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Abstract : Aiming to develop semiaromatic polyamides with high bio-based content and superior performance, while overcom-
ing the narrow processing window of poly(pentamethylene terephthalamide) (PA5T) homopolymer, a series of bio-based semiaro-
matic polyamide copolymers, PA5T-co-10T, with various copolymerization ratios were successfully synthesized. The synthesis
employed bio-based 1, 5S-diaminopentane, bio-based 1, 10-diaminodecane, and terephthalic acid as monomers, utilizing a two-step
process involving prepolymerization followed by solid-state polycondensation. The chemical structures of the resulting polymers
were confirmed by carbon-13 nuclear magnetic resonance and Fourier transform infrared spectroscopy. The influences of copolymer
composition on the thermal properties, crystallization behavior, and mechanical performance were systematically investigated. The
findings reveal that the melting and crystallization temperatures of the copolymers can be effectively modulated by varying the
proportion of PAST and PA10T segments. At a 5T segment molar content of 70%, the copolymer exhibits melting point (315 °C) and
crystallization temperatures (265 °C) similar to those of PA5T-co-6T, resulting in a markedly widened processing window. Further-
more, all copolymers exhibit exceptional thermal stability, with decomposition temperatures exceeding 430 °C. In comparison to
PAS5T-co-6T-50% with a comparable melting point, the bio-based PA5T-co-10T-70% copolymers demonstrate not only equivalent

tensile and flexural strengths but also enhanced elongation at break, as well as lower saturated water absorption and residual mono-
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mer or oligomer content. In summary, the developed bio-based PA5T-co-10T copolymers exhibit an excellent balance of processabil-

ity, thermal resistance, and mechanical properties, positioning them as promising materials for applications in the electronics, electri-

cal, and automotive industries.
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Fig. 1 Polymerization route of bio-based PA5T-co-10T
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Tab.1 Feeding molar ratio of PAST-co-10T polymerization

1,5-Diaminopen- 1, 10-Diamino-

Samples tane decane PTA
PA5T-co-10T-10% 1.0 9.0 10.0
PAS5T-co-10T-30% 3.0 7.0 10.0
PA5T-co-10T-50% 5.0 5.0 10.0
PA5T-co-10T-70% 7.0 3.0 10.0
PAS5T-co-10T-90% 9.0 1.0 10.0
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Tab.2 Actual molar ratio of 5T segments, relative viscosity, and end-group content of PA5T-co-10T copolymer resin

End-group content/(mol -t ")

Samples Actual molar ratio of 5T segments/% Relative viscosity
[NH,] [COOH]
PAS5T-co-10T-10% 79 2.02 59 148
PA5T-co-10T-30% 31.0 1.98 70 157
PA5T-co-10T-50% 50.5 1.92 83 163
PAS5T-co-10T-70% 73.0 1.89 78 177
PA5T-co-10T-90% 91.5 1.81 60 189
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Fig. 6 DSC and TG analysis curves of bio-based PAST-co-10T with different copolymerization ratios
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Tab.3 Thermal properties of PAST-co-10T with different copolymerization ratios

Samples T /°C AH J(J-g ™) T/°C AH/J-g™h) T,/°C T,,/°C
PA5T-co-10T-90% 340 20.6 323 11.9 431 474
PA5T-co-10T-70% 315 14.1 265 13.7 437 479
PAS5T-co-10T-50% 279 13.4 232 10.9 440 483
PAS5T-co-10T-30% 289 163 258 143 442 480
PA5T-co-10T-10% 309 21.4 277 16.7 438 473

Notes: T, is melting temperature; AH, is enthalpy change of melting process; T is crystallization temperature; AH . is enthalpy change of crystalliza-

tion; 7 is temperature at 5% mass loss; T, is temperature at 50% mass loss.
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T, /°C 315 308
T/°C 265 280
Relative viscosity 1.89 1.91
Tensile strength/MPa 66 60
Tensile modulus/MPa 2 878 2 836
Bending strength/MPa 126 125
Bending modulus/MPa 2903 2 850
Notched impact strength/(kJ+m ) 6.0 6.7
Elongation at break/% 73 4.0
Water absorption/% 0.9 1.5
Mass fraction of small molecule/% 0.20 0.32
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