THE EQUATION OF STATE FOR A MIXTURE OF NONPOLAR GASES
AT MODERATE DENSITIES
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The virial equation of state for the (12~7, 6) pair model potential is extended to
mixtures of nonpolar gases. The applicability of the equation is examined, and it
is shown that calculations agree with experiment within the error of the measure-
ments,

In [1], a study was made of the equation of state for nonpolar gases
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pRT
in which the second virial coefficient B(T) and the third one C(T) were calculated for the
(12-7, &) pair model potential {2], while an empirical expression was used for D(T). Equa-
tion (1) describes the experimental data on the compressibility for ten nonpolar gases
(helium, neon, argon, krypton, xenon, hydrogen, nitrogen, oxygen, carbon dioxide, and
methane) at T = 0.7 Tp and p << 0.8pcy, where Tp is the Boyle temperature and pcy is the
density at the critical point on the saturation line.

The virial equation of state in principle is applicable not only to pure gases but also
to mixtures [3, 4]; however, allowance must be made for the interactions between the differ-
ing molecules in a mixture, and the virial coefficients are dependent on the mixture compo-
sition. In particular, the virial coefficients are put in the following form for a bimary
mixture:

B,= J‘%Bu + 2XyX,By5 + x3Bs,, )
Cu= X?Cul + 3?‘%3526112 —+ 3x1x§C122 + xgczzz: 3
D,= X?D1111 + 43(?’5201112 + 63‘% ngnzz =+ 4x1x§D1222 + ngzmx 4)

where x, and x, are the volume concentrations, while B;z, Cyi1z2s Ciz2s Dir12, Di122, D122z are
the mixed virial coefficients. These coefficients are dependent on the potential energy of
the interaction between the differing molecules. One uses the same model potential as for
the pure components to describe them, while the force constants are determined by means of
combination relations.

Kong [5] has derived the combining rules in general form. It has been shown [6] that
these rules can be used for a (12-7, §) pair model potential in a consistent description of
the experimental data on the mixed second virial coefficient and the neutral-diffusion co-
efficients for nonpolar gases.

The Rowlinson—Sumner—Sutton [7] approximation can be used to calculate the mixed higher
virial coefficients. Values have been calculated for the third virial coefficient [8] that
agree with the experimental data [9] within the limits of the discrepancies of the measure-
ments in the different sources for the (12~7, §) pair potential and the Mijuno—Kihara non-~
additive three-particle potential.

The following is the form for the fourth virial coefficient for the (12-7, &) potential
in the Rowlinson—Sumner—Sutton approximation [7]:

2 3.
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By definition
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TABLE 1. Comparison of Calculated Values for the Compressi-
bility Factor Z = P/PRT for Binary Gas Systems with the Ex-

perimental Data of [10-16], &z= EEEEZ_;Z,C_QLQ

exp
System 7. K P ax’ MPa 82 . % 07 er %
Ny—He [10] 273373 29,9--23,3 0,4 1,2
Ny—Ar (1] 273 %, 1 0,1 0,6
No—H, [12] 278511 97,6—55,2 0.3 0,6
No—O; [13} 250—1500 25—100 0,2 0,4
CO—He  [l4] 373 1,1 0,1 0,3
COy—Ar  [I5] 373 12,0 0,1 0,5
CO—CH,  [16] 511 27,6 0.3 0,6
9
— * kT Yoijnt
Qijpr = 14 Gijht ~ Tiejuts  Tipni = s g = '—e;i“—a
Eijri Oijnrl (6)
where
6
G =V Gnla@ndndy » N
6 f———
k1 = /Sijeikgilgjksjishl , (8)
1 9 : 1
raim = 3 (r3j + ron -+ 1o+ rln + 1o + rew) = - (riij + rews). 9

The empirical expression employed for pure gases [1] may be employed for D#* (ngkl, 5iij)
but with different arguments. This enables one to calculate the additive fourth virial co-
efficients for gas mixtures on the basis of six pair interactions as appearing in the four-
particle interaction. As the nonadditivity in the potential energy is not incorporated here,
the calculations give acceptable accuracy for not very low temperatures (for pure gases at

T = 0.7 Tp).

The equation of state of (1)-(4) and the combining rules for the pair potential, the
three-particle potential [8], and the four-particle one of (7) and (8) have been used to
calculate the compressibilities of seven binary gas systems (nitrogen—helium, nitrogen—
argon, nitrogen—hydrogen, nitrogemoxygen (air), carbon dioxide—helium, carbon dioxide—
argon, and carbon dioxide—ethane) at moderate densities. Air was considered as a binary
mixture of nitrogen (volume concentration x, = 0.7808) and oxygen (x, = 0.2192); the molecu-
lar mass of air was taken as 28.964. Table 1 compares the calculated values of the compres-
sibility factor with the corresponding measurements [10-16]. Table 2 gives a comparison of
calculations and experiments [11] for nitrogem—argon mixtures. The mean deviation for the
seven binary systems is 0.2%, while the maximum is 1.2%. In other words, the equation of
state describes the experimental p, p, T, and x data within the error of the measurements.

The region of application for (1) can be determined approximately for gas mixtures in
the general case as follows:

0.5
SN (10)
2 4 XiXiboij
i g

for T}O.?Z ExiijB,»J-, where boij and Tpij are conmstants in the (12-7, §) pair interaction
i g

potential [2, 6].

For binary mixtures,

0.5
x%bo 11+ 2%, %abg15 + X3b02n (11)

P

for T > 0.7(x31Tg1: + 2x:%2Tg12 + x3TR22).
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For nonpolar gases, there is the following relation between the constant b, for the
(12-7, &) potential and the density at the critical point on the saturation line:

by = 0.61/9‘-:1_. (12)
Then from (12), the applicability range for (1) for pure gases is written as
0 <08 for T>0.7Tp. (13)

If one restricts oneself to the second and third virial coefficients in (1), it can be
used for densities p < 0.1l5pcr at the critical temperature for a pure gas and for p << 0.40-
per at temperatures exceeding the Boyle temperature.
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