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Non—isothermal Pyrolysis Kinetic Mechanism and Thermal Stabilization of
Phenolic Resin With Different Characteristic Structure

ZHANG Ying HU Honglin JIANG Liqin LIU Liang LI Yang

(Science and Technology on Advanced Functional Composites Laboratory, Aerospace Research Institute of

Materials & Processing Technology, Beijing 100076)

Abstract  The relationship between the characteristic structure and thermal stability of phenolic resin is of
great significance for the selection of resin matrix for ablative materials. In this paper, the typical structure of
phenolic resin was quantitatively described by 'H nuclear magnetic resonance spectroscopy. The activation energy,
reaction mechanism function, and thermal stability of different typical structured phenolic resins were studied. The
results show that the activation energy of phenolic resin with different structures is 162 to 240 kJ/mol. The activation
energy of the pyrolysis reaction is the highest and the thermal stability of the resin is optimum when the F/P value is
1.2to 1. 5. The most probable mechanism function of pyrolysis at 570 C is g(a)=(1-a)"-1(b=5.2~6.7), which is
the chemical reaction mechanism. The results of pyrolysis kinetics are verified by qualitative and quantitative
analysis of pyrolysis gas products using Py—GC/MS.

Key words Phenolic resin, Characteristic structure , Pyrolysis kinetic mechanism, Activation energy
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Tab.3 Peak temperature in DTG curves under different

F/P ratio
T,/C
¥itig FIPE
5%C/min 10 °C/min 15 °C/min 20 C/min
1.0:1 522.12 533.51 544.50 553.91
1.2:1 514.31 525.74 536.11 543.12
1.5:1 512.17 523.74 535.68 541.31
1.7:1 490.54 504.37 517.87 529.16
1.8:1 480.74 494.42 501.22 518.03

%4 Kissinger ;51T E AR [E F/P{ERBE#A M R R &1L B8
Tab. 4 Activation energy obtained by Kissinger method of
phenolic resin with different F/P ratio

Tt FIP1E ERE E /kJmol™ R?
1.0:1 -26 816 222 0.96
1.2:1 -28 976 240 0.98
1.5:1 -27 849 231 0.98
1.7:1 -20224 162 0.96
1.8:1 -20 845 173 0.94

h 0 E S ST B B B AR BB pR K, R AS (] T
I A A TE 570 CHYFZALRIUA R 1 PR —HLE

PR, etk R X ()R (W 5~ 6) , M X
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HEHEAH G T RPEAT 1, iR FH A AL ok 250 BV RT A
SE N R HE SR LB R R . A [R) FYP (Y T TR A R 7E
570 CHY P LB R B2 7 Bz, nlAL, AN FIP
{EL 75 1 I A4 JIig 72 570 °C I A3 ik 12 Sy Ak 27 S i
HLEE,

x5 A[E F/P{ERIEE 900 CHx R
Tab.5 Char yield of phenolic resin with different F/P at

900 °C
BRARH %
Tt FIPAA
5%/min 10°C/min 15 °C/min 20 °C/min
1.0:1 60.59 63.44 61.72 59.97
12:1 62.86 64.89 64.22 63.75
1.5:1 62.08 62.39 62.84 61.92
1.7:1 56.38 59.07 56.98 57.59
1.8:1 58.88 58.26 55.09 57.05

F6 MR F/P{ERAEST0 CHxE
Tab. 6 Char yield of phenolic resin with different F/P at

570 °C
BRRRH %
¥l FIP{H
5%C/min 10°C/min 15 °C/min 20 “C/min
1.0:1 69.48 73.08 71.12 70.34
12:1 73.64 74.59 74.80 74.72
15:1 73.87 73.98 72.50 71.16
1.7:1 70.52 69.27 70.33 67.27
1.8:1 70.06 67.65 68.81 68.11

R7T AR F/PEMERBAVIETE (o) REMHEXRY

Tab.7 The most probable mechanism function g(a),and

RZ
Wt FIP{i HLEH R? g(a)
1.0:1 1.C,,y 0.983 01 (1-a) -1
12:1 1. Cyp 0.987 12 (1-a)50-1
15:1 1. Gy, 0.998 10 (1-a)32-1
1.7:1 1.C,; 0.987 52 (1-a) 71
1.8:1 1. Gy, 0.998 93 (1-a)37-1
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Fig. 4 Total ion chromatograms of phenolic resin pyrolysis at

570 °C with different F/P
K8 570 CREASIF=MAR
Tab. 8 Pyrolysis products of Py—GC/MS at 570 °C
BT U TR/ 10 3 mg !
% ey N FIP= FIP= FIP= FIP= FIP=
1.0 1.2 1.5 1.7 1.8

1 co 038 0.57 045 032 041
2 CH, 0.77 0.00 095 0.00 0.61
3 Co, .11 1.55 158 1.17 1.26
4 H,0 453 337 353 321 355
5 benzene 042 0.15 0.05 0.00 0.00
6 toluene 0.71 038 047 0.15 021
7 xylene 048 0.17 029 027 023
8 Phenol 16.77 624 542 418 4.11
9 O-cresol 14.14 416 728 8.66 9.79
10 P-cresol 10.11 287 3.11 3.06 4.01

11 2,6—dimethylphenol 207 151 234 411 535
12 2,4-dimethylphenol 201 1.03 271 412 7.27

13 2.4,6—trimethylphenol 0.00 0.02 031 099 1098
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Tab. 9 Ablation performance of carbon fiber reinforced
phenolic resin composites

F/P value of '"H- Mass ablation rate Linear ablation rate

NMR g+ (cm?+s)! /mm-s™!
1.0 0.089 0.44
1.2 0.070 0.29
1.5 0.078 0.35
1.7 0.081 0.41
1.8 0.089 0.42
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