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LIQUID EXTRACTION

Revenences Speclalived books: Treybal, “Liquid Extraction,” 24 ed,
McGraw-Hill, Now York, 1963, Alders, “Liquid-Liguid Extractlon,” 24 od,
Van Nostrund, Princoton, N.J, 1950. Sherwaod and Pigford, *Absorption
and Estraclon,” 2d ed, MeGraw-Hilf, Now York, 1052, Molyneuy, “Chenii-
cul Plast Dasign,” vok 1, Bultersworth, Washington, .G, 1968, Garner,
Ellits, ¢ al, In Cremer and Davies {eds.), “Chemical Eogineodng Practice,”
vol. §, Acadomic, New York, 1058, Craig, Cralg, and Schotbel, in Weiss-
bergor (ed), “Teehniques of Organle Chemistry,” vol, JXY, Pert 1, 2d ed,
Intarsulence, Now York, 1056, “Proceedings, Tth Wosld Petroleum Congross,
Maxieo City,” vol, 4, Elsevier, Amsterdam, 1967, Murcus and Kertos, “lon
Licehango and Solvent Extractfon of Metals,” Wiley, New York, 1967,
Junrack, “Raxe Motal Extraction by Chemical Engincering Techniques,”
Maomillan, New York, 1863, Flagg o o/, “Chemical Procossing of Reactor
Fuols,” Academiv, New York, 1001, MoKay ef ol {0ds.), “Solvent Extraction
Chontistry of Metals,” Chomical Bubbor Co., Clovelund, 1067, Drysen
et al, (eds), “Solvont Extraction Chomiistry,” NorthHolland, Amstordam,

87,
Genaral books; Browa et el,, “Unit Operations,” Wiley, New York, 1050,
Coulson and Riohardson, “Chemical Engineerlag,” 24 ed., vol. 2, Pergumon,
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i INTRODUCTION ,
Processes for tho separation of the components of ¢ solutfon | but which are exponsive to denlwith {n this munner, may frequena‘j;
s which depend upon the unequal distribution of the compononts | bo separated botter by liquid estraction, For example, distiletiz
between two tmmisoible liquids are known s Mguidliquid extrace | of a dilute solution of aceti¢ nold in water involves the vaporizatia
[ ton, or more simply 45 liquid extraction, processes, and sometimes of large amonnts of water at high reflux ratlo, and s expensive

as solvent extraction (although the last fs frequently also applied
to the process of leaching a soluble substance from a solld with
o & liguid solvent),

The process may be ¢anried out in a numbey of ways. In most
instances, the Hiquld solution to be treated is contacted intirantely
with a suitable incomplately miscible liquid which preforentinily

w extracls one or more components. For expmply, acetone may ba

" preferentially extracted from solution in water b{ contacting the
water with chloroform. The ¢lloroform then i5 found to contain
& large part of the acetone, but little vater, Sometimes two fme-

“ miscible liquids are used. For example, a solutlon of ncetone ad
ncetic acld may be separated by distributing the components be.
tween water and chloroform. In this case, the neetone prefeventially
onters the chloroform while the acetic aeid preferentinlly enters
the water. Separations of this sort are essentinlly physieal in char-
acter, and the various components aye unchanged chemically,
Neverthcless, the chemical neture of the Huids strongly fnfluences
the extent of separation possible, sines the disteibution of a solute
deponds ou the extont of non-ideulity of the solutlons fnvolved,
Furthennore, the non-ideality may be altered it order to influence
the distelbution fayorably, for exampls, by changing the tempera-
tute, by addition of sult to “salt out” au organie solute fiom a water
solution, or by adjusting the pH of the solution or the stete of
oxidation of a metallic solute, In other crses, chemical yonetion
In thoe extracting lauid i actually resorted to, ns in the etrastion
of phenol from light ofl by aqueous caustie solutions.

Fialds of Usefulness. Bocuuse Uguid extrretion results fn g new
solution whioh in turn must be separated, the more direot method

of segaratlon by distillatton is usually consideved frst, However,
liquid extraction separates tprimmﬂy according to chewionl ty;{’e,
ang fs thorefore capable of separations which are impossilile by
ordinury distilation means, Thus, aromatic and puraffinio hydro-
carbons of the sama bolling range may be sepavated by liquid
extraction with dlethylens glycol or sulfolane as extractants for the
aromatics, Even solutions which can be separateq by distillation,
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London, 1068, Foust et al, “Prinalples of Unit Oporations,” Wiley, New °
Yark, 1060, McCabe and Smith, “Unit Operations of Chemleal Enginesring.”
2d od,, MeGraw-Hill, Now York, 1967, Pratt, "Conniterowrrent Soparatic:
Processes,” Elsovior, Amsterdim, 1967, Oliver, "Diffusional Soparatie:
Processes,” Wiley, New York, 1966, SawistowsM and Smith, “Muss Transiee
Process Calenlatfons,” Intexsclonce, Now York, 1903, Smith, “Design <2
Bauilibriwn, Stage Processes,” MeGraweHill, New York, 1863, Treybs:.
“MGasa«tfn;mfm; Opag\ltwns," 2d od, MeGraw-Hill, New York, 1908,
g ronerls rovleics: Blghin, Ind, Eng, Chenr, 38, 26 (1946); 39, 93 (1047); 40,
o3 (1958}; 41, _8_§ (19“49); 4%, 47 (1050). Treybal, ibid, 43, 19 (1081) 42
33 (1039); 45, 55 (1953); 46, O1 (1054) 47, 538 (1985), 44, 518 (1036); 4%
Sl k(]3‘)57% 3;50,"183”(‘}9558_}%1!3, %lg (iggOZ‘];iQBBB:;)ﬁg’Z %960}; &3, 161 {1963

eckmann et g, o , 103, 9 §8(11), 97 (1986); 5911
71{1967); 60(11), 43 (1868). kanson (edy), <§var)1ces hs Liqu)fd-ut‘g\:.’ni
Extruction,” Porgamon, Oxford, 1071,

Much of what follows s based on material by . C. Elgi &d
R. L. Piglord in the previous editions, '

goent A

beonuse of the high latent heat of vaporization of water, Extraotf:=:
of the aeid into cthyl agetate, followed by distillation of the ne+
solution thus formed, provides a cheaper process, Stmglarly, cost
eveporation of water from e non-volatile solute may somotimes b
¢lroumvented by extraction of the solute fnto a solvont of smel
Intent heat, Costly fractlonal orystallization may be avoided, as " -
the separation of tantalum and columbhum in solution by Howis -
extraction, which is yelatively ensy, In this case, even chemics. '
methods of separation are Impeacticnl, Fxtensive m pHeation in t2e
field of provess metallurgy has been made, as in tﬁe separation &
utaniumevanadium, hafnlum-ziroonium, recovery of copper from
dilute solutions, and many other examples, Heat-sensitive s~
stances, such as ponleillin, may be sepayated from the mixtures &
which thoy are formed by oxtraction into & suitable solvent at Iew
temporature, While liqutd extraction Involves teansfer of matis . .
botweon two immiscible liquids, the transfer of fieat may be deme
by tho sumo techniques, and direct contact of tvo immiseibis
liguids for this purpose provides a non-fouling heet oxchenger .of
Increasing interest it recent years, vimpone

Deflnitions, The solution whose components are to be separaied " hamge act
is the feed to the process, Liquid added to the feed for purposs L oans
of extraction is tho solvent, If the solvent consists primarily of e+ ) sved,
substance (ustde from small amounts of residual feed matorial whic?, wxetibric
may be present In & reoyeled, recovered solvent), it is o singly © omnthy
selvent, A solvent vonststing of & solution of one or mero substances . slutions,
chosen to provide special proporties is & mixed solvent, The solvezss - 2rRpone
loan, resiclual feed solution, with ong or more constituents removes sshvent,
by exteaction, is the raffinate. T'ho solventerich solution containizy ompone
the ostracted solute(s) Is the extract, Two immisetble solverss ° “er o
between which the feed constituonts distribute is o double splvers.’
in which case the tormg oxtract and rafinate no longer apply.

The minfroum requitement fov liquid extraction is the Intmars
contact of two immisaible liquids for the purpose of mass trans
of constituents from one Hqnid {or phase) to the other, foljow

by physical separation of the two immiscible liquids. Any devies possibillt

, wece. Ne
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" <o combination of devices which necomplishes this once s & stage,
i the offluont Hquids are in equilibrium, so that no further change
‘n conoontration would have oceurred within tiem after longer

. contagt time, the stuge Is a theoretical or ideal stage. The approach

10 equilibrium actually attained is the stago efficienay, A multistoge

caseade 5 & group of stages, axrangod for counteércurrant oy othar

. 4ype of flow of liquids from one to the other for purposes of enhane-

i4¢ the extont of separation,

In countercurrent fow partionlarly, the liquids are frequently
rontaoted without repeateq physieal sepavation and recontacting
in disorete stages, Such methods are known as differenticl or
sontinuous-contacting methods,

Solvent Recovery. It Is usually desired that tho extracted solutes
‘Ze ultimately obtained free of solvent, In any cuse, cost qonsids
. srations almost always requivo that the solvent be' vecovered for
. 2euss, not only from the extract but in most cases from the rafinate
. .3 well evon though the solvont content of the latter may be rola-
dvoly small. Solvent recovery is usually accomplished by distilla.
don. a5 in Fig, 18-1a, which is typilled Ly the recovery of acetic
scid from a dilute aqueous foed with ethy] acetate as solvent, The
distillation operations are shown only schematically, and will vary
. wonsiderably in detail depending upon whether the solvent fs high-
at low-boling, whother azeotropes (ordinary or hetorogenoous twos
.guid phase) form. with the solvent, and rolative solubility and

+olatility of the solvent. The details are diseussed by Treylal (“LAq-
o+ id Extraction,” 2d ed., MoGraw-Hill, Now York, 1963), Sometimes
.+ the extracted solute i3 destred In solution form. Figure 15-1b

-+zhematically represonts such a process, using liquid extraction for

solvent recovery, typified by the recovery of uranfum from an ore

“eath-Jiquor feed. Hero the feed, containing uranfum togethier with

undesired motals, is extracted with & wranfum-com lextng solvent

sch a3 tributyl phosphate dissolved In kerosene, unger such econdi~

" tions of pH. and state of oxidation that only uranium f5 extracted.
The raflinate contains 50 littlo solvent that it needs no treatment
for solvent xecovery. The extrnot 18 contacted in the solvent strip-

+ per (by.liquid extraction methods) with aqueous neid, whereupon

=he uranfum enters the acld and the solvent is restored to its original

,condition for reuse. In this way, the uranium s goncentrated

+ several-hundred-fold, as well as separated from impurities,

B

Aceurate knowledge of phase-equilibrinm relationships s vital for
~uantitative considerations of estrection processes. ‘The required
. quantities of solvent {and reflux, if usedl) are set by these data, Also,

. the driving forces determining rates of mass transfer are govomed
by these thermodynamic consfderations. Sines formation of two
stable liquid phases in contaet with each other s an essentfal
- zequirement, at least ono phasa is abmost certain to be one ja which
- solute components behave thermodynamically in a strongly non-

idenl way. In fact, a solvent having'a high selootivity for one
somponent must be a material in which the other components have
: farge aotivity coefficlents and from which these other components
aro consequently excluded when phase equilibiium has been
. achieved, The quantitatiye expression of liquid-liquid phase~

squitibrium relationships therafore wnavoidably involves the nse of
* mothods for yepresenting thermodynamin proportis of nondeal

solutions, In the simplest case these solutions ave composed of thyea
- compononts: the two comprising the feed solution (4, the feed
. solvont, and B, the solute) and salvent §, Only if the solvant and
; component A are completely fmmiscible—a condition which eay
veewr only if the system yemains very dilute in B-onn simple
selations applicable to two-component mixtures be employed, ex-
¢ept as a rough approximation,

In what follows, only the stmplest and most commonly ocourring
systems are deseribed, For moro camplete discussion of the many
+ possibilities, seo Franets, “Liquid-Liquid X utlibrivgs,” Tatarsofs

enes, New York, 1063; Riect, “The Phase Rule and Hetarogonoops
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Fig, 181, Schomatio fow sheets of Hould-oxtyaction procosses
with nssaelated solvest recovery by (1) distiltation and (b) liquid
extrmetion,

PHASE EQUILIBRIUMS

Equilibrium,” Van Nostrand, Princeton, N.j., 1951; Dover, New
York, 1068; und Troybel, *“Lignid Extraction,” 2d ed., MoGraw-Rill,
New York, 1963, -

‘Texuary Phase Diagrams, Tn the chemical literature, the phase
equilibdwns ave vsually displayed on an equilaterel triangular
giaph, a¢ in Fig, 158, Thesa graphs represent {sotherms, at suff-
clont pressuro to meintain, the system entlrely liquid. ‘Type I
(Fig. 15-20), In which the region of immiscibility touches only one
side of the trinngle, Is the more common., The liquid pairs A-B
und B-§ are complotely miscible:. A and § dissolve to a Umited
extont, providing the mutually spturated solutions at ¢, and H,
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PHASE EQUILIBRIUMS

ﬂ{’;. 15-3. Effect of temperature on temury lquid-liquid equi-

Addition of B to such a mixturo tonds to muke A and § bocome
more soluble, At the plait point B, the two phos
Solute B distiibutos between the saturated phases,
librium Yquids suoh as those at
such 2 tie line, the distribution

es bacome one.

EY

M and N, joined by a tie line, For
coefficlent K 15 defined as

T

the male fraction, of
t not always, change
in one direction, as shown. Systems where
with B concentration are solutropes
uilibriums,” Interscience, Now York,
42, 1206 {1950)). In any event, the
% ordinarily changes with B concentratio, gventu-
the plait point (see below), Feed solutions
in the xango DB cannot be processed with
will not produce a two-phase
GMP, extracts on HNP,
y misciblo with both
tons of A and B may be processed,

{ndicates weight fraotion and wyy
B In the solution at N. Tie lines vsually, bul
their slope continually
the slope changes In sign

_ [Francls, “Liguid-Liquid Eq
1083; Smith, Ind, Eng, Chem.,
value of K (or K
ally becoming unity at
lic on the line AD; foeds
8 since addition of § to such liquids
mixture, Raffinates will le on the ourve
In typo IT systerns (Fig. 15-20) §
A and B, and o fsed of any propor
Raffinates lfe on ourve UV, extracts on WZ

The two principal types of phase dia
extvaction operations, shown in Fig, 152,
two aspects of the same ternary systom,

may behave ns the tempor
ve a noghigible offact on liguid-

Hal volumes of the components.)

£ Interest for solvent-
sctually may represent
Tigure 153 shows how

4 teinary system ature is changed, (Pres-

sure changes ordinarily ha
Jibriums becsuse of the small par

Mo, Y55, Distribution of soiid B between liquids A and §.

At a sufficiently high temperature all binary palxs are above fised
crftical solution temperatures, As the temparature Is reduce
T the binary pair AS begins to form two phoses, Below 7, T
ifothermal (horizontal) section of the three-dimonsional figure o
phase behavior of type I Further reduction in temporature e
farges the two-phase region, snd when Tpe, the binary critizl
solution tempetature for components B and'§, {5 vonohed the tiwi-,
phaso temury region touches lne BS, Upon furthor xeduction =
temporatura the system exhibits type Xl charactexistios,

Figure 153 shows why the cxperimental observation of binasz
critioal solution temperatures of mixtures of pure components wh
prospective solvonts is a good guide to solvent selection. As brougks.
out by Treybal (“Liquid Extraction,” 2d ed., McGraw-Hill, Ne=
York, 1963) und us employed by Francis {grnd. Eng, Chem,, 38, T&=,
1008 (1944)] for aniline and by Drew and Hixson [Trans. dm, Inss
Chem. Engrs,, 40, 675 (1844)] and Hixson and Bockelmann [Trans.
Am, Inst, Chiem, Engrs, 38, 891 (1842)] for propane as solvents, thi
solvent S having the lower eritical solution temporature with solutzs
B will be better able to select it preforentally during extractios.’
of A-B mixtuces, Wien both A-§ and B-S axe below theix exitics
tomperatures, the solvent will tend to seleot that compouent Witk
which jt has the lower critical temperatuse, Francls (Critica® -
Solution Tomperatwres, Advan. Chem,, 31, Washington, D.C.
1981) has compiled & very largs list of dat. ,

Tn additfon to trlangular diagrams of types Y and I other kinds o2
phrse equilibriums are known. While these are not always desirable
for the oporation of extraction systems, their appearance needs ic |
be rocognized bocguse they are sometjmes obtained at extreme
tomperatures in a toruary system that behaves nommally ot other
temperatures, Figirs 154 shows several ways ir whioh e hype-

thetical three-component mixture oan change progressively os the

temporature is reduced, In Fig. 15-tc all three binaxy patrs are
Balow their eritical solution temperatures, and & three-phase region
forms In the center of the diagram. In Fig, 15-de the binary pair
A-C becomes complotely miscible as the temporature is rafsed, but
a two-phase xegion persists inside the triangular xegion.

Figure 15-5 shows u coramon case of distribution of 2 solid solute
B between Nguids A and S, whers solute-solvent compounds such
as hydrates are not fortoed, The solubility of 8 in A fs shown at

Fio, 15-4. Unusurl phaso bohavior dn ternary systorms as affected by temparature,
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{2 in S atJ. Tie lines UB and VB:show equillbrtum between solid
3and the saturated solutions at U and V. Mixtures within triengle
I ave three phaso, of compositions B, K, and I, MNis 4 typleal

. quid-Yquid tie line and liquid extraction processes are confined to
© e region below the last of these, KL,

. Distribution Dingeams, Figure 16-6 shows typieal distribution
Ztagramy on the right, corresponding to' the systems {on the left)

3 ! s far disoussed, The slope of a chord from a point on tho distribu-

~sn oorve to the origin provides the distdbution coeffolent X,
Frevbel (“Liquid Extraction,” 2d ed,, MeGraw-Hill, New York,
263) has ouflined the computatfons which may be made to prediot
“s varintion of the distribution coeffclent with B congentration,
5 cases where B assoelntos or dissoolates in the two immiscible
Svents,

Tieline Corrolatfons, Direot interpolation of experimentally
=servod te lines f& Gifieult on a erfanguiar diagram, yet closely
~sced tie lines are needed for design computations of extractors,
serpolation may be done with the help of a distribution diagram

i iy, 15-8), but some method of lneasiziug this is greatly ta be
"%+ -Zasired, This reduces the number of experimental data required,

izd moreover pormits extrapolation of data heyond the range of

$ nisfr‘[‘bztw/
turve
Z
MPQHK

XA

ot a solig

/
A k] XBA
{d)
. 1846, Typlcal distribution dlagrams for ternury systews.

T = Welght fraction B in S-rich solutlon, Ny, == weight fraes
z B in A-rich solatlon.
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monsurement. Such methods have beon proposed by Brancker,
Hunter, and Nash [tnd, Eng, Chem, Anal. Ed, 1% 35 (1940},
Bachman [fnd. Eng. Chem., Anal, Ed, 12, 38 (1840)], Campbell
EInd. Eng. Chem,, 36, 1358 (1044)), Hand (1. Phys. Chem., 84, 1960
19803}, Tshida [Bull. Chem, Soc. Japun, 33, 693 (1960)), Othmor and
Toblas [Ind. Eng. Chem,, 34, 693 (1042)], and Tveybal ¢f ol [Indv
Eng. Chem., 38, 817 (2040)]. . .
Figore 167 shows how the data for two e lines may be plotted
on Hand-typs coordinates, The tie-ine corrolation will usually be
excellontly straight, except for solutxople systoms which produce
two straight lines, The. solubility curve 15 only shightly curved,
Extrapolation of the tie-line correlntion line cgroduces the plaft point
P [seo also Boberg and White, Ind. Eng. Chem. Tundamentals, 1,
40 (1962)], Treybal (“Liquid Extraction,” 2d ed, McGraw-Hill,
New York, 10633, shows that such a plot, may be used not only to
intorpolate and extrapelate for He lines, but also.to predict reasona-
bly well the entive diagram from the data of only two e lines,
Quaternary systews may be displayed on an isothermal regular
tetrahedron, with the equilatern] triangles of the faces xepresenting
the four constituent tomaries [Braucker, Hunter, and Nash, J. Phys,
Cletn,, 44, 683 (1040); Ind, Eng. Chem, 33, 880 (1941]].” Such
dlagrams are difficult to work with, however, and it is usually
possible to display the solute distributions, at least, on plane distribue
tion dlagrams of the sort shown on the xight of Fig, 156 {Treylal,
“Liquid Extraction,” 2d sd., Chap. 7, MeGraw-Hill, Now York,
1963). Thus, f B and C are solutes which distribute betwoen
immfscible solvents A4 and D, the B distribution may be shown on
u plot of Xy, vs. Xp, with curves of constant X, as parameter,
In some systems, particularly if the total concentration of solute’
13 low, the distributions of # and € nre independent of each other,
and only one such curve for cach will then appesr.
Multicomponent systems containing more than four components
besome gonerally impractical to display graphically. For such
complex systoms as thosa involving petroloum olls, where tho vati-
ous components are frequently individunily unidentifiable, sttempts
have been made to describe the ofl-solvent systom as a pseudoter-
naxy, with some significant physical propesty of the oils such as
viscosity-gravity constant xeplacing the A-B axly of a trianguly
diagrar [EHunter and Nesh, Proc, World Patrol, Congt., London, 2,
340(1933), Htll and Couts, Ind, Eng, Chom,, 20, 641 (1028), Thomp-
son and Dunstan, “Sclence of Petrolenm,” vol, 3, p. 1829, Oxford,
New York, 1938, For vegetablo ofls, Ruthruff and Wilcock, Trans,

Am. Inst, Chem, Engrs,, 37, 649 (1941}, Aldors []. Inst. Potrol, 42,

228 (1936)] has shown Ehat usa of such dingrams to compute the
charactersties of multistage countercurrent extractors can lead to
considerable ervor, A method of dealing with this problem pract-
cally s discussed later, :

8
;.w.__\.x
sM
) A Y
E X5g x A 5
Tsa S p
5 . ' ,;’*\ Solubility
XB < = CUrve
i X Tio ~ling
X cortalotinn
! —~
vl | Log seote ™
“an T 1 il
Rant %a0 W Y%r?

Fio, 15+, Tiodine and solubility corvolation, after Hand
(1. Phys, Ghem., 34, 1060 (1930)] and Troybul et al. {Ind, Eng.
Chem,, 38, 837 (1946)}. Xy #0 welght frection A in the solution
ab M, X359 = welght fraction B in the solutfon ot Q, ete.
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+ Experimental Equilibrium Data. Table 161 lists data. fox four
typioal tomary systems, corresponding to those of Fig, 15-6,
Table 152 is « selectad Jst of tetnaxy systoms for which similar,
reasonably completo, numerical valuos of the distribution of all
three components have been published, The total list probably
numbors four or ive Hmes as many systems, with partially complete
data for many more, Additional compilations of data may be found
in “Internetional Critical Tables,” vol, 8, McGraw-Hill, New York,
1028; Francls, in Soidell and Linke (eds.), “Sclubilitics of Inorganic
and Organfe Compounds,” supploment to 3d ed,, Van Nostrand,
Princeton, N.J,, 1952 (4th ed. n propuration); Linke, “Solubilities,”
Ametlcan Chemier! Soclety, Washington, D.C. Additional listings
of sources of data may be found In ¥ranets, “Liquld-Liquid Equilib
riums,” Interscience, New York, 1963; Himmolblay, Brady, and
McKette, Bus, Eng, Res. Speo. Publ. 30, University of Texns, Austin,
Tex.,, 1050; the Solvent Extraotion Annual Reviews of Elgin and
Troybal listed under General Reviews at the beginning of this
seotion; the Annual Thenmodynamics Reviews, Smith et al,, "Ind,
Eng, Cham., 47, 684 (1055); 48, 676 (1056); 49, 583 (1057); 50, 581
1058); B1, 473 (1959); 56{9), 41 (1964); 57(12), 44 (1965), Francis
Ind, Eng. Chem., 47, 230, 1033 (1055); J. Phys, Chem., £8, 1069
1054); 80, 20 (1086); 62, 570 {1958); J. Chem. Eng. Data, f , 406,
145, 280, 327 (1905); 11, 234 (1966)] has published ternary disgrams,
without numerical data, for hundreds of systems,

Table 15-2 may be used ag a sourcs of data for preliminary
soreening of solvents, Thus [see Eq, (16-29) and definitions follow-

Table 15.1. Some Ternary Liquld Equilibrivms
Equllibrum tie-line trations in weight p t. The concentration
of component § is found by difference from ‘100, Reprinted with petmis-
ston from the Indicated sonrces.
A = water, B = noetle asid, 5 = mothylisobuty! kotoye, 25°C,
Shexwood, Evans, and Longeot, Zud, Eng, Chem, 81, 599 (1939)

A ] A |+ B
98,45 0 2.2 0 .,
X 2.85 280 | 187

858 1.7 54 8.9

757 | 205 | 92 | 173
678 1 262 14.5 246
35.0 32.8 220 30.8
429 | 346 | 310 | 338

A = othylhenzens, B = styrono, § e othylene glyeol, 25°C,
Boobur of o, Ind, Eng. Chem, 43, 2922 {1951)

A | 4 4t B

9056 | 863 || DS | lLed v
8040 | 1867 | 031 | 2349
7049 | 2851 || 872 | 548
6093 | 3708 | 807 ] 745
5296 [ 4584 | 731 [ 949
5355 | 4825 [ 735 | 935
4151 | 5700 || 608 | 1254
4320 | 3532 || 630 | 1200
2160 | 7660 || 373 | 1862

dine, § == henzene, 2B°C,
foos (1953)

A = water, B = pyri
Vriens and Medeall, Jnd, Eng. Chem,, 45,

A 2 .d 4

94.7 5.4 075 | 139
87.2 122 18 270
716 259 3.1 {353
34.5 417 4.8, | 384
36.3 537 5.8 43.8

A = water, B = cuprio sulfate, § = s-butanal, 30°C,
Blumberg, Cejttin, and Fuchs, & Appl. Chem., 10, 407 (1960). Hill and
Malisof, J. Anr, Chen, Soc, 48, 918 (1926), .

‘ A B A B

92.9 0 206 [ 0
95.59 245 |} 19.6 | 0.00123
2.9 147 163 | 0.00425*

*1n equillbrium with solid phase.

Tablo *

ing], assurning that solutions remain dilute and thet, for two differ- ‘.o z;hﬂi:
ent solvents I and 2,-the same number of stages and the same extent nearly ¢
of oxtraction avo desired, then the extracHon. factors for the'sol- - ° e
vents must be the same, Then (S,/H)/(Sp/H) = KofK;, where ¢ e
$/H = solvent/foed vatis, For examplo, suppose acetic nejd Isto  Jgly, | A eece
be extracted from dilute solution in wator, Xfbenzene (1) and butyl | “ofgh - Benx
acetate (2) are to bo_compared «as.possible solvents, Table 152 gy | nHe,
showvs K, = 0,0084end K, == 0.705at30°C. Then (S,/H)AS,/H) = . T - * 580
{1b, benzens/b, feed)/(1b, butyl acetate/ib. feed) = 6.705/0. B4 = R
76, This means that soven times a5 muoch benzone would be re- . Y Amen
quired rs would butyl acetate, The distrdbution eoefficients are ' Benu
only one of the solvent proporties which must be considered, how- Benzi
ever (see-Dosirable Solvent Properties), . A=do
Thermodynamio Basis of Liguid-Liguid Equilfbriums, Intemars gk 1e-D
systeras of the sort shown i Fig. 15-2, all three substances are .o
presont i both pliases, For.equitibrium phases, the activity a of A dor
each substanco must be the same in both phasss, provided that the Meth;
roferonce state chosen is the same throughout. This &5 assured by Meth;
choosing es referonce state the pure components at the temperatur A =ett
ond pressure of the system, Then, if the phases ave A-xich aoé . | Styvel
S-rich, regpéctively, . . A ;;’g
Guq ¥ By Ogg = Ggg  Ogy == Ogyg {155, Acete
where a,, = activity of B in the A-xich phase, ete, If the activities * ok
can ho expressed as functions of congentration correctly, thragh  EBEL  Aceto
consideration of data other than the liquid equilibriums, "then ths L Acetc
equilibriums can be predicted. With our present state of knowd- © A e far
edgge, It s not genexally possible to do this well enough to rely wpon Trilin
the predicted equilibriums for purposes of extractor design, but &
is possible nevestholess to make usoful predictions of the generd Triole
trond of the eguilibriums, for purposes of choosing possible solvents |
in the absonce of data, R
Provided the concontrations of B are taken as very small and the ¥ A = gly
mutual solubility of pure A and § may be neglected, the inftisl’ Zithan
distribution of B may often be estimated quickly. Introdueing thd . Etha
definition of activity cooflicient for B, vp = agfxy, Eq. (152) fix 3= nh
B provides the distribution coeficlent for B: Benze
K= es Yo s ., e
] Xgs  Yag Cyelo
where v, = nctivity coofolent of B in the B-S binarw. Cyelo
Y5, v activity coefficlont of B in the A-B binary. Here, log v;, =
Ap, and Jog Vg @ Age Where the A's are the Margules or van Laer
constants for fha binarfes (see Sec. 13} or, more generally, =
logarithm of tho activity coefficient of substance B in infinfieix
dilute solution in A or §, respectively, Thus,
10g K'p,gper0 = Byrg —~ Apg (155
Values of the A's may be obtained from vapor-liquid dnta generals:
und many are lsted (Kux, iv Landolt-Bornsteln, “Zahlenwerte usd
Funotionen,” vol, I, Paxt 2a, Springer, Berlin, 1060; binary systezs,
pp. 338-711; ternary systoms, pp. 712-767), They may bo estimetss © Falue
in the absence of data through such corvelations as that of Piercss, . Tehu
Deal, and Den [Ind, Eng. Clem,, 51, 85 (1930)] or, when appleaks,
through the regwlar-solution theory of Hildebrand and Scott (‘T2 ;.i"gl“e
Solubility of Nonelectrolytes,” 3d ed., Reinhold, New York, 163 ho
“Regular Solutions,” Prentios-Hall, Englewood CHffs, N.J,, 19¢Z Tale,
Seo also Hildobrand, Prausnitz, and Scott, “Regular and Relass. Talun
Solutions,” Van Nostrand Reinhold, New York, 1970, -\
Bxample 1. Esttmate the disirtbsution coeficlont fof atotone betwaen &4 X
Hawk pheses composed of water and chloroform, The end values of =i = il
ackvity coofBalents fran measuroments of vaporliguid equilibrivms erd :
System | van Lpar constant | Reference
Asotone (B)- B i
water (A) . . .| Agy =079 § Beare, McVicar; and Fergusor. - I
I Phys, Ghem,, 34, 1310 {iEX" . Sy
Acetono (B)- y . - .
chloroform (8) .|  Agg = ~057 | Mueller and Koarns, J. Phys. . Sralo,
Chem., 63, 1441 (1058) Day




