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Effects of chain extenders with different epoxy equivalents on crystallization and thermal resistance prop-
erties of poly(butylene adipate-co-terephthalate)

LIN Fuhua, XUN Huixia, DUAN Yutong, ZHANG Xiuzhi
(College of Traffic Engineering, Shanxi Vocational University of Engineering Science and Technology, Jinzhong 030600, China)

Abstract : To address the issues of slow crystallization rate and insufficient thermal stability of poly(butylene adipate-co-tere-
phthalate) (PBAT), four commercially available epoxy chain extenders (CEs) with different epoxy equivalent weights were used as
modifiers to melt-modify PBAT via twin-screw extrusion with an addition amount of 1 wt%. The effects of different epoxy equiva-
lent weights on the molecular weight, crystallization behavior, crystal morphology and thermal stability of PBAT were systematical-
ly investigated by Fourier transform infrared spectroscopy, gel permeation chromatography, differential scanning calorimetry, polar-
izing microscope (POM) and thermogravimetric analysis. The results showed that with the decrease of the epoxy equivalent weight
of CEs, the number of nucleophilic ring-opening reaction sites between PBAT end groups and epoxy groups increased, and the
weight-average molecular weight of modified PBAT increased from 71320 g/mol to 83210 g/mol without excessive cross-linking or
degradation. Meanwhile, the initial decomposition temperature (7,,) and degradation activation energy (E,) of modified PBAT were
higher than those of pure PBAT. Among them, the CE-1 modified system with an epoxy equivalent weight of 664 g/mol exhibited
the optimal thermal stability (7,=365 °C, E,;=302.3 kJ/mol). In addition, CEs could act as heterogeneous nucleating agents, increas-
ing the crystallization temperature of PBAT by 11.6 °C, but the restricted segmental motion led to a decrease in crystallinity. POM
observations revealed that CEs with low epoxy equivalent weights could eliminate bubble-like volatiles in the PBAT melt and
improve the inhomogeneity of crystal size.
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Tab.1 Molecular weight of the PBAT with the addition of different

epoxy chain extenders

Samples M, /(g-mol™) M /(g-mol™) D

PBAT 33 960 71 320 2.1
PBAT-1 40 210 76 400 1.9
PBAT-2 45 550 81 540 1.8
PBAT-3 45910 83 090 1.8
PBAT-4 43 790 83210 1.9

Notes: M, is number-average molecular weight; M| is weight-aver-

age molecular weight; P is polydispersity index.
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Fig. 4 Crystallization and melting behavior of PBAT with the addition

of different epoxy chain extenders
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Tab.2 Crystallization behavior parameters of the PBAT with the

addition of different epoxy chain extenders

Samples T/ C  T,/)°C AH/J-g") AH/J-g)  X/%
PBAT 71.7 121.3 50.4 344 30.2
PBAT-1 73.5 121.7 50.2 31.1 27.3
PBAT-2 75.0 121.5 43.8 27.1 23.8
PBAT-3 76.3 122.0 449 29.1 25.5
PBAT-4 83.3 122.3 38.1 21.3 18.7

Notes: T, is crystallization temperature; 7, is melting temperature;

AH, is crystallization enthalpy; A, is melting enthalpy; X, is crystallini-
ty.
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Fig. 7 TG and DTG curves of the PBAT incorporating different epoxy chain extenders
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Tab.3 Thermal decomposition data of the PBAT with different

epoxy chain extenders

Samples B/(°C-min") T,/°C T/°C R, /(%°C") Izzs(;‘i‘g;;
10 3600 405.0 231 447
PBAT 15 3615 412.6 230 3.80
20 3735 4169 230 454
10 3650  407.3 232 479
PBAT-1 15 3724 4135 234 430
20 3741 4164 225 474
10 3623 407.2 232 4.64
PBAT-2 15 369.1  413.5 228 4.84
20 3739 417.1 229 4.84
10 3618 406.9 232 3.55
PBAT-3 15 369.6  413.5 233 3.74
20 3700 417.1 228 3.62
10 3619 406.7 229 4.10
PBAT-4 15 3625  413.5 228 2.63
20 3733 417.0 229 4.06

Notes: B is heating rate; T, is temperature at 5% weight loss of the

sample; 7, is peak decomposition temperature; R, is the maximum

‘max

weight loss rate.
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Fig. 8 Relationship curves of In(f/T PZ) and 1/T, of PBAT composites by
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Tab. 4 Degradation kinetics data of the PBAT incorporating differ-

ent epoxy chain extenders

Samples E /(kJ-mol ') A,/min”' R
PBAT 236.1 7.729 5TE+28 0.996 1
PBAT-1 302.3 9.896 07E+28 0.988 5
PBAT-2 282.7 9.254 36E+28 0.996 4
PBAT-3 273.9 9.086 18E+28 0.999 8
PBAT-4 269.4 9.038 29E+28 0.988 8

Notes: E; is the degradation activation energy; 4, is the frequency

factor; R” is the related coefficient.
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