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10 mm/min
Bruker AV-300 NMR 20°C 5
Waters 1515 GPC
DMA 242 NETZSCH 2.1
1 Hz EO CHO
- 150°C 130C 3 K/min. 1
Table 1 Influence of molar ratio of EO to CHO on terpolymerization
Molecular weight GPC M., x 10~*
Runs EO/CHO mol/mol  Catalytic activity g/mol Zn h
M, x107* M, x107* MM,

TP1-3 13 672 7.8 27.7 3.54

TP1-2 12 609 7.2 25.2 3.50

TP1-1 11 691 7.9 27.4 3.47

TP2-1 21 491 7.6 20.1 3.39

TP6-1 61 440 7.2 22.7 3.17

TP8-1 81 425 7.7 27.7 3.57

PPC — 563 7.2 24.9 3.45

Polymerization conditions total epoxide 800 mL. ZnEt, 8 mL. Y CCl;COO ; :glycerin:ZnEt, = 1:10:20 temprature 70°C. Pco 3.5 MPa  Reaction

time 10 h
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Fig. 1 Typical 'H-NMR spectrum of PCHC

4.38 a
7 x . 0=4.52
e
. a 3
0=4.29 ¢ 06=3.72 d §=3.65

o= 1 )

PEC 'H 'H -COSY
o= 2 b

2 b
a>b—>c a
EC b [
EC EO

S = d 2



1078 2008

5 b n
M B i
<t<=r o
ol 136
&) €
a 13.8
4
14.0
“w
= &2 142
N =
. L0 | 8
\ /b ¢ d . e 144
| N/
| JJLL Il JILL | | | @ I@ ; A | ;
5.00 4.00 53.00 2.00 1.00 44 12 2.0 38 36
)
Fig. 2a  "H-NMR spectra of PEC Fig. 2b  '"H 'H -COSY segment of PEC
AN co, Catalysts, —CH0—t—0 —CH,~0}— (n>>m)
Do €0 B —ponci-o—Eoffonscuof won
a
i) l [
~nrO—C—0—CHy—CH,—O—C—Onmn EC blocks .
(@] T (0] I
| | | | H,C—CH,
A O—C—O—CH,—CH,—O—CH,—~CH,—0—C—0=~~ EC-EO linkage ./  \
O __0
d C
| ]
e CHy—O—CH,~CHy—O—CH,—CH,~OCH~~  Etherlinkage  Ethylene carbonate
byproduct
Scheme 1 Assignment of ' H-NMR spectra of PEC
EO 1. i
3 - -
TP1-1
. # # 0
=4.38 60=4.29 §=3.72 §=3.65
ok
PEC EC sx N
* % 0=4.65 §=3.50 §=2.1 #on
~1.2 PCHC 250 4.00 350 3.00 2.50 2.00 1.50 1.00
)
CHC
Fig. 3 'H-NMR spectra of TP1-1
#*% CHC linkages ## EC linkages
2 13
3 C-NMR . 4
PEC PCHC EO-CHO-
EC CHC EC-CHC o B CNMR
EC-CHC ? -
CHO 4 a PEC
EO 0=154.5
0=154.7
. e
PCHC Nakano " Coates "

TP1-1


Absent Image
File: 0


1079

++

155.50 154.50 153.50 152.50

5

Fig. 4 B C-NMR spectra contrast of typical copolymer
and terpolymers

a PEC b TP8-1 ¢ TP6-1 d TP1-1 e PCHC

Peak assignment + + EC block # # CHC block **
EC-CHC linkage

I
\N‘O—CHZ—CHZ—O—+C+—O—CH2—CH2M
Carbonyl carbon in EC block: §=154.8

RS
w0 O0—C—0

. 6=153.7 (m-centered tetrad)
Carbonyl carbon in CHC block: 5_ 1533153 1 (r-centered tetrad)

i
e CHZCHZ—O—g —OUON

Carbonyl carbon in EC-CHC linkage: §=154.2
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T, “ ? 23.1% 33.8 MPa. PPC
PCHC 50°C 40°C
0.25 PPC 56.8 MPa
18 2100119.71001 40.09
0.20k ) 40.08 18149% 2.1 MPa.
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0.05| g 9 - 10.03 Table 2 Tensile properties of the terpolymers
& 10.02
4 Yangs modulus O yiel c Strain at
0.00- E 40.01 Sample : e
L L L 1 1 1 1 MPa MPa MPa break %
-150 -100 -50 0 50 100 150
Temperature (‘C) PPC 891+ 75 32+4 40+1 10.0+1.3
TP1-3 979 42 42 4.4
Fig. 6 DMA curves of terpolymer TP6-1 O and TP1-1 [] TP1-1 900 17 382 82 263+9.2
TP2-1 525+ 158 20+2 308 313+ 10
20°C o) TP6-1 267 + 10 17+2 13+1 559 + 102
TP8-1 81+ 15 18+6 19+5  656+209
CHC TP6-1
Testing temperature 20°C Drawing rate 10 mm/min
559 +102 %
13+ 1 MPa 3
CHC
TP1-1 -
900 = 17 MPa 38 £2 MPa -
26.3+9.2 %
TP1-1 -
. TP1-1
50 mm/min 25C 995.7
MPa 42.3% 27.1 MPa.
50C  TPI-1 868.7 MPa
57.6% 15.2 MPa. PPC NMR
25C 1210.0 MPa
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SYNTHESIS AND PROPERTIES OF CARBON DIOXIDE-ETHYLENE
OXIDE-CYCLOHEXENE OXIDE TERPOLYMERS

MIN Jiadong' > ZHANG Yaming' CHEN Yuyan' WANG Xianhong' ZHAO Xiaojiang' WANG Fosong'
U Polymer Material and Engineering Laboratory ~Changchun Insititute of Applied Chemistry
Chinese Academy of Sciences  Changchun 130022
% Graduate School of Chinese Academy of Sciences  Beijing 100039

Abstract Poly cyclohexene carbonate PCHC is one of the few biodegradable polymers maintaining dimension
stability over 100°C due to its high T, of 115°C but PCHC is quite difficult for melt processing because of its
brittleness. In this work backbone modification route was proposed by intercalating soft ethylene carbonate segments
among the hard cyclohexene carbonate segments where the terpolymerization of carbon dioxide CO, ethylene
oxide KO and cyclohexene oxide CHO was carried out under ternary rare earth metal coordination catalyst
prepared from Y CCl;COO ; glycerin and ZnEt, . The terpolymerization was carried out at 70°C in a 2000 mL
autoclave for 10 h. The obtained terpolymers were subjected to 'H-NMR " C-NMR experiments for structure
analysis Gel permeation chromatograhy GPC  was used to determine the number average molecular weight and its
polydispersity and dynamic mechanical analysis DMA was used for thermo-mechanical studies the mechanical
performance was done with a ZWick/Z010 multi-function mechanical testing instrument. The catalytic activity was
between 425 ¢/ mol Zn h and 691 g/ mol Zn h  depending on the molar ratio of CHO to EO and the number
average molecular weight ranged between 7.2 x 10* and 7.9 x 10" with polydispersity index changing from 3.17 to
3.57. The optimal catalytic activity reached 691 g/ mol Zn h when equal molar ratio of EO and CHO was added
and the obtained terpolymer showed a number average molecular weight of 7.9 x 10" with polydispersity index of
below 3.5. The absorption peaks in 'H-NMR spectra of poly ethylene carbonate poly cyclohexene carbonate and
related terpolymer were assigned. For the terpolymer obtained from equal molar ratio of EO to CHO heteronuclear
multiple-bond correlation HMBC  experiments showed that alternating linkages between ethylene carbonate and
cyclohexene carbonate were only 26.9% in the terpolymer and random structure consisting of ethylene carbonate

EC units and cyclohexene carbonate CHC units was predominant. For the terpolymer obtained from equal molar
ratio of EO to CHO the dynamic mechanical analysis DMA spectra showed three peaks one peak at — 80°C was
attributed to a second transition in the terpolymer the another two peaks appeared at 20°C and 80 ~ 100°C were
assigned to the glass transitions of the polymer related to ethylene carbonate segments and cyclohexene carbonate
segments respectively the existence of two glass transitions at different temperatures indicated that the existence of
soft and hard segments in the backbone. Introducing EO as the third comonomer was effective to solve the brittleness
of PCHC making it melt processable moreover the thermal and mechanical properties of the terpolymer can be
adjusted by changing the molar ratio of EO and CHO in comonomers. For the terpolymer obtained from equal molar
ratio of EO to CHO the Young' s modulus at 25°C was 995.7 MPa and its tensile strength was 27.1 MPa with
elongation at break of 42.3% . When the temperature was raised to 50°C the Young’ s modulus maintained 868.7
MPa and its tensile strength was 15.2 MPa with elongation at break of 57.6% . As a reference poly propylene
carbonate lost mechanical strength at 50°C the Young' s modulus at 40°C was found to be 56.8 MPa and its
tensile strength was 2.1 MPa with elongation at break of 1814.9% . Therefore by means of terpolymerization of
CO, EO and CHO a melt processable biodegradable polymer with improved dimension stability at higher
temperatures was prepared .
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