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Supcl'crilic<l1 processes 8re of interest ill the fatly oil industry fo r a vnr ieLy of applica tions: 
cxlr8ctiull and refi ning, removnl or pollutants, recovery of specialties, hydrogenation of o ils 
:ll1d derivatives , etc. 
Typical process mixtu res include heavy compounds and gases at ncar-c ri tica l cond itions . AI 
high pressures these asymmetric systems present a corhplex mul ti-phase behavior, difficu lt to 
model. This complex ity increases if some of the mixture components are able \0 self- and/or 
cross associate. 
In the prescnl work, the group contribut ion with association cqu<ltion of state (GCA-EOS) [3 J 
is extended to represen t hi gh pressure phase eq uilibria in mixtures o r supere ritieul gases 
(carbon di oxide, propane, ethane) with fatty oil derivatives, such [IS 111 0 110- and di-glycerides, 
fatty acids, alco hols, wate r and esters. Se lf- and cross-assoc iatiUll between the associating 
groups present in these mixtures ilre considered. 
Satisfactory eo rrc! ;'ltion [Inc! prediction of equilibrium data are obw ined, The capac ity o r the 
mode! to fu ll ow the bell<lvior o r the sol ut ions towards the lillli t at infinite diluti on of the 
associating componenls is of particular il1l po rlan<.:e . 

INTRODUCTION 

Associat ion and solvation effects have a major role in the properties of pure compounds and 
mixlurcs that can forrn hydrogen bo nds. The group con tribution wilh association equation of 
sUite GCA-EOS [3] exp licitly wkes into account those strong and highly d irected attractive 
forces in its group contributio n association term , which is based on Wert heim's theory as 
app lied in the SArT equation [4] . A single hyd rox yl (011) assoc iali ng group was Llsed to 
represent assoc ial ion effects in J.lto hols, water and any Ilumber of inert components [3] . In 
this work the GCA-EOS model is extended 10 mixture s containing additiona lly carboxy li c 
acids and esters by defin ing two new assoc iating groups : the COOH and COOR groups . 

TilE GCA-MOD[L 

The GCA-EOS results from Ihe addition of il th ird term, whi ch q uanl i fie s lhe (lssociatioll 
rorces, to the angina! repulsive and att ractive terms of th e group contr ihut ion equation of 
state, GC-GOS [2J . The expression for the associalion term of the residual energy of 
l-Ielmhohz is a fUll ction of the number of associalion groups NCII presen t in the mixture: 
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The number of moles of the associati on group j is calClll ated us fo llows: 

"c 
n:=L)' ~~) n ", (2) 

,,, · 1 

where y~~)js the number of gro ups lin l1l ole(;lI lCm and "., is the number de mo les of 

molecule 1/1. The mole li"actioll of groupk , not associated trough si te i, XJ,I is given by: 

(3) 

where p ~ i::; the mole density of group j . 

(4) 

The associa tion st rength tJ,lJJ.J between site Jr. of group i and site I o f group j is a function of 

the assoc iat ion energy € and the correspond ing bondi ng volume K as fo llows: 

(5) 

Tht! GCA· EoS mode! was applied to ll1ulti component mixtures cOllta ining water, alcohols 
and allY number of ine rt components by defining an \m ique associating group with two sites, 
tbe hydroxyl group 0 1-1 , to represent association effects in these mi xtures [3 ]. In this work the 
model is extended to mixtures containing, additionally, associating groups capable of fo rming 
dimers. Two new associating groups are defined as follows: 

the acid associat ion group COOI-! with one site capable of both self and cross-assoc iating; 
. the ester association group COOR with one site that does not self-associate btl( can cross-

associute witb groups that have an electroposit ive site. 
Tht!refore thl.! model is extended to mixtures con taining three possible associating groups as 
described on Tuble I. For each case, the li'act ion of non-bonded sites is obtained by solving 
the system of eq uations that result from equation 3. 

The sdf and cross association model s models are pr~~ented on Table I. 
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Tal~ l c J: Self and cross associati on models defined in the GCA-EoS IIICd"1 

c -aSSOCI:l(lOn .;. . 

COOll 
Assumptions I\ ssocimion par:lIl1elers 

orr 
O-H I), L\ ,111I, .., 0 

6 "" '~1 : 6 H,II, =0 ~o -} A, 
O- R 

CooR 

Cross'a5socialioll 

01 l·rOOl I 
A, { 0, A.\.~, '" l\A,I~ '0 I: \~, =CA,H, :0 

C .I, . I, +C<'/,II, 

H-O~C .0 l.\,~. \ 6.01,11, ,..0 

" :: I( ~II) '" JI(" .. ,A, '" ~lH, 

C" 
"',.01, 

A, 6 11"" '" 6 .. ,11, .0 
R-O'C 

L\ ", .4, = 0 £ A,H, 1(",.j,H, 

OH -COOR 

A, C .. R-O-C 6.-\ .. " = 6~,,.j, "'0 £ ",,1, "- ~ A, 

COOI I ·COO I~ 

l'A RAMETEllIZATlON 

Associalion IlJlralll clc ,'s 

Self (/jSocial ion 

POI.lowing lI~e proccdun:: fol' Ihe hydroxyl (011) 'rou 3 II ' . ' 
welc deternllncci by reproduc ing II , [ . f g P []. le COOl I assocl ali on parameters 
cqulllion for linear acids [rom prO IJ~~l:·a,c ;l o~ 0 no.n-bonded moh.!c ul cs ~Jredic tcd by the SAFT 

, Ie 0 (ec,mo rc al saluralcd liquid co ndit ions. 

Cross association 

[I;e cr.oss assoc.ial i? 1l paramcters bel\vcen groups 0 1' and COOl' 
o 10wIllg combmfllion rule between sclfassoc iatioll pammele rs: we re ca!c ulal cci lIsing tir e 

(6) 

ror t!IC ~ross associa tio n between Ihe ester roll <md t 
comblnat lOn rule can be establ,'sl,ed s' I g P he 011 or eaOH groups no . lOee t lC ester gro I ' , 
deCided 10 set them as adj ustable parametcrs The '. ll!) (~e~ not se lf associate. II was 
ester gro up <lnd the 01 r group and bet tl" cross assocI.allon parameters between tir e 
I. . . < ween le ester and the aCI I ). .' . 
ow pleSsure vapor Irq llid equi li brium dala (LPVI E) b \ ( ~.I~U p wr:re es llmated lIslng 

between esters and acids respectively 0 "r :bl e
2
1 vee n eslcl s <mel I?t"lmnry alcohols and 

. . • . I I "c lhe cones d Ir aSSOCIation parameters are presented. . pon Ing se [Inti <:ross-
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Ta hl e 2: OCA-EOS sc i f and cross associat ion parameters. 

Self a~soc ialiol1 
l"j k(K) K(clll l /mol) 

COOH 6200.0 0.0200 
0 11 2700 .0 0.11621 
Cross assoc ia1 ioll 

l·,,fk (K) K'j (e/ll
l 
/1li0/) 

COOI·I 011 '1'150 .0 0.131 3 
COOR 3000. 0 0.9210 

011 COOH 276 1.0 0.1574 

Att rac t ive IHLnl lll ctcl"S 

The attractive term has five pure-group parilme ters (T"', C), g"', g' and g") and four binary 
interaction parameters (the symmetrical k,/ and ki/ and the asymmetrical non-randomness 

parameters aij and aj,.). The new acid group was added to the GCA-EOS parameter table . 
Tables 3 and 4 show the pure-group and tbe b in ary interaction parameters, respectively . Also 
is included in both tab les the source and type of experimental data lIsed to fi t the binary 

interaction parameters 

Tli b le 3: P ure group parnmeters 

Pure group par[lmelers 
Group T,lK) gH g' g" Experimental informa1ion 

COOH 600 1.224 12 171BB ·O .tl l o p"'P 15] and LPYLE acids-alkanes[ 6] 

Ta ble 4: Binary interaction parameters 

Oinary interaction parameters 
j kij k'ij U'j U ji Experimenta l information 

COOI-l CH)/C H ~ 0.8472 0 0.1930 -0.4690 LPYLE acids-a lkanes [6 ] 
C HOH 0.9726 0 11.693 3.8612 LPYLE ac ids-alcoho ls [7 ,81 
CH,O I-l 0.9477 10.117 1.9956 LPYLE acids-alcohols [7,BJ 
CB,OH 1.0369 0 LPVLE ilc ids-a lcohols [7 .8] 
1.110 1.0949 0 L.PVLE acids-water [9,1 01 
CH)COOI 1.0000 0 0 LPV LE acids-esters [6] 
CHlCOO 
cal 0.865 1 -1 .5043 -2 .7738 HPYLE acids-Cal [11] 
TG 1.1000 0 0 0 (, [12) 

CH,COO CH,OH 1.0000 0 0 0 LPYLE alcohols-esters(2) 

CI-I)COO HIO 1 0700 0 0 0 LPYLE wale r esters(2) 
CHlOI-I t.OOOO 0 LPVLE illcohols-esters(2) 

RESULTS 

rigures ] to 4 show some of the correlation resu lts obtained fo r severa] self and cross 
associating mixtures . The parameters obtained nre llsed to predict high pressure phase 
equil ibria in mixtures of stlpercriticnl gases with heavier components. On Figure 5 the VLE 
predictions for binary mixtures of ethane and oclanol or nonanoic acid are presented. Figure 6 
shows the model prediction fo r the binary VLE of several fatty acids in CO2. 
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Figure I : VL.E of ilcpt:tne(l)t·penUltloic iH.:id( 2). 

Exp. Dn ta : r6j; - GCA -[OS correlation 
F igure 2; VL E ofwater(I)+propionic acid (2) . 
Lp. Data: [9J; - GCA-EOS correlation 
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Figure 5: VIJ; o f e thane (J )+sevcraJ so lutes (2) 

£:.ip . Data:1.13]; - GCA-EOS prediction. 
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Figure 4: VLE of l-propn nol{l)+mcthy l prora-
11 oalc(2 ). Exp. Data: [6 j ;- GC A -EOS correlatioll. 
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Figu re 6: Binary VLI:. of COl (I) and fally acids 
(2): Exp. 0<11<1:[14 ,11]; -GCA-EOS prediction . 

I:inally, 01: rig~lI ·c 7 .:hc .GCA-EOS predictions of high-pressure VLE ror the ternnry sys tem 
C02 .+ olc lc ac~d + tll olc lll are presented. As c;-ttl be seen the Illodel is ab le to co rrectly predict 
the hI gher affinIty 0[C02 [or the fatty aCid 
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Figure 7: Ternary VLE of C02+oleic atid+lrio lein. Exp ,Data: [15]; - GCA-EOS prediction . 

CONCLUS IONS 

III this work, association effects in wa Ler, alcohols, carboxylic acids and esters were 
represented by a group contribution approach by defini ng three different assoc iat ion groups: 
the hydroxy l group, the acid group and the ester group . The parameters table obtained at low 
pressures (using binary mixtures of carboxylic acids, alcohols, esters, water and alkanes) and 
a t hi gh pressures (C02 and acids) was applied to mixtures of fatty acids and other fatty oi l 
derivatives with supercritical fluids. Good res ults were obtained which suggest the use of the 
GCA-EOS us an engineering tool to opti mi ze and design ext raction and fractionation 
processes of falty oil derivatives with supercri ticai flu ids 
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