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Chemical Kinetics on Thermal Oxidative Degradation of PMMA ’
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Abstract Effect of oxygen on the thermal degradation of PMM A w as studied by mass spectrometry and thermal
analysis with TG and DTA. For radical polymeric PMMA, there were two main degradation models in N»: the
end-chain scission model and the random chain-breaking model. The conversion rate at turning point was about
26%. Kinetic analysis results indicated the end-chain scission was controlled by diffusion process and the average
activation energy E was 158. 5 kJ/mol and In4 was 27. 69. The random chain-breaking reaction was 1.5 order
chemical reaction. The average activation energy E and In4 was 214.79 kJ/mol and 40. 46, respectively. In
air, there were also two stages of mass loss and the turning point conversion rate was about 70%. In the first
stage, the decomposition of peroxy radicals has a notable effect on the overall degradation rate. The associated
kinetic mechanism was first order chemical reaction and the average activation energy £ was 130.32 kJ/mol and
In4 was 24. 81. In the second stage of mass loss, PMM A had already burnt and the reaction was also first order
chemical reaction. The average activation energy and InA4 were 78. 25 kJ/mol and 13.97, respectively .
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Table 1 Classification of kinetic mechanisms of solid degradation
No. Function Reaction model fCa) gCa)
1 Mampel pow er law 4a¥* a'*
2 Mampel pow er law 3a?3 a'
3 Mampel pow er law 2qV?2 a'”?
4 Mampel pow er law 1 a
5 Parabola law One dimensional diffusion 1/ (2a) a?
6 V alensi Two-dimensional diffusion [—ha—a)] ! at (1— DIn(1— a)?
7 Ginstling-Brousht ein T hree-dim ensional diffusion 3 (1= a) V31 A—2a/3)— (1—a)¥?
8 Avrami Erof eev n=2 21— a)[ — InU— a)] V2 [—In(1—a)] V2
9 Avrami Erofeev n=73 31— a) — In(— a)] ¥3 [—In(1—a)] V3
10 Avrami Erof eev n=4 41— ) —Ind— a)] ¥4 [—In(1—a)] V4
11 Phase boundary reaction Contraction cylinder 2(1—a)V? I—(—a)V?
12 Phase boundary reaction Contracting sphere 3= (—a)?? I—(—a)V3
13 Chemical reaction n=1 1—a —In(1—a)
14 Chemical reaction n=1.5 (1—a)¥? 2 (1— ) V2
15 Chemical reaction n=2 (1—a)? A—a'—1
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Table 2 The themal analysis results of PM MA in N, and Air
Weight loss stage Function No. Calculation method E/ (kJ/ moD) InA/ min ! R
N, I 7 Achar 156. 02 27.10 —0. 945
7 Coats 160. 98 28.27 —0.997
1l 14 Achar 211.25 39. 82 —0.977
14 Coats 218.33 41.09 —0. 998
Air I 13 Achar 129. 32 24. 62 —0.943
13 Coats 131.32 24. 99 —0.997
1 13 Achar 77. 80 13.97 —0. 9860
13 Coats 78. 69 13.97 —0. 994
3 PMMA
Table 3 T he degradation of kinetic parameters of PM MA in N, and Air
Weight loss stage Weight bss rate /%  Range of temp./ C Reaction model E/ )/ moD) InA/min!
N, I 26 218~ 315 Three-dimensional 158. 50 27.69
1 73 =315 Chemical reaction: n=1.5 214.79 40.46
Air I 70 255~ 350 Chemical reaction: n=1 130.32 24.81
1 30 > 350 Chemical reaction; n=1  78.25 13.97
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