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SUMMARY

The izobaric separation of multicemponent mixtures by distillation require reliable vapour-
liquid equilibrium data. Since the experimental determination of multicomponent vapour-liqu-
id eguilibrium data is laborious and time consuming, there is a need to use a predictive method
for the ligquid-phase activity coefficients. The abilities of Wilso and UNIQUAC equationsto
predict isobaric quinary vapour-liquid equilibria using only binary constants of both equations
were compared in this paper. The quinary system under study, is n. Hexane [ Methylcyclopen-
tane | Cyclohexane | Benzene | Toluene. UNIQUAC equation was found to be superior in the
prediction of quinary vapour-liquid equilibria with the R.M.S. Devications ranging from 0,0033—
0,0103 where as the Wilson equation could predict the quinary vapour phase with the accuracy
of 0,0048-0,0104 R.M.S.D.

OZET

Cok bilesenli karisinlarn distilasyon ile isobarik ayrimasmda gii-
venilir buhar-sivi denge verisi gerekmektedir. Cok bilegenli buhar-sivi
denge verisinin deneysel él¢iimii yorucu, zahmetli ve uzun zaman alan
bir islem oldugundan, sivi faz aktivite katsayilarmm belirlenmesinde
tahmin metodlarindan birisine gereksinim duyulmaktadir. Bu malkale-
de, isobarik besli buhar-sivi dengesinin tahmininde yalmz ikili sabitleri
kullanarak diizenlenen Wilson ve UNIQUAC bafintilarmnm, her ikisi-
nin basar dereceleri karsilastirimaktadir. Bu c¢alismada begli sistem,
n. Hegzan [ Metilsiklopentan | Siklokegzan | Benzen | Toluen, aragtinl-
migtir. Besli sistemin buhar-sivi dengesinin tahmininde UNIQUAC ba-
gmtist 0.0033-0.0103 arahgmda degisen standart sapma ile 0.0048-
0.0104’liik standart sapma gisteren Wilson bagmmtisma kars: iistiin bu-
lundu.
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INTRODUCTION

The simulation of the separation of multicomponent mixtures by
distillation requires information on VLE data. A great number of artic-
les containing experimental VLE data for binary systems have appea-
red in the literature. However, the vasi majority of industrial separati-
ons involves several components and experimental data for systems
containing four or more componenis arc almost nonexistent. There is
then the choice of performing experimental determination of VLE data
or estimating the data with one of the theoretical prediction relations-
hips. Obtaining good experimental binary and especially multicompo-
nent VLE data requires appreciable experimental skill, experience and
patience. It is therefore an cconomic necessity to consider techniques for

calculating phase equilibria for multicomponent system from few experi-
mental data.

Product compositions obtained from multicomponent simulation
will be dependent on the particular VLE model used in simulation. The
Vvariation in product predicted compositions is very important in desig-
ning multicomponent distillation columns. With the speedy develop-
ment of computers there is more concern for thermodynamic relations
to predict multicomponent VLE data from corresponding binary pro-
perties and pure component data because generally hinary properties
are more readily available.

Two major group methods have developed to calculate the liquid
activity coefficient of componnet in a multicomponent mixture. Gene-
rally these methods can be divided into those which require bhinary pair

interactions and those which split the component molecules into funda-
mental groups.

The aim of the present study is to see which of the two well known
binary interaction methods, Wilson Eq. (1964) or UNIQUAC Eq. (Ab-
rams, 1975) of predicting quinary VLE data is more practical in estima-
ting vapour phase mole fraction values.

THERMODYNAMICS OF PHASE EQUILIBRIA

The fundamental thermodynarme condition for multicomponent
phase equilibria is expressed by the equality of fugacities fi, in all pha-
ses for each component. (Souders, 1932).

iV = ;1 (1)
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The fugacities in Eq. (1) are related to the experimentally determi-
ned quantities x,y, T and P, through two auxillary functions which con-
tain the fugacity coefficient » and the activity coefficient y. The first
of these, the fugacity coefficient &, relates the vapour-phase fugacity
f;V to the mole fraction y; and to the total pressure P.

fiy = @iy P (2)

The activity coefficient y relates the liguid-phase fugacity fil to
the mole fraction x; and to the standard-state fugacity f;O0

fiL = Yi X3 ijL (3)
From Egs. (1), (2), (3) the equation of equilibrivm vapour-phase

composition for any component i becomes.
vi =7vixi £i00) ;P (4)

The standard-state fugacity of any component must be evaluated
at the same temperature as that of the solution, regardless of whether
the symmetric or unsymmetric convention is used for activity coeffici-
ent normalization. At low pressures, the effect of pressure on the thermo-
dynamic properties of condensed phases is negligible and under such
conditions the standard-state fugacites are essentially independent of
pressure but at higher pressures it is no longer the case.

The liquid-phase fugacity of component i, for condensable compo-

nent i is given by Prausnitz (1969) as
(p*)
fil = x; ;0L exp (Vi& P/ RT) (5)

Where ;0L is the fugacity of pure component i, at the temperature
of solution and at the reference pressure p* . Vil is the partial molar
liquid volume. The exponential term is the Poynting correlation which
corrects the liquid fugacity to a zero-pressure reference. The liquid mo-
lar volume V;I is assumed constant over the range of the integral and
is calculated using Rackett’s equation as medified by Spencer and Dan-
ner (1972). This equation has been further modified by O’Connell (1975)
for reduced temperatures greater than 0.75. The saturated-liquid molar
volume is given by the equation.

o~

Vil =R Ty Zay [P (0)
Where © =1 + (1 — T;)0°286 for T; < 0.75 ()

Zy; is the modified Rackett pavameter.
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The liquid reference fugacity at zero pressure fiOL is fit to a functi-
on of the form given by Lykman (1965) correlation by Prausnitz (1980)
as a function of temperature.
In £;00 =C) - C,/T + CT + €CIn T + C; T2 3)
Where T is in Kelvin and F;°L is in bars.

From Egs. (4), (5), (8), for multicomponent vapour-liquid equilib-
ria, the equation of equilibrium for every condensable component i is,

vi = ~F i 0 exp (Vi ) RT) (9)
i

The vapour-phase fugacity coefficient is calculated from thebelow
given relation (O’Connell, 1967).

m
In o = [2 by Yi Bij — Bm] (P / RT) (10)
j=1

Where values of second virial cerefficients, Bjj, are experimental
values. When experimental values of second virial coefficients are not
available, the equation of Pitzer and Curl (1957) is used for pure non-
polar gases.

]i,‘i%)i = (0.1445 + 0.0073w) -— (0.33 — 0.46w) T,~1 — (0.1385
ci

+ 0.5w) Ty — (0.0121 -+ 0.097w)Ty=3 — (0.0073w) T,~8 (11)

Where w is the acentric factor calculated from

W o= — 1 — IOg %'QL (12)

ci
and P’y,; is the vapour pressure at T/ Ty = Ty = 0.7.
The Bmixture is obtained from the relation given in the following.
m m
Bmixture (T, y;,... yp) = X 2 viyBy(T) (13)
=1 e

The composition of a vapour in equilibrium with a liquid can then
be calculated by the Eq. (9) with the knowledge of the liquid phase ac-

tivity coefficient, ;.
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Although assuming liquid phase activity coefficient equals to unity,
VLE data for ideal system can be easily calculated by Raoults and Dal-
ton’s Law, VLE data for real solutions which are subject to distillation
can not be evaluated so easily. In order to overcome the difficulties met
in design and operation of the equipment, the estimation methods for
non-ideal systems have become subject to many investigators. In the
past 25 years two major group methods have developed to calculate the
activity cocfficient of component in a multicomfonent mixture. Ge-
nerally, these methods can be divided into those which require binary

pair interactions, and those which split the component molecules into
fundamental groups.

DETERMINATION OF ACTIVITY COEFFICIENTS

In order te express the non-ideality of a liquid mixture, Seatchard
(1937) proposed the most useful thermodynamics concept, called Gibbs
excess energy, G¥. The G¥ is defined as a funtion of liquid-phase acti-
vity coefficient at constant temperature and pressure. S0 one may com-
pute activity coefiicients yi, from G¥ model, by applying the relation.

, (14)
0% ] T,P.X

Many solution models which relate activity coefficients to liquid
composition and satisfy the Gibbs-Duhem equation have heen propo-
sed. Two solution models, Wilson Eq. (1964) and the UNIQUAC model
of Abrams (1975) as slightly modified by Anderson (1978), for liquid

phase activity coefficients have been compared in this study.

WILSON EQUATION

Wilson (1964) proposed the following legaritmic function as an
expression for the molar-excess free-energy for multicomponent systems.

G % I [ Q! A ] (1r)
e e xj In YA X 15
RT R o,

When Eq. (14) is applied to the expression above, the Wilson equation
for a multicomponent system becowmes (Orje, 1965).
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m X Aki
Iny;=1—1 z XA.J_H L - B 16
Ti n J 4Mj = AZ X; A (16)
i=1
Where
V: oy — M V; it — N
Agy o= L oexp [ — 1T ~£“), Aji = = exy <—~—]-1- 4 ) 17
1] \/i p( RT )i V; Xp RT ( )

and (Ayj — Aig), (At — Xy) are adjustable binary energy parameters.

UNIQUAC EQUATION

The UNIQUAC equation for excess Gibbs energy GE is given by
Prauseitz  (1980)

GE/RT = E Xj 1n(@i/X3‘) -+ (Z/z) p injln(ei/ @4)
i 3
— Z q/j Xi In ( = elj":ji) (18)
i i

Where segment fraction ¢ and area fractions 6 and 0’ are given by

i A3

SR v Tij = exp (— Ay /)T (19)
b}
L PR E 20
. = a4 Vi I oqix 20
J J

For any component i, the activity coefficient is given by

Inyi =1In (@i/x) + (2/ 2)qs In (0;/ @) + 1; — ( 21/ x1) Z x5l
j

, . , : b5 w5
—qiln (X 055) i —q5 2 S L
j i Z Uk kg
J

Where

L =(2/2) (5 — qi) — (5 — 1) (22)
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Equatien (21) reguires only pure-component and binary parameters,
and in Eq. (22) coordination numner 2 cquals to 10. The parameters 1,
q, and q’ are pure-component molecular-structure constants depending
on moleculer size and external surface areas. For non-polar components
q=q  can be taken,

PREDICTION PROCEDURE OF QUINARY VLE DATA

Apart from their intrinsic value for the design of distilling plants,
experimental multicomponent VLE data provide an important means
of the testing the validity of thermodynamic models of liquid mixtures
and the associated methods of data processing and prediction.

The Quinary System (Weatherford, 1970), n. Hexane M.C.P. (2)/
Cyclohexane (3) / Benzene (4) [ Toluene (5) has been chosen to study the
prediction of isobaric multicomponent vapour-liquid equilibria with

Wilson and UNIQUAC Equations.
Adjustable binary energy parameters of Wilson Eq. and UNIQUAC

Fq. for 10 binary systems which comprimise ithe quinary system studied
in this work and their data sources are presented in Table I. To use the
Wilson Eq. it is also necessary to have the liquid molar volume as a
function of temperature for cach component. The volumeiric data used
for the calculation of binary emergy parameters were also used in this
study. The volumetric data taken from Holmes (1970) are listed in Tab-
le 11. Using the molar volumes at three different temperatures, the cons-
tants in the quadratic equation.

Vi(T) = a -+ bT 4 ¢T2 (23)
were calculated for each component and are also given in Table 1I.

The UNIQUAC eq. constants r, q for each pure component 1 are gi-
ven in Table III.

The vapour phase fugacity coefficients were calculated by using
the virial eq. (10). The self virial coefficients were computed where ne-
cessary by Pitzer and Curl (1957) method. Constants required for the
calculation of the Poynting correction factor are taken from Prausnitz
(1980) and are listed in Table III. together with the constants required
for the calculation of f;OL data.

The calculated activity coefficients in turn were used in Eq. (9)
to c¢valuate yi, vy, ..., ¥5 values at 1 atm. For practical purposcs, a
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detailed computer program was prepared for cach of the two equations,
to predict the isobaric quinary VLE data. In the liquid phase activity
cocfficient programme the liquid composition, the boiling point and
the total pressure were fixed by the experimental data and the Wilson
and the UNIQUAC eq. s were used to predict the equilibrium vapour

compositions.

Liquid phase activity coefficients calculated from the Wilson Liq.
and the UNIQUAC Eq. are tabulated together with the experimental
activity coefficients in Table IV. Vapour compositions predicted by the
Wilson and the UNIQUAC Eq. are also given in Table IV. together with
the experimental vapour phase compositions (Weatherford, 1970).

RESULTS AND DISCUSSION

Table (IV) summarises the result of testing the Wilson and UNIQU-
AC eqs. using the published quinary VLE data. R.M.S.D.’s between the
experimental and the calculated vapour mol fractions are tabulated in
Table V together with the mean composition errors for comparison. An
examination of VLE errors in the predicted vapour phase compositions
show errors of the order of 0.0048—0.0104 mol fractions with Wilson
Eq. and errors of the order of 0.0033—0.0103 mol fractions with UNIQU-
AC Eq. Comparison of mean composition errors show that UNIQUAC
produce the lower mean composition errors. While the mean vapour
composition error is 0.0058 mol fractions, the individual errors can be
large with some UNIQUAC predicted points having an error of 0.0247
mol fractions for M.C.P. (in RUN 2) and with Wilson Eq. predicted
points having an error of 0.0274 mol fractions for the same component.
If the experimental values of RUN 2 is excluded from the calculations,
R.M.S.D.’s drop below 0.0100 for component M.C.P. for both equations.
One may see from Table VI that after the exclusion of RUN 2 from cal-
culations, agreement between mean deviations is within the estimeted
limits of experimental error.

The quinary system, understudy, provides two binary azeotropes.
If table 1V is closely observed one may find out that RUN 7 contains
approximatelly the relative amounts of M.C.P. and Benzeue reported
in the binary azeotrope (Belknap, 1961) (0.125 mol fraction Benzene).
The resulting normalized (based on the sum of the azeotropic compo-
nents) experimental liquid and vapour benzene compositions wete 0.089/

(0.089 - 0.583) = 0.132 and 0.095/(0.95 + 0.676) = 0.123 mol frac-
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Table 4. Quinary Vapour-Tiquid Equilibrium Data for n. Texane / M.C.P. | Cyelohexane/

Benzene / Touene.

Run | Temp. | Comp Experimental Values \Vilsog Eq' Pre- UN IQU'AC Eq.
N oo . dicitons Predictions
No T, °C Comp.
X v 3 y s v I8
1 | 78.27 | Mex. 0.186 | 0.274 | 1.1043 | 0.2817 | 1.1352 | 0.2750 | 1.1085
M.C.P. | 0.257 | 0.328 | 7.0514 | 0.3309 | 1.0608 | 0.3269 | 1.0479
C.h 0.118 | 0.118 | 1.0777 | 0.1165 | 1.0639 | 0.1202 | 1.0156
Bz. 0.153 § 0.167 | 1.1554 | 0.1609 | 1.0656 | 0.1629 | 1.2370
Tol. 0.286 | 0.113 | 1.0924 | 0.1100 | 1.0565 | 0.1150 | 1.1117
2 | 84.41 | Hex. 0.129 | 0.243 | 1.1843 | 0.2464 | 1.2009 | 0.2441 | 1.1897
M.C.P. | 0.159 | 0.224 | 0.9729 | 0.2514 | 1.918 | 0.2487 | 1.0802
Ch. 0.132 | 0.168 | 1.1420 | 0.1605 | 1.0910 | 0.1574 | 1.0652
Bz. 0.106 } 0.128 | 1.1231 { 0.1151 | 1.0101 | 6.1226 | 1.0758
Tol. 0.480 | 0.237 | 1.1066 | 0.2266 | 1.0262 | 0.2272 | 1.0608
3 |80.45 | Hex. 0.132 1 0.219 | 1.1676 | 0.2271 | 1.2104 | 0.2180 | 1.1623
M.CP. | 0.095 | 0.132 | 1.0891 | 0.1322 | 1.0757 | 0.1307 | 1.0628
Ch. 0.218 | 0.241 | 1.1150 | 0.2344 | 1.0847 | 0.2483 | 1.0692
Baz. 0.253 | 0.284 | 1.1104 | 0.2869 | 1.0461 | 0.2769 | 1.0826
Tol. 0.302 | 0.122 | 1.0356 | 0.1194 | 1.0137 | 0.1261 | 1.0704
4 | 86.50 | Hex. 0.069 | 0.112 | 1.404 | 0.1212 | 1.2338 | 0.1147 | 1.1679
M.CP. | 0.166 | 0.238 | 1.1071 | 0.2335 | 1.0859 | 0.2314 | 1.0764
Ch. 0.215 | 0.241 | 1.1290 | 0.2316 | 1.0848 | 0.2480 | 1.0695
Bz. 0.261 | 0.290 | 1.0975 | 0.2999 | 1.0400 | 0.2857 | 1.0812
Tol. 0.288 | 0.119 | 1.0534 | 0.1138 | 1.0080 | 0.1202 | 1.0640
5 | 76.58 | Hex. 0.132 | 0.192 | 1.1463 | 0.1976 | 1.1794 | 0.1879 | 1.1215
M.CP. | 0.155 | 0.202 | 1.1287 | 0.1899 | 1.0612 | 0.2151 | 1.0533
Ch. 0.228 | 0.213 | 1.0599 | 0.2153 | 1.0713 | 0.2101 | 1.0455
Bz. 0.333 | 0.336 | 1.1257 | 0.3240 | 1.0855 | 0.3302 | 1.1063
Tol. 0.152 | 0.057 | 1.0997 | 0.0518 | 1.0000 | 0.0567 | 1.0939
6 | 77.98 | Hex. 0.067 | 0.105 | 1.1843 | 0.1084 | 1.2222 | 0.0993 | 1.1200
M.C.P. | 0.081 | 0.106 | 1.0877 | 0.1035 | 1.0622 | 0.1007 | 1.0333
Ch. 0.360 | 0.362 | 1.0929 | 0.3657 | 1.0770 | 0.3790 | 1.1443
Bz 0.359 1 0.374 1 1.1122 | 0.3850 | 1.0793 | 0.3694 | 1.0356
Tol. 0.133 | 0.053 | 1.1128 | 0.0465 | 0.9772 | 0.0516 | 1.0832
7 1175.71 | Tex. 0.066 | 0.087 | 1.0654 | 0.0887 | 1.0868 | 0.0856 | 1.0483
M.C.P. | 0.583 | 0.676 | 1.0306 | 0.6850 | 1.0442 | 6.6749 | 1.0289
Ch. 0.077 | 0.070 | 1.0602 | 0.0682 | 1.0324 | 0.0646 | 0.9748
Bz. 0.089 | 0.097 | 1.2238 | 0.0895 | 1.0814 | 0.939 | 1.2096
Tol. 0.185 1 0.072 { 1.0767 | 0.0686 | 1.1218 | 0.0712 | 1.1636
2 | 178.83 | Hex. 0.098 | 0.153 | 1.1517 | 0.1591 | 1.1975 | 0.1498 | 1.1276
M.CP. | 0.149 | 0.206 | 1.X207 | 0.1960 | 1.0666 | 0.1929 | 1.0495
Ch. 0.269 § 0.272 | 1.0712 | 0.2728 | 1.0740 | 0.2672 | 1.0523
Bz. 0.265 | 0.282 | 1.1066 | 0.2901 | 1.1384 | 0.2811 | 1.1031
Tol. 0.219 | 0.088 | 1.0895 | 0.0820 | 1.0246 | 0.0879 | 1.0883
9 | 1854 Hex. 0.186 | 0.273 | 1.0916 | 0.2832 | 1.1324 | 0.2870 | 1.1076
M.C.P. | 0.255 | 0.339 | 1.0391 | 0.3834 | 1.0610 | 0.3409 | 1.0449
Ch. 0.127 | 0.126 | 1.0604 | 0.1265 | 1.0646 | 0.1207 | 1.0158
Bz, 0.128 | 0.137 | 1.1232 | 0.1293 | 1.0599 | 0.1377 | 1.1289
Tol. 0.304 1 0.125 | 1.1257 | 0.1177 | 1.0605 | 0.1237 | 1.1140
10 76.02 | Hex. 0.130 | 0,178 ¢ 1.0971 | 0.1786 | 1.1004 { 6.1737 | 1.0706
M.C.P. | 0.471 | 0.563 | 1.0527 | 0.5629 | 1.0525 | 0.5746 | 1.0743
Ch. 0.060 | 0.055 | 1.0583 | 0.0543 [ 1.0448 | 0.0511 | 0.9838
Bz. 0.109 | 0.115 | 1,0289 | 0.1203 | 1.0763 | 0.1129 | 1.0101
Tol. 0.230 ' 0.089 | 1.1571 | 0.0839 | 1.0908 | 0.0877 | 1.1314
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Takle 5. Mean Deviations of Experimental and Caleulated Vapour Compositions in the Quinary

System at 1 atm.

Component Name Wilsen Eq. | UNIQUAC Eg.
n. Hexane 0.0064 0.0033
M.C.P. 0.0104 0.0103
Cyclohexane 0.0048 0.0077
Benzene 0.0093 0.0042
Toluene 0.0058 0.0035
Mean Composition Error 0.0073 - 0.0058

Table 6. Mean Deviations of Experimental and Caleulated Vapour Compositions after
RUN 2 is excluded.

Component Name Wilson Eq. | UNIQUAC Egq.
n. Hexane 0.0066 0.0034
M.C.P. 0.0060 €.0071
Cyclohexane 0.0044 0.0073
Benzene 0.0088 0.0040
Toluene 0.0050 0.0017
Mean Composition Error I 0.0062 0.0047

tions respectively. These relative experimental concentrations are in
good agreement with the binary azeotrope (0.125 mol fraction for ben-
zene) when the estimated errors are considered. The corresponding es-
timated vapour phase concentrations for this run are 0.095/(0.095-+
0.0676) = 0.123 by Wilson and 0.0939/(0.0939 -+ 0.6749) = 0.122 by
UNIQUAC.

The other azeotrope that quinary system provides is cyclohexane-
benzene azeotrope (Ridgway, 1967). When RUN 6 is carefully examined
the resulting normalized experimental liquid and vapour compositions
where 0.494, 0.508, respectively as compared to the azcotropic binary
benzene concentrations of 0.498 mol fraction. The corresponding esti-
mated vapour phase concentrations for RUN 6 are 0.519 by Wilson and
0.494 mol fraction by UNIQUAC.

For RUN 8 the corresponding experimental azeotrope benzene li-
quid and vapour mol fractions where 0.496, 0.509, but the correspon-
ding estimated vapour mol fractions are 0.515 by Wilson and 0.512 by
UNIQUAC.

Run 9, the corresponding experimental azeotrope benzene liquid
and vapour mol fractions were 0.502, 0.521 respectively, and the cor-
responding predicted vapour mol fractions are 0.505 by Wilsen and 0.533
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by UNIQUAC. From these comparison results the UNIQUAC Eq. appe-
ars to be more successfull in evaluation of azeotrope vapour phase com-
position of the quinary system under study.

When Table IV is closely examined one may mnorice that for the
composition region having the liquid phase composition of M.C.P. 0.159
(RUN 2), 0.155 (RUN 5) and 0.149 (RUN 8) the vapour compositions
predicted, by means of both equations, show a great deviations from
experimental values comparing to mean composition deviations. For
that reason the liquid composition region having 0.150 mol fractions
for the component M.C.P. should receive careful consideration in analy-
zing the output from simulation study of distillation plants.

CONCLUSIONS

The simulation of separation of multicomponent mixtures by dis-
tillation required reliable information on VLE data. Experimental data
for binary systems are frequently available, but data for multicompo-
nent mixtures arve rare must be calculated. Prediction methods provides
an important economic advantage since the experimental work required
to characierize a multicomponent solution is thereby very much redu-
ced. Since the separation is dependent on the predictive thermodynamic
method used for the ecrimation of VLE data, the limitations used of
these predictive methods must be considered in the design and opera-
tion of distillation columns. There would appear to be a major problem
in selecting one thermodynamic model as “the best’’ as the choice may
be system dependent.

In this study, Wilson and UNIQUAC equations are chosen for the
prediction of liquid phase activity coefficients of the quinary system,
n. Hexane/ M.C.P./ Cyclohexane | Benzene | Toluene. Examination of
calculations show that while both equations failed in predicting the va-
pour phase mole fractions for one run for the component M.C.P. (R.M.
S.D.’s 0.0274, 0.0247 respectively for RUN 2), the UNIQUAC Ea. appe-
ars to be a much better off method for the estimation of the multicom-
ponent vapour-liquid equilibria.

NOMENCLATURE
Ay; UNIQUAC Binary Parameter
B;;j Virial Coefficient

f; Fugacity
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GE Gibb’s Excess Free Energy

m Number of Components in a multicomponent mixture
P Total Pressure (mmHg) or (Bars)

Py Critical pressure of component i

P, Reduced pressure (P;/ Pgy)

qi Pure component molecular size constant

R Ideal gas comstant (cal/g. mol K°)

Ty Pure component external surgace area constants
T Absolute temperature (K°)

T Critical temperature of component i

Ty Reduced temperature of component i

Vit Saturated-Liquid molar volume of component i
X Mole fraction of component i in liquid phase

Vi Mole fraction of component i in vapour phase
Zai Modified Rackett number

ABREVIATIONS

M.C.P. Methylcyclohexane

R.M.S.D. Root Mean Square Deviation

VLE

Vapour-Liquid Equilibrium

GREEK LETTERS

Yi

0, 0's
Mj — hii
Aij

[GF]

Liquid-phase activity coefficient of component i
Area fractions of UNIQUAC Equation

Adjustable energy parameters of Wilson Equation
Wilson Equation parameter

Gas-phase fugacity coefficient

SUPERSCRIPTS AND SUBSCRIPTS

ij, k
L
0

r

Component i, j, k in a multicomponent system
Liquid phase

Standart State

Reduced

Vapour phase
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