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a. PPE
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b. H;PO,-PPE
K11 PPE I H,PO.-PPE () JLE ALAs 5
Fig. 1 Optimized geometries of PPE and H;PO.,-PPE

AWFSE 43 53 PPE 78 AR Ak K i R A1 b 4% 14
T Cp,—0. C, — C, 5 35 2L figp 5 58 70 D3 ] W7 284 i iy 1)
WHALRE, N3k 1 Fin o ARERT ABFSE ™, PPE ZERIIR
Pt B eh EE KR C —O HlEP ) 2R B A C, —
0. C, — C, B ZL I, 1M Hp 7] Wy 24 2 W A 4 Maccoll
THBR S s R (11 2) o fe 1 AT, fE AR fiE Ak 25 1
T, PPE (98] R A% 2 i T 2K A8 56 WUT 2Ry 396 95 L
W Maccoll TR KN . C, —O HER N C, — C, 5
BIZRN ,iX 5 Elder 58 (0 115325 1 — 50 e W R
R4 F 24 Y HPO-PPE [RIEES &R Bk 4 Ff
N, HAE 2K R 208.0.249.4.309.0.,339.5 kJ/mol , [
WIS ZE AR 2 AN E 2 7R 19 o —Fi b [
LN (P[] B 34 3) , 325 1 14 fiE 22 2 180.7 kJ/mol,
S AR A SR L, PR IR T 7 U B 22 2 TR AR,
i R W7 24 3 N e 42 e I, VRO 35 0 R R
Maccoll JHBR SN 5 1117 3424 52 i (4 e 22 240 BT A+ i, Herh

&1 PPETEIRMEMRBRMELFH THVIARMBRMLREL

Table 1  Energy barriers of primary pyrolysis reactions of PPE under non-catalytic and H;PO.-catalyzed pyrolysis conditions
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Fig. 2 Concerted decomposition reactions of PPE under non-catalytic and H;PO,-catalyzed pyrolysis conditions
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Fig. 3 Potential energy profile along concerted
decomposition reaction pathways of PPE under

non-catalytic and H;PO,-catalyzed pyrolysis conditions
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MECHANISM STUDY ON PYROLYSIS OF LIGNIN MODEL COMPOUND
CATALYZED BY PHOSPHORIC ACID

Jiang Xiaoyan', Lu Qiang', Chu Huaqgiang’, Hu Bin', LiuJi', Dong Changqing'
(1. National Engineering Laboratory for Biomass Power Generation Equipment , North China Electric Power University, Beijing 102206,
gineering y quip ¥, Beijing
China; 2. School of Energy and Environment, Anhui University of Technology , Maanshan 243002, China)

Abstract: Density functional theory calculations and Py- GC/MS (pyrolysis- gas chromatography/mass spectrometry )
experiments are conducted to reveal the influence of phosphoric acid on the pyrolysis process of B—O0—4 type lignin
dimer model compound phenethyl phenyl ether (PPE). The calculation results indicate that phosphoric acid will combine
with PPE through hydrogen bond to form H;PO,- PPE complex and affect its pyrolysis reactions. In the non- catalytic
pyrolysis process, PPE mainly decomposes through C,—O bond and C, — C, bond homolytic reactions and concerted
decomposition reactions (retro-ene fragmentation and Maccoll elimination reactions). Under the HiPO.-catalyzed pyrolysis
condition, the energy barriers of C,—O bond and C, —C, bond homolytic reactions will increase, while the energy
barriers of the above two concerted decomposition reactions will decrease. Simultaneously, a unique concerted
decomposition reaction will occur, which is superior to C; —O bond and C, — C,; bond homolytic reactions, retro-ene
fragmentation reaction and Maccoll elimination reaction. The experimental results verify that phosphoric acid can promote
the concerted decomposition reactions of PPE while inhibit the homolytic reactions, which agrees well with the calculation
results.

Keywords: phosphoric acid; lignin; pyrolysis; catalytic reaction mechanism; density functional theory



