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Efficiently preparation and characterization of bio-based high temperature resistant PAST/56
XUE Bingfeng',ZHANG Ye**,ZHANG Bin**,FU Peng**,CUI Zhe**,ZHANG Yuancheng™’, LI Xin’*,PANG Xinchang™”,
ZHAO Wei*?*,ZHANG Xiaomeng™*, LIU Minying™*
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2. School of Materials Science and Engineering, Zhengzhou University , Zhengzhou 450001, China;
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Abstract : At present, the main production method of high temperature resistant nylon(PA) is "pre-polymerization+solid state
polymerization" method, however, the technical problems such as long preparation cycle and many side reactions in the solid state
polymerization process can not be effectively solved for a long time. Bio-based high temperature resistant PA5ST/56 was efficiently
prepared by adding appropriate amount of water in the early stage of solid state polymerization with pentaenediamine (PDA), tere-
phthalic acid (TPA) and adipic acid (AA) as raw materials. The effect of the molar ratio of TPA to AA on the melting point of the
product was studied. The results show that the melting point of the product (P64) is 309 °C when the ratio is 6: 4, which can be used
as high temperature resistant engineering plastics. The effects of water consumption, reaction temperature, holding time and particle
size of prepolymer on the relative viscosity of solid state polymerization were investigated. The optimized process conditions were
determined as water consumption to equipment volume ratio of 1:300, reaction temperature of 260 °C, holding time of 6 h and parti-
cle size of prepolymer < 0.1 mm. The molecular structure of the product was confirmed by Fourier transform infrared spectroscopy
and hydrogen nuclear magnetic resonance spectroscopy. The thermal performance test results show that the melting point of P64 is
309 °C, and the initial thermal decomposition temperature is 375 °C, indicating the sample has a wide temperature processing range
and a good melting processing temperature window. The mechanical properties test results show that the tensile strength of P64 is
85.7 MPa, the elongation at break is 15.4%,and the notch impact strength is 5.56 kJ/m*, which is similar to the properties of commer-
cial PA6T copolymer, which means that the sample can partially replace the PA6T copolymer and expand the application field.

Keywords : high temperature resistant nylon ; bio-based polyamide 5T/56 ; polymerization process ; prepolymerization +
solid state polymerization ; structure and property
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Tab. 2 Effect of volume ratio and amount of water added to equip-
ment on the relative viscosity of P64 polymers

Volume ratio 0 1:600 1:300 1:200
Relative viscosity 2.34 2.65 2.86 2.93
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Fig. 7 Influence of holding time on relative viscosity of P64 polymers
JERTRRE AR (H, SRR E KT 6 hit,
PR IR A LG I R R T RO B ]
KRR EZIE . FIL, B R A R
HRESTE] A 6 he
224 TR 4k 47 5 Po4 AE At FE B 0

U/ INTR R ) R AR AR XS TR T BRI AR, 2
7 3t i AR B /NG I (R R K AT DG
ISR A Nt e, DT PR i v 4 - it o
TR, ik = FP AR A2 (<0.1 mm, 0.1~2
mm, >2 mm) ¥ TR A AR O s i T
FBIAHER A . AFRAR TR DX Po4 X R
SO L2 3, NFR 3 AT LA, iR ) A i 42 >2
mm 5, P2 AR R AR 2.65 5 1115 >4 7 3R 40 kL
1 <0.1 mm B, 7= B AT BE 0] 3K 2.86, 1X 2 H
TG A RO R b R AR R AR /NG = AR
5 T A8 S0« — 5 T A 3 B4 7K DA T 2R 4 ey P B ik
R B B AR AR 5 55— T T HE R B KA A R R 1
RNA S5 AE % o X AR S IR A RN R
1B YI AR R AR R . PRI, R TR ) kL
%2 <0.1 mm,

53 FERMAKETT Po4 S5 B MIHE B A B

Tab.3 Influence of particle size of prepolymer on the relative
viscosity of P64 polymers

Particle size/mm <0.1 0.1~2.0 >2.0
Relative viscosity 2.86 2.74 2.65
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Fig. 11  Storage modulus and tand of P64 in relation to temperature
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Tab.4 Comparison of physical properties of P64 and PA6Tc

Test item P64 PA6Tc
Melting point/°C 309 310
Heat deflection temperature/°C 105 108

Water absorption/%

(23°C,24 1) 0.23 0.22
Tensile strength/ MPa 85.7 75.0
Elongation at break/% 15.4 8.93
Notch impact strength/(kJ+m?) 5.56 8.10

Note: Physical property of PA6T copolymer come from VESTA-
MID HT plus PA6T copolymer resin.
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