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Fig. 1 Synthesis of the unsaturated crystalline polyester
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Table 1  Molecular weight details of the unsaturated
crystalline polyester
M, M, M, PDI
11113 16222 13772 1.46
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Fig.3 GPC trace of the unsaturated crystalline polyester
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Fig.4  Melting point test results with different heating rates
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Table 2 Melting peak temperature at different isothermal

crystallization temperatures

T./C T./C
50 82.2
55 84.0
60 86.3
65 89.0
70 91.7
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Fig.7 Plots of relative crystallinity at different
crystallization temperatures
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Table 3  Isothermal crystallization parameters of the

unsaturated crystalline low-melting polyester

T/ R? n InZ Z /s
50 0.9987 1.26 -5.95415 2.595x107°  84.3
55 0.9984 1.34 -6.42911 1.614x1073  92.2
60  0.9975 1.35 -6.53377 1.454x107°  96.4
65  0.9954 1.58 -8.17325 2.821x107* 139.9
70 0.9973 1.66 -8.91371 1.345x10°* 172.3
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Table 4 Subcooling and crystallization rate of the

crystalline low-melting polyester

T./°C AT, /C 1/t,,,/(1072s71)
50 61.23 1.19
55 56.23 1.08
60 51.23 1.04
65 46.23 0.715
70 41.23 0. 580
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Fig.9 Relationship between subcooling and crystallization rate
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Fig. 10  Crystallization curves with different cooling rates
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Table 5 Crystallization parameters of the unsaturated crystalline

low-melting polyester with different cooling rates

FEi T,/C Tp/°C T,/C  AT*/C Tg/°C
(C-min"")
2.5 64.5 69.9 74.9 10.5 15.8
5 55.5 62.8 68.9 13.4 10. 6
10 41.0 52.4 62.1 21.1 7.3
15 32.2 45.4 55.6 23.4 5.6
20 25.0 40.6 52.8 27.8 2.5
*AT=T, =T,

M 2.5 °C/min H4 K ZE 20 °C/min I}, 45 fb 0 (8 L8
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and crystallization time with different cooling rates
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Fig. 12 Relationship curves between lg{ —In[1-C(T) ]}
and lg® of the crystalline polyester
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Table 6 Kinetic parameters for different cooling rates

based on the Ozawa method

T/°C R? m 1gK(T)
50 0.9972 1.21 1.11
55 0.9915 1.22 0.93
60 0.9885 1.24 0.74
65 0.9847 1.34 0.55
70 0.9912 1.37 0.20

X 6 i Ozawa W75 H B9 S 84T 70 #r, 26
PERLG AAHOC R B RPAMIRT 0. 98, B 2 A Gk
TRGF AN FNSS M R R 1Y Ozawa $8 BUFE B IR 0K
A8/ I it 2 Ak B ) T R T 2R T HE R R I RS 2
FER, Bifi 5 U0 B8 P P v T N . AER T 12 H SR
BB KET, IR A TWES . XZH T Ozawa Ji
TSR] FH ] — T B2 ) A ] o2 0 3 25 AR A o 485 o
KIEAT AT, 205 U o A A S T A5 R 465
Hh b v BE AR RIS 2 i T 3838 e A OO, T 1 45
Ul ) oy BT ST B e s N U O D VA e B N i
IR, (BT TR RS, M B, LB 11 ] LA
BRSSO S 22 3R TRl g —In[ 1 -
C(T) ] X 1@ VERIFER I A A2, BT Ozawa 1A
T TAMB NG, S R ER R SRS fh B 12253
2.4.3 EFFELE NN FH Jeziomy K5

5 Ozawa 7 A [A], Jeziorny ¥ /2% K 45 VR 45 &



- 96 - A T2 (A RRER)

2020 4F

Avrami J5 N FH TS IRLSE AT A B 4 BT, B 4%
P AESFHIR S S DSC 45 5 il 2 S8 2 2 45 iR 45
ar el TR R HE AT AL B, F6F 3 B A 3 0 S H T8
EP AR
In{ -In[1-C(T) ]} =InZ +nlnt (8)
BB FRRER @ BRI, 04 SR E R 2
PEATALIE

lez, =& (9)
AR B2 235 db st 1) A 2y
ty, =(In2/Z )" (10)

HAETTHE(8) LA Inf ~In[1 - C(T) ]| 3 Int
L aniE 13 Brzs, S ARTEREA A S IXE] A, 26 0F
ARALAMEIER , ML Pl B 2 53T 5L, AR e
FEELIERR A 2 Ja A KA T (iR% , L
BRSSP SR BRAAAE k&S o 2R 4T i
A RAAE R SEAE A S A A T AR L
SRR ORGSR i T RS D A A
SE L, A i DX N RIVEE BETE 20 DX TE] 22 /N A A K32
FBHAT , PR 6 R Jeziomy 2540 M7 1 28 4 )5 399 45 %
AR ARAS o DA ET R AT L H At R )
ARG S IR SR I , 45 B SN o8 38, AR XU, B L
MR

2
1+ ——5 C/min
10 °C/min
e —+—15 °C/min
/E ——20 °C/min
\LF -1
T
= 3t
4+
75 1 Il Il 1 Il 1

B3 SRR Inf —In[1 - C(T) ]} 5 Tne AR FRHHER
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Table 7 Kinetic parameters for different cooling rates

obtained by the Jeziorny method

[

R? n InZ Z, ty,y/s
(C+min~")
2.5 0.9945 1.12 -3.093 0.290 130. 8
5 0.9990 1. 06 -2.423 0.616 67.2
10 0.9995 1.05 -1.668 0.846 49.8
15 0.9984 1.07 -1.249  0.920 46.2
20 0.9987 1.07 -0.915 0.955 44. 4
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Fig. 14 Plots of 1g® against lgt for the

crystalline polyester
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Fig. 15  Crystal morphology of the unsaturated crystalline polyester at different crystallization temperatures
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Crystallization behavior of an unsaturated crystalline polyester

. .1 . 2 2 . 2 -2 1
XU XinMin®  HU MingFeng~ ZHANG Song~ JI Ling~ XIA HongWei® ZHOU Quan ~
(1. School of Materials Science and Engineering, East China University of Science and Technology, Shanghai 200237 ;
2. Wuxi XinHongTai Electrical Appliance Technology Co. , Ltd. , Wuxi 214174, China)

Abstract; The melting temperature of an unsaturated crystalline polyester was monitored by DSC, and the isother-
mal and non-isothermal crystallization kinetics were studied using the Avrami equation and it’ s modified form, the
Ozawa method and the Mo method. Polarizing microscopy showed that after isothermal crystallization the unsaturated
cryslalline polyester had a spherulite morphology. The results showed that the melting point of the unsaturated crys-
talline polyester was affected by the rate of increase in temperature, and the isothermal crystallization kinetics
showed that higher crystallization temperatures increased the rate of crystallization. Analysis of the non-isothermal
crystallization kinetics showed that the crystalline polyester underwent secondary crystallization and crystallization
became more and more difficult as the relative crystallinity increased. Due to the presence of secondary crystalliza-
tion, linear offsets appeared in both the Ozawa and the Jeziorny methods, and the Mo method was therefore more
suitable for kinetic analysis of the non-isothermal crystallization of the unsaturated crystalline polyester.

Key words; crystalline polyester; isothermal crystallization kinetics; spherulites; secondary crystallization; non-

isothermal crystallization kinetics



