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The Peng—Robinson [1] modification of the Redlich—-Kwong [2] equation
of state has in recent years been widely used in chemical engineering [3] for
predicting the vapour-liquid equilibria and volumetric properties. In this
work, the temperature-dependent attractive force term of the Peng—Robin-
son equation is modified by a new proposed reduced temperature term, T*,
introduced by Lielmezs et al. [4]. This term is associated with the phenome-
nological scaling and renormalization group theory by Griffiths [5], Kadanoff
[6], Wegner [7] and Wilson and Kogut [8]. This reduced temperature term,
T*, is expressed as a function of temperature 7, the normal boiling point
Tws, the critical point temperature T and two substance-dependent con-
stants p and ¢, derived from saturated vapour-liquid equilibrium data. The
proposed modification predicts the saturated liquid—vapour equilibrium
states for all types of liquids accurately over the entire liquid range from the
triple point up to the critical point. The presented correlation is tested by
comparing the RMS% error values against the RMS% error values obtained
by using Peng-Robinson [1], Lielmezs et al. [4] and Soave [13] modifications
of the Redlich—-Kwong equation.

PROPOSED MODIFICATION

The Peng—-Robinson modification of the Redlich-Kwong equation of
state is:

_ _RT a(T) (1)
Py s " Vr+b) +6(V—-b)
where coefficients at the critical state may be expressed as:
R*T?
a(Tc) =045724—; < (2)
C
RT,
b(T) = 0.077807,—9 (3)
C
Z.=0.307 4)
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For temperatures other than the critical state, Peng and Robinson [1]
suggested:

a(T) = a(Tc) X (T, ) (5)
b(T) = b(Tc) (6)
where a(7T,, w) is a dimensionless function of reduced temperature and

Pitzer’s acentric factor, w, and equals unity at the critical temperature.
If eqn. (1) is rewritten as:

Z*-(1-B)Z*+(A4-3B*-2B)Z-(AB-B*-B*)=0 (7
where
a(T)P
- R2T2 (8)
bp
B= RT 9)
PV
Z= RT (10)
and subjected to the thermodynamic relation:
! ”(L - l)
mP—j; =7~ p | 4P (11)

then the following relation for the fugacity f of a pure component is
obtained:

f_ o oy 4 Z +2414B
lnP——Z 1-1n(Z - B) zﬁBan—-O.4l4B (12)
To modify the presented Peng—Robinson equation of state we rewrite eqn.
(5) as follows:

a(T)=a(Tc) X a(T*) (13)
To express the a(T*) term of eqn. (13) as a continuous, temperature-depen-

dent function, the previously proposed reduced T *-coordinate [4,9-11] is
introduced, where T* is defined as:

T*=(%—1)/(—T%—1) (14)

where T, T and T; are the temperatures (K) of the given state, the critical
point and the normal boiling point, respectively.

The a(T*) temperature dependence may now be written in terms of 7*
as:

a(T*)=1+pT* (15)

where p and g are characteristic constants of a given pure substance.
Equation (15) is taken along the saturated liquid—vapour equilibrium curve.
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The determination of the values of characteristic substance parameters, p
and g, is subject to the general thermodynamic restraint of saturated
vapour—liquid equilibrium; that is, the fugacities of liquid and vapour
phases are equal [4]:

=1 (16)

where s represents the saturation state and L and V are the liquid and
vapour states, respectively. To determine the value of the a(7T*) function
from eqns. (14) and (15), parameters 4 and B are calculated as:

L a(T)a(T*)P _ 0.45124Pa(T*)

R*T? T? (17)
b(T:)P  0.07780P,
B= RCT) -7 (18)

r

Equation (7) is then solved for the compressibility factors, ZV and Z'; and
eqns. (12), (16)—(18) are used to calculate the fugacity coefficients, f¥ and
f*. The numerical evaluation of the parameters p and ¢ follows the method
described by Lielmezs et al. [4].

EXPERIMENTAL DATA

The saturated liquid-vapour equilibrium data were taken from several
representative sources. These literature data were thought to be 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).

RESULTS AND DISCUSSION

The introduction of a temperature-dependent, a(7"*), function (eqns. 13,
14 and 15) into the attractive force-dependent a-term of the Peng—Robinson
modification of the Redlich-Kwong equation (eqns. 1 and 5) allows the
calculation of the saturated vapour pressures and the vapour and liquid state
compressibilities (Table 1) for pure compounds along the entire liquid range
from the triple point up to the vapour-liquid critical point.

The introduced a(7*) function modifies the original Peng—Robinson
equation without any direct statement regarding the nature of the saturated
vapour-liquid equilibrium, the type and magnitude of the intermolecular
forces, and the understanding of the molecular structure of the fluids
involved. Instead the proposed method requires the knowledge of
vapour-liquid critical point temperature and pressure, the normal boiling
point temperature and the two empirical, substance-dependent constants p
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and ¢, calculated from the saturated liquid-vapour equilibrium data. If

required experimental data are not readily available, it may be useful to

express the a(7*) function constants p and g through the Pitzer acentric
factor w. Short calculation shows that the q parameter is weakly dependent

on w and may be approximated at a constant value of 0.8. The parameter p,

on the other hand, can be correlated to w (data taken from Reid et al. [12])

as:

p=0.1774 + 0.73140 — 0.4045 > (19)

For the given compound set (Table 1), eqn. (19) has a correlation coefficient

of p? = 0.890.

Table 1 presents, in terms of RMS% errors, a comparison between the
results obtained from this work and those calculated by the original
Peng-Robinson [1] equation, the Lielmezs et al. [4] modification of the
Redlich-Kwong equation and the modification of the Redlich-Kwong
equation by Soave [13].

Table 1 indicates that the proposed modification is significantly better
than the original Peng-Robinson equation for calculating saturated state
vapour pressures. However, it is only slightly better for calculating saturated
liquid compressibility factors. Although this work shows marginally smaller
errors, there is little significant difference between the two methods in the
accuracy of calculated saturated vapour compressibilities.

When the results of the four methods considered here are compared
(Table 1), this work gives most accurate results for saturated liquid com-
pressibilities; Peng—Robinson is the second best, Lielmezs et al. [4] and
Soave [13] follow. For saturated vapour pressure the Soave equation gives
the lowest errors for all compounds, this work shows to be the second best,
while the Lielmezs et al. [4] and the original Peng—Robinson equations
follow. For saturated vapour compressibilities, the results of this work are
not significantly better than those of the Peng—Robinson method. Again, the
Lielmezs et al. method is third and Soave is fourth.

Following the calculation procedures already established by Lielmezs et
al. [4], the proposed modification of the Peng—Robinson equation (this
work) satisfies the following conditions:

(a) It has two adjustable, substance-dependent parameters p and ¢, of
which p can be expressed as a non-linear relation of the Pitzer acentric
factor, w (eqn. 19). Presently, it is suggested that p and ¢ values can be
determined from the available saturated liquid—vapour equilibrium data.
The required normal boiling point temperatures are usually available.

(b) Although the new attractive force, a(7T*), function in eqns. (13), (14)
and (15) is temperature dependent, it becomes unity at the critical state,
ie.:
a(T*)—>1.0 T- T (20)
and the proposed modification of the Peng—Robinson equation satisfies
the necessary conditions at the critical point.



388

ACKNOWLEDGEMENT

The financial assistance of the Natural Science and Engineering Research
Council of Canada is gratefully acknowledged. The assistance of Ms. H.
Aleman with some of the calculations is appreciated.

NOMENCLATURE

a, b

<

coefficients defined by eqns. (2) and (3) as a function of critical
temperature and pressure

temperature-dependent parameter defined by eqns. (5) and (13)
coefficient defined by critical temperature, eqn. (2)
dimensionless parameters introduced by eqns. (8) and (9)
fugacity

number of data points

coefficients defined by eqn. (15)

pressure

universal gas constant

absolute temperature (K)

dimensionless temperature defined by eqn. (14)

volume

compressibility factor

Subscripts

critical state
reduced
saturated
normal boiling

Superscripts

liquid state
vapour state

Greek letters

a(T*) dimensionless temperature term dependent on T*, defined by eqns.

p
W

(14) and (15)
correlation coefficient
Pitzer’s acentric factor
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