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Synthesis and properties characterization of degradable co-polyester PBAT using complex catalyst
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Abstract : A complex catalyst was prepared through the reaction of tetrabutyl orthotitanate, ethyl orthosilicate and triethylphos-
phate, and the polybutylene terephthalate-co-polybutylene adipate (PBAT) copolyester was synthesized with the complex catalyst by
direct esterification using 1, 4-butanediol, adipic acid and terephthalic acid as raw materials. The effects of esterification ratio and
polycondensation time on the intrinsic viscosity of the copolyester were investigated, focusing on the activity of the prepared
complex catalyst in comparison with that of conventional polyester catalysts. The structure of the copolyester was characterized by
nuclear magnetic resonance and Fourier transform infrared spectroscopy. The results show that the intrinsic viscosity of PBAT
increases from 0.95 dL/g to 1.25 dL/g when the esterification ratio increases from 80% to 95%. The intrinsic viscosity of PBAT first
increases and then decreases with the increase of the polycondensation time, and the intrinsic viscosity of PBAT reaches the
maximum of 1.25 dL/g when the polycondensation time is 65 min. When the mass fraction of the prepared complex catalyst is
0.025%, the intrinsic viscosity of PBAT can reach more than 1.1 dL/g, and the required polycondensation temperature only is about
240 °C (the required temperature for the traditional catalyst is more than 270 °C), which greatly reduces the reaction energy
consumption. From the performances test results of melting temperature, crystallization temperature, tensile breaking strength and
elongation at break, the PBAT synthesized by the complex catalyst has a crystallization temperature of 84.75 °C, a tensile breaking
strength of 26.2 MPa, and an elongation at break of 870% , which show a better performance improvement.

Keywords : polybutylene terephthalate-co-polybutylene adipate ; direct esterification ; complex catalyst ; copolyester
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Fig. 1 PBAT synthesis route based on direct esterification method
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Tab. 1 Intrinsic viscosities of PBAT with different esterification ratios

Esterification ratio/% [)/(dL-g ")
80 0.95
85 1.03
90 1.15
95 1.25
100 1.22

Note: [n] is intrinsic viscosity; Mass fraction of complex catalyst is
0.025%.
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Tab. 2 Intrinsic viscosities of PBAT with different

polycondensation times

Polycondensation time/min [n)(dL-g™")
50 1.02
55 1.10
60 1.20
65 1.25
70 1.18

Note: [7] is intrinsic viscosity; Mass fraction of complex catalyst is
0.025%.
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Tab.3 Comparison of catalytic activity for different catalysts

Polycondensa-

Type of Mass fraction  Esterification . [n)/(dL-
catalyst of catalyst/% temperature/°C tion tempera- gh
ture/°C
TBOT 0.040 180~190 270~280 1.1~1.2
Sb,0, 0.035 180~190 275~285 1.1~1.2
CatA 0.025 180~190 240~250 1.1~1.3

Note: Molar ratio of PTA and AA is 1:1; CatA is complex catalyst;
[n] is intrinsic viscosity.
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Fig.3 Nuclear magnetic resonance spectrums of self-prepared PBAT
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Fig. 4 DSC curves of different PBAT
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Tab.4 Comparison of different PBAT tensile properties

Tensile breaking

Co-polyester strength/MPa Elongation at break/%
PBAT-C1200 24.5 780
PBAT-NC801 23.8 760
PBAT-ZJ 26.2 870
Note: PBAT-ZJ is self-prepared PBAT.
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