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University of California, Berkeley, California 

Thermodynomic analysis of high·pressure vapor-liquid equilibria requires information on 
the effect of pre s sure on I iqu id pha se fugae itie s; th is information is gi ven by partial molar 
volumes in the liquid mixture. A method for predicting these partial molar volumes is pre· 
sented here. First, molar volumes of saturated liquid mixtures are computed by extending 
to mixtures the corresponding states correlation of Lyckman and Eckert. These mixture 
volumes are then used to calculate partial molar volumes with on expression based on a 
modification of the Redlich-Kwong equation. At high pressures partial molar volumes are 
strong functions of the composition and in the critical region, may be positive or negative. 
Calculations are sensitive to the characteristic energy between dissimilar molecules; this 
energy is generally lower than that given by the geometric'mean rule. Calculated results are 
in good agreement with experimental data for seven systems containing paraffinic and aro
matic hydrocarbons, corban dioxide, and hydrogen sulfide. 

To be useful, a thermodynamic treatment of high-pressure 
vapor-liquid equilibria must describe how the fugac"ity of 
each component, in each phase, depends on the tempera
ture, pre s sure, and composition. In the vapor phase, this 
dependence is given by the fugacity coefficient which can 
be found from vapor-phase volumetric properties as given 
by an equation of s tate. In the liquid phase it is more con
venient to expres s the fugacity of a component as the prod
uct of the mole fraction, an arbitrary standard state fugac
ity and an activity coefficient; the effect of temperature, 
pre ss ure, and composition on the fugacity of a component 
in the liquid phase is determined by the effect of these 
vari a bles on the activity coefficient. In this work we are 
concerned with the effect of pressure on the activity co
efficient. 

At low or moderate pres sures, I iquid-phase activity co
efficients are very weakly dependent on pressure and, as 
a result, it has been customary to assume that, for practi
cal purpose s , activity coefficients depend only on tempera
ture and composition. In many cases this is a good as
sumption but for phase equilibria at high pressures, 
especially for those near critical conditions, it can lead to 
serious error. 

When the standard state fugacity is defined at a constant 
pressure, then for any component i the pressure dependence 
of the activity coefficient Yi is given exactly by 

(~) ap T,x 

Vi 

RT 

On the other hand, when the standard state fugacity is 
defined, at the total pressure of the system, Equation (1) 
must be modified to 

(a In Yi) = V_-i_-_v_i" 

ap T ,x RT 
(1 a) 

By judicious choice, it is sometimes possible to use a 
standard state such that Vi = vi", in which case the activ
ity coefficient is very nearly independent of pressure (17). 
However, since vi is a function of composition, whereas 
vi" is not, such a happy choice of standard state can make 
the right-hand side of Equation (2) very small over only a 
narrow range of composition. At high pressures in the 
critical region, vi is usually a strong function of composi
tion, especially for heavy components where Vi frequen tly 
changes sign as well as magnitude. 

Experimental activity coefficients obtained at P, the 
total pressure of the system, can be corrected to a con
stant, arbitrary reference pressure pr by integration of 
Equation (1): 

r (P' v" 
Yi(P l = y/Pl exp J~ R~ dP 

P 

(2) 

Equation (2) define s adj us ted, pre s sure-inde pendent ac

tivity coefficients y/P'l, which at constant temperature, 
satisfy the isobaric, isothermal Gibbs-Duhem equation. It 
is ,advantageous to use such adjusted activity coefficients 
since their composition dependence can be expressed by 
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