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Abstract — Critical loci of mixtures, which play an important role in retrograde condensation, supercritical fluid extrac-
tion(SFE), and supercritical fluid chromatography(SFC), can be determined by solving the critical loci equation along with an
equation of state chosen for the mixture. In most of cubic equations of state, however, an appropriate mixing rule should be ut
lized for the parameters a and b inherent in them and it usually causes some error in predicting thermodynamics properties of
fluid mixtures. Recently, several approximate and reasonably successful mixing rules have been proposed for the description of
vapor-liquid equilibria since Huron and Vidal[1, 2] developed the basic idea of so called E@&I6g rule. In this work,
four different mixing rules(HV, MHV1, WS, and LCVM) based on the liquid solution models(NRTL, UNIQUAC, and UNI-

FAC) as well as the classical mixing rule were used to compare the results on critical loci for several binary mixtures when th
SRK and PR equations of state were selected for an equation of state. The overall results on critical loci by different mixing
rules used were compared and it was also shown that the WS mixing rule produced slightly better results than others even
though any equation of state with particular mixing rule did not give the best results of all.

Key words: Cubic Equations of Statef ®lixing Rules, Critical Loci, Liquid Solution Models, Excess Gibbs Free Energy,
Excess Helmholtz Free Energy
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Table 1. Various mixing rules used in this study

Authors Mixing rules
van der Waals a= Z inxj a; 4) classical mixing rule
b= in b, (5)
.+ a
o ) ©
Huron and Vidal(1979) a=b in% + ——1—-(-3——-— @) HV mixing rule
L pite
€ l+¢
b= in b,
Michelsen(1990) a——-[— + Zx In—} Z (8) MHV1 mixing rule
b=inbi
“bRT ©
 Eb
Wong and Sandler(1992) a1 (10) WS mixing rule
A
CRT Z b RT
a_c, &,A"
b= ZXIb s 11)
i i
2o P B, 0
“RTHC
Boukouvalas et al.(1994) a=Aay+(1-A)ay, (13) LCVM mixing rule
=_a_
bRT

Table 2. Results of the prediction of the critical temperature and pressure by the SRK equation of state and various mixing rulgsen NRTL is used

Classical HV MHV1 WS LCVM

Tc Pc Tc Pc Tc Pc Tc Pc Tc Pc
Methane/CQ 2.02 3.20 1.89 2.59 1.90 2.60 1.76 0.41 1.90 2.59
n-Butane/CQ 0.63 1.33 0.85 0.41 1.01 0.20 0.36 0.28 0.96 0.25
n-Pentane/C® 1.88 9.48 3.76 4.36 3.86 4.38 3.70 4,99 3.82 4.39
n-Decane/CQ 3.04 7.73 2.36 6.36 4.00 15.70 2.25 3.94 2.76 12.63
Propane/n-Hexane 0.12 8.87 1.33 5.92 8.35 8.97 0.76 1.77 1.35 6.17
Methanol/Benzene 0.11 2.93 0.37 2.34 0.79 141 0.21 2.25 0.82 1.59
Methane/n-Butane 1.64 5.67 1.39 3.05 0.87 6.07 5.82 7.28 1.25 2.99
Propane/CQ® 0.46 6.45 0.68 5.56 0.18 6.65 0.76 4.09 0.23 6.56
Ethane/Propane 0.62 1.95 0.63 1.89 0.62 1.88 0.07 291 0.62 1.89
Propane/@Fg 0.70 2.20 0.84 1.66 0.74 2.01 0.83 0.68 0.70 1.96
CO,/Methanol 0.70 2.20 3.30 6.85 3.01 4.19 1.98 2.67 2.74 8.66
AAD 1.08 473 1.58 3.73 2.30 491 1.68 2.84 156 452

Bolx 9o}, classicalEdl e 01]%5]%] B= Fge] A7 ok ] } type 1Pl d183l= n-decane+C@le]l YAILE 2 YAAH]
2 EFHAE vE] A & AHRE BT AAHOE type | F o -3 B ule} o) PR“F%W 2lell UNIQUAC )3
o] FAFEE Kol Al sl UNIQUAC 28 A ws &% a@% 9S24 79 NRTL4 & SRK AEEAe 7
HElo] 7Y £ 4 A3E Yex }lE} E3e o Bo o U oA 43S e ok 53] ws £

Fig. 72] n-decane+C@Ql= type 0] dAIFA FElE HolFe A= W2S AL30S A ZA0 e JA %‘Eﬁ, d& Az Table £
type ] AAFA Fejol] - HE 2}le] £ UCEP(uper critical Al BiE ulel o] ARz} oF 3% AL 232 WH 6% o4k
end poinllx Al&ske dAIFAl] it o U1 FEE we A A WA de vE EFRFEC HE] skAl e Aok 2
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Table 3. Results of the prediction of the critical temperature and pressure by the SRK equation of state and various mixing rulésen UNIQUAC is used

Classical HV MHV1 WS LCVM
Tc Pc Tc Pc Tc Pc Tc Pc Tc Pc

Methane/CQ 2.02 3.20 1.83 2.47 1.83 2.46 1.45 1.06 1.83 2.46
n-Butane/CQ 0.63 1.33 0.58 0.83 0.70 0.58 0.36 0.44 0.65 0.70
n-Pentane/C® 1.88 9.48 4.17 4.57 4.42 4,72 3.26 3.69 4.35 4.68
n-Decane/CQ® 3.04 7.73 2.18 5.50 2.17 7.36 2.48 3.08 2.38 6.90
Propane/n-Hexane 0.12 8.87 1.29 6.70 1.20 7.30 0.97 1.40 1.27 7.05
Methanol/Benzene 0.11 2.93 0.40 2.62 0.09 2.80 0.10 452 0.11 2.76
Methane/n-Butane 1.64 5.67 1.07 1.67 1.22 1.07 3.32 0.32 1.10 1.43
Propane/CQ 0.46 6.45 0.04 6.72 0.19 6.95 0.87 4.20 0.16 6.84
Ethane/Propane 0.62 1.95 1.18 2.35 1.26 2.70 0.93 4.39 1.20 2.39
Propane/gFg 0.70 2.20 0.70 2.15 0.57 2.61 0.54 0.29 0.62 2.44
CO,/Methanol 0.70 2.20 3.35 5.54 3.58 6.78 1.26 1.23 3.60 6.90
AAD 1.08 473 1.53 3.74 1.57 4.12 1.41 2.23 157 4.05

Table 4. Results of the prediction of the critical temperature and pressure by the PR equation of state and various mixing ruleisen NRTL is used

Classical HV MHV1 WS LCVM
Tc Pc Tc Pc Tc Pc Tc Pc Tc Pc
Methane/CQ 2.02 3.19 1.90 2.61 191 2.62 2.13 3.72 1.91 2.61
n-Butane/CQ 0.38 1.38 0.51 0.52 0.70 0.23 0.30 0.30 0.62 0.36
n-Pentane/C® 2.19 8.09 3.72 4.31 3.82 4.35 3.87 3.99 3.78 4.35
n-Decane/CQ 1.36 4.82 2.18 6.03 3.85 13.50 2.60 3.07 2.49 10.29
Propane/n-Hexane 0.06 8.60 1.34 571 0.10 8.72 1.19 1.78 0.11 8.58
Methanol/Benzene 0.09 3.02 0.44 157 0.49 2.14 0.72 3.44 0.48 1.93
Methane/n-Butane 0.86 5.43 1.08 1.85 0.51 4.19 1.66 2.14 0.53 4.44
Propane/CQ 0.38 6.16 0.25 6.16 0.20 6.32 1.21 3.44 0.25 6.23
Ethane/Propane 0.63 2.00 0.63 1.94 0.62 1.92 0.05 2.94 0.63 1.93
Propane/gFg 0.59 1.96 0.79 1.40 0.62 1.82 0.66 0.47 0.75 1.57
CO,/Methanol 0.59 1.96 5.70 9.53 5.67 9.77 0.89 4.79 5.68 9.67
AAD 0.83 4.24 1.69 3.78 1.68 5.05 1.39 2.73 1.57 4.72
11500 Fig. 82 type Il dlQ== water+CQ EFEo] AA| £ =4
. 2191 NRTLE A8319S we] dAA 2 Z=E classical &3 2
10500 & X 2 P del $L 3EE Ykl ok
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Table 5. Results of the prediction of the critical temperature and pressure by the PR equation of state and various mixing rukelsen UNIQUAC is

used
Classical HV MHV1 WS LCVM
Tc Pc Tc Pc Tc Pc Tc Pc Tc Pc

Methane/CQ 2.02 3.19 1.85 2.49 1.84 2.48 1.69 1.84 1.84 2.48
n-Butane/CQ 0.38 1.38 0.32 0.97 0.33 0.68 0.25 0.59 0.34 0.79
n-Pentane/C®O 2.19 8.09 2.84 7.02 3.12 7.79 3.37 3.52 3.01 7.50
n-Decane/CQ 1.36 4.82 1.62 3.71 2.62 6.40 3.08 2.43 1.63 4.97
Propane/n-Hexane 0.06 8.60 1.28 6.45 1.35 6.88 1.32 1.35 1.33 6.71
Methanol/Benzene 0.09 3.02 1.30 2.32 0.07 2.90 0.21 1.63 0.10 2.84
Methane/n-Butane 0.86 5.43 1.20 2.26 151 1.68 3.93 0.27 1.39 1.96
Propane/CQ 0.38 6.16 0.06 6.37 0.13 6.55 0.30 1.25 0.09 6.50
Ethane/Propane 0.63 2.00 1.13 2.37 1.17 2.44 0.86 419 1.16 2.41
Propane/gFg 0.59 1.96 0.64 1.88 0.58 2.24 0.47 0.33 0.55 2.16
CO,/Methanol 0.59 1.96 2.03 8.86 3.35 7.22 1.22 1.00 3.54 7.28
AAD 0.83 4.24 1.30 4.06 1.46 4.30 1.52 1.67 1.36 4.15

Table 6. Overall results of the prediction of the critical temperature and pressure by the equations of state and various mixinges when liquid

solution models are used

HV MHV1 WS LCVM Classic
Tc Pc Tc Pc Tc Pc Tc Pc Tc Pc
SRK/NRTL 1.58 3.73 2.30 491 1.68 2.84 1.56 452 1.08 473
SRK/UNIQUAC 1.53 3.74 1.57 4.12 1.47 2.04 1.57 4.05
PR/NRTL 1.69 3.78 1.68 5.05 1.39 2.73 1.57 4,72 0.83 4.24
PR/UNIQUAC 1.30 4.06 1.46 4.30 1.52 1.67 1.36 4.15
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N ==} 5.
6

GE  : excess Gibbs free energy 7.

AE . excess Helmholtz free energy

EOS : equations of state 8.

Tc : critical temperature

Pc : critical pressure 9.

W : acentric factor

W : chemical potential of component i 10.

ki : adjustable parameter for classical and WS mixing rule 11.

a : energy parameter of equations of state

b . size parameter of equations of state 12.

X; : mole fraction of component i

R : gas constant 13.

C : constant of WS mixing rule depending on the equation of state

A : relative contribution to the size parameter of equation of state 14.

a : a/lbRT

€, 0 :constants for PR and SRK equations of state 15
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