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Non-isothermal crystallization kinetics of bio-based semi-aromatic polyamide PXD10
SUN Yulu', YANG Shaohui?, LI Xiuhan'
(1. Shanghai Gengcai New Material Co.,Ltd.,Shanghai 201100, China; 2. Anshan Hifichem Co.,Ltd., Anshan 114225, China)

Abstract : The bio-based semi-aromatic polyamide—poly(p-xylylene sebacamide) (PXD10) was synthesized using sebacic
acid and p-xylylenediamine as raw materials through a one-step condensation process. The non-isothermal crystallization behavior
of PXD10 was investigated using differential scanning calorimetry. Its non-isothermal crystallization kinetics were analyzed using
the Jeziorny method and Mo method, and the non-isothermal crystallization activation energy of PXD10 was calculated using the
Kissinger equation. The PXD10 crystal morphology was observed by means of a polarized microscope(POM). It was found that the
crystallization temperature of PXD10 decreased and the crystallization time shortened with the increase in cooling rate. The Jeziorny
method was employed to accurately describe the non-isothermal crystallization behavior during the most crystallization stage of
PXD10. The Avrami index n range from 3.03 to 3.86, with none of them being integers, indicating that the nucleation mode is not
uniform and that both heterogeneous and homogeneous nucleation might coexist. Additionally, the crystal growth might occur in
both three-dimensional and two-dimensional growth ways. The Mo method is suitable for analyzing the entire non-isothermal crys-
tallization process of polyamide PXD10. The a values obtained through the Mo method remaine stable within the range of 1.15 to
1.22,while F(T) values range from 8.48 to 15.58 and increase with the relative crystallinity, indicating that the increased cooling rate
can accelerate PXD10 crystallization process and obtain higher crystallinity. The crystallization activation energy AE of PXD10 was
calculated using the Kissinger equation to be —244.76 kJ/mol. The POM observation show that the crystal morphology of PXD10
change greatly under different cooling rates, and the crystal nucleation density of PXD10 increase and the crystal size decrease with
the increase of cooling rate.
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Fig. 1 Non-isothermal crystallization DSC curves of PXD10
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Fig. 2 Plots of X(7)-T for non-isothermal crystallization process of
PXD10
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Fig. 3 Plots of X(#)-t for non-isothermal crystallization process of
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Tab.1 Parameters for non-isothermal crystallization process of PXD10
@/(°C+min"") T,/°C T/°C T/°C AT/IPC AH/J-g™") t,./min f,,/min G/min”'
2.5 248.51 238.62 229.13 19.38 43.86 3.95 3.83 0.26
5 243.71 233.27 221.52 22.19 36.89 2.08 2.13 0.47
10 236.27 227.51 212.61 23.66 42.05 0.94 0.88 1.14
20 232.34 220.51 201.68 30.66 51.85 0.57 0.63 1.59
40 229.52 214.73 194.55 35.08 48.58 0.37 0.38 2.63

Notes: @ is cooling rate; 7, is initial temperature of crystallization; 7 , 1s peak temperature of crystallization; T is termination temperature of crystalli-

zation; A T is temperature interval of crystallization; A H, is crystallization enthalpy;

B, A A A K RE i . Bl A IR
RHEK, RA WU T i Rm A= K 58 1 iR
R B R R R — AP K, WA B R
A ARA K BB R T 1%, FEPXD10 #AA M A H,
TR, HFR LR R, BRI R o i3I 558,
Lo FU/INAT G B BE R, T N4 Al A . X0
HER T AT BCEE S5 st R v i) 32 S iAo
2.2 FFRLEHFAF
22.1 Jeziorny ¥ ik HF KA KR L G H
Jeziorny ¥ 45 & AF 45 IR 45 & 10 RF AL R
Avrami FREMZEE RS .
lg{=In[ 1-X(¢) ] {=lgZ +nlgt 3)
lgZ =(1gZ) /D 4)
KE)VHI (@), Z Jy Avrami 25 IR 45 5 #R
;7.0 Jeziorny IR R @ X} Z & 1EAS 2 AR
Tk 5 R R B, Z K A R R
Avrami $855, n A SR BAZ AN A K AR
K 4 2 PXDI10 1Y 1g{—In[1-X(1)]} 5 lgr X & ith
2o MEI4 LI, A FBLE BB 1g{—In[1-X(0)]} 5
lgt IRFFE I AL G B o i Jeziomy J7 i b it
FAFEHESRLS sl 1% S8 n, ZM Z,, 5555 T
2. FX2HEHE BN, Avrami 18 80 n AN T
3.03~3.86 2 0] A A1 3 K, 0d I 7 JE A5 R 45 i 7R
-

—— 2.5 °C/min
—— 5 °C/min

—— 10 °C/min
—— 20 °C/min

-3r ° + 40 °C/min

-.5 -1.0 -0.5 0.0 0.5 1.0
lg#/min
K4 PXDI0 K 1g{~In[1-X(5)]} 5 1gt X F <k
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ax 18 time of crystallization peak ¢, , is half-crystallization time.
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Tab.2 Crystallization parameters of PXD10 calculated by

Jeziorny method

@/(°C+min") n Z Z, t,,*/min
2.5 3.03 0.012 0.17 3.77
5 3.86 0.030 0.49 2.18
10 3.33 0.98 0.99 0.89
20 332 3.02 1.06 0.63
40 3.60 19.18 1.08 0.39

Notes: n is Avrami index, Zis crystallization rate constant; Z_ is
revised crystallization rate constant; ¢,,* is half-crystallization time

calculated by Jeziorny method.
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Fig. 5 Plots of 1g@-lgt for non-isothermal crystallization process of
PXDI10
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Tab.3 Crystallization parameters of PXD10 calculated by

Mo method
X F(f) a R’
20 8.48 1.15 0.99
40 10.70 1.17 0.99
60 12.79 1.20 0.99
80 15.58 1.22 0.99

Notes: X() is relative crystallization; F(¢) is value of cooling rate
chosen at unit crystallization time; a is ratio between Avrami and Ozawa

exponents; R” is coefficients of determination.
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