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Scheme 1 The chemical structure of PHB, PCL and PHB- co-
PCL copolyesters
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A EABESYTREERE TAN, BER
Wi, R LK, LBk Lk R PCL & fiE
R BEEEYBARSEBER@WCIAEAT
WEEE.

1.3 Md»mE

1.3.1 "“C-NMR #i& R Unity-400 NMR 1§ 5§
HERBEHIIRIRUERZ RN FEH,
BN TMS, %7 CDCL, .

1.3.2 FIIR #Mi& R A Bio-Rad FTS-7 B R H
R AT SN 53 ¥ (L BE 4T M 5E . KBr 3% A il
1.3.3 B maM IS RER,LEGo
+0.DCHEFATHSERHE TN R &N
X RE .

1.3.4 DSC B MK X A Perkin-Elmer 7 875 2
HYPRAN SRR 10 mg. BT E N H 5
B 10 Kmn WA RERH -30CMEE
10C(FE—~KIAR),15R 2 min, FKE -30C;
Tk S BEE DL 10 K/min B9 T 18 3 28 . 44 3
190C(HFE _WFHE) ;7 190CHE 2 min /5, F
T4 10 K/min B & H B - 30°C(F R ER) .
BREHSLL 10 K/min MFHREREWHAE 190C
(F=0HE).

1.3.5 TGA M #MEEFELEF Perkin-Elmer
TCA7 it L # T A AR 10mg £F,
FHE 3 20 K/min, & & 7 25 ~ 600C.

1.3.6 T i X-BT &4 (WAXD) R JH Philips
PW1700 & 31K X-ray AT &L . Co ¥, Ni F i
#,1=0.154 nm, L FE 30 kV, B 20 mA. HE B
WALHEHE AERAFTHE -H,E&6m
HFEhRTe.
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EAMPIEER Bk BN~ ENET
B R 2 BRI, BB PHB-co-PCL HIBRA R
M) PCLEESEF X ABINFHFHEE
B PCL #B 8T LLIA Jh f2t s 32 6 B i (R 45 21

¥ — T EESYERBEERYERWRHYR
VB EIFL F L. "CNMR ZERBA X
A9 —%h . PHB Bg A #e 7= 9 19 C-NMR ¥ L 45 R
E1Frr~. AETR, R PHB A G MHBENE
o, A PCLH 6 THB M NI . 7 Il PCL
5 PHB k4 T BEACH RN . i1 T C-NMR i
Tk M Bl A9 PCL AT LLIA K B BE 3 # ¥l PHB
XKAAFE LM, FFEA PCLTE PHB PR S E BT
B C-NMR % B & PCL W B4 SR8 B
BERFNTEL

Table 1 Copolyester reaction of PHB with PCL in liquid phase catalysted by stannous octate

SnOct),

Sample Temperalure Time content Yield [4] PCL. content
(T) (h) (%} (durg) {mol % )
(%)
PHB/PCLL00 100 26 2 46 .53 0.86
100 46 35 0.45 1.02
100 T2 27 0.36 1.49
100 98 18 0.36 1.68
100 146 14 0.37 2.06
PHB/PCLI120 120 24 2 43 0.43 1.6}
120 48 31 0.34 2.26
120 78 25 0.29 2,80
120 9% 19 0.25 3.46
PHB/PCLI130 130 24 2 38 0.36 2.712
130 49 31 0.33 3.30
130 T 22 0.26 3.51
130 130 11 0.22 -
PHB/PCL 120 78 32 0.38 1.26
120 78 5 14 0.26 3.28
120 78 10 6 0.20 3.58

120 78 20
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Fig.1 '"C-NMR spectrum of PHB-co-PCL copalyesters
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Fig.2 FTIR spectra of PHB, PCL and PHB-
co-PCL copolyesters
a)PCL; b)PHB; ¢) PHB-co-PCL copolyesters

2.2 EREFU4NETBRENNERA

= 158 TER N 5/5 K PHB 1 PCL 72 5
£ 100,120, 130°C, 7~ 8 = R B [a] 70 4 4k 71 ok &
T Hi 85 PHB-co-PCL 3: B BR B9 7~ 3, AP HEMG T
IR AR PCL & & YRR E — Y, B
ERNAEMEK, EBRBN-EEH TR St
AL, HE PCLSBAZHEM. XEH

R R A BP L E PHB ) B . i)
MK ,PHBH PCL A RBEE E XRERN
BN A FEIN, das R 4 F A BB
ARA EBEMRE, KRR S E KR
(&) 41 7] . i T 85 2 e KR 78 S0H P AT, B AEE
FMEAE NN EREFEE. b T EEMEL
P 7E I, B OB IR B FE 120°C #1 R I a] 78
h, BRI L ES R R LR R
HERREH R AR 2B TR Y LR
W R 1% n S REER N 32% , & #E 1L R
WREER I, BB RA BT T PCL &
B 1.26% ~3.58MAEEAEL.
2.3 PHB-co-PCL &5 H

104 B AL B 3 B b C—0 3 B X X 50 i B 3
BEYHMEAL RS UERARYHERSTER
%Y . M. PHB-co-PCL 1 B BERY" C-NMR &
ERTLAE— A ENFEI o6 . MM B A
168 ~ 174 WHF MM A B (H 3),7E C—0 b2 {
BRUERAE=S K. — 18 PHB ML,
HALEr B8R 168.9, 5 — 4 PHB Al PCL B8 3¢
o 5N BB AERE BRI R 171 .2, BEE MR
AHERE R IR, RGN B E . T PCL #
Be—OoMs MM ALZENMBN 1T33NMELE.
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Fig.3 '">C-NMR spectrum of PHB-co-PCL copolyesters in the
region of § = 168 ~ 174

M T #9413 9, PHB- co-PCL 3 B ER B 77 37
4376 T ARG AR 0 1 b 4% e A X T BLRE
frifsE AR ERP, X XKL TTHFF BL
4 B A B fo F0 3 S BT 4 R B 69 B oy ORI
I T I X RATATARSE:

foo = Td(Tgy + To + 1) (1)
fuh BRE—FHRECRNEE ERREEE PN
B —EES WA PHB L PCL ALEM LR
X

Py = Iy /(21 + 1) (2)
A& PCL EL PHB AR M JLES .
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P = Tal(ly +210) (3)

EE A+ PHB 1 PCL B8 B M By P B v
#EH:

Loows = Py =

(2 + T M 1y (4)

Lopy = /P, = (]BB + 21,01, (5)
THE RD Al R A
RD = P, + Py (6)

MTPXLHMLRY RD =1, XHFLEY RD =2, 3
FiBILRY RD~0.

BAIX A 120C FRE BB PCLEER
1.61% ,2.80% 1 3.46% R PE R HE T TEA 19 20 4,

HER5TE LM TERYNE ., ENEREY
FRIKEME 1 SEHFRZE. FFKER ]
o, ZHERLCHELBEY MEMKENLT KU
HHTRE—WHERY £ 2 %, PHB fl PCL #
EX B RO 7 3 K HE B A ST e 9 B 08 0 I e
AR E R A BEA LR A B R R B
WL EAT A RE AR PHB E BB A M T
AT PCL. % PCLZ &4 1.61%8%,PHB HIE B
KER 1966; 1 PCL & &3 %] 3.46% B, PHB
MR ECHREE 387, AEXN /s HIKTE
BELERAAHT BESI LR

Table 2 Sequence distribution and degree of randomness of PHB- co-PCL copolyesters *

. Male fraction Probability of Average
Sample Fraction of dyads of diester finding unit block length RD
Sun fo+ fis S Py P Py Py L.pun Loy,
PHB 1 0 0 1 0
PHB-¢0-PCL1 0.983 0.001 0.016 0.983 0.017 0.001 0.029 1966 k™ 0.03
PHB- e0-PCL2 0.968 0.004 0.028 0.970 0.030 0,002 0.067 485.0 15.0 0.069
PHB- co-PCL3 0.967 0.005 0.028 0.969 0.031 0.002 0.081 387.6 i2.4 0.083
PCL ¢} 0 1 0 I
* PHB-co-PCL1: PCL content is 1.61% ; PHB-co-PCL2: PCL content is 2.30% ; PHB-c0-PCL3: PCL content is 3.46% .
mEalsn, R0 AR E—ERE X EE
TR RN EE . 120C, B & [ R B jE) 1) 1%
1, ERAES) RD FAFH N, LR 0L RER o PCJU \ 1
-60-PCL
K, H A RD< |, TMHET 0. B A& Z K&t =3 r—
c -£0- /\
TS B R A i B AL R4 = A
4=y PHB-co-PCLI i
2.4 PHB-co-PCL & @RITA eV Y
" E4 4% T PHB,PCL f1 PCL § B AR
PHB-co-PCL 7E55 Z K FHR i #2 /9 DSC i 4k . 1 I 0 30 T(}CO;’ 150
] I, PHB B ¥ &5 &% e A0 b 0 4 56 ; 1T L SR B
PHB %&Eﬁ@%ﬁ@ﬁ]ﬁﬂﬁﬁﬂﬁﬁ,#ﬂﬁ Fig.4 DSC curves of melt quenched PHB, PCL and

AEEMEETHES B TELEES PCLHE
BHE, N7 DSC R E EZALD PCL W
R

£3B7THESE KR IES PHB H PCL
e RFEW PHB-co-PCL 9 B 3 {b 5 H i &
(T,), BHEERRE(T)MBR(T,)HXEK . PHB
¥y T, %2.5°C, T PHB-co-PCL #) T, B B FEAK, 3
HEEE PCL A& BN Z # PR (K. % PCL S
B3 4690, T, BEER -2.7CKEH AL
LR, TFREREEERN PCLERBETIAF
PHB # FHEP . st FHMESHRSFEF T, T
B PCLEEED M A BAER.

various PHB-co-PCL copolyesters

Table 3 DSC results of PHB and PHB- eo-PCL copolyesters

anple T, T.  AH. T, AH,
(<) () (Iig) {T) (Jig)

FHB 2.5 46.6 317.4 173 B3.6
PHB- co-PCL1 i.4 43.5 31.8 171 B1.8
PHB-co-PCL2  -1.0 42.8 5.3 167 B1.8
PHB-»-PCLY - 2.7 42.3 37.9 166 82.7

BOYHSEREERERYNERENR
BEMHITESENIE B, REUHRERE
EESASTFRMEMFIMEX. HEERAN
RRANGERREME S FREENTAFRLS
T, MR ERE M EF47.{HREE PHB-co-PCL
ik £ 91, PHB-co-PCL {13 5 AR TR B M 5 LR B
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W B4k . 55 PHB #H Lk, PHB-co-PCL M &5 4 HH
FEOA B KR, (AR B HF PCL & B A% 0, PHB-co-
PCLIAZRARETHERBERARK(RERI) . WME
T HEEEERME. XML EREENELE
RUEGEYHBERPHAI HA, AE3
B 0] W, PHB-co-PCL FIZAER S RI R AR HE
REAIS (B, BEE PCL & B a4 0 A Hsehn .

EEDHMBASTEHSMESRETHERE.
MNFEI PR LEBMEE PCL S EHMHEm, R
BHEAHEER XEH TERTBEMNG
PHB-co-PCL - FHESE M 3 My s B 8 7 W3R,
HEF SRS PHB 45 S8 N T M, (5 18 3L
REERNERFERE, FAME PCL RN
WS ~E . EDSCTHTEIRP.ERETR
TENHE BEZARKMEBETHRMR, FEE
6] B B 5 . T PHB- co-PCL F 75 15 Wb i 72 B9 74
BEARIFFE.

WS RERTESHEE TR A DSC 2k 3t
REEMESBEE(T)HEH PHB K, 7 B PCL M
CRHEE LEEN T &K, 5 PCLEEHN
3.46% 0, LA T, FREIE 24°C, X304 PHB-
co-PCL M RERPEMKT PHB. KRR BRI
EEMS TE&MBE TR, AT S 3 3PHB-co-
PCL f 45 R R 0 R (K.

7/

PCL
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I
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T~—~"  PHB-co-PCLI
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7(°C)

Endo

Fig.5 DSC curves of PHB, PCL and varicus PHB-co-
PCL copolyesters cooled at 10 K/min

Ao THREZSEEBREBXRARK
DSC B4 . 5 PHB MR 17 A5 2R # 4 PHB-
co-PCL SRR B A XM, 3F B U B H PCL
B 1 o 1 I8 7 1) 5 3, A% IR R W 1) 3R B R
HEMAMIE L EENES, MEENBREER
WiigiE AT ER ORI NETAIRER
PHB-co-PCLIE R T & G RIS ), WAXD ML 45
ROERTX —S(RE 7). X Rt

REESTREMEETLEWE PHB 945 S
RIS R . i F46 PHB A S E R &8P
AMUERRTNE S, BREARTE S R AN
tH— 45 ¥ i PHB-co-PCL OZS SREE ) BREEE
PCL & BAGHE T FHE, PCLS BB, ERMHA
SEEBRABRTHERNBARATE EAE
AR XEFTENARSEERBRELR, B
REZENRE MEEREOEETHER. Bl
FESL T RS DSC 28 10K 38 080 9 155 sl w3 1 4%
2 2 R R e B o T A R I R TR 4
A, T 5L £ Bt B R A e B 0 48 A e R
B ERM SR ES RN
EAT N, B W R A 5 SR
k.

)
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Fig.6 DSC curves recorded during lhe third heating run of
PHB, PCL and PHB-co-PCL copolyesters

A TH—F PR PHB-co-PCL B &5 &1T A,
WAXD R IR ENRESEH. A WAXD A
(B 7)FTLLE 4, 7E PHB-co-PCL KT BT MR BE
(B PCL AT 4T e, JF H L BRI T 31 ¥ 5 PHB
M EEARTFAE, XKALREERG
KR PUB — 3, L REE P &) PHB B A #i PCL
% 3t & . 7€ PHB- co-PCLES 53 ¥ BB}, PCLEE B

b
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Fig.7 WAXD profiles of PHE, PCL and PHB-co-PCL
copolyesters
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PHB, PCL #1 PHB-co-PCL ¥ S 2+ BIFE S S A1
ARSAPHRAEN LR TEHS AESTR,
PCLEYE EE® T PHB It Bl . S S F,
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BE S B £ 4 R 38 E 43 B A 247°C .253°C . 250C #
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STUDY ON THE TRANSESTERIFICATION OF
POLY( f-HYDROXYBUTYRATE) AND POLY( £-CAPROLACTONE)

CHEN Cheng, FEI Bin, PENG Shuwen, ZHUANG Yugang, CHEN Xuesi, DONG Lisong, FENG Zhiliu
( State Key Laboratory of Polymer Physics and Chemistry, Changchun Institute of Applied Chemistry ,
Chinese Academny of Seiences, Changchun  130022)

Abstract The transesterification of poly( 8-hydroxybutyrate) (PHB) and poly( ¢ -caprolactone) { PCL)} was carried
out by using stannous octoate as catalyzer in liquid phase. The effects of reaction conditions on the
transesterification, including reaction temperature, reaclion time and catalyzer content, were investigated. The
sequence distribution, crystallization behavior and thermal stability of PHB-co-PCL copolyesters were studied by
C-NMR, FTIR, DSC, WAXD and TGA. The results showed that the transesterification of PHB with PCL was
corfirmed to produce a block copolymer, and enhancing reaction temperature and increasing reaclion time were
advantageous to the transesterification. With the increase in PCL content in the block copolymer, the crystallization
behavior of PHB-co-PCL copolyesters changed evidently. On the other hand, the introduction of PCL segment inlo
PHB chains did not change its crystalline structure; moreover, thermal stability of PHB-co-PCL copolyesters was a
little improved in air, comparing with that of pure PHB.

Key words Poly( 3-hydroxybutyrate) , Poly(¢-caprolactone}, Copolyesters, Transesterification



