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1.2 EEBKRIE
1.2.1 'H-NMR F=fiE B A 4 /L L A &4
Jods A, O R LR (TMS) fE PR, #) B Varian
VXR-Unity(500 MHz) 82 B S 8% P 3 {0 2 7 L |
Berh BS BLOGH PS STV AR LB .
1.2.2 DSCMAREBHNERTH ] 2%
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4 30 mL/min B S AP, KA & 2 DSC TA-
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ZZR,HL 10 Kmin FBUEREBEHBR T,

AIBRASE A, IREBEGERERIS HEN, B
HIHRZE 160C,1HIR S mn FREEREL RE
B AREEL/HABK.AF U 10 K/min F 18
W15 BEE AR RLAT

1.2.3 X-ray WA REMEREH ¥ REH
RN ZBES,160CHEER 5 min FHH
FIF B EERBEE . KA Rigaku D/max-RBX 5f
£R AT BT (CuKer ,0.154 nm)7E 26 39 5 ~ 60° K T EE
ML 0022 T RN E RE A S
Sk,

1.2.4 POM MEERMA R EES BE il — &
HRENREANER. ESRNLE, RA spin-
coating M FRE BRI F ELRK, EBRAESKHREE
. 160°CIHER 5 min, RN ZE BN BB . A
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Table I Physical properties of polyesters

Composition - Intrinsic viscosity® T % Xcpse® Xcewann
Polymer Feed ratio " -1 (e) < (%)
(1,4-Butanediol/L,3-Propanediol) (Bg/ps)  Fomer ratio*(BS/PS)  [71(dL-g™") () (%)

PBS 100.0/0 100.0/0 0.496 132 1319 63.8 528
PBSPS-5 95.0/5.0 93.2/6.8 0.444 111.0 123.5 51.8  49.9
PBSPS-10 90.0/10.0 89.7/10.3 0.415 105.1 118.0 50.7  49.3
PBSPS-15 85.0/15.0 82.3/17.7 0.37 100.1 114.3 45.0  47.7
PBSPS-20 80.0/20.0 78.1/21.9 0.352 95.7 107.7 393  46.0
PBSPS-30 70.0/30.0 69.6/30.4 0.349 B4.1 103.4 36.0 43.9
PBSPS-40 60.0/40.0 61.4/38.6 0.264 6.3 99.6 33.8  40.2
PBSPS-50 50.0/50.0 50.5/49.5 0.261 €2.6 8.2 18.0 7.3
PPS 0/100.0 0/100.0 0.321 503 — — 446

* Determined by 'H-NMR; * Measured by Ubbelohde viscometer in chloroform at 25°C ; © Calculated from DSC method(110.5 J/g) for a 100% crystalline

past)
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Fig. 1 'H-NMR spectrum of the PBSPS-20
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Fig. 2 WAXD of the polyesters melt-crystallized at room temperature
a) PPS; b) PBS; c) PBSPS-15; d) PBSPS-30; e) PBSPS-50
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Fig. 3  WAXD of the PBSPS-15 melt-crystallized at different

temperatures
a) 30°C; b) Liquid N2; ¢) 70°C; d) 80C; &) 90C
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Fig. 4 DSC crystallization curves of PBSPS-10 at different
temperatures

a) 72.3C: b) 75.0C; ¢) 78.7C; d) B1.6%C; ) 84.5C
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Fig. 5 DSC melting curves of PBSPS-10 melted-crystallized at
different temperatures

a) 72.3C; b) 75.0C; ¢) 78.7%C; d) 81.6C; &) 84.5TC
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Fig. 6 DSC melting curves at different heating rates for PBSPS-10
crystallized at 75°C .
a) § K/min; b) 15 K/min; ¢} 20 K/min; d} 30 K/min; e) 40 K/min
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Fig. 7 Relationship between melting temperature and isothermal
crystallization temperature of polyesters
a) PBS; b} PBSPS-5; ¢} PBSPS-10; d) PBSPS-20
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Fig. 8 Relationship between 1/T,, and InX, of PBSPS
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Fig. 9 Isothermal crystallization from the melt of PBSPS-15 at {(a) 70.0°C; (b) 72.5C; (c) 74.4C; (d) 717.2C
A) Relative crystallinity versus crystallization time; B) Avrami analysis
Table 2 - The parameter of isothermal crystallization of copolyesters
PBS PBSP5-15 PBSPS-30
T, 84.0 88.7 91.5 93.4 70.0 72.5 74.4 7.2 47.3 53.0 58.1
n 2.64 2.66 2.51 2.30 2.68 2.67 2.76 2.51 2.4 2.40 2.23
Z{x10°%) 7.88 0.676 (.263 0.142 2.88 0.549 0.0955 0.0645 7.18 2.69 1.66
© Typl(e) 75 183 55 508 102 188 300 592 109 178 327

BB EAMR,PS BT S AN RED T8
MERMESEHRAL HL,PS BUKILEIA
ERRESFTHENEMNBETRE, MAEBER
B> T o5 £ BS BURF PR ERE , AT LR
YIS REE TR, '
2.5 RBEEEWR

FEEIT PS AN RERE RITAHWERA
WERANBR EERERNERHFESELLE. R
o ,t* . ol ¢

FEETRENERES. FH POM METH
RBEEMPS ETRENREREESHREW . H
REERE S E R 160CIER 5 min, ARREHY
FEEKE EETHEER MRIEEKEEALR
A ERTE ZRTRERBHREBES.
B 10 4R X % PBS.PBSPS-5,PBSPS-10 1 PBSPS-
20 7E 60°CHI SOCHBEFHREES .

Fig. 10 Polarized optical micrographs of polyesters melt-crystallized isothermally at different temperatures
a) PBS 60°C; b} PBS 80°C; ¢) PBSPS-5 60°C; d) PBSPS-5 80°C; e) PBSPS-10 60°C; f) PBSPS-10 80°C ;. g) PBSPS-20 60°C; h) PBSPS-20
80°C. All the pictures have the same scale. '
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CRYSTALLIZATION BEHAVIOR OF
POLY{BUTYLENE SUCCINATE- co-PROPYLENE SUCCINATE)S

XU Yongxiang, XU Jun, SUN Yuanbi, LIU Dehua, GUO Bachua, XIE Xuming
( Institute of Polymer Science & Engineering , Department of Chemical Engincering, Tsinghua University, Beijing 100084

Abstract Biodegradable polyesters based on 1,4-succinic acid and different ratios of 1, 4-butanediol and 1, 3-

propanediol units were synthesized from polycondensation of the appropriate mixture of the monomers, The crystal
structure and melt crystallization kinetics of poly(butylene succinate- co-propylene succinate) {(PBSPS) copolyesters

have been investigated by means of ' H-NMR, WAXD, DSC and POM . The copolyester composed of BS and PS units

has been identified to have the same crystal structure as that of poly { butylene succinate) {PBS) homopolymer,

suggesting that only PBS sequences crystallize while the PS units are in an amorphous foxm.Multible melting peaks

on the melting curves were observed during heating process, and DSC analysis has demonstrated that melt-

recrystallization takes place during heating process . Isothermal crystallization kinetics of PBSPS has been analyzed by
the well known Avrami equation. The 2.2 ~ 2.8 range of Avrami exponential values n of PBSPS in isothermal

crystallization indicated that the mechanism of crystallization was a heterogeneous nucleation with spherical. growth

geometry , The banded spherulites were ohserved in PBSPS and the spherilitic morphology was affected by the

crystallization temperature and the composition of copolyesters.

Key words Poly(butylene succinate-co-propylene succinate ), Isothermal erystallization, Kinetics of
crystallization, Banded spherulites '



