— 7o By P AR SIS AR 2R A B ) AR S L ) 2 R
2 bR BIS AT 50 I S S g ik

%% 7! 2 RIHE! H=EE &
(1 FERMELR TEFENT, et Thae R A M R AR E AR, LT 100076)
(2 FEBHT R, VM 510006)

XOHE AR-ARML IR WA BB S T AR M R L A 6 2 B4k XX — ., KA Gaussian 09 84 55
JEi2 %36 B3LYP/6-311G(d,p) 7 ik , A AR—ARAL T 97 3 AR A AL A A 4 AR A AR 72 5K 3K T b (2BHM ) #9 & i
B AEEHITT ETFTHFELHRL, X T SARMRE L RZ SHEFFEERZBGESY T i 54
MBAT TR E AL, B A#ATT IRC e, HHTERRBERUIFED N FAI, REHFT
K EIRIIE, 3+ 45 R AV Path3 4 2BHM 49 R0 A AFRAZ | 3 0 6 7= 4 Ay SR By Fo AR T B, T R 961 04 44
WP EE L CO, B COZRH AR, RBEBREREFTAMEZH P EHLSERS, ™ CO FRHBIA,
XPATHAERS R RAR—F, B 8 AT 53 52208 KB B g 09 AR LIE 2 —Fr R
R T ik

KR BB RS BRI A 4 2BHM , AR R R | 5 % Fh 3R

& 5 k5. 0641 DOI ;10.12044/].issn.1007-2330.2018.01.006

Pyrolysis Reactions of One Model Compound of Phenolic Resin Using
Density Functional Theory and Experimental Validation

CHEN Zhiyu' HU Honglin' YU Ruilian' MENG Zhizhong® FENG Zhihai'

(1 Science and Technology on Advanced Functional Composites Laboratory, Aerospace Research Institute
of Materials & Processing Technology, Beijing 100076)
(2 South China University of Technology, Guangzhou 510006)

Abctract O-o 'methylene bridge is one of primary linkage among phenol —formaldehyde resins structure units.
Pyrolysis mechanism of the 2BHM as a model compound was investigated by using density functional theory B3LYP
methods at 6-311G(d,p) level in Gaussian 09 package. Six kinds of paths of pyrolysis reactions were designed, and
the equilibrium geometries of the reactants, transition states and products of every reaction path were optimized, and
the transition states were checked using IRC method. The standard kinetics parameters of every path were calculated.
The calculation results show that Path3 are the major reaction channels and the corresponding products are phenol and
o—cresol. Product of all path include phenol, and the CO, generates more easily than CO. Pyrolysis experiment results
show that phenol content is the highest, and no CO is formed. This shows that the calculation results are basically i-
dentical to the experimental results, at the same time also shows that the application of quantum chemistry calculation
theory to study the pyrolysis mechanism of phenolic resin is a kind of effective research method.
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Tab.1 Optimized structure of the reactant and part of the products,intermediates, transition state

structure parameter

species

bond length(0.1 nm)

bond angle/(°)

dihedral angle/(°)

R(1,11) 1.522

R(2,8) 1.0858

R(4,14) 1.3614

R(11,13) 1.0932

R(14,15) 0.9696

A(1,11,12) 107.8877

A(2,3,6) 119.0831

A(2,3,7) 120.2473

A(4,14,15) 112.1796

A(16,17,26) 117.019

D(6,3,2,1) -0.3482

D(8,2,1,11) -0.0053

D(2,1,11,12) -21.718

D(2,3,11,16) 98.7597

D(12,11,16,18) 39.0113

R(1,11) 1.5674

R(2,3) 1.372

R(3,7) 1.0834

R(4,14) 1.288

R(11,13) 1.0941

A(1,4,14) 108.3725

A(2,3,6) 120.4013

A(2,3,7) 120.5984

A(2,1,11) 113.5135

A(4,14,15) 75.522

D(6,3,2,1) -2.8618

D(6,3,2,8) 171.6626

D(3,2,1,4) -11.0684

D(3,2,1,11) 130.6649

D(14,4,5,9) -23.7376

R(1,2) 1.4988

R(1,11) 1.5561

A(2,1,4) 115.1494

A(2,1,15) 106.707

D(4,1,2,3) 8.1584

D(11,1,2,3) 137.2304

Mla R(1,15) 1.1021 A(1,2,3) 1224526 D(11,1,2,8) —44.4056
R(3,7) 1.0842 A(1,11,13) 106.19 D(15,1,2,3) —-106.4769
R(4,14) 1.2197 A(1,11,16) 114.4562 D(15,1,2,8) 71.8871
R(1,2)1.39 A(2,1,6)120.011 D(6,1,2,3)0.0
R(1,6)1.398 A(6,1,10)119.685 D(6,1,2,11)180.0
P4 R(1,10)1.086 A(1,2,11)119.239 D(10,1,2,11)0.0
R(3,4)1.386 A(4,3,12)120.516 D(10,1,6,7)0.0
R(3,12)1.083 A(5,4,13)117.186 D(1,2,3,4)0.0
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P7

R(1,2)1.388

R(1,6)1.4

R(1,7)1.083

R(5,6)1.405

R(11,12)0.963

A(2,1,6)121.793

A(6,1,7)116.843

A(4,5,11)120.686

A(1,6,5)117.774

A(5,6,13)125.707

D(6,1,2,3)0.001

D(7,1,2,3)180.001

D(7,1,2,8)0.0

D(2,1,6,5)-0.001

D(1,2,3,9)-180.0

TS3a

R(1,2) 1.3892

R(1,7) 1.0836

R(3,11) 1.5122

R(4,14) 1.3617

R(14,15) 0.9706

A(2,1,6) 119.3766

A(6,1,7) 120.4929

A(3,4,14) 123.0571

A(5,4,14) 116.8146

A(3,11,12) 108.0137

D(6,1,2,3) -0.1861

D(6,1,2,8) 177.957

D(2,3,11,12) -33.0386

D(2,3,11,13) -147.7105

D(4,3,11,12) 145.5475

IM3a

R(1,2) 1.385

R(1,7) 1.0838

R(3,11) 1.4377

R(4,13) 1.364

R(13,14) 0.9643

A(2,1,6) 119.9627

A(2,1,7) 119.8317

A(2,3,11) 124.0867

A(5,4,13) 117.0568

A(3,11,15) 128.7954

D(6,1,2,3) 0.0152

D(7,1,2,3) 178.6958

D(7,1,6,5) —178.9085

D(1,2,3,11) -175.3597

D(2,3,11,12) 148.1733

P6

R(1,2) 1.3836

R(1,17) 1.0831

R(6,7) 1.3372

R(7,21) 0.9883

R(8,10) 1.2342

A(2,1,6) 120.2621

A(6,1,17) 118.0067

A(4,5,8) 122.3502

A(6,7,21) 106.6439

A(8,9,15) 120.4259

D(6,1,2,3) 0.0768

D(17,1,2,3) —179.2098

D(4,5,8,10) —173.583

D(5,8,9,15) —121.4542

D(10,8,9,15) 59.9654
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Fig.2  Potential energy profiles along reaction pathways 1-3
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Tab.2 List of volatiles identified by MS
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6 ES 78 2.59
7 HoR 92 4.21
8 ] — 2R 106 2.11
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10 E Sl 94 43.29
11 AR 8 108 11.95
12 XF F 108 11.85
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