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Development of new activity coefficient equation for correlation to estimation
equation for multi-component systems

IWAL, Yoshio
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The excess Gibbs energy term obtained from interaction contributions of
activity coefficient models is added to a cubic equation of state. A simple mixing rule was applied
to the constants in the equation of state, and the coefficients of the additional term were obtained

by dimensional analysis. In the low-pressure liquid-phase state, the coefficients are set to the
same form as the commonly used activity coefficient models, and in the gas-phase, the limiting
condition of second virial coefficient is satisfied. The temperature dependence of vapor-liquid
equilibria of binary systems are well correlated by setting the remaining constant s to 1.15 in the
dimensional analysis. Furthermore, the parameters obtained from the vapor-liquid equilibria of
binary systems are shown to provide a good estimation of the vapor-liquid equilibria of the
multi-component system.
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Fig. 1. Deviations of vapor-liquid equilibria by FH+CDSAP (Proposed model), NRTL [15], UNIQUAC
[16], and modified UNIQUAC [17].
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Fig.2. Vapor-liquid equmbrlafor 2- propanol(l) + War[er(Z) system. e: Expenmental data at 353.15 K [18]
and 523.15 K [19], ; | — j wmmenn . Calculated results by

PR+WS+NRTL; PR+HV+NRTL (G.J Gj=const.); PR+HV+NRTL (rij—const) CPGE(NRTL);
CPGE(CDSAP); CPGE(r-CDSAP).



Table 1 Calculated results of vapor-liquid equilibria for multi-component estimation performance test.

System CPGE(NRTL) CPGE(CDSAP)
(1) (2 3 (@) dev.p(%) dev.y dev.p(%)  devy
acetone  acetonitrile 0.1 0.004 0.1 0.004
acetone benzene 0.2 0.003 0.0 0.002
acetone ethanol 0.6 0.008 0.4 0.008
acetonitrile  benzene 0.5 0.007 0.2 0.004
acetonitrile ethanol 04 0.005 0.3 0.005
benzene ethanol 0.8 0.008 0.3 0.004
acetone  acetonitrile  ethanol 14 0.007 1.0 0.007
acetone benzene  ethanol 11 0.008 0.8 0.008
acetonitrile  benzene  ethanol 0.8 0.006 12 0.006
acetone  acetonitrile benzene  ethanol 11 0.006 24 0.005
Average 0.7 0.006 0.7 0.005

dev.p(%) = %ZM dev.y = ﬁzwiexp — y;eale|
D p plN¢

Np: number of data.
Nc: number of components.
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