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Abstract: In order to reduce carbon dioxide, one of the major greenhouse gases, a new type of copolymer, poly
(alkylene carbonate) has been synthesized. The alternating copolymers have been obtained from carbon dioxide and
various epoxides with zinc carboxylate as a catalyst. The number-average molecular weight of the polymer is about
50,000 and polydispersity is rather broad(5~10). The polymers are amorphous, and glass-clear materials that exhibit
unusually facile and clean thermal decomposition behavior. Complete decomposition with no carbon residue is observed
at elevated temperature even in an inert atmosphere. Terpolymers with bulkier epoxides improve the physical properties
of the copolymer with simple epoxides. The decomposition properties of the polymer provide versatile applications such
as ceramic, metal, and electronic binders and lost-foam casting. Further application of the polymer for the barrier film
or the plasticizer will be investigated.

1. M

rh

do] +F= “J%E]Z] 1 AT FH de A=

72 7)# (L4724, Greenhouse gas)uZel} ThA]
& AT Fo g uhrtso] A7 25 AN Fo| ot
}

Ty, oA ool £4 Sol dolm ek ol FIA sl R Lsbeleh ol Slolshe e
AT rlgolne) Aalg sl AWAlE ol e olasiwa, Wvls, JBHEHVL(CRO), 4
A A7 AR BEd 47l Ldsel sl Az o) don of FelA olasarl R B
07 2793 ok LAEHD Hpld 2E B4 o] Jlo4RT gl e AeAL ek H2 109

813



814 ol -

Azk olad EA9 Ad4de] o gl st
AZlge 2 28 FARASAE S8} 1 A
o] =o=de}l. HTolE 199214 =]$-3]9)e) 4] o)At
Hebrs TG SAlAY WAL 19909 $Fo
B FAT AL AR ol ol AL %
FolAz gick o7y o Rzl
o2 AL oFfE ZALLEr} & Aoln] o
o 01%}% 9] %MlL F38 oA b R
HAg Ao ﬂ@*lﬂt} olgA €& At 8 s

5 e A%
=

A
v o
4

% % = "1 =
2 dZ2€ Aol :Lii Wi}ah_«l EE °—1
A = Qs 2L = 3

T Fol FE Az st =3 FAEC]
49e FA3] gt & 4AH AHAdNA o
Fo A2 (N} Ag)o] Aot olabsirtag}
< wiEstA Ao 2 Ao z3e ol

Ak T4 F7hekA gA 2Hstz doh

AL AEA7} BefellviAe] £go 2 ojilsieis
&9 FFAAE T3 L dx
T A7) gEelct. oq AEA Y o
AR EA e ABA7 BEo
etas o ol FU4HA 4L 2HE o

1
ot

I o ofd mfn
(o3 E[J
£

= ot

of stalck. Ly Al EH ol SLAq AT
7kt 42 Frbste AR MR QI 9
5}%&«1 FAT F7h =49 A pEs 9

rﬂ-rLOIN-{méfﬂJmlm-\&H

Ao dgj$3l] & S A7 o)t
49 AAFTHE 7o xA stdch. ol st ¢
7149 ojatstetae i ket AT 2dEE
ZAA7|1 glen Ao} 2L £T2 AgHdy
21004d9& A9 HFL2E7 33% H:s} o F
Aoz FHG1]. ojg|g & d3s} LA g 7
A seHe] ALog QF A5 74 ojde
2 Q3 A3l 5¢ zdeA Hol A7 A B

>

T4, A 74 A53, 1996

#HAd

';0 - GLOBAL EMISSIONS

T 1
P850 1900 1950 2000

Fig. 1. The Change of CO, weight with respect to

years.
AR Aotk 1YnE AT AHSHE 3|
7] Siste selo 2 LA ojibsRaE ©FA

A= FaAlAk 7 Aok

2. oJatsiERA2f A whot

ol 2 37 Azl Y oluseas B
£ skl AT G w=o] Agednn g
ABAAA AR oA LR W3, o
Yz} anlel Aok #Houyx] 2pde] Hek Zo] 24
ol £ $Y9) A Tl BoAE Rl
o eldA] 2BlE Fold stz ok ol U9
THEE & AAHeE gig Aoldh. oo} @
H o3 7HA Do) 2RHAG2-6]. o] F 7%
Hol FHolA AEste] 2ot 2 A 71A dbeke
2 ol 2 4 g7l

e 7hsdtn olisitame Hrdshe Wy

——

¢

oleh olel 4 AT shat 2ol A9 e A
of ek of #Ee = A Bk} AR4o|

E}“ Z A 2E doR g 72g e
Aot nEg AR Azde) AL, Ay
o 2Z Y AL, DIG VA 5ol o9 FAHY
Hlololal 2 1=

FAE AA olasla WEo] gle Ve B4
Hhekoln}. ooyt AAAQ A} o] H1 9l
7l AT AR, geofd, =Y @HH, TH 9
A, Ade] &g Fol olel s} o]EL U
o SR LE wWiEsa) gonE o] ZAY AL
AT 7 it AR whyolrle dut el



o] Ak3}el 4~ 2 B E] Poly(alkylene carbonate) ] 4 815

bsletao] sEhEgda ol&4E B|
Table 13} Zci[8-10]. E2jd AAE offste] W
o, et 289 Az, %9 27 G T F=
AT glerd 2% & 10% AHESF IASUE A
Zd AHEE T Qloh 713 Felde oy 7HA
ehibejo] olatzlera2 HE wHE{AH(K,CO, Na,
COy, BaCOy). #7131 Fgolle h=viote} uk-g-3t
o g4 Az Akl olasivtist AMSEHT 4
on et AZFA(CO+2H, —» CH,OH)el <F 5
% AE o|AEtRtAv} AM-ET Qloh. = T
Kolbe-Schmidt ¥+4-& o]43F /‘,—;} Ak A z
g olxw e AAlel o}F A -3
Folc},

NEL 743 §-°L1- &’l" BEL ojisivtAs
el iE o] 83 34 g =
uh s l"b}‘*’\i—rﬁ AA e Azse n
#(CO,+3H, — CHOH+H)0), 283 s 1
2] e TFPAE T datelt) o|F
ANEFA =Y aziridined o|AsEIAE o]43te]
4 9l poly(alkylene carbonate)(PAC)t} poly-
urethane o] o) A¥E) ATHAgch L4
£ °]% PACe| digto] 2pAistA Este] 2wzt
gheh.

N

Table 1. Industrial Use of Carbon Dioxide

= % ol 4 ¥of & AF
o, A%EE, 4% A5
T7]§}-§:}-)§| KJZJ zCOa, N32C03, BaCOx
#7184 A4 Urea

Ethylene carbonate

Propylene carbonate

o &t 8- (CO+ 2H,—~CH,0H) o}l 2% A7}
A2E 754 poly(alkylene carbonate)

&k (CO,+ 3H,—~CH,OH +H.0)

C0.+CH.—2C0O+2H,

3. O|AtstEIAE 0|88} poly(akylene carbo-
nate) 2| g

oltgtetas}l AZAITE o]§3te] A (1)3} 7o
TFEA < PACE 2 # otk o] PACE 719
bis-phencl-AZ "HE H}EEE sl Vo|ES = AjAo]
%ol et WS studoles 48 Aho] 94
sto] alzjoly Fepa”o e @A ey
ghsto] PACE wlzd @& 2o Ress §
AR AAo| Hokste] oy 7HA| o EA=REE T}

m

@ PACH Eeizlont 444 AT o=
2oz slgich 2ot HT oleiw Aoy 2 4
Ae AR Bl DA BAHE A2E 24
2 Jhgsiale 977 A8HT Ak of PACE T
7 FolA WL we ExolA el EaHo
4 (2% %o] B4 AFEFL WA Reche 3A
£ 7HA2 glo] o8] Bgo] AFHT Yok

R R
s/ |
HL—CH + CO~(CH,~CH-0-C-0), (1)
N S I
0 0
R
|
(CH,—CH-0-C-0),~CO0.,+H,0 (2)
|
0

osikast EAZS BEUAl BE APE
A2 A 1968 o] xg-oo oJste] AJzt=lgici{11,
12]. o]%F AR N FEF A7 ALEHDT gle
o] 3k g Hio] AEEHAH[13, 14]. E3] Zo)
of gt A7t A FeoldE 7HAl dZAEE o4
g FEA A 5L 93 HHE vy 2
At TzaAUA dFu]FE o4 living polymer
£ o]& o]&3) block copolymer®] itd] Fs)
I olr,],

0]¢] Aodmql AL uw]FoA 2Lo]x Shell
Co[15]¢} o Flutol=rs} Zxstdor} 80 o
£ Air Product & Chemical Co.[16, 17]7} o]E29)
538 Qretel ATE FEaoch. 80T T o
Arglel 45 AArslT 9le Air product & Chemi-
cal Co.8} o|ZA=E AAksl= ARCO Chemical
Cort 5 9F5 AAsA =HAH[18, 19]. °1%

J. of Korean Ind. & Eng. Chemistry, Vol.7, No.5, 1996



816 oj &

Table 2. Typical Properties of PAC

- A"

Table 3. Mechanical Properties of CHO/1B0O/CO,
and CHO/PO/CO, Terpolymer

Properties PEC PPC

M, 50,000 50,000 Properties CHO/1BO CHO/PO

Density(g/cm?) 1.42 1.26 Flex Modulus, psi 489,000 511,000

Tensile Strength(psi, @237C) 500~1500 5000-6000 Flex Strength, psi 14,200 14,700

Elongation(%) 1100~2000 9-160 Strain @ Break, % 3.8 5.0

Tensile Modulus(10%psi) - 300 Relative Tensile 295.000 285.000

Melt Flow Index 1.4 0.9 Modulus, psi ’ ’
(g/10min @150, 160g) Tensx.le Streégth 7,580 8,230

Hardness - 79(shore D) @ Yield, psi

Impact, unfilled(ft.Ib/in) 04~06 0.4 Elongation @ Yield, % 3.3 3.1

H,O Absorption @23C,(%) 04~06 04 Ultimate Tensile 7580

Refractive Index 1.470 1.463 Strength, psi

Dielectric Constant(10° Hz)  4.32 3.0 Elongation @ Break, % 6.4 10.2

Loss Tangent(10* Hz) 0.031 0.007 Izod Impact, in-lb 0.38 0.35

Decomposition Temp.(C) 220 250 Gardener Impact, in-lb 2-5 1.48

Glass Transition Temp.(C) 10 40 Dynatup Impact, in-lb 10 10-30

Heat of Combustion(btu/lb) 6000 8000 DTUL, °F, 66 psi 167 190

0? Permeability 3~5 15-35 264 psi 154 174
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Table 4. Epoxides which Copolymerize with Carbon Dioxide
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Table 5. Glass Transition Temperatures of Various ZA|Ti} 71 ak&g 714 o EA| o] AL Fe3lo]

Poly(alkylene carbonate)

Epoxide Tg (C)
Ethylene oxide 25
Propylene oxide 40
1-Butene oxide 16
Cyclopentene oxide 90(?)
Cyclohexene oxide 125
Dicyclopentadiene oxide 180(?)
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Fig. 2. Glass Transition Temperature of CHO/1BO/
CO, Terpolymer.
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AT, F0d2 27)& A2 2482 ] A4k So] o459, ot o]l L FulyE, TUE,
s AR AARCh THEE AT A% Ui, 23 PAEAYE $& 42E BADT B
Table 6. Catalyst System for the Polymerization of Carbon Dioxide[9]
N . TEFEA . (7)b A
= o A PO(g) 2=(TC) A7H(h) Sek(g) feo, Wd/g) (X107
ZnEt,—H,0 (1:1) 17.3 r.t. 70 4.74 50 1.53
ZnEt,—H,0—CO, (aged) 3.1 30 48 0.73 50 1.27
ZnEt,—a—phenethylamine (1:1) 26.2 40 68 6.01 50 1.14
ZnEt,—resorcinol (1:1) 17.3 35 48 8.24 50 0.61 47
ZnEt,—m—CH,(OH)(COOH) (1:1) 12.5 35 44 15.76 50 1.21 111
ZnEt,—isophthalic acid (1:1) 12.5 35 44 15.33 50 0.75 62
ZnEt,—pyrogallol (2:1) 5.8 35 44 4.80 50 1.90
ZnEt,—poly(p—hydroxystyrene) (1:1) 17.3 50 15 1.93 50 1.05 93
ZnEt,—AlLO, 4.3 60 15 0.83 37
ZnEt,—Mg0 4.3 60 15 1.53 79
ZnEt,—Zn(OH), (1:3)—CO, (aged) 8.5 40 44 4.60 48 63
Zn(0Ac), 2.6 80 43 0.23 50 20
Zn(OH),—HOOC(CH,),CO0H 2.6 60 40 445 50 12
ZnCO, 32.2 70 66 0.20 50 041
AlEt;—PPh, 11.6¢ r.t. 90 7.00 22
TPPAICI—EtNBr 5.8 r.t. 300~ 10.20 50 4.5
Al(i—Bu);—Y(P,0,)*—glycerine 3.3 60 16 1.67 23~25 3.82 469
AIEt3—pyrogallol (1:1) 5.8 35 44 2.80 2%
CdEt2—pyrogallol (2:1) 5.8 35 44 2.05 50
MgEt,—H,0 (1:1) 8.6 35 144 0.24 50
Co(OAc), 2.6 80 70 0.09 50 25
Cr(OAc); 2.6 80 47 1.29 33 4
ZnO—adipic acid* 20.8 80 15 2585  27~29 43
ZnO—glutaric acid* 21.2 80 15 31.39 27~29 57
ZnO—succinic acid* 21.5 80 15 22.16 27~29
*CO,, 20~5071, 35C, WAEN Fo49 FPHE, €O, 573,
‘P,0,=(R0O),P(0)0—, R=CH,(CH,):.CH(C,H;)CH,—



o)At stel ~ 2 B8] Poly(alkylene carbonate) 2] A 819
v2Q o 'm0 o7 #Q o7
\ \ / \ /
Zn C—(CHp:—C Zn* C—(CHp;—C Zn* C—(CHys;—C  Zn**-----
1 / Lp- L P / \ 1, e / \ 1,
,’2'0 O/2 12 o 0/2 72 0 0/2
Fig. 3. Possible Structure of Zinc glutarate.
Uk FHT o9 ALEHE AT A7 HHde F F A gd Aoz A", 183 A4S 7H
FelA4tg 21 @ w-biscarboxylic acid®] o}aded Zule FE olF L YA Ao FEHG. £
o] HimA ArlelwA & Evio B4 7ML ¢ Aol o)F MAAsE7] H3te] Eeie] A &
£ Ao Jepyth T o] 1&Ate] TSt of 1% Z24sle] £89 e 2R HIde
g AFE A e o 71A) FF2EAARY o} Al-porphirine A& ©]4-% living polymerizationo|vt
o] Euf B4 A hgol EHFH[50, 51] TE3Y 977 AN ZieiA AdET U(53
B QA A7 A ojrzAlat FFeRAle] & -57].
2 ALE F ke ARE A = o]l olAtsterig} o FA=E GEAl FFEA L ol
T o8 71A tjekdt o @-biscarboxylic acid9] o} Abslebs- o] Boto] 23] & AS 49d 1y ¥
dodo] &2 Al4d - IE FoR AR, B FHAZ 483 ot ole oE 4 (DA Be
QTN A8 S1E ohddE Ao A wish 2ol Fof o] ojseas AEAS o)
& Az o] d& dFY 3EAY Y= gl Ao B AT Yg4E e g Az a8y olit
2 43Fo(52]. =7 o] Euie uh&r] el &) stera o] F4to]l &3] ¥3 %o polyethers ol
ol X %3 v FAYPY &Y Hdoq EAFR ARz} F2 A4 Ror A HAAHG
Qou Zuof FAG 1AL £go] MR FA ¢ g FAOZE 400~600psicjtt. ¥HEe& FZ
+& 29 Eoh AA wgdAe o 10% ol B methylene chlorides| 4] A&z glort 7l
k9] Eef & ARgstedol ok 2l o|FA AHEH TAZE sl EFAe2 A A stz Qlo) w
£ &0 34 AR 24& 7R AL AA 59 o} e & Aot fle Ao g R
0] R? (0] R? 0 R? 0
i / [ J Co, I

\/
0

J 1
-C-0-Zn+HL - CH—>R'-C-0-CH,~C ~-0-Zn—>R'-C-0-CH,—C —0-C—-0-Zn (4)

3.3 H3lf ats € AE2E Foho L7l dojues A2 F5H4.
PACE ¥ 7HA] ®ei2 Zabgo] Ldofdrh[58- o] k7] AT A7t & AFAANA Y Fo

611 F7] FolA & £59 2L 71E5% 2718 o AF7EA AF" whell oJ3td 4 (6)7 #e I

HE A (2)8 o] o]atsietss}t ER A £ g Fato] T AR 55 of A$ o)

#Ech 2y AL 29071 38 vny 2 2x £ JAe AHE Ao g 44"

A Al (5)9 7ol ‘unzippin T uh-go| doju} F &l poly(ethylene carbonate)®} poly(propylene

AL ARl 13 ¥ stEvo]E

& g p3e wEy e

7hEel ofEge] R ol AAs] K%t el getA L=

of T AEe

=X

B¢ %ol

2 Y4k o9k 7 carbonate)d] AEHAHE op& ATHPI59].
E‘ﬂWE 47 dofu} Poly(ethylene carbonate)= &2 A|Ho| 3744

v} poly(propylene carbon-

& end-capping®] 4| ate)= A9 3= @okgol RAHUY
TEglon[62, 63] o= Ax EAY FAe A

o} 43F9) ASHQ BARY ak Sdsl 3.4 H2 ot Y AW
AAZ $& 99k ol v%o] unzippingslel o o) n2A FAL ¢

A AT vie} Ze] FA)

J. of Korean Ind. & Eng. Chemistry, Vol.7, No.5, 1996



820

ol &l - HAE

R 0 R! /RZ
| I |
®—CH,~CH-0+C" ~OH— ®—CH,—CH-OH+H,C — CH
W | Lo (5)
0 CH 0 0
NEVAN N/
CH, R? i
0
0 R R
N/ / /
®-0-C C-H 0 —@®-0-C C—H
| I I+ (6)
(9 (éH—O—C—O—CHZ—® 0 C-0-C—0-CH,~®
/ \ | I
H H O
EalEe] A E42 HEIEE Aol gtk o Table 7. Summary of PPC Production Economics
TEA 2] w2 AF B2 ARES A9 @

= T

2] 9208 Z o]Z o]&5}o] ceramico|v} metal bind-
er2 248 5 9lg Aotk A A7 Al
oJstd 7]= 9] vlalt]al cellulose AERLE 100~
200C A= v 2nold s A Halsle Ao
2 gEEgth £ ool 22 AL o)fsle ym
g FEolv AAla} o] tha it AFLEHE lost
~foam castingdll& 47| ¢& 37} AWHz
et 7E AgEn Qe Fe|aEEERD ©4
FES Y71 2onz AN o Aug FEo] 5}
Ao 7=}

7] FHgo| HASA gom
ZEozd 5AHE HEL £ 3
(ethylene carbonate)9 414 E34-&
=l saran wrap®] Fujoli}
A ¢ olFd MAdE F ¢

s
poly(ethylene carbonate):= AJE-a g 7}7(]5'_ d=

ofr ¢
°i‘J LS|

ol
AT

0]£l°ﬂ£ PVCell djgh 7}
& PPGellA 73tz iln}.
A E-212E9] polyolg wHE-of

E4¢ polyurethane
e AEA, 2%, 291 S92 24 7}
o] 9k o]+ F=Z Dow Chemical Co.7} %Al
7HA| 2 A7-E e

°l PACE AHT olisga s 28
4517] ol wlazd ggte g Az 4
2 7)d=eh. 2 WA Chem Systemale] $17
of 2J3}wl(Table 7)[64] W7} 50008 T2
T AL A4t $1.64/b AR = o o

L
=]
.‘:./l
o
L
E

0 o
o b
>

o%'—.r-lll>}‘,Hu

(o3
TS S 1S

-

Zdslg, 473 4535, 1996

Cost of Production

Raw materials

Cents/Ib of PPC

Propylene oxide @40¢& /b 25.42
Carbon dixode @4£ /b 2.02
Diethylzine @300€/1b 17.34
ZnSO, - THO @20L /Ib 0.34
Benzenesulfonyl chloride @130¢/1b 1.01
Miscellaneous Chemicals 1.80

Total Raw materials 47.93
Utilities 6.73
Opreation costs 18.83
Overhead expenses 19.0
(By-product credit) (0.30)

Cash cost of Production 92.79
Depreciation 42.40

Net Cost of production 135.19

Selling price at 10 % DCF 164.63
Plant Capacity of 10 MMIb/yr(1988)}
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