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Estimation of Liquid Viscosity of Pure Compounds by Corresponding State

Group Contribution Method

Y1 Shou-zhi, LI Hai-hua, WU Jia-quan
( College of Material Science and Chemica Engineering, Tianjin University of Science & Technology,
Tianjin 300457, China)

Abstract: An exist equation that combined corresponding-state and group-contribution method is used to estimate liquid
viscosity of pure compounds, 94 Group-contribution parameters and 11 model parameters were obtained by correlating
experimental liquid viscosity at different temperature ( atotal of 2042 data points) of 291 compounds 20 classes including
Alkanes, Alkenes, Alkynes, Alkone, Esters, Naphthalene, Epoxy , as well as compounds containing Sulfur, Nitrogen,
Phosphorus, Silicon, et al. The overall average deviation is 6.13%. The average deviation is 6.79% for estimation of 10 (a

total of 79 data points) compounds beyond regression range using the obtained parameters.
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Tab.1 Parameters of the CSGC-KL equations

. ke ke FFE & A 35 Ry Jie SNE SRRACE - .
B A aRLEY
A 0.001 1 0.000 6 0.001 5 0.000 1
B -0.0399 0.1310 -0.0161 -0.009 3
C 1.390 0 -4.760 0 1.1300 0.696 0
Ar -13.700 0 -12.900 0 -36.700 0 -15.000 0
Br 0.000 3 0.000 0 -0.001 1 0.001 8
Cr -0.018 1 -0.004 4 0.160 0 -0.176 0
Dy 0.6310 0.8810 -3.090 0 42800
A -4.3600 -3.4300 -11.100 0 -1.0900
Br -1.1100 -1.1300 -1.0200 0.287 0
Ce 0.002 5 0.003 7 0.004 0 0.000 1
Dp 0.0290 0.003 6 0.096 0 0.003 3
SH Bk 1 SELEY W B
A 0.000 0 0.000 7 16.300 0 0.000 7 0.000 0
B -0.007 6 -0.016 9 -17.500 0 -0.1330 0.000 3
C 0.636 0 5.3400 15.700 0 7.660 0 -0.053 8
Ar -16.700 0 -12.800 0 -4.3200 -1.0400 3.4400
Br 0.000 1 0.000 0 0.016 4 0.000 7 -0.000 4
Cr 0.009 2 0.002 1 -1.100 0 -0.086 9 0.1390
Dt -0.4320 -0.2130 26.700 0 2.6300 -1.7700
Ap 47200 6.2300 -169.000 0 1.6500 5.780 0
Br -2.3300 -1.1300 -2.3500 0.364 0 0.360 0
Ce 0.000 1 0.002 8 43.2000 0.000 9 0.000 0
Dp 0.1310 0.0017 0.4050 0.002 3 0.374 0
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Tab.2 Group contribution parameters of 94 groups to T, and p,

7 e A7l ATIK A p/kPa Fe BEA] ATIK A p/kPa
1 —CH; 18.300 00 3.050 00 48 (>(j< ) R 94.400 00 —-327.000 00
2 —CH— 8.760 00 2.970 00 49 (:C< ) R 0.144 00 0.286 00
3 _CH< 6.210 00 5.320 00 50 (—0—) R 52.500 00 1.680 00
4 >C< 5.760 00 -1.350 00 51 (—CH<)RC 25.200 00 0.560 00
5 CH,= 49.200 00 8.290 00 52 (—CH;—) RC -1.100 00 —4.190 00
6 —CH= 16.400 00 5.330 00 53 (—CH,) RC -0.062 00 -0.215 00
7 >C: -2.300 00 -0.261 00 54 (CH,= ) RC 93.900 00 -20.600 00
8 HC= 104.000 00 7.020 00 55 (—S—) R 119.000 00 1.710 00
9 =C— 104.000 00 7.020 00 56 (—NH—) R 79.400 00 15.800 00
10 —NH. 15.400 00 -0.631 00 57 (>N _) R -63.700 00 14.300 00
11 —NH— 54.000 00 8.080 00 58 (=N—)R 63.800 00 1.950 00
12 7N< 72.600 00 —42.500 00 59 (NH—) RC 48.500 00 1.180 00
13 —NO, 143.000 00 6.95000 60 (—CN) RC 17.400 00 0.749 00
14 —CN 63.300 00 21.500 00 61 (>C:0)R 55.700 00 15.500 00
15 —CONH, 44.500 00 12.500 00 62 (() =C< ) RC 45.400 00 -3.260 00
16 HCOH< 119.000 00 14.200 00 63 (—CHCl—) R 3090.000 00 2.740 00
17 _C()N< 89.700 00 7.760 00 64 (—CHCl) RC 1 940.000 00 -1.520 00
18 —CO0— 81.900 00 13.600 00 65 (—CHBr—) R 3 470.000 00 —-0.188 00
19 >C:0 0.950 00 1.580 00 66 (—CF—) R 2 700.000 00 0.524 00

20 —CHO 21.400 00 14.000 00 67 (>CF _) R 692.000 00 —90.600 00
21 —OH 40.200 00 -6.800 00 68 (:(j< ) A -3.610 00 22.300 00
22 —0— 0.070 00 -6.800 00 69 (=CH—) A 0.070 00 4.270 00
23 HCOO— 80.300 00 12.300 00 70 (—CH;) AC -1.750 00 42.800 00
24 —SH 56.200 00 5.550 00 71 (—CH,—) AC 55.700 00 —-28.800 00
25 —S— 170.000 00 13.400 00 72 (fCH< )A C 110.000 00 10.300 00
26 >S:0 264.000 00 17.700 00 73 (—CO0—) AC -1.250 00 1.650 00
27 —N=C=S 10.300 00 5.620 00 74 (—OH) AC 3.260 00 -20.700 00
28 —CHF— 6 600.000 00 11.600 00 75 (—0—) AC 74.800 00 —-43.400 00
29 —CHF, 7 930.000 00 55.100 00 76 (>(‘ :o)A C 205.000 00 —-49.400 00
30 —CFr— 2 180.000 00 —18.400 00 71 (NH:—) AC 121.000 00 -9.220 00
31 —CF; 4 880.000 00 20.500 00 78 (—NH—) AC 190.000 00 -22.700 00
32 —(]F< 4210.000 00 —-80.300 00 79 (fH< ) AC 165.000 00 21.200 00
33 >CHC] — 887.000 00 29.600 00 80 (=N—)A 213.000 00 -57.000 00
34 —CHCl— 889.000 00 2.010 00 81 (—NO.) AC 215.000 00 11.600 00
35 —CH.Cl 1 060.000 00 38.400 00 82 (fpoz< ) AC 6.920 00 —65.800 00
36 —CCls 2 590.000 00 -4.110 00 83 (=CF—) A 446.000 00 14.900 00
37 —COCl 594.000 00 38.000 00 84 (=CBr—) A 1 330.000 00 —14.100 00
38 >C]3] — 2 920.000 00 —-1.100 00 85 (=cCCl—) A 1 240.000 00 -11.200 00
39 —CHBr— 159.000 00 6.400 00 86 (—CF;) AC -44.300 00 —-29.400 00
40 —CH.Br 974.000 00 35.500 00 87 (—CCL;) AC 2 400.000 00 -47.300 00
41 S=C=S —-1.690 00 —-0.457 00 88 (—PO3<)A C 6.920 00 —-65.800 00
42 >SiH — -0.838 00 11.300 00 89 (=CH—)N 14.800 00 28.500 00
43 >Si< 13.200 00 -8.590 00 90 (:C<) N 5.970 00 12.200 00
44 _P()]< 13.200 00 —-8.590 00 91 (—OH) NC 125.000 00 16.000 00
45 (—CH—) R 31.400 00 0.432 00 92 (—NH,) NC —-123.000 00 27.600 00
46 (>CH _) R 0.182 00 14.200 00 93 (=CCl—)N 4 550.000 00 —-79.000 00
47 (—CH=)R 7.650 00 0.151 00 94 (=CBr—) N 4 460.000 00 -81.000 00
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Tab.3 Correlation accuracy by CSGC-KL equation for 291 compomnds divided into 20 classes

PR e /K 2&%)3 SRR BRI 1%
A 1% <l 1~2 2~3 3~4 4-5 >5
Jeks 21 174.65 ~ 579.00 207 441 2 2 5 3 2 7
iy 14 304.31 ~ 587.35 87 6.07 1 0 2 3 0 8
e 2 293.15 ~ 333.15 6 1.51 0 1 0 1 0 0
Wik 10 273.15 ~ 383.15 63 477 0 0 5 1 0 4
AN 3 286.65 ~ 353.15 13 5.60 1 0 0 0 0 2
ZATHEY) 2 323.15 ~ 408.15 16 4.93 0 1 0 0 0 1
Ky 5 319.15 ~ 549.15 42 7.94 0 1 1 0 0 3
LI 9 303.15 ~ 464.35 54 5.90 1 0 1 1 1 5
WEAEY 5 203.15 ~ 353.15 47 0.97 3 1 1 0 0 0
HSRAEY 22 273.15 ~ 504.15 187 3.88 0 4 4 3 4 7
TG 6 273.15 ~ 348.15 14 3.12 0 1 2 1 2 0
THHLEY 2 243.15 ~ 372.05 16 2.05 0 1 1 0 0 0
G EY 18 273.15 ~398.15 108 7.10 0 3 2 0 5 8
Ttk E 60 184.74 ~ 471.00 409 8.17 6 8 3 3 4 36
il 13 181.15 ~413.01 57 6.72 0 1 0 2 2 8
ik 15 273.45 ~ 485.15 118 5.10 0 2 1 2 3 7
i3 6 273.25 ~ 397.25 40 5.24 0 0 2 0 1 3
it 57 313.10 ~ 604.20 360 4.10 3 6 9 16 8 15
i 13 175.04 ~ 403.15 121 9.16 0 1 1 1 1 9
g 8 187.10 ~ 438.95 77 3.46 0 0 2 4 1 1
i 291 2042 6.13 17 33 42 41 34 124
%4 CSGC-KLAERNAHRBIETE
Tab.4 Liquid viscosity predicted by CSGC-KL equations
AHLYAFR [la=cs2h Bl HEEIC NGB/ 10™Pa s SRR
Bseke CsH., 10 -15.00 ~ 30.00 320.12 ~ 180.87 3.07
2-HIBE e CsHu 12 0.61 ~55.43 289.52 ~ 159.05 9.71
2,4- WO CiHos 6 0.00 ~ 40.00 549.56 ~ 318.88 6.85
2-HI3E-3- 2,38k CsHyg 6 0.00 ~ 40.00 1020.20 ~ 546.46 10.02
PR TF PN ek C,H,0 8 0.30 ~35.15 320.41 ~ 206.47 3.01
CHEN STk CsH,0 6 0.35~60.18 428.39 ~ 202.80 491
TIF N CsHiO 11 0.59 ~ 88.02 572.67 ~ 196.44 5.64
LIRS CoHu 8 0.00 ~ 88.00 680.17 ~ 252.86 13.83
2 L gE ) CsHsS 4 0.00 ~ 30.00 1012.30 ~ 642.65 3.93
1F O - 1B CeHuS 0.00 ~ 100.00 1231.00 ~ 323.62 5.78
it 79 6.79
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