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ABSTRACT: It is generally agreed that transesterification provides the.copolymer in the melt
blending of poly(ethylene naphthalate) (PEN) and poly(e-caprolactone) (PCL). Effects of the
conditions of transesterification reaction and catalyst on the degree of randomness and
average sequence length of PEN/PCL blends were investigated and results were used to in-
terpret the biodegradability of PEN/PCL blends. It was found that degree of randomness val-
ues of obtained copolymer lied between 0 and 1, and it indicated that this blend consisted
with physical blends of PEN/PCL and PEN/PCL block copolymers. The degree of random-
ness reached almost 1 which is the theoretical value of random copolymers and the average
sequence length became shorter by the further transesterification reaction. In additions, it was
found that the increase of copolymers, especially random copolymers reduced the
biodegradability in PEN/PCL blends.

Keywords: poly(ethylene naphthalate), poly(e-caprolactone), copolymers, transesterification, ran-
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Figure 1. Proton NMR spectra of PEN/PCL blend
(80/20) (a) without transesterification and (b) with
transesterification.
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Figure 2. Effect of PCL content on (a) the degree of
randomness (open symbol) and the transesterification
level (closed symbol), and (b) the average sequence
length for PEN (open symbol) and PCL (closed sym-
bol) in PEN/PCL blends annealed at 350 C.
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Figure 3. Effect of conditions of transesterification
reaction on (a) the degree of randomness (open sym-
bol) and the transesterification level (closed symbol),
and (b) the average sequence length for PEN (open
symbol) and PCL (closed symbol) in PEN/PCL blends.
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blends.

£ gdo] A4 ofgy FHEA £ A F
A 5171 Holg onsich. 350 CllA 4587
2A17]l Bdl=e] 4% degree of randomness®] &
o] Y FTEFAY o2 <l 1o 7i7sIA A
FEHA AY TEHAYE & F Uk T
A 3l= AsdAgE n@hed 38 @<lo] 9lA|
ubh, meat AFAzte] wked mE PCLe| Bz o
o Ho g Az} Figure 4
mr. ¥ojAe WAoo, wgt
g2 Al7tel wE 80/20 ZAuje] PEN/PCL &3
= ] PCLe &% ¥3E Yepliuch 24 B
= g} ze] whgAIZle] FrMESE Bz
Zadle Aoz Rol G5 2d
dR&H = 350 ¢ 22 A}
g 4 Aet oy

v
a
t
o
e
oft
2

ppm3} 2.5 ppm ApojolA] FAt Azg H=Z7t F
H3Le B 4 e o= PCL #jo upa & v
g9 Az #3Ac) Figure 3(b)oA RE =9}
2o} AzolzEZ nPge L8 2 A7ke| F7}
3= A<, PEN# PCLe] 3¢ sequence length”}

P Ao g Hol FEEA L A3 2H2
gl olge] :HEI} HIES oA

#e1¢ % U PENS| ## sequence

Polymer(Korea) Vol. 24, No. 5, September 2000



PEN/PCL &§ Ed ol ofsfe] ¥

length7} PCLO H]3le] & o]f= & dAFA A}
43 PEN/PCL9 =Aju]7} PENo] Adjdoz @
& %S A Es BEUEE ALY VA"
Figure 59 450|282 waukg-o] Zojg Alg
% Zn acetate’} HAE 2234 2] randomness$}
3 sequence lengthdl] ©]x&= gL A Bodr).
OfeA B nie} go] FulE AMgEHA] ¢S thE
Basole 2 @8 Ad dAgE Fo Mg BT
7} randomness go} 1 232 HIH= Aoz H
ol FEFAI AY FFHAR HzE L ¢ 7 YA
th ool Fulo ofste] A AHSI} 7E3}
HE ou|gict. =3 AoelaHE 23T A
7} 40% AE o]Fo|A zEse PENT PCLe] &
g2]2 Zd =7} randomnessel] v X ¢go] oS
AMEER] e o Bl AlAoz AL e o
Attt Fo S AMREEE A, FEAY B
A5 AHZ ABVEE Ful 5 AN E2 B
Zof vstd wjg FE A7t AP o ojat wh
SAZIE ZTIMAE AT AHE TR =7
o} A" 37 A FFZAHANA degree of
randomness®] o] Z2<Ql gro] 291 ud) FHIAZ
WslE R 282 o4 4 v} Figure 5(b)d] ZujA}
g0l 218 PEN/PCL F5%xel Ha sequence
length ¥ glo] diste) Uepilch. 2oA He v}
9} o] WrgAIZLS 16% o3tz S A Sl
AHE-8HA] ke BHl=d vl FF e PEN
PCL ©9l9] sequence length ®%7} FolA&
At ol AR Fuj7l ERl=o] g3z
b8 FUHAITIAL ofge] AEHE 7HEAF
o) 7193t} o] g FAS PEN ©9]9] sequence
lengthell A ©] %< l F U F ARG B
ol&le] Ao 2HZ w#REEo] oS FEE Ao o
S} Al AAE %’“‘?i}ﬂl«] Gz FAldl Lot
I A3, PEN9 34 sequence length7} ZFAE =
A& onidint. siX% PCLS 434 A& 29vE
A&7 W2l Fofoll ot} o]E2] sequence
length7} 3A] E0187 ¥ Aoz Hlvh & &
717 Eol Thel A}t Als o AHIE WEHRS A]
7+e Z7}1A)718 PENY| sequence length7} Z7}3}
£ Hth ols AMEZurt wheEIlde dEdx
H2 ngghg Sojzo JE8g sht wgA|7o] F

P

— =

-

el & oap
ks 4>
oZ‘.. }‘

m2

FJ

&2/0] A24¥ A5E 2000 9€

E g5 g2 Randomness] #g A+

1.8
1.6 B
141 1 0=
(2] ~—
[} —_
g 12k g0 1 8
€ Q—T’o_ @
(=]
T 1.0 q100 §
o ®
- . ($]
5 0.8 80 =
[
8 o6l 160 %
2 3
O 04} 140 §
'T‘—’ =
0.2 —420
0.0 40
1 1 1 ! 1
0 10 20 30 40 50
Annealing time (min)
(a)
10 10
|
!
'
8( 18
\
GL 46
z ' -
w . %)
[ [
N I N
4 \l/ -4
\
2k 42
|
i 0—0—*—.—?_‘
0: I 1 1 I i 0
0 10 20 30 40 50

Annealing time (min)

(b)
Figure 5. The effect of catalyst on (a) the degree of
randomness (open  symbol) and the level of
transesterification (closed symbol), and (b) the average
sequence length of PEN (open symbol) and PCL
(closed symbol) in PEN/PCL (80/20) blends annealed
at 350 'C. The amount of catalyst is 3.0 wt%.
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Figure 6. The effect of catalyst content on (a) the
degree of randomness (open symbol) and the level of
transesterification (closed symbol), and (b) the average
sequence length of PEN (open symbol) and PCL
(closed symbol) in PEN/PCL (80/20) blends annealed
at 350 C for 30 min.
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Figure 7. The relationship between the TOC concen-
tration and (a) the degree of randomness and (b) se-
quence length for PEN (open symbol) and PCL (closed
symbol) in PEN/PCL (80/20) blends.
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