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Synthesis and study on non-isothermal crystallization kinetics of heat-resistant PA10T/6
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Abstract : Bio-based heat-resistant poly (decamethylene terephthalamide)(PA10T) exhibits a narrow melt processing window
and is prone to thermal decomposition during molding. To address this issue, a novel high-temperature-resistant polyamide copoly-
mer (PA10T/6) was synthesized by copolymerizing PA10T with aliphatic polycaprolactam (PA6). The chemical structure of PA10T/
6 was confirmed via Fourier transform infrared spectroscopy and proton nuclear magnetic resonance. Subsequently, the melting
temperatures and non-isothermal crystallization kinetics of PA10T and PA10T/6 were systematically investigated. The non-
isothermal crystallization kinetic parameters of both polymers were determined using the Jeziorny method and Mo method. Research
indicates that as the PA6 comonomer content increases, the crystallization rate of the polymer exhibits a trend of initial decrease
followed by subsequent increase. This phenomenon can be attributed to the combined effects of PA6 segmental structure on molecu-
lar chain regularity and segmental mobility. Specifically, the initially introduced PA6 units suppress the crystallization process by
disrupting main-chain symmetry, while the subsequently added flexible PA6 segments enhance molecular chain mobility, thereby
promoting the crystallization kinetics. With increasing PA6 unit content, the melting temperature, crystallization temperature, tensile
strength, and flexural strength of the polymer gradually decrease, whereas the impact strength shows a slight improvement. This is
primarily because the PA6 units increase the molecular chain flexibility of the polymer. When the PA6 segment mass fraction
reaches 20%, the melting temperature of PA10T/6 is still above 280 °C, which can meet the requirements for heat-resistant polyam-
ide materials. Simultaneously, it exhibits favorable mechanical properties, suggesting significant application potential in the field of
consumer electronics and electrical appliances.

Keywords : heat-resistance polyamide ; polyamide 10T ; non-isothermal crystallization ; crystallization kinetics ; polyam-
ide synthesis
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Tab.1 Formulas of PA10T and PA10T/6

Diaminodecane/ Terephthalic Caprolactam/ Deionized

Samples g acid/g g water/mL

PA10T 172.3 166.1 0 100
PA10T/6-10% 172.3 166.1 11.32 100
PA10T/6-20% 172.3 166.1 22.63 100
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Tab.2 Non-isothermal crystallization kinetic parameters

L PA10T PA10T/6-10% PA10T/6-20%
@/(°C+min™") . , .
1/°C t,,/min G T/°C t,,/min G T/C t,,/min G
2.5 286.01 1.71 0.58 280.83 1.97 0.51 276.58 1.21 0.83
5 284.08 0.91 1.09 277.92 0.99 1.01 271.92 0.95 1.05
10 281.17 0.59 1.68 273.33 0.65 1.53 268.33 0.57 1.75
20 277.03 0.42 2.36 267.02 0.57 1.75 262.67 0.35 2.88
40 269.67 0.31 3.29 260.33 0.39 2.59 255.67 0.24 4.19

Notes: ¢ is cooling rate; T, is crystallization temperature; ¢, is time corresponding to relative crystallinity of 50%; G is crystallization rate constant.
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Tab.3 Non isothermal crystallization kinetics parameters deter-

mined by Jeziorny method

. PA10T PA10T/6-10% PA10T/6-20%
@/(°C+min"")
Z, Z, Z, Z, Z, Z,

2.5 0.11 0.41 0.04 0.28 0.39 0.68
5 0.81 0.96 0.43 0.85 0.95 0.99
10 4.19 1.15 1.55 1.04 3.57 1.14
20 18.08 1.16 2.26 1.04 12.19 1.13
40 41.25 1.11 3.19 1.03 44.43 1.11

Notes: Z, is crystallization rate during nucleation and crystal

growth; Z_is modified crystallization rate constant.
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Fig. 8 Plots of 1gg-lg for PA10T and PA10T/6at different crystallinities
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Tab.4 Non isothermal crystallization kinetics parameters deter-

mined by Mo method

PA10T PA10T/6-10% PA10T/6-20%
F& R a  F R a F@ R
10 156 258 099 152 316 093 159 133 0.99
30 159 391 099 157 471 091 161 271 0.99
50 1.61 505 098 1.71 646 095 162 394 0.99
70 1.64 64 098 1.76 881 095 159 528 0.99
90 1.71 871 097 196 1576 093 1.58 741 0.99

X/%

Notes: X, is relative crystallinity; « is ratio of Avrami index (n) to
Ozawa index (m); F(f) is cooling rate required for material to reach
specific relative crystallinity; R> is correlation coefficient of fitted

straight line.
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Tab.5 Mechanical performance parameters of PA10T and PA10T/6

Tensile strength/ Bending Impact strength/
Samples 5
MPa strength/MPa (kJ-m™)
PA10T 56.1 103.1 5
PA10T/6-10% 54.7 99.3 5.4
PA10T/6-20% 53.8 95.7 5.6
3 Hig

KRR R T 2R % PA6 55 By 5
7 PALOT #4770 FHE LR etk . 38 3 'HNMR
Iy MIIESE N4 T PA10T/6 S ER Yy, SLu64s Rk
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