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Study on Non-isothermal Crystallization Kinetics of Bottle-grade PET/
Nano Zinc Oxide Composites

ZHAO Haiying, CHEN Yanming*, ZHAO Zhihui, DOU Xiufang
(School of Petrochemical Engineering, Shenyang University of Technology, Liaoyang 111003, China)

Abstract: To improve the crystallization performance of bottle-grade poly(ethylene terephthalate) (PET), PET/ZnO
nanocomposites were prepared via solution blending using self-synthesized zinc oxide nanoparticles (ZnO NPs) as a
nucleating agent. The non-isothermal crystallization kinetics of the composites were investigated by differential scanning
calorimetry (DSC). The results showed that when the mass fraction of ZnO NPs increased from 0 to 3.0%, the
crystallization temperature of the PET/ZnO nanocomposites was significantly enhanced, rising from 172.3 °C to 190.6 °C.
The non-isothermal crystallization kinetics of the composites were analyzed using the Avrami equation modified by the
Jeziorny method; the results indicated that as the cooling rate increased, the crystallization half-time of the PET/ZnO
nanocomposites decreased and the modified non-isothermal crystallization rate constant increased, demonstrating that the
crystallization rate of the polymer accelerated with increasing the cooling rate. The crystalline morphology of PET was
observed by polarizing microscope (PLM), revealing that PET exhibited poor crystal nucleation ability, with low
spherulite density and large spherulite size. As the ZnO NPs content increased, the spherulite density of the composites
gradually increased while the spherulite size gradually decreased. Scanning electron microscope (SEM) observations of
the composite morphology demonstrated that ZnO NPs could be well dispersed within the PET matrix.

Keywords: PET; Nano zinc oxide; Composites; Non-isothermal crystallization kinetics
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Tab.1 Formula of PET/ZnO nanocomposites

FES Vigg/mL  mpgi/g Wano nps/ 70 M0 np 8
PET 20 5 0 0
PET/Zn0O-0.5% 20 5 0.5 0.025
PET/ZnO-1.0% 20 5 1.0 0.050
PET/Zn0O-3.0% 20 5 3.0 0.150
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Fig.1 DSC curves of PET/ZnO nanocomposites

at a cooling rate of 20 °C/min
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Tab.3 Non-isothermal crystallization kinetic parameters

of PET/ZnO nanocomposites

FE @/(°C-min™) InZ, InZ, n
25 238 -0.95 1.80
5.0 -1.50 -0.30 2.06
PET 10.0 -0.59 -0.06 2.46
15.0 0.05 0.01 2.41
20.0 1.05 0.05 1.69
2.5 -2.87 -1.15 2.02
5.0 -0.73 -0.15 1.69
PET/Zn0-0.5% 10.0 -0.70 -0.07 2.49
15.0 -0.35 -0.02 2.46
20.0 0.20 0.01 2.45
2.5 -3.32 -1.33 2.49
5.0 -1.60 -0.32 2.13
PET/ZnO-1.0% 10.0 -0.75 -0.07 1.93
15.0 0.19 0.01 2.48
20.0 0.76 0.04 2.49
2.5 -2.84 -1.14 2.35
5.0 -1.32 -0.26 1.98
PET/Zn0-3.0% 10.0 -0.40 -0.04 2.38
15.0 0.32 0.02 2.41
20.0 0.84 0.04 2.19
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