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W OE UFFRESIELRN,EIRZ HR(PEG)SIZ CARAMLAXERHRSG W& T PCL/
PEO/PLA=HEW AR TRAWE pHT 4 BRI N FR ITCEASH T HAEMRTH. KRB GPC.'H-
NMR.DSC I XRDERAKRTRAMEAMERLIBT A TR . ATRAG AR BAR SREFHE
. EREFARBEIHE KEERRA ST RTAAGHARERHRERNA KA T RTRER © I
K EAFXKERA . RSV PREBAFAREN REWHBA RGN EEGPLLARR. A FRAD MK
BERSESEEEREEENSAE LG MEXRNER SRER PLLA KRPHER . FHTHEY

S Rl T

%A PCL/PEO/PLA=THRY, £WRE, &R, FXE&, AMOE

HEFAREAYRZXRE(PGA), BAXE
(PLA)MRECHKE(PCLBRAFRRNLEYH
AERMTEPEREENRSY L KTRAAHS
BT PCLAARREMNBYALHE, BRAET
SRR YRR EE RS EREENRE -
F R, PGA MW S B X K4 PLA M4
YRR EREL PCLI. L PGAM, AR ET
PLANS TRESTFRAOGREVERERSA
—ZHRARE. A THERSYNEVERIRE,
—BRAXEN TR AL ATRED P RS
G KEURSFRE UNERGWHEK
#H.ERE AL EYRAYRERIENHE
MO XBMRBENES TRABCHAEIE
P RENE-RRXBBEREARYY B X
EEZ_BERBEREYCIZ FESYRYE
TROARN-BZ BB REEREY(PCE), #
FIBIAZEAHAEASBRZ _RBSBLUBRECH
BEKE RERSYHSHME NRERSY
HEPRREESETHENRERE HTH %
M#% PCE WA YIEMIERE, fE5F LHREMER
BHRHOWZE(LAAZL B A PCE, &R T #H3t
¥ % —PCL/PEO/PLA =i E#(PCEL), &
HEAYHTTRET . A XM EEER
KT AR4 R PCEL =it B ki W 1T
W, UBHERRLIRDNIFR.STESH.
HEMG RS, ATHX PCEL =it ¥

YL YRERILE ST T WEHIT

1 XBPL

=%
L-WAZK(L-LA), #3xm{8)1 K, L-A
M(IEEFEARBR)  SGEH) 80% )5 M
BE.HARATRZRZMABANELSRAK . -CH
Bi(e-CL), Aldrich fb ¥ 24 A, i E X TF 9%,
CaH, TH#)E, & N, P THERE, k& 82T/
200Pa 4. MZ M KB, 2+ FH K 6000
(PEG6000) , RBHRFTEHMH #HDO 4%, 48
10C THESBKShtB . SHERHAVETR
XEMAEETHR SN RPEG. R¥RTE
48 ,Sigma Chemical Co. 7=, B X T 95% ., H
BHAH RedAshames, EEMEH.
1.2 PCEL X RWHAR

#iH A B ¢-CL.L-LA.PEG6000 F) 4 4t 7
RERIES, —HMATRELERCLBORS
HFh ATHES T 130CHEDPES S6h. B S
HrynBaRRoneERER, BHZEH
Rofb RAEZBRTHESE TR, B8R84
PCEL £ E#9.
1.3 PCEL H{k5h e

¥ PCEL X BWH Swin WA BHBHLER
LNEZAEER L BAEREARGYER REY
%0.20~0.35mm. ¥ B B A pH7.4 KRR

1.1
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BWER . BT3I7tI1CHERKBPHITKE,
ERRAE, TREEERHTRIE.

1.4 PCEL H®{E

1.4.1 #TRESFERIFHME  Waters 510
HEE R B % i {{ (GPC), ## Al Shodex KF-800
B E T, & 35C T M. S0 kst H, i E
B % 1lmL/min, ? FTRERFFRAGLUEELS
BRI ERETHAE.

1.4.2 AE ML {# A Bruker DMX 300 B #
et i, A - MBI A, T H T2 H-NMR
HE BEARENBESBRETHEARYNAMR.
1.4.3 #H#aeMid A Thermal Analyst 2100
Dupont Instruments M PCEL 3t R % DSC g
% BAAREEN 10C /min. MEEHN, FF
—KABRGHE, THHBRYEERERLH,
REVHFAMARERAGE _KANE.

1.4.4 #ZRHEEME # A Rigaku D/max-
2400 B X- &MU ML PCEL 3 R X-&K M
#.CuK, X-$HE2E(A=0.154nm) , GREX R
ddeg/min.

1.4.5 F#aEMikX {# AH Shinkch Tensile
Test #HH AR, EB T MK PCEL R HiL
B 5 vERE, fir b B 5 100mm/min.

2 ZR5ite

it RN o-CL.L-LA 1 PEG6000 =
ENHLH,ERBATARAMR PCEL 3t EY.
3t ¥4 PCEL-13 #1 PCEL-16 i GPC IR E 2
BN FEg, XFALF I AEYRES TR
AHRENERLSY HEY L RARRE H
NMR SRR ENESRAKEHRTIHE. Kb
ABETD o-HHEEMBY =410, B3
EXH A GARBTHE)EHALEMBR =
510, 0B EN by AZERTHFEFEH M
BN 3=3.60, HABEN h, HHESY
PCEL P& HFC B (CL) AM(LAYFMELZ
# (EO) B Ju iy M /R T X (1) HE.
CL:LA:EQO = h,72:hy: h3/4 (1)
By F F7 A i 3% BE PEG 2+ 7 & 2 6000, (A Mt # 18
HHHMR MEBMERHLHFRAR L, THA

()38 PCEL A R#WAHALTE.
M.y = Mpgo + (114[CL] + 72[LA]) x
(Mpgo — 18) /44 (2}

AR4R PCEL RO STR G TRAN . N

2HEMEXERME LA ARPITLESN, A
H#M P8 PCEL 4 T M5t GPC i Mi3a)
STRHEEAE WS, hE 1AL, PCEL ¥
WHHRBFRBEREN L-LA 45 & &M inm
W, B KRR - CLMEOHR
1 A9 3 i 3

Table 1 The characteristics of PCEL copolymer

Sample PCEL-13 PCEL-16

Compoasition of feed in dose
CL/LA/EO(in molar ratio)

14/72/14 25/50/25

Composition of purified
product CL/LA/EQO
(in molar ratio)

Yield( %) 85.8 84.3
M (x107%) 6.77 4.07
MM x1074) 10.81 7.03
M. x107%) 6.83 4.10

M_/M, 1.58 1.56

TS MPa) 42.0 2.4

E° 462 599

* M, was a calculated molecular weight
b M_ and M, measured by GPC

11.9/73.5/14.6 24.7/50.1/25.2

© T, is Tensile strength; E is elongation at break

2.1 PCELARE#RMENXR

F R DSC f1 X- & H#i MR T PCEL 3t
EYNESHRAEARANXE SRRTGHE
PCELARM L, RAPHERGEWNERET
2F 4k

fE 1 9 %,PCEL-13 # # (CL/LA/EC =
11.9/73.5/14.6)8 T, % 6C, T, ¥ 127C, 5
HERANESY;HX-EHH#H(E2)EL.TH
190" B AR P8, 5 PLLA 8 X-& 7 5 % H

PCEL-13

PCEL-13

6 127°C
PCEL-16
PCEL-16'
P 65°C
-100 0 100 200
T{°C)

Fig. 1 DSC thermograms of PCEL copolymer
“""; Second heating
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i ZHESPHNEREHWEN PLLAZSEBNS
BB BH L-LA 8145 B M REE, PCEL-16
B (CL/LA/EO=24.7/50.1/25.2) 85 T, T B
H-32C, T, FRH65TC . LMAIEERHEE
Y HE X-RTHHEAAE 16.8°.19.2°f123.4° 1
A=4ixg, ZERESYPERT PLLAREE
REGS,PEORBHRBR TR, Kt T
PLLAZBMNITHEEMR /N HUR PEOREMN
ERAESRGEHP SR ERHEA.

116.7"

s 10 15 20 25 30 35
28 (")

Fig. 2 X-ray diffractograms of PCEL copolymer

2.2 PCELERIBGSTRESTFRAITH
T

MRS ®EE(GPC)ME TH#E PCEL &
RYNRR ERYNDTERSTRAANKE
4k, 3 R .

B A AL, B R A4 R B Y R E (PCEL-
13 fl PCEL-16) # GPC M £8 #F J& 2 3 1 X §
BE ERRFESEEYRRES TRAIBEREH
HELSY RED S AR, A TRSTERSUH
AR ,.GPCHRHGBIABERF MBS TH R
B MERROSEHRT KR TEESGYNRK
P, Bl EE® 13 M, GPC &R F R A RN
B N EKE NSy T AEBs, HKS T2
4y B9 M AU FE X TR B RT3 K, LLE KRR B 20
B REMBIAIHE GPCHE BB M NEBR. 4
AN LEBHEESY PCELEREBIEBMHT,
GPC M ERNM EA M AKBERELREE
HHNXERKANGERE A& HERER
Mg H TS REPLLAREYNME F/N

XERRBENEREXERE L ER BEms 72t
2B ST . XS Suming Li amholgy oy
H—H.

PCEL-13 PCEL-16

i
ias

i i I | 1 1 L
19 23 27 31 351 23 27 31 35
Elution time (rnin) Elution tirne (min)

Fig. 3 Dependence of GPC profite of different PCEL samples on
degradation time
a) Control; b) 5 weeks; ¢) 13 weeks; d) 17 weeks; e) 20 weeks

2.3 PCELMRIBRPTBKENEN
PR AKE(HO0% )& FAHHE:
H0% = (W, - W)/W,x 100 (3)
NP W RENEBEG).W,2EMNTE.F
FH s PCEL X B ¥ A& pH7.4 NBEREMNER
g R R K R LA 4 Fin . AETT IR,
[ PCEL-13 MR K #E Y 6.9% ,PCEL-16 &
KEHRIZS5% EHAEWIERPEOASTN
SERF HR ARG X BEKE, B4 5
TEEMNPCEL-16 AR EMBEEFRBL. X
180

150

120

Water absorption (%)

0 L

0 3 12 18
Degradation time (weeks)

Fig. 4 Changes of water sorption of PCEL copolymers
with degradation
@ PCEL-13; B PCEL-16
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HAHMERSCYNER EREERRL ERE3E
HXE &K PCEL- 16 RAYBR M ERE X,
MHEWEBEhER B ARCENK
LEEZ NHEAIAEERAKREMNBEEE
x.
2.4 PCELERIBHIHEXETL

MELAERRERTTHRERNEENE
2 EEMET PCELARY AT AHTH
FEmERENTH . ETAHEEER.

AW (%) = (Wy— W)/ W, x 100 (4)

AP W RRASYHEMNTBTEHGL), W, RER
MEWTE(g). AR4 R PCEL 7 pH7.4 #5%
MENERPRERY SN FLME S FR. A
B, 220 BAREREHEYEYAEER

40 r

Weight 1oss (%)
[ =) )
< (=]

=
T

0 3 6 9 1I2 15 IIS 2t
Degradation time (weeks)

Fig. 5 Weight loss of PCEL copolymers with degradation
@ PCEL-13; B PCEL-16

HERMEE, X+ PCEL- 13 WA E XY 28%,
PCEL-16 Mk HF AP 42%.
fE&ilh, =C B ¥ PCEL-13 #1 PCEL-16
MEAEREAFRE TR EBENSRSEHHEAR
ARL,UREMNMNEAENARAKFIIRZY. 6 F
PCEL-1I3 WM& EEd PLLAFER .5 &
EHHEMEEEE B FEKEANEE, K
mEEES, MLERKMO R E L EMK;
PCEL-16 RHEK G M I EH PEOFRE R, RBFE
KYERR , G W8 B ¥, 7K A B HE B, BT LA R
BHAEREER LR FEKENERE, EXEY
PCEL-13 ¥ PEOA WS BEM, TR XE
B,
2.5 PCELEMIEPEARNEYL

FI'"H-NMR ¥ E T b & X # R % 32 8 PCEL
BARMEd, K2 Hrn. BE&Y PCEL-16 #
PEO ¥ & &% 25.2mol% , iz it PCEL-13 ® PEO
& & (14.6mol% )&, i PCEL-16 f LA W&
B 2% 50.1mol% , X . PCEL-13 # 73.5mol % 1%,
Bit, 2 20 F &5, PCEL-16 # EO/CL TR
BE (41.2% i PCELI3 W TRHREHE
(28.5%)® .M LA/CL W TREBRE LK N
12.8%.

EELA  BREVEABNTARATESY
BKRER, XLAMCLATHINEN N TFB
EEBTARNME MPEORBRENB/ZEINH
WUV PCL R R E RS, KM E
KiE—E L £ T PLA MR % B 1 PCL
REEZ EAVPPEORBHERRNRTHS
WARHEATHEL, B YEEY P CL
KEENh,# LA/CL & EO/CL B /& #& 5 8] i

Table 2 Dependence of composition change of PCEL copolymer on degradation time

Sample  Degradation time (weeks) CL/LA/EQ LA/CL  A(LA/CL){(%)* EO/AL  A(EO/CL)(%)"

0 11.9/73.5/14.6 6.18 0 1.23 0

5 11.6/73.5/14.9 6.34 2.6 1.28 4.1
PCEL-13 13 11.8/72.6/15.6 6.15 ~0.5 1.32 7.3

17 13.1/72.9/14.0 5.56 -10.0 1.07 -13.0

20 14.5/72.712.7 5.01 -18.9 0.88 -28.5

0 24.7/50.1/25.2 2.03 0 1.02 0

5 25.7/51.2/23 .1 1.99 -2.0 0.90 -11.8
PCEL 16 13 26.6./52.2/21.2 1.96 ~-3.4 0.80 -21.6

17 27.5/51.6/20.9
20 29.7/52.5/17.8

1.88 -7.4 0.76 -25.5
1.77 -12.8 0.60 -41.2

*(LA/CL) (% }=[{LA/CL), - (LA/CL),]/(LA/CL), x 100
b A(EOACLY.{% ) = [ (EQ/CL), — (EQ/CL},]/(EQ/CL)y X 100
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6000, - HEFH , X} 4 Ay e 3 K, B it EO/CL
WTEHERBELLACLAOTREE K.
2.6 PCELEMIBHHRENEL
ADSCME TERRIBPAE/ERY
Tk ERWMES Fn.
MBPATR EEXRYOMER, KEARER

Table 3 Changes of thermal properties of PCEL-13
copolymer with degradation

MEEREMAARR, UGEARSTE; WHMEME
SRR R S K R 17 LU G 3t
R Y00 B ALY IR BE R O 26 i R AR, RE AR 13
RUEXAR UEEERFAE.
EEAAIRE T PCELEXRY KBRERE
RELEXEREKANS KR ABEFE. HHP
MEEREXBTEHE L, HETESHXHL
BHHE GREARFRRA, RANERBHLE S
#5580 2 T TN K B R R
T HBNESREBS BT LENER, & A2

Degradation time (weeks}) T, (T) TL(C) dH/d: (J/g)
0 6 127 18.6 B AR R, AR
5 -8 133 20.4 RHNERERARIEERERTER . 5, T
:j -u i;; iij B AN B R AR, B A 0 4 AR L 7E R A A 4k (4
2 o s 22 R2 PR RO EBAEERE T, A% A%
PRt dH /de N M R 4 4L
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STUDY ON BIODEGRADATION BEHAVIOR OF
PCL/PEO/PLA TRI-COMPONENT COPOLYMER

CHEN Hongli, BEI Jianzhong, WANG Shenguo
( Center for Molecular Sciences, Insititute of Chemistry, Chinese Academy of Sciences, Beijing 100080)

Abstract Two kinds of PCL/PEQ/PLA tri-component copolymers (PCEL) with different composition
were synthesized by direct copolymerization of e-caprolactone, L-lactide and PEG(6000) in the presence of
stannous octoacte at 130C for 56h. The biodegradation behavior of these copolymers was investigated in a
pH7 .4 phosphate buffer solution at 37+ 1C in vitro. The changes of water sorption, loss weight, molecular
weight , molecular weight distribution, thermal properties and composition of the copolymer were monitored
by GPC,DSC,XRD and 'H-HMR techniques. The results showed that the hydrophilicity of the copolymer
was enhanced with increasing PEO content, which lead to decrease of the PEO component and increase of
the loss weight of the copolymer with degradation time. It was considered that the obtained bi-modal
chromatogram of the GPC profile was attributed to the degradation of the partial crystalline polymer. Since
degradation has taken in priorty in amorphous zones and at the edges of crystalline of the polymer, bi-modal
molecular weight distribution of GPC spectrum was formed. This interpretation was supported by DSC and
X-ray diffraction data.

Key words PCL/PEO/PLA tri-component copolymer, Biodegradation, Crystallinity, Hydrophilicity

degradation mechanism



