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Effects of synthetic side reaction about bio-based semi-aromatic nylon PAST/6T
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Abstract : Bio-based semi-aromatic heat-resistant nylon(PA)5T/6T based on pentylenediamine, using bio-based pentane
diamine, hexamethylene diamine and terephthalic acid as raw material,, was synthesized through the combination with suspension
polymerization and solid phase polymerization. Random polymeric structure of PAST/6T was successfully characterized through
nuclear magnetic resonance spectrometer and fourier transform infrared spectrometer. Noteworthily, PAST/6T prepolymer with the
low-content piperidine and optimal end-group content was obtained with the adjustment of deionized water at 12 wt%. After the
solid phase polymerization, the high-viscosity PAST/6T with low by-product content could be synthesized successfully. Compared
to PAST/6T with low-content piperidine, PAST/6T with high-content piperidine show the higher crystallizability but poor thermosta-
bility through the measurement of differential scanning calorimeter and thermal gravimetric analyzer. Further, extractive experiment
of PAST/6T with different piperidine contents indicate that PAST/6T with high-content piperidine has the more small molecules.
More importantly , PAST/6T with low-content piperidine present the more excellent mechanical property than that with high-content
piperidine. The exploration of side reaction of PAST/6T could provide some references for the research and development of semi-
aromatic nylon with based on pentylenediamine.
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Fig. 1 Synthesized schematic diagram of PAST/6T and

schematic diagram of side reaction based on pentylenediamine
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Tab.1 Reaction result of PAST/6T prepolymer and of polymer after solid state polymerization at different content of deionized water

End group or piperidine content of prepolymer/

End group or piperidine content of polymer/

Deionized water mass O i Relative
R (mol-t™) (mol-t™) . .
fraction/phr — — viscosity
[NH,] [COOH] Piperidine [NH,] [COOH] Piperidine
10 1486 1456 112.5 77 170 114.9 2.18
12 1859 1948 25.6 89 149 40.4 2.82
14 2278 2358 36.8 93 171 458 2.71
16 2185 2255 37.0 84 184 439 2.35
2 v XA BE Mk 2 0 24 e —L-PA5T/6T-Cooling
2.3 &R AR AR M AR B9 e — L BAdT T fooline
- Wbk A fyt 52 e 4 B 7 —— H-PAST/6T-Cooling
ST Rl 520 PAST/6T A4 11 BB A 52 Ml 235 5 D, —— H-PAST/6T-Heating
22, H-PAST/6T 2 AE TS i B2 bR 10 03 114 25
Endo

Tk A B AR T 2 5 R 2,12 BB i, IR BE 7 5N
132 mol/t. L-PAST/6T bR FH 12 {5 1 25 85 7K &
B R T4 L-PAST/6T 5 H-PAST/6T WX
AR, e S B AR, 0.15% Y 2K R4 b s 741
BIMAZR A SO0 HR S PAST/OT 43 i . 1551
L-PAST/6T W AHXT b R 2,18, WRIE &5 H 4 39 mol/
to HT L2 R], WA S EAT A AL AR R
AR IRIE & f2 o
%2 H-PAST/6T F1L-PAST/6T IEASE
Tab.2 Basic parameters of H-PAST/6T and L-PAST/6T

Relative Piperidine [NH,] [COOH]
Sample . . contents/ contents/  contents/
viseosity (mol+t™")  (mol-t") (mol-t")
L-PAST/6T 2.18 39 65 127
H-PAST/6T 2.12 132 73 166
2.3.1 DSC 4

H-PAST/6T, L-PAST/6T W Fh 4% i 4 DSC & I
&l 5, DSC %45 WL 2 3, A %F F H-PAST/6T, L-PAST/
6T HLA o8 =y 44 S A4l iR, R B L-PAST/6T 1)
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Temperature/°C

5 H-PAST/6T FlL-PAST/6T A DSC i1 £k
Fig. 5 DSC curves of H-PAST/6T and L-PAST/6T

%3 H-PAST/6T #1L-PAST/6T B DSC B4
Tab.3 DSC parameters of H-PAST/6T and L-PA5ST/6T

Sample T/ ,C  AH /J-g™) T/ C AH/J-g™")
L-PAST/6T 304 41.6 258 36.4
H-PAST/6T 301 47.4 247 38.3

Notes: T is melting point; AH,_ is enthalpy change of melting; 7

is crystallization temperature; AH, is enthalpy change of crystallization.
Mt e B4, SR, H-PAST/6T FRIJ Rl 728 145
K AR AR T L-PAST/6T , 3X nJ g2 i T4 i /N o
ToREE, Y ZNTER , fE 2 i i 45
232 TG4 Hr

H-PAST/6T, L-PAST/6T Wi F i i) TG il 4 45
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Tab.4 TG parameters of H-PAST/6T and L-PAST/6T

Sample T, ./C’ Weight loss ratio/%"
L-PAST/6T 489 0.84
H-PAST/6T 483 2.35

Notes: 1)T" is targeted temperature corresponding to the maxi-

mum decomposition rate; 2)Weight loss ratio is measured after heated

treatment for 1 h at 310 °C.
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Tab.5 Mechanical properties of PAST/6T with different content of

piperidine
Item H-PAST/6T L-PAST/6T
Tensile strength/MPa 41 60
Bending strength/MPa 112 130
Charpy notched impact strength/
6. 8.2
(kJ-m™) 7
3 Hig
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