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Synthesis of Biodegradable Polymers with Carbon Dioixde

Yoon Bae Lee'*, Sang Chul Shin' and Jae Shik Shin’

2 9 Poly(ethylene carbonate)(PEC)St FrAlgH FhEU01E AAFEEA Y AR d0] NER(in vitro)ollA A7 HAUT
PECE 247k 7heul 8iel o) 2ksl ©49) ethylene oxide(EO)E zinc glutarate Foj=2 o]£3l] FAEUL, H4HTF
A= EO, cyclohexene oxide(CHO)S} 0)4t3} ghrg wHEQith. PECY EOE i3l 4935dds Aide nie
1} poly(propylene carbonate)(PPC)2} poly(cyclohexene carbonate)}PCHC)= 719] 32 Fgith, AR A 24,
FT-IR, SEM 522 Bt}

Abstract Biodegradation of poly(ethylene carbonate) (PEC) and their terpolymers has been investigated in vitro. PEC
has been synthesized with ethylene oxide (EO) and carbon dioxide, which is one of the greenhouse gases using Zinc
glutarate has been used as catalyst. Carbonate terpolymers have been prepared by the use of EO, cyclohexene
oxide(CHQO), and carbon dioxide. High biodegradability of PEC and terpolymers with EO. has been observed. Very low
biodegradation of poly(propylene carbonate) (PPC) and poly(cyclohexene carbonate) (PCHC) has been shown. The
weight loss, FT-IR and SEM have been employed to characterize biodegradability.
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A 2uEE o7|A7]I e oAtEEAE AA ofd s¥tEF B3 o] B4 F4E R IAFES
31719931 o|& B3l wEAE vEe At Al 22 FOE ¥ systemO] F2 AMEE ol A 7t
&E 3 oh[1-3]. o1F HkeAe] £& o 7IX9] of A F9) systemo] EAHUT. EHFAE JH SRAE
ZAlo| = (epoxide)?} olAHEEEAE o83l FEHA 0 B E oj9d] IF olF, HERF, HIE NEEAM
%1 poly(alkylene carbonate)PACYE #AE = Jchd-  To] FulZ AREEHG oM. o|F o|=fol uAl 52
71 (Scheme 1). Aromatic carbonater™= 7}5-2] &)=} FtE A1) o} FBIE R slsAle] Aokl A9k
FHgAo] 3] AV Y Fef2EoZ Wol A th FHI o] A 838 A% d7AH, g8 /A A=
257 Qe Aol HEe] PACE WHEEE carbonate®t}t  BA]Ake] olddIl o, m-biscarboxylic acid o}FAH O]
2 2xoA Ba7t dofuhs et 88 AFE b Ful 842 RIS deol EEA B dedMe
A Atk PACY A% FEu) dE s E87F o, wo-biscarboxylic acid®d] 3?1 glutaric acid®} zinc
dojdtt, ol it epoxide?] B ol whet Zt oxideE ARSI EFiE AZ3ATH
7] B2 i AHES 4& 4 Aok 285 PACE Poly(alkylene carbonate)?] #alA ATE o]Fo]A]
o} 71 Fu Ao Ae) GRS 27t o]Fojxl GRS} AR A BAIREES G71A 2= AR
ol B oje] A= PAC Aol AREE o] HuHSn) 1980 U9 oo Fo| At
epoxide®] ©4 F=of wetA Ed&EE Y B 2k ulel o3t AE§ F<] AA HollA PECY RIAHEH
£ 5o XS A AHE AU S-11].
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Scheme 1. Synthesis of Poly(alkylene carbonate)
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2.1 Alef gl 719

B A7ola AMSE  glutaric acid®} cyclohexene
oxide(CHO), diethyl zinc 1.0M solution in hexanes= ¥
= Aldrich Chemical Co., zinc oxidess= Shino Pure
Chemical, 28] 32 ethylene oxide(EQ)*} A= o] 4ksleh
2% g E57hmellA, Toluene, methylene chlorides
o] guli= gilksialela sl AMgEIAc

CHO= CaHpllM 35 AlA 24 #4917 stollM A
Agte] ARSI, £U1F= molecular sieve(4A)dl
FHAA Sl AAE g AMESIAY 2E A¥s
Aol AREEE AleF & ZAR, A =7 & Axd
A AMgsIRT. 282 Fkgol ARES g
71 ParrAl8] Medium Pressure ReactorE ©]&-3} T},
AR A AL E= B4 a-amylase = Y& Junsei
oA} sty AMEEH Y S22 BRNFET T
5|Ake]l pH 7.0 5898 ARSEATH BAVIFEE
Bio-RadAt®] FT-IRE AHE-3te] £33 o8 NMRE
Varian Unity-Inova 300MHzZ ©]&-3l &4 319t}

2.1.1 aEAe) A

CHO= 250 mL ¥+ &2 vt S8t 150 mL
g 23 A EAYA 222 FE AAE 3
CaH,& 1~2 g ¥ ¥ heating mantleg ©]-83t F |
AIZHEE FR/AZ & g4 AT 500 mLe
u27)o] o]FA Ao epoxide 30g, F2 zinc
glutarate 10 g, 100 mL methylene chlorideE &4 &
$17] stol|lA wkgrlel Wi vier1E dEAZT. 7
A A7E o]H L IA epoxide?] 7A-¢ WHg7] & Ao
diethyl zincE 1~3mL AX o] dk37Ijel EAsh=
RS A3 AAANHG. o] ¢ diethyl zinc7} H,0
Z g YA EE Znoe EMEA 24T & s
B3zt ). I5-E v o]k AE 400 psi
FRAANZIA oF 108 A= 2k A7) olitstetart &

=5
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oA £02 Foj7HA gt o]E T Al W A= wHES}
o G &Ko oJSEAT F58] Fob E7HA Fih.
mix]gtolli= oF 500 psi FEE =73 F 80°CE 7HE
slod oF 12A7F 9RgAIZITE oldf ¥R oy
800~1000psi =& FAI8HA €} whgo] L4AHA
oF 50~70psi A=t ZAEE AL FAL 4 ok

EO9] 79olle AF2olx NASHE SAstes Bzt
718 o83t E73}, ol WZ7le] LxE -20°CH
=2 fA%Y EFEAT. olg WA A zine
glutarate 10 g} methylene chloride 100 mL 9]+
25E wkg7lel EOY F9& AFsetr] Hste] vk
WS 10°C o&t2 WAl § Wzt AR 3
24710 zre] EE& vhete] 7RG E FAstt. o
3o] AAHL CHOY F&itgd FHAo] TYsivh =
gt EOS} CHOS 44 35 3A9) sHdAl¢le CHOS
Z¥314) EOE Frleta) skt

Hhgo] SHdEE wkgUIE Ae7MA] WAATIZ
hood tellA] whg7]9] HEHHUHE FHol ofitslgd
48t 7 99 7kAE WiEAIZIY A9ES methylene
chloride®]] 5o 3|8 3 AAHOZ glass filters ©]
g3t FuE AAG. dolsle Svile 28 Z4d7]
2 $7) ¥ 01M HCl 8402 AAst £} &
f £ A A3t & methylene chlorideS th& FH 407
2 &7 & ¥3F NaHCO;2. 2 AFAIZl 3 MgSO5
o} Jolgle 788 AA gl
o]Z glass filterS o] &3} 93 & l-neck 52 vt
g Fg3e geth B FE 043y
methylene chlorideS A% 3 o] diekof o)& &
ANA FFEHAE 35l o1F 40°CY] methanolg: 31
F QBN AABKH & HH T ol& B3It

2.2 Mgsl MY

AEsdEe PECSY PCHC, Z18]32 EO$t CHOS
o ¥ &R FE5UE PACE o83l APsHnt. A
232 93 ¥l a-amylases pH 7.0 58]
3% vivE =9 F oF 300mgd] AHE e UV
lamp7} AXE Q1M o]Elell A 1457 Bl PL &)
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3.1 Poly(alkkylene carbonate)e| A4=3lf 22}

PACS| AEAEL Zbzt Al =z¥ PECSY PCHC 18]
I EO$} CHOE &3] H]&-& §43F Poly(EC-co-CHC)
E 73 72 B =g 2431 ch(Scheme 2, 3).

PAERAL o 2Zox dde gEgey
30°Coll A 7HE 317 & dojuk X3 thE t]Ee
AES £ol7] 93l AR5 UvslolA Eall7t 2 Lo
$g BT WA o] F AL BF REde
o] Eo] UV LampS AFslw A8 s3ch
AP L TAZA, tAY FdE @ SEM &%, 23

Vo

Fo} ¥3tel FLIR, NMR 3¢ ¥t $43itt

3.2 FAIHE}

PACS] AJafo] o8t FAHSks 2219 sampleE
S 15 TALZE AHUE ARt 40°CAA 39 A=z
& 5 FAMS 3LE W7k SE st FAEske]
A= Table 19} Fig. 15} 2tk

ole}¢] Table 2914 H5o] PECE A28 & B3
&€ Ho|x 913 PCHCE A9 E3j7t dojufr] ¢
™ Poly(EC-co-CHCYE 27l Esj4e = Ao
A2 AHFig. 1).

Zt Al s 23 HHE §goE =:Is] 9
SEME o|&3le BRIEAT. ¢lel Fig. 2014 Hiw}
9} zko] PECE 3151402 o-amylases} HHS-3e] £a)s]
£ 2742 12l whd PCHCE W& ¥spt #3590
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Scheme 2. Biodegadation Mechanism of PEC.
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Scheme 3. Biodegadation Mechanism of Poly(EC-co-CHC)
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Table 1. Weight Loss of PAC

Weight loss(%)
Sample

1week 2week 3week 4week

PEC 8.816 14.673 17.216 | 18257 -
PAC(E2C8)* 6.521 8.671 10.392 11.294
PAC(E5CS5)** 6.977 8.854 9513 13.771
PCHC 2.142 2.675 2.887 3.092
PPC 0.714 0.746 1.081 1.188

* : (Poly(EC-co-CHC)) with 20% of and 80% of CHO
** 1 (Poly(EC-co-CHC)) with 50% of and 50% of CHO
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Fig. 1. Weight Loss of PAC
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Scheme 394 BE v}l 73o] PACE EsjjA]ol 7+
BY|o|E7|7} olatslgta g BEaEe oA =
N7 F7He Aoz AztEnh Wl 2900 m F
24 Jehbs methylened 715202 3500m™
oA el 3284719 HEls IRE FQ1sEg
t}. Fig. 39l B wle} Zo] PECY A$ w7 ¥
37t A BEEE A o2 Hol gk Ealvt
do}e= Aoz Az, 2eu PCHCE AY ¥a
o] W37t gle AeR Hol Faj7t ¢F dojuts AL
2 Aztdd.
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Poly(ethylene carhonate)®] SEM

[ PAC(E5C5)2] SEM

[ e |

1 Poly(cvelohexene carbona
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Fig. 2. SEM of degdaraded PAC
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& 2342 E4th EO%t CHOE o83t X'llZETL
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2 AEE. QoA e E8aa e Bilvt o
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oA E09 v]&o] EolHfE 4F T & ¥l
2102 Ho|i St} o-amylasef2 2] wiho] o] Fo|F
& Zfole B0 7t B3 g ARsked F
83 982 & Aolgty AztE ozt PECE IR 2
=2 v:sﬂﬂﬂﬂ‘/]ﬁ—g &g 4 9t 3500 cm™ 2%
o] 0-H717} 2900 cm™ 2] methylene’| & 7]&2
2 Hge v Frkeske Ao 2AYAY oy A
2 Hol PECY 7F2HE7|7} Ea =AM COt A4
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Fig. 3. FR-IR of PAC
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B Ao Me PACY AR AFET] st
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