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Abstract
silanized agent, and TMCS-MCM-41 supported zinc glutarate catalyst ( ZnGA/TMCS-MCM-41) was prepared

and characterized by low temperature nitrogen adsorption-desorption technique, Fourier-transform infrared spec-

Mesoporous molecular sieve MCM-41 was modified by using trimethylchlorosilane (TMCS) as a

troscopy and X-ray diffraction. The results indicated that TMCS functional group was successfully grafted to the
surface of the molecular sieve forming the silanized MCM-41 supports with slightly smaller surface area but the
frameworks of the molecular sieve were not destroyed. ZnGA can be highly dispersed on the surface of supporters
at small size during loading. Much higher catalytic efficiency and faster reaction rate were acquired in copolymer-
ization of CO, and propylene oxide (PO) by the catalyzed of ZnGA/TMCS-MCM-41 system than pure ZnGA,
with catalytic efficiency at 86.3 g polymers per gram ZnGA after 34 hours reaction. More than 95.8% of carbon-
ate content of poly propylene carbonate (PPC) copolymers was confirmed by structural analysis via infrared spec-
troscopy and ' HNMR.
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1.1 #FeFnit

CO,: " PH ik R IR ARA WA, i fERT
99.99% ;PO : [ 25 £ A b 240 A BRA &), 4 #r 4l
SRR, EAR S R A AL B L R A AR SRR [l
U4 h JEWH, TGS B 4A U b e A
DU Wi (THF ) - 35 [F TEDIA 28 w] (8 ik afi; = H 5
SARELE (TMCS) |, BT 47 T 30U, 20 Br4li; MCM-41 11y
T rg F AR T, (8 AT AE 600°C TE 4k 5 hiy HoAth 58
5 R0 1 Ry A 4k, A
1.2 XWHE
1.2.1 MCM-41 # #5402 b

FREC3.0 g G fbAb PR () MCM-41,30 mL TMCS
T 0 B R B, 78 45°C R BEFE N 24 h, 1
Je % A 50 mL R VUG &M N R K G2, T 110
Ciff— Ny 6 hy W A 2 =00 g, TUE Y H B
VERBOR G T 100°C B 25 T4 24 h, 153 3] ik e £k 2l
PEf MCM-41 4> T3 (TMCS-MCM-41) ,

1.2.2 B4 89 h) &

K SRR B0, LU R 3 500, 8% 5 R
(GA) 43 3l 1 5 T MCM-41 F ik Kb i) MCM-41 2%
A, B B 7 R 25 T DUH 2R S OB A BT, B Zn0O
(Zn0/GA =1/0.98 ,FE /R X)) 73 51 5 iR R &
TE 60°C 2514 R ZUBEPE Sz 8 b, T 45 0T 3 9 FH 79
PEAEOR G T 100°C 525 T4 24 h, 53 5115 ZnGA/
MCM-41 Fi1 ZnGA/TMCS-MCM-41 fi4k.5
1.2.3 CO, 5 PO RXERR B

FE 0. 1 LRSS AN i Fe S b 48 (R GE 38 7 i R 28

25 il A R 2 | ) o A B s B AR ], T 80°C
FELZS T4 24 h B 2R 208 30°C LR, il
FA 40.0 mL PO, J5 % A CO, & 5.2 MPa, 7£
60°C ,250 r/min Z& 44T RN — 5 W ) o S 45 KI5
W SO 28 TGRS A HESS o PR iE T W e, s
B 25 i AR DR A K B H B, T SRS W DU
Br i, UUTE 28 60°C EL25 48 24 h 183& 8] PPC, 3 L)
AP A Ry &

1.3 Wik 5RAE

A TR 1 L 3 1T RN FL 25 44 38 o b RS ks TR
SHORA BRA A R BK122W , ph A5 U 200 B -5 B it
4% BET Jy 00, I i A 5 75 76 125°C FL 25 il
AhPE 4 h, fRARZE R o H AR B8 B B D/ max-
Ultima IV X SHZATT S A RAE , WX DL Cu Ko 95, HY
J£ 40 kV,HL 7% 20 mA, A9 =0.02°,5°/min i 5
BEAT o AR A0 Ak 27 B 45 4 8 id 5€ [F Thermo 23 7]
i) Nicolet iS10 ZLAMGE A LATE S s, 49 44 7 F
A 525 ~4 000 em ', EER K 0.241 em ',

LR Wy (R AR NS 43 B H AT R 56 [ Wa-
ters 2515/2414 Bt 15 38 A5 AR AE, WA L 3 )
Waters f{) 0% 4+ 58 B¢ ( Styragel HR1 ,HR3 #1 HR4) ,
TE[E PSS W K & M N AR FE (M = 549 000,
321 000, 246 000,184 000,120 000,44 200,18 200,
9 890,6 520,PDI < 1.20) , THF £ Zh#, 1E 40°C
1 mL/min & 347 ; H 57 Wy 1) 58 ok 19 T 5% 15 45 44 3
i 8 Buker AV-300 A% i S 4R {00 2 , #F 5 I TR
PO 7, DL 3 6 e S N AR, AR BE R
600 MHz,

2 H#REHRR

2.1 EAFIMRLE
2.1.1 B4 69 FTIR & B 547

MCM-41 7£ 1 050.3 cm ' F1 807.8 cm ' fE7E 4%
TIE R SO0, 3 530 i T Ak Y TR AR ) 5 % R A4 45 A1 B
FXF Bk A 45 35 310 5 TMCS-MCM-41 [ 2T 4 3% [
AT & P, AE 756. 1 Fll 845.4 cm ' 4bdE MCM-41 £
H0 R A W AT 0, T Ak g WS 0 T —Si (CH, ) 5 S T 1)
IR 31, U0 B Bk b R o B AL E MCM-41 3%
[, I8 F] T X MCM-41 Gk kel B 1, 78 ZnGA/
TMCS-MCM-41 () IR & b W % A 2] % = W #F
1 684.71 cm ™ 4bfy C =0 {145 §ig 3l W g 06 , {H 53531
TE 1 584.55 Fil 1 .528. 48 cm ' HY 30T (04 W A 068, 3 S
JE R ) H T Zn® "t BURIE BUR R &, J5 R
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s | I T WA 0 -l TMCS-MCM-41 7£ 1 050.32 em ™'
Rb (AW I I 5 5 ZnGA 7E 1 072,69 em ™' f1) I i U4
BT — &M, ML FLUY ZnGA 5
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FTIR curves of catalysts and supports

2.1.2 AEACH 63U M oA
MCM-41 HAG 5 — 075 T A 7 He9 A FL g5 1)
I H AR K i e AL AR AR, L TMCS %)
MCM-41 17 REfe AL b R 5, B T 2 A BRI %5 [0
fr BBy —Si( CH, ), B PHEAC T FLIE N &, K o 4
T2 FLIE N2 ), S 8L AR FLAR R SR AR
RBEAR, AR 1 AT E Y, XF 41 0 R A7 ik S Ak b 21 S
MCM-41 4RER 17 457 4 K L 2% T AL AK B A AL 4
PE, BLHT TMCS B A I A7 R MCM-41 (1) 1 42
45t . ZnGA (1) B fL 12 BRI B A fL iy K7 B
Lo 2R ALK RS L/, R B T ZnGA SRR,
DALEFRYE 3 F 06 ZnGA i 47 7 )5, ZnGA
RE NS 73 BCFE 2R AR e T, /b T 0K [A] 1 A SR B4, DA
B & T L3R T A LR B, 30K A R T R s R
O B AR
*1
Table 1

UM ENELLSE
Pore structure parameters of

catalysts and supports

i H i LR Lz
(m*/g) (em’/g) (nm)

MCM-41 747.125 0. 606 2.991
TMCS-MCM-41 710.936 0.549 2.903
ZnGA 19.618 0.015 3.051
ZnGA/MCM-41 187.898 0.171 2.888
ZnGA/TMCS-MCM 41 142.223 0.122 2.702

2.1.3 E4L ) 65 XRD % A

T WIRE S B AME AL TR ) AR 25 23 0 X Zn-
GA LI M ZnGA/TMCS-MCM-41 #E4T T X S A1 8¢
M, WIE 2 7] DU 3 ZnGA Fil ZnGA/TMCS-MCM-
41 1 S AT S i L P 58 4 — B, 1A B AT [R] A9
PR, Ud B 1 0 4800 19 T AT B BRI 1 v
O AR SE R, X 2 ZnGA B AL IE MEAS DL A7 1
KMo N T HE— 2 O BB AT B0 A5 P BRI e R R
/N TR 12° 2294 Ay e I I WS of T R A i 5 o
W 55 (FWHM) LA K bk )RS (XS) S5 R L3R 2.

400 ZnGA/
0ol TMCS-MCM-41
0
10 20 30 40 50 60
26(°)
B 2 ZnGA fil ZnGA/TMCS-MCM-41 1) 5 XRD % [&]

Fig.2 Wide-angle X-ray diffraction patterns of ZnGA
and ZnGA/TMCS-MCM-41

& 2 ZnGA and ZnGA/TMCS-MCM-41 # 8 G5 #4E
Table 2 X-ray diffraction data of ZnGA and
ZnGA/TMCS-MCM-41

26 i T W CRIESE i i

) (nm) (a.u.)  (°) (nm)

InGA 12.959 0.6826 432 0.267 32.2
22.779 0.3901 382 0.336 25.3

ZnGA/TMCS- 12.741 0.6942 369 0.293 29.0
MCM-41 22.58 0.3934 289 0.37 22.7

M2 LR Y, kB Ak el Pk 43 7 0 X5 ZnGA
HEAT S ARUT , b VAT ST I 11 2 06 55 AT P O o A
L RSTAE /N X R W 17 3 B2 ZnGA BRI 5] 40K
S, AT BB T /NG ZnGA UKL, A A T4
f# ZnGA [WHEILRIE
2.2 HEFYNEHESHT

& 3 FE 4 5 52 2L ZnGA/TMCS-MCM 41 f#
f& CO, 5 PO JL3R ™= ¥y iy ML Y IR F1'H-NMR % A .
B3 e 2 987.0 em ™' kb (i W i i ) Ok R
—CH, . —CH, M4z, RPREGWHEIAT
PO 45H4 , T 7E 1 736.8 F1 1 222.8 em ' Ab 1 B 1Y 45
TEM s A1 3H JE T C =0 By 45 4k 3l LL &
0 =C—O0 W44z , % PITE RS Wik h A7 TE Bk R
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Fig.3 FTIR curves of polymer
catalyzed by ZnGA/TMCS-MCM-41 system
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PesES "2 . fE PPC Ay HNMR 3% &1, 25 i e )1 g
TEMANTF 8 =1.33 [3H, CH,(¢)],8=4.19[2H,
CHCH,(b) ], 8=5.00[1H, CHCH, (a) ] ; 7E5Z 5 [
IEBE A J3 R, CO, 1 PO LUAS B A1 )7 AT

SR R B 15 b e S B, B PO Y 5E
S AN R Tk 45 F 2 — A B AT B 3 4 ) 14 )
SIS Je B S i 2R 7

0 CH,

0c I

RN |
€O, + H,C—CH +0—C—0—CH—CH, J»- FO—CH—CH, 35

(|3H3 e CH,

LAY P AR Rk RE B, 7E §=3.5~3.8
b s B R F A2 s e f B TP 0% 78 HNMR %
BRI LT WS A 8 =3.5 ~ 3.8 AbA7 W, U6 B B 14
PR AR . BRI YR A Y
T TR AW R BE R E M RE R
HEER T, N T 00 AW T IR Wk R IR A B
f F det, LA SCHR [ 14 ] 3155045 B 16 7 1 1Y e 2
BssE 1 & (CUL,% ) iR A n = (D) fiR .

n

CU = x 100%

n+m

A +A
— 4.9~5.1 4.0~4.2 XIOO%
A4.9~5.1 +A4.0~4.2+A3.3~3.8

A FR HNMR A4 (57 8% 06 B B3 1T L
2.3 EAFNRLESE

A B LR MCM 41 4310 8 K it
iR A Al O S5 HL i b 3 R 10 A AL 1 B, BT LA [
AL 0 F 7 i 2 0 75 4, SC R BT D 28R 2R 4 £ )
(3% ¥ 0 (ZnGA) 5 # & (MCM-41 5 TMCS-
MCM-41) i) f) T 5t b 4 35 O 3/1, % 58 17 R[] )=
I 1) T 4%l 1 700 B L 0 R 45 R L3 3

Xt T ZnGA AL, K B 40 h A & w5~
FIT NG 3 AT & B, 7RI 40 hJE, AR ZnGA
fALRITE CO, 15 PO LI R 22 8L T 42 19
HEAGTE P, LA Al 2% 5 4 8K 1 R 19 ZnGA A i 2
B o Kim 2550k, ZnGA fiE{k CO, MIRALSY

(1)

R3 RENEXN_SUKSRERRLRE NN

Table 3 Effect of reaction time on copolymerization of CO, and PO

AL ZnGA(g)/PO(mL) BB 1 CV, R M, x10*/M x10*/PDI®
(h) (%) (g &/ g ZnGA)"” !
ZnGA 0.30/40 28 97.9 31.4 6.04/77.64/5.16
ZnGA 0.30/40 34 98.4 55.9 9.14/43.55/3.65
ZnGA 0.30/40 40 98.2 61.8 11.59 /86.22/3.39
ZnGA/MCM-41 0.30/40 28 97.3 29.3 2.75/54.59/8.20
ZnGA/MCM 41 0.30/40 34 96.8 54.3 3.38/38.50/7.59
ZnGA/MCM-41 0.30/40 40 97.5 81.1 5.30/34.21/3.77
ZnGA/TMCS-MCM 41 0.30/40 28 95.8 58.6 3.79/10.75/4.74
ZnGA/TMCS-MCM-41 0.30/40 34 96. 4 86.3 5.24/11.51/3.03
ZnGA/TMCS-MCM 41 0.30/40 40 96.7 78.2 3.54/13.29/5.97
2 F R LB ) B BRI AR T B (BEJR A0 ) M ARAOR LU BT RE MR x 10 AR BE GLA,



% 10 19

B A RE e AL Bt MCM 41 f 8% — IR FF A b CO, 5 0 S0 TR e k2R 1 4 T e ik 4

3697

e 5 R 58 A AR T S AN W A A A AL R Y Zn—O 4
M &4 o Ff H ZnGA 43l 1Y Zn—0O Be {7 88 n] LIk
AR SR Zn—O g, Bl AT DOk s A 4d A . B il
# B3k AL AL 5], ZnGA J5URL BB 7E MCM-41 Al
TMCS-MCM-41 & 153 20355 0, > T ki 2
] AT SR B4, it ELA ST /N RLAR 3R 3R 5 A [
i ZnGA HA W Z 135 Zn—0 FC A7 5, AT
PSR, A ZnGA B FFS R AU
RORTRMEHE T & 8 (CU% ) ¥R T 95.8% , KW 4 4K
A FF A T ZnGA 14 AL 35 M, £ 28 L 4 A 7]
WKER BRAR & M3 £k CO, , R G W JL-TF- )&% CO,: PO =
LIS B LR Y, X X CO, 1% B8 U5 A6 ) R B IR 3R &
Yy A 7 A SR A A R

INFE 3 0T LUE X 1k 550 2 44 3E 47 Rk e 1k
VRS , R R T R 0 S5 v A AR RO 43 0l Dy 81,1
H86.3 ¢ BEW /g ZnGA M 2K HBATXS I /Y
I BSE ] 43 500 Sk 40 b Fl 34 b 156 B X4 07 R AT RE
A EsCPE J5 SO B A PR R A T AR 4R
1E CO, 5 PO py L5 S R #1044 F& b KR 43 PO 3
JE LA R FDE XA LE, ZnGA/MCM 41 5 PO (3%
TR VPR 22, LTI AR FH AN BUARUITT 45 ) R AR DT,
M ZnGA/TMCS-MCM-41 i F B4 /b & 58 2 7 3
ATV 0 HAE PO WD DR TEBFE R 5 T
BOIEELR D IWTTAR R T B0 e s 1 7% S 0, 48
TRV R B A RN B #ETT, 2 PO EAE N
IR AAR S5 T RO, K F2 B RS B0 2 4 K, R fiE
SBT3 R AT S R PR S I A PO AT T A
3 3R 7 0y, 2 S R i {8 e A 2k 3 AR e ek
J&5 P AL AR A 22 AN K, i — 20 S K R I
(], A 20Kt B2 380, 7 e Uik i BT U0 ) SR R AR R Y 2%
KL R AR R SRR TR A
AR T R

PN il €/ U] I = B e S R N R 4
STEAY TR FRRARR G740 7 &, X ) g 2
PR g 6 M e 2 A B oy T B R R Y, BT
8T P v B ST 1 25 TR] A5 LA B 385 K, i HL 43 1 Ui
BRI A AE SR R 0 8 AR K, DT BHL AR R G
b AR v oy B v A R, BRI A T X
AT AR S AT REBE L PR S, I oy T S
A3 H A3 AT R R BN S B S 25 00, A e Ak el 1k S T
BEREYEAR R T8 (M) FA B 24D
HAE AR 53 75 50 A (PDL) X Al K7 5 & ¥
s e A ] fE

MCM-41 Jy # & (4 ZnGA L 7E CO, 5 PO
AL IR R R I TR B ZnGA BT ) i
eGSR FH TMCS Ry fELE AR, xF MCM-41 4y -+
%5 1 47 22 T SO AL B S, ZnGA/TMCS-MCM-41 fE%
SR B35 S 2], 76 B S I ) Y SE R CO, 5 PO Y
AR IR AR B ) A 58 A e R L IR A5 A R
FHR % SR A Rl % i 8 kL 3 5 A 9 AE W N
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