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ABSTRACT

An association model is used to reproduce well excess enthalpies for four binary systems
of acetic acid with benzene, cyclohexane, n-heptane and tetrachloromethane. The model
assumes a liquid phase dimerization equilibrium between monomeric and dimeric molecules
of the acid and uses the NRTL equation with temperature-dependent energy parameters for a
physical contribution.

INTRODUCTION

The isothermal vapour-liquid equilibrium data of solutions containing
acetic acid and non-polar components have been successfully correlated
using an association model with association in the vapour and liquid phases
[1]. The model uses the thermodynamic equilibrium constant for the dimeri-
zation of acid molecules and takes into account the physical interactions
between pairs of the monomer and dimer of the acid and non-polar
components using the NRTL equation [2]. This paper presents some results
on the workability of the proposed association model in representing the
excess enthalpies of solutions of acetic acid with benzene, cyclohexane,
n-heptane and tetrachloromethane.

SOLUTION MODEL

A, and A,, and B denote the monomer and dimer of the acid and a
non-polar component respectively. The thermodynamic dimerisation con-
stant K1 in pure liquids or mixtures is defined in terms of activity by

XXy XA YA,
Kp=—220 —K*Kr = —00 — KK, (1)
(xAl'YA,) (xAlYA.)

0040-6031,/90,/803.50 © 1990 - Elsevier Science Publishers B.V.



234

where x, and x,, are the true mole fractions of the monomer and dimer of
the acid, v,, and v,, are the activity coefficients of the monomer and dimer,
the liquid phase mole fraction dimerisation constant K, is defined by
xA:/xi], the activity coefficient ratio K is expressed as }'A:/y,f] and the
superscript * indicates the pure liquid reference state.

The present model assumes that the excess enthalpy of acid—non-polar
mixtures is given as the sum of both chemical and physical contributions.
The chemical term arises from the dimer formation of the acid and the
physical term is due to non-specific interactions between the non-polar
component and the monomeric and dimeric species of the acid.

The excess molar enthalpy A" is expressed by

2 k. k2
hAKxxA, XahaK, XA,

E __ —
h Xa, + 2Kxx,i, +xp  xa t 21(')‘.x;‘"‘]2
ij[a(TJIGJI)/a(l/T)]
+R) x 4
; ! ZGKIXI
e
ZTJIGJIXJZ.XK [S(GK,)/G(l/T)]
— > 2 (2)
(ZGKIXK)
.
where
T =a;/T (3)
Gy =exp(—ay7;) (4)

The monomer mole fractions in the mixtures are related to the stoichio-
metric mole fractions of components:

Xa, + ZKAXi,
Xp= o (5)
Xa, T 2K, xj, + xp,
.xBI

Xa, T ZKXXA‘ + X,

The sum of the mole fractions of all the chemical species present must be
unity:

Xa, + Kxx/il + xp =1 (7)
The value of xJ is obtained from

xF A+ Krxy =1 (8)
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In fitting the model to experimental excess enthalpy data, the non-ran-
domness parameters for all /-J pairs are fixed as 0.3 and the energy
parameters are set as follows: a, 1, =aa 1, = —100 K, which are taken to
be temperature independent; a, g = =2a,p and dga, = 2aps,, Which are
assumed to be expressed by a linear function of temperature, i.e.

3= Cap+ Dap(T~273.15)
a, = Cpa, + Dpa (T~ 273.15) (9)

CALCULATION PROCEDURE

The model is unable to correlate experimental binary excess enthalpy data
for the acid—non-polar mixtures without any other thermodynamic informa-
tion concerning the compositions of acid monomer and dimer as suggested
by eqn. (1). In other words, it is only possible to calculate the true mole
fractions of the monomer and dimer using binary parameters obtained in
isothermal vapour-liquid equilibrium data reduction. Freedman [3] calcu-
lated the mole fraction equilibrium constant K* =62 at 20°C and the
enthalpy of hydrogen bond formation A, = —26 kJ mol~' for the dimerisa-
tion equilibrium between monomeric and dimeric molecules for pure acetic
acid. These properties are used to estimate values of K* at a specified
temperature 7; by means of the van’t Hoff relation and to calculate x}
from eqn. (8) and x3 from K,;‘"A;"‘z Values of vy and ys, are computed
using the NRTL equation together with @ AA, = = —100 K and Gp A,
= au o, = 0.3 for acetic acid [1]. Substitution of the values of KX, v& and
Ya, into eqn. (1) yields a value of Ky at T,. From a set of the blnary
parameters obtained in the correlation of isothermal vapour—liquid equi-
librium data whose temperature is close or identical to that for excess
enthalpy data, it is possible to determine numerically values of x,, and x,,
which satisfy eqn. (1) at 7, for any nominal mole fraction x,.

The coefficients of eqn. (9) were obtained using the simplex method [4],
which minimizes the objective function given by

F= Z (hexptl ' calc 1)2 (10)

1=1

CALCULATED RESULTS

Experimental vapour-liquid equilibrium and excess enthalpy data for
four selected binary systems are available from the literature. In vapour—
liquid equilibrium data reduction the fugacity coefficients of components
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Fig. 1. Experimental (o, v, a, O) and calculated ( )} excess enthalpies for four acetic
acid—non-polar component systems: o, acetic acid—cyclohexane at 35°C [14]; v, acetic
acid— n-heptane at 35° C [14]; a, acetic acid—benzene at 20° C [13]; O, acetic acid—tetrachlo-
romethane at 20°C [15].

were calculated using the chemical theory of vapour-phase imperfections.
Details of pertinent property estimation and the parameter-seeking program
are given by Prausnitz et al. [5S]. Vapour pressures of the pure components
were calculated from the Antoine equation whose constants are available
[6,7]. Detailed results of the data reduction are shown in Table 1.

Experimental excess enthalpy data sets for the four systems listed in
Table 1 are available from the compilation of Christensen et al. [12]: for
acetic acid—benzene at 20 ° C [13]; for acetic acid—cyclohexane at 35° C [14];
for acetic acid—n-heptane at 25 and 35°C [14]; for acetic acid-tetrachloro-
methane at 20 °C [15]. The observed temperatures of excess enthalpy and
vapour--liquid equilibrium data for each system are identical or very close to
each other. Table 2 gives calculated results obtained in fitting the model to
the experimental excess enthalpy data and Fig. 1 compares the calculated
results with the experimental values.

In conclusion, the proposed approach is able to correlate well the experi-
mental excess enthalpy data of the acetic acid—non-polar component mix-
tures studied. Further extension of the association model to acetic acid—polar
unassociated component mixtures is discussed in a forthcoming paper.
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LIST OF SYMBOLS
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Subscripts

AL A,
B,

calc
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