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ABSTRACT

The Lielmezs—Merriman (L-M) modification of the Peng—Robinson equation of state has
been extended to saturated liquid mixtures. The values of the characteristic p,, and ¢,
parameters have been calculated for four hydrocarbon-hydrocarbon liquid mixtures and a
relation between the values of these parameters and the molecular weight of the binary
mixture has been established. The proposed correlation is compared with the results obtained
by the use of Lielmezs, Howell and Campbell, and Soave-1980 modifications of the
Redlich-Kwong equation of state.

INTRODUCTION

Recently Lielmezs and Merriman [1] proposed a modification of the
Peng-Robinson [2] equation of state for the saturated liquid—vapour equi-
librium states from the triple point up to the critical point. Their modifica-
tion was developed by means of reduced state coordinates [3-5] stemming
from the phenomenological scaling and renormalization group theory [6-9].
The object of this note is: first, to study the predictive applicability of the
Lielmezs—Merriman modification of the Peng—Robinson equation of state
in terms of saturated liquid compressibility and vapour pressure data for the
four hydrocarbon-hydrocarbon binary liquid mixtures; second, to establish
values of the characteristic p,, and q,, parameters; and third, to develop a
relation between those parameter values and the equivalent molecular weight
of the binary mixture.

The proposed correlation is tested by comparing the RMS% error values
against the RMS% error values obtained by means of the Lielmezs, Howell
and Campbell [4,5] and the Soave-80 [10] modifications of the Redlich—
Kwong [11] equation of state.
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202

L-M EQUATION EXTENSION TO BINARY MIXTURES

The L-M modification of the Peng—Robinson equation of state can be
extended for binary mixtures as:

RTw a(T,)

P,= -
" Vm_bm Vm(Vm+bm)+bm(anbm) (1)
where the coefficient b, is given as:
R
b, = 0.07780 (2)

P

cm

Subscript m represents the state of the mixture in terms of the lighter
component for any given parameter of state. The temperature-dependent
a(T,)-function is written as:

a(Ty) = a(Toms Pem) (T3 (3)

Following the work of Lielmezs et al. [4,5], we write the first term of egn. (3)
for a binary mixture as:
22

RT,
&(Toms Pu) = 0457245 (4)

cm

and define the binary mixture temperature-dependent function a(7,¥) as:
a(T¥) =1+ pu(TX)™ (5)

where p_, and g,, are characteristic constants of the given binary mixture at
constant composition of the lighter component.
The dimensionless binary mixture temperature, 7.F, is given as:

v (To/T,) -1
" (Tcm/TNBm) -1 (6)

We rewrite a,, and b,, as new parameters 4, and B,, respectively:

PI'ITI
A =0.45724 (Tr;*)--»—T2 (7)
Prm
B, =0.97780 " (8)

Substituting 4, and B, in eqn. (1), and introducing a binary mixture
compressibility factor:
PV
RT,

Zn= (9)

we have:
Z2*~-(1-B,)2%+(A,—3B%—2B,)Z,,— (A,B,— BL—B.)=0 (10)
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The solution of eqn. (10) and, hence, the determination of the values of
characteristic binary mixture constants p, and g, are subject to the
thermodynamic requirement that fugacities of the saturated liquid and
vapour phases are equal:

fSll’l]: S:ﬂ (11)

The binary mixture fugacity coefficient, therefore, may be calculated from
Lielmezs et al. [4,5]:

1 A (Z.+2.414B.)
mim—7z —1-In(z. -B.)- 12
np = 4m N(Z — Bn) 2W2B. | (Zn+0414B,) (12)

The numerical evaluation of the characteristic constants p,, and g, follows
the method described by Lielmezs et al. [4,5].

The proposed method is generalized by correlating the calculated binary
mixture characteristic constant, p, and ¢q,,, values with the binary mixture
equivalent molecular weight, MW_ i.e.:

P> qm=a’+b’MWm+c’(MWm)2 (13)

where constants a’, b’ and ¢’ characterize the concentration related molecu-
lar weight change for the specified binary mixture.

EXPERIMENTAL DATA

The saturated binary mixture liquid—vapour equilibrium data were taken
from several representative sources (Table 1). These literature data were
considered sufficiently reliable. Therefore, no further evaluation of their
accuracy was made. The RMS% error is used as a basis for comparison of
accuracy of fit (Table 1).

DISCUSSION

The results shown (Table 1) provide a basis for extending the previously
proposed modification [1] to binary mixtures. Table 1 presents a comparison
between the saturated vapour pressure and liquid compressibility factor for
hydrocarbon-hydrocarbon mixtures obtained in this work and those calcu-
lated by Lielmezs et al. [4,5] and Soave [10] modifications of the
Redlich-Kwong equation of state.

First, the results have been compared on the basis of separate p,, and q,,
values for each binary mixture at each mixture composition. For this method
the RMS% errors for pressure are about the same as those of the L-H-C
method [4] and somewhat higher for Soave-80 results. For the liquid state
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TABLE 2

Polynomial coefficients of eqn. (13)

Mixture a’ b’ ¢’

(A) Parameter p,, value versus equivalent molecular weight of mixture, MW

n-Butane and n-pentane —1.248840 0.048063 —0.000369
n-Butane and n-hexane —0.535565 0.025076 -0.000178
n-Butane and n-heptane 1.979373 —-0.045225 0.000284
n-Butane and n-octane —2.524422 0.071025 —0.000409
(B) Parameter ¢, value versus equivalent molecular weight of mixture, MW

n-Butane and n-pentane ~11.670218 0.391926 —0.003024
n-Butane and n-hexane —11.677092 0.366326 —0.002572
n-Butane and n-heptane —5.939443 0.189222 —0.001224
n-Butane and n-octane —30.353686 0.797466 —0.004623

compressibility factor, Z., this method shows smaller RMS% error values
than the other two considered methods.

Second, the use of eqn. (13) permits p,, and q,, values at fixed composi-
tion to be directly connected to the corresponding equivalent molecular
weight of mixture (Table 2). The p, and g, parameters calculated from
eqn. (13), when inserted into the a(7.*)-function, yield saturated vapour
pressure and liquid compressibility factor values which compare excellently
with those obtained by the direct use of p,, and ¢, values at fixed
concentration. The use of eqn. (13) introduces the advantage that it can be
used for calculation of state properties such as vapour pressure and com-
pressibility factors for mixture compositions where experimental data are
not readily available. Although presently applied to hydrocarbon—-hydro-
carbon liquid binary mixtures, the proposed method satisfies the general
requirements of the L-M modification [1] of the Peng—Robinson equation.
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NOMENCLATURE

a, b coefficients defined by eqns. (2) and (4) as a function of critical
temperature and pressure

a’. b’, ¢’ characteristic constants of eqn. (13)

a(T) temperature-dependent parameter of the Peng—Robinson equation
defined by eqns. (3) and (5)
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A4, B dimensionless parameters introduced by eqns. (7) and (8)
f fugacity

m, n coefficients of Soave-1980 method [10]

P q coefficients, defined by eqn. (5)

P pressure

MW molecular weight

R universal gas constant

T absolute temperature

T* dimensionless temperature defined by egn. (6)
V volume

Z compressibility factor

Subscripts

critical state
m state of mixture in terms of higher component
NB normal boiling point
r reduced state
S saturated state

Superscripts
1 liquid phase
v vapour phase

Greek letters

a(T¥) dimensionless temperature 7 *-dependent parameter, eqns. (3) and

&)
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