%19 & A
2010 %1 A

F 5 H® No. 1

ACTA POLYMERICA SINICA

Jan. , 2010

Z R A -FACIR T M 09 b A AR AT R

al2 1 o1 w1 1,3
EE% T OAIS O I#4 T ARz I4h

(" YERFREAERALERT G, THHIRELE K4 130022)
CPEMERAEAR 4w 100039) (P FEMAZR T 100864)

#H Z KRR EZAMAF(Y(CLCO0),-ZnEt, -glycerin) fE 4 — BALHE L AR EH ERAL, HE&T &4 F
R85 BACIR TR R 4 (PCHC) . 8 h R1EAL 7| -F 3% & 38 3] 11. 8 kg polymer/mol Zn,PCHC # 4%
BB R A FRT 5% , 4390 F 845 7.0x10°. BF 7T PCHC s Lst BB E 5 T B0 £ A, %
PCHC #4334 553 (M )& F 8.5 x 10" o, sk 5 e 46 23R B (T, B M, ¥ i I %5 M, % F 8.5 x 10 #, T,
st M, d9RBER K. % PCHC 89 5F 2 4 & 0, Lo sd e 4 %3 % T34 2] 120°C ,PCHC &) & 4k 4
FHK=1L91x10°. AT REMWH F 2N ERBERG Y0, B REAWRG S FEAH T425 PCHC 4 #
SRR . Bt AR A BB e e IR, SRR A A AR 2R AL (B A ENE) BB ERSY
¥, KA Kissinger 75 %13 5] 2b PCHC (b2 /% 8L 4 ) 9 3 5 fR R UL EAL AL 25 4 199. 9 kJ/mol, &4 & F 1L
4 (Zn 4% 4400 x 10 ~° ) PCHC #9 3 2 i A WL & A HE T 1 24 143.9 kI/mol. B sk A5 ik 4 42 2 PCHC 9 34 %
figt, 8 PCHC & & 44369 4% A A T & PCHC g4 &b 2 b 58

* 479

B M 1969 4 Tnoue % I = A4k 55 3k AL
SmERMNEREBRE AR AR AL
REaaTHA—E%EFZ AR TR 2 X
2P B, A S R ARRE R AR
AR (PPC) L2 EZHT T bib, 28
PPC 69 sk 354 TR AR, B AR EM, F
HEARTHEHKEE, E— B EALE0C) 5%
JE R K, 2 SRR B (15°C) F Wbt An B,
— A2 E LIRH T PPC ey R Y sk
B 5 RACIR TH 2 4 (PCHC) o9 2 4% A R &
AN TLEREE M, LR 3R F 0 s IR A i3 % (110
~120°C) " — Kt R 4G A e AR, A
By Tk —RALBR 5 IR AR 2 R 4 (PPC) & i
Ve4E £ 69 19 8, B o PCHC A7 % &4 2 PPC 2 &
REZMW AR ERY

R BB A BRI 2 R R P €4
FIRT T RKE, A S EA MG IEAAR R AL
b e R AR E ST & PCHC 89 % 6 i Af
W) — B R &, fa Bxt PCHC 49 20k 48 5F 72
FRYVAEMRE KL RKRA =LA (Y
(Cl;CO0) ,-ZnEt,-glycerine ) 18tk — & L5 &5 B AL

ZRAE, RAB-RMIR TR, A, AAE

R ERE A, KB SR & o T 26 PCHC, 5t
%8 DSC #= TGA #F % PCHC #9322 14 4k

1.1 s

AR (CHO, B ML ), 4 4h) 2
G445 E % 48 h G Kl 2 48 K 4 R AU )
Lk E A 20 x 10" AT, % A A 3T &R
ZR M (4h)599.99% ) AR, = AR )
BRI AR[14,15] 7 ikH 4. 13-~ A RHRZ AA
el 48 h A B & A .
L2 R2REM

R R8T e de T XBEAT, F TR &0
Z AR B — & &4y CHO Foix Al m AR L2
AR ZER RS, RGBAN AL
BRE—FEN — R E TR 8 h( ik
F % 500 r/min). BB 4 R )G, HEE ZBACHE, M
J& G R A K- T BE (5% ) A b B
) TR
L3 ZAgfalk it oAt

ERDGSTERES T ESHA=RFTIRA

% 2009-07-09 W A5,2009-00-03 15745 ; B 5 B KA A4 (A4 20634040) B B ; il I A A, E-mail : hwang@ ciac. jl. en



108 &

CO 2010 4

A48, A Waters 1515 GPC ) . £ TENSOR #I
1§ et o sh Sk AL Bl R RS- ey LS L A
KR &k % C-NMR £= 'H-NMR % B &
Bruker AV-300 ! Az &% 2k kA Lol & (W AR A
TMS), vA CDCl, 4 iE#l. 2 7R ERER £
Perkin-ElmerDSC-7 & £ 7 32.4% % #AL_E 47,
N, 4247, FFigik & % 10 K/min, 0| 2 3 3% 3540 3%
%R E. PCHC 4 # & i 47 % #& Perkin-Elmer
TGA-T A k& A AL Bl 2, H e e N, S5 RS
T A 10 K/min #453% A E 13 He 44 2] 500°C.

2 ZR54T%

2.1 —FAbsk 5 RACIR S M09 LR A R B

17— 8 ems CHO 2R 2w o) i
AR, TOAE B =R s 5 CHO £ =LA AL A
MERATRAET rmEX 1 T EREGRE,
HETHSTFE(M, =3.0x10" ~7.0x10") . &
BB A E (KT 95% ) 69 R (ama 1,2-30 T
—f) (PCHC) (&KX 1).

Table 1 Influence of reaction conditions on copolymerization of CHO and CO,*

Temperature Time PC02 ) )
Run Yield" M, x107* MM, CU%"
(¢) (h) (MPa)
1 40 8 4.0 0.24 4.1 4.44 95.1
2 60 8 4.0 0.76 5.5 4.47 94.0
3 80 8 4.0 1. 18 7.0 6.20 99.8
4 80 3 4.0 0.63 3.0 3.6 96.2
5 80 6 4.0 1.15 5.8 3.3 97.4
6 80 14 4.0 1.14 5.7 4.6 95.6
7 80 8 0.5 0.80 3.7 8.18 95.0
8 80 8 1.5 1.05 4.6 6.05 95.4
9 80 8 2.5 1.17 6.2 4.62 95.5

* Reaction conditions;solvent (1,3-dioxane, 100 mL) + CHO (100 mL); Catalyst = Y (Cl;CCO0); (0.285 g) + 1,3-dioxane (20 mL) +

glycerine (0.36 mL) + diethyl zinc (1.01 mL) ; * 10* g polymer/mole zinc atom; © Determined by GPC; ¢ CU% : carbonate unites , determined by

'H-NMR

: ot o
R e

Copolymerization of CO, and CHO
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Fig. 1 ~ Wavenumber IR spectra of PCHC before (a) and after

(b) purification
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Fig. 4 The relationship between T, and M, of PCHC
a)T,-M,; b) T -1/M, x10°

BT, 55T RO B HAR, B 4(b)
Fr %, T o0 B s AL 2 R R 0 A F B 8
BIHOR ALK A SR AT, AN AT A
(1).

1.91 x 10°
M

n

T, =120.7 -
RIEA AR, RO BETIR

BELE5HYHTFEHBIHERAKERZ(FH2)):

T, =T,(») - u

A K ABE-NSEM A WK IEF I, T

VA B & 649 4R KA

#,% PCHC 9o F 2o an, L@ £a

JE ST VA 3] 120°C ,PCHC ¢ B Wik AR4F 12 % K

2.4 AR T
ASZ2RESF%PCHC ¢ TC w 4. 5 B

(H
K
(2)
B (1) Fo i 42 (2),, RAVAF B0 T 2
=1.91 x10°.
40, PCHC A 42 3 69 A 5 52, AL 46 4 W i3 L

2 T 220°C , PCHC b PPC ¢4 42 45 # o ft 8 & 5
40CA L. AT —ANRTE R ETR (3K
A TR E A L 100°C) i, 5 PCHC 3475 4L
I T Rl Ao KBS TT A
& ,PCHC ¢ HAZ T MM A0 T 20N R MG,
LEH ST W 3.9 x 10* 3 A 5] 9.31 x 10°
i, PCHC #9425 5 f 3 5 (VA 5% X E i3 %)
I220°C 32 5 %) 277°C , 323 T ¥ ik 60°C. 434 4
F& 4 6.23 x10° ¢4 PCHC #4245 3 5 f2 38 5
244.5%C W E 3 5 F 5 4 3.99 x 10* #4244 5
i3 E % 23°C. R 4 ik 3 (T,) 7T A A
S HEME (DTG W& 2 RALE LB EM X
Fowh 28 69UEAB BT 5T R 0 R B R AF. AR sk abic 1y
KRR o ik B E(T,) 4 5 A 261°C 275C F=
314C. B, % PCHC 4 F 20 TAR LR G
H AR TN, R EAn Tk Rk, PCHC 8 # o i85
MASTEN mmRE, BT RIS TR
RSB RANERNZI, BRTHRES
PCHC 44 fig 4% 5 i R A %. B % PCHC & #
e oT VA R AF 7 Xt AT, — P R AR &R A
T o9 RAUBTEL 5 5 — AP R PT I8 A hn ek X AR, K%
PR A E A F R BR T, R AT w e RO R,
DT TR A, S R T X A AR
ToHax A" MBS M T EHRE, BIK
TRAOMEA R FZIRG IR, 0 H T fidd %t
B0 & A, i3 3 T 2 R 4 o RAS M.

100 £

B (=) 2]

< < o
T T T
®

o

o

Residual weight (%)

[y*]
(=)
T

oF

1
150 175 200 225 250 275 300 325 350
Temperature (°C)

Fig. 5 TGA curves of PCHC with different molecular weight
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Table 2 Purified PCHC with various Zn content

Purification Zn content
M, x10 3 M,/M, CU%
times (x107%)
1 4400 46.3 5.9 ~100
2 120 58.6 6.5 ~100
3 5 69.0 7.3 ~100
4 5 69.6 5.0 ~100
1001 a) 5=4400X10"°
b) §=120%x10"°
= ¢)5=5%10"°
¢ sof
S 60t
L
S
EREI
g
& 20t
O -
1 1 1 1 1
0 100 200 300 400 500

Temperature (°C )

Fig. 6 Effect of Zn content on thermal stability of PCHC
a) Zn content =4400 x 10 7%; b) Zn content =120 x 10 7%; ¢)

Zn content =5 x 10 ~°
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SYNTHESIS AND THERMAL PROPERTIES OF CARBON
DIOXIDE-CYCLOHEXENE OXIDE COPOLYMERS

LI Guofa'?, QIN Yusheng', WANG Xianhong', ZHAO Xiaojiang', WANG Fosong'”
(" Polymer Engineering Laboratory, Changchun Institute of Applied Chemistry ,
Chinese Academy of Sciences, Changchun 130022)
(* Graduate School of Chinese Academy of Sciences, Beijing 100039)
(* Chinese Academy of Sciences, Beijing 100864 )

Abstract Cyclohexene oxide copolymer (PCHC) with high molecular weight was synthesized using ternary
rare earth metal coordinate catalyst ('Y ( Cl;COO),-ZnEt,-glycerine). The catalytic activity reached 11. 8 kg
polymer/mole Zn under optimal condition, the obtained PCHC showed number average molecular weight (M)
of 7.0 x 10*, with carbonate unit over 95% . The glass transition temperature (T,) of PCHC was between
110°C and 120°C , it increased with increasing M, when M, was below 8.5 x 10* and leveled between 119°C
and 120°C when M was over 8.5 x 10*. The highest T, may be reached as 120°C if the M, of PCHC is high
enough ,and the characteristic free volume constant K is 1.91 x 10°. The influence of molecular weight on
thermal stability of PCHC was investigated, raising molecular weight was beneficial for improving thermal
stability of PCHC,and a 60°C increase of the onset degradation temperature was observed when M increased
from 39.9 x10” to 93. 1 x 10°. Since the rare earth ternary catalyst changed to metal oxide (mainly ZnO)
after polymerization and post-polymerization treatments, the influence of Zn content on thermal stability of
PCHC was studied based on Kissinger method ,PCHC with Zn content below 5 x 10 ~° showed surface activation
energy for thermal decomposition of 199.9 kJ/mol, whereas it decreased to 143.9 kJ/mol for PCHC with Zn
content of 4400 x 10 ~°. Therefore , reducing Zn content could improve the thermal stability of PCHC.
Keywords Carbon dioxide, Carbon dioxide-cyclohexene oxide copolymer, Thermal decomposition, Thermal
stability





