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Abstract: Acrylonitrile-butadiene—styrene copolymer (ABS) is an industrial plastic with excellent comprehensive
properties, but it is easy to release harmful pollutants during combustion, causing environment pollution. In this
study, the oxidative degradation mechanism of ABS was studied by quantum chemisiry theory using density
functional theory M06—-2X/6—311G(d) method. The possible oxidation degradation pathways were designed, and the

geometric structure optimization and frequency calculation of various intermediates, transition states and products of
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the reaction were performed to obtain the thermodynamic and kinetic parameter, and the evolutionary mechanism of
the ABS oxidative degrading products was proposed. The calculation results show that in the process of the reaction
of ABS dimers with oxygen, oxygen extracted hydrogen atoms to form Hydroperoxyl (HO,*) and ABS dimers free
radicals (R5~R11), and the heat absorption of the reaction was 174.3~229.4 kJ/mol. Hydroxyl radical (¢OH) can
reduce the activation energy of the reaction and make the reaaction easier. The reaction energy barrier range of the
unit reaction step is 14.5~30.3 kJ/mol. The thermal oxidative degradation of ABS can generate characteristic
products such as ketones, aldehydes, phenols and epoxides. During the reaction process, the initial reaction mainly
proceeds through intramolecular hydrogen transfer reactions. The OH—elimination reaction, cyclization reaction and

B—cleavage reaction play important roles in the subsequent reactions.

Keywords: acrylonitrile-=butadiene—styrene copolymer; quantum chemistry theory; oxidative degradation; kinetics;

thermodynamics
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The subsequent reaction pathway of free radicals R7 and R9 (bold and italic font denote activation energy and reaction energy

respectively, units: kJ/mol).
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Fig.2

(a) The pathway for the secondary oxidation of 2-butene—R1 to form butene—2—-aldehyde, 2,5—dihydrofuran, 1,2—dioxole and

dioxocyclobutene (bold and italic font denote activation energy and reaction energy respectively, units: kJ/mol); (b) The entropy change

of reaction pathway (2—b) within the temperature range of 300 — 1200 K; (c) The entropy change of reaction pathway (2—d) within the

temperature range of 300 — 1200 K.
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Fig.7 (a) Secondary reaction pathway of peroxy radical 1-R,0,* with oxygen (bold and italic font denote activation energy and

reaction energy respectively, units: kJ/mol); (b) Reaction rate constant for the isomerisation reaction of peroxy radical 1-R,0,*; (c)

Geometric optimised structures of transition states TS26 and TS29.
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