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Abstract 

Binary excess enthalpies for a variety of mixtures at low pressures are well represented 
by use of the PRSV and PRSV2 equations of state. The Huron-Vidal mixing rules from 
excess Gibbs energy models are used for the calculation of the parameters in the equations 
of state. This method is easily extended to predict ternary excess enthalpies without 
introducing any ternary parameters. Calculated results agree with the published data for 
highly non-ideal mixtures containing non-polar, polar and associating substances. 

INTRODUCTION 

In previous studies [l-3], the good capabilities of the Stryjek-Vera 
modifications of the Peng-Robinson equation of state, called the PRSV 
and PRSV2 [4,5], in predicting multicomponent vapor-liquid and liquid- 
liquid equilibria (VLE and LLE) of strongly non-ideal systems at low and 
high pressures were reported by use of the Huron-Vidal mixing rule [6]. 

Excess enthalpy (HE> data provide another test for thermodynamic 
models. Recently, several investigators have discussed the use of equations 
of state and mixing rules for the calculation of HE data at ambient 
pressure [7-91. However, the calculations of ternary HE data have not 
been shown. 

The purpose of the present work is to demonstrate the ability of the 
PRSV and PRSV2 equations of state coupled with the Huron-Vidal 
mixing rules in Gredicting ternary H E data from binary data alone for 
strongly non-ideal mixtures. In this work the NRTL and residual part of 
UNIQUAC excess Gibbs energy (GE) models are selected to evaluate GE 
at infinite pressure in the Huron-Vidal mixing rule. 
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Japan. 
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THE PRSV AND PRSV2 EQUATIONS OF STATE 

The PRSV and PRSV2 equations of state retain the cubic term in the 
volume form of the Peng-Robinson equation [lo], namely 

RT a 
p=-_ 

v-b U(U+b)+b(u-b) (1) 

with 

a = (0.457235R2T:/PC)cr (2) 

b = O.O77796RT,/P, (3) 

where 

a = [l + K(1 - T;.5)]2 (4) 

Stryjek and Vera [4,5] have proposed the following expressions for the 
term K: 

PRSV: K = Kg + K1(l + Tc5)(0.7 - TR) (54 

PRSV2: K = Kg + [ K1 + K2(K3 - T,)( 1 - TE5)] (1 + Tc5)(0.7 - TR) (5b) 

where 

Kg = 0.378893 + 1.4897153~ - 0.171318480~ + 0.01965540~ (6) 

and K~, ~~ and ~~ are pure component adjustable parameters, which are 
available in the literature [4,5,11] together with the critical constants and 
the acentric factor. When ~~ = 0 in eqn. (5b), the PRSV form is recovered. 

MIXING RULE 

Huron and Vidal [6] presented a method for deriving mixing rules for 
cubic equations of state from GE (or activity coefficient) models on the 
basis of the assumption that G E from an equation of state at infinite 
pressure equals GE from a liquid solution model. Their procedure yields 
the following mixing rule for mixtures: 

(7) 

where c is the numerical constant equal to 2\/Z/ln[(2 + \/2-j/(2 - &?>I for 
the present equations of state. 

For the expression of Gz, the previous study [3] has successfully com- 
bined the equations of state and the three local composition models in the 
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prediction of multicomponent vapor-liquid equilibria at low pressures. 
Among the models, in this work, the NRTL [12] and residual part of 
UNIQUAC [13] models were employed to represent G,“. 

The NRTL model is 

Gf/RT= FXi( ~TjiGjixj/~G.kixk) (9) 

with 

Gij = exp( -‘~ij~ij) (10) 

Tij = aij/T (11) 

where aij (=ajJ is a non-randomness constant. The values of “ij for 
binary systems were taken from a previous paper [l]. 

The residual part of the UNIQUAC model is 

Gz/RT = - cqixi In cOj~j, 
i 1 i j 

with 

ei=Clixi/C(qjxj) 

j 

(12) 

(13) 

Tij = exp( -aij/T) (14) 

where the pure component area parameter q is given in the monograph of 
Prausnitz et al. [14]. 

In both models, the binary energy parameters aij were assumed to be a 
linear function of temperature: 

aij = Cij + Dij(T - 273.15) (15) 

The values of Cij and Dij were determined by the simplex method [15] 
which minimizes the sum of the sauares of deviations in experimental and 
calculated HE values. 

EXCESS ENTHALPY 

The excess enthalpy is calculated from the relation 

HE = AH’- XX; AHi’ 

where AH; and AH’ are the enthalpy departure 

(16) 

functions for pure 
components and mixtures. These functions can be obtained from eqn. (1) 
as follows [16]: 

AH’ = (1/2fib)[ a - T(aa/aT)] In 
z+B(l-\lZ) 

z+B(l+fi) 
+ RT(z - 1) (17) 
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where 

jj=; (18) 

PV 
t=- 

RT (19) 

The derivative of parameter a with respect to T is analytically obtained 
from its temperature dependence form and mixing rule. For all the systems 
studied here, the pressure was assumed to be atmospheric. 

RESULTS 

Binary systems 

Table 1 presents the calculated results for binary systems including 
various kinds of compounds. The PRSV and PRSV2 equations of state can 
reproduce binary data with equally good accuracy. Figures l-3 show 
examples of typical sets of binary data. The residual part of the UNIQUAC 
model in the Huron-Vidal mixing rule gives slightly better results than the 
NRTL model for the present systems except for some alcohol-saturated 
hydrocarbon mixtures. 

Ternary systems 

The binary parameters listed in Table 1 were used to predict ternary HE 
data for ten highly non-ideal systems at 298.15 K. Table 2 presents the 
absolute arithmetic mean deviations between the predicted and experimen- 
tal values. The largest deviation is about 40 J mall’. The predictions from 
binary data alone are considered successful, and are comparable with those 
obtained from the usual methods which use liquid solution models to 
represent the non-ideality of liquid mixtures. A survey of the results 
indicates that the PRSV2 equation of state does not markedly improve the 
prediction accuracy of ternary HE data compared with the PRSV equation. 
Two typical examples are graphically shown in Fig. 4. The NRTL model for 
expression of G,” shows slightly better overall performance than the 
residual part of the UNIQUAC model for the systems studied here. 

CONCLUSIONS 

The PRSV and PRSV2 equations of state coupled with the Huron-Vidal 
mixing rules from the NRTL and residual UNIQUAC models were ex- 
tended for the calculation of excess enthalpies of strongly non-ideal sys- 
tems at low pressures. The present approach gives good prediction of 
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Fig. 1. Representation of excess enthalpies for binary systems. Experimental: 0. Calculated: 
-9 the PRSV equation of state with the NRTL model; - - -, the PRSV equation of 
state with the residual part of the UNIQUAC model. (a) Methanol(l)-water(2) at 298.15 K 
(data of Lam? and Lu [17]); (b) water(l)-acetone(2) at 323.15 K (data of Villamanan and 
Van Ness [181). 
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panel(2)-cyclohexane(3) (experimental: 0, xi = 0.2493; A, xi = 0.4970; n , xl = 0.7434; data 
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- the PRSV equation of state with the NRTI, model; - - -, the PRSV equation of 
state \;ith the residual part of the UNIQUAC model. 
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ternary HE data from binary parameters alone. It is expected that this 
approach will be able to reproduce the HE data at higher pressures. 

LIST OF SYMBOLS 

a 

aij 
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Cij, Dij 
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GE 
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"ij 
0 
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K 

KO 
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Subscripts 

C 

4 j 

R 
CO 

Superscript 

E 

parameter of the equations of state 
binary interaction parameter 
coefficient defined by eqn. (18) 
parameter of the equations of state 
coefficients of eqn. (15) 
numerical constant 
excess Gibbs energy 
excess Gibbs energy at infinite pressure 
excess enthalpy 
enthalpy departure function 
total pressure 
molecular geometric area parameter 
gas constant 
absolute temperature 
molar volume 
liquid mole fraction 
compressibility factor 

function of reduced temperature and acentric factor 
non-randomness parameter 
area fraction 
binary parameter 
acentric factor 
function of reduced temperature and acentric factor 
function of acentric factor 
pure component parameters 

critical property 
components 
reduced temperature 
at infinite pressure 
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