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Quantum chem istry calculation on thermochem ical properties of coal

WANG Bao-jun, L NGLi-xia, ZHANG Ri-guang, X IE Ke-chang

(Key Laboratory of Coal Science and Technology, M inistry of Education and Shanxi Provincg Taiyuan University of Technolgy, Taiyuan 030024, China)

Abstract: Nine types of molecular structure models for typical coals at different rankswere constructed, which
were lignite, sub-bituminous, high wolatile bituminous, lov wolatile bituminous and anthracite By using density
functional method of quantum chemistry, the themochemical propertiesof coal, auch as the stability, calorific powv-
er and themodynanic functionsof combustion reaction were calculated based on these structuremodels The reaults
show that coal macramolecule with carbon content about 85% has lover unit binding energy, higher calorific powver
and higher cambustion reactivity.
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Table 1 Molecular structure models of different coal ranks
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DFT Ceriug Dmof (2131 + .
LDA , RVC, M N; : 2.00 x10"° (Ha), 1. 00 x
10" % (Ha- Bohr'), 1.00 x10°* (Bohr); Hessian BFGS ,
Coarse , Monopole, SCF Coarse
: 5 GHsOH ( ) CpHs ()
CHsOH ( ) CH;OCH; ( ) C:HsCH; ( ).
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3.1
, 1 mol
1 9 DFT , B,
E, =- [E +Exp - zniEam(i)]v (1)
1 Ee 2
» Ha By Table2 Unit bonding energy of molecular structuremodels of coal
, Ha n (i=C, H, O)
Y,
C, H O E./Ha E,/&V
v Eaom (i)
a -2579.294 4341 428.37  4.16 4.33
b -1212.9072118 196.76  4.28 4.37
' ' c R -1406.8385506 206.67  4.27 4.42
d -841.9451305 163.83 3.64 3.56
e - 765.129 4222 153.60  3.57 3.75
f -1067.6733360 203.68 3.9 3.99
g ( ) -1743.7890508 312.90  4.17 4.89
' h ( )  -1822.4910369 363.26 4.48 5.19
2 i S -1137.8428305 215.43  4.58 5.13
2
1 Ha=2625.5 kJ/mol; 1 e/ =96.485 3 kJ/mol
) C 85%
3.2
DFT ( ) : 3
E. S H
Gibbs G , H G Ex , AsS
AG  AS AG , , (
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Table3 The total energy and therm odynam ic functions of molecular structure models
/(3 mol't. K1) H°/(kJ- mol %) G’/ (kJ- mol™ %)
E./Ha
298.15 K 1000 K 298.15 K 1000 K 298. 15 K 1000 K
- 2579.294 434 1 745.735 1942. 418 1978.802 2 726.545 1 756. 460 784.128
L -1212.907 211 8 429. 969 1 037.992 875.674  1206.113 724.911 168. 117
- 1 406. 838 550 6 561. 058 1284.203 1195.306 1 646.488 1028.779 362. 284
- 841.945130 5 428. 898 802. 261 1141.491 1 373.063 1 013.616 570. 802
- 765.129 422 2 431. 822 785.111 986. 683 1 205. 611 857.933 420. 500
-1067.6733360 499. 339 976. 349 1172.445 1 467.392 1 023. 565 491. 043
( ) - 1743.789 050 8 636. 160 1 390. 038 1273.409 1 740.623 1083. 735 350. 586
( ) -1822.491 036 9 764. 199 1 744. 435 1368.666 1 975.287 1 140. 776 230. 852
S -1137.8428305 544. 037 1 095. 070 786.868  1127.249 624. 663 32.179
[ - 149.186 794 3 201. 627 238. 455 21.527 43.175 - 38.589 - 195. 656
H,0 (g) - 75.837 797 3 195. 008 241.120 66. 547 93. 751 8.406 - 147.369
o, - 186.993 316 2 216. 547 255. 412 36. 016 59. 091 - 28.547 - 196.317
G H0, +| m +—2n-Lp0,— mco, +2nH,0(g) (2)
nUp m + 4 n- > > mCO, 2 nH,O(g),
3 AE. AH, AH ,
‘AH, =AE, +AH. 4 (1]
AH, Table4 Calculated and exper mental calor ific values
MJ/kg of structure models of coal
( 4). /(MJ- kg?)
/
[1] , 9 A He Qgr,v. daf
-AE, MJ- kg'h)
298.15 K 1000 K
) 19. 672 19. 676 19. 923
L 16. 635 16. 582 16. 770 25.12 30.56
19. 680 19. 650 19. 936
36. 242 36. 731 36.626  32.24 35.59
’ 36. 449 36. 848 36. 857 35.17 37.05
34.567 34.895 35.038 34.96 36.63
( ) 25.944 26. 097 26. 496
( ) 22.106 22.174 22.731 32,24 36.22
S 21.320 21.315 21.781
(1 ,
(1 40— ——
J --298.15 K
85% ~ 35+~ 1000K ]a——
* 30r i
4 s
(1) 20} |
DFT , 151 iC: 85%
y b & d e ¢ | h i
1
(2)

Fig 1 The relationship betveen the
calorific value and coal rank
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