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Table 1 Progress in industrial activities of carbon dioxide based polymers

Companies Location Scale Application Technology source

New Castle, USA Unclear Sacrificial binder Unclear

Ithaca, USA

Empower Materials

Novomer Sacrificial binder Conell University

Medical dressing, Changchun Institute of Applied

MengxiHigh-Tech Group InnnerMongolia, China 1000 t

China National Offshore
Hainan, China 5000 t
0il Company

Zhejiang Bangfeng Plastics

Zhejiang, China 30000 t

Company

Jinlong Chemical Company  Jiangsu, China 1000t

SK Energy Korea

Bayer Technology Germany

packaging film

Raw material used for

Chemistry, CAS
Changchun TInstitute of Applied
Chemistry, CAS

Medical dressing, packaging film

Changchun Institute of Applied
Chemistry, CAS

Medical dressing, packaging film

Guangzhou Institute of Chemistry,

manufacturing polyurethanes CAS
Planned to produce CO,-based polymers in 2011

Mainly focused onpolyether polycarbonate polyol production, still in the research stage
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Table 2 Properties of varies biodegradable polymers *

Oxygen
Tensile Elongation
Biodegradable M, Tg transmission rate
PDI T.(C) Tyisay strength at break Ref.
polymers %104 (C) (em®/(m*-d-
(MPa) (%)
0.1 MPa))
PPC 3 ~30 1.2~6 Nd 30 ~45 180 ~257.0 30 ~45 13 ~ 1815 10 ~30 [30, 31]
PHA 10 ~1000 1.2 ~6.0 60 ~ 177 -50 ~4 227 ~256 17 ~ 104 2 ~1000 >40 [32]
PLA 5~50 1.8~2.6 175 60 339 49.6 ~61.6 5.2~2.4 550 [32]
PBS 3~20 2.0~6.3 115.8~146.5 -36.6~ -30 353 24.8 175.2 280 [32]
BioPE 10 ~600 2.1~6.8 136.4 33.4 371 22 ~29 297.7 600 ~ 4000 [32]

“ M, molecular weight measured by gel permeation chromatography, T, , temperature at 5% weight loss determined by thermogravimetric
analysis, T, glass transition temperature, T, melting temperature, PPC poly( propylene carbonate) , PHA polyhydroxyalkanoates, PLA poly(lactic

acid) , PBS poly( butylene succinate) , PE polyethylene, ND not detectable
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Table 3 Characterization of crosslinked PPC

Unsaturation for uncrosslinked PPC

Gel contents

Sample M,
(mol double bonds/kg polymer) (%)

PPCO 0 0 —

PPC1 0.08 65.3 14000

PPC3 0.24 77.8 12000

PPC5 0.36 85.1 8700
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Fig. 7 Preparation and hydrolysis of polycarbonates side chain with carbonate linkages
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Fig. 8 Synthesis of side-chain liquid crystalline polycarbonates with nitrostilbene mesogenic groups
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Fig. 9 Preparation and structure of side-chain liquid crystalline polycarbonates having tails of different lengths
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Fig. 12 Synthesis of PC-g-EGm(m =1lor 2) copolymers with rapid and reversible thermal response at

body temperature by feeding with mixed ME, MO and MEMO monomers
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PROGRESS IN FUNCTIONAL CARBON DIOXIDE BASED ALIPHATIC
POLYCARBONATES

Yu-sheng Qin, Lin Gu, Xian-hong Wang

(Key Laboratory of Polymer Ecomaterials, Changchun Institute of Applied Chemistry, Chinese Academy of Sciences, Changchun 130022)

Abstract Transformation of CO, into biodegradable polycarbonates by the alternating copolymerization with
epoxides has attracted much attention not only in academic research but also in industry. The review first
summarized the industry progress of CO, based plastics, and the advantages and disadvantages of this CO,
based plastics have been discussed based on poly( propylene carbonate) (PPC) ,a typical CO, based plastics
from alternating copolymerization of CO, and propylene oxide. One disadvantage lies in that the CO, based
copolymer is seldom functionalized, leading to its poor hydrophilicity. This review tries to emphasize that
introducing functional groups to CO, based copolymer, such as pendant ally groups, carbonate groups,
mesogenic groups, can produce functionalized CO, based copolymers, moreover, introducing urethane-amine
group, ether group in the mainchain or side chain may be a practical way to adjust the balance of
hydrophobicity and hydrophilicity of the copolymers,leading to novel thermal/pH dual responsive CO, based
copolymers. Of course, due to the strong polarity or hydrophylicity of the functional monomer, the functional
CO, based copolymers generally show relatively lower molecular weight, and unlike the common
copolymerization between CO, and propylene oxide, the catalytic activity for producing functional copolymers
needs further improvement.

Keywords Carbon dioxide, Copolymer, Functional, Hydrophilicity



