on AP-42 emissions factors, the estimated sulfur content

of the fuel gas, stack test results, and manufacturer specifications.

3.4 Project Emissions lncrease Summary
Table 3-3 presents a summary of the Project emissions increase. The Project emissions increase are

less than their respective NSR significant emission rates for each regulated pollutant; therefore the

Project does not trigger NSR.
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3.4.1 "Reasonable possibility,, Requirements
on December 21,2007, the US EPA promulgated updates to the federal pSD rules at 40 CFR
52'21(r)(6)(vi) that defines when an owner/operator of a major source is required to conduct
recordkeeping and reporting when using the baseline-actual-to-projected-actual emissions increase
calculation methodology' The utah Air Quality Board has adopted the federal pSD rules as they
existed in the code of Federal Regulations on July r, 200g, at R307-405.

A "reasonable possibility" occurs when the project is calculated to result in either: ra

"( o ) A proiected erctuql emissions increase-of at least 50 percent of the amount thqt is a"significant emissions increqse," as deJined ;r;r;;;;;;;;h @)(40) of this section (without

;s,:;;i,':rthe 
amount that is a significant net emissions iicreaie),'for the r)[uiated NSR

( b ) A proiected actual emissions increase that, added to the amount of emissions excluded underparagraph (b)ft1)(ii)( c ) of this section, sums to at least 50 percent of the amount thqt is a"significant emissions increase," as de{ne! ,rirr rrrrsrrin @)(40) of this section (withoutreference to the amount that is a significant net emissiois iicreqse), -for the regulated NSRpollutant' For a proiect for which i riasonable possibility o)"urc only within lhe meaning ofparagraph (r)(6)(vil( b ) of this section, and noi also witiin th" *eanirg of paragraph (r)(6)(vi)(a ) of this section, then provisions (r)(6)(ii) *roiin- @-"io'not appry to the project.,,
A summary of reasonable possibility applicability and requirements is shown in Table 3-4 below.
since emissions do not exceed 50% of the significance rate for any pollutant, reasonable possibility
recordkeeping requirements do not apply.

'4 40 cFR s2.21(r)(6)(vi)( a )_( b )
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Table 3-4. Summary of Reasonable Possibitity Appticability and Requirements

Pollutant
Emission Increase

(tons/yr)

Significant Emission
Rate (SER)

(tons/yr)
Percentage of SER

(%)

NOx 0.72 40 1.8%

SOz 0.25 40 0.6%

CO 0.78 r00 0.8%

PM 0.10 25 0.4%

PMro 0.10 l5 0.7%

PMz.s 0.10 l0 1.0%

VOC 2.47 40 6.2%

HzSO+ 0.00 7 0.1%

t7
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In addition to the PSD analysis detailed in Section 3.0, Tesoro has completed an applicability review
of all Federal and State air quality regulations as part of the air permit application process. Table 4-l
provides a summary of the major air quality programs that were reviewed for the project. Each
regulation which requires explanation is described in the following sections. Certain aspects of the
Project result in the triggering of new applicable requirements.

Table 4-1. Summary of Air euarity Regulatory Applicabitity for the project

Report
Section Program Description

Regulatory
Citation

Does This Project Trigger New
Applicable Requirements?

National Ambient Air euality Standards
(NAAQS)

40 CFR 50 No

3.0 New Source Review (NSR) 40 CFR 52 No
4.1 New Source Performance Standards (NSPS) 40 CFR 60 Yes

4.2 National Emission Standards for Hazardous
Air Pollutants (NESHAps)

40 CFR 6t No

4.2 NESHAPs for Source Categories 40 CFR 63 No
Risk Management programs for Chemical
Accidental Release prevention 40 CFR 68 No

Title V Operating permit 40 CFR 70 No
Acid Rain Requirements 40 CFR 72 No
Stratospheric Ozone Protection Requirements 40 CFR 82 No
Utah State Rules UAC R3O7

4.1 Stationary Sources R307-210 Yes
4.2 National Emission Standards for Hazardous

Air Pollutants
R307-214 No

4.3
Ozone Nonattainment and Maintenance
Areas: Control of Hydrocarbon Emissions
Petroleum Refineries

ln R307-326 Yes

Ozone Nonattainment and Maintenance
Areas: Petroleum Liquid Storage R307-327 No

4.4 Permit: New and Modified Sources R307-401 Yes
4.5 Nonattainment and Maintenance Areas R307-403 No
4.6 Permits: Major Sources in Attainment or

Unclassified Areas (pSD)
R307-405 No

l8I
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4.1 R307-210: Stationary Sources
New Source Performance Standards (NSPS) are incorporated by reference into the UDAQ rules.

There is no new construction of any NSPS affected facilities. Tesoro reviewed whether the Project

will result in a "modification" or'oreconstruction" for any NSPS affected facilities, and thus result in

applicability of that NSPS. The NSPS regulation, at 40 CFR $60.l4(a), defines a modification as a

physical or operational change to the affected facility that is not specifically exempted and that

results in an increase in the emissions rate to the atmosphere of any pollutant to which a standard

applies. An increase in production rate, if that increase can be accomplished without a capital

expenditure on that facility, is not considered a modification per $60.14(e)(2). "Increase in emissions

rate" is defined pursuant to $60.14(b) as an increase in the maximum hourly emission rate of an

applicable pollutant from the affected facility. A reconstruction occurs when the fixed capital cost of
the project is 50 percent or greater than the current replacement cost ofthe affected facility.

The physical changes performed as part of the Project affect only the UFU Furnace F-1. Applicability

to 40 CFR 60 Subpart Ja is discussed below in additional detail.

Regulatory coverage for other NSPS subparts currently applicable to the facility will not change as a

result ofthis Project.

4.1.1 Subpart Ja: Standards of Performance for Petroleum Refineries for
Which Gonstruction, Reconstruction, or Modification Commenced After
May 14,2007

NSPS Subpart Ja applies to various facilities in petroleum refineries, including process heaters as

"fuel gas combustion devices." For process heaters, NSPS Ja regulates NOx and SOz emissions.

Tesoro has reviewed the applicability of Subpart Ja UFU Furnace F-I. Per 40 CFR 60.14(a), "any

physical or operational change to an existingfacility which results in an increase in the emission

rate to the atmosphere of any pollutant to which a standard applies shall be considered a

modification " 40 CFR 60.14(e) provides exemptions for modification including"the qddition or use

Report
Section Program Description

Regulatory
Citation

Does This Project Trigger New
Applicable Requirements?

4.7 Visibility R307-406 No

4.8 Permits: Emissions Impact Analysis R307-410 No

4.9 Permits: Ozone Offset Requirements in Davis
and Salt Lake Counties

F.307-420 No

I
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of any system or device whose primaryfunction is the reduction of air pollutants, except when qn
emission control system is removed or is replaced by a system which the Administrqtor determines to
be less environmentally beneficial".TheProject is to install ULNB on the ultraformer Furnace F-l;
the new burner's primary function is to reduce air pollution. Therefore, this NSps exemption could
apply to the Project' However, Tesoro has conservatively assumed that the project results in a
modification of UFU Furnace F-1, resulting in applicability of NSpS Subpart Ja for Soz. In addition
to the pollution control exemption above, the maximum hourly emission rate of Nox w,l decrease
because of installation of the ULNB.

Reconstruction is define d at 40 cFR 60' l5(b) as the replacement of components of an existing
facility such that the fixed capital cost ofthe project is 50 percent or greater than the current
replacement cost of the affected facility. The cost of the Project is estimated to be approximately 2g
percent ofthe current replacement cost ofthe uFU Furnace F-l; therefore, this project does not
result in reconstruction of the unit as defined under NSpS.

4.2 R307-214: Nationat Emission standards ror Hazardous AirPollutants
NESHAP standards from 40 cFR 61 and 40 cFR 63 are incorporated by reference into the uDAe
rules' The physical changes performed as part of the project only affects the UFU Furnace F-1. The
UFU Furnace F-l is currently subject to 40 cFR 63 subpart DDDDD for..National Emission
standards for Hazardous Air Pollutants for Major Sources: Industrial, commercial, and Institutional
Boilers and Process Heaters." Tesoro will continue to comply with the emission standards for an
existing affected facility and other requirements of this rule. No new requirements will be triggered
as a result ofthis project.

Tesoro also considered whether a reconstruction15 would occur, which would affect the compliance
date' Reconstruction is defined at 40 cFR 63.2 asthe replacement of components of a source such
that the fixed capital cost ofthe project exceeds 50 percent ofthe current replacement cost ofthe
source' The cost of the new burners is estimated to be approximately 2g percent of the current
replacement cost of the UFU Furnace F-l; therefore, this Project does not result in reconstruction of
the unit as defined under 40 CFR 63.2.

15 There are no provisions for "modification" under 40 cFR 63 as there are under 40 cFR 60.
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Regulatory coverage for other subparts currently applicable to the facility will not change as a result

t 
ofthis project.

4.3 R307-326: Ozone NonattainmentI
t
I
I
I
I
t
I
t
I
t
I
I
T

T

f\t'vr -o40; vzone Nonaftainment and Maintenance Areas:control of Hydrocarbon Emissions in petroleum Refineries
Rule R307-326-9 contains requirements for leaks from petroleum refinery equipment. New process
components associated with the Project will be subject to the repair, recordkeeping, and reporting
requirements of the rule' Following the Project, Tesoro will continue to comply with the
requirements of this rule for the new process components installed as part of the project.

4.4 R307-401: permit: New and Modified sources
Rule R307-401-3(b) requires submittal of an NoI to "make modifications or relocate an existing
installation which will or might reasonably be expected to increase the amount or change the effect
of' or the character of, air contaminants discharged, so that such installation may be expected to
become a source or indirect source of air pollution." The project may increase the amount of air
contaminants discharged from the cogeneration Units and from new process components. Rule
R307-401-5 requires submittal of an NoI, which must contain specific information related to the
process' nature of emissions, control device(s), and regulatory appricability and compliance. Refer to
Section 5.0 for a summary of compliance with the NOI requirements.

4.4.1 Low Oxides of Nitrogen Burner Technotogy
Rule R307-401-4 requires installation of low oxides of nitrogen burners or equivalent oxides of
nitrogen controls whenever existing fuel combustion burners are replaced, unless such equipment is
not physically practical or cost effective. Tesoro is meeting this requirement by installing uLNB at
the Ultraformer Furnace F_1.

4.4.2 BACT

Rule R307-401-5(d) permits the issuance of an approval order if it is determined that the polrution
control for emissions is at least best available control technology (BACT). A BACT review is
required for new emission units and existing emission units where there is a physical modification
and an increase in emissions' The uFU Furnace F-1 is the only existing emissions unit undergoing aphysical modification; however, as discussed in Section 3.0 and shown in Attachment B, there will
not be an increase in emissions from this unit.

New process components will meet BACT by meeting the requirements of NSpS Subpart GGGa.

T
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4.5 R30z-403: Nonattainment and Maintenance Areas
R307-403 applies to major new sources or major modifications to be located in a nonattainment area.
The proposed project is neither a new major source nor a major modification as defined in
R307-101-2 since the actual emissions increase is less than the significant emission rate (sER)
thresholds. Refer to Section 3.4 for a summary of this determination.

4.5.1 R307-403-S: Offsets: pMro Nonattainment Area
Emission offsets are required if the combined allowable emission increase of pMro, so2, and Noa
exceeds 25 tons per year' The combined allowable emission increase from the project is zero (0) tons
per year. Therefore, no emission offsets are required.

4-6 R307'40s.: permits: Major sources in Attainment orUnclassified Areas (pSD)
This project is not a major modification and is not subject to the psD program as described in
Section 3'0' Refer to section 3.4 for a summary of this determination. Tesoro has demonstrated
compliance with all applicable requirements with the submission of this NoI. Therefore the
requirements of R307-405 are not applicable to this proposed project.

4.7 R307-406:Visibitity
R307-406 applies to major new sources or major modifications. This project is not a new major
source or a major modification; therefore the provisions of this rule are not applicable.

4'8 R30z'410: permits: Emissions rmpact Anarysis
R307-410 establishes the procedures and requirements for evaluating the emissions impact of new or
modified sources' Pursuant to R307-410-4, dispersion modeling is required for increases in the total
controlled emission rate of attainment pollutants (NOx and CO for the SLC refinery) in an amount
greater or equal to values given in Table I ofthe rule. For these pollutants, the thresholds given in
Table 1 are equal to the SERs. Dispersion modeling is not required since the increases in emissions
of NOx and CO are less than the SERs.

4'8'1 R307-410-s: Ambient Air rmpacts for Hazardous Air portutants
The requirements of R307-410-5 requires sources to provide documentation of increases in emissions
ofhazardous air pollutants prior to receiving an approval order. The rule requires each applicant,s
notice of intent to include the estimated maximum pounds per hour emission rate increase from each
affected installation. Per R307-410-5(l)(a)(i), this rule does not apply to installations which are

I 22
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subject to or are scheduled to be subject to an emission standard promulgated tnder 42USC 7412 at

the time the NOI is submitted. As described in Section 4.2, the UFU Furnace F-l is subject to 40

CFR 63 Subpart DDDDD. In addition, there will be not be a lb/hr emission rate increase of HAP at

the Cogeneration Units. Therefore, the requirements of R307-410-5 do not apply to the Project.

4.9 R307-420: Permits: Ozone Offset Requirements in Davis and
Salt Lake Gounties

The SLC Refinery is located in a maintenance area for ozone. Emission offsets are required for any

new major source or major modification of VOC or NOx. The project is neither a new major source

nor a major modification for VOC or NO1, therefore offsets are not required.

I
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5.0 Summary of NOI Requirements for Project

Table 5-1 provides a summary of how this NOI complies with the specific requirements of Rule

R307-401-s(2).

Table 5-1. Summary of NOI Requirements

Requirement Section Reference for Information Provided

(a) A description ofthe nature ofthe processes
involved; the nature, procedures for handling and
quantities of raw materials; the type and quantity
of fuels employed; and the nature and quantity of
finished product.

Section 2.2

(b) Expected composition and physical
characteristics ofeffluent stream both before and
after treatment by any control apparatus, including
emission rates, volume, temperature, air
contaminant types, and concentration of air
contaminants.

Section 3.0

(c) Size, type and performance characteristics of
any control apparatus.

N/A

(d) An analysis of best available control
technology for the proposed source or
modification. When determining best available
control technology for a new or modified source
in an ozone nonattainment or maintenance area
that will emit volatile organic compounds or
nitrogen oxides, the owner or operator of the
source shall consider EPA Control Technique
Guidance (CTG) documents and Alternative
Control Technique documents that are applicable
to the source. Best available control technology
shall be at least as stringent as any published CTG
that is applicable to the source.

Section 4.4.2

(e) Location and elevation of the emission point
and other factors relating to dispersion and
diffusion of the air contaminant in relation to
nearby structures and window openings, and other
information necessary to appraise the possible
effects of the effluent.

Attachment A - location provided - other info
not needed since modeling is not required.

(f) The location of planned sampling points and
the tests of the completed installation to be made
by the owner or operator when necessary to
ascertain compliance.

Not applicable - no new testing is necessary to
demonstrate compliance.
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Requirement Section Reference for Information Provided

(g) The typical operating schedule. Section 2.2

(h) A schedule for construction. Section 2.6

(i) AnV plans, specifications and related
information that are in final form at the time of
submission of notice of intent.

No plans or specifications are in final form at
the time of this submission.

0) A"V additional information required by:

(0 R307-403, Permits:New and Modified
Sources in Nonattainment Areas and
Maintenance Areas;

(ii) R307-405, Permits: Major Sources in
Attainment or Unclassified Areas (PSD);

(iii) R307-406, Visibility;
(iv) R307-410, Emissions Impact Analysis;

(v) R307-420, Permits: Ozone Offset
Requirements in Davis and Salt Lake
Counties;

(vi) R307-421, Permits: PMl0 Offset
Requirements in Salt Lake County and Utah
County.

(i) Section 4.5

(ii) Section 4.6

(iii)Section 4.7

(iv) Section 4.8

(v) Section 4.9

N/A

(k) Any other information necessary to determtne
if the proposed source or modification will be in
compliance with Title R307.

Section 4.1 (NSPS Compliance)
Section 4.2 (MACT Compliance)
Section 4.3 (Control of Hydrocarbons)
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Attachment A

Figure A-1 - Refinery Location Map



Figure A-1
Refinery Location Map
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Attachment A

Figure A-2 - Refinery plot plan
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Attachment B

Emission Galculations for Project
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New Source Review Section

Form 1

Notice of Intent (NOl)

Applicationfor: ElnitialApprovalOrder [lApproval Order Mod ification

APPROVAL ORDER MUST BE ISSUED BEFORE ANY CONSTRUCTION OR INSTALLATION CAN BEGIN. ThiS iS
not a stand alone document; please refer to UAC R3O7-401and the published NOI guidebook for information on
requirements of the specified information below. Please print ortype all information requested. All oulined information
requested must be accurate and completed before DAQ can determine that an NOI is complete and an engineering
review can be initiated. lf you have any questions, contact the Division of Air Quality at (801) 536-4000 aid ask to
speak with a New Source Review Engineer. Written inquiries may be addressed to: Division of Air euality, New Source
Review Section, P.O. Box 144820, Salt Lake City, Utah 84114-4920.

Utah Division of Air Quality

General Owner and Facility Information

3. Company name and address:
Tesoro Refining & Marketing Company LLC
474 West 900 North
Salt Lake City, UT 84103

Phone No.: ( 801 ) 366-2036
Fax No.: (Bo1) 521-4965

4. Company*" contact for environmental matters:
Wilfiam Snarr

Phone no.: (801.) s21-4966
Email: WiIIiam. K. SnarrGtsocorp. com*" Company contact only; consuftant or independent contractor contact

information can be provided in a cover letter

5. Facility name and address (if different from above):
Tesoro Refining & Marketing Company LLC
474 West 900 North
Salt Lake City, UT 84103

Phone no.: (Bo1) 366-2036
Fax no.: (Bo1) 521-4965

6. Owners name and address:
Tesoro Corporation
19100 Ridgewood Parkway

San AnLonio, TX 18259

Phone no.:
Fax no.:

7. Property Universal Transverse Mercator coordinates
(UTM), including System and Datum:

Easting: 423 | 4oo

Northing: 4,515,950

System: UTMZone 12

Datum:

8. County where the facility is located in:

Saft Lake

9. Standard lndustrial Classification Code:

2971

DAQ Form 1 Notice of lntenl
1of 3

Updated: 111301'11
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10. Designation of facility in an attainment, maintenance, or nonattainment area(s):

SL City CO Maint Area
SL Co Ozone Maint Area
SL Co PM10 NAA
SL Co PM2.5 NAA
SL Co SO2 NAA

11. lf requestformodification, Ao#to be modified: DAQE#oaeE-AN10335006s-14 Date:gt1t14

12. ldentify any current Approval Orde(s) for the facility not being modified with this request:
AO#oaQn-aN1o33soo63-14 Dat..3/71 /14
AO#oaee-aNo1033500 42-oB Date5/13l08

XModification
EPermanent site for portable Approval Order
lChange of location

13. Application for:
ENew construction
!existing equipment operating without permit
l_JChange of permit condition

14. Construction or modification estimated start date:6/1/15 Estimated completion date:

15. Does this apptication contain justifiabte confidential data? [tyes X No

16. Current Title V (Operating permit) tdentification:

an enhanced Title V permit with this AO modification

Ultraformer Unit F-

Brief (50 words or less) description of project to post on DAQ web for public awarenessThls Project lnvolves instaflatlon of urtra Low Nox Burners on the1 Furnace -

Appendix A: Detailed description of project,including process flow diagram (See Forms 2-23)
f]Fuels and their use lEquipment used in process 

[oescription of product(s)
ERaw materials used EDesiription of cnanges to process (if appticabte) -nsi;;;;ameters
loperation schedules Iproduction rates (including daily/seasonalvariances)

Appendix B: site plan of facility with all emission points and elevations,
included

building dimensions, stack parameters

DAQ Form 1 Notice of lntent

2of 3 Updated: 11130111
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Emissions lnformation

20. Appendix C: Emission Calculations that must include:
XEmissions per new/modified unit for each of the following: PMro, PMz s, NO*, SO,, CO, VOC, and HAps
XDesignation of fugitive and non fugitive emissions
Ettlajor GHG Sources: Emissions per new/modified unit for GHGs (in COze short tons per year)
XReferences/assumptions for each Emission Factor used in calculating Criteria pollutant, HAP, and GHG emissions
XHAP emissions (in pounds per hour and tons per year) broken out by-specific pottutant and summed 

"ir3r,ll?lu,r,,o,

21. Appendix D: DAQ Form 1a or equivalent (comparison of existing emissions to proposed emission and resulting new
totalemissions)

22. Appendix E: Source Size determination (Minor, Synthetic Minor, Major, or pSD)
X tt an Existing Major Source: Determination of Minor, Major or PSb modification

23. lpRend ix F : Offset req u irements (nonattai n menVmai ntena nce areas)
EAcquired required offsets R307-401-420 & R307-401 -421

Air Pollution Control Equipment lnformation

24. Appendix G: Best Available Control Technology (BACT) analysis for the proposed source or modificatio;ror-00.,-u,r,,.,

25. Appendix H: Detailed information on all new/modified equipment controls. lt is strongly recommended using DAe
forms as they outline required information, but something equivalent to the DAe tormi is acceptable.

R307-40'l -5(2)(c)

26. Appendix l: Discussion of Federal/State requirement applicability (NAAQS, Slp, NSPS, NESHAp, etc)

Modeling lnformation

27. Appendix J: Emissions lmpact Analysis (if applicable) R307-410-4

Electronic NOI

28. A complete and accurate electronic NOI submitted
R307-401-5('1)

I hereby certify that the information and data submitted in and with this application is completely true, accurate and
complete, based on reasonable inquiry made by me and to the best of my knowledge and belief.

Signature: Title:

Name (print) Telephone Number: Date:

*with the exception of Federal Agencies who wilt be bilted at completion of the project

DAQ Form 1 Notice of lntent
3of3

Updated: 11130111
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Utah Division of Air Quality

NOTICE OF INTENT
COMPLETEN ESS CH ECKLIST

TO BE COMPLETED BY PROJECT ENGINEER WtTHtN 30 DAYS OF RECEtpr OF THE NOTTCE OF TNTENT (NOt).
CRITERIA DERIVED FROM R307-401-5, UTAH ADMTNTSTRATTVE CODE (UAC). ANy NEGATTVE RESPONSE WtLL
CAUSE APPLICATION TO BE DELAYED. ALL REFERENCES ARE TO THE UAC EXCEPT AS NOTED.

Project Name: Date:

Boxes indicate where
information can be found in
the application.

6. Justifiable confidentiarOata 
Jvn I

A.
B.

4.

5.

I
I
I
I
I
I
I
I
I
t
I
I
I
I
t
I
t
I
I

1. Fees Paid
A. Filing Fee
B. Application Fee

2. Source ldentification lnformation: [R307-401-5(2)(k)]
A. Name, address, and telephone number (w/area code)
B. Company submitting application
C. Plant manager and/or Company contact
D. Plant (if different from Company)
E. Company owner and agent
F. Property UTM coordinates
G. County where facility is located

letter

orm 1

information in Sections 1.O and 2.1

1 Yfl NE N/Afl

N/A fl
N/A E

YE NE

YE ruE N/Af]

YN NE N/AE

2.0 and sub-sections

YE NE
YE NE

N/A fl

N/A E

N/A fl
N/A E

H. SIC Code(s)
l. Facility area designation (attainment, maintenance, or nonattaiment)

YE NE
YN NE
YE NE
YN Ntr
Ytr NE
Ytr NE
Ytr NE
YE NE
YE NE

3. lf modification, AO# to be modified [R307-401-5(2)(k)]

Other current Approval Orde(s) for facility not being modified
Current Title V (Operating Permit)

orm 1

1.0

Ytr NE
Ytr NE

Purpose of application [R307-401 -5(2Xa)]

Construction schedule [R307-401 -5(2Xh)]

7. Description of Source Process. [R307-401-5(2)]

A. Detailed description of project: [(Appendix A) (Forms 2-29)]
1. Fuels and their use
2. Raw materials used
3. Description of product(s)
4. Equipment used in process
5. Operation schedules
6. Description of changes to process
7. Production rates

YE NE
Ytr ND
YE NE
YE NE
YE NE
Ytr NE
Ytr NE

1

2.6

Utah New Source Review NOI Completeness Checklist Last revised 8l3ol2o11
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A'EmissionslmpactAnalysis[(R3o7-410-4),(AppendixJ)]

12. Signature on application (Form 1 Notice of lntent)

B. Site plan of facility with, building dimensions, stack parameters included: y E Ntr

8. Emissions Related lnformation. [R307-401 -(2Xb)]

A. Emission Calculations: (Appendix C)
1. Emissions per new/modified unit for all pollutants:

(PMro, PM2.5 NOr, SOr, CO, VOC, and HAps)
2. Designation of fugitive and non-fugitive emissions
3. Major GHG Sources: (in CO2e short tons per year)
4. References/assumptions for each calculation and pollutant
5 HAP emissions (broken out by specific pollutant in pounds per hr)
6. Applicable Material Safety Data Sheets

DAQ Form 1a or equivalent (Appendix D)

Source size determination (Appendix E)

Modification

(Appendix B)
1. Emission points and elevations

2. Building dimensions
3. Stack parameters

A
No stack parameters included
(no modeling analysis)

YE
YE
Ytr

YN NN

Yf] NEruNE

YnNE runn

YfINE ruinn

Nn
N fl N/A fl
NEN/Afl

Ytr Ntr

Ytr Ntr
Yf] NEruNE
YE NE
YE ruEN/AE
YD Ntr

B.

C.

D. Offset requirements (nonattainmenVmaintenance areas)
[(R307-401 -420)(R307-401 -421)] (Appendix F)

4.9
not applicable)

1. Acquired required offsets

9. Air Pollution Control Equipment Not applicable.

10.

11.

A. Best Available ControlTechnology (BACT) Analysis
1R307-401 -5(2)(d), (Appendix G)l

B. Detailed information on new/modified equipment controls
401 -5(2)(c), (Appendix H)l

Federal/State requirement applicability [(NAAeS, Stp, NSpS, etc), (Appendix t) y E
Modetinginformation @

Yn

1R307- Y tr

NE

NE

NflN/AE

Yf] NEN/AE

YE NEForm 1

and
;

B

c

Utah New Source Review NOI Completeness Checklist Last revised 813012011



October t2,2075

Marty Gray, Major NSR Section Manager
Utah Division of Air Quality
195 North 1950 West
P.O, Box L44820
salt Lake city, Utah 84\74-4820

//it

.. litr''r
Tesoro Refining & Marketing Company LLC
474 West 900 North

HaruoDeuvrReo ;3'1lqlifl%ur84103

Re: Tesoro Salt Lake Citv Refinerv FCCU/CO Boiter Wet Gas Scrubber and LoTOxrM lnstallation
NO! Update

Dear Mr. Gray:

On June 7L,2OL5, Tesoro Refining & Marketing Company LLC (Tesoro) submitted a Notice of
lntent (NOl) application for the FCCU/CO Boiler Wet Gas Scrubber and LoTOxrM lnstallation for
the Salt Lake City Refinery. Since the time the original application was submitted, Tesoro has
determined that an incremental steam load of approximately 17,500 lb/hr of 300 psi steam will
be required as part of the project. The additionalsteam load will drive the CO Boiler
combustion air fan which will provide higher pressures through the flue gas train. This
additional pressure is needed to overcome the pressure drop associated with installing the Wet
Gas Scrubber. ln addition, Tesoro is submitting estimated fugitive PM, PM1e, and PM2.5

emissions associated with truck traffic on existing paved roads at the facility due to raw
material (oxygen, caustic and coagulant) delivery and filter cake (associated with the wet gas

scrubber's purge treatment unit) disposal. While not likely, trucks may also be utilized to
dispose of wastewater. The final option for wastewater disposal has not been determined at
this time; however, to be conservative, Tesoro has assumed haul trucks will be utilized to
dispose of wastewater.

Emissions Summarv

To account for the potential increase in emissions due to additional steam demand, Tesoro has
estimated the increase in emissions at the facility's Cogeneration Units for the incremental
steam consumption. For haul road truck traffic, emissions are estimated using methodology
from AP-42 Section 73.2.L, Paved Roads (equation 2), January 2}lt.

A summary of emissions increases from the project is provided below. Detailed calculations are
provided in Attachment A to this letter.

TESORO

4817 -3667 -6137 .vl



Emissions Increase (ton/yr)
Emissions Unit Nox SOz co PM PMro PMz.s voc H2SO4

Cogeneration
Units

5.97 2.09 6.s3 0.84 0.84 0.84 0.43 0.03

Truck Traffic 0.40 0.08 0.02
Total 5.97 2.09 6.s3 1.24 o.92 0.86 0.43 0.03
PSD Significant
Emissions Rate
(SER)

40 40 100 25 15 10 40 7

Exceeds PSD

threshold?
No No No No No No No No

This update to the NOI application does not change the result of any applicable rules or
requirements as described in the original NOI application.

Please contact me at 801-521-4966 or Michelle Bujdoso at 801-366-2036 if you need more
information or have questions.

Sincerely,

q,/M-,^-
William Snarr
Health Safety and Environmental Manager

Enclosu res

4817-3667 -6137 .vl
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UTAH D=PAI]TiVIENT OF

ENVIRONMENTAL QUALITY

iu[-l l I 2015

DIVISION OF AIR QUALITY

*;;; l.'

Tesoro Refining & Markettng Company LLC

474 West 900 North
Salt Lake City, UT 84103
801 521 4810

I
TESORO

HAND DELIVERED

June 11,2015

Marty Gray, Major NSR Section Manager
Utah Division of Air Quality
195 North 1950 West
P.O. Box 144820
Salt Lake City, Utah 84114-4820

Re: Tesoro Salt Lake City Refinery FCCU/C0 Boiler Wet Gas Scrubber and

Dear Mr. Gray:

Enclosed please find a Nollge of Intent (NOI) application for the FCCU/CO Boiler Wet

Gas Scrubber and LoTOxrM Installation. This project will occur at the Tesoro Refining

and Marketing Company's (Tesoro's) Salt Lake City (SLC) Refinery which operates

under Approval Order (AO) DAQE-ANI03350065-14.

Also included is a check for $2300 which covers the filing fee and the base fee (Existing

Major Source with a Minor Modification) for the NOI application.

Please contact me at 801-521-4966 or Michelle Bujdoso at 801-366-2036 if you need

more information or have questions.

Sincerely,

William Snarr
Health, Safety and Environmental Manager

Enclosures



UTAH DEPAHTIIENT OF
ENVIRONMENTAL QUALITY

iuN I I 2015

DIVISION OF AIR QUALITY

FCCU/CO Boiler Wet Gas Scrubber and
LoTOxrM lnstatlation

Notice of lntent for an Approval Order

Prepared for
Tesoro Refining & Marketing Company LLC
SaIf Lake City Refinery

June 201 5

TESORO

]lARR

-

4700 West 77th Street
Minneapolis, MN 5S435-4803
Phone: (952) 832-2600
Fax: (952)832-2601



Fccu/co Boiler wet Gas scrubber and LoToxrM lnstailation

Notice of lntent for an Approvat Order

June 2015

Table of Contents

2.1 General Facility Information 
........32.2 Project Description 

.......................3
2.3 Affected Non-Modified Emission Units .......... ..................42.4 Emission Units Not Affected by project 

.........42'5 Project Schedule"". 
......................4

3.0 Emissions Summary 
............5

3.1 R307-403 and R307-405 Emissions Determination.............. ................53.2 Calculation of Emissions.................. 
...............53.3 Hazardous Air pollutant (HAp) Emissions.. ......................6

3.4 Existing and proposed Emissions Limits ........6
4.0 Regulatory Applicability and Compliance Demonstration.............. .................g

4.1 Rule R307-110. General Requirements: State Implementation plan .......................94.2 R307-210: Stationary Sources....... ................124.3 R307-214: National Emission Standards for Hazardous Air polrutants... ..............r34'4 R307-326: ozone Nonattainment and Maintenance Areas: Control of Hydrocarbon Emissionsin Petroleum Refineries.. 
............144.5 R307-401: permit: New and Modified Sources ...............14

4'5'l StateBACT 
...................144.6 R307-403: Nonattainment and Maintenance Areas .........144'7 R307-405: Permits: Major Sources in Attainment or Unclassified Areas (pSD)......................15

4.8 R307-406:Visibility.... 
...............154.9 R307-410: permits: Emissions Impact Analysis ..............15

4'10 R307-420:Permits:ozoneoffsetRequirementsinDavisandSaltLakecounties.................l5

4'11 R307-421: Permits: PM16 offset Requirements in salt Lake county and Utah county...........16
4'12 consent Decree - united States, et.al. v. BP Exploration & oil, et. al., civil Action No. 2:96cv 095 RL............. 

....................16
5.0 Summary of NOI Requirements for project 

.............17



1 '..

List of Tables

Table 3-1. Summary of FCCU/CO Boiler Potential to Emit (PTE) Before and After project ..............6
Table 3-2. Proposed FCCU/CO Boiler Emission Limits........ .......7
Table 3-3. Proposed Source-Wide Emission Limits .....................7
Table4-1. Summaryof AireualityRegulatoryApplicabilityfortheproject ...................g
Table 5-1. Summary of NOI Requirements................ ................17

List of Attachments

Attachment A Refinery Location Map and Site Diagram

Attachment B Emission Calculations for project

Attachment C Form l, Form 9, andNOI Checklist



1.0 lntroduction

This Notice of Intent (NOD package is submitted for approval of the installation of wet gas scrubber

(WGS) and LoTOxrM emission control systems on the fluidized catalytic cracking unit/carbon

monoxide boiler (FCCU/CO Boiler) at the Tesoro Refining &Marketing Company LLC's (Tesoro's)

Salt Lake City (SLC) Refinery (hereinafter referred to as the "Project"). The SLC Refinery currently

operates under multiple Approval Orders (AOs), of which DAQE-AN103350065-14 is affected by

this Project. The SLC Refinery is situated on236 acres in Salt Lake County, approximately 1.5 miles

north of Salt Lake City.

This Project involves installation of WGS and LoTOxrM systems to control emissions from the

FCCU/CO Boiler. These emission control systems are being installed primarily to meet Utah's pM2.5

State Implementation Plan (SIP) requirements that apply to Tesoro. The PM2 5 SIP, as most recently

amended by the Utah Air Quality Board on Decemb er 3,2014, is incorporated by reference and made

part of Utah rules pursuant to R307-1 l0-10. Section IX.H.11,g.i. of the SIP contains requirements for
petroleum refineries and specifically for fluid catalytic cracking units. In addition, source-wide limits
are included specifically for Tesoro's SLC Refinery in section IX.H.1 1 .r. These requirements are

included in section 4.1 of this application.

In general, the WGS and LoTOxrM technology process reduces the emissions of SO2 and NOx by

converting these compounds to other compounds that are easily removed from the flue gas by liquid
sprays within the scrubber. These same liquid sprays also remove particulates from the flue gas. The

LoTOxrM system injects ozone into the FCCU/CO Boiler exhaust stream within the WGS. NO1

compounds are oxidized with ozone to form compounds that are removed from the flue gas in the

WGS. It is expected that a small amount of ozone (approximately 3 ppm) will not react with the NOy

compounds and will be emitted directly to the atmosphere (known as "slip"). Emissions of NO1 and

SO2from the FCCU/CO Boiler will be reduced due to the installation of the pollution control

equipment.

Utah administrative code Rule R307-401-3(c) requires submittal of an NOI to "install a control

apparatus or other equipment intended to control emissions of air contaminants." Rule R307-401-5

requires that the NOI must contain specific information related to the process, nature of emissions,

control device(s), and regulatory applicability and compliance. This NOI includes a project

description, an emissions surlmary, and a description of regulatory applicability and demonstration

of compliance to address these requirements.



This NOI is organized as follows:

o Section 2.0 contains a project description,

o Section 3.0 contains the emissions sufitmary,

o Section 4.0 contains a description of regulatory applicability and compliance demonstration,
o Section 5.0 contains a sumrrrary of the NOI requirements,

o Attachment A contains a site diagram,

o Attachment B contains the project emission calculations,

o Attachment c contains Form l, Form 9, and the NoI checklist.



2.0 Project Description

This section includes a general description of the facility and details of the proposed project.

2.1 General Facility lnformation
The Tesoro Salt Lake city Refinery is located at 474 west 900 North, salt Lake city, Utah. The
refinery is located in a nonattainment area for PM2.5 (including precursors NOa, SO2, and VoC)r,
PMls (including precursors So2 and No*)2, and Soz. The area is also a designated maintenance area
for ozone (VoC and No*) and Co. Attachment A includes a figure that shows the location of the
refinery in Salt Lake City.

2.2 Project Description
This Project will install a Belco wet gas scrubber (wGS) and Linde LoToxrM system. Specifically,
the control system will consist of:

o A Belco spray tower for SO2 and particulate removal,

e A Linde LoToxrM system including an onsite ozone generator for Noa removal, and
r A Belco purge treatment unit (PTU) for dewatering and solid waste disposal.

For control of Nox emissions, the proposed wet scrubbing system uses Linde LLC,s patented
LoToxrM process' In the LoToxrM process, ozone is injected into the FCCU/co Boiler exhaust gas
stream within the wGS' Nox compounds are oxidized with ozone to form compounds that are
removed from the flue gas in the WGS.

So2 and Soq are removed from the FCCU/CO Boiler exhaust gas stream by contacting the exhaust
gas with water, buffered with a sodium reagent (either sodium hydroxide, NaoH or soda ash or
Na2co), in the spray tower. The reagent and reagent byproducts are liquids.

Similar to So1 removal, particulates are also removed through liquid-gas contact in the scrubber,s
spray tower' Liquid containing these compounds is collected and purged from the scrubber. It is then
processed by a Purge Treatment Unit (PTU), which separates and dewaters the particulate. The

' utah state Implementation Plan control Measures for Area and point Sources, Fine particulate Matter, pM2.5
SIP for the Salt Lake city, UT Nonattainment Area section IX. part A.21, December 3,2014
'utahPMl0 Maintenance provisions for Salt Lake county, Section Ix.A. 10, ruly 6,2005.



system is designed to discharge a neutral pH liquid stream. The final effluent is low in total
suspended solids (TSS), and contains up to lOYo total dissolved solids (TDS) from sodium sulfate and
sodium nitrate.

A small increase in fugitive dust emissions will occur due to increased truck traffic to deliver raw
materials and haul waste byproducts associated with the wGS and LoToxrM system. In addition,
there is an increase in electrical demand resulting from onsite ozone generation and pumping loads;
however, all incremental electricity will be provided by off-site generation, since on-site generation
is fully utilized by existing process facilities within the refinery.

2.3 Affected Non-Modified Emission Units
The emission unit controlled by the Project is the FCCU/co Boiler (ps# 4). However, the unit itself
will not be modified and Noa So2, PM2 5, PMro, and PM emissions will not increase after the
Project.

2.4 Emission Units Not Affected by project
Tesoro has evaluated the Project impacts to other portions of the refinery and has determined that no
non-modified emission units are affected by the Project. The Project does not relieve constraints of
any other process units.

2.5 Project Schedule
The estimated start of construction is May 2016,pending permit
begin operations in October 2017, assuming permit approval by
construction.

approval. The system is expected

the estimated date for start of



3.0 Emissions Summ ary

The Utah Department of Environmental Quality Division of Air Quality (UDAe) requires a

comparison of the emissions before and after the Project. There will be no increase in potential or
actual emissions at the FCCU/co Boiler (pM, pMro, pMz.s, No1, So2, co). There will be a small
amount of ozone emissions resulting from ozone slip in the LoTOxrM system (approximately 3 ppm)
after the installation of the control system.

Attachment B contains detailed emission calculations which summarize the potential emissions of the
FCCU/CO Boiler before and after the Project. These emission calculations reflect new emission
limitations that will apply or are being proposed (refer to section 3.2).

3.1 R307-403 and R307-405 Emissions Determination
Pollutant-specific emission calculations must be completed to determine whether a major
modification will occur under R307-403 for nonattainment and maintenance areas and under R307-
405 for attainment areas. Since the Project does not result in an increase in actual emissions for the
affected unit (the FCCU/CO Boiler) or for any other emission units, a major modification will not
occur. Refer to Sections 4.6 and 4.7 for determinations of the applicability of New Source Review
(NSR).

3.2 Calculation of Emissions
As previously discussed, NOx and SO2 emissions from the FCCU/CO Boiler will decrease as part of
the Project. The annual emissions decreases are described and quantified as follows to reflect new
applicable and proposed limitations. In addition to the annual limits described below, short term
limits are also proposed. A summary of all emissions limits is provided in Section 3.4. Asummary of
the annual potential emissions of SO2, NOa, and CO from the FCCU/CO Boiler before and after the
project is presented in Table 3-1 below.

Potential SO2 emissions before the Project are based on the existing SO; limit at the
FCCU/CO Boiler of 705 tons per rolling l2-month period and the conversion factor of 1.05

to convert from SO1 to SO2. Potential SO2 emissions after the Project are calculated using a

proposed SO2 emission limit of 10 ppmvd, @ O% excess air on a 365-d,ay rolling average.

Potential NOa emissions before the Project are based on the existing NO1 limit at the
FCCU/CO Boiler of 174 tons per year. Potential NO1 emissions after the project are



calculated using a proposed NOa emission limit of l0 ppmv d @ O% excess air on a 365-d,ay
rolling average.

o Potential co emissions before the Project are based on the existing co limit of 500 ppmvd.
Potential co emissions after the Project are calculated using a proposed co emission limit of
100 ppmvd @ 0% excess air on a 365_d,ay rolling average.

o Potential emissions of other pollutants will not change because there are no new applicable or
proposed limits. The PM2 5 SIP contains a limit of 1.0 pounds pM per 1000 pounds coke
burned on a 3-hour average basis; however, the same PM limit already applies per 40cFR 60
(NSPS) Subpart J.

Table 3-1' summary of FCCU/co Boiler Potential to Emit (prE) Before and After project

PhrI,Iir:*iirrr

Soz 671.43 4t.06
NOx 174.00 29.48

CO 933.43 179.51

3.3 Hazardous Air pottutant (HAp) Emissions
There are no increases in actual or potential emissions of HAps as a result of the project. The wGS
may result in a decrease in HAP emissions such as heavy metals in particulate form or volatile
organic compounds that are soluble in water; however, these potential decreases have not been
quantified.

3-4 Existing and proposed Emissions Limits
Proposed new emission limits are presented in Table 3-2 forthe FCCU/co Boiler. Section 4.1 also
provides the refinery-wide limits that are required by the pM2 5 slp. Tesoro will use continuous
emission monitoring systems (CEMS) to demonstrate compliance with the proposed Noa, Soz, and
CO limits for the FCCU/CO Boiler.



Table 3-2. Proposed FCCU/CO Boiler Emission Limits

Table 3-3. Proposed Source-Wide Emission Limits

Pollutant Limit Averaging Periqd Date Applicable
Nox 10 ppmvd at 0%o Oz Rolling 365-day January 1,2018
NO, 20 ppmvd at 0%o 02 Rolling 7-day January 1,2078
SO, 10 ppmvd at 0%o 02 Rolling 365-day January 1,2018
SO, l8 ppmvd at \Yo 02 Rolling 7-day January 1,2018
SO, 25 ppmvd at }Yo Oz Rolling 365-day January l,20lB
SO, 50 ppmvd at 0%o 02 Rolling 7-day January 1,2018
CO 100 ppmvd at \Yo 02 Rolling 365-day October l, 2015

Pollutant Limit Averaging Period Date Applicable
PM2 5 (filterable) 0.42 ton/day I -day January 1,2019
PM2 5 (filterable) 1 l0 ton/yr Rolling l2-month January 1,2019

Nox 1.988 ton/day 1-day January 1,2019
Nox 475 ton/yr Rolling l2-month January 1,2079
Soz 3.1ton/day 1-day January I,2019
Soz 300 ton/yr Rolling 12-month January 1,2019



4-0 Regulatory Applicability and compliance
Demonstration

Tesoro has completed an applicability review of all Federal and State air quality regulations as part
of the air permit application process. Table 4-1 provides a summary of the major air quality programs
that were reviewed for the Project. Each regulation which requires explanation is described in the
following sections.

Table 4-1. summary of Air euality Regulatory Applicability for the project

Report
Section Program Description

Regulatory
Citation

Does This Project Trigger New
Applicable Requirements?

Utah State Rules R307

4.1 General Requirements: State Implementation
Plan

R307-l 10 Yes

4.2 Stationary Sources R307-210 No
4.3 National Emission Standards for Hazardous

Air Pollutants
R307-214 No

4.4
Ozone Nonattainment and Maintenance
Areas: Control of Hydrocarbon Emissions in
Petroleum Refineries

P.307-326 No

Ozone Nonattainment and Maintenance
Areas: Petroleum Liquid Storage R307-327 No

4.5 Permit: New and Modified Sources R307-40r Yes
4.6 Nonattainment and Maintenance Areas R307-403 No
4.7 Permits: Major Sources in Attainment or

Unclassified Areas (pSD)
R307-405 No

4.8 Visibility R307-406 No
4.9 Permits: Emissions Impact Analysis R307-410 No

Permits: Fees for Approval Orders R307-4r4 No
4.10 Permits: Ozone Offset Requirements in Davis

and Salt Lake Counties
R307-420 No

4.tt Permits: PMls Offset Requirements in Salt
Lake County and Utah County R307-421 No

4.12
Consent Decree - United States, et.al. v. Bp
Exploration & Oil, et. al., Civil Action No.
2:96 CY 095 RL

No

Federal Rules 40 CFR



Report
Section Program Description

Regulatory
Citation

Does This Project Trigger New
Applicable Requirements?

Natlonal Ambient Air euality Standards
(NAAQS)

40 CFR 50 No

4.6,4.7 New Source Review (NSR) 40 CFR 52 No
4.2 New Source Performance Standards (NSPS) 40 CFR 60 Yes

4.3 Natronal Emission Standards for Hazardous
Air Pollutants (NESHAps)

40 CFR 6I No

4.3 NESHAPs for Source Categories 40 CFR 63 No
Risk Management Programs for Chemical
Accidental Release prevention 40 CFR 68 No

Irtle V Operating permit
40 CFR 70 No

Acrd Rain Requirements 40 CFR 72 No
Stratospheric Ozone protection Requirements 40 CFR 82 No

4.1 Rule R30z-110. Generar Requirements: state rmptementation
Plan

The PM2.5 State Implementation Plan (SIP), as most recently amended by the Utah Air euality Board
on December 3,2014, is incorporated by reference and made part of Utah rules pursuant to R307-
110-10' The limits described below are summarized in Section 3.4 of this application. section
Ix'H'11'g'i of the PM2.5 sIP contains the following requirements for petroleum refineries.

Petroleum Refineries.

i. Limits at Fluid Catalytic Cracking Units

A. FCCU SO2 Emissions

I' By no later than January I, 2018, each owner or operator of an FCC(J shall comply
with an soz emission limit of 25 ppmvd @ 0% excess air on a 365-day rolling average
basis and 50 ppmvd @ 0% excess air on a z-day roring average basis.

II. compliance with this limit shall be determined byfollowing 40 c.F.R. g60.105a(g).

B. FCCU PM Emissions



I' By no later than January t , 201B, each owner or operator of an FCC(J shall comply
with an emission limit of 1.0 pounds PM per 1000 pounds coke burned on a 3-hour
average basis.

II' compliance with this limit shall be determined by fotlowing the stack test protocol
specified in 40 C.F.R. 560.106(b) to measure PM emissions on the FCCU. Each owner
operator shall conduct stack tests once every five years at each FCCU.

III' By no later than January t, 201g, each owner or operator of an FCC(J shall install,
operate and maintain a continuous parameter monitor system (C\MS) to measure and
record operating parameters for determination of source-wide pMz.t emissions as
appropriate.

In addition, the following source-wide requirements apply specifically to the Tesoro SLC Refinery
per Section IX.H.1 I .r.

r. Tesoro Refining and Marketing Company; Salt Lake City Refinery

i. Source-wide pM2.5

By no later than January 1, 201g, combined emissions offilterable pM2.5 shall not exceed 0.42
tons per day (tpd) and I I0 tons per rolling I2_month period.

PM2'5 emissions shalt be determined daily by apptying the listed emissionfoctors or emission
factors determined from the most current performance test to the relevant quantities offuel
combusted' (Jnless adiusted by performance testing as discussed above, the default emission
factors to be used are as follows;

Natural gas - 1.9 lb/MMscf (filterable), 5.2 rb/MMscf (condensabre)

Plant gas - 1.9 lb/MMscf (firterabte), 5-7 rb/MMscf (condensabre)

Daily gas consumption by all boilers andfurnaces shall be measured by meters that can
delineate theflow of gas to the indicated emission points.

The equations used to determine emissions for the boilers and furnaces shalt be as follows;

Emission Factor (rb/MMscfl * Gas consumption (MMscf/24 hrs)/(2,000 lb/ton)

10



By no later than January 1, 2019, Tesoro shall conduct stack testing to establish the ratio of
condensable PM2'5 from the FCC(I wet gas scrubber stack. At that time the condensable fraction
will be added and a new source-wide limitation shall be established in the AO.

Total 24-hour PM2-5 (filterable * condensable) emissions shall be calculated by adding the
results o-f the above filterable PM2 .5 equations for natural gas and plant gas combustion to the
values for the FCC(I wet gas scrubber stack and to the estimate for the sRU/TGTU/TGI. Results
shall be tabulated every day, and records shall be kept which include the meter readings (in the
appropriate units) and the calculated emissions.

ii. Source-wide NOx

By no later than January t, 201g, combined emissions of Nox shall not exceed l.9gB tons per
day Qpd) and 475 tons per rolling t2_month period.

compliance shall be determined daity by multiplying the hours of operation of a unit, Jbed rate to
a unit, or quantity of each fuet combusted at each affected unit by the associated emission factor,
and summing the results.

A Nox cEM shall be used to calculate daily Nox emissions from the FCC7 wet gas scrubber
stack' Emissions shall be determined by multiplying the nitrogen dioxide concentration in the.flue
gas by the massflow of theJlue gas. The Nox concentration in theflue gas shall be determined
by a CEM.

The emission factors for all other emission units are based on the results of the most recent stack
test for that unit.

Total daily Nox emissions shall be calculated by adding the emissions for each emitting unit.
Results shall be tabulated every day, and records shatl be kept which include the meter readings
(in the appropriate units) and the calculated emissions.

iii. Source-wide SO2

By no later than January I , 201 g, combined emissions of so2 shall not exceed 3 . I tons per day
(tpd) and 300 tons per rolling l2_month period.

t1



Daily SO2 emissions from the FCCU wet gas scrubber stack shall be determined by multiplying
the SO2 concentration in theflue gas by the massflow of theflue gas. The SO2 concentration in
the flue gas shall be determined by a CEM.

Daily So2 emissions from other affected units shatl be determined by multiplying the quantity of
eachfuel used daily (24 hour usage) at each affected unit by the appropriate emissionfactor
below.

Emission factors (EF) for the various fuels shall be as follows;

Natural gas: EF = 0.60 lb/MMscf

Propane: EF : 0.60\b/MMscf

Plantfuel gas: the emissionfactor shall be calculatedfrom the H2S measurement orfrom the
SO2 measurement obtained by direct testing/monitoring.

The emission factor, where appropriate, shatt be calculated as follows;

EF (lb so2/MMscf sas) : [(24 hr avg. ppmdv H2s) /10^6J t64 tb so2/tb mote)J [e0^6

s cf/MM s cfl / ( 3 7 9 s cf/ I b mo I e)J

v[/here mixtures offuel are used in a Unit, the above factors shall be weighted according to the

use of eachfuel.

Total daily SO2 emissions shall be calculated by addingthe daily results of the above SO2
emissions equations for natural gas, plant fuel gas, and propane combustion to the wet gas

scrubber stack. Results shall be tabulated every day, and records shall be kept which include the
CEM readings for H2S (averaged for each one-hour period), alt meter readings (in the
appropriate units), and the calculoted emissions.

Tesoro requests that the requirements from the SIP be incorporated into the Approval Order issued
for this Project.

4.2 R307-210: Stationary Sources
New Source Performance Standards (NSPS) are incorporated by reference into the UDAe rules.
There is no new construction of any NSPS affected facilities. Tesoro reviewed whether the project

t2



will result in a "modification" or "reconstruction" for any NSPS affected facilities, and thus result in
applicability of that NSPS. The NSPS regulation, at 40 CFR g60.14(a), defines a modification as a
physical or operational change to the affected facility that is not specifically exempted and that
results in an increase in the emissions rate to the atmosphere of any pollutant to which a standard
applies. An increase in production rate, if that increase can be accomplished without a capital
expenditure on that facility, is not considered a modification per $60.14(eX2). ,,Increase in emissions
rate" is defined pursuant to $60.14(b) as an increase in the maximum hourly emission rate of an
applicable pollutant from the affected facility. A reconstruction occurs when the fixed capital cost of
the Project is 50 percent or greater than the current replacement cost ofthe affected facility.

The FCCU/CO Boiler is the only emissions unit that will require physical changes as part of the
Project and is currently an affected facility under NSPS Subpart J. Tesoro reviewed the physical
changes performed as part of the Project to determine if NSPS Subpart Ja is triggered for the
FCCU/Co Boiler' There will not be any increase in maximum hourly emissions of any pollutant
regulated by NSPS Subpart Ja (PM, NOy, SO2 and CO). Therefore, the FCCU/CO Boiler is not
considered to be "modified" according to NSPS regulations. In addition, the estimated cost of
changes being made to the FCCU/CO Boiler as part of the Project are less than S1%oof the
replacement cost of the affected facility; therefore, o'reconstruction" is also not triggered.

Tesoro is evaluating applicability of wastewater system modifications related to the project to
determine whether modification is triggered under NSPS Subpart QQe and is uncertain at this time
whether a modification to an affected facility will occur as part of the Project. Tesoro will review the
detailed drawings when they are available and in the event that modification is triggered under
Subpart QQQ, Tesoro will provide the required notifications to UDAe.

The Project will not affect applicability of any other NSpS subparts.

4-3 R307-214: Nationat Emission standards for Hazardous Air
Pollutants

NESHAP standards from 40 CFR 61 and 40 CFR 63 are incorporated by reference into the UDAe
rules' The physical changes performed as part of the Project affect only the FCCU/CO Boiler; which
is currently subject to 40 CFR 63 Subpart UUU for "National Emission Standards for Hazardous Air
Pollutants for Petroleum Refineries: Catalytic Cracking Units, Catalyic Reforming Units, and Sulfur
Recovery Units." Catalylic cracking units are regulated as emission points under this subpart. Tesoro

l3



will continue to comply with the emission standards and other requirements of this rule following the
Project.

4-4 R307-326: ozone Nonattainment and Maintenance Areas:
Contro! of Hydrocarbon Emissions in Petroleum Refineries

Rule R307-326-7 contains requirements for flue gas from catalfiic cracker catalyst regeneration
units' The FCCU/CO Boiler is currently subject and will remain subject to this requirement after the
Project' Tesoro will continue to comply with the requirements of this rule following the project.

4.5 R307'401: Permit: New and Modified sources
Rule R307-401-3(c) requires submittal of an NoI to "install a control apparatus or other equipment
intended to control emissions of air contaminants." Since the project is installation of emission
control systems, an NoI must be submitted. Rule R307- 4ol-5 requires submittal of an NoI, which
must contain specific information related to the process, nature of emissions, control device(s), and
regulatory applicability and compliance. Refer to Section 5.0 for a summary of compliance with the
NOI requirements.

4.5.1 State BACT
R307-401-5(d) permits the issuance of an approval order if it is determined that the pollution control
for emissions is at least best available control technology (BACT). A BACT review is required for
new emission units and existing emission units where there is a physical modification and an increase
in emissions. Because emissions are not increasing at the FCCU/Co Boiler a BACT review is not
required.

4.6 R307-403: Nonattainment and Maintenance Areas
R307-403 applies to major new sources or major modifications to be located in a nonattainment area.
The refinery is located in a nonattainment area for PM2 5 (including precursors So2, Nox, and VoC),
PMls (including precursors So2 and No*), and So2. The area is also a designated maintenan ce area
for ozone (voc and No*) and co. The proposed Project is neither a new major source nor a major
modification as defined in R307-101-2 since the actual emissions increase is zero, which is less than
the significant emission rate (SER) threshold for each applicable pollutant.

Emission offsets are required if the combined allowable emission increase of pM1s, So2, and No*
exceeds 25 tons per year per R307-403-5. Since the combined allowable emission increase from the
Project is zero tons per year of these pollutants, no emission offsets are required.
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4-7 R307-405: permits: Major sources in Attainment or
Unclassified Areas (pSD)

R307-405 applies to major new sources or major modifications located in an attainment, unclassified,
and maintenance areas. This rule requires review of all regulated NSR pollutants except those
pollutants in nonattainment with the ambient air quality standards (pMz.s, pMro, and So2). The
proposed Project is neither a new major source nor a major modification as defined in R307-405-3
since the emissions increase for all applicable pollutants is zero, which is less than the SER threshold
for each applicable pollutant. Tesoro has demonstrated compliance with all applicable requirements
with the submission of this NoI. Therefore the requirements of R307-405 are not applicable to this
proposed Project.

4.8 R307-40G: Visibitity
The installation of the emission control systems results in a reduction in pollutants (Noa, So2, and
PM) that cause or contribute to visibility impairment. As a result, Tesoro believes that the project
will not cause an "Adverse Impact on Visibility" as defined in the rule and no further review is
required.

4-9 R307-410: permits: Emissions rmpact Anarysis
R307-410 establishes the procedures and requirements for evaluating the emissions impact of new or
modified sources' Pursuant to R307-410-4, dispersion modeling is required for increases in the total
controlled emission rate of attainment pollutants (No* and co for the SLC refinery) in an amount
greater or equal to values given in Table 1 of the rule. For these pollutants, the thresholds given in
Table I are equal to the sERs. Dispersion modeling is not required since there is not an increase in
emissions of NO* or CO.

The requirements of R307-410-5 for documentation of ambient air impacts for hazardous air
pollutants do not apply since the Project does not result in an increase in emissions of hazardous air
pollutants.

4-10R307'420: permits: ozone offset Requirements in Davis andSalt Lake Counties
The SLC Refinery is located in a maintenance area for ozone. Emission offsets are required for any
new major source or major modification of voc or No*. R3o7-420-2defines a significant emission
increase at a level of 25 tpy voc rather than 40 tpy voc. The project is neither a new major source
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nor a major modification for voc (considering the lower threshold) or No^; therefore, offsets are not
required.

4.11R307'421: Permits: pMls offset Requirements in sart Lake
Gounty and Utah Gounty

Emission offsets are required if the combined allowable emission increase of So2 and No* exceeds
25 tons per year' The combined allowable emission increase of these pollutants from the project is 0
tons per year. Therefore, no emission offsets are required.

4-l2consent Decree - United states, et.al. v. Bp Exploration & oil,et. al., Civil Action No. 2:96 CV 095 RL
on August 29,2ool BP Exploration entered into a consent Decree with the us EpA covering eight
refineries including the Salt Lake city and Mandan refineries. when Tesoro purchased the salt Lake
and Mandan refineries from BP, Tesoro assumed responsibility for the provisions of the consent
decree as they related to the two facilities. This Project is not being undertaken to comply with any
provisions of this consent decree. Tesoro will continue to comply with the provisions of the consent
decree, if applicable, after implementation of the project.

16



5.0 summary of Nol Requirements for project

Table 5-1 provides a surlmary of how this NoI complies with the specific requirements of Rule
R307-401-s(2).

Table 5-1. Summary of NOI Requirements

Requirement Section Reference for Information provided
(a) A description ofthe nature ofthe processes
involved; the nature, procedures for handling and
quantities of raw materials; the type and quantity of
fuels employed; and the nature and quantily of
finished product.

Section 2.2

(b) Expected composition and physical
characteristics of effluent stream both before and
after treatment by any control apparatus, including
emission rates, volume, temperature, air
contaminant types, and concentration of air
contaminants.

Section 3.2, Attachment B

(c) Size, type and performance characteristics of
any control apparatus.

Attachment C, Form 9.

(d) An analysis of best available control technology
for the proposed source or modification. When
determining best available control technology for a
new or modified source in an ozone nonattainment
or maintenance area that will emit volatile organic
compounds or nitrogen oxides, the owner or
operator ofthe source shall consider EpA Control
Technique Guidance (CTG) documents and
Altemative Control Technique documents that are
applicable to the source. Best available control
technology shall be at least as stringent as any
published CTG that is applicable to the source.

N/A. The Project does not include installation of
a new or modified source.

(e) Location and elevation of the emission point
and other factors relating to dispersion and
diffusion of the air contaminant in relation to
nearby structures and window openings, and other
information necessary to appraise the possible
effects ofthe effluent.

Attachment A - location provided - other info
not needed since modeling is not required.

(f) The location of planned sampling points and the
tests of the completed installation to be made by
the owner or operator when necessary to ascertain
compliance.

Not applicable - no new testing is necessary to
demonstrate compliance.

(g) The typical operating schedule.
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Requirement Section Reference for Information Provided
(h) A schedule for construction. Section 2.5

(i) AnV plans, specifications and related
information that are in final form at the time of
submission of notice of intent.

No plans or specifications are in final form at the
time of this submission.

0) AnV additional information required by:
(i) R307-403, Permits: New and Modified
Sources in Nonattainment Areas and
Maintenance Areas;

(ii) R307-405, Permits: Major Sources in
Attainment or Unclassified Areas (PSD);

(iii) R307-406, Visibility;
(iv) R307-410, Emissions Impact Analysis;
(v) R307-420, Permits: Ozone Offset
Requirements in Davis and Salt Lake Counties;
(vi) R307-421, Permits: PMls Offset
Requirements in Salt Lake County and Utah
County.

(i) Section 4.6

(ii) Section 4.7

(iii)Section 4.8

(iv) Section 4.9

(v) Section 0

(vi) Section 4.1 1

(k) AnV other information necessary to determine if
the proposed source or modification will be in
compliance with Title R307.

Section 4.2 (NSPS Compliance)
Section 4.3 (MACT Compliance)
Section 4.4 (Control of Hydrocarbons)



Attachment A

Refinery Location Map and Site Diagram



Figure A-1
Refinery Location Map
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Attachment B

Emission Calculations for project
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Attachment C

Form 1, Form g, and NOI Ghecklist



UTAFrA)
ilrra^etS
T'"k#

Utah Division of Air Quality
New Source Review Section

Form 1

Notice of lntent (NOl)

Applicationfor: XtnitiatApprovalOrder

Date

lApproval Order Modification

APPROVAL ORDER MUST BE ISSUED BEFORE ANY CONSTRUCTION OR INSTALLATION CAN BEGIN. ThiS iSnot a stand alone document; please refer to uAC R307-4o1and the published Nol guidebook for information onrequirements of the specified information below. Please print or type all information requested. All ouflined informationrequested must be accurate and completed before DACi can determine that an Nol is complete and an engineeringreview can be initiated. lf you have any questions, contact the Division of Air Quatity at (g01) 536-4000 and ask tospeak with a New Source Review Engineer. W.ritten inquiries may be addressed to: Division of Air euality, New SourceReview Section, p.O. Box 144BzO, Sitt take City, Utah A+tlq,_iazo.

General Owner and Facitity lnformation
1. Filino Fee Paid* 2. Application Fee Paid*
3. Company name and address:
Tesoro Refining & Marketlng Company LLC
474 West 900 North
Saft Lake City, UT 84103

Phone No.: (801) 366-2036
Fax No.: (801) s2 t-4965

Phone no.: (801) !11-4956
Email: Wil-f iam. K. SnarrGtsocorp. com

".* pompany contact onty; consultant or independent contractor contact
information can be provided in a cover leftei

4. Company** contact for environmental matters:
William Snarr

5. Facility name and address (if different from above):
Tesoro Refining & Marketing Company LLC
474 West 900 North
Sal-t Lake City, UT 84103

Phone no.: (801) 366-2036
Fax no.: ( Bo1 ) 52 t-4965

6. Owners name and address:
Tesoro Corporation
19100 Ridgewood parkway

San Antonio, TX 18259

Phone no.:
Fax no.:

7. Property Universal Transverse Mercator coordinates
(UTM), including System and Datum:

Easting: 423, 4oo

Northing: 4, 575, g5O

System: UTM Zone 12

Datum:

8. County where the facility is located in:

Sal-t Lake

9. Standard lndustrial Classification Code:

2977

DAQ Form 1 Notice of lntent

1of 3
Updated: 11130111



10. Designation of facility in an attainment, maintenance, or nonattainment area(s):

SL City CO Maint Area
SL Co Ozone Maint Area
SL Co PM10 NAA
SL Co PM2.5 NAA
SL Co SO2 NAA

11. lf request for modification, AO# to be modified: DAQE#oaOE-AN103350065-14 Dale: gl5t14

12. ldentify any current Approval Orde(s) for the facility not being modified with this request:
AO#DAQE-AN103350063-14 Date3/71 /1_4

AO#oaQu-aNO103350O 42-08 Date'/73/OB

Application for:
Xtrtew construction
!Existing equipment operating without permit
EChange of permit condition

flModification
nPermanent site for Portable Approval
lChange of location

14. Construction or modification estimated start date:S/1/16 Estimated completion date:10t31t17

15. Does this application contain justifiable confidential data? nyes X No

16. Current Title V (Operating permit) ldentification: Date

an enhanced Title V permit with this AO modification

Brief (50 words or less) description of project to post on DAQ web for public awarenessThis Project invol-ves instaffation of wGS and LoToxTM emissions control systems on theFCCU exhaust stack. These emission controf systems are being instaffed primarily tomeet utah's PM2'5 State rmplementatlon PIan (SrP) requirements that apply to Tesoro.

Appendix A: Detailed description of project including process flow diagram (See Forms 2-23)
EFuels and their use ngquipment used in procJss '-go"."ription 

of product(s)
ERaw materials used EDesiription of changes to process (if appticable) trStr"k iarametersEOperation schedules EProduction rates linituOing daily/seasonalvariances)

19' Appendix B: Site plan of facility with all emission points and elevations, building dimensions, stack parameters
included

DAQ Form 1 Notice of lntent

2of 3
Updated: 11130111



Emissions lnformation
20. Appendix C: Emission Calculations that must include:

xEmissions oer new/modified unit for each of the following: pM1e, pM2.5, No,, so", co, voc, and HApsIDesignation of fugitive anO non iugitive emissions
EMaior GHG Sources; Emissions f"ei ne*lmodified unit for GHGs (in Co2e short tons per year)
xReferences/assumptions for 

"r"it 
Erirrion Factor used in calculating criteria pollutant, HAp, and GHG emissionsnHep emissions (in pounds per houi and tons p"r v""l.) 6ror"n out by specific pollutant and summed as a totat

21 ' Appendix D: DAQ Form 1a or equivalent (comparison of existing emissions to proposed emission and resulting newtotalemissions)

22. Appendix E: source size determination (Minor, synthetic Minor, Major, or psD)
X tt an Existing Major Source: Determination of Minor, Major or pSD modification

23. Append ix F: offset req-uirements (nonattainmenumaintenance areas)
flAcquired required offsets

R307 -40 1 - 420 & R3o7 -40 1 _ 42 1

Air Pollution Gontrot equipment lntormati6f
24' Appendix G: Best Available control rechnology (BACT) analysis for the proposed source or modification

25' Appendix H: Detailed information on all new/modified equipment controls. lt is strongly recommended using DAeforms as they outline required information, but something ;quivatent to the DAe forms is acceptable.

26' Appendix l: Discussion of Federal/state requirement applicability (NAAas, slp, NSps, NESHAp, etc)

Modeling lnformation
27. Appendix J: Emissions tmpact Analysis (if applicable)

Electronic NO!

28. A complete and accurate electronic NOI submitted

I hereby certify that the information and data submitted in and with this application is completely true, accurate andcomplete, based on reasonable inquiry made by me and to tl.ie oest of my t<nowieog" ,no belief.

rire: VP. 5B\\ L-o.Ke

Telephone Number:

*with the exception of Federal Agencies who wilt be billed at comptetion of the project

DAQ Form 1 Notice of lntent

3of3 Updated: 11130111



UTAt

rfr,;
ihr.a^el;ffi

Utah Division of Air euatity

NOTICE OF INTENT
gQ[,tP LETEN ESS CH ECKL| ST

TO BE COMPLETED BY PROJECT ENGINEER WlrHtN s0 DAys oF RECElpr oF THE NOTTCE OF TNTENT (NOt).
SXLHf'BiflXF,i[,1"iiTtRl,-P1-:i"Jl tlytltii[rtvi-to-o-eruA.) ANy NEGAT,E RES'.NSE wrLLCAUSE APPLrcArroN ro BE ormveo. Au- nrrrner.rdes on-="r"oiIEIii3'E'*JEE?'i[=,,[?Tr:

I

Project Name: 1R{r0?"W Date: r\,,\15
1. Fees Paid

A. Filing Fee
B. Application Fee

l. Facility area designation (attainment, maintenance, or nonattaiment)

3. lf modification, AO# ro be modified [R307_401_5(2)(k)]

1

General information in Sections 1.0 and 2.1

Form 1

2.0 and sub-sections

N/A fl

YE r.rn runa

YE IVE ruNI_l
Yn run runI
YN NN

YE IVE ruNE

Yn run runE

N/A n

N/A fl
N/A fl

indicate where
can be found in

application.

YN NN
YN NN

2. Source tdentification tnformatjon: [R307_401_5(2Xk)]A. Name, address,.and telephone number f*lrdi-lto"t
P Company submitting application
C. Plant manager and/or bbmpany contact
P Plant (if different from Company)
E. _Company owner and agent
F. Property UTM coordinaies

YN N!
Ytr Ntr
YN NN
Ytr Ntr
YE NN
YN NN
YN NN
YN NN
YN NN

G. County where facility is located
H. SIC Code(s)

4.

5.

6.

7.

I Plfl:grent Agprovat.orde(s) for facitity not beins modifiedB. Current Titte V (Operating eeimitl
1

Section 1.0

1

Section 2.5

Purpose of apptication [R307-401 _5(2Xa)]

Construction schedute IR307-401 _5(2Xh)]

Justifiabte confidentiat Oata 
llyn I

Description of Source process. 
[R307_401_5(2)]

A' Detailed description of project: [(Appendix A) (Forms 2-2s))1. Fuels and their use
2. Raw materials used
3. Description of product(s)

!. Equipment used in process
5. Operation schedules
6. Description of changes to process
7. Production rates

YN NN
YN NN
YN NN
YE NE
YN NN
Ytr NE
YE NE

Utah New Source Review NOI Completeness Checklist
Last revised 8/AO12O11



B. site plan of facility with, building dimensions, stack parameters included: y E N E(Appendix B)

8. Emissions Retated tnformation. [R307_401_(2Xb)]

A. Emission Calculations: (Appendix C)
1 . Emissions per new/modified unit ior all pollutants:

(PMro, pM25 NOr, SO*, CO, VOC, and HAps)

-2 Designation of fugitive and non_fugitive emissions

1. Emission points and elevations

2. Building dimensions
3. Stack parameters

A
stack parameters included
modeling analysis)

YE
Yn
Yn

YN Ntr

Yn runrunE

YnruE runa

Ynrun run!

NE
N fl N/A fl
NflN/An

Ytr Ntr

Ytr Ntr
YE IVEruIAE
YN Ntr
YE r'rEruna
YE Ntr

B.

c.

4. References/assumptions for each carcuration ano ilortutant
I HAP emisslons (br.o!e! oulby specific poilutant in'pounos'per n46. Applicabte Materiat Safety Daia bheets

3 Major GHG SourCes: (in CO2e sfrdrt toni G;y;;rj

DAQ Form 1a or equivalent (Appendix D)

Source size determination (Apoendix Et ls
1. lf Existing Major Source: Oeterminatioi

3.0 and
S;

B

Sections 4.1O,4.1
applicable)

Minor,
Modification

9. Air Pollution Control Equipment

D 9.Ilqlrequirements (nonattainmenVmaintenance areas)(R307-401-420)(Rso7-401-421)l(AppendixF) -.-'

1. Acquired required offsets

.2 and 4.5,
orm I

A. Best Available ControlTechnology (BACT) Analysis
1R307-401-5(2Xd), (Appendix c)f 

- '

B. Detailed information on new/modified equipment contrors
401 -5(2)(c), (Appendix H)l

Federal/state requirement applicability [(NAAQS, stpfNSps-etc), (Appendix t) ,y n N tr N/A E
Modeling information lsection 4.0 and sub-sections 

I

YN NE

1R307- Yn Nn

10.

11.

A.EmissionslmpactAnalysis[(R3o7-410-4),(AppendixJ)]

12. Signature on application (Form 1 Notice of lntent) Form 1

YE runruna
YN NN

c

Utah New Source Review NOI Completeness Checklist
Last revised 8l30l2}'l 1



UTA'{

_rAI
itrra.etsffi

Utah Division of Air Quality
New Source Review Section

Form 9
Scrubbers & Wet Gollectors

corpany@mpany
Site/Source Salt Lake City Refinery

Date May 1,2015

Equipment !nformation

1. Provide diagram of internal components (attachment)
TBD

2. Manufacturer. BeICO
Modelno.TB-

3. Date installed: October 1.2017 4. Emission Equipment served: FCCU

5. Type of pollutant(s) controlled: Fitterabte (pM, pM1e, and

Particulate (type)_ PM2.5) and condensable
6. Type ofScrubber: TBD

A Spray Chamber tr Venturi

! Cyclone ! packed Tower Type

tr Orifice E Mechanical

7. Gas Stream Characteristics

Gas Stream
Temoeratun

Particulate Grain Loading

Outlet

134"F

8. Particulate size: TBD microns (mean geometric diameter)

Scrubbing Liquid Characteristics

9. Scrubbing Liquid
PH 14 Range

Composition
1.

2.

3.

4.
5.
6.

Design Maximum

80

Average Expected

70-80

11. Pressure at Spray

Nozzle: TBD
(psia)

12. Pressure Drop thru
Scrubber

TBD
iilclres of wat4

Data for Venturi Scrubber Data for Packed Towers

13. Throat Dimensions
(Specify Units)

nla

14. Throat Velocity
(fUsec)

nla

15. Type ofPacking '16. SuperficialGas
Velocity through Bed

nla

Page 1 of3



Form 9 Scrubbers & Wet Collectors - Continued

Data Stack/Exhaust Exit
'17. Height: 180 feet 18. Temperature of

exhaust stream:
134 "F

lnside dimensions:
8 feet diameter or

feet x feet

waterpressuref --.--iE6-
Units

inches of water column
gallons per minute
pounds per square inch

21. Dimensions of setfling pond:
width:
Length: nla
Depth:

22. Flow rate through setfling pond: nla

23. Residence time of water in pond: nla

Emissions Calculations (pTE)

calculated emissions for this device Refer to Attachment B of application.
PMro _-Lbs/hr-- Tons/yr PMz.s 

-Lbs/hr- 

Tons/yrNo. _-Lbs/hr_- Tons/yr so, 
- 

Lbs/hr_ Tons/yrCO --Lbs/hr-- Tons/yr VOC 

--Lbs/hr_ 
Tons/yrHAPs_Lbs/h r (speciate)_Ton s/yr (speciate)

Submit calculations as an appendix.

Page 2 of 3



I

rnstructions - Form 9 scrubbers & wet cortectors

NOTE: 
12,CalltheDivisionorruro@ifyouhaveproblemsorquestionsin

filling out this form. Ask to sfeir wiirrc iv"#sorr"" hevi6w 
"ngin";r. 

-w;'irill 
o" gtad to hetpt

1' supply an assembly drawing, dimensioned and to scale of the interior dimensions and features ofthe equipment' Please include inlet and outlet liquid aro gr. flo* directions and temperatures, anddemister section.
2. Specify the manufacturer and model number of equipment.
3. Please indicate the date that the equipment was installed.
4. specify what type of equipment or process the scrubber is being used for.5. specify what polutant is being controiled by the scruboerlwet loilector.6. Specify the type of scrubber.
7' supply the specifications for the gas stream including the flow rate at the design maximum andexpected average, inlet and outlet temperatures, and particulate grain loading at inlet and ouflet.8. Supply the particulate mean geometric diameter.

! supply the compositigl of the scrubbing riquid used in the equipment.
10' lndicate what the liquid injection rate isior the design maximum and the expected average ingallons per minute.
11. lndicate the pressure at the spray nozzle.
12. ldentify what the pressure drop through the scrubber is.
13. lndicate what the throat dimensions are for a venturi scrubber.
14. lndicate what the throat velocity is for a venturi scrubber.
15. lndicate what the type of packing is in a packed tower.

]! snecifv what the gas verocity is ihrough it'" o"o in a packed tower.
17. lndicate what the stack height is of the scrubber.
18. lndicate the temperature of the exhaust gas.
19. Supply the inside dimensions of the stack.
20' Supply specifications of any monitoring equipment which is used in the system.21. Specify the dimensions of the setiling lond.
22. lndicale the frow rate of the water through the setfling pond.
23. Supply the residence time of the water in the setflinjpond.
24' Supply calculations for all criteria pollutants and HAFs. Use Ap42 or Manufacturers data tocomplete your calculations.

U:\aq\ENGINEER\GENERIC\Forms 201 0Form09 Scrubbers.doc
Revised 12120t1O
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John Jenks <jjenks@utah. gov>is* 6s

: rI. llllf #*3*li"ffir

RE: Questions on WGS NOI
1 nressage

Drechsel, Chris S <Christopher.S.Drechsel@tsocorp.com> Wed, Sep 16,2015 at 3:49 PM

To: John Jenks <jjenks@utah.gov>, "Bujdoso, Michelle D" <Michelle.D.Bujdoso@tsocorp.com>

John - I will review and provide feedback on your questions below. l'll also give you a call to discuss the
other items.

As another option, l'll be in SLC next Monday - Weds. Would you have any time for a face-to-face to review

these items and the other topics I wanted to discuss?

Thanks. Chris.

From : John Jenks [mailto:jjenks@ utah. gov]
Sent: Wednesday, September 16, 2015 2:40 PM

To: Bujdoso, Michelle D; Drechsel, Chris S
Subject: QuesUons on WGS NOI

Michelle,

lVe got a few questions on the WGS NOl. Hopefully they are pretty easy, and I can wrap this project up for you
guys in the next couple of days.

y'e.> 4> b.,clc.l1 *. uas

I X. I just want to verify that the existing particulate controls (cyclones/ESP) are remaining in place on the FCC?

)S" NOI doesnt specify anything about changes, so I assume so.

2. ln addition, although there is a reference to increased fugitive dust emissions (road dust) from vehicle traffic,
this will be absorbed by the existing plant wide caps, and there will be no increase in overall particulates?

.,
r.\,6{. j( e, -,Li c cll7, "1..1(.+tJ b..# ac.o"n$- g^-

'Ihere isn't a lot of discussion on particulates in the NOI generally, so I had to infer part of the engineering
review, but one question that is liable to come up during any potential comment or challenge would be why there
is no drop in particulate emissions since ultimately the spray tower's function is to remove particulates (treated
NOx compounds for example).

3. There are three existing conditions ll.B.4.b, ll.B.5.b and ll.B.6.a that have cunent limitations on the FCCU in



terms of tons/year, but are built into the existing plant-wide caps. l'm easily able to write a new condition(s) for
the required limits found in Table 3-2from the NOl, but those limits are ppmvd values. Once the new plant-wide
limits (found in Table &3) are also included, those FCCU yearly limits from the existing conditions no longer
seem valid or aoolicable.r" I

,^."a1 +, ,*tf PsQ concc-^ /r. E([ altt*"g\ 'r"ll '1'"'ve ta/ ,*uL L at ra'
l'd like to propose putting in a sunset clause on those limits such that they expire once the new plant-wide caps
come into play. This project obviously has to go out to public comment anyway, so it doesn't extend the
permitting process. Thoughts?

/it tCC- co\et?-

4. YouVe included a specific CO limitation as well as calculations showing a CO reduction, but no explanation
was included as to why this was included. ln order to include this information I'll need to include some
explanation within the engineering review so there is a justification for the limit and a reason for demonstrating
the reduction. Even if the justification was "a voluntary emission reduction" that would suffice. Otherwise,
management yon't allow me to include the limitation as there would be no basis for it.

irztr$,'I 1, Lo clc^2a-

5. Monitoring: Cunently there are CEMs and/or stack testing in place for demonstrating compliance with the
SO2/NOx/particulate limits at the FCCU/CO boiler (see 11.B.4.c.1, ll.B.5.a and ll.B.6.a, respectively. Willthese
same methods remain in place and in use following the installation of the WGS? Or will anything need to
change?

Vt+P

6. Finally, I'm not cunently including the PM10 SIP requirements, since that SIP isnt going to be final until at
least December (and not published in the State Bulletin until January), and I hope to be well finished with this
project before then. However, it is possible that we'll get comments asking why those provisions havent been
included.

ytttJ t.."['l-' 5"rcc '^u(,) il"L

Chris, I did receive your phone call, hopefully this brings you up to speed on where I am with the WGS project.
am available anytime the rest of this week if you would like to schedule another call for further discussions on
your other topics.

- John

John D. Jenks

Environmental Engineer

Utah Division of Air Quality

P: (801) 5364459

F: (801) s36-4099



u.

q.

IV.

Tesoro/UDAQ Air Permitting Update Meeting

September 23,2015

WGS NOI Application:

A. Discuss UDAQ email questions

B. Steam use application update letter

C. Ozone applicability EPA Region 8 request

Ultraformer ULNB NOI Application

Tesoro Logistics Truck Loading Rack Tank NOI Application

Further Discussion/Questions



I've got a few questions on the wGS Nol. Hopefully they are pretty easy, and I can wrap this project up
for you guys in the next couple of days.

1' I just want to verify that the existing particulate controls (cyclones/ESp) are remaining in place on the
FCC? The Nor doesn't specify anything about changes, so r assume so.

2' ln addition, although there is a reference to increased fugitive dust emissions (road dust) from
vehicle traffic, this will be absorbed by the existing plant wide caps, and there will be no increase in
overall particulates?

There isn't a lot of discussion on particulates in the Nolgenerally, so I had to infer part of the
engineering review, but one question that is liable to come up during any potential comment or
challenge would be why there is no drop in particulate emissions since ultimately the spray tower,s
function is to remove particulates (treated Nox compounds for example).

3' There are three existing conditions ll.B.4.b, ll.B.s.b and ll.B.6.a that have current limitations on the
FCCU in terms of tons/year, but are built into the existing plant-wide caps. I'm easily able to write a new
condition(s) for the required limits found in Table 3-2 from the Not, but those limits are ppmvd
values' once the new plant-wide limits (found in Table 3-3) are also included, those FCCU yearly limits
from the existing conditions no ronger seem varid or appricabre.

I'd like to propose putting in a sunset clause on those limits such that they expire once the new plant-
wide caps come into play. This project obviously has to go out to public comment anyway, so it doesn,t
extend the permitting process. Thoughts?

4' You've included a specific Co limitation as well as calculations showing a co reduction, but no
explanation was included as to why this was included. ln order to include this information l,ll need to
include some explanation within the engineering review so there is a justification for the limit and a
reason for demonstrating the reduction. Even if the justification was "a voluntary emission reduction,,
that would suffice. otherwise, management won't allow me to include the limitation as there would be
no basis for it.

5' Monitoring: currently there are cEMs and/or stack testing in place for demonstrating compliance
with the SO2/NOx/particulate limits at the FCCU/CO boiler (see il.B.4.c.1, il.B.5.a and il.8.6.a,
respectively. Willthese same methods remain in place and in use following the installation of the
WGS? Or will anything need to change?

6' Finally, I'm not currently including the PM10 SIP requirements, since that Slp isn,t going to be final
untilat least December (and not published in the state Bulletin untilJanuary), and I hope to be well
finished with this project before then. However, it is possible that we'll get comments asking why those
provisions haven't been included.
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UNITED STATES ENVIRONMENTAL PROTECTION AGENGY
REGION 8

1595 Wynkoop Street
Denver, CO 80202-1129

Phone 800-227-8917
www.epa.gov/region08

September 29,2015
UTAH DEPARTMENT OF

ENVIRONMENTAL QUALITY

()cT -,5 206
Ref: 8P-AR

Bryce Bird, Director
Division of Air Quality
Utah Dept. of Environmental Quality
P.O. Box 144820
Salt Lake City, Utah 84114-4820

DIVISION OF AIB QUALITY

RE: Response to Your Inquiry Regarding Direct Ozone Emissions

Dear Mr. Bird:

This letter is in response to your inquiry letter of June 4,2015, regarding interpretation of Prevention of
Significant Deterioration (PSD) regulations as they pertain to direct emissions of ozone. You explained
that you are anticipating receipt of a New Source Review (NSR) permit application shortly for a project
involving installation of a wet gas scrubber unit at a local refinery. The purpose of the new unit is to
reduce nitrogen oxide emissions. Since the unit will be using ozone injection to accomplish this
reduction, direct emissions of ozone from the scrubber stack are highly probable. You asked how the
definition of "significant" in the PSD regulations at 40 CFR 52.21(b)(23)(ii) pertains to direct emissions
of ozone. The definition of "significant" provides that with regard to a regulated NSR pollutant that is
not listed in paragraph (b)(23xi), any emissions rate is significant.

Since paragraph (b)(23XD specifically lists the pollutant ozone and defines a significant emi.ssions rate
for ozone as 40 tons per year of volatile organic compounds or nitrogen oxides, we do not interpret
paragraph (bx23xii) to apply to ozone or direct ozone emissions.

If you have any further questions, please feel free to contact me at (303) 312-6416, or your staff may
contact Mike Owens at (303) 312-6440.

Sincerely,

Carl Daly, Director
Air Program

Pinted on Recycled Paper
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Iune 4,2075

DAQE-009-15

Carl Daly
US EPA Region 8

1595 Wynkoop Street
Denver, CO 80202-1129

Dear Mr. Daly:

This letter requests an official letter documenting the Agency's interpretation of the applicability of the
New Source Review (NSR) program to direct emissionJof ozone. The Utah Division of ai. euality(DAO is shortly expecting to receive an application for a wet gas scrubber unit at a local refinery. This
scrubber will be equipped with a Low-TOx system, which ur".-oron, injection to reduce emissions of No*
from the effluent stream. 

-As 
with any system which relies on injection Jf a reageng some unreacted .

reagent (ozone "slip") will occur. Thus, direct emissions of ozone from the r.r-,IUU", stack are highly
probable.

DAQ's request for interpretation specifically applies to the definition of "significant,, under the prevention
of Significant Deterioration regulations at 40 CFR 52.21(b)(23)(ii). paragri'pt, OjfZ:Xii) provides that
with regard to a regulated NSR pollutant that is not listed'in'paragraph fUIXzSXil, any emissions rate issignificant. we are aware of the draft letter from OAQPS oirector, 

-st"irrii,i, 
eai" ,"jaraing the Archer

Daniel Midland case, but have been unable to obtain a copy of the irnat ,errior"of tt T, ao"r-".rt.

Asthe-refinery application in question is being srlbmitted in partial fulfillment ofthe refinery,s obligations
under both Utah's State Implementation Plan and the refinery's pending consent decree with EpA,
obtaining documentation of the agency's position on this issue would be of great assistance in DAe,s
efforts to issue a timely and accurate NSR permit.

Sincerely,

195 North 1950 West. Salt Lake City, UT
Mailing Address: P.O. Box lM82O . Salt Lake City, Uf B4n4-4gZO

Telephone (801) 5364000. Fax (801)53540SS. r.D.O. (8Ot) 5364414
www.deq.utah.gov

Printed on 100% recycled paper

BCB:JJjc



SITE ID # AND PROJECT #:
COMPANY NAME:
REGARDING:

NEW SOURCE REVIEW SECTION

N/A
EPA
Request an official letter documenting the Agency's
interpretation of the applicability of the New Source Review
(NSR) program to direct emissions of ozone

tHE AI"IAUHIID DOUUMEN I lS UAIEGORIZED AS: (PLBASE CHOOSE ONE

NEWSPAPERNOTICE OIN) Office Tech signs cover letter ofNewspaper Notice

INTENT TO APPROVE (ITA)
Cover lefter and ITA signed by associated Section Manager
Electronic Coov of ITA sent to Ron Reece

APPROVAL ORDER (AO) Copy olpurple sheet and cover lener of AO to Teri Weiss

,EXPERIMENTAL AO Copy of purple sheet and cover letter of AO to Teri Weiss

CORRESPONDENCE Signatory varies

SOIL REMEDIATION If associated fee, send copy of purple sheet and letter to Teri Weiss

SALES TAX EXEMPTION (TAX)

SMALL SOURCE EXEMPTION Copy of purple sheet and letter to Teri Weiss

EMISSIONS BANKING LETTER Copy of letter to Camron Harry

NAME CHANGE Copy of purple sheet and letter to Teri Weiss

COPIES TO BE SENT TO THE FOLLOWING PARTIES: LEASE CHECK AS THEY APPLY

Manila File Folder (working file) Greens Folder

Health Department (see letter for which) EPA - Mike Owens

Compliance (associated Section Manager) Finance - Teri Weiss

Name Change Letters:
Deborah McMurtrie Susan Weisenberg Dave Beatty Brett Wilding, Utah State Ta,x Commission, Technical Research Unit

of document(s) to Camron Enter final Name Change Letters in /engineer/aoname

Enter in /engineer/aocond & in AO Log:
AOs, AO not needed, Replacement in Kind

NEWSPAPER NOTICE _ COPIES TO:

Cities, Counties, Gov. Agencies, & etc.l& a copy of
Public Official letter with self-addressed envelope

E-Mail To: dvd.kvd@juno.com, Jodie Swanson, Lori
Walker, Debbie Obemdorfer, Bill Sinclair, Beverly
Rasmussen & Jen Burge, Donna Spangler, Ron
Reece, and Kelly Beck

E-Mail cooy & Far to Newsoaper Agencies

PSD PROJECTS:

Copy the NOI, Engineering Review, ITA, NOTICE & AO

Send to:
Mike Owens, EPA
Don Banks, Bureau of Land Management
Chris Hocket, U.S. Forest Service
Chris Shaver, National Park Service

TITLE V: Check w/ NSR Engineer for which document(s) to be copied.

REVIEWED BY AND DOCUMENT SIGN OFF DATES:

Completeness determination
Section Manager sign off
Branch Manager sign off

,( \.I\J
John Jenks - n

Marry Gray /4-)J
Reginald Olsen

E>Oi/"r/,


