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Effects of additive graft polymerization during TPEE polymerization stage on its UV aging resistance
LI Wenhao,ZHANG Zhifeng, CHEN Zhen, DAI Yong, LI Wanli, YOU Runjing, DING Jianping
(Xinjiang Lanshan Tunhe Technology Co., Ltd.,Changji 831100, China)

Abstract : To address the yellowing issue of thermoplastic polyester elastomer (TPEE) during high-temperature processing, as
well as long-term exposure to sunlight in the use and storage of the products, the method of chemically bonding light stabilizers to
the polyester molecular chains during the polymerization stage of TPEE via additive graft polymerization technology was proposed,
thereby enhancing the material's UV aging resistance. Using polybutylene terephthalate as the hard segment and polytetrahydrofuran
ether glycol as the soft segment, TPEE samples with different combinations of antioxidants and light stabilizers were prepared by
introducing these anti-aging additives during polymerization. The thermal stability of the additives was evaluated by thermogravi-
metric analysis, and the tensile properties, hardness, and melt fluidity of the synthesized TPEE were tested. The samples were
subjected to UV aging test for 649 h at 60 °C, and the changes in yellowness and tensile strength before and after aging were
analyzed. The results show that the thermal decomposition temperatures of the selected anti-aging additives all exceed the polymer-
ization temperature of TPEE (240 °C), indicating their suitability for the polymerization process of TPEE. By incorporating appropri-
ate combinations of antioxidants and light stabilizers, the UV aging resistance of TPEE is significantly improved while maintaining
its mechanical properties largely unchanged, which is manifested as a decrease in the growth rate of the yellow-blue hue (b value)
and an increase in the retention rate of tensile strength. In particular, the improvement effect of light stabilizers containing graft reac-
tive groups on the UV aging resistance of TPEE is significantly better than that of similar additives without reactive groups, validat-
ing the advantage of the additive grafting polymerization technique. This strategy not only avoids the cost increase associated with
secondary modifications required to meet anti-yellowing demands in downstream markets, but also provides a viable pathway for the
industrial production of UV-resistant polyesters with high performances.

Keywords : graft polymerization ; thermoplastic polyester elastomer (TPEE) ; UV aging resistance ; light stabilizer ;
mechanical property
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Tab.1 Additive combinations in 8 sets of TPEE materials

Additive type TPEE-1 TPEE-2 TPEE-3 TPEE-4 TPEE-5 TPEE-6 TPEE-7 TPEE-8
Antioxidant Al Al Al A3 A3 A3
foxIca A2 A2 A2 A4 A4 A4
. - A7 AS AS AS A7
Light stabilizer A8 A6 A6 A6 A8
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Fig. I TG curves of different anti-aging additives
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Tab.2 Thermal weight loss of different anti-aging additives

Initial decomposition Mass loss rate at

Additives

temperature/°C 240 °C for 10 h/%
Al (DL-TDP) 270.6 1.2
A2 (1010) 310.0 1.9
A3 (571) 350.0 6.6
A4 (329) 290.1 24.9
A5 (6131) 240.6 23.1
A6 (624) 248.6 11.0
A7 (293) 304.5 32
A8 (947) 403.5 17.4
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Tab.3 Mechanical properties of 40DTPEE under different combinations of anti-aging additives

Items TPEE-1 TPEE-2 TPEE-3 TPEE-4 TPEE-5 TPEE-6 TPEE-7 TPEE-8
Antioxidant Al Al Al A3 A3 A3
A2 A2 A2 A4 A4 A4
Light stabilizer A7 AS AS AS A7
A8 A6 A6 A6 A8
Tensile strength/MPa 19.7 22.4 223 20.2 20.9 21.0 20.5 22.9
Elongation at break/% 877 911 846 886 866 916 825 846
Hardness 38.5 37.9 38.0 36.9 36.4 38.0 38.5 38.9
MFR/[g* (10 min) '] 13.97 10.26 14.52 12.14 14.65 13.86 13.01 9.56
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Fig. 2 Comparison of appearance of different TPEE sheet samples after UV aging at 649 h
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Tab.4 Growth rate of hue b value after UV aging at 649 h

Samples Growth rate/%

TPEE-1 -23

TPEE-2 43

TPEE-3 70.2

TPEE-4 128.6

TPEE-5 117.6

TPEE-6 15.1

TPEE-7 18.6

TPEE-8 206.3
RS, M 5n[1, TPEE-4 & TPEE-8 %5 4 4H i
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Tab.5 Retention rates of tensile strength of different TPEE samples before and after aging

Items TPEE-1 TPEE-2 TPEE-3 TPEE-4 TPEE-5 TPEE-6 TPEE-7 TPEE-8

Tensile strength before aging/MPa 19.7 22.4 223 20.2 20.9 21.0 20.5 22.9

Tensile strength after aging/MPa 16.4 153 15.8 133 15.9 16.4 14.5 15.1

Retention rate of tensile strength/% 83.2 68.3 70.9 65.8 76.1 78.1 70.7 65.9
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