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Abstract 

The LJNIQUAC associated-solution model has been applied to reproduce vapourPliquid 
equilibria and excess molar enthalpies for binary mixtures containing one alkanoic acid and 
one alkanol and then to predict ternary excess molar enthalpies for acetic acid + metha- 
nol + tetrachloromethane. Furthermore, the model has been modified to include additional 
parameters in order to obtain a better correlation of vapour-liquid equilibria of strongly 
non-ideal mixtures involving at least one alkanol. The calculated results agree well with the 
experimental values for many systems studied. 

Ke~~oud.~s: Alkanoic acid; Alkanol; Binary system; Excess molar enthalpy; Hydrocarbon; 
Model: Ternary system; UNIQUAC; VLE 
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A B, C 
A,, A2 
A,> B, 
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associated components and non-associated component 
monomer and dimer of component A 
imers of associated components A and B 
complex between component A imer and component B jmer 
excess molar Helmholtz energy 
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CHAR 

HE 
4 
W,,, fGB 
KA, 4, 
K AB 
nl 
IzT 
P 
PS 
ql 
R 

sA> &3 
T 

AU,, 
V 
vi, G 
Vi- 
XI 
Yl 
Z 

Greek letters 

binary interaction energy parameter for 1-J pair ( = Au,,/R) 
free contribution to second virial coefficient of component I 
objective functions as defined by Eqs. (34) and (61) 
excess molar Gibbs energy 
enthalpies of hydrogen bond formation of associated components A 
and B 
enthalpy of hydrogen bond formation between associated compo- 
nents A and B 
excess molar enthalpy 
total enthalpy of complex formation 
total enthalpies of complex formation of pure components A and B 
self-association constants of associated components A and B 
solvation constant between associated components A and B 
number of moles of component I 
total number of moles of components 
total pressure 
vapour pressure of pure component I 
molecular geometric-area parameter of component I 
universal gas constant 
molecular geometric-size parameter of component I 
sums as defined by Eqs. (42) and (43) 
sums as defined by Eqs. (44) and (45) 
absolute temperature 
binary interaction energy parameter for I-J pair 
true molar volume of associated mixture 
true molar volumes of associated components A and B 
liquid molar volume of pure component I 
liquid-phase mole fraction of component I 
vapour-phase mole fraction of component I 
lattice coordination number, here taken as 10 
vapour-phase mole fraction of monomeric compound I 

activity coefficient of component I 
binary coefficient 
area fraction of component I 
standard deviations in pressure, temperature, liquid-phase mole 
fraction and vapour-phase mole fraction 
binary parameters 
ternary parameter 
segment fraction of component I 
monomeric segment fraction of component I 
monomeric segment fractions of pure components A and B 
fugacity coefficient of component I at P and T 
fugacity coefficient of pure component I at Ps and T 
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Subscripts 

A B, C 
4, B,, C, 
Ai, Bz 
A,B, 

them 
f 

phys 
res 
I, J, K 
i,j, k 1 

Superscripts 

associated components and non-associated component 
monomers of components A, B and C 
imers of associated components A and B 
chemical complex containing i molecules of component A and j 
molecules of component B 
chemical 
complex formation 
physical 
residual 
components I, J and K 
i, j, k and lmers of alcohols 

pure component state 
excess 
free contribution 
reference state of 50°C 
experimental value 

1. Introduction 

The UNIQUAC associated-solution model has satisfactorily represented experi- 
mental vapourliquid equilibrium (VLE), liquid-liquid equilibrium and excess 
enthalpy results for many liquid mixtures including one or two associated compo- 
nents such as alkanols and amines at low pressures [l-7]. This paper aims to apply 
the UNIQUAC associated-solution model to obtain a good correlation of the 
thermodynamic properties of alkanoic acid + alkanol mixtures and of mixtures 
including at least one alkanol. 

2. Application of the model 

2.1. VLE and excess molar entllalpies of alkanoic acid + alkanol mixtures 

In the liquid phase we assume the dimerization of alkanoic acid molecules and 
the linear association of alkanol molecules. The association parameters of these 
associated components have been estimated using the homomorph concept [8,9]. 
Complex formation between alkanoic acid (A) and alkanol (B) molecules of the 
type (AB), did not give a good description of the VLE and excess molar enthalpies 
for the alkanoic acid + alkanol mixtures. In this paper, we studied a 1 : 1 chemical 
complex forming model. 
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The association constants of the formation reactions of carboxylic acid dimers A2 
and alkanol imers B, are defined as follows 

= K;exp[ -5 (_:-A)] 

=Kj$exp[-%(+-A)] 

= Kl,,cxp[-q (+-A)] 

for A, + A, = A, 

(1) 

for B,+B, =B,+, 

(2) 

for A, + B, = A, B, 

(3) 

where A,H is the molar enthalpy of hydrogen bonding, K* is the value of K at 
T” = 323.15 K, Y, is the molecular size parameter of chemical species I and the sizes 
of chemical complexes are expressed as the sum of component size parameters, e.g. 

'A2 = 2r,, rB = ir,, and rhlR, = rA + rR. The equilibrium constants are not con- 
cerned with the degrees of association and solvation. 

The activity coefficients of the carboxylic acid (A) and the alcohol (B) are derived 
from the UNIQUAC associated-solution model 

IV.4 =ln(s)+r,(&-:)($)q,(ln?+ l-2) 

+ qA 
[ 
-ln(~A+O,t,A)+~, 

( 

TBA TAB 

QA+HBTRA -&3+t4?4L3 )I 
lnYB=ln(&)+rn(&-+)-(f)qB(ln3+I -2) 

(4) 

where @ is the nominal segment fraction, 0 the nominal surface fraction, sIJ the 
binary parameter expressed in terms of the energy parameter u,, and Z is the lattice 
coordination number set to 10 

QA=rAXA/(rAXAfrBXB) 

@n-l-D* 

(6) 

(7) 

HA=~AxA/(~AXA+%3XB) 

H, = 1 - 8, 

(8) 

(9) 



%A = exp( -aBA/T) (10) 

TAB = exp( -%dT) (11) 

The molecular area parameter q and size parameter r were estimated from the 
method of Vera et al. [lo]. 

The stoichiometric segment fractions of both components are expressed 
in terms of the equilibrium constants and the monomer segment fractions mA, 
and On, 

= @Al ( 1 + 2KA@A, 1 + KA,,vA@A1 @B, (12) 

(13) 

These mass balance equations were simultaneously solved to obtain the monomer 
segment fractions. 

For a single component, the monomer segment fractions, @i, and Qi,, are given 

by 
~,” = -1 +(I +8KA)“.s 

Al 
4KA 

cD” = 1 + 2K, - (1 + 4K,)“’ 
HI 

~KB 

The true molar volume of the binary mixture I/ is expressed by 

=?(I +KA@)A,) fr 

I B 
t1 T;BQ 

61 
> +KAB@A,@B, 

The true molar volumes of the pure associated components are given as 

1 
-+I - K,@,“,f) 

E-r,,+ 

1 
-=i,l -KB@&) 
v6 yB, 

(14) 

(15) 

(16) 

(17) 

(18) 

The excess molar enthalpy of the mixture is expressed as the sum of the chemical 
and physical contribution 

HE = H&,, + H;,,ys (19) 
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HcEhern = Hf - (xA H;* + xB H;“) 

= 4ffAnA2 + 4HB f (i - l)nBL + ArHABnAIB, 
,=1 1 

xAArHAn& + x,A,H, t (i - l)n& 
;= I 1 

+ ArHBKBxB L 
@‘28, c2 

% 
(1 - KB@B,)2@, - (1 - KB@;,J2 1 

+ ~,~&KABxB@A, 
a 

@B 
(20) 

The expression of H$,ys is obtained by applying the Gibbs-Helmholtz equation to 
the residual term of the UNIQUAC model 

H;hys= -R 
q.4x,40B %3A qBxBoA dr.4B 

(O,+H 
BSB,.,)z(l/T) +(HB+eASAB) O'(llT) 1 (21) 

where Hf is the total enthalpy of formation of the chemical complexes from acid 
and alcohol, H;k is the value of H, for pure acid and HFB is that for pure alcohol. 

The binary energy parameters, uBA and aAB in ~~~ and rAB, are considered to be 
a linear function of temperature 

a B,,=CBh+DB,(T-273.15) (22) 

u AB = CAB + D,,(T - 273.15) (23) 

In a mixture of acetic acid, methanol and tetrachloromethane (C), the solvation 
constant between methanol and tetrachloromethane is given by 

K,, = QB,C., YB, 

@B,@C, rB,C'l 

for B,+C=B,C (24) 

However no complex formation is assumed between acetic acid and tetra- 
chloromethane [ 111. 

The ternary expressions of H&,, and H$,ys for mixtures are as follows 

Hs: them =A,H,K,-x, 

KBC-~B@~,,@',, a$,2 

(1 -KB@,,)‘@,+(l -KB@B,)2-(1 -K,&,)’ 1 

HEhys = - 
,t, OJ aZJl 

a(l/T) 

_J$, ‘J’JI 

(26) 
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where r,, and 0, are defined as 

r Jl=ex!+aJI/T) 

0, =* 

(27) 

(28) 

c ~JXJ 
J=I 

The monomer segment fractions are obtained from a simultaneous solution of 
the following mass balance equations 

% *B = (1 - KBOB,)2 c1 fKBCrB@,,,) +KABrBmAl@B, 

@BI 

(l-K~@~,) 1 (31) 

2.2. Calculation procedure 

The vapour-liquid equilibrium of the mixtures was calculated using the thermo- 
dynamic relation 

c$,y,P = ;l,x,PScjS exp[“(:qp’)] (32) 

where P is the total pressure, y, and x, are the vapour and liquid-phase mole 
fractions of component I, Ps is the pure component vapour pressure obtained from 
the original vapour-liquid equilibrium data set, vk is the pure molar volume 
estimated by using the modified Rackett equation [ 121; the fugacity coefficients in 
the vapour phase, 4, at P and T, and 4: at Ps and T, are calculated according to 
the chemical theory [ 131 

(33) 

where 3, is the monomer mole fraction for component I in the vapour phase and BE 
the free contribution to the second virial coefficient which is calculated by the 
method of Hayden and O’Connell [ 141. Binary vapour-liquid equilibrium data 
were reduced by minimizing the objective function 

F = 2 
I 

(P;-~,)2+(7;-~)2+(x,-~~,)2+o!,-p,)Z 
2 

i= I CP CT+ 0: 4 1 

(34) 

where the circumflex denotes the experimental value. The values of the standard 
deviations in the measured values were Go = 133.3 Pa for pressure, (TV = 0.05 K for 
temperature, and G_~ = 0.001 for liquid-phase mole fraction and oY = 0.003 for 
vapour-phase mole fraction. We used a computer program based on the maximum 
likelihood principle described by Prausnitz et al. [ 151. 
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Table 1 
The association and salvation parameters 

System (A + B) K,A, at 323.15 K -Arff,,/kJ mol-’ 

Formic acid + formic acid 15899.8 46.576 
Acetic acid + acetic acid 14651.2 44.545 
Propionic acid + propionic acid 11948.5 47.852 
Butyric acid + butyric acid 11274.5 45.085 
Methanol + methanol 173.9 23.2 
Ethanol + ethanol 110.4 23.2 
1 -Propanol + I -propanol 87.0 23.2 
2-Propanol + 2-propanol 49.4 23.2 
1-Butanol+ I-butanol 69.5 23.2 
2-Butanol + 2-butanol 31.1 23.2 
Isobutanol + isobutanol 50.6 23.2 
Formic acid + I -propanol 2000 45.0 
Formic acid + 2-propanol 1000 45.0 
Formic acid + I-butanol 1600 45.0 
Acetic acid + methanol 2600 45.0 
Acetic acid + ethanol 1800 45.0 
Acetic acid + 1 -propanol 1600 45.0 
Acetic acid + 2-propanol 900 45.0 
Acetic acid + I-butanol 1500 45.0 
Propionic acid + methanol 2000 45.0 
Propionic acid + 2-propanol 800 45.0 
Propionic acid + I-butanol I400 45.0 
Butyric acid + methanol 1700 45.0 
Methanol + ethanol 130 23.2 
Methanol + 2-butanol 50 23.2 
Ethanol + isobutanol 45 23.2 
Methanol + tctrachloromethane 1.5 (at 298.15 K) 5.5 

The binary parameters for the excess molar enthalpies were determined by the 
simplex method which minimizes the sum of the squares of the deviations between 
experimental and calculated values. 

The association and solvation parameters are shown in Table 1 [8.9,16,17]. A 
single value of A,H for alkanols was selected as the enthalpy of dilution of ethanol 
in n-hexane at 25’:C [ 161. All A, H values were assumed to be independent of 
temperature and the temperature dependence of the equilibrium constants is given 
via the van? Hoff equation. 

2.3. Culculuted results 

Table 2 lists the calculated results for the vapourliquid equilibrium for the 
binary system, i.e. the binary energy parameters and the root-mean-squared devia- 
tions between the experimental measured variables and the most probable calcu- 
lated values. Figures 1-6 illustrate some examples for selected systems. Table 3 
indicates the binary results of excess molar enthalpies, and the binary parameters of 
Eqs. (22) and (23) and the root-mean-squared deviations between the experimental 
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F I 
.s I I I 

$ 3.0 - 

I I I I 
0.0 0.2 0.4 0.6 0.8 1.0 

Mole fraction of formic acid 
Fig. 1. Vapour-liquid equilibria for the formic acid + I-butanol system. Calculated: 
[IS]: .,45’C; A. 25 c. 

Experimental 

I.21 -I 
f a$ -1 

0.0 0.2 0.4 0.6 0.8 1.0 

Mole fraction of acetic acid 

Fig. 2. Vapour-liquid equilibria for the acetic acid + methanol system. Calculated: -_ Experimental 
[19]: 0, 45°C; A, 35°C. 



100 I. Nqatu et al.lThrrmochimica Act0 249 (1995) 89-11 I 

1 .o 
0.8 

I I I I 1 
0.0 0.2 0.4 0.6 0.8 1.0 

Mole fraction of acetic acid 
Fig. 3. Vapour-liquid equilibria for the acetic acid + ethanol system. Calculated: -_ Experimental 
[19]: 0, 45°C; A. 35’C. 

x 
C 
.z 
2 0.0 0.2 0.4 0.6 0.8 1.0 

Mole fraction of acetic acid 

Fig. 4. Vapour-liquid equilibria for the acetic acid + 1-butanol system. Calculated: --. Experimental 
[ZO]: .,45-c: A, 35’C; ??, 25 c. 
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2 0.0 0.2 0.4 0.6 0.8 1 .o 

Mole fraction of propionic acid 

Fig. 5. VapourPliquid equilibria for the propionic acid + methanol system. Calculated: -. Experi- 
mental [2l]: 0, 45.Ol’C; A. 25.03’C. 

and calculated values. Figures 7- 10 present graphical comparisons and confirm that 
the agreement is good. 

The predictive ability of the association model presented was studied in calculating 
the excess molar enthalpies for the acetic acid + methanol + tetrachloromethane 
system [25]. The binary acetic acid + methanol and methanol + tetrachloromethane 
systems show two extremes in their excess enthalpy versus composition diagrams (Fig. 
7 and Ref. [24]). The root-mean-squared deviation between the experimental results 
and the predicted values for 35 data points was 25.0 J mol-‘, indicating that agreement 
is good. 

2.4. VLE qf strongly non-id& mixtures including at least one alkanol 

It is desirable to develop an extended form of the UNIQUAC associated-solution 
model having increased flexibility to fit VLE data for strongly non-ideal binary systems, 
such as methanol + n-pentane bordering on liquid-liquid immiscibility. 

We propose an extension of the UNIQUAC associated-solution model in order to 
improve the performance of the previous model in the correlation of binary and tern- 
ary VLE data, keeping the predictive capability of the model. Calculations have been 
performed for eight binary alcohol + alcohol or saturated hydrocarbon systems and 
for three ternary systems composed of two alcohols and one saturated hydrocarbon. 

In a ternary mixture containing two alcohols (A and B) and one saturated hydro- 
carbon (C), there are linear chemical complexes whose general formulae are A,, B,, 
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E 
.a, 
$ 1.6 
a, 
8 1.2 

$ 0.8 

Mole fraction of butyric acid 

Fig. 6. Vapour-liquid equilibria for the butyric acid + methanol system. Calculated: -. Experimental 
[21]: 0, 45.OSC; A, 28.6O’C. 

(A, B,), , Ai (B, A,),, (B, A,), and Bi( AjBk),, where i, j, k and 1 r!nge fro? 1 to CO. 
The equilibrium constant for these hetero-chain-forming reactlons K,,B 1s defined 

by 
CD A,B, KAB=- 

rA,rB, 

%,,@B,rA,B,rArB 
for Ai + B, = A,ESi 

for A,B, + A, = A,B,A/; 
@ A,B,Ak YA,B,rA, 

=Q, A$,@Ak rA,B,AkrArB 

Q, A,B,A,B/ rA,B,AkrBj 

= @A,B,A& @B,rA,B,AkBIrArB 
for A,IS,A, + B, =A,BjA,B, 

@ BzA, rB,rA, 
=- 

@)8, @A,rB,A,rBrA 
for Bi +A, = B,A, 

(II %A,Bk rB,A,rB, 

=a B,A,@B, ' 
for B,A, + B, =B,AjB, 

B,A,BkrBrA 

@ %A,BI,AI rBzA,BkrA, 

=a B,A,Bk@A/ rB,A,BkA,rBrA 
for B,A,B, + A, =B,AjB,A, 

= KzBexp[ -9 (i--A)] (35) 
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I I I 1 I 

0.0 0.2 0.1 0.6 0.8 i. 0 
Mole fraction of acid 

Fig. 7. Excess molar enthalpies for three acid + methanol systems at 25°C. Calculated: -. Experimen- 
tal [22]: 0, acetic acid + methanol; A, propionic acid + methanol; ??, butyric acid + methanol. 

The activity coefficient of the component A is given by 

rA rA z 
+E-v- 2qA 0 ( 

+qA (36) 

The corresponding expression of the component B is derived by changing the 
subscript A to B in Eq. (36). The activity coefficient of the component C is 
expressed by 

(37) 
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I I I I I I 
0. 0 0.2 0.4 0.6 0.8 1.0 

Mole fraction of acid 

Fig. 8. Excess molar enthalpies for the acetic acid + ethanol and two acid + 1-propanol systems at 25’C. 
Calculated: -_ Experimental [22]: 0, acetic acid + ethanol; A, formic acid + I-propanol; ??, acetic 
acid + 1 -propanol. 

where QC = Q,, , 0, and the binary parameter T are given by 

(38) 

z ,J = exp( -Au,,/RT) = exp( -a,,/T) (39) 

where Au,, and alJ are the binary energy parameters. The monomer segment fractions 
Q,, and QD,, are simultaneously solved from the mass balance equations 

_ rAKABSASB 
‘A = SA + (1 - T~Y~K&S~S,)~ 

x [2 + “BKABSA(Z - rArBK2,BSASB) + r,KABSBl 

“B KAB SA SB 

@B = ” + (1 - r,r,K;,S,S,)* 

x L2 f yAKABs~(2 - rAf”BKiBSASB) + YBKABSAI 

(40) 

(41) 
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I I I I 

0. 0 0.2 0.4 0.6 0.8 I.0 

Mole fraction of acid 
Fig. 9. Excess molar enthalpies for three acid + 2-propanol systems at 25°C. Calculated: -. Experi- 
mental [22]: 0, formic acid + 2-propanol; A, acetic acid + 2-propanol: ??, propionic acid + 2-propanol. 

where the sums S,, S,, S, and S, are defined by 

S*=@)A,/U -KAJ2 

SB =%,/U - K&J2 

S* =@)A,/(1 -KA@)A,) 

SB = %, /( 1 - K3%, > 

The true molar volume of the ternary mixture v is expressed by 

(42) 

(43) 

(44) 

(45) 

rA rB 

rArBGBSASB %, 
(1 - rAr,Ki,SAS,) + r 

(46) 

The residual term of the original UNIQUAC associated-solution model includes 
only two adjustable parameters per binary under the assumption of two-body 
interactions. We found that more parameters may be required to fit VLE data for 
highly non-ideal binary systems. The proposed form of the binary excess Gibbs free 
energy for the residual part is 

E 
g(m) 

RT - -qAXA ln(BAzAA f OBTBA + ui7BBA) 

- qBxB ln(@BzBB + eATAB + ufi2AAB) (47) 
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I I I I 

I I , , 

0.0 0.2 0.1 0.6 0.8 1.0 

Mole fraction of acid 
Fig. 10. Excess molar enthalpies for three acid + 1-butanol systems at 25°C. Calculated: -_ Experi- 
mental [22]: 0, formic acid + I-butanol; A, acetic acid + 1-butanol; ??, propionic acid + I-butanol. 

where r,, = 1, zIJ # TV,, and rssA and rAAB are the new additional binary parameters 

Equation (47) is derived as follows. We assume the excess energy of mixing uE is 
given by 

uE=xAqA~BAAUBA+XAqA~BB~2A uBA+xBqBBABAuAB+-xBqBoAA132AuAB (48) 

where the local surface fractions OBA, OBBA, OAB and BAA, are defined by 

63, = 
OBTBA 

QAzAA + OBTBA + 6BBA02,2iA 

(49) 

tl 
6 BBA o2 T2 B BA 

BBA = HATAA + %BZ,A + 6BBA02,22,A 
(50) 

OAB = 
@A zAB 

eBzBB + OAT ABf 6 02 2 
(51) 

AAB ATAB 

AAB = 6BTBB + eAZAB + 6AABoiT;B 
(52) 

where 6 is the binary coefficient. The following relation exists between the excess 
molar Helmholtz energy uE and uE 

d(aE/T> E 

d(lIT)=U (53) 
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Integrating Eq. (53) from l/T0 to l/T gives 

$=I;: (;) 
uE d - + a constant of integration ( 54) 

When l/T,-,O, we adopt the Guggenheim-Staverman equation, which is used for 
the UNIQUAC model and is responsible for the chemical part of the UNIQUAC 
associated-solution model, as a boundary condition of Eq. (54). Then we can put 
aEzgE at low pressure and take Tag,, = 6,,,ri,, and rAAB = 6,,,ri,. 

The activity coefficient of any component I is derived from 

1 &,g” 
ln ?ir =xT 7 

( 1 1 P,TTJ ,4, 

Then we obtain 

ln Yh(res) = -qA ln(OA + OBTRA + %TBBA) 

+ q*oB 
TBA + &SC2 - oB)TBBA 

(55) 

TAB + 8A(2 - oA)TAAB 

& + OATAB + %7AAB I 

(56) 

In 1’ /‘B(m) = -9e MOB + @ATAB + H~TAAB) 

+ qB”A 
5AB + 0At2 - HA)7AAB TBA + 43c2 - $B)TBBA 

QB + &T*B + Q~TAAB - OA + OBTBA + Q~,TBRA I 

(57) 

The ternary expression of g&) with ternary parameters and the activity co- 
efficient of the component A are 

-qBxB In c OJTJB + OiTAAB + Q$TccB + 8Ao~TACB 
J 

C QJ~J, + QiTAAc + 82,TBBc + HAQBTABC (58) 

1 OJ’JA + oirB~A f O~TCCA + dBeCTBCA + qA 

J 

0,[7,,, - 02,T,,, - 8’7 007 ] C CCA - B C RCA 

- YA 

; 6 Tag + ‘fiTt3t3A + o$T~~A + eBd~7B~A 

+ 0B17AB + c20A - 8i)TAAB - Q~7cCB f to, - BAec)7Ac%] 

c 8,7JB + 8 iSAAB + H$7,CB + ~A&TA,B 
J 

+ Bc[TAc + (28, - ei)7AAC - 8i7BBc + (0~ - ~A&)~ABc] 

I 

(59) 

1 BJT~C f @i7AAC + oiTBB~ + eA6B7ABC 
.I 
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ln YB(res) and In kcres) are derived by cyclic permutation of the subscripts: A +B, 
B+C and C-A. 

2.5. Calculated results 

The fugacity coefficient of component I is calculated using the equation 

lnh= 2~~,~,,-~5wG3,, 
J I J 

(60) 

where B,, are the second virial coefficients estimated by the method of Hayden and 
O’Connell [ 141. 

Ternary parameters were obtained by using a program minimizing the objective 
function 

(61) 

The pure-component vapour pressures were obtained from original VLE data 
sources [26-281. Table 4 gives the binary parameters and root-mean-squared 
deviations between experimental and calculated values together with the results of 
our previous paper [29]. Increasing the number of binary parameters decreases the 
deviation in pressure. For methanol + n-pentane and 2-butanol + n -pentane, the 
present model reduces appreciably the deviation in pressure. 

Table 5 shows the results of ternary VLE data reduction for three systems, 
indicating that the present model has a better performance in the prediction and 
correlation of ternary VLE data studied here than that of our previous approach. 

3. Conclusion 

The UNIQUAC associated-solution model has shown a good workability in the 
correlation and prediction of VLE and excess enthalpy data for the mixtures 
studied here. 
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