Fluid Phase Equilibria 276 (2009) 156-164

journal homepage: www.elsevier.com/locate/fluid

Contents lists available at ScienceDirect

Fluid Phase Equilibria

‘LU PHASE
FQUILIBRIA

ANINTERNATIONAL JOURNAL

FLUID PHASE

The Soave, Twu and Boston-Mathias alpha functions in cubic equations of state.
Part II. Modeling of thermodynamic properties of pure compounds

Evelyne Neau?*, Isabelle Raspo®, Joan Escandell?, Christophe Nicolas¢, Otilio Hernandez-Garduza®?

a Laboratory M2P2, UMR 6181, University of Méditerranée, Faculty of Sciences of Luminy, 13288 Marseille, France
b [aboratory M2P2, UMR 6181 - Paul Cézanne University, Technopéle Chdteau Gombert, 13451 Marseille, France
¢ Laboratory DIMAR, UMR 6540, University of Méditerranée, Station Marine d’Endoume, 13007 Marseille, France

ARTICLE INFO ABSTRACT

Article history:

Received 15 July 2008

Received in revised form 9 October 2008
Accepted 14 October 2008

Available online 25 October 2008

Cubic equations of state (EoS) are commonly used for industrial applications, due to their simplicity in
predicting pure compound and mixture thermodynamic properties in vapor and liquid phases. The accu-
racy of their predictions mainly depends on the choice of the attractive term a(T) and numerous models
were developed in literature for this purpose. Among them, the Soave and the Twu models have acquired

a wide popularity, as well as the Boston-Mathias model commonly used for supercritical applications.

However, most of the works concerned with the comparison of literature attractive terms only focuses

gﬁj{)ﬁogiss‘. on the representation of pure component saturation properties. In particular, the analysis of the respec-
Alpha function tive influence of the EoS and the first and second derivatives of the alpha function on the modeling of
Soave enthalpies and heat capacities with respect to temperature and pressure, especially in the supercritical
Twu range, was never reported in literature. This is precisely the purpose of the present study.
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1. Introduction

Cubic equations of state (EoS) are commonly used for industrial
applications, due to their simplicity in predicting pure compound
and mixture thermodynamic properties in vapor and liquid phases.
The accuracy of their predictions mainly depends on the choice
of the attractive term a(T) and numerous models were developed
in literature for this purpose. Among them, the Soave [1] and the
Twu et al. [2] models have acquired a wide popularity, as well
as the Boston—Mathias [3] model commonly used for supercriti-
cal applications. However, most of the works concerned with the
comparison of literature attractive terms [4,5] only focuses on the
representation of pure component saturation properties, mainly
vapor pressures and liquid heat capacities [6]. In particular, the
analysis of the respective influence of the EoS and the first and sec-
ond derivatives of the alpha function on the modeling of enthalpies
and heat capacities with respect to temperature and pressure,
especially in the supercritical range, was never reported in liter-
ature.

In the part I of this study [7], a theoretical analysis of the
Soave, Twu and Boston-Mathias alpha functions associated with
the Redlich-Kwong equation [8] was performed in a wide range of
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reduced temperatures; special attention was paid to the behaviour
of the first and second derivatives, h, and C,, appearing, respec-
tively in the expressions of the enthalpy and the constant-pressure
heat capacity. For the Soave function, it was shown that, not only
the well-known abnormal minimum of the alpha function occurs
at high temperatures, always beyond the current domain of indus-
trial applications, but also the h, and C, terms present consistent
monotonous variations with increasing temperatures. Depending
on the individual sets of L, M and N parameters, the Twu alpha
function may or not present inflexion points leading to zero val-
ues of the second derivative Cy; but, for all the investigated sets of
parameters, the first derivative h, always presents inflexion points,
providing inconsistent extrema of the C, function for subcritical
and supercritical conditions. Concerning the generalized Twu and
Boston models, the different sets of parameters used below and
above the critical temperature always allow continuous variations
of the « function and its first derivative at the critical point; regard-
ing the second derivative, both models lead to abnormal extrema
of the C, function for supercritical conditions and produce an
inconsistent breakpoint at the critical temperature. However, in
the case of the Twu model, the C, function remains continuous at
the critical point, whereas the Boston model exhibits a real strong
discontinuity.

This second part deals with the modeling of saturation data
and liquid enthalpies and heat capacities under pressure. An anal-
ysis of the influence of the various attractive terms with respect to
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temperature and pressure is performed for individual compounds,
including hydrocarbons and polar substances.

2. Correlation of derived thermodynamic properties from
the Redlich-Kwong equation

The calculation of thermodynamic properties of pure com-
pounds is performed by using the Soave [1], Twu et al. [2]
and Boston-Mathias [3] alpha functions associated with the
Redlich-Kwong [8] EoS. In this framework, fugacity coefficients,
required for the modeling of phase equilibria, and enthalpies and
constant-pressure heat capacities are derived from the knowledge
of the residual Helmholtz-free energy A™S:

AT — A(T, V, n) — Al9l(T, v, n)

v
av PV Pv
=—nRT/m(z—1)7, Z=W=ﬁ (1)

where A and Aide3l are respectively the Helmholtz-free energies of n
moles of the real fluid and of the ideal gas at temperature T and for
the total volume V; z is the compressibility factor of the real fluid,
expressed for the Redlich-Kwong EoS as:

1 alT) n b
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a(T) and b are respectively the attractive term and the covolume
defined from the alpha function «(T) and the critical properties
according to:

2712
RTE b —0.0866403500< (3)

a(T) = aco(T), B b,

ac = 0.42748023

From (Eqgs. (1) and (2)), the expression of the residual Helmholtz-
free energy A™S resulting from the use of the Redlich-Kwong
equation is:

Ares a(T)
nRT = (=)= gpr

The derivative of A™S with respect to the mole number n provides
the logarithm of the fugacity coefficient ¢:

Ln(1+n) (4)
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Table 1

The Soave, Twu and Boston-Mathias alpha functions.

while the derivatives with respect to temperature lead successively
to the molar residual enthalpy h™s:

a(1/T)

_ 1 (d(a/T)
=RT(z-1)- 5 (d(1/T)> Ln(1+n)
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V,n (6)

and to the molar residual constant-pressure heat capacity C;*:
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Hence, the modeling of thermodynamic properties, such as fugacity
coefficients (Eq. (5)), enthalpies (Eq. (6)) or heat capacities (Eq. (7)),
with respect to temperature and pressure, depends on the influence
of the attractive functions weighted by Ln(1+n), where 7 is the
compacity (Eq. (2)) computed by means of the EoS.

The derivatives of the attractive term a(T) occurring in the
expressions of the residual enthalpy (Eq. (6)) and heat capacity (Eq.
(7)) were defined as:

o de/T) o d (d(a/T)> _dhg

*= 4/t *~dr \d(1/T)) ~ dT ®)

They are correlated with the derivatives h, and C, of the alpha
function «(T;) analyzed in the first part of this study [7], as follows:

_ _ d(a/Tr)

ha = achy, hy = d(i/T,) (9)
_ Gc _ dhy _ d?a

G = cha, Co = a1, =~ ~Tr 7dTr2 (10)

The different literature alpha models considered in this work
were divided into the following categories:

e The generalized versions, which only depend on the acentric
factor w; the corresponding expressions for the Soave (w), Twu
(w) and Boston-Mathias (w) functions are given in Table 1; for

Soave Twu

Boston-Mathias

a(t,) =19 explili-17
§=NM-1), y=NM

a(Tr)=[1+m(1—T,.7) ,y=05

For T, <1: afrom Soave

For T, >1: a(T,) :exp[c(]—T,f’)]

N ~ J “ — _ « -« W,
* Soave(w) : s Twu(w) :  Boston-Mathias(w) :
m=0480+15740-01760°  a=a'” +olaV ~a) d=l+m/2 , c=m/d
with:

generalized L, M, N parameters
(table 2)

* Soave(m) : o Twu(LMN) :

Individual component
parameters (table 3)

Individual component
parameters (table 3)

m=0.480+1.5740 —0.1760°
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