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Simulation on Free Radical Reactionin the Co-pyrolysis

Process of Walnut Shell and Biphenyl
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LIU Keling, LI Yueyang, LIU Ziheng, QI Qiankun

(School of Environmental and Chemical Engineering, Jiangsu Ocean University, Lianyungang 222005, China)

Abstract: This study used walnut shells (WS) as raw materials, biphenyl (E230) as model
benzenoids, and adopted density functional theory (DFT) to simulate and calculate the mecha-
nism of phenolic compound generation during co-pyrolysis of biomass and benzenoids. Based on
the results of DFT calculations, it was found that the bond dissociation energy of the C—C bond
was the smallest and had the highest activity in the thermal cracking reaction of E230, indicating
that it had the highest reaction potential. The benzene free radicals generated by E230 pyrolysis com-
bined with small molecule radicals such as OH « , CH; « and OCH, * generated by the pyrolysis of WS
(taking lignin as an example) to produce phenol, p-methylphenol and 4-methylcatechol.
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Fig.2 Reaction mechanism and structure optimization diagram of WS and E230 pyrolysis process
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Table 1 Thermodynamic parameters of the reaction between WS and E230
Stepl:React—> IMI1 B React—> IM2—> IM3(P1)

SR React IM1 — 28 React— IM1
E/(kJ - mol™')  —1 216 060.33 —1 215 548. 81 — AE/(kJ » mol™") 511.52
H/(kJ » mol™')  —1215829.57  —1 215 301.96 AH/(k] » mol™") 527.61
G/(k] » mol ") —1 216 532. 74 —1 216 108. 37 — AG/(kJ » mol™ ) 424,37

2 M2 20H - IM3(P1) 28 IM2+ 20H « —IM3(P1)
E/(k] »mol™ ')  —1 216 060. 32 —397 661. 28 —1614 167.71 AE/(k] » mol ™) —446. 11
H/(kJ »mol ')  —1 215 829.56 —397 604. 28 —1 613 880. 35 AH/(kJ » mol ) —446.51
G/(k] »mol™')  —1 216 532.75 —398 018. 56 —1 614 765. 80 AG /(K] + mol™ ) —214.49

Step2: R1—>R2—~IM1(P2)—~IM2—>IM3—IM4(P3)

EL R1 OH - R2 R R1+ OH - —~R2
E/(k] » mol™ ") —605 966. 36 —198 830. 64 —805 288. 17 AE/ (k] » mol™h) —491.17
H/(kJ + mol ™" —605 853.42 —198 802. 14 —805 156. 06 AH /(K] « mol™H) —500. 50
G/(kJ] » mol D) —606 295. 40 —199 009. 28 —805 648. 93 AG /(K] » mol 1) —344. 25

S8 R2 CH, - IM1(P2) R2+ CH, » >~IM1(P2)
E/(k] » mol™ D) —805 288. 17 —104 541. 26 —910 239. 01 AE/ (K] « mol™h) —409. 58
H/(kJ + mol ™ ») —805 156. 06 —104 497. 80 —910 068. 69 AH /(K] » mol™ ) —414. 83
G/(k] » mol ™ ») —805 648. 93 —104 755. 74 —910 658. 50 AG/(k] » mol 1) —253. 84

P34 IM2 IM3 S8 IM2—>IM3
E/(k] »mol™')  —1212262.29  —1 212 288.61 — AE/(k] « mol™ ") —26. 32
H/(kJ] »mol ') —1212036.42  —1 212 043.70 — AH /(K] « mol ") —7.28
G/(kJ] »mol™')  —1212778.22  —1 212 859.34 — AG/(k] » mol 1) —81.12

£33 M3 IM4(P3) CH, EY IM3—>IM4(P3) +CH, «
E/(k] »mol™ ')  —1 212 288.61 —1 107 740. 06 —104 541. 26 AE/(kJ » mol™ ") 7.29
H/(k] »mol™")  —1212043.70  —1 107 551. 44 —104 497. 80 AH /(K] « mol™ ) —5.55
G/(k] »mol™')  —1212859.34  —1 108 185. 21 —104 755. 74 AG/(k] » mol 1) —81.61
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