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2 of: MR aliphatic copolyesterq] copolyesterethylene (CPEE)€ octadecane dicarbox-
ylic acid¢} polycaprolactone dioli#te] %33 ¥h8 2 sebacoyl dichlorided] ¢]3} chain exten-
sion W&-g B9 YAST FEEA T8 FT-IR, 'H-NMR % C-NMRE AFg-slof 813}
act. GPCol 93 22lef &4 Ax M, go] 40000~600002 JeERHSIL chain extension®hg-
o oJ3ted oF 20000 7leke] Ezlg F71E BT BEx ¥ e 2.25~-2.612 QA JeGTh
220l g5 =H AN toluene, chloroform, THF, dioxaneol:= & =90y} methanol,
ethanol, DMF el %2 ggtod UxE 0.60g/cm’d Rog uehdrl. DSCl 9# %&
A, gl=Algr)d 2% AR TEe} AAS D Izod 2AUREE 2% 2 chain extensiond] 2]§t
FEfA ] A vz el

ABSTRACT : Biodegradable  aliphatic  copolyester,  copolyesterethylene (CPEE), . was
synthesized by polycondensation of octadecane dicarboxylic acid with caprolactone diol and
the sequeitial chain extension reaction with sebacoyl dichloride. The structure of the copoly-
mer was identified by using FT-IR, 'H-NMR, and '3*C-NMR. The M, of the copolymer by
GPC was varied out in the range of about 40000~60000 and the M, of the copolymer
formed by sequential chain extension reaction was increased about 20000. The copolymers
possessed wide distribution with M, /M, values of 2.25~2.61. The copolymer was very solu-
ble in toluene, chloroform, THF, and dioxane, but insoluble in methanol, ethanol, and DMF.
The density of CPEE was 0.60 g/cm® The copolymers obtained by polycondensation and

formed by sequential chain extension reaction exhibited similar values of melting point, ten-
sile strength, elongation, and Izod impact strength.

Keywords: biodegradable polymer, CPEF, chain extension reaction.
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Al of Aol AF-3F  polycaprolactone  diol
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o ol2El=23 Al ugdlN Fojx YA B
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trometer& A}8-3ld CPEEE chloroformel] =91
F NaCl cell 9jollX SY=EY] ] ot FH3A
t}. 'H-NMR % '"C-NMR spectrax Bruker
AMX 200 spectrometerg Algsld Z+zk 200
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% THFE olg4o2 3l 3E4EEE 1.0 mL/min,
L% 45 C9 ¥4 Z73 Ultrastyragel 500 A 9]
AYE AHsld 9%len, nExte] EAEe PS
AR wet A=A dF 42e PC 92 3
F8 xZa2a¥d o9& ZHEE Setaram France
DSC 92& A}4-3l9 2+%=9 indium (99.99%, T,
=156.60 CT)& A3l BHAE AR °F 10mg
€ 4F7E W ¥ A4 7]FE A 10 deg/min
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Scheme 1. Synthesis of copolyesterethylene.
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Figure 1. FT-IR spectrum of (a) esterdiol, (b) CPEE
prepared by polycondensation, and (c) CPEE pre-
pared by sequential chain extension.
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chain extension® ZZ%(b)¢ 'H-NMR spec-
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A7} broaddtd Ye}S, 4.0 ppmoilAE hydroxyl
groupe] &olgle WEA 1§F2] protond] &3t
o7t 44 Jelyth. Fig. 3(a) R (b= °l§ F
Z¥A e C-NMR spectrag Hlamsle] vehd R
o 2A 245, 25.5, 28.3 & 29.6 ppmol|A] diacide}
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Figure 2. 'H-NMR spectrum of (a) CPEE prepared by polycondensation and (b) CPEE prepared by sequential

chain extension.
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Figure 3. '*C-NMR spectrum of (a) CPEE prepared by polycondensation and (b) CPEE prepared by sequential

chain extension.
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chemical shifte} ZEE7] g2 Ao =2 FHAHAC).
X1 YEHA R Ao AL 23
Aol A=E 71E3e 8% A=A AEA=]
Ae ARANE ZA e Aoz g Z=d
dd dAgtT 3T FAlEko] 1000 o]dle]d &3
7t 7Ved Aoz delA e vE nEARe 3¢
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de 5% A2d4e Ze ez LA
polycaprolactone®] Z$-ats $WF Hxjao] of
73000 FrolW BELEFAA BE8 7} HA =
g Basbt ok gubdoz xWE EedAH)
29 Afde $3% w1 EARE ¥
717t ol 9] olejd A UF Eeld Al Ee] P
H83E ofHA stz Atk " E dFdANE
BAEE Eolvl f8 5 o3 Loln FF

AE A&AZA 2 sebacoyl chlorideE A}R-3lo
chain extensionA|Zl ¥ z}zte] FE5§Ae] ExAl
€ GPC=z &<l njws] Hgitl. Table 194 BE
ute} o] FF ol o3 Aozl CPEE] 3¢ 3
o Expgke] M, =40700, FZHAFER}Fo] M,=
91700l wld] Al&ELAAA2A adipoyl chloride&
AHE A9 M,=50500, M,=130500%) A
7} 994 chain extension BT} ¢ 10000 %=
Ex3Fo] F715l9 o™, sebacoyl chlorided] 2]3j
chain extensionA|Zl Fol& FHF EAFo] &

H E=1
T2 AEAE
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Table 1. Molecular Weight of Copolyester-
ethylene (CPEE)

molecular
weight M, (x 10 M, (x 10) M,./M,

copolymer
CPEE
(before 4.07 9.17 2.25
chain extension)
CPEE
(extended by 5.05 13.05 2.58
adipoyl chloride)
CPEE
(extended by 5.91 15.44 2.61
sebacoyl chloride)

600002.2 chain extension Xt} ¢ 20000 A=
o] Bx1gk =718 shAsieh Fig 4= 229 o3&
Ao}z CPEE$} sebacoyl chlorideE AbEEAAI2
A3l dojx CPEE?] GPC chromatogram2
Z+zt viw gt A o.2A chain extension®  CPEE(b)
7} chain extension®z] && CPEE(a)Brt} &
Balag velde & ¢ At ole AlEddA R
AME-E dichloride’t Z@AIZ 2 8-3ld H38E 5
& 9dojx CPEES] -OH u@t 253} wggozA
FTEHAN Aleg AAANA Fof Aoz BxF
o] Z7lg nEalEe] FZEAE MDY HELS
2 N £ Qo 2y A £xge 5%
d) 2]% CPEE9] 7$-7} 2.25, chain extensionA|%]
%9] CPEE A$E 2612 JdAdHE3 vhgold o
sty o 2 yehs #AddAe o] % £X7t
wA Jebst

2|8 MFE. CPEES] ¥7HA| f7]gulel i &
#Ax 274 Aale Table 20 &34 Axd wet U
EpQTh &8s 2R AMEE £ulE  toluene,
chloroform, THF, dioxane, MEK, methanol, eth-
anol @ DMF& Table 294 BEulel Zo] tolu-
ene, chloroform, THF, dioxaneg Z £3|5+H)
]3] MEKdl&= <kt 8351 methanol, ethanol,
DMFoll= $8i5] 442 & + AU 283E
Qste] AR nERPE ZFolol E HEIHA o
9o B 71x] A& Hrler] A8 2%, DSCH ¢
¢ =54, i AlEZd 9% AR, FFLE
g AN AEE AT 5 o3 AR
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Figure 4. GPC chromatogram of (a) CPEE prepared
by polycondensation and (b) CPEE prepared by se-
quential chain extension.

Table 2. Solubility Properties of CPEE with
Several Solvents

solvent solubility
toluene s
chloroform s
THF s
dioxane s
MEK S.s
MeOH 1.s
EtOH L.s
DMF i.s

*s . soluble, s.s : slightly soluble, i.s ; insoluble.

CPEE ¥ chain extensionA]# ¥o|x CPEEd|
W 2%, 554, 9A3E, FAZRE ¢ Ry
£& Table 39 Jepfqich. §4% CPEE i<
A=ghe ST 29 3 o8 dAR F5E
Aol AL 22 CAAM 0.57 g/cm® o|glem chain
extensiond] & FF A A9 0.6 g/cm’o|
o =31 9 9934 Y 939 43e XA
AeazAe] AL3E 8 Yo A=A dutzo
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Table 3. Comparison of Thermal & Mechanical
Properties for CPEE

properties condensation chain extended

samples reaction CPEE CPEE
~ density(g/cm?) 0.57 0.60
MI (g/10min) 6.8 -
tensile strength
(Kg/cm?) 190 186
elongation at
break (%) 610 600
melting point(C) 58 55
lz0d impact 1.016 0.986

strength (inch-lbs)

2 AN FejdlxHze] 5530 50~60TCE B
71 }Ee FeHo] 52 ANF ETdAHE @
Aol g A7 QgPFoint. B doM FH
FEEAE] =4 DSCol % 33 274 £F

oll oJ3f dojx CPEE”} 58 C, chain extension
AlA ol FFEFAZE 55C T2 thh @on
chain extensiond)] 9|3 Ex}eF Zrldx sl
Se8e ta w2 gd ez v ol chain
extended CPEES] AL EAFE F7hepAwt
sebacoyl chlorideg] Z2g) W& Al&Zole] Z7l2
a3l FEA L FrAo] Tk Rz SaE
+ 9th Table 39| Hiule} o] ZF g <)
dojR FEHA Y JAA=FA FBNFERe] &
7} 185 Kg/em®s} 630% 2 ¥34802 ol AL&H
= W849 LDPEY HDPES} vlmsle Ao %
T BAE BRI dSE ¢ 7 Aen, 53
chain extension ¥¢] IAZ}=gra AMALe 2
Z} 190 Kg/cm?3} 610% 2 chain extension A3}
vma) Ael WsEA $ee ¢ + Ak Cylindri
cal dumbbell Feje] A|AE A sl lzod 527
EE 339 29 2399 08 WA B
1.016 inch-lbs, chain extension®)] 23t F=3H4] 9]
7% 0.986 inch-lbsz Y523 3 YehlAth

4 £
Aliphatic polyester 223234l copolyester

ethylene (CPEE)& diacid®} esterdiol#}e] o] 2:H]

23 e 2 33Y W3 Fa GHSA Zojol

&2l A209 A4z 19963 7Y

% FREG AR e %} chain extension®hg
o % CPEES] #z1% ®¥3 2 34 33HA
R7HA] EA4E U 2, g 2e AEL ¢
o=

1) Tin oxided] Ewj& W&oz AMLE wHc}
tin oxide/titanium alkoxide®] &3 Zuj& 4/19]
H &2 ALg3l] FAe A9 FfAITe) EA3F] &
225 ¢ 5 UL

2) CPEE®9] chain extensiond] |3} Exz}ef H3}
+ 34 Jehd+sd chain extension® CPEEe] 7
+ FET ExEo] ¢ 6000002 EF23 9eS F
3 ¥& CPEES] 97 A% 400008t} oF
20000 7¥ge} 2AE F7HE HAeH, ¥ B &
A FEEE 47 2.25 2 2612 Jeptth

3) CPEES] 2% ¢ %&34& 247t 0.57-0.60 g/
em®, 55-568 T2 UEhgon AA3E 9 APEE
Z+zt 186-190 Kg/cm?, 600-610% & Xed chain
extension¥+g-0] o] EAgd= E2 FF¢L v|H|

A FeE & F AU
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