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Chapter 5: Fugacities in Gas Mixtures
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1 (*|(oP RT
ln(pi=——-—J (——J - |dV-1Inz (5-2)
RT ), [\ om; IV vV |

where the fugacity coefficient @; is defined by
¢; ==L (5-3)

and z is the compressibility factor of the mixture.
Equation (5-1) is used whenever the volumetric data are given in volume explicit
form; 1.e., whenever

V=Fy(T,P,ny,...) (5-4)

Equation (5-2) is used in the more common case when the volumetric data are
expressed in pressure-explicit form, i.e., whenever

P=Fp(T,V,ny,...) (5-5)
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Figure 5-4 Compressibility factor for argon at -70°C.
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Reduction of P-V-T data to yield second and third virial coefficients is illustrated
in Fig. 5-2, taken from the work of Douslin (1962) on methane. In addition to
Douslin’s data, Fig. 5-2 also shows experimental results from several other investiga-
tors. The coordinates of Fig. 5-2 follow from rewriting the virial equation in the form

=B+£+..-
v

&

(5-16)
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Figure 5-2 Reduction of P-V-T data for methane to yield second and third virial coef-

ficients (data from various sources).
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Figurq 5-3 Reduction of P-V-T data for methanol/methyl acetate to yield second and
third virial coefficients of approximately equimolar mixtures (Olf et al,, 1989).
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From statistical mechanics we can derive relations between virial coefficients and
intermolecular potential functions (Hill, 1986). For simplicity, consider a gas com-
posed of simple, spherically symmetric molecules such as methane or argon. The po-
tential energy between two such molecules is designated by I'(r), where r is the dis-
tance between molecular centers. The second and third virial coefficients are given as
functions of I'(r) and temperature by

_ I, _ —r(r)/kT] 2
B2l [1- e s (5-177
and
—8r2N5 [ (@ [reths
C= J j J. fi2fi3faatianaraadnpdradrys (5-18)
3 040 |f12"’13|

where f,-j Eexp(-I‘,-j/ kT)—1, k is Boltzmann’s constant and N, is Avogadro’s con-
stant.’
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Table 5-1 Parameters for the Lennard- Jones potential obtained from second-wrial
coefficient data.$

o (A) - gk (K)
Ar 3.499 _ 118.13
Kr 3.846 162.74
Xe 4.100 222.32
CH, 4010 142.87
N, ' 3.694 96.26
CH, . 4433 202.52
C,H, 5.220 194.14
C;Hg 5.711 233.28
C(CHy), 7.420 233.66
n-C,H,, - 7.152 223.74
CeHy 8.443 247.50
Co, ' 4416 192.25
n-C:H,, 8.540 217.69

$1. S. Tee, S. Gotoh, and W. E. Stewart, 1966, Ind. Eng. Chem. Fundam.,, 5: 356.

* Kihara potential function
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Table 5-3 Parameters for the Kihara potential (spherical core) obtained from second-
virial-coefficient data.’

/ a* s (A) ek (K)
Ar / 0.121 3.317 146.52
Kr / 0.144 3533 213.73
Xe // 0.173 3.880 298.15
CH, /! 0.283 3.565 227.13
N, 0.250 3.526 139.21
0,/ 0.308 3.109 194.3%
C,H, 0.359 3.504 496.69
C,H, 0.470 4.611 501.89
CE, 0.500 4319 289.7¢
C(CH3), 0.551 5.762 551.75
n-C4Hyo 0.661 4717 701.15
CgHy 0.750 5335 832.0
Co, 0.615 3.760 424.16
n-C{H,, 0.818 5.029 837.82

§ L. 8. Tee, S. Gotoh, and W. E. Stewart, 1966, Ind. Eng. Chem. Fundam., 5: 363.
t A. E. Sherwood and J. M. Prausnitz, 1964, J. Chem. Phys., 41: 429. -

#C. E. Hunt, unpublished results.
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Table 5-4 Parameters for Sockmayer's potential for polar fluids.*

p (debye) o (A) ek (K)
Acetonitrile 394 4.38 219
Nitromethane . 354 4.16 290
Acetaldehyde 2.70 3.68 270
Acetone 2.88 3.67 479
Ethanol 1.70 2.45 620
Chloroform 1.05 298 1060
n-Butanol 1.66 247 1125
n-Butyl amine 0.85 1.58 1020
Methyl formate 1.717 290 684
n-Propyl formate 1.92 3.06 877
Methyl acetate 1.67 - 2.83 895
Ethyl acetate 1.76 2.99 956
Ethy] ether 1.16 3.10 935
Diethyl amine 1.01 2.99 1180

*R. F. Blanks and J. M. Prausnitz, 1962, AIChE J., 8: 86.
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* Virial Coefficients from Corresponding — States Correlations
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* The Pitzer-Tsonopoulos Correlation
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Tsonopoulos (1974, 1975, 1978) gave another correlation for second virial coef-
ficients in the form

BR _ro| L, ,r® _T_) (5-68)
RT, T, T,
where ‘
. . 0121 0000607
F(O)(I—) ~ 014452330 0 13285 0 E— (5-69)

c) Ty TR Ty Tg

o T ) 006374 23310423 0008 (5-70)
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