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(Bm )propane =1.5837%x10" = (5 Bll +§ Bzzj B11 = 27195)(10-6 L4m0|-4
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B,, = 0.2276x10°°L‘mol*
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(Bm )n»butane =113018x10° = (i \ By, +§ J822]

Cewdy g3 S50 4 Jorame 98 Aol 90 S 51 Am sl jo bl lite 5 Jite 09,5 vt iz ed

2
_16972=|2 [Au 1 [An o
e 3VBa 3VB, A, =2.275x10~L"mol’
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(B,) =0.468x10° = (ﬁ 833) = B,, = 0.467x10° L*mol*
m Jcyclohexane 6
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(ij =3769.23= [ %J = A, =1.7631x10° *mol”
m /cyclohexane 33
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(ij = (g\/ﬁ +§\/ﬁ +1\/—ACH ] = Ay, =0.7535x10°L*mol?
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:Bry s An sl oyl 5o YAAN O K sles ;o CH2OH 04,5 s
B,, = 6.4617x10°°L*mol*
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( 1 entanol V + BSS + 1 \/ B44
P 5
=

2 - -
(ﬁ] = (1\/& +1\/A22 +g\/A33 +1\/A44 ] A, = 657.88x10°L’mol*
Bm 1-pentanol 5 Bll S BZZ S BSS S B44
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Sl Pexp 75 Sxdld b ooy I e (Bs, 5l osliial bp ool dlore (gainils ganlie ~(V-V) Jsor

280 K (clos 1o ,bssgs!

/ kgm® -
p/ MPa prgm Peal " Pexp 10
EXp Cal Pexp

200 701.06 694.53 -0.9309
180 694.06 687.55 -0.9366
160 686.38 680.00 -0.9289
140 678.21 672.44 -0.8495
120 669.09 663.73 -0.8010
100 656.00 655.01 -0.1505
90 653.57 649.78 -0.5796
80 647.64 644.55 -0.4770
70 641.52 639.32 -0.3429
60 634.74 633.50 -0.1941
50 627.41 627.11 -0.0471
40 619.36 620.72 0.2198
30 610.42 613.74 0.5451
20 600.12 604.44 0.7212
10 587.88 593.40 0.9399

1 574.99 582.36 1.2822

‘51).3 pexp e ‘54.’;.3.,.“510 l.: ‘La:os)f P d:’ﬁ) )l oolazw! L, pCaI IRW) 4.:...»[7;4 64.’;.;......3‘& (54_......;‘&.4 —(\C—Y)JB.\?

203.15 K slos ;5 ol5KmslSes e
-3
p/Mpa plkom Peal “Po 100
Exp Cal Pexp

0.101 769.30 759.78 -1.2366
1.773 770.90 762.14 -1.1359
3.074 772.10 763.91 -1.0607
4.826 773.70 766.16 -0.9734
5.836 774.60 767.54 -0.9110
6.783 775.40 768.72 -0.8613
7.793 776.30 769.99 -0.8118
8.833 777.30 771.27 -0.7752
9.808 778.10 772.45 -0.7258
11.031 779.20 773.92 -0.6769
12.351 780.30 775.49 -0.6156
13.719 781.50 777.06 -0.5671
15.287 782.90 778.83 -0.5192
16.533 783.90 780.30 -0.4582
17.967 785.10 781.87 -0.4103
19.068 786.10 783.05 -0.3871

A




132 P 52575 Sl b oSt (g, Sl sl b p ol dplone ainils (sanglie (0-Y) Jgor

293.15 K (slos ;o oyl ol Lo

3
0/ MPa pkgm Pcal ~ Pexp <100
Exp Cal Perp
0.101 748.70 735.57 -1.7529
1.547 750.10 738.10 -1.5997
2.303 750.80 739.27 -1.5345
3.325 751.70 740.96 -1.4285
4412 752.70 742.64 -1.3358
5.266 753. 50 743.90 -1.2730
6.225 754.40 745.33 -1.2011
7.281 755.30 746.93 -1.1071
8.029 756.00 748.03 -1.0540
9.017 756.80 749.37 -0.9806
10.041 757.50 750.80 -0.9225
11.717 759.20 753.16 -0.7948
12.903 760.20 754.76 -0.7150
14.560 761.70 756.95 -0.6232
15.804 762.70 758.55 -0.5438
17.099 763.80 760.15 -04777
18.381 764.90 761.75 -0.4118
19.840 766.10 763.51 -0.3371

v




~ 60V sl P 975 Sndls L ooy 5 o (g jloslitul bp oo drulons (saienils (sannlio (V) g

293.15 K (slos jo oyley Lot

/ kgm™ -
p/ MPa P9 Peal “Pop 109
Exp Cal Pexp
0.1 694.30 679.35 -2.1524
10 702.60 686.37 -2.3100
20 709.90 692.58 -2.4394
30 716.40 698.39 -2.5134
40 722.30 704.40 -2.4774
50 727.80 709.41 -2.5260
60 732.80 714.42 -2.5074
70 737.50 719.63 -2.4222
80 741.90 724.44 -2.3526
90 746.10 728.45 -2.3651
100 750.10 733.46 -2.2178
110 753.90 737.47 -2.1791
120 757.50 741.48 -2.1149
130 761.100 744.48 -2.1700
140 764.30 748.49 -2.0680
150 767.50 752.50 -1.9541

Slp Pep 275 Gamild b laog )5 oo b, 5l eolaul b Peu 0l dewlone (gadly (sduglin —(V-Y) Jguz

298.15 K slos ;o Jgilbigr V- Lee-Y

o/ MPa plkgm™ Pcal ~ Pexp 100
Exp Cal Pexp
0.1 815.02 809.19 -0.7143
10 822.01 815.36 -0.8079
20 828.49 821.53 -0.8390
30 834.50 826.82 -0.9193
40 840.12 832.99 -0.8477
50 845.42 838.28 -0.8437
60 850.43 842.69 -0.9096
70 855.19 847.98 -0.8426
80 859.72 852.39 -0.8525
90 864.06 856.79 -0.8404
100 868.22 861.20 -0.8079

YA




Sl Pep (275 Samild b oog )5 s S Sl oslisinl bp - oad apulone (gainls (gannlie ~(A-Y) Jgo

298.14 K (sles ,o o)F¥- by Loe -F

-3
o/ MPa ol kgm Peal ~ Pexp 100
Exp Cal Pexp
2.547 798.48 807.48 1.1277
4.996 800.49 809.09 1.0743
9.509 804.21 805.78 0.1959
14.600 808.21 811.99 0.4684
19.955 812.25 815.10 0.3510
23.620 814.91 818.40 0.4290
28.400 818.26 820.51 0.2749
39.600 825.72 829.42 0.4477
59.450 837.54 839.64 0.2508
78.810 847.70 848.85 0.1357
100.140 857.93 858.17 0.0274
125.600 869.07 868.58 -0.0565
150.540 879.05 878.00 -0.1200
175.040 888.17 886.61 -0.1756
200.580 896.87 895.12 -0.1951
225.020 904.72 902.74 -0.2194
249.820 912.24 910.15 -0.2231
274.970 919.24 917.26 -0.2154
300.460 926.19 924.17 -0.2180
325.970 932.81 930.78 -0.2173
353.880 939.86 937.69 -0.2301
374.780 944.65 942.70 -0.2064

A




813 Pap 52575 S8dls L ooy 5 o g 5l osliinl b poadh dslore (sl Sammlie ~(A-V) Jgor

323.15 K sles ;o Jgibig-Y- sl -

k -3 _
p / MPa P / gm M x100
Exp Cal Pexp
0.1 825.27 814.82 -1.2660
10 832.75 822.37 -1.2458
20 839.64 829.69 -1.1843
30 845.99 836.66 -1.1018
40 851.90 842.47 -1.1059
50 857.44 848.63 -1.0266
60 862.66 845.33 -0.9654
70 867.61 859.90 -0.8875
80 872.31 865.02 -0.8354
90 876.79 870.36 -0.7324
100 881.09 875.016 -0.6894

dlﬁpexp 7S Al b og )5 vt g, 5l oolazuwl L?'DCaI 0l dewlone (gaily (gdunlio —(V 2 -Y) Jgux

323.15 K sles ;o Jgibin-Y- Joe Y

p/MPa plkgm™ Peal “Perp 100
Exp Cal Pexp
0.1 800.35 788.78 -1.4452
10 809.44 796.95 -1.5422
20 817.64 804.10 -1.6548
30 825.08 811.26 -1.6748
40 831.92 817.39 -1.7463
50 838.26 824.54 -1.6362
60 844.17 828.93 -1.8044
70 849.73 834.76 -1.7616
80 854.97 839.87 -1.7661
90 859.94 844.97 -1.7398
100 864.67 850.08 -1.6865




6‘,» pexp ‘:JDU 64...»......4‘\) la LQOj)f w—ér“ u,uj) )‘ OJLQ.».MJ‘ L"pCaI R c\.....ul.?bo stlo L.SML‘M —(\ \—Y)Jsd}

32315 K slos o olsKmplSam umsslin
0/ MPa plmolL Pcal ~ Pexp <100

Exp Cal Pexp
0.1 807.46 815.74 1.0264
10 813.75 817.80 0.4989
20 819.49 819.87 0.0466
30 824.94 821.93 -0.3644
40 830.03 823.99 -0.7269
50 834.99 826.05 -1.0697
60 839.60 827.82 -1.4023
70 843.80 829.59 -1.6836
80 847.98 831.65 -1.9251
90 851.99 833.42 -2.1792
100 855.84 835.19 -2.4127
110 859.55 836.95 -2.6283
120 863.14 838.72 -2.8285
130 866.61 840.49 -3.0136
140 869.97 842.26 -3.1850
150 873.24 843.73 -3.3789

SR Pop (275 Samild b loog )5 e g Sl ooliial bp - oad dpulone (gaiendls (Ganglie ~(VY-V) oo
323.15 K sbeo jo )15804lSs Jumsoliss
-3 _
o/ MPa o/ kgm Peal ~ Pexp <100
Exp Cal Pexp

0.1 811.52 801.94 -1.1803

10 817.48 803.65 -1.6909

20 823.12 805.71 -2.1144

30 828.57 807.43 -2.5511

40 833.45 809.14 -2.9159

50 838.30 810.86 -3.2729

€Y




J...»...Q (-Slfpexp G;Jm dw‘\b la L@os)f w—ér“ u,uj) )‘ OJLQ.».MJ‘ Lu pCaI R c\.....ul.?bo stlo LSMLM —(\\N—Y)Jjb

32315 K (slos ;5 )5S0 sl

/ kgm™® -
p/MPa L1 K9 Peal ~ Pexp <100
Exp Cal Pexp
0.1 789.40 798.14 1.1079
20 803.50 805.07 0.1960
40 815.60 811.63 -0.4856
60 826.30 817.83 -1.0239
80 835.90 823.67 -1.4625
100 844.60 829.14 -1.8298
SR Pop 52575 Sadld b b 095 it (g Sl osliinl b p oo drlone (gainnils (samlie -(VF-Y) Jgo
327.1K slos ;5 o KaglSnns L]
/ kgm™® -
p/MPa L1 Kg Peal ~ Pexp <100
Exp Cal Pexp
0.4 0.769 0.764 -0.5431
3.5 0.772 0.768 -0.4209
7 0.776 0.773 -0.3847
9.7 0.778 0.776 -0.2369

SR Pop 52575 ild b oy 5 o (g, 5l oliinl bp oo dloee (gaindls (samglio ~(V0-Y) Jour

3252 K clos 1o )55 s luiosd-Y 5) — s

o/ MPa o/ mol L Peal ~ Pexp <100
Exp Cal Pexp
0.4 0.775 0.769 -0.676
3.5 0.778 0.773 -0.626
7 0.781 0.776 -0.548
9.7 0.784 0.779 -0.585

£y




Sl Pexp 75 Sxdls b ooy I e (Bs, 5l osliial bp ool sl gty ganlio —(VF-Y) Jgor

32315 K slos o o}sSslSns L
/kgm™ DPeal = P
p/MPa P feal 7o 100
EXp Cal Pexp
0.1 776.80 757.07 -2.5394
10 784.60 765.51 -2.4322
20 791.79 773.96 -2.2519
30 798.38 780.99 -2.1774
40 804.49 787.32 -2.1332
50 810.19 794.22 -1.9707
60 815.55 799.85 -1.9248
70 820.61 804.91 -1.9122
80 825.41 810.54 -1.8007
90 829.97 816.17 -1.6620
100 834.33 821.38 -1.5518
110 838.50 826.02 -1.4876
120 842.50 830.24 -1.4542
130 846.35 834.46 -1.4037
140 850.06 838.69 -1.3374
150 853.64 842.77 -1.2731

&ly Pexp %5 Gl b bog )5 g g, 5l ool Lngal 00 duwlmo (gadld (gdunlia-(VV-Y) Jgux

/ kgm™ -
0/ MPa PIKYg Peal ~ Pexp <100
Exp Cal Pexp
0.1 858.76 837.82 -2.4386
20 872.86 855.94 -1.9391
40 885.26 871.79 -1.5221
60 895.96 883.11 -1.4345
80 905.96 894.43 -1.2291
100 914.26 903.49 -1.1782

¢y




Slr Pexp 75 Sxdls b ooy 5w (b3, Sl osliial bp - odd dlore (sainils (sauslia-(VA-Y) Jgor
259.9 K (sles ;o :ligs fuio-Y

-3
0/ MPa plkgm Peal ~ Pexp <100
Exp Cal Pexp
0.1 652.31 661.62 1.4271
10 659.19 668.83 1.4630
20 667.55 676.77 1.3811
30 674.30 683.27 1.3289
40 680.73 689.29 1.3157
50 686.34 695.60 1.3501
60 692.04 701.23 1.3285
70 696.86 706.57 1.3935
80 701.75 711.62 1.4066
90 706.21 716.38 1.4404
100 710.73 721.00 1.4454
110 714.79 725.11 1.4439
120 718.90 729.44 1.4660
130 722.54 733.77 1.5546
140 726.21 738.10 1.6370
150 729.92 741.71 1.6146
160 733.13 745.31 1.6616
170 736.37 748.92 1.7043
180 739.64 752.53 1.7427
190 742.94 756.14 1.7768
200 745.71 759.02 1.7857
210 748.50 762.63 1.8882
220 751.31 765.21 1.8910
230 754.14 768.40 1.8909
240 757.00 771.29 1.8880
250 759.30 774.18 1.9595
260 762.19 777.06 1.9511
270 764.52 779.95 2.0178
280 766.87 782.83 2.0821
290 769.23 785.72 2.1442
300 771.60 787.88 2.1104
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Abstract

In this work, the linear isotherm regularity, LIR, was extended to dense nonlinear organic fluids
using the group contribution method. For this purpose, by introducing two new groups namely,

tertiary carbon atom (_(';H) and quaternary carbon atom (_c';_) for nonlinear organic
| |

compounds, each of these compounds have been assumed as a hypothetical mixture of methyl
and methylene groups, tertiary and quaternary carbon atoms and the other constituent functional
groups. Then, the LIR equation of state (EOS) has been extended to such a hypothetical mixture.
The accuracy of the modified LIR equation of state (MLIR) was investigated by plotting of
(ZIn-1)v? versus p? for different isotherms of nonlinear organic compounds using experimental
pVT data and their linearity were confirmed (R2> 0.9974).

In the next step, to obtain the contribution of these two new groups; tertiary carbon atom and
quaternary carbon atom, in the parameters of the MLIR equation of state, two new basic

compounds were introduced: 2-methylpentane for the contribution of tertiary carbon atom

(—(l:H) and 2,2,4-trimethylpentane for the contribution of  quaternary carbon atom
I

(_(‘;_). Using the values of MLIR equation of state parameters for the previous and 2 newly
\

basic compounds, the contribution of the constituent groups for 16 different nonlinear dense
organic fluids in the parameters of MLIR equation of state at any given temperature was
calculated. Then, by calculating the value of MLIR equation of state parameters for these
compounds along with the EoS, their density was predicted in terms of pressure at the given

temperatures.

keywords: linear isothermal regularity, organic nonlinear dense fluids, group contribution

method, density.
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