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Regulatory Mechanism of Benzimidazole Derivatives on the Crystallization
Behavior of Poly(ethylene terephthalate)

ZHANG Ding-ding, TANG Jia-hong, ZHANG Xin-rui, XU Rui-jie", LEI Cai-hong"
(School of Material and Energy, Guangdong University of Technology, Guangzhou 510006)

Abstract: Addressing the issues of slow cooling crystallization rate and long processing cycle of
poly(ethylene terephthalate) (PET), this study designed and synthesized three benzimidazole derivatives
with different substituents: 2,2'-bibenzimidazole (2,2'-BBI), 2-phenylbenzimidazole (2-PBI), and
2-aminobenzimidazole (2-ABI), which were introduced into the PET matrix as heterogeneous nucleating
agents. Crystallization kinetics and morphological analyses show that the incorporation of all three
nucleating agents significantly accelerates the crystallization process of PET. Among them, 2-ABI exhibits
the best modification efficiency: at an addition level of 1.0 wt%, the crystallization peak temperature
and crystallinity of the PET composite increase dramatically to 213.5 °C and 29.8%, respectively. /n situ
temperature-dependent FTIR spectroscopy further elucidates the underlying induction mechanism: the
primary amine groups (—NH,) on the side chain of 2-ABI form a strong dynamic hydrogen-bonding
network with the carbonyl groups (C=0) in the PET backbone at the interface, resulting in a significant
red shift of 7 em™! for the characteristic carbonyl absorption peak. This strong interfacial interaction
effectively lowers the thermodynamic nucleation barrier and synergistically drives the rapid ordering of
polymer chains into regular trans-conformations and subsequent lattice solidification.
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Figure 1 "H-NMR spectra of three benzimidazole derivatives
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Figure 2 FTIR spectra of three benzimidazole derivatives
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Table 1 Crystallization parameters of neat PET and PET/

benzimidazole composites

Ff it 7. (°0) Tin (°C) X (%)
PET 159.2 250 17.8
PET/2-PBI-0.1 188.5 250 21.9
PET/2-PBI-0.5 193.6 251 23.7
PET/2-PBI-1.0 197.0 251 25.6
PET/2,2'-BBI-0.1 191.2 250 22.1
PET/2,2'-BBI-0.5 1953 251 24.4
PET/2,2'-BBI-1.0 200.8 251 27.1
PET/2-ABI-0.1 203.3 251 272
PET/2-ABI-0.5 208.1 248 28.5
PET/2-ABI-1.0 2135 249 29.8
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Table 2 Isothermal crystallization kinetics of PET and PET/

benzimidazole composites at 215 °C

FEfh K (min™) n t5 (min)
PET 0.013 2.5 10.48
PET/2-PBI-1.0 0.120 2.1 237
PET/2,2'-BBI-1.0 0.160 2.0 1.32
PET/2-ABI-1.0 0.270 22 0.93
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Figure 8 POM micrographs of PET and PET/benzimidazole
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2-PBI (2 min), (¢) PET/2,2"-BBI (2 min), (d) PET/2-ABI (2 min)
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Figure 9 Time-resolved FTIR spectra of PET: (a) time-resolved FTIR spectra and (b) difference spectra
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Figure 10 Time-resolved FTIR spectra of PET/benzimidazole composites: (a) Time-resolved FTIR spectra of PET/2-PBI, ,;
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