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DFT simulation analysis of yellowing mechanism of polypropylene resin during thermal oxygen aging
LIU Yang',LUO Ligiong'*, YANG Bo', QIN Jiaxiang', LI Xiaofan'
(1. Kingfa Sci. and Tech. Co.,Ltd.,Guangzhou 510640,China; 2. Ningbo Kingfa New Materials Co.,Ltd.,Ningbo 315800, China)
Abstract : The yellowing phenomenon of polypropylene (PP) resin during thermo-oxidative aging constitutes a critical factor
limiting its application. This color change primarily originates from the intrinsic oxidative discoloration of the resin itself and the
formation of chromophoric structures by antioxidants under thermal conditions. In order to explore the yellowing mechanism of PP
resin during thermal oxidative aging, the structure of yellowing caused by PP itself and the effect of antioxidants on the yellowing of
materials were analyzed. It is found that the formation of carbonyl groups conjugated with multiple double bonds represents the
primary structural factor responsible for PP yellowing under thermo-oxidative condition. Carbonyl groups possessing such conjugat-
ed structures induce a bathochromic shift of the absorption spectrum into the visible light region by reducing the energy gap between
the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO). The addition of antioxidants
is an effective measure to inhibit PP yellowing. However, hindered phenol antioxidants can themselves react under thermo-oxidative
conditions to form chromophores. The steric hindrance inherent in their molecular structure is a key factor influencing their chromo-
genic potential. Semi-hindered phenol antioxidants, characterized by smaller molecular structures, typically exhibit more
pronounced coloration. When incorporated into the PP resin system, semi-hindered phenol antioxidants demonstrate superior color
protection capability compared to their fully hindered counterparts. This is because the amount of antioxidants added is small and the
contribution to the overall color change is very small. At the same time, due to the small steric hindrance of phenolic hydroxyl
groups, the capture efficiency of peroxy radicals is high, the oxidation cycle can be interrupted, and the resin color can be protected.

Keywords : polypropylene ; antioxidant ; density functional theory ; yellowing ; thermal oxidative aging
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Tab.1 Yellowing data of polypropylene with different antioxidant
systems after 10 d of thermal oxidation aging at 150 °C

Samples Antioxidant YI AE
Pp-1" 1010 19.9 14.9
pp-2° AO80 11.6 6.2
pp-3* 245 14.8 7.8

Notes: Y1 is yellow index; AE is color difference.
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