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Synthesis and properties of semi-aromatic polyamide 4T/41 based on 1,4-butanediamine
LIU Bingxiao', MA Liqun', WANG Binquan', LUO Hengjing', WEI Sitian', WANG Zhongqiang’, ZHANG Yan',
LIU Xinshan', LI Mengjun'
(1. Shanxi Center of Technology Innovation for Polyamide Materials, Taiyuan Institute of Technology, Taiyuan 030051, China; 2. Guangdong Sino-
plast Advanced Material Co., Ltd., Dongguan 523879, China)

Abstract : The melting temperature of semi-aromatic poly(terephthalamide butylene)(PA4T) exceeds its onset temperature of
thermal decomposition, rendering it impossible to be processed by melting. To address this issue, a melt-processable poly(tere-
phthalamide/isophthalamide butylene) (PA4T/4I) copolymer was successfully prepared using 1, 4-butanediamine, terephthalic acid,
and isophthalic acid as the primary raw materials via a salt-forming and polycondensation method. The chemical structure of the
copolymer was confirmed using Fourier transform infrared spectroscopy and nuclear magnetic resonance spectroscopy. The influenc-
es of the poly(isophthalamide butylene) (PA4I) segment content on the thermal properties, light transmittance, and solvent resistance
of the copolymer were systematically investigated. Meanwhile, the thermal degradation mechanisms of the copolymer and PA4I
were also studied through thermal degradation kinetics analysis. The results indicate that when the molar fraction of PA41 segments
is no higher than 50%, the copolymer has a certain crystallization ability and simultaneously possesses good solvent resistance. As
the molar fraction of PA4l segments increases, the melting temperature gradually decreases while the onset temperature of thermal
decomposition shows no significant change. When the molar fraction of PA4I segments is not less than 60%, the copolymer exhibits

an amorphous structure, with a notable decline in solvent resistance, while its light transmittance significantly increases, the pure
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PAA4I has a light transmittance of 90% at 550 nm, which can be utilized as a transparent material. This is attributed to the combined

effects of introducing asymmetric PA41 segments on the regularity of the polymer and its intermolecular forces. When the molar frac-

tion of PA4I segments is 50%, PA4T/41 demonstrates excellent heat resistance, solvent resistance, and a wide processing window,

thus offering broad application prospects in fields such as electronics, new energy vehicles, and optics. In addition, the thermal degra-

dation processes of PA4T/41 with 50 mol% PA4I segments and PA41 follow F -type and F,-type degradation mechanisms, respectively.

Keywords : heat-resistant material ; semi-aromatic polyamide ; poly(terephthalamide/isophthalamide butylene) (PA4T/4l) ;

transparency ; solvent resistance ; thermal degradation kinetics
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Tab.1 Ratio of raw materials for PA4T/41 and PA4I1
Samples n(1,4—butanediamine)/mol n(Terephthalic acid)/mol n(Isophthalic acid)/mol Mass fraction of water/%

PA4T/41-7:3 1 0.7 0.3 30
PA4T/A1-6:4 1 0.6 0.4 30
PA4T/41-5:5 1 0.5 0.5 30
PA4T/AL-4:6 1 0.4 0.6 30
PA4T/41-3:7 1 0.3 0.7 30
PA4T/AL-2:8 1 0.2 0.8 30
PA4T/AI-1:9 1 0.1 0.9 30

PA41 1 0 1 30

Note: n is amount of substance.
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Tab.2 Extrapolated onset temperatures of thermal degradation for

PA4T/41 and PA4T
Samples Extrapolated onset temperatures/°C

PA4T/41-7:3 421.22
PA4AT/41-6:4 419.56
PA4T/41-5:5 420.31
PA4T/AI-4:6 422.98
PA4T/41-3:7 420.56
PA4T/AL-2:8 417.85
PA4T/41-1:9 420.73

PA4I 418.53
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cates swelling.
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Tab.4 Thermal degradation activation energies of PA4T/41-5:5 and PA4I calculated by the KAS,FWO, and Tang methods

PA4T/41-5:5 PA4I
Conversion rate/% KAS FWO Tang KAS FWO Tang
E/ 2 E/ ) E/ 2 E/ , E/ 2 E/ 2
(kJ-mol™") (kJ+mol™) (kJ+mol™) (kJ-mol™") (kJ-mol ™" (kJ-mol ™"
20 192.97 0.99 19450 099 19330  0.99 18143 099 18347  0.99 181.77 0.9
30 202.65 0.99  203.88 099 20297  0.99 199.87 099  202.10 0.9 20113 0.9
40 202.31 0.99  203.68 099 20264 099 20585 099 20814  0.99 207.35 0.9
50 199.90 0.99 20149 099 20024 099 20832 099 21063  0.99 209.86 0.9
60 197.30 0.99 199.10 099  197.65 0.99 20739 099  209.69  0.99 20877 0.9
70 194.06 0.99 196.12 099 19442 099 20573 099 20801 099 206901  0.99
80 192.09 0.98 19437 098 19246 098 20212 099 20436  0.99 20295 0.9
Average value 197.33 199.02 197.67 201.53 203.77 202.68
Notes: E is thermal degradation activation energy; R* is coefficient of determination.
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Tab.5 Common mechanism functions g(a)

Solid-state processes

Symbol

Nucleation and growth[Avrami-Erofeev, eq.(1)]
Nucleation and growth[Avrami-Erofeev, eq.(2)]

Nucleation and growth[Avrami-Erofeev, eq.(3)]
Phase-boundary-controlled reaction (one-dimensional movement)

Phase-boundary-controlled reaction (contracting area)

Phase-boundary-controlled reaction (spherical symmetric contraction)

One-dimensional diffusion
Two-dimensional diffusion (Valensi equation)
Three-dimensional diffusion (Jander equation)

Three-dimensional diffusion (Ginstling-Brounshtein equation)
Random nuclearization, each particle generates one nucleus
Random nuclearization, each particle generates two nucleus
Random nuclearization, each particle generates three nucleus

Power law(m=2)
Power law(m=3)

Power law (m=4)
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Notes: eq.(1), eq.(2), and eq.(3) denote the square root, cube root, and fourth root of —~In(1-a) in equations, respectively; m represents the order of

the power law model.
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Tab. 6 Apparent activation energy for thermal degradation of

PA4T/41-5:5 and PA4I at a heating rate of 10 °C/min

Symbol of PA4T/41-5:5 PA41
8@ E R E R
A, 88.24 0.99 72.81 0.99
A, 54.89 0.99 44.59 0.99
A, 38.22 0.99 30.49 0.99
R1 130.32 0.99 108.16 0.99
R, 157.01 0.99 130.84 0.99
R, 166.91 0.99 139.26 0.99
D, 272.44 0.99 228.16 0.99
D, 305.37 0.99 256.12 0.99
D, 345.62 0.99 290.34 0.99
D, 318.67 0.99 267.43 0.99
F, 188.27 0.99 157.43 0.99
F, 264.78 0.98 222.56 0.98
F, 358.06 0.95 302.01 0.96
P, 59.26 0.99 48.17 0.99
P, 35.57 0.99 28.17 0.99
P, 23.73 0.99 18.17 0.98
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