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%, 724 PPC 4y T-Him . BRI Y AR REE (CPC)
ANEERE . H Tonue B IRLA CO, MECRIS L PPC A,
B THEH T 298 T CO, MEREALY) T S5
LR 2. 1999 4F, Ree I ™Y 4 58 T SE I XT
B AR R R B, 7e AL eE , SA LR SR
BER . 23 4 FVERIR R, LUSRALEE (ZnO) S BE IR
B ZnGA HA AR R AR L 558 i 45 i
JE, ZnGA B9 I R K T 98%, & = 36 7 R 70.0
oty Zears 110 PPC ) Mn 3 210.0 kDa. [ ZnEt, 5},
FALEEY . 2™ e AL 41y
AR AR, 2003 4F, Ree 2 P 43 BIWFSE T LA
AL AR YR B 2 B S Y ZnGA TE

19.8 m*/g
oH Q
V/ (O
nO (0] ~Zn?
Toluene ;
or + . (o %
Ethanol/Water
Zn(0A¢), H,0 o o
2
HO 48.5 m*/g

CO,/PO I i A AL 1 1. 45 2R 3R, L3R TH
FRUIG, (235 & B RN 5 & B i 5 1Y ZnGA AL il
R AR TG PE. ZnGA LR T BB T S5 R
RO AR R A A DY A 9 T A T RO Ak
FI Y-S B 0.195~0.196 nm, AHAE 1) 4% )5 1
Z IR R A 0.319~0.323 nm™7.

2006 4F, Ree W 2 ™ DL [7) 59 B2 4 i T
ZnGA(E 3), BF5E T ZnGA AL AL 15 1T 5 45
AL SRR R R SRR, U KE
BE (Zn(0OAc),»2H,0) & B ZnGA i 1k 751 45 & B
K 77.6%, HATAE TR T 25 2540 A R i) 2% i AR
(48.5 m”/g), HAELIGVE N 83.0 gpory/geas PP THE
41 160.0 kDa. 24 ZnGA AT 1445 & 5 A4S i o i
AN, 2 mRUER A, AR b 5.
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PPC

pCO,=5.15 MPa
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Fig.3 Copolymerization of PO and CO, catalyzed by ZnGA from different Zn sources
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SERITTR, HOAS T BRIAMREE . I REE . O IR
PR BE R I, 25 3R, e e &
iR A% B R B 19 BUBE HHUL Zn—Zn (R 1E B N
0.43~ 0.50 nm, Ifii 3% 1 MR 4F 1 Zn—Zn E & 4
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Fig.4 (a) Structures of glutaric acid and its derivatives™";
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FEHH, 7 A FEAH BRIV, AR R R L RRACT
ZnGAP B BORIAR, SR T R T AR, 45 5L
ARTRIAS, 5 R B4 b SR T B AT AR (AR 0 g B e A 1k,
PR A AR B R VR I S R Y 4
JEE N2 i 58 B M 4y AR TR AL CO, 1 Sede 25 1R g
151 COy/PO IR T4 1 S PR 25 et ML B 1 A
AL S, AR TS R T IR 160.4 gy /S 1)
PPC ELAT e M2 R 2548, Mn 2 26.3 kDa. i BKH?
TR FH A P A L) ZnGA, BB AR T A
PEFPRIAR, TEVEIE 160.4 gy /e AT AR/ N
Jei 5 2% 5y A R, P 50 5 [, A0 905  A) 32 )
AR B 1,

[ 48, Chisolm #RZH ™ BF5T & B, ZnGA ik
PO IR H CO,/PO FHE S i, LY OH 4]

; (b) The effect of different glutaric acid derivatives on yield, activity and molecular weight

Efit;, 2B Zn-OH FEHI T RESE ZnGA (KRR AR LR
TETEYIFR. 7E 60 °C. Al CO, 1L T, ZnGA 1] {4
1k PO AE BN Y & FEAHIE (HT) S5+ 195k (PPO);
1£ 60 °C, CO, JE 7] (pCO,) J 5 MPa B, ZnGA A
1k CO,/PO LB 4= J PPC, P2 KT 97%. 1E4E i
1) PPC 1, HT 45424 i 70%, 1 A% (HH) FlE
FEAE (TT) S5 2 & 30%(K 5(a)). fEZHEH T
PO JF ¥ (1) 52 0 HLER: 418 30T 1) 1 5 356 1A DA 75 o 1 2
5 Zn 8561 PO 43 F, %R B 5RO 4565
KT IE IR (E 5(b)).

2010 4F, Dehghani i 51 41 ™ BF 58 7 48 I 5
CO, X il % ZnGA AL A sZ M. 25 5 R B, Hilk
FECO, XA R, K/ N s 1] DL Z B AT, 5
I BRI ZE SRR 12%, LI ER T 10%.
Dehghani {8020 ¥ & T —Fh 4 1% ZnGA 181
R T2, ARG TN 67.4 g0/g. $ & 5
74.2 gory/Eear- TERBIG AL CO, G AL ZnGA 17548
it 85%, 5 LA R NG MY ZnGA R R AHHY.



5 5 19 X1

PR R TR R AR A T A AR SR R TR IR AT 5 501

(a) o 0)
COo, + - o> —» ‘[\())'LOJ\/()YOY\’\
n
x% (0]
(o)
Co,+ 7o\

o)
. L o_ o
4 ‘o 0“( jo( j/\b
503 o)
O4 — \[‘OXOJ\/OYO\)\E
LA o

CO, +

Ed

(b)
HT  70%

HH
30%
TT

Zn

0
N\

In—05
n\.(OR

Zn-0O,

WAOR

5 (a) SORTRME A ICHY X IRTH1; (b) MAFIHHET PO FF3R S i HLEE

Fig.5 (a) Regiochemistry of polycarbonates; (b) Ring-opening of PO by a back-side attack mechanism™

2017 4, Lee IR ™Y H2¢ T AL 45 16%
FUR N BRI ZnGA #E AL PEBE R4 PPC g
FIFZIR. 7E 70 °C F, 2 9 h il & #9 ZnGA 25 &%
ikF] 42.5%, 74 PPC 731t K 99.1 kDa, 7+ F i
GYAEN 1.3, GA FEALRYLE T 584 & O AHE 1
B AR B B0 R A AL 70035 P rho D O SR T 5 BRI
AP WS T R 14 ZnGA Ak CO,/PO LB 7 Jif
B . ZEMR IR (0.5~2.6 MPa) T, Bfis CO, WeJEH
o, S 3R R R T RN 0. R (3.5~
5.2 MPa) A F| T4 5 PPC L HME MR & W5 <
BRLE A TR . H R BUE AR R S AL 7 g,
BAR T SN . fe R F1 Y LR 2.6~ 3.5 MPa.
2017 4E, Salmi BEEEZH LA 2 BRI — 8 1 SR,
£ 200~250 C FHFZE TR F 2 0IBE DB — iR
PEMIRE. AL BN, 7E 200 °C T IO A A L
SRR, FERRIREEA 5 0 — RREEAR DT IC. % A n]
AT COy/PO TLBE .
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(4) W R
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S 72.4 3R E] 90.9 F1 100.1 ot/ e 73 HIHE S
T 25% F1 38%. B J5, Yoon i 20 ™" 5% Fi H fistdh
RV W I %) ZnGA 0T, U R 21 1l 1 40K ZnGA
fE AL, T PN 72.4 $2 5 #1321 goy/es TR
83%. 2015 4F, 15 F 42455 SR ] — R ALk (Si0,)
B ZnGA AL, WG EM 65.1 #2553 131.3 g,/
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e, (ARSI, S T3 Ak e v, oF
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— RN, ZnGA AT R IR, 45
ok v, UL A 5 P A . 2005 45, Kim il ™ 7
A ZnGA 3 T bR W R i B R UAE A
MU, DAt/ A1 5, 2 i AL s 1. ™= 4 v
Sy B ZnGA fEAEFITE AR T8 A i f Ak 7).

2022 4F Jang 8 2H™ F 1 Hy[Co(CN)] i 1k
2D JE 25 ZnGA (2D-ZnGA), HE Ak 57 7% 14 15 5 5
855.0 poty/Bearr ) W IRIR T B TC 5 14 61%, PPC
WFETER 82.0%, Mn 2 72.6 kDa, T, 4 20.0 C. iX
J& H T HOE P0G MR R Y ZnGA KRR 5k
TINASTF ZnGA T MR- THEA BURAE .

¥ ZnGA 5 H A 167 &2 6 7T LUA B8 &
ZnGA WIMEFLIE T, B8 = tERe. 2016 4, XM
A ZnGA 5% P DMC {4k 7 15 5 R
Fe10 : 18 &, AL 16 PE N 134.2 3 Jin 2] 508.0
ooty Bearr FEIRE N 77 HE T T A B O FL IR W), FLR R
BEBATC N 97.7%, Mn ~H 200.0 kDa, RS £ 5>
WE%L (PDD) 4 1.9, FE5 SO0 R0 = 6 | it
Bk W oy T SRR AN, B ZnGA Al DMC
AL COy/PO IR A rp R BL I — & By B RIVE .

H 2 1 AT UL, ZnGA fifbiRE i ot R 2 I, A
IEVEA T — o W BT, (ARSI .
Ay Fr R e TR S Tl AR FATY SR A7 A —
SE MBS R ik, i T ZnGA figfk CO,/PO 3
RN EA Y PPC /31, ®l7Y) CPC & it
RS 5, AR IH SR 7 CO, FEB BRI TS e EL Tl Ak
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Table 1 Copolymerization of CO,/PO catalyzed by modified ZnGA

ZnGA modification Activity(before)' Activity(after) Mn(before)’ Mn(after) Ref.
ZnCl, 72.4 100.1 156.4 208.0 [36]

FeCl, 72.4 90.9 156.4 262.4 [36]

HCI treatment 72.4 132.1 156.4 147.8 [37]
SiO,-supported 66.9 134.7 115 14.5 [38]
acid-treated montmorillonite - 104.0 - 20.5 [39]
MCM-41-supported 75.3 87.2 156.0 28.3 [40]
per-fluorinated compound - 126.0 - 56.1 [41]
SO, 8.2 103.1 175.0 175.0 [42]

ultrasonic methodology 67.3 160.4 51.2 26.3 [30]
PE6400 - 64.0 - 143.0 [43]

scf-CO, 67.4 73.8 76.3 93.1 [32]
H;[Co(CN),] 33.1 855.0 49.3 72.6 [44]

DMC 19.3 508.0 180.0 200.0 [45]

a. Zoy/Eeas b. kDa
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Fig.7 Immortal copolymerization of PO and CO, in the presence of

water[%]
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JE— S AR S A THE NG SN PIRR B SE R Al A
B SRR TR S SR T, 76 SO ik R v T e & A P A R
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IR RARRER CPC, (2) A ALY 75+ Zddi AE
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JBERE. P CO, 231 (Y T Seddi AR B BE 2244
MARRE R AE™.

3 ZnGA E{£ CO,/PO/SE = Bk B

CO,/PO .t 3 e 7= W 1) 1% 35 Ak i A% I B
(<40.0 °C) FXEAR, ZEFLR g | S = jofkn] LAY
B R W I 2E R BE R PR R Dok R I 2
CO,/PO/5 — iR = Je I rp i UL IR 57 — H k. B
I Z A, ik A 2B 2R W R B (PA). AKX IR I
(IAn) %, 2549 4n & 9 B, 38 2 oo 28 2 7 F 44
B[R] EE IR B, W AR = e R 1 11 B 3
MG AR R EE . YR, PPC 4 [ OB LY &I ™= 4 CPC,
A 242.0 °C, MELLHE i P BRI B, E =
R AT A REIRER AW CPC 1 & i
3.1 CO,/POANIRERET =TT

2008 4, d R AL A R AL AW iR
f) ZnGA AL SEBL T COL/PO/ T, K IR IF = oo 3k
B, 1E 60 °C. pCO, N 5.2 MPa iy 544 F KL 40 h,
15 BB W B H R Rk PR N4 TE (PPCMA). 7E3R
AN bE S ok IR EE R L 30 0 LI, P2 )

[47-48]

PPCMA301 ) Mn } 67.1 kDa, PDI 3 3.28, f#4L 5]
TR 72.5 goory/Cear B Eh R TR DA B2 38 0,
PPCMA F#A R i I i 5 #2455 . Bl , Song %60 fif
g E Ak — SN2 (DCP) 1R 2B, i A /b i
Ok R BFRY PPCMA & A LB, 5 R LB
PPCMA H L, #MEREFIPLIR M B B 4. & A
DCP JFi 43 40R 0.6% ) PPCMA [ 5% 2k i
(Ty—so,) Flld5e KR F U BE (T 00 23 901 24 261.0 F1
300.0 C. %A1 DCP Jii it 77 2 M 0.8% ) PPCMA
i) T, g 42.9 °C, Fiffis2 > 45.59 MPa.

2014 4F, i BR P iR 2 S B T ZnGA AL
CO,/PO/AI 2 — W R IiF = JCILE, 7 75 C, pCO, A
5 MPa, H kRIS E N BEEE /R L 12 8 244 T,
JI 15 h 153 5] COy/PO/AR 7 — W g IiF 3t % 7= ),
Mn >N 210.0 kDa, PDI Jy 2.8, f# 4k 71 1% N 52.8
Sooty/Leay T T AT TE, HR A WA —E
B (3.3%~5.1%(BE /R 43 40)). H T4 R —H
R T4 A Zn-OH )3 1R 18, 33 CO, MY S iy i
H(rCO,=5.94) W& = TAR R W R, =¥k T
e AR
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Fig.9 Structures of commonly applied epoxides, cyclic anhydrides and cyclic esters

SR AR HE T ZnGA i 4k CO,/PO/
KRR I = 033, #E 70 C, pCO, 4 5.2 MPa, &K
BRI SPGB R N 12 20 200 F, K 40 h
15 = o B ) PPCIAn, Mn 4 101.0 kDa, PDI
N 2.8, MEATITEE N 42.3 goory/Cear Tasv, W 257.8 °C,
T pae N 286.1 °C. B A FEBR -5 2R N BEEE /R He
I, fEA TSR B R 2 10.0 gooy/Sear

2013 4F, “F LB ™ HGE T CO/POMYHE
U H iR I (PMDA) = Ik, 7 70 °C, pCO, N
5.4 MPa 4 F, [ 36 h 155 d:8 ), #4280 ip
iz —EFAHXT PO Y FR I AN B AT 4%(BE 7R 435K 1Y)
FE I A 5 0 A RE ML PR B, T, KT
270.0 °C, Ty e KT 288.0 °C, FLAHI5ER S K 26~45
MPa. LG VR N 47.3 goy/Be I F R
ik 180.0~860.0 kDa. 2019 4, Gao 2™ 5 3y Hh ¢
IORIRIF IR Y (MAO) 5| A PPC E5E. MAO K5
LA 0 38 i 2 3.75%, 77K M 26.0 #5 E] 67.0
Zooty/Cears Tasos T Ty ax 53 AN 215.0 i1 256.0 °C 2
& 287.7 F1 302.5 C. {H T, e R{EAUH 36.2 C,
IR R R YA 5 | AT A BER W e R AW
“HERE.

2015 4F, Luinstra 8415 L) ZnGA RfEALH,

T BEHARRIT (SA). HhoRMREF. 4BK —HRREF. 1K
TIREF. S-FEVKFR-2,3- T RIRET . N ASRE
PRI (HHPA), DU S <F % — H 2 I (THPA) 51 A
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2011 4F, T BRI #2141 T CO,/PO/CHO
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Table 2 The terpolymerization reaction catalyzed by zinc dicarboxylate

Monomer PO : Tu' pCO,/MPa 7/C Time/h Yield® Mn' PDI TJC Ref.
CO,/PO/MA 30 : 1 5.2 60 40 72.5 67.0 33 37.5 [50]
CO,/PO/MA 30: 1 5.2 60 40 72.5 67.0 33 429 [51]
CO,/PO/PA 8:1 5.0 75 15 52.8 210.0 2.8 41.0 [52]
CO,/PO/IAn 4:1 5.2 70 40 42.3 101.0 2.8 39.7 [53]
CO,/PO/PMDA 25:1 5.4 70 36 47.3 862.0 2.5 43.2 [54]
CO,/PO/MAO 3.75 5.0 70 30 67.0 - - 36.2 [55]

CO,/PO/NA 333 : 1 3.0 60 40 22.6 92.0 4.9 37.0 [56]
CO,/PO/6FDA 5° 3.0 70 24 104.0 212.0 1.0 52.0 [57]

CO,/PO/CL 6:4 2.8 60 40 59.8 215.0 1.7 16.6 [58]
CO,/PO/CL 9:1 2.8 60 40 103.0 86.0 2.0 38.8 [59]
CO,/PO/LLA 10 :1 5.2 80 40 48.4 120.0 2.8 40.9 [60]
CO,/PO/BBL 3:1 3.0 60 40 74.4 123.0 2.6 41.0 [64]
CO,/PO/CHO 10:1 5.2 80 40 128.1 143.0 23 42.6 [65]
CO,/PO/EO 40 = 1 5.2 60 40 67.1 38.0 2.15 19.4 [66]
CO,/PO/NEC 100 : 1 5.2 60 40 84.0 92.0 3.1 44.1 [67]

CO,/PO/NMO 50 : 1 5.2 60 40 89.0 103.0 2.6 41.6 [68]
CO,/PO/ONBGE 0~0.2/ 3.0 60 8 65.5 79.0 1.9 35.8 [69]

a. The molar ratio of PO: third unit; b. g,,,/g.; ¢. kDa; d,e. The weight ratio of PO: third unit; f. The molar ratio of third unit to PO was varied in a range

from 0 to 0.2.
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Advances in the Synthesis of CO,-Based Polycarbonate Catalyzed by
Zinc Glutarate

LIU Zhen', WU Yu-long, NIE Ying-fang, SUN Li, XI Zhen-hao'
(Key Laboratory of Chemical Engineering; Shanghai Key Laboratory of Multiphase Materials Chemical
Engineering; East China University of Science and Technology, Shanghai 200237, China)

Abstract: Carbon dioxide (CO,) is a non-toxic, harmless, stable and renewable C1 resource. In recent decades,
CO,-based polyesters have attracted much attention from both industry and academia. Among them, the zinc
glutarate catalyzed synthesis of poly(propylene carbonate) has become an important way for CO, utilization. The
research on zinc glutarate catalyzed CO,-based copolymerization was reviewed. In particular, we focused on the
copolymerization of CO, and epoxide catalyzed by zinc glutarate, including the terpolymerization with the
addition of acid anhydrides or cyclic esters, etc. The development, structure and activity of the catalyst and the
performance of the synthesized polyesters were systematically summarized. The advantages and disadvantages of
using zinc glutarate as a catalyst in the polymerization process, as well as the perspectives and challenges of using
such catalysts, were also discussed.

Key words: carbon dioxide; epoxide; zinc dicarboxylate; copolymerization; polycarbonate
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