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ABSTRACT: e-Caprolactone (CLN) was copolymerized with e-caprolactam (CLLM) using sodi-
um as a catalyst and the copolyesteramide was separately extended with succinyl chloride,
adipoyl chloride, sebacoy! chloride and 4,4" -diphenylmethanediisocyanate as chain extenders
in order to synthesize biodegradable copolyesteramide with high molecular weight. The prop-
erties of the copolyesteramide and the extended copolyesteramide were then investigated.
The composition of CLN in the copolyesteramide was higher than that of CLN in the mono-
mer feed. The molecular weight and the yield of the copolyesteramide increased with increas-
ing the composition of CLLN in the monomer feed. These results suggest that the reactivity of
CLN is larger than that of CLM. The molecular weights of the extended copolyesteramides
were much higher than those of the unextended copolyesteramides. The biodegradability of
the copolyesteramides extended by the chlorides increased with decreasing the number of
methylene group in the extenders. The biodegradability of the copolyesteramide extended by
the isocyanate was similar to that of the unextended copolyesteramide.

Keywords: caprolactone, caprolactam, copolyesteramide, chain extenders, biodegradability, ex-
tended copolyesteramide.
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M

rhu

E2aY Age 7ML, A7 44 BeEe) 9
= Aol 2 54oith olH¥ A o 2l &
AZFE A& A8 0| 27|74 thYshA] AlLE
I A AT BARA Fo el #HZalage
A2zt dldsfor @ HAE griewm Ytk o)z @
3 1980 AT e A& Fakade] st et
o] FUHT Uk Eepag A8} AL o=
WA 1715 R F2E 48R L ol
FolE nBEA M B3} ojatsleia Soz 4
Al BE $o i FRELL X g=
o, dEetagd U3 $FEAE ayos =
52 & A& Aol

d2H22%e /e AWE Zedabgas ¢
E T2A B GA eEHET mad 98
= GA YEHEE A4S Adoh!? 99 oju=a
FE 7HRE AL FEol=s HEHHL £X
Rtk I 2N ALE FPoln=9 YAE 6=
A, BE o2 AREHE mEA ol YEHA
& 7A@t adM H2 3gdoz Fe9
HUE 69 Arsde Fosly] 918 Ao A
20l ¢4 d2H2AFTL JAE 6
2 sk 2% A7) o] 2ofx| 1 glupt

Tokiwa F& YUE 63} polycaprolactone}e]
IEARZL oul=-dxHl2 @) oA poly-
amide block®] #2 copolyesteramideE 34 &t
aE9 ZAEHAYL =AIEYY Goodman &
e-caprolactam (CLM) 3} e-caprolactone (CLN)
caprolactam sodium @oz golg T3S s}
L2 4AE AR g ol M=
AEA] 2stth. Yamamoto $& CLM3 CLNo =
#E Ax¥ CLM-CLN 239 dEdye A
ALY Tt o8 ATAE=RE A= copoly-
esteramide= ARAAL 7IXA7 Erge zx
X3t} meb £ Ao M= CLM# CLNS 7)
EFF 38t W= copolyesteramideE Az & Z
o] copolyesteramide® succinyl chloride (SUC),
adipoyl chloride (ADC), sebacoyl chloride (SEC)
9 4,4 - -diphenylmethanediisocyanate(MDI) 2 A}

A, o}&d extended copolyestera-

Z2|f A)214 433 19974 59

mide] £}, A& FA, AN

itt.

offt
il
BN
~
y-

4

Al ot d2A¢) CLN 2 CLM 52 AldrichA}
°] AleFEg& calcium hydride A8l A 244]17F
R F AAFTHII ALl 284 "
ARSE Bl p-B A AJFF S EHEA AL
AT Al gtg o] 88 29l 2EETXE
e AoFRE AsRE SN TR Al
3, N N'-dimethylformamide (DMF)¥& A ekgo
Favtadlg EA s 2gEFei Algsig ol
AREAZAY SUC, ADC 2 SECE AldrichAle] A]
ofEe AAIglel adz AT B Al
< MDIE #sputazogeifza FAglo] 2tz
ARE3IAT F8E9 YES (JIN Chemical) 3 A}
=93] EnjQl Ezjodo}q] (Janssen) 2 di-
n-buthyltin(IV )dilaurate (WAKQ) = AJetz 2
A glo] AHg-sIH T

Copolyesteramide®] #tA. CLMa} CLNg] Z8)
£ 70/30, 50/50, 40/60, 30/700.2 2ald &3
& 6.8g(6x107%mole)d| ZulzA wakx 21 1
X107 Bulo] 3ete HESS Y& ¥ o 2%

& HAI71F3IAM 150 CollA 4417, 200 Co
*1 1A 52t NAgEst). 289 %?}3% g=z2
EE = thE o] 89& 3R] p-3 ik Go
= FAANT o o] AMES Byslo Axsy
o},

At=iBE  Copolyesteramide?| M=, 232X
[CLN]/[CLM]=60/402] copolyesteramide = A}
SA3NEA AHEEAT WA AleAd g g
S5 FYE dotrr) e AledZA e By 9
RHEAIZEE AR Bl LS WA T HA the
o Zo] A2 AZith AledAA 2 SEC
0.5mL (2.3 X 10°* )3} copolyesteramide 1g
(1L1X10* B)& Efgddopd (0.2mL) Zu)sld)
M EE2IE(10mL)E 492 39 5C~60C
2] WMo 4A4)7F LN A R P TS| 2AX A
o AledZA 2 MDIE A3 Ao o] A
0.3g(1.2x10° &)} copolyesteramide 1g (1.1

o

353



S|
i

(ol

194 - AT -

x107* di- n-butyltin( ¥V )dilaurate (1 mL)
Zuj 3l 4] DMF (10 mL)E &9 2 8}ed 5 C~80
TAA 4A7 HhAIZ] & -3k RA A AT

2)&

1
[e]

A 457 ZU1E ASAIAA 242 A

& eyt ARedAA 2 SUC, ADC ¥

Ho] dojutr] AZA] AlEARAE A7teEA W
A7 & p-3ikl] AAARS a2 MDIE
A3 9= copolyesteramide 5g (5.5%x107 3)
£ di-n-butyltin (V )dilaurate (1 mL) Zuf 3}of| A
20 €9 exo} DMF (10mL)& &z st 24
o] doji}r] BAX AlEARAE H7FPHEA THEA|
2 % n-Fde FMAIFA

2 M ARARER 2 copolyesteramide2] At
712y Aged L CDCl,E &2 AMR3}e] Varian
unity plus (300 MHz)2 =33, Aked3dd
copolyesteramide®] #Az}7|2HAHERL CDCly/
trifluoroacetic acid (1/3, v/v)E &ul2 AlL-3}o
Fd¢ NMR=2 2334t 8= 2 deisEs
m-AHE L trifluorcacetic acidg £z 3o
25 ColA Ubbelohde H=Al2 433t #2d
O] (T £842= (T)e ALEH/IAA &
2 20 CE 4277184 DuPont thermal analyz
er DSC-2000& A}4-3le] E3th AdEH =
(Timay) B 278N 2= (T ALEAVINA &
= 30 T2 £&A7]HA DuPont thermal analyz
er TGA-2100& A}&-3l 24 sl AlEdAE A
o8 copolyesteramide®) +H# EA% (M) &
BT EAF (M) 222V E/E22XE
(1/4, v/v)& €ul2 31 100 CollA Waters 150
CV modele] GPCEZ Z=H3si¥x, AlEdFd
copolyesteramide?] E#x1Fe& o F22H S £
23} 100 ‘CollA] Waters 150 CV modele] GPC
2 s

TOC (Total Organic Carbon)e] £X. 10 mL2]
Ag=d KH,PO,2F NaHPO, 2 A &3 pH 79| ¢lAt
29 2mLe} 0.28 mm? (£7): 0.2+0.03 mm)
37)2] copolyesteramide = Al&EdAE copoly-

354

3 -

o147) - AEE - YA

esteramide &4 Y1 o] A]BAL 37 ColA 84
7t B¢ ARG F SF LA AANAS. o] AF
B oA QA 928 2mLe} &4 lipase 30
L (1500 units)& 7}8k3 37 oA 96413t A
slod @A 9% 7R NS stk FEL Al
A3 £98 membrane microfilter (F7% 0.2 tam)
2 oala &9 o §E3= € ] @4F
& Shimadzu 5000 TOC #4712 &A3Kt}.
sampleg 9% &3 ¢F 4 AR ¥
F= et

G

rlo
ofd

Al

Copolyesteramide2| M= U EAM. UEFS
2 AMgsl] o e kel o3 4
copolyesteramide®] AAL #l3ly] H3 F&
Ao] [CLN]/[CLM]=60/40%] CLN-CLM #Z%
Ao FaAAVFE 2HMEHES Fig. 1o yehy
sick.

BNk b

o
I

+

e-caprolactone

9
H
C\N/ Na
150 °C (4hr) and 200 ‘C(1hr)

g-caprolactam

R Y 7
0~(CHz)s—C N—(CHp)s—C
be 1-x

Copolyesteramide

2"EHe] FHFols H FHRHE s
copolyesteramide®] 4.1 ppm¢] o]z CLNE] At
2o Age wEHs] (a)9] Fao 7RIk Hel
3, 3.2ppme Heolm= CLMe &id QFEF o
g7 ()9 4, 2.3ppme FolaE: CLNe 7t
2rdy)d A w1 4 (o), 2.2 ppm2
mo|zE CLMe| 7l2rdr|d g3 Addr]]
FA () 718 Aoz AREn B9 1.3~
1.5 ppm&] ¥lo]|== CLM2] fEdaAhrie] 4 (g, b
g )t AZ4s3 1.5~1.7 ppme] HeoizaE CLMe]
U= WElA;7] 24 (b, ¢ 2 d)t Ao =
6.2 ppm H29 broaddt o] N-He] 49
HPFete Aoz 4= 74 ppm F2o Doja=

Polymer(Korea) Vol. 21, No. 3, May 1997



A @& Copolyester @ Copolyesteramide®] ¥4 3 E& 4 (3)

—_—
7.0 6.4 ppm
N-H
% ~
1 1 1 1 1 1 L L 1

ppm
Figure 1. 'H NMR spectrum of CLN-CLM copolymer
in CDCl;.
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Figure 2. Copolymer composition curve of CLN-CLM
system.
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Table 1. Characterization of Copolyesteramide

feed CLN/CLM yield  copolymer CLN/CLM . a a Ty Ty Timax’

[7] M, M, . o N

(mol%) (%) (moi%) () () ()
70/30 96 77/23° 84/16° 0.44 10700 35000 -52 53 413
60/40 67 70/30° 76/24° 0.47 9100 32000 -57 53 428
50/50 63 66/34° 60/40° 041 8400 27800 -42 41 424
30/70 40 47/53° 53/47% 0.17 3800 13300 -41 39 427

“Measured with 'H-NMR, ® Measured with elemental analyzer,

chloroform (1/4: v/v) by GPC, ¢ Measured with DSC,

E2(0 A21¥ A35 19979 59

“Measured in m-cresol at 25 °C, ? Measured in o-chlorophenol/
/Measured with TGA.
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Figure 3. 'H NMR spectrum of CLN-CLM copolymer
extended with MDL
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Figure 4. Relation between inherent viscosity and
temperature for the extension using sebacoyl chloride.
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Figure 5. Relation between inherent viscosity and
temperature for the extension using MDL
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Figure 6. Relation between intrinsic viscosity and
amount of sebacoylchloride for the extension:
copolyesteramide, 1mol, temperature, 40 °C; solvent,
chloroform.
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Table 2. Characterization of Extended Copolyesteramide

polymer (7] Ms M, MJ/M, T°C) T.(C) T44(C)
copolyesteramide 0.43¢ 10300 26500 2.6 -45 48 404
0.39°
SUC extended 0.75° - - -53 50 181
ADC extended 0.79° 19500 34600 1.8 -50 55 198
SEC extended 1.02¢ 29700 41600 1.4 -35 50 235
MDI extended 0.73¢ 15000 36000 2.4 -35 45 355

? Measured in m-cresol, * Measured in TFA, Measured in o-chlorophenol with GPC, 4 Measured with DSC, ¢ Measured with

TGA, 'Measured with TGA.
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Figure 7. Relation intrinsic viscosity and amount of
MDI for the extension: copolyesteramide, 1 mol; tem-
perature, 20 C; solvent, DMF.
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Figure 8. Change of TOC on enzymatic hydrolysis of
copolyesteramide and extended copolyesteramides.
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