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Correlation of the Binary Interaction Parameter
of the Peng-Robinson Equation of State

Tsutomu Arai* and Hideo Nisxiumi®*

Abstract

Based on the relation suggested by Hudson-McCoubrey, a binary interaction parameter of the
Peng-Robinson equation of state is correlated in terms of the ratio of critical molar volumes and/or
absolute difference between acentric factors of each component. This correlation covers a system
composed of hydrocarbons, carbon dioxide, nitrogen and hydrogen sulfide. Back calculation for more
than 100 binary and ternary systems showed excellent capability.
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Fig.1 Effect of the critical molar volume ratio Vei/ Ve
on binary interaction parameter mii for a binary system
composed of alkane and/or cycloalkane
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Table 1 Prediction of vapor-liquid equilibria for the system

composed of alkane and/or cycloalkane

System Temp.Range vci/vcj |w14»j| mi;* Av.dev.*

(K) (-) (-) (=) (-)
Methane - Ethane 133 199 1.495 0.083 0.944 0.005
Methane - Propane 130 338 2,020 0.138 0.985 0.008
Methane - n-Butane 177 410 2.576 0.185 0.975 0.018
Methane - Isobutane 310 377 2.657 0.168 0.969 0.006
Methane - n-Pentane 310 444 3.141 0.243 0.969 0.006
Methane - 2-Methylbutane 344 410 3.111 0.220 0.965 0.021
Methane - Neopentane 298 410 3.061 0.189 0.960 0.015
Methane - n-Hexane 298 423 3.717 0.288 0.962 0.010
Methane - n-Heptane 199 510 4.303 0.343 0.959 0.009
Methane - n-Octane 298 423 4.949 0.387 0.954 0.003
Methane - n-Nonane 223 423 5.485 0.436 0.956 0.007
Methane - 3-Methylpentane 298 373 3.707 0.267 0.957 0.005
Methane - n-Decane 244 510 6.081 0.483 0.957 0.005
Methane - n-Hexadecane 315 475 9.596 0.734 0.994 0.014
Methane -~ Cyclohexane 294 444 3.111 0.207 0.962 0.007
Methane - Methylcyclohexane 199 338 3.475 0.226 0.954 0.021
Ethane - Propane 255 366 1.351 0.054 0.995 0.009
Ethane - n-Butane 229 403 1.723 0.102 0.989 0.008
Ethane - Iscbutane 311 394 1.777 0.084 0.984 0.018
Ethane - n-Pentane 277 444 2.101 0.160 0.986 0.008
Ethane - n-Hexane 338 449 2.486 0.204 0.982 0.026
Ethane - n-Heptane 234 524 2.878 0.259 0.981 0.008
Ethane - n-Octane 273 373 3.311 0.303 0.978 0.005
Ethane ~ n-Decane 277 510 4,068 0.399 0.980 0.009
Ethane - n-Dcdecane 273 373 4.851 0.471 0.981 0.003
Ethane - n-Hexadecane 315 475 6.419 0.651 1.007 0.015
Ethane -~ Cyclohexane 270 553 2.081 0.123 0.980 0.024
Propane - n-Butane 333 423 1.275 0.047 0.997 0.007
Propane - n-Pentane 344 460 1.555 0.105 0.99% 0.016
Propane - n-Hexane 373 433 1.840 0.150 0.993 0.022
Propane - n-Heptane 333 533 2.130 0.205 0.994 0.014
Propane - n-Decane 310 510 3.010 0.344 0.996 0.007
Propane - n-Hexadecane 298 318 4,750 0.596 1.019 0.006
n-Butane - n-Pentane - 298 1.220 0.052 1.001 0.024
n-Butane - n-Hexane 358 493 1.443 0.102 1.000 0.007
n-Butane - n-Heptane 355 538 1.671 0.157 1.001 0.005
n-Butane - n-Decane 310 510 2.361 0.297 1.004 0.010
n-Pentane - n-Heptane 403 526 1.370 0.099 1.002 0.008
n-Pentane - n-Octane 291 433 1.576 0.143 1.001 0.004
n-Pentane - Cyclohexane 309 353 1.010 0.036 1.006 0.009
n-Hexane - n-Heptane 303 323 1.158 0.054 1.003 0.008
n-Hexane - n-Hexadecane 293 333 2.582 0.446 1.028 0.027
n-Hexane - Cyclohexane 343 3583 1.195 0.081 1.005 0.016
n-Heptane - Cyclohexane 353 3N 1.383 0.136 1.007 0.003
n-Dodecane - Cyclohexane 288 312 2.331 0.347 1.015 0.018
n-Hexadecane - Cyclohexane 298 312 3.084 0.527 1.034 0.016
Methylcyclopentane - Cyclohexane 344 353 1.036 0.025 1.003 0.073
* absolute average mole fraction deviation for both liquid and vapor phases.

most of the experi??ntal data tested are the same as those used in

Nishiumi and Saito

*% correlated values shown in Egs.

(15)-(17) and Tables 9 and 10.
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Fig.2 Comparison of vapor-liquid equilibrium
data for the methane-propane system
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Fig4 Comparison of vapor-liquid equilibrium
data for the ethane-n.-pentane system
with predicted values using the mii
values in this work.
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Fig.3 Comparison of vapor-liquid equilibrium
data for the methane-n-nonane system with
predicted values using the my values in
this work.
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Fig.5 Comparison of vapor-liquid equilibrium
data for the ethane-n-heptane system
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Fig.6 Comparison of vapor-liquid equilibrium data for
the cyclohexane-n-dodecane system with predicted values
using the mi values in this work
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Table 2 Prediction of vapor-liquid equilibria for the system including

alkene
System Temp.Range vci/vcj |mi-wj| mij Av.dev.
(K) (-) (<) {-) {-)

Ethylene - Methane 150 190 1.253 0.078 0.977 0.005
Ethylene - Ethane 208 273 1.194 0.005 1.000 0.026
Ethylene ~ n-Butane 322 388 2.056 0.107 0.965 0.028
Ethylene - n-Heptane 216 516 3.435 0.265 0.941 0.021
Ethylene - n-Decane 283 292 4.855 0.404 0.955 0.011
Ethylene - n-Dodecane 283 348 5.790 0.476 0.981 0.004
Propene - Ethane 260 344 1.223 0.056 0.984 0.008
Propene - Propane 260 360 1.105 0.002 1.002 0.068
Propene - Isobutane 315 397 1.453 0.027 0.991 0.049
Propene - l-Butene 294 410 1.326 0.039 0.988 0.020
1-Butene - n-Butane 310 410 1.062 0.005 1.002 0.035
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Fig8 Comparison of vapor-liquid equilibrium
data for the methane-ethylene system

with predicted values using the mi;

values in this work.
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Table 3 Prediction of vapor-liquid equilibria for the system including
aromatic hydrocarbon

System Temp.Range vcilvcj Imidnjl g Av.dev.
(x) -) =) (=) (-}

Benzene - Methane 313 S01 2.626 0.202 0.974 0.018
Benzene ~ Ethane 323 498 1.757 0.119 0.9% 0.016
Benzene - Propane 344 477 1.300 0.064 0.993 0.010
Benzene - n-Pentane 255 353 1.196 0.041 0.991 0.014
Benzene - n-Hexane 303 352 1.415 0.085 0.994 0.035
Benzene -~ n-Heptane 348 370 1.638 0.140 1.000 0.016
Benzene - n-Octane 328 398 1.885 0.184 1.002 0.021
Benzene - Cyclopentane 322 353 1.000 0.017 0,992 0.016
Benzene - Methylcyclopentane 344 353 1.227 0.029 0.986 0.052
Benzene - Cyclohexane 350 353 1.185 0.004 0,981 0.038
Benzene - Toluene 354 553 1.231 0.046 0.991 0.032
Benzene - p-Xylene 356 402 1.454 0.114 1.001 0.013
Toluene - Methane 233 553 3,232 0.249 0.959 0.025
Toluene - Propane 323 402 1.600 0.111 0.994 0.017
Toluene - n-Pentane 293 313 1.029 0.005 0.987 0.005
Toluene - n-Hexane 344 376 1.150 0.039 0.992 0.006
Toluene - n-Heptane n 382 1.331 0.094 1.000 0.032
Toluene - n-Octane 384 397 1.531 0.137 1.004 0.012
Toluene - Cyclohexane 353 384 1.039 0.042 0.997 0.040
Toluene - Ethylene 283 292 2.581 0.171 0.968 0.014
m-Xylene ~ Methane 310 582 3.798 0.323 0.950 0.008
m-Xylene - Ethylene 223 293 3.032 0.245 0.967 0.009
p-Xylene - n-Hexane 343 409 1.027 0.028 0.994 0.018
p-Xylene - n-Heptane 372 409 1.127 0.026 0.989 0.015
Ethylbenzene ~ n-Heptane 314 409 1.139 0.049 0,995 0.038
Ethylbenzene - n-Octane 356 409 1.310 0.093 1,001 0,188
Ethylbenzene - Ethylene 195 293 3.016 0.215 0.960 0.014
Ethylbenzene .- 1-Octene 394 408 1.241 0.084 1.001 0.133
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Table 4 Prediction of vapor-liquid equilibria for the system including

(Cis~Cz0) alkane

System

Temp.Range

Vci/ch m, 4 Av.dev.
{K) -) (=) (-)

n-Octadecane - Methane 308 423 11.111 0.935 0.0009
n-Octadecane - Ethane 308 423 7.432 1.039 0.0006
n-Octadecane - Propane 308 423 5.500 1.037 0.0008
n-Octadecane - Ethylene 308 423 8.871 1.015 0.0008
n-Octadecane - Propene 308 423 6.077 1.042 0.001
n-Eicosane ~ Methane 313 412 12,1214 0.882 0.009
n-Eicosane - Ethane 323 412 8.108 1.030 0.018
n-Eicosane - Propane 323 413 6.000 1.041 0.0003
n-Eicosane - Ethylene 323 413 9.677 0.992 0.0009
n-Bicosane - Propene 323 413 6.630 1.043 0.001
n-Eicosane - Carbon dioxide 323 373 12.766 0.842 0.013
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Fig.17 Correlation of binary interaction
parameter mii for a binary system
including carbon dioxide.
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Fig.18 Comparison of vapor-liquid equilibrium
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Table 5 Prediction of vapor-liquid equilibria for the system including
carbon dioxide

System Temp.Range Vci/vcj mij Av.dev.
(K) (-} (-) (-)

Carbon dioxide - Methane 199 283 1.053 0.886 0.023
Carbon dioxide - Ethane 222 288 1.574 0.887 0.037
Carbon dioxide - Propane 233 344 2.128 0.889 0.015
Carbon dioxide - n-Butane 273 410 2.713 0.890 0.009
Carbon dioxide - Isobutane 273 394 2.798 0.890 0.013
Carbon dioxide - n-Pentane 277 467 3.309 0.891 0.022
Carbon dioxide - 3-Methylbutane 277 377 3.277 0.891 0.008
Carbon dioxide - n-Octane 313 393 5.213 0.896 0.021
Carbon dioxide - n-Decane 277 510 6.404 0.899 0.013
Carbon dioxide - n-Tridecane 313 333 8.298 0.903 0.051
Carbon dioxide - n~Hexadecane 298 353 10.106 0.907 0.025
Carbon dioxide - Cyclohexane 473 533 3.277 0.891 0.011
Carbon dioxide - Ethylene 231 253 1.319 0.937 0.076
Carbon dioxide - Propene 229 309 1.926 0.932 0.018
Carbon dioxide - 1-Butene - 273 2.553 0.927 0.011
Carbon dioxide - Benzene 303 333 2.766 0.925 0.012
Carbon dioxide - Toluene 311 477 3.404 0.919 0.014

3.6 N.A8LH
Fig. 19\ HHBIER 2R L, BN DO EH i Tables 9, 10i27RT, Table 6 DMERZEE» S,
COHBEEAVCRIERFLHAGREBI I L 3bh 3,

1. 00

0. 85

(-]

0.90

mjj

DI 85

0. 80

Vei/ Ves (-]

Fig.19 Correlation of binary interaction parameter mii
for a binary system including nitrogen

ONz—alkane, ANz—alkene,

correlated
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Table 6 Prediction of vapor-liquid equilibria for the system including

nitrogen
System Temp.Range vci/vcj mij Av.dev.
(K) {-) (-) (=)

Nitregen - Methane 90 183 1.099 0.956 0.011
Nitregen - Ethane 119 289 1.643 0.942 0.022
Nitrogen - Propane 119 1353 2,220 0.929 0.015
Nitrogen - n-Butane 310 410 2.830 0.914 0.023
Nitrogen - Isobutane 255 394 2.919 0.912 0.013
Nitrogen - n-Pentane 277 317 3.452 0.899 0.006
Nitrogen - 2-Methylbutane 277 377 3.418 0.900 0.008
Nitrogen - n-Hexane 310 444 4.084 0.883 0.022
Nitrogen - n-Heptane 305 455 4.728 0.868 0.015
Nitrogen - 2,2,4-Trimethylpentane 376 452 5.194 0.857 0.022
Nitrogen - n-Decane 310 411 6.681 0.821 0.008
Nitrogen - Ethylene 200 260 1.376 0.949 0.014
Nitrogen -~ Propene 260 290 2.009 0.934 0.019
Nitrogen - Benzene 348 398 2.886 0.912 0.011
Nitrogen - Carbon dioxide 218 303 1.043 1.016 0.010

Figs. 20~211ZN,-CO.%, N.-2 7 Y RDGERET T, No-27 VR, 2HIOBFABRED
EHNKEVDOT, BRAREHETENORLSD 2L, HASRETH 3, ThUATIER

BREBFTHS,
136
110
S
]
E 59 Expt. [C)
e o 0
A A -20
34 Cale.
8 i A A i a3 n L L i
6.0 0.2 0.4 0.6 0.8 1.
Mole fraction of N
Fig.20 Comparison of vapor-liquid equilibrium

data for the nitrogen-carbon dioxide
system with predicted values using the
mi; values in this work.

3200
Expt. [°F]
O -110
2560 | & -150
o -190
= v -210
g 1920
g
2 1280
&
[+
640
0

6.0 0.2 0.4 0.5 0.8 1.
-Mole fraction of N2

Fig.21 Comparison of vapor-liquid equilibrium
data for the nitrogen-ethane system with
predicted values using the mi values in
this work.
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3.7 HS:ELH

Fig. 2212 HHBARER, MBI & % Tables 9,10i2R T,

WSR2 Table 7R L7z, %72, Fig. 23iH,S-n-<> ¥ VROKERERL 72, HEHE
Tid, BRIUFE LS Rbr oz, L, BEAYORT, REXHESRE52 3,

1. 10 120 Expt. {C] Calc.
O 4 —
1. 0S 102} A 38
[u]
— v
1.00 } E x
_ 3 77 o
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0.95 | & @
= q a2
o 8
0.80 ¢t (o] [+%
0- 85
0- 80 :
0.0

Vei/ Ves (-]

Fig.22 Correlation of binary interaction
parameter mij for a binary system
including hydrogen sulfide.

OH2S—alkane, AH2S —alkene, ——correlated

0. 2
Mole fraction of H3S

0.4 0.6 0.8 1.

Fig.23 Comparison of vapor-liquid equilibrium

data for hydrogen sulfide-n-pentane system
with predicted values using the mi; values
in this work.

Table 7 Prediction of vapor-li quid equilibria for the system including

hydrogen sulfide

System Temp.Range vci/vcj mij Av.dev.
(K) (-) (-) {~)

Hydrogen sulfide - Methane 277 344 1.013 0.919 0.009
Hydrogen sulfide - Ethane 278 357 1.515 0.924 0.024
Bydrogen sulfide - Propane 243 366 2.047 0.930 0.077
Hydrogen sulfide n-Butane 324 408 2.610 0.936 0.019
Hydrogen sulfide - Isobutane 277 377 2.692 0.937 0.030
Hydrogen sulfide - n-Pentane 277 444 3.183 0.942 0.013
Hydrogen sulfide - n-Decane 277 444 6.162 0.975 0.011
Hydrogen sulfide - Propene 243 288 1.853 0.927 0.053
Hydrogen sulfide - Toluene 265 293 3.275 1.016 0.008
Hydrogen sulfide - o-Xylene 265 293 3.7717 1.016 0.003
Hydrogen sulfide - Carbon dioxide 221 353 1.039 0.894 0.020
Hydrogen sulfide - Nitrogen 256 344 1.084 0.848 0.006
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3.8 PEFL2BLR

TeFVI-TNH R, - HFEHERIEAERROM, % EHE L THEBL - (Fig. 24), 272, 7
FV-TNTr R, F—980%whs, T TiiTables 9, 100{# %7,

WHEZER % Table 8 IZRT,

Fig. 5272 F V- ~FH U ROBRETT. BFLERERLTHA I b, 3,

1. 00 32 Expt. [C]
0.97 | A S
—r— 26 |
a o -20
.95 } . X
E Calec.
00 92 B, lg B
0 ¢
_ 0.90 g
E 0.87 o e
(@)
0.85 r 0 o 6
0. 82
0. 80 - : : 0 '
90 5 3 4 5 0.0 0.2 0.4 0.6 0.8 1.
Vel Ver [-] Mole fraction of C.H:
Fig.24 Correlation of binay interacion Fig.25 Comparison of vapor-liquid equilibrium
parameter mij for a binary system data for the acetylene.n-hexane system
including acetylene. with predicted values using the mj;
Qacetylene —alkane, A acetylene—aromatic values in this work.
hydrocarbon, —— correlated
Table 8 Prediction of vapor-liquid equilibria for the system including
acetylene
System Temp.Range vci/ch mij Av.dev.
{K) (-) {-) (=)
Acetylene - Ethane 277 288 1.310 0.855 0.024
Acetylene - Propane 279 367 1.770 0.855 0.023
Acetylene - n-Hexane 253 263 3.257 0.855 0.025
Acetylene - n-Octane 253 273 4.336 0.855 0.011
Acetylene - Ethylene 235 288 1.097 0.933 0.046
Acetylene - Propene 303 333 1.602 0.861 0.051
Acetylene - Benzene 283 313 2.301 0.965 0.017
Acetylene - Toluene 253 273 2.832 0.9%65 0.010

Acetylene - m-Xylene 253 283 3.327 0.965 0.016
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Table 9 Group number in Tablel(of binary interaction parameter,m;;

in this work

e [ [ e | domon PR | o | m | me | reeene
C1-

1 gi)‘me 1 1 2 3 a 5 7 ) 10
Cycloalkane 1 i - 3 - 5 - - -
Alkene 2 - 2 3 4 6 7 8 9
“'°$;i:ca hon 3 3 3 3 - 6 ? 12 11
@ a;;gli:ne 4 = 4 - - 4 - - -
02 5 5 6 6 4 - 12 13 -
N2 7 - 7 7 - 12 - 14 -
HzS 8 - 8 12 - 13 14 - -
Acetylene 10 - 9 1 - - - - -

Table 10 Correlated coefficients of mj; in Eqgs (19 to(1?)
Group number* A B c
a az b ba
1 1.041 0.11 -0.0403 0.0367 0
2 1.017 -0.417 -0.0124 0.0852 0
3 1.025 0.317 -0.0385 -0.0258 0
4 0.823 o] 0.0673 0 -0.0051
5 0.883 0 0.0023 0 0
6 0.948 0 -0.0084 0 0
7 0.982 0 -0.0241 0 0
8 0.907 0 0.0109 0 (0}
9 1.090 0 =-0.1435 0 4]
10 0.855 0 0 0 0
11 0.965 0 0 0 0
12 1.016 0 0 (o] 0
13 0.894 0 0 0 0
14 0.848 0 0 0 0
*

Groups are shown in Table 9 for the same number.
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3.9 SRARTATEIR
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Fig.26 Comparison of vapor-liquid equilibrium
data for the methane-ethane-propane
system at 50 °F and 600 psia® with
predicted values using the mi; values
in this work.

Fig.27 Comparison of vapor-liquid equilibrium
data for the methane-ethane-propane
system at 50°F and 1100 psia® with
predicted values using the mij values
in this work.

CHuo CiHio
30 4 Temperature 37.80 (C] "0
.9 J Pressuge 81.60 [atm] a2 4
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CO:
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CH. CO, CH.

Fig.28 Comparison of vapor-liquid equilibrium Fig.29 Comparison of vapor-liquid equilibrijum

data for the methane-n-butane-carbon
dioxide system at 37.8C and 81.6 atm”
with predicted values using the m;
values in this work.

data the methane-n-butane-carbon dioxide
system at 37.8C and 27.2 atm” with
predicted values using the m;; values
in this work.
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Hudson-McCoubrey D&z, BEMOFE2 Y 7AAHK ((T)R) tHaEE TR
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Figs. 30, 31 THBEL 72, A7 ¥, CO L b —MEBWRRIE 2 Y 7L R#E BRiFfickb
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Fig.30 Comparison of second virial coefficient Fig.31 Comparison of the second virial
data for methane® with the results coefficient data for carbon dioxide® with
obtained by the generalized BWR and the results obtained by the generalized
Peng-Robinson equation of state, BWR and Peng-Robinson equation of
state.
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Nomenclature
P: pressure [atm]
R . gas constant=0.082056 [1 atm mol~! K]
T : temperature [K]
V.. critical molar volume [1 mol-!]
v: molar volume [1 mol-!]
w . acentric factor [—]
Subscripts
c. critical property
r. reduced property
5l A X B
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