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1 HAERRIE Z 5L (CO,-polyol)

AR 22 TRt COL, IR B AL I B8 R i
AR S A S A S IR Y, TR E R
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Figure 1 Preparation of polycarbonate polyol by CO,/epoxide copolymerization
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ChenFllHuang*" 5 5&% F W4 & AL 4 4 W) (DMC) fit
b SRR A N R FREIER, L&A GRS
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FHEFE R FIPPGRY B /R BGE KT 51 &7, #hPE T ILTr
BHEH A — T PPG. H THEFE RS SN H R PR T HEH K
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AR AR

TR AL R BB RE AT T - B R AT EH
— i R BE R BB A I, B, R, Ha5m R
SR, X TAFBEEFEEN, TG A,
BEEALRE A T2 . PRERIEAINT AL, HARFE RS
REF1405S, (RS G PR RIR A RO TE R R g, (R B RE K
e, AT, ByRR RIS HE L i REFE RE e
JIB WG, MR I BRI AT AR, AT
eI RNV R, AR IOE AR IE Z TR
BRI B fe T LR I R R, T A b IR R
T ANHG TR ] 5 SR TR i 22 ) U P D e R
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AR T T COL A A AL L R AL ) A YA 4
R, FEARE CTRREL A YR R AN LS
SALYI(DMO) A Z.

TICARIR BT A WAL A AR R R R B
(ZnGA)(KIS2(a)), &2 H E AL BERN I IR ] A T Y,
BEIEF R G UG R IR LD MarbachZs A PY
R —BREEAE MR . 57 50U AR A= HE R
BEFERER, WA T 05 R 1~66 kg/mol 1 R ik 1R
Fis- SR Bk —CWE. R TR 7R A SRR 5 ) 5 1Y)
RARTRME — TR IR BREE B & = (85% LA 1), T
ik ik B AR X 387>

X4 & JUE Y (DMCO)(FIS2(b)F1Zn-Co DMCH&:—
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e, U R R R R B R UR Y R i 2
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DMCHEALF(Zn;[Co(CN)gl,), LAERTN _FE(PPG-400,
700 g/mol) WEEFEF I, il Bk lg & R AN 30%
1) SR Bk - R B R i 22 JU I (MinfE 1.5~2 kg/mol). 20124F,
Gao% N2V ilt FHAH R B9 AL 30 1R R 4> T /Y PPG
(192, 350, 500 g/mol)VE MEEFFEH, RIS E] T
Mk - R Bk BR IR oL SR, IR B AR ] AR
(10~50 h), PFR#| T HAE AL A RHET. XJEE R
PPG% 5 5DMC K A B 56 4, S EBUR N5 T HARE K.
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i, Jf HARH T TMATEZ: 5 CO,/POILER [ i o 1 ] g
MU 7E51 K BB, TMA N o5 DMCHEILFIECOIE B,
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FEACIR MR = 1. FeJm, TMAFEACR Bk = B2 R 6
M2 5 CO,/POIMR) 3 iz i A Bl AP 3R (b 17 16 - Fik )
=

bR TR IR IR Y — o R E N B RSN, Ny
FEEL AT AR B ARFE AVE . 20074E, LiufiBa 5 it
Whn—45 — N —F£(DPG). Z=/PUEERI, 4-3RC —EE
Ny TR AL, AT SRR R - 3R ik £ U
20134, Varghese A5 HyCo(CN)F1ZnCl, 7E I it
HifE IR A, BT [ZnCI] P FI[HCO(CN) ™, #5357 —Fh
B4 B S (DMO)ViET. A5 R HI & DMC
AL 7 238 8 K Co(CN) FIZnCLAE M R, H 2
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G JE IR ER 5 W) (TPPY)MX i <32 J Hh L FTHI Bk ER
(TPP)ECARZL R (1&2, HEAEFIN), 4@ =14, fuih
BB BAIERAE. folt, HA NG T — Rk b
AR P (Oligo AL (F12, fALF3), TR L]
W2 (0.002mol1%) LA B2 1 equiv. B = A8 i o 50 S 1k B
(PPNCL)E A BIAEAL ] A R R A by S B 79 (B 55 4%
FNEMET, AT LURS T — SR AR I e B sk K
gER, [AIRHUCA 1wt% LR RERRBR R I M s A2 B, b
71 HH AR R ) SR 3 P R e R

25, ERRLL AT — R R L 77 (CTC)
(RISKEME, BRI I RICTALS Aok, MLIhAS 3 T 5 4
SYETIRER A WI(F2, fEIk4). FEREThREfLn) U2

F 1 EHAERAN AR ZEMBRES TR AR

SRS 2 A4 (TPP)CoCIIE I, SE8 T Fih
1~16.8 kg/mol i 58 4= 38 B IR IR BR 1) 3 1. fedlr, il
2k 252 A O AR I A B S MR LR R (T2, AR R
5 ARSI AL S- Alyg, 75 0 MR 755 1 3T
ZYERBEREE. AL S AR A (0.02mol %) FY - 1L
T, MIE T AT A T HE(Mn=0.58 kg/mol).
AN, H I = HER(TMA). S0 H R (PMA)FI—
I VUEE(DPE), 3k T HA AR (R, g
A A CO,Z o0k, IEM T ML R 218
FHME.

4 Salenff AL H Salenfil A5 91 (K12, fEfLF6)F
FE b BALRIZE L. 20104E, AllenZs A\ FI 51
PEBSalen-Co([&13, HEALTHIT)FIZE B LR A XU /K R,
W AR A E WTEBE RS R, [HCOMAEILA
P, il B T s B LR B R IR TR 22 T
B, WF97 % 24884 Salen Cofifk i) 5 B Ak LAk
AL AGE AR RO T D, TR A 43 T I D A4
HLH 8 5007 B ST REMEAL . R T AEAR RN Bl Ak
FIEAFTE TR —2r 7, RER G AR, tRE%
PR RO TE . CyriacZs \OTE75°CTF i 1T il 2
HhIEEfL Y Salen-Co(K12, HALFIS), 7E AT —RfF
N REE TS LTS, TONEE15700. 25,
Cyriac A7 Lee N IR 20 31 LU AT A= (—
JEJPERRPh,P(O)(OH) A JEBERRPhP(O)(OH),\ BEMR
P(O)(OH),)) FIRIEAT A R —H R, 2, 6258 &
M2 MARZHIR . R RRWENEEREAN, e 1 ik
B S DU FOR IR 1) IR IR TR 2 00 RE, JF5 5%
Mg S A 2 T HLA BRI R 1 2R K.

Table 1 Heterogeneous catalysts for production of carbon dioxide-based polyols

| TR If 1] JEF BRHHPO/CTA  BRIRER i PDL SRR RBOEIE
(°C) (h) (MPa) (mol/mol) (mol%) (kg mol ") (W%) kgg)
ZnGA 60 4 3 50~930 85~91 1.0~66 34~83  32~188 027~1.15  [34]
DMC 80~130 10 2-5.5 143 15~30 1.6~2.5 2.0~2.9 12~28 1.50~2.1 [34]
DMC 50~90 10~50 4~6 9.2~28 15~63 1964  1.14~183  1.8~69  0.16~10 [29]
DMC 50~80 5~30 4~6 15~41 42~75 1.5~49  121~1.72 2~11 13~2.5 [37]
DMC 80 2.7~5.8 4 40 37~45 3550  126~133  6.0~7.6 - [38]
DMC 60~80 8~28 2-4 15~35 26~54 1438  1.15~145  7.9~28  046~1.0  [39]
DMC 50~80 8~41 3~5.8 18~37 26~55 1.6~3.5  1.08~1.35 4-21 036~24  [40]
DMC 60 12 9" - 30~37 3.9~7.3 - - - [19]
DMC 65 6.5~11 15 50~200 59~64 12~13  1.17~178  90~92°  0.80~13  [41]

a) “ R B IZEAE; b) RAHFERICO,MRTR(mL); ) RGWIX FRARBRAR AR TR PEPENE
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M;=M,=Zn, X=OAC 9a
M;=M,=Mg, X=0AC 9b
M;=M,=Mg, X=Br 9c
M;=M,=Mg, X=0,CCF3 g9d
M;=Mg M,=Zn,X=OAC  9e

B2 e m AR raiie

Figure 2  Structure of homogeneous metal catalysts

KINBCARZ & 8 2% B LR 2 — 2R A A
RNl i e e N N LT 7/ R e R WN -9
TR —EF, Wl U ARFEEF. Willimasif
JU O A 249 A U Zn FTM g Ak 700 s 2R (1512,
9a~9d), ALCO,MAAIFCLE(CHO)ILE, FTLIA AL
99% ik R IR T T LR Y. RIVEEFER R T, H5ik30
equiv.7K(3mol%) [ 554 T 3SR 7T LAFS 21 R Bk iR 21 O B
ZIGHE(PCHC), [RIUER] T BERL A AL HL B &
YA FIE P15 2. Bl)S, WillimasiRAZH " 53
TR EEAN/BEAD AT R (E2, 9e) I FCO, M
CHOSLER, & B A% (4 Ak 6 e o2 T =2 i A [l A
e, HE T F NS RER, BVEEZERIER.
SRIM, LRI AR AL FIFEPO/CO, R A I by Hh 22 31
Tt TATE AR AL HPPC, B4 7 AR RR .
KT FEPRIX A, 20204F, AATTA R T A (-4 (D Y
SR BRI (E2, 10)°7, 24PO/1, 2-FRC T

M=K, X=0OAc

M=Cs

ARG HE 51 100007250/ THE, ] 6l 4% HA B R i 16 4
#1199%. 4> T8 1.3 kg/molAYPPCICHE.  [iRYYy
A4 B AR R A i — R ARk I 22 e I A 45 R 4
#2.
133 HAELEEMLA

IR ISR 4 JE AL R 7 B R AL A COL 3L R s i
FRRBU LTS AR NI, SR B AT TR e A 5 gk
B G R, BRI ELXE LR e 4 5%
BA, BRI T HAE Tl E AR, 20164F, 1 mea 41 gAY
RiE T = 2 IEM(TEB)/A VLIS 25 SR oo fi A R
HTCo AT, Alt, 4R bRIiA RG]
TTEkE, —FRIHE4E Lewis RIS BT & 31
FIEAL YR AR SE R, SR Il AE ik
B, HERAEE R RS W3, TR >
FHTEB/PPNCIffiEALFIIA R, ZEPDO(N ) FHIBDOE
MRS T, 193] T Bk ERTR (>90mol %) & &
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/\/\/\®/\/\/\
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Figure 3 Structure of homogeneous non-metal catalysts
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Table 2 Homogeneous catalysts for production of carbon dioxide-based polyols

3 PO 60~80 12~24 0.8~4.5 1000~2083 15~54 1.9~38  1.07~1.12 0.4~1.1° 48000~50000  [42]
4 PO 50~70 0.3~9 3 - >99 1.0~11 1.11~1.77  66~82 - [43]
5 PO 70 24 3 100~8000 16~43 0.58~2.5 1.00~1.11  92~99 250~340" [44]
8 PO 75 1 2.5 200~600 >99 2.4~12.4  1.03~1.07 - 7300~15700 [46]
8 PO 70~75 1 3.5 300~600 >99 3.0~83  1.03~1.14 - 9000~16100 [47]
8 PO 70 1 3 400~600 >99 1.3~3.5 - 91~97 7400~13900 [48]
9d CHO  80~100 3~18 0.1 10~30 >99 1.7~3.6  1.12~1.16 >99 350~360 [50]
9e CHO 80 6 0.1 10 >99 6 1.14 >99 274 [51]
10 PO 50 3 2 50~250 >99 1.3~12 1.07~1.16  94~97 3700~6900 [52]

a) ", FORBAT AR, b) LEHINIEIGHT R o) FRINTRRARSAY Tt S 40 d) 77 (g(polyol)/g(AD))

PPC —JClE. B4 S5 S | K s i L
KFR, MTTEBXGL T FIL AW 2 I, Foss
T R T A LI L7 (8~12  equiv.) A AE i i 54 i
o7 AR T 20000 R AR FR TR —JulE(K13, 11).
20204F, WITT RO IRARZE > M4 1
T RGNS A AU S5 A7 2 e b ) B2 2 XU e A Ak
A, RGN IR ECE R =A% A% R
XU REA AU AT, Rk A A 5 S R Y
L, AL E SRR R L, XK. BRI A
Fe i ARG 2, FERRIMEE BRI (L=
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BE. TN P, NI, FRELY) HRA T A )
RE A 1 BTk 2 T I o R 3 s F T D

BT, V03I GG LE P o FH 28 B 7 2 AR A
REA DAL FI(E3, 13) IS Bl T (%51 it SR B R G
TOEER . PB4 EAA DAL, R
TEARARAEAE R I 5 R (0.0 1mol%), X 4% Fh IR A (b
R AR B AYTEPE, PCHCZ JUREHIPPC L LR Ry = 5
Eik18.2 kg/gfi Ak A1 ke/gfi Ak, [H 2B ARG
Frmfl. AN, (AN R RO BERE AL (22 DU s 2 SR
LA YI(PEG,OH) 25k 2 LN IR TRIR (HEA)FI PN K i



P A

(PA)) AT LIS B HAT AR G544 (B an AR, il 280 1 SR e
R TR Z Jol, FWIDI)BeMEAL A X CTARA & it 32 1
R 323 . JLT- R, 2R b A 22 23 ey
BE I REA MU (E3, 12) S+ —E A LS
WEACLE(CHO)IR, 38 2 ele AR 7K 12 R £k 7] 47 28
i, LIRS R4 F o (1.5~7.5 kg/mol). {4-HME:
(PDI<1.2)FIBREREE & 1 (>99%) W PCHC . bk
FHAE 4 SR AR AL A B AR I 22 T BE A 45 2 45
3.
25 b, AR A RS 25 3RS 1.

2 AEBER R

T AR 2 LA B 1 R R (CO,-PU)
FUA G TR ARG 4 T L ABESRAGK
R, (RIS R
BRI KRS T I 2 3 T 02 St

2.0 AL SINER EIE(CO,-TPU)

CO,-TPU & MR 55 14 45 5 I A 7] (121 4)"°,
e, i ZIuRE. SEERER AN TR E Y HER,
Al LIS B R EIE R, 5 UL I SRR 43 oA SR ik 7R A
REMERHY, Mt 700 R g o Tk P SR s I, AR
IR SR IPE R K S, (B 2R PEREd 22, SRR AVR &

FEA Bom A P RO EREE, AR HAA B4R A RE
RS FH T, R LT K A AN SR AR X 855 2%, CO,-
TPUH ) SR fifk PR i e e L SR ik A1 SR R 1 M0 0, AN
Fr R 12 vERe, W EA S WA W&

x3 HHEESBRANAK _ENBESL THHRAER

PEL RN T AR R A AR AR .

20124, TR 2% NV BRI I NS — TR (Mn
=2.5 kg/mo)/E M #KE:, K —FERER(TDD AL, 4-T —
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Table 3 Homogeneous non-metal catalysts for production of carbon dioxide-based polyols
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Synthesis and application of CO,-based polycarbonate polyols
and their polyurethanes
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The copolymerization of carbon dioxide and epoxides is utilized to synthesize carbon dioxide-based polycarbonate polyols,
which are used to prepare carbon dioxide-based polyurethane materials. This approach is becoming an integral part of
green polymer chemistry. It is also at the forefront of the national carbon neutrality strategy. This review primarily focuses
on the synthesis methods of carbon dioxide-based polycarbonate polyols in recent years. Emphasis is placed on the
research progress of immortal polymerization of carbon dioxide and epoxides in the presence of chain transfer agents,
which is further classified and reviewed based on heterogeneous catalysts, homogeneous metal catalysts, and homogeneous
non-metallic catalysts. Furthermore, the extensive applications of carbon dioxide-based polyols in environmentally
friendly polyurethanes and other fields are discussed, and the future development trends are predicted. Carbon dioxide-
based (CO,-based) copolymers as environmentally friendly materials are highly promising due to their excellent
biodegradability. These copolymers effectively utilize carbon dioxide gas, which is abundant, non-toxic, and cost-effective,
as one of their raw materials. Given that CO, is emitted as a waste gas in numerous economic activities, leading to global
warming, the chemical fixation of CO, presents a compelling and effective approach to alleviating environmental and
energy pressures. The direct utilization of CO, in the production of degradable low molecular weight polycarbonate polyols
or oligo(carbonate-ether) polyols via epoxides/CO, copolymerization has attracted much attention to both academic
researches and industrial productions over the past decades due to the following advantages: First, there is no toxic
phosgene generated, so it is totally eco-friendly; second, CO, is one of the main and renewable materials to reduce
dependence on petroleum resources; third, CO, as feedstocks is abundant, and inexpensive, which cuts down the cost of
produced polyurethane (PU). Regarding the current research situation, the main issues in the copolymerization reaction of
carbon dioxide and epoxides are low catalytic efficiency, high catalyst cost, harsh reaction conditions, low copolymer yield,
and complex catalyst separation. We have summarized the new catalytic system of copolymers of carbon dioxide and
epoxides, and discussed the advantages and disadvantages of various catalytic systems including dimetallic cyanide
catalysts, metallic Salen catalysts, metalloporphyrin catalysts and new organic catalysts, which have important application
values for the resource utilization of carbon dioxide. Metal-containing catalysts are the earliest catalytic systems used for
the synthesis of high molecular polycarbonate from CO,, and hence are also firstly employed for the synthesis of poly
(propylene carbonate) diols from CO, and epoxides. The copolymerization of carbon dioxide and epoxides is utilized to
synthesize poly(propylene carbonate) diols, which are used to prepare carbon dioxide-based polyurethane materials.
Polyurethane is an indispensable polymeric material in our daily lives. PUs prepared by poly(propylene carbonate) diols,
which are called as poly(carbonate urethane)s (PCUs) possess many advantages such as excellent mechanical properties,
hydrolysis resistance, abrasive resistance, oil and chemical resistance and excellent biocompatibility compared with
normal polyurethanes synthesized from the conventional polyether and polyester diols. Therefore, the synthesis of poly
(propylene carbonate) diols as feedstocks for poly(carbonate urethane)s has attracted more and more attention in recent
years. Furthermore, the extensive applications of carbon dioxide-based polyols in environmentally friendly polyurethanes
and other fields are discussed, and the future development trends are predicted.
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