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Pyrolys s mechanisms of benzoic acid and
benzaldehyde based on quantum chemistry

LINGLixia, ZHAO Lijuan, ZHANG Riguang, WANG Baojun
( Key L aboratory of Coal Science and Technology ( Taiyuan University of Technology) ,
Ministry of Education and Shanxi Province, Taiyuan 030024, Shanxi, China)

Abstract: The release of CO. and CO during coal pyrolysis wasinvestigated by using the density functional
theory (DFT) of quantum chemistry, and benzoic acid and benzaldehyde were selected as coal-related
oxygenrcontaining model compounds By analyzing microscopic structures, thermodynamic and kinetic
function changes, it could be concluded that the release processes of CO. and CO during coal pyrolysiswere
related to the decarboxyl and decarbonyl reactions, respectively. The activation energy of decarbonyl
reaction was larger than that of decarboxyl reaction, namely , removal of CO was more difficult than that of
CO:.. Decarboxyl and decarbonyl reactions were concerted processes via intramolecular hydrogen tranger ,
and crosslinking reactions were not directly related with decarboxylation and the release of CO: during coal
pyrolyss.
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Fig 1 Pyrolyss pathways of benzoic acid
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Table 1 Imaginary frequency of each transition sate and ( 2
bonds corresponding to relative normal vibration of
pyrolysis of benzoic acid and benzal dehyde A SS
s . ) r ]
Reactant Trangtion Imaginary . Bond oorrespondf ng ( )
state  frequency/ cm to normal vibration
benzoic acid TS1 - 1738 42 09 H15C5 A, Hm A
T - 721 21 09 H15-C4 ,
T3 - 1040. 70 C4 H15C5
TSA - 227. 43 0O9%-H15 A, Gh? ’ ’
TSH - 286. 39 C5-C7
benzal dehyde TSL - 1594 61 C7-H14-C5
T - 1603 24 C7- H14-C6 ! !
TS3 - 1028 51 C6-H14-C5 '
TSA - 336. 06 Cr-H14
TSH - 53 33 C5-C7 ,
400 K,
CcO path3 O—+H C—H
' ’ 24
) CO. CO , Eyring
’ (TS, A+ Hy (1) : (2)
Ea, (3)
22 K (18]
A Hn = H( ) - H( ) (D)
3 4 Ea =A(Hp + NRT (2
’ H H K= JSb_T _pO_ 1- nexp ) ja. (3)
IM1 IM2 , O9 p h ( RT RT
C7-08 pat , CO> T "k h p R
; H H Boltzmann Planck
IM1 IM2 , C7 ;n
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Fig 4 Stereo configurations and geometrical parameters of different species of pyrolysis of benzal dehyde
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Table 2 Thermodynamic function changes o benzoic acid and benzal dehyde pyrdysis

ASSII mol-t. K-! A HSITKI - mol -2 A GSIKI - mol -t
Reactant AE
298 15 K 1000 K 208 15 K 1000 K 298 15 K 1000 K
benzoic acid -39.78 59. 47 51 35 - 42 53 -47.73 - 60. 26 - 99. 08
benzal dehyde 67. 30 153 00 145. 50 61 35 56. 11 15 74 - 89 40

3

Table 3 Activation enthal py, activation energy and rate constant of every step during benzoic acid and benzal dehyde pyralysis

Hlementary A HA/K - mol -t E/ kI - mol ~1 Ink
Reactant .
reaction 298 15 K 1000 K 298 15 K 1000 K 298 15 K 1000 K
benzoic acid stepl 256. 73 255 24 259. 21 263 56 - 7511 -103
step2 221. 78 219. 01 224. 26 227. 33 - 61 01 333
step3 90. 48 87. 68 92 95 96. 00 -804 19. 12
stepd 478 46 482 22 480. 94 490. 54 - 164 56 - 28 30
step5s 40. 66 37. 99 43 14 46. 31 12 05 25 10
benzal dehyde stepl 362 49 363 09 364 97 371 41 - 117. 78 - 14 00
step2 323 16 323 09 325 64 331 41 - 101 91 -9.19
step3 290. 48 291 73 292 96 300. 04 - 8873 - 542
step4 360. 07 364 90 362 55 373 22 - 116 80 - 14 20
step5 145 34 143 27 147. 82 151 58 - 3017 12 43
3 , O—H 3
CO: path3 )
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