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Determination of three-dimensional solubility parameters using IGC and HSPiP
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Abstract: The three-dimensional solubility parameters(HSP) of raw coal were determined by inverse gas
chromatography (IGC) in the temperature range 433.15 to 473.15 K. The HSP concept was applied to determine
components (dq, d, and J,) of corrected solubility parameter (J;), and the HSP of raw coal was derived as
5¢=20.83(J-cm™)"?, 0p=11.95(J -em™)"2, 6,=11.08(J-cm )" and §=26.44(J-cm™)"? by extrapolation method at
room temperature (298.15 K), the HSP of raw coal that was measured as 6,=19.92(J-cm™)"?2, 0p,=11.18(J -em )2,
on=11.47(] 'cm_3)1/2 and 0=25.56(J -crn_3)l/2 by the HSPiP method at room temperature. The results are consistent
through two approaches. The results of the study provide a reference for the study of the thermodynamic

properties of coal and the choice of its swelling agent.
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Table1 Proximate and ultimate analyses of raw coal

Proximate analysis/%(mass) Ultimate analysis/%(mass)
Mg Ay Var  Car Har  Nar Sar Owt  H/C
8.41 2.88 38.58 6346 254 0.74 039 23.87 0.62
O By difference.
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Table 2 Interaction parameter between probes and raw

FINBEEERSH

coal at various temperatures

Probe 160C  170°C  180C  190°C 200°C
n-C6 2.026  1.963 1.916 1.785 1.657
n-C7 2.141  2.100 1.967 1.806 1.682
n-C8 2249 2.134 1.970 1.831 1.765
n-C9 2333 2231 2.088 1.904 1.814
n-C10 2.568 2405 2236 2.056 1.947
n-Cl1 2754  2.567 2435 2.242 2.155
n-C12 2980 2.797  2.622 2.428 2.321
benzene 1.197  1.105 1.018  0.8817  0.7119
toluene 1229 1.164 1.052 09091  0.7985
o-xylene 2.533 2303  2.084 1.877 1.679
m-xylene 3.084 3.066 2991 2.875 2.686
p-xylene 1.929  1.866 1.833 1.674 1.486
ethylbenzene 2336 2203  2.079 1.900 1.696
propyl benzene 2,616 2438 2264 2.077 1.991
butylbenzene 3427 3344 3235 3.108 3.034
hexene 3380 3217  3.067 2916 2.785
octene 2.060 1.877 1.714 1.572 1.463
acetone 0.107  0.123 0372 0.562 0.857
butanone 0941 1.156 1.488 1.960 3.027
pentanone -0.790 -0.862 -0.941 -1.018 -1.189
cyclohexanone 3.643  3.596 3.446 3.294 3.163
diethyl ether —0.446 -0.465 -0.562 -0.621  —0.665
butyl ether 1.982  1.802 1.666 1.560 1.391
isopropanol -1.128 -1.063 -0.974 -0.938 -0.910
2-butanol —0.529 -0.483 -0.468 -0.438 —0.425
isobutanol 0.487 0.504  0.526 0.545 0.561
tert-butyl alcohol 3820 4.056 4214 4.434 4.616
dichloromethane -1.934 -1413 -1304 -1.267 -1.247
chloroform -0.919 -0922 -1.056 -1.198 -1.303
carbon tetrachloride —0.395 -0.528 -0.687 -0.830  —0.985
thiophene 0.611 0.760  0.805 0.830 0.857
tetrahydrofuran 0.683  0.674 0.642 0.613 0.603
1,4-dioxane —0.045 -0.109 -0.185 -0.257 -0.337
epoxypropane -0.305 -0.167 -0.147 -0.131 —-0.124
methanol —2.840 -2.643 -2.519 2409 2312
alcohol -1.703 -1.663 -1.587 -1.498 —1.381
propanol -0.896 -0.762 -0.739 -0.710 —0.688
butanol -0.128 -0.079 -0.034 -0.005 0.016
acetonitrile -3.309 -3262 -3.116 -2.943 -2.796
methyl formate -1.348 -1274 -1.144 -1.079 -0.995
methyl acetate -1.605 -0.974 -0.638 -0.547 -0.505
ethyl acetate 0284 0.592  0.732 0.815 0.853
methyl propionate 0297 0431 0.541 0.579 0.678
ethyl propionate 1.541  1.681 1.807 1.863 1.898
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Table 3 Slope and HSP of raw coal
Item T/K Slope R 0

n-alkanes 433.15 0.0075 0.9983 13.50
443.15 0.00698 0.9997 12.86
453.15 0.00658 0.99996 12.40
463.15 0.00619 0.99946 11.92
473.15 0.00572 0.99881 11.25

aromatics 433.15 0.01324 0.99125 10.33
443.15 0.01253 0.98877 10.22
453.15 0.01196 0.99331 10.13
463.15 0.01136 0.99142 9.95
473.15 0.01074 0.99065 9.87

alcohols 433.15 0.01211 0.99954 8.30
443.15 0.01139 0.99797 8.12
453.15 0.01079 0.99617 7.93
463.15 0.01014 0.98339 7.60
473.15 0.00955 0.94816 7.53

x4 REBRMKERIE

Table 4 Swelling ratio for raw coal

Solvent Swelling ratio Solvent Swelling ratio
n-Cé 1 benzene 1
n-C7 1 toluene 1
n-C8 1 o-xylene 1
n-C9 1 m-xylene 1
n-C10 1 p-xylene 1
n-C11 1 ethylbenzene 1
n-C12 1 propyl benzene 1

dichloromethane 1.09 butylbenzene 1
chloroform 1.08 acetone 1.35
carbon tetrachloride 1 butanone 1.28
diethyl ether 1.12 pentanone 1.39

butyl ether 1 cyclohexanone 1
hexene 1 1,4-dioxane 1.74
octene 1 acetonitrile 1.21
tetrahydrofuran 1.48 thiophene 1.11
methanol 1.28 methyl formate 1.21

alcohol 1.26 methyl acetate 1.22

propanol 1.23 ethyl acetate 1.22

butanol 1.22 methyl propionate 1.2

isopropanol 1.4 ethyl propionate 1.18
2-butanol 1.43 epoxypropane 1.23
isobutanol 1.12 tert-butyl alcohol 1

RARER, ST IR S5k ob . BRI
VK SR I0 R Hansen SRR SRR 530 N 1) HSP
K 25.56(J-cm )%, BA4EHN 6:=19.92(0-cm ™),
0,=11.18(J-cm™)"2, 6,=11.47(J-cm™)"*, R=9.3, DATA
FIT=0951 . 4 R 5 R A 1GC W & 1
0¢=20.83(J-em™)"? ,  §,=11.95(J-cm™)"?, 6,=11.08
(Jrem™)"?, §=26.44(J-cm™)"* Hl—%K.
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(J-em™)]o A6 H R RE S80S SR AR
I, YA 1GC e A HSPiP #5408 ] 15 3]
HER R A S U
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“H K
Fig.2 Three-dimensional solubility sphere and relevant

two-dimensional graphs of raw coal
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