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Vapor Pressure Calculation for Non-polar Substances
Using Generalized Equations of State

Tsutomu ARAT* and Hideo NISHIUMI**

Abstract

Predictions of vapor pressures for non-polar substances are compared using several
generalized equations of state. The overall average deviations are found to be 189% for
the Redlich-Kwong equation of state, 2.2% for the Soave-Redlich-Kwong equation of state,
3.4% for the Peng-Robinson equation of state and 3.8% for a generalized BWR equation
of state.
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Table 1 Critical properties and acentric factor @

Substance :I;l;ﬁ?hr Te (K) V.Ul/mol) P. (atm] Z. (-] o (-]
(Paraffins)

Methane 16.04 191.10 0. 0990 45. 40 0. 2868 0.0072
Ethane 30.07 305. 50 0. 1480 48.20 0. 2848 0. 0808
Propane 44.09 370.00 0. 2000 41.90 0. 2762 0. 1454
n-Butane 58.12 425. 20 0. 2550 37.50 0.2743 0.1928
Isobutane 58.12 408. 10 0. 2630 36. 00 0. 2829 0.1756
n-Pentane 72.15 469. 80 0.3110 33.30 0. 2688 0. 2510
2-Methylbutane 72.15 461.00 0. 3080 33.40 0.2721 0. 2273
Neopentane 72.15 433. 80 0. 3030 31.60 0. 2692 0. 1970
n-Hexane 86.17 507.90 0. 3680 29.30 0. 2589 0. 2957
n-Heptane 100. 20 540. 20 0. 4260 27.00 0. 2597 0. 3506
n-QOctane 114,22 569, 40 0. 4900 24.60 0. 2582 0. 3942
n-Nonane 128.25 594. 50 0.5430 22,60 0. 2517 0. 4437
2-Methylpentane 86. 18 497.50 0. 3670 29.70 0. 2672 0. 2790
3-Methylpentane 86. 18 504. 40 0. 3670 30.80 0.2733 0. 2750

2,2-Dimethylbutane 86.18 488.70 0. 3590 30. 40 0.2723 0.2310




24 (@61, 3) Fli4ORBAEXAVICEIUERTH
Substance ‘l\;lgl;ﬁ?lar T. (K] V.(U/mol) P (atm) Z. (-] o (-]
2,3-Dimethylbutane 86.18 499, 90 0. 3580 30.90 0. 2699 0. 2470
2-Methylhexane 100. 21 530. 30 0. 4210 27.00 0.2614 0. 3300
3-Methylhexane 100, 21 535.20 0. 4040 27.80 0. 2559 0. 3240
3-Ethylpentane 100. 21 540. 60 0. 4160 28.50 0. 2675 0. 3100
2,2-Dimethylpentane 100.21 520, 40 0. 4160 27.40 0.2671 0. 2830
2,3-Dimethylpentane 100, 21 537. 30 0.3930 28.70 0. 2560 0. 2990
2,4-Dimethylpentane 100.21 519.70 0.4180 27.00 0. 2648 0. 3060
3,3-Dimethylpentane 100.21 536. 30 0. 4140 29. 10 0.2740 0. 2700
2,2,3-Trimethylbutane 100,21 531.10 0. 3980 29. 20 0. 2669 0. 2510
2-Methylheptane 114.23 559. 60 0. 4880 24, 50 0. 2606 0. 3780
3-Methylheptane 114,23 563. 60 0. 4640 25,10 0. 2520 0. 3690
4-Methylheptane 114.23 561.70 0. 4760 25.10 0. 2594 0. 3690
3-Ethylhexane 114,23 665, 40 0. 4550 25.70 0. 2522 0. 3610
2,2-Dimethylhexane 114,23 549. 80 0. 4780 25.00 0. 2651 0. 3380
2,3-Dimethylhexane 114.23 563. 40 0. 4680 25.90 0. 2624 0. 3460
n-Decane 142. 28 617.50 0. 6020 20.70 0. 2461 0. 4902
n~-Undecane 156. 30 638.70 0. 6600 19. 40 0. 2445 0. 5349
n-Dodecane 170. 33 658. 30 0.7180 18. 00 0. 2394 0. 5622
n-Tridecane 184. 36 675. 80 0. 7800 17. 00 0. 2393 0. 6231
n-Tetradecane 198. 38 691. 90 0. 8300 16. 00 0. 2341 0. 6797
n-Pentadecane 212. 41 706. 80 0. 8900 15. 00 0. 2303 0. 7060
n-Hexadecane 226. 44 720.50 0. 9500 14.00 0. 2251 0.7418
n-Heptadecane 240. 46 733.40 1. 0000 13.00 0.2162 0.7699
n-Octadecane 254, 49 745. 30 1.1060 12. 00 0. 2160 0.7895
n-Nonadecane 268. 51 756. 00 1.1000 11.00 0. 1952 0. 8271
n-Eicosane 282. 54 767. 00 1. 2000 11.00 0. 2099 0. 9065
n-Heneicosane 296. 58 776.76 1. 1950 11. 37 0.2133 0.9721
n-Docosane 310. 61 788. 98 1. 2500 10.91 0. 2107 0.9870
n-Tetracosane 338. 66 813. 65 1.4150 9.74 0. 2065 0. 9971
(Cycloparaffins)
Cyclopentane 70.13 511. 80 0. 2600 44. 60 0. 2763 0.1923
Methyleyclopentane 84.16 532. 80 0. 3190 37. 40 0. 2731 0.2395
Cyclohexane 84.16 553. 00 0. 3080 40. 00 0.2717 0. 2144
Methyleyclohexane 98, 18 572.10 0. 3440 34. 32 0. 2517 0. 2333
{Olefins)
Ethylene 28.05 282. 40 0. 1240 50. 00 0. 2677 0. 0856
Propene 42,08 365. 00 0. 1810 45. 60 0. 2758 0. 1477
1-Butene 56. 10 419. 60 0. 2400 39.70 0. 2769 0. 1874
1-Hexene 84. 16 504. 00 0. 3500 31.30 0. 2651 0. 2850
(Aromatics)
Benzene 78.11 562. 00 0. 2600 48. 60 0. 2742 0. 2100
Toluene 92.13 594. 00 0. 3200 41. 60 0. 2733 0. 2566
o0-Xylene 106. 16 631. 60 0. 3690 36.90 0. 2629 0. 3136
m-Xylene 106. 16 616. 80 0. 3760 36. 00 0. 2676 0.3311
p-Xylene 106. 16 618. 80 0. 3780 35.00 0. 2607 0. 3243
Ethylbenzene 106. 16 617.10 0. 3740 38.00 0. 2809 0.3011
(Miscellaneous)
Carbon dioxide 44. 01 304. 20 0. 0940 72.90 0. 2747 0. 2100
Nitrogen 28.02 126. 20 0. 0901 33.50 0. 2917 0. 0350
Hydrogen sulfide 34.08 373. 60 - 0.0977 88. 90 0. 2835 0. 1050
Acetylene 26.04 309. 00 0.1130 60. 00 0. 2676 0. 1860




Table 2 Comparison of calculated and experimental vapor pressures for paraffins

FH BomERRE ERRFIFETTERER (W2%) 2

Sube Reducgld Data Average absolute deviation (%) Date
wistanee te?a%eég * pint  pg ~ SRK PR BWR  Source

Methane 0.5~1.0 30 13.1 1.9 0.9 2.0 12
Ethane 0.4~1.0 26 7.0 1.1 2.7 1.1 9,13
Propane 0.5~1.0 30 18.9 1.2 1.6 0.6 12)
n-Butane 0.4~1.0 28 41.2 1.4 2.7 0.7 9,13
Isobutane 0.6~0.8 10 25. 4 1.7 0.9 3.8 13)
n-Pentane 0.5~0.7 14 74.6 1.0 0.4 2.8 13)
2-Methylbutane 0.4~1.0 16 73.5 31 3.5 5.2 1
Neopentane 0.6~1.0 10 31.5 0.7 0.5 0.9 9),13)
n-Hexane 0.5~0.7 12 111 2.3 1.0 1.7 13)
2-Methylpentane 0.4~0.7 14 112 1.5 1.4 3.7 9
3-Methylpentane 0.5~0.7 14 109 2.1 1.3 6.3 )
2,2-Dimethylbutane 0.5~0.7 14 80.2 0.4 2.4 2.8 9)
2,3-Dimethylbutane 0.5~0.7 14 0.8 0.9 1.7 3.0 9
n-Heptane 0.5~0.7 11 163 1.6 0.8 2.8 13)
2-Methylhexane 0.5~0.7 13 154, 1.1 1.4 2.4 9
3-Methylhexane 0.5~0.7 13 149 1.4 1.3 1.0 9)
3-Ethylpentane 0.5~0.7 13 140. 0.8 1.9 3.9 9)
2,2-Dimethylpentane 0.5~0.7 13 120, 1.2 1.6 3.7 9)
2,3-Dimethylpentane 0.5~0.7 13 128 2.2 1.1 1.2 9)
2,4-Dimethylpentane 0.5~0.7 13 132, 1.8 1.5 3.9 9)
3,3-Dimethylpentane 0.5~0.7 13 105. 2.2 1.0 6.4 9
2,2,3-Trimethylbutane 0.5~0.7 13 93.9 1.2 1.6 2.3 9
n-Octane 0.5~0.7 11 188 0.9 1.1 2.7 13)
2-Methylheptane 0.5~0.7 11 198 1.2 1.5 3.4 9
3-Methylheptane 0.5~0.7 11 192 0.7 2.0 0.9 9)
4-Methylheptane 0.5~0.7 11 194, 0.5 2.5 1.8 92
3-Ethylhexane 0.5~0.7 11 185 1.0 1.7 0.9 9
2,2-Dimethylhexane 0.5~0.7 11 164, 0.5 2.1 3.4 92
2,3-Dimethylhexane 0.5~0,7 13 172 1.1 1.6 3.3 9
n-Nonane 0.5~0.7 11 235. 0.8 1.9 0.9 13)
n-Decane 0.6~0.7 13 245, 1.0 1.2 0.5 13)
n-Undecane 0.6~0.7 13 283. 1.4 1.9 0.8 13)
n-Dodecane 0.6~0.7 14 299, 2.8 5.6 4,2 13)
n-Tridecane 0.6~0.7 14 345, 1.5 2.8 1.0 13)
n-Tetradecane 0.6~0.7 14 345, 2.9 0.7 3.2 13)
n-Pentadecane 0.6~0.7 12 38l1. 1.6 4.6 0.8 13)
n-Hexadecane 0.6~0.7 12 408. 1.3 5.9 2.4 13)
n-Heptadecane 0.6~0.8 10 898, 2.2 9.2 6.9 13)
n-Octadecane 0.6~0.8 10 914. 2.2 11.7 8.2 13)
n-Nonadecane 0.6~0.8 10  421. 1.0 4.2 10.1 9)
n-Eicosane 0.6~0.8 10 484, 1.2 7.5 3.2 9)
n-Heneicosane 0.6~0.8 10 6947, 6.6 22.3 4.1 9)
n-Docosane 0.6~0.8 10 7214 4.3 25.7 4.6 9)
n-Tetracosane 0.6~0.8 10 7481. 3.0 33.6 9.5 9
average 670. 1.6 4.1 3.0
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T, SRK RBRIIBATY, 6.6%1L LEsTb, RS DOWTY, Table 2 RFE&hiz
LORIEAS 7 4 VERREFERTH Y, Hoilidicu,
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257 4 VRIRILKE, +v 7 YRIBILAFETE, SRK REXLABIFENRR, v 7 &
257 4 vRRALKEDOREMATIZ, BWR RBROBENLAEL, =51 v L T, PR,
BWR RIBROEEMNPPAZ, HBEETIE, RvEVE MA=vRENLTE, BIFSEY
7T SRK HIBAM, v L vRzF AV EVERLTEEENA X, TOMBOEEEDE
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Table 3 Comparison of calculated and experimental vapor pressures for cycloparaffins

Reduced Data Average absolute deviation (%)

Data
Substance temperature .
range pomt  RK SRK PR BWR  Source
Cyclopentane 0.4~0.7 11 60.9 0.4 4.5 1.9 9)
Methylcyclopentane 0.4~0.7 11 87.3 4.3 2.1 7.2 9)
Cyclohexane 0.5~0.7 11 69.3 0.9 2.3 2.4 9
Methyleyclohexane 0.4~0.7 11 90.3 1.0 4.3 6.5 9)

average 76.9 1.6 3.3 4.5
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Table 4 Comparison of calculated and experimental vapor pressures for olefinis

Reduced Average absolute deviation (%)
Data Data
Substance temperature A

range pomt  pg SRK PR BWR  Source
Ethylene 0.4~0.6 11 10.6 0.3 6.0 82 9
Propene 0.4~0.7 11 23.9 3.7 1.9 3.6 1)}
1-Butene 0.4~0.7 11 55,9 0.5 4.1 2.2 9
1-Hexene 0.5~0.7 11 124, 1.9 1.3 3.4 9)
average 53.6 1.6 3.3 4.3

Table 5 Comparison of calculated and experimental vapor pressures for aromatic hydrocarbons

Reduced Average absolute deviation (%)
Substance temperature Dait’ft sE:rtge

range po RK SRK PR BWR A
Benzene 0.5~0.7 9 72.6 1.2 4.3 1.6 1)}
Toluene 0.5~0.7 11 112, 0.7 2.9 4.3 9
o-Xylene 0.5~0.7 11 150. 5.7 2.6 7.2 (1))
m-Xylene 0.5~0.7 11 159. 5.4 2.4 6.4 9
p-Xylene 0.5~0.7 11 152, 8.2 5.3 9.2 9
Ethylbenzene 0.5~0,7 11 166. 6.3 9.7 1.7 9
average 135. 4.5 4.5 5.0

Table 6 Comparison of calculated and experimental vapor pressures for miscellaneous substances

Reduced Average absolute deviation (%)
Substance temperature Dait:t Data

range Fo RK SRK PR BWR  Source
Carbon dioxide 0.7~1.0 7 19.0 2.0 1.2 0.8 1)
Nitrogen 0.5~1.0 10 13.5 1.7 2.7 2.8 11
Hydrogen sulfide 0.5~1.0 12 4,2 2.5 2.6 4.6 1D
Acetylene 0.6~1.0 8 18.5 1.7 2.0 1.4 1D
average 13.8 L9 2.1 2.4
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WHLWLEREEHECH LT, RIAEOHEMENR L RIFL 702 SRK REBATH S
P, O, FIZEPVT R ERSVTRTRBTCHS, i, BEREOML, LORSEST
— 2 LHBETAPR L > THEPRND, 42 vEBRE DL, Table 2 TRINI-8EI1L ASH-
RAE OF =2 InBHALCMETH D, Stull DF— 20 hdbRwi-BEOMEE, Tr=0.5
~LODEEMBCHETHE, 2~3%DENRD -7,

—H, Cd AED 2-225 7 4 viZOWTCIL, FEL 0 DIEXBET2ONEETH S, Antoine
DORERANTD o DHEMNS L winfedr oD T, Edmister DF 3 & Lee-Kesler D510
T, 0 DEELT ol Cu~Cio OHERKRY Table 7 WRT, Bbhico DML, Cw b5
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Table 7 Predicted critical properties and acentric factor @ for higher paraffins

Substance 7. (K] P, (atm) Ve (Z/mol) 2 &)
* *% L2 3
CauHu 776.76 11.37 1.1950 0.9721 0. 9365 1. 0063
CasHis 788.98 10.91 1. 2500 0.9870 0.9393 1. 0104
CasHs 801. 29 10. 49 1. 3050 0. 9946 0.9329 1. 0041
CauHyo 813. 65 10.10 1. 3600 0. 9971 0.9172 0.9872
CasHsa 826. 24 9,74 1. 4150 0. 9822 0. 8921 0. 9598
CaeHsy 839. 29 9.41 1. 4700 0.9789 0. 8580 0. 9223
CunHys 852. 66 9.09 ) 1. 5250 0. 9597 0. 8153 0. 8752
CasHss 866. 43 8. 80 1. 5800 0.9331 0.7648 0. 8194
CaoHso 880. 74 8.52 1.6350 0. 8985 0.7075 0. 7559
CyoHes 895. 75 8.27 1. 6900 0. 8560 0. 6442 0. 6861
* Antoine
** Edmister

*** Lee-Kesler

Wik Cop BEAEETRL, FROMUARLIERORLBED L SBbh3, 4%, Z0H
HomErdihs,

§5. & B

Tables 2~6 DOFHERNREDOLFHLHATS L, RK RIERH189%, SRK HKAERH 2.2
%, PR RIEXH3.4%, BWR RIBRH3.8% &\ d RENBORA, ERECHEL Tk
BADOPR T, SRK REBANEVGEHCH > TRELERY R L,

3} &

ARLTIRYLY, JHHCAREE LEBRTEHME - B —KITECRBLE T,

Nomenclature

S fugacity [(atm)
P: pressure (atm)
R: gas constant=0.082056 ([/:atm+mol™*-K"1)
T: temperature (K]
v: molar volume [Z-mol™?)
Ve critical molar volume (/ mol™!)
Z: compressibility factor [—]
density (mol+{"*)

®: acentric factor (-]
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(iB61. 3) Hi+xORBEAYBVLERKEHA

Superscripts

L: liquid phase
'V: vapor phase

Subscripts

1
2)
)]
4)

5)
6)
D
8)
9
10
11D
12)

13)

¢ : critical property

r: reduced property
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