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 OE R 2 RO EAS TR R oo BV S Y Y (CCL00) ;-Glycerin {4 & £ 3 7E 4
& E G MA ZnE, (37328 Y (CCL 00),-Glycerin/y-Al,0,/ZnEt, ) s s Se 4§ ZnEr, 5800k 5207, 5 341
19 Y(CCL00),-Glycerin K 5 % i (#5312 H ZnEt,/y-Al,0,/Y (CCL00) ,-Glycerin) . BF 5 ¢ B 5 A3z 11 48 A £k 571
o AT 40N ot A A e S 3R RO ) T T LE R B BRI AR 24 % ~ 36% 3 3 43 BT 4 Ak ) 1 & o B o BT AR
Y 2, 1 (75 £k, 30E W J5E 7 97 28 I8 AL 3 4043 B Y (CCL,00) | Glycerin 8 ZnEt, & 45 T 1] 2K FLER A 19 5 K
B AR 5 415 e 5 R S AR TR A B & AR T 2, AT B AR T ARG M S — i, Rl S
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Scheme 1 Copolymerization of carbon dioxide and epoxide
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Scheme 2 Chemical structure of poly( propylene carbonate )
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ez — . SR AW B 1 2 T R Rl 2 R AT L
i i P A AT A 5 OF A gE — 20 P 5 L Lewis
PR P8 57 AP P8 A2 £ e B2 R A1 i 22 A i A
7 JFL 2 T T RS RSS2 IS (4 P A = D0 AR TR 7R
T ) 3o R v B T N ROV 4 SR R R
F IR AT 2R B R P A I A O Bt .
U X A SR A AR I A PO i A B AR A
AR Z K 3 R AL o A 1 sl R 67 27 2
PRI, FEINAT AL 70, DU 7 30 S T LB 7
T VA A A R 36 1 P R AT RE 22 Ml o0 A A 3K
PR L.

AR SCERT T $ e s b = 0 A AL 000 M Y i AR
FIHE 1, 1 e 1 0 5 2 SR A A R Al
i 15 0 48 N e 2L SR AL T P B S L B KT L
B 3% I A 70 TRC A 075 3 o HG 9 P Y S, O F 5
TR IR SR A AL R R B T 1 s b i B
TR 2 AL AT A BE A R
(VAR R A RERE P A TR

1 SLIEER4y

L1 JFE#

ol R RN B O M al. A
TR PR RN e 4 SRS RIS 26 L 4A 4y
it TR J3E Ji 7K, 28 AR A 4 R AR 5 K 43 /I T 20

RAHG WITE AR S &7 >99% ,
WA AL TR
1.2 HERERELE

K y- S A SR N AL AR X W 3 T VA %
BB ey A FR A | -S4k 87 MC2R, 4 =
99.99% ; 4K — Ak SS-1, 4l =99. 5% .

AT R POE AL B AR AE S Ar ik
g b B0 Ak, I A IR B2 8 E R 400 ~ 800°C
BF[A] 10 ~ 12 he 3% 4k 5 B AR K 25 P, 0, B
AR AL R R B T PR RN A O TR
TEAERE R 99.99% 1Y Ar L4 T AE & 1.

A i 2 50 A R 25 AR A 1 3R R R, W] AR TS K
TABI T, it &8 ZoEy, 530505 19 2%
TR RN, 2 5 A 0 OE O ke ) = Ve, DLBR LR
I E) ZnE, , B2 T4 5 45 .

1.3 ZiRGERUE

ERAH A BT RS R RS
WEFRE NP ERER R E T 0.1 MPa.
AR 350 1) B B B B e AR 3l i - T8 °C )

TKB B Z G e IR, a2 )5,
KRG IENEHMZE 0.1 MPa, i3 U W /i 5
SR 2RIk OB RO ) 2 e Bh y-AL Oy 2R
), AR RN 1.0 g #0Efb S 1Y y-AL O,
Sy ECAE 1,3-dioxolane H1 3% il 1. 0 mL ZnEt, (9. 75
mmol) 5 2Z 2 I, i 1 & B AR BLE S VR
0.36 mL Hli 5 1.0 g iy y-ALO, #Kik7E 1,3-
dioxolane 1 {E M J5 , Fi 55 ZnEt, I, B 9 & b
WHICH V,; % 0.36 mL H 5 0.285 ¢
Y (CCLOO0),7E 1,3-dioxolane J& MW , I 5
y-ALO; BARMEN], Z 5 15 ZnEy, [N, B Y
AR Sk V, 5 1 0.285 ¢ Y (CCLOO0),.0.36
mL H M A 1.0 mL ZnEt, Bl # + = o5,
I AR FRE R V.

W R R TR V3 B R BT A e, 43 10
ﬂ{l ny, Ny, Nz, n,.

1.4 FFELFTHSE
L4 1 Je Ak 2800 - = Ik )

EmaAm MR T, MR —EED
R(CCL00) & T34 B TR 09 W 12285 0, 4K
UM 30 mL 9 1,3- 5 F 3R FF 3 09 H i,
LR , A0 B S BRI B R 1 T AR R 2 Y
AH. BRI B A 84, 300 80 20 56 W0 1O i 22 18
A ZEAR, IR 10 mL fY 1,3-— 4 TR 404t v oh
Verk A B BT AR R A 60°C 18 T 7K I8 IR ¥ %
RGO 2.5 h G . SRS PRI N 2.0 mL
TR KR BT IR R B R A AR
WG 8 T A A 4R AR 700 A 60°C i I K VA 1R 3 A
iR B 2.5 h e B A T
14,2 F i 67 2 B 3% 1 o R 2

BEALMES BRE R S FRARR, — W
SR 2.0 mL. [5] R(CCLOO) - H il AR & b
THINZ5 78 ) — COHEBE I MR AL T B A
T 27 R A A8 DX T 0 R s R 5 T U I = 2
BERY N 2.0 mL Y23 I HIT T 0 Y
L5 AHEAFAT_SUBR-AEIENEER
N

V65 TC T o A A R0 55 A T B TR o i 1) =
Jehb ¥R 2 TooK To A 500 mL R A S 4
TEEhfe e e RE FEA A B EE .
J R ¥ SEHEAT 10 h 5, B AR R T, A
B 1% R TR 0 I L8 1k N, ol 3k R 4
Bty Frgias e R W 2 Bk 2 h ik J5 |, #E 40C
P TR B EE T RN BCR R RCRE. R
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Oy (AR A 0 355 P v RS T 22 M 23 A 7 AR
FM b R b =T AR KA A R 2, AR
M TR 2 M AL 5 807

S —Fh Oy 2 e A B Y (CCLOO ), -
Glycerin K R ALK L IR G OHE R Z )5,
FEZ A ZnEy,, B B 889 HE 2 A0 i AL R
(catalyst 1) 42 °f Y (CC1,00),-Glycerin/y-Al, 0,/

ZnEt, (£ 1, Run 2). 3t & 5 B 45 2R & W,
catalyst 1 A4 A6 35 P bE R 07028 09 #6 1= = Jo 4k 7]
TR T 29 36% A FT15 PPC 1443 1 1 F ik 2 Tig 2R
JC i (CU% ) s A7 g

R Or RS 2ok, 5K N, B4
oW 5, 5 XA B Y (CCL0O0),-Glycerin
TR ZR B, TG 1 ) A AL 37 (catalyst 2) 1 2 R 3
M OR A, 98 A ZnEt,/y-AlL0,/Y(CCLOO),-
Glycerin( % 1, Run 3). Catalyst 2 B9 41k 1% M R
478.5 g/(mol Zn h) , 5H + =Jof b FIAH b i T
W2 24% , [T 45 PPC #3443 1 B Bk B2 TR 7 &2 F1
SR 5 R 96 x 107,94, 3% Fi1 4. 49.

Table 1  Copolymerization of CO, and propylene oxide (PO) by different catalysts®

Catalytic activity

Run Catalyst M, x10 b M, /M, b CU% ©
(g/(mol Zn h))
1 Y (CCL;00) ;-Glycerin-ZnEt, 630. 8 10. 8 3.20 97.2
2 Y (CCl;00) 5-Glycerin/~y-Al, 05 /ZnEt, 402.6 12.0 3.44 98.1
3 ZnEt,/vy-Al,0,/Y (CCl;00),-Glycerin 478.5 9.6 4.49 94.3

* Polymerization uondilions;Pm2 ,4.0 MPa; Reaction time, 10 h; PO, 200 mL; Temperature, 70°C ; Zn/glycerin/Y ( molar ratio) ,20/10/1;

ZnEt,, 2.0 mL; Solvent, 1,3-dioxolane; y-Al,0,, 2.5 g, calcinated at 600°C for 10 h;" Measured by GPC;° Measured by ' H-NMR analysis

CO, 1 PO 1yt 5 I W 2 2 e o ) 8 7 28 %
ROV AT, RA R 0] KR R
2k,k[M,][M,]C,
TR [M, ]+ kM, ]
MR, fE AR — LR LR A
SN B R 5 R TR R BRI AR A RO T
DAL Cy ISR A .

LR DI AR s R | MR o [ o 7 N
AT £ oo e R, R P — Oy i S s
T AP B A BE 7 (BRI SN 3w k) OG5
—FmNER TS5 R MM EEFLEBECC)
TR

T Ao 0 S A 7 ) e AR RO R 2 1) i
(F£2) AT AR B, R T8 m s = = oo fi 4k 550 i ol &

i

N

AR 9 & e (ny ) R 13,46 mmol, J5 A7 61 2
(Y (CCLOO),-Glycerin + 1, 3-dioxolane + -
ALO, + ZnEt, ) B i £ ke 0 & (ny) 12011
mmol, M # - =TT MM 5 ZnEr, K20 J 84k 5
ZoEt, SN RCH I S B AR ZF (ny + 0y ) K
15.61,n, t(n, + n,) FEET 22% , 35 B AL 971 2%
B, AL 20 53 7T R ) AL N R AR T YRS
i3 BEAR T SR R 53 40, IRz 7 8 i
LRERy i ny S 12011 mmol, TR H Il 5 y-ALO,
IRAKTE 1,3-dioxolane WPYEH JG , FE5 ZnEt, 50 fF
W25 (ny) 9 13,72 mmol B Y (CCLOO)
AN T HAMAE 1,3-dioxolane H ¥ g ,
P AR 20 3 ) 23 A4 FL B A B B )

Table 2 Ethane evolution during preparation of the in situ supported catalyst

No. Order of addition of components Ethane evolution (mmol)
1 vy-Al, 05 +1,3-dioxolane + ZnEt, 2. 15

2 Glycerin + 1,3-dioxolane + y-Al,0; + ZnEt, 13.72

3 Y (CCl;00),-Glycerin + 1,3-dioxolane + y-Al,0; + ZnEt, 12. 11

4 Y(CCl;00) ;-Glycerin + 1,3-dioxolane + ZnEt, 13. 46

Notes : Zn/glycerin/Y ( molar ratio) , 20 /10/1; ZnEt,, 1.0 mL; Solvent,1,3-dioxolane, 20 mL; y-Al, 05, 1.0 g, calcinated at 600°C for 10 h

PLERS — Ff J7 ¥ B 20 (catalyst 1), 2440 1Y
Y (CCLOO) ,-Glycerin AN A 7] L W% fff 78 #4354k )5

(4 y-AL O, FMA T, 38 AT DLy B R 20 44 f9 £L B
W. B & ZoEy, 59 A, W BE7E 8 MR 3R T Y
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Y (CCLOO) ,-Glycerint5 Z % Az J2 i, & il AR #4941
O | B R S-S E RE 7P O = NI - S 2
Y (CCLOO),-Glycering £ [l , N REA & = 5 1 4
L AP RE E AU I I . N (Y2 [ U S N SR FIR cl AR S |
Wl b, 3 2 5 B A TR 25 2H S 0 T LG T JR T A
A R RO B A AR BE 7 AR AN R e

VLR R 5 s 40 3 I (catalyst 2) ,ZnEL BT
55 AR I 2 T R S N =2 A H Ay Al R A )
ALB AREKAALER A Y Y (CCLO00),-
Glycerin iAWY, 25 ZnEt, W I iR B0 (Y
HEAEFR “ 527 )=, # Y (CCL00) ,-Glycerin 5572 N
1 ZnEt, 53 BTk, S BOE M O BCH R
Hh, Soga ZE R4 HRAE , ZnEt, 5 3K 1 2 1 R 5L R
10 7 4t EL A e Al — S A B N B 460 DN e L 2R 110 g
S AR HARA TR VEARAR " w2 38, 643 ZnE,
2 5 TARIE M 0 0 A2 i, e T RE R T B0 B
T R A3 M AR A D PR 2 —

IX 2 b7 i ) 6 B 2R T TR B0 1 T M
R FE - = oe AR R A LR R T 24% ~
36% . Fo o — Fh 5 vk il A4 B B 20fE Al R A7 M

AT P b AT BB AR , T BT A5 55 W 1Y T o Rk
iR s BT 5 /5 R £ = o0 4 1k ) AH E 2 T 4
TR 5 T 57 O vk R A 04 S B AL R 7R B R R AR
TR AR - = o] R, R
LA B — 5 v A 1 SR B AR AL R, 4R
HAEAL TR P B 0 S PR B A, O 18T DL
2.2 RERMAHELTEENTZ
2.2. 1 SRR TR A 2 AR R 5 B R T Y
Al

Ji A7 70 A3 A R e A v, B2 B ) 4R 3
P IR 1) 23 S AR o3, B — R A ) (e ) 2 Y
(CCL00),-Glycerin 5 y-Al,0, JZ N , 58 3545 it
] (e, ) J& B3R S0 B P ) 5 ZnE, S0

oo, 2.5 h IEREF]S hwf, J A7 51 2 AL
FIHYTE TE N 402.6 g/ (mol Zn h) 3 — & [ 3
389.8 g/ (mol Zn h) , JEL DA 75 T SE K iR 7 AF B 1 1]
T fHE AR R 4 20 B 7 IS 2 S ™ i, DA T 5 B
T AR C LU B0 E — 2D i 22, ol D A6 67 A A7)
AR PR — 20 TR R, 33X DA 55— SO0 T EE S 9 R
B 15 Je T B B RIS PERRAR A LA 22—

Table 3 Influence of grinding-stirring time on catalyst performance®

Catalyst Catalytic activity

Run M, x10 % PDI® CU% !
1" (h) ," (h) (g/(mol Zn h) )
1 2.5 2.5 402.6 12.0 3. 44 98. 1
2 5 2.5 389. 8 11.6 3.21 96. 4
3 2.5 5 418.0 10.7 3.52 96. 8
4 2.5 10 466.7 10.2 3.63 97.1
5 2.5 20 524. 1 9.8 3.15 96. 3

* Polymerization conditions ; sz , 4.0 MPa; Reaction time, 10 h; PO, 200 mL, Temperature,70°C ; Zn/glycerin/Y ( molar ratio) , 20/10/1;

ZnEt,, 2.0 mL, Solvent, 1,3-dioxolane; y-Al,04, 2.5 g, calcinated at 600°C for 10 h;

b ty : Grinding-stirring time of Y ( CCl;00) ;-Glycerin

with y-Al, 0, ; t, : grinding- stirring time of ZnEt, reacted with Y ( CCl;00),-Glycerin/y-Al, 0, ;° Measured by GPC; ¢ Measured by' H-NMR

analysis

5T, N3 T UL, 1, AN 2.5 h B e in
#) 20 h J5, 507 7 B AL R /Y 3 1R R 402.6 g/
(mol Zn h) ¥am3] 524.1 g/(mol Zn h) ,#E N 7T
30% . Al WL, @ i S ZnE, 5 RT— B BN )
(Y ( CCL,00 ),-Glycerin/y-Al,0, ) ) 5z [ i [6]
(1,) , AT LA 854 i AR 0 B 36 1. AR TS R &
Y 531 1 AR R iR 50T L 2 WA BT R B (EAT
SRR T iR 3 i R R TR BRI YRR Y.
2.2.2 P HEALT A o O I FE

M b =TT ) 14 £ 21 3 T L X H AR fe P e
AR Wi T A SR R Ak R T
53 Y (CCL00) ,-Clycerin [ 4 1A £L B 4 19 9 L,

TETE A AR 770 05 T mp o0 B 45 440 19 R L
AR AR, DT EAC A A ) 3% A e 10 e AR A
AE 7, 151 67 280 1 70 1 935 P T

(AR ZnEL, FIRR Y (CCLOO), 5 1
EAZR T T, 35 Glycerin/ZnEt, B L, A5
PR TR 2 43 T T Xof S A6 57 288 A A R 1 i A M e 1Y
AL

SEIGZAE BN R 4 o, 2 Glycerin/ZnEt, Bt
PR T 0.5 I, S a8 p Ak 700 A0 3 AR, Pr i R &
WY 23 - 5 FBk R T 5 0 % B U] R R AIE. Y
Glycerin/ZnEt, )\ 0.5 35| 0. 625 ff, {8 46 57 7%
P I A i 17 8 T 3 S 1S S R A, (H AR 26
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1005 WG 1, B2 BT A R A W 2 1 i A
% IR M5 2R 0 & & Bl Glycerin/ZnEt, B¢ kb 28 16 A
K. 24 Glycerin/ZnEt, Jy 0. 563 B}, JF A 71 35 4 b
R B T M e (RS T R, B BT B B - =0T
WAL FFE Glycerin/ZnE, 3 0.5 BHE MR, X
PLEAE I Y (CCL,00) ,-Glycerin [ & 7] D42 5 R

A B % 4 Ak ] B9 T . T 24 Glycerin/ZnEt,
0. 375 B, AR AL 0 35 PEAR AR , 3 2 PR 2% e ] 69
M b = O AL TG PE AR B I T 0. 5 i A4
e T I S AR e P R 2 08 i R B — 2P
IR Y 32 BE A9 Y K A

Table 4 Influence of glycerin/ZnEt, (mol/mol) on catalytic performance®

Glycerin Glycerin/ZnEt," Catalyst activity .
Run M, x10 ~*¢ PDI® CU% *
(mL) (mol/mol) (g/(mol Zn h))

1 0.53 0.375 71.7 9.0 3.52 95.2
2 0.71 0. 500 402. 6 12.0 3.34 98.1
3 0. 80 0.563 469.2 12.2 3.87 96.5
4 0.89 0. 625 411.8 12.3 3. 64 97.6
5 1.07 0.750 333.4 11.3 3.59 96. 6

* Polymerization conditions sz , 4.0 MPa; Reaction time, 10 h; PO, 200 mL; Temperature, 70°C ; b Glycerine/Y (CCl; 00) 5 ( molar ratio) =

10; ZnEt, :2. 0 mL; Solvent:1,3-dioxolane; y-Al,04:2.5 g, calcinated at 600°C for 10 h; © Measured by GPC; " Measured by' H-NMR analysis

2.2.3 I PERICR S0 S B AL ) B 52

TE ZnEt, [1] Y (CCL,00),-Glycerin H 3% i ii%
It A A FR R W Y 34 A AR 25 5% 1] E AR
AL, JFAE 0.3 mL 2] 0. 4 mL 2 [A] 35 1 1lfs 5t . 40
F5 FiR Y8 —BrBei Y(CCL00),-Glycerin
T AAY ZnEt, S 0.3 mL i Ak 6 P dw i, 3K 2
493.4 g/(mol Zn h). 4 N AY ZnEt, /NF 0.3 mL
I DA 70 4 P A 1) i AR RS PEBE A ZnEy, A
81 0T 4 5 5 T Y RS N R T 0.4 mL i,
Ji A7 70 A8 A AR TR 1) 3% P DU B ZinEe, A S 19 36 A0
TV 55 . 3K TT BB H T I e B B i), 3 v b 2
A —E MGEE T, DT 1 1) A LB 1y B
BB YAk N ZoE, B 6 VE R A9 456 4 B
— DB, ) T R ) A B, AT S W T
PTG A

Table 5 Influence of state of active centers on catalytic performance®

ZnEt," (mL) Catalytic activity
Run
I i (g/(mol Zn h))
1 0 2.0 402.6
2 0.1 1.9 439.5
3 0.2 1.8 462.6
4 0.3 1.7 493. 4
5 0.4 1.6 456.5
6 0.5 1.5 425.7

* Polymerization conditions: P, , 4.0 MPa; Reaction time, 10 h;
PO, 200 mL; Temperature,70°C ; Zn/glycerine/Y ( molar ratio) ,20/
10/1; Solvent:1,3-dioxolane; y-AL O, , 2.5 g, calcinated at 600°C
for 10h;" T, ZnEt, added to react with glycerin and Y (CCl;00),;
Il , ZnEt, added after reaction of pre-catalyst and y-Al, Oy

2.3 FEUuAHMNEEREOHXETELEENE
i

AISCE A, i FREEIES ZnE, [NV IE
TR BT PR 2 DAL B A RS RS
MR Z —. 3R 6 (1 Run 4 FF7R , 58 4 Bk L # K
M F T R 5 ST B B R R B A B T
653.4 g/ (mol Zn h) , bt o 5 4= i B 2 11 55 3k 11 4%
ACEALFIAR 5 T 62% , W R i + =0
AL & T 3. 5% , 3¢ B 28 R 1k ) 32 & 4 fb 0%
PEEA B M E (B A 3 — 20 R AR S 8 1
T b 27 6T 0 F A Ak TR 1 M RSB R 2 AR s
BGOSR B % DDA G, DL o 4 Bk s R TH R Ok
1) y-AL Oy A I, i Ak 5R) B 05 M A 43 Bl
BRI A0 IR BE 0% T TS I, 600 °C B A B A
KAA , 22 I Bl AR Ak T B 1 T v i RS A A AR . B TR
Bis B0 & B AR AN K, TR R G W R & o 1
Tt e B TR BT A 1 SR i R

AR B b L B T AR A R TR M A s e, AT e
5 X 28 3R T A A 1 5 e A G # IR Konziger
(RS 2 y-AL O, 5 1A (9 #4316 T BE ML 400°C
B M B 700°C i, H SR R B A 2R A Lewis
iR B F Bl 2 AR A, FE T Lewis B2 L B8 457 1Y
A5 B R 55 0 Lewis [R L B 5 A7 19 2E B ; Lewis
iR BB (38 Ak 5 Lewis 2-0 5 F %F (9 T8 B ;
ik Lewis [R (B S 5 Lewis [ -B0 25+ % 19 JE B 5 %
Lewis 2 ik M i Lewis R -8 25— XF (1 32 ¥ o XF
M. 78 600°C $43E AL N, 24 44 2= 1 W) i 5 A 5
Lewis R Bk 7 S 5k Lewis FiR-H 2 F X, iX #& 5
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VAT LA S W 35 P oo B H B0, TP R Y Lewis G Ja -t LB, 3 E R X SR R HAT BIE S A R

PR VAT B T 25 580 9 e 64 BC 57 1% 16, T Lewis 837
A 22 A Y AR B T A B M A AL 5 B9

Table 6 Influence of surface chemistry of support on catalytic performance®

. Thermal activation Catalyst activity Ca ) .

Run Support M, x10 PDI CU%

temperature (°C) (g/(mol Zn h))

14 v-Al, 04 600 402. 6 12.0 3.34 98.1
2 v-AlL O, 400 525.7 8.6 3.68 97.4
3 v-AlL, O, 500 571.5 9.2 3.89 97.2
4 v-Al, O, 600 653. 4 10. 6 3.25 97.6
5 v-AlL O, 700 622. 1 10. 4 4.09 96.7

* Polymerization conditions: PCO,, 4. 0 MPa; reaction time, 10 h; PO, 200 mL; Temperature, 70°C ; Zn/glycerine/Y ( molar ratio) = 20/10/1;
ZnEt,, 2.0 mL; Solvent, 1,3-dioxolane; Support:2.5 g, calcinated at 600°C for 10 h, dehydroxylated by ZnEt, and washed throughly by n-
hexane; " Measured by GPC;° Measured by' H-NMR analysis; ¢ y-Al, 0, calcinated at 600°C for 10 h, and used without dehydroxylation by

ZnEt,

3 Fig

K JH 2 Py vk A T A SR 1 =T Ak
R, B AT P AR TR R R R = = oA
Hp Y (CCLO0O0),-Glycerin/y-Al 0, /ZnEt, [ i
b 3% M B& /N F ZnEt,/y-Al,0,/Y(CCL00),-
Glycerin, {HfF 15 PPC 1) 43 2 Fk B2 g 500 % &

RIS 1o ) A B T 9% PR Y 4 v, R R = oo A
FI & 4 3 BB, 24 Y (CCLOO0),/Glycerin =
0.1,Glycerin/ZnEt, = 0. 563 B}, 25 14 41 1k 77 7% o4
Hemr. bR y-ALO, BRI R MR A B TR
B AL F) 19T 1,600 °C ATE AL I, y-AL O, 1Y
TR A2 1 JB 0T T 4 v A A 50 3 1 1 RO i A B
W, AR R 0 = or AR T 3.5% , %

W TR & OF 8 1 2 ma I S 3L R B 16 IR b = o il Al 700 A0 2R T T 4 2 koo FL A AL 75

PRI E BN R, R BUE G PEAOE ) BEm AR PRI E BRE.
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COPOLYMERIZATION OF CARBON DIOXIDE AND PROPYLENE
OXIDE UNDER in situ SUPPORTED RARE EARTH TERNARY CATALYST

Hong-wei Lu'®, Yu-sheng Qin', Xian-hong Wang', Xiao-jiang Zhao', Fo-song Wang'
(" Key Laboratory of Polymer Ecomaterials, Changchun Institute of Applied Chemistry, Chinese Academy of Sciences ,
Changchun  130022)

(* Graduate School of Chinese Academy of Sciences, Beijing 100039)

Abstract Copolymerization of propylene oxide and carbon dioxide to form poly ( propylene carbonate) was
carried out under in-situ y-Al,O, supported rare earth ternary catalyst. Two in situ supporting routes were
employed ,one was dropping ZnEt, into y-Al, O, pre-supported Y ( CC1,00),-Glycerin system (Y (CCl,00),-
Glycerin/y-Al,0,/7ZnEt, ) , the other was reacting y-Al, O, pre-supported ZnEt, with Y ( CC1,00 ) ,-Glycerin
system (ZnEt,/y-Al,0,/Y ( CCL,00),-Glycerin). However, the two supported catalysts showed unexpected
24% ~36% lower catalytic activity than their unsupported analog. By monitoring the ethane evolution during
catalyst preparation,it was observed that the diffusion of three components of rare earth ternary catalyst into
pores of y-Al, O, leading to molar ratio disparity of the components and decrease in number of active species,
and subsequently loss of the catalytic activity. Moreover, the surface hydroxyl groups react with ZnEt, forming
low active species, also leading to catalytic activity loss. Therefore, two main factors were proposed for
improving the catalytic activity of supported catalysts,one was the activity of the active species, the other was
the number of active species. By adjusting the molar ratio of three components, the time for grinding-stirring
during supporting process, the active species of the in situ supported catalyst, the surface chemistry of the
support, the catalytic activity of the supported catalyst may be improved significantly,a state-of-the-art optimal
catalytic activity for the in situ supported catalyst showed 3. 5% increase over the unsupported analog.

Keywords Carbon dioxide, Poly( propylene carbonate) , Rare earth ternary catalyst, Supported catalyst



