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A 7hg e glont dubzle s Fid i why,
vl Eel g w, 2 wRAY, C* B
ol AHgHT glen Ra) A3 Fo aBAle F
el 7144 A F 2Ake] W3}, TOC(AH7]=
&) 5% FATeEA P EAY FeAE F7)
&2 9ot

+ ALoA= Fol AUE ester AFE 2= A
34 polyester Al LEAE FAoR 1 FAY ¢
AR H7l EeA AR5 we) dFsiazt
g}

2. Polyester 9 £3}4

Polyester Al I3} F-ol % polyethylene tereph-
thalate, polyethylene terephthalate-isophthalate}

Z+& aromatic polyester 4] FLEA= A& E]7] of
#-4-9 ole] e aliphatic polyesteri= A8 4Jo]
F& 22 A Jo{1-5].

Darby5-[1]2 polyethylene adipate, polytetrame-
thylene adipate 5] nlm? Yo Bajape] xul=
polyester 7} A8 Ado] 9SS wHyic}.

Tokiwa5-[2, 3] Eofog2XE Eudt penicill
um sp. 14-3 3 penicillium sp. 26-1¢] polyethyl-
ene adipate (PEA)E £aj3h& wglon) A o
= PEA Bl os Exlg 250009 PCL o
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polycyclohexane dimethanoladipate™ -3 = 12| qk
uk=E polyesters E354] %$4& BT 3k A
ul= polyesteri= fungitt 2+ lipasedl| 23l ¥-3)=
=] Table 1& 2{7}A] AWZ polyesterol] o3}

E3] R. arrhizus®} R. delemar Lipased] 2|3 3
A& TOCZ ZA3te] viehdl Astolot.

olg} zro] HaAo] F& ZoE d¥A 9=
aliphatic ester A%& 33k polyesterd -a
o AraAe =g TEA microTE, EAH,
side chain, melting point, ZAA Fo 23] A
& et

Table 1. Hydrolysis of Polyesters by R. delemar and
R. arrhizus Lipases

TOC formed by lipases
(ppm)
R. delemar R. arrhizus
Polyethylene adipate 2720 | 8360 9290
Polyethylene suberate 4050 | 1020 1620
Polyethylene azelate 4510 | 3080 3770
Polyethylene sebacate 1570 550 980
Polytetramethylene succinate | 4240 150 210
Polytetramethylene adipate 1790 | 3360 2900
Polytetramethylene sebacate | 2440 980 3300
Poly -2, 2-dimethyltrime-
thylene succinate 2370 240 50
Polypropiolactone 4270 | 2240 1600
Polycaprolactone (PCL) 6740 310 3610
Poly—cis—2-butene adipate | 2700 580 | . 550
Poly—cis—2-butene sebacate | 6190 300 3430

Polyester Mn

Table 2= 2@ 7}A] aliphatic polyesterel] tj3l
ASTM uhilel o3 AR FAHZAE v|wslo
vebd Ao|ct. Sample 13 25 AEHAY side
chain 9&X& RoFE o 24 e-caprolactoned]
el 93 dejl ExlEF 40,0009 polycapro-
lactone (PCL)& 44 E-3j= =4t pivalolactone?]
MEHFgol o8 dlA side chaing Z= poly-
pivalolactone®] 7% A3 Fall=7 S & 5 i
t}. =3 sample 4, 59 polytetramethylene succi-
nateo] W& B4 34 AAZYE AR E
Aol = JEFE ¢ ¢ o™ sample 6, 7,89 &
A A F¥3AFE 2= fumal A4S baseZ 3
polyhexamethylene fumarate®] ##|A %3} dicar-
boxylic acid& baseZ & polyhexamethylene succi-

T3, A3 4 A3 E, 1992

nated] BABt 388 Bo Fr}. w§ Tokiwa
E[31& og)7kA] A4kE polyesterd melting point
wsle] wE lipased] 93 AT AEHAEH
2 A3} Fig. 1elA 2 F 1%e] 2 A3} melting
point 7} EobA e w} e Ao] GotHg ¥}
ek,

Table 2. Biodegradability of Aliphatic Polyesters

Sample . Reduced | ASTM growth
Description o o
number viscosity | rating
1 |poly(e-caprolactone) 0.7 4
2 |polypivalolactone 0.1 0
3 |poly(ethylene succinate) 0.24 4
4 | poly(teramethylene succinate) 0.59 1
5 | poly(tetramethylene succinate) 0.08 4
6 | poly(hexamethylene succinate) 0.91 4
7 | poly(hexamethylene fumarate) 0.25 2
8 | poly(hexamethylene fumarate) 0.78 2
9 |poly(ethylene adipate) 0.13 4
2Observed growth on specimens Rating
None 0
Trace of growth ((10%) 1
Light growth (10 to 30%) 2
Medium growth (30 to 60%) 3
Heavy growth (60% to complete coverage) 4
600 ' T : - : .
i PEA
PEAz
ks
§> 2 400}
§ &
53
T >
g £
SE
o 200 ]
o)
=

Tm of polyester(C)

Fig. 1. Relationship between polyester Tm and the
rate of hydrolysis by R. delemar(-0=-) and
hog pancreas lipases(-®-).

(Mn of PEA, PESu, PEAz, PEAz, and
PEDe were 2720, 4050, 4510, 1570 and 1610

respectively).
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3. ME23A polyester A 12X} &Y

3. 1. Aliphatic polyester

RS 2= g EA A4S polyesterZ =
polylactide(PL), polyglycolide(PG) 2 3 poly-
caprolactone(PCL) §-o] A43t5o] 32 F44 &
b 59 JEgAEE o]4¥x g} Fig. 2& A
2 polyester g4l o] cyclic esterd] 5
£ dehd Aolth. mBAee PL, PGE 77t ol
3} lactoned! glycolide$} lactideS W=k 2 3}y )
B3l o8 B¢ 5 9lerd[6-8], Masuda:[9]
2 carbon monoxide$} formaldehyde23-¥] ofa)o}
7ol A4 3= WS AEsg

CO+CHO—— —CO—CH,0)—;

< A AYAEE 2 PGe #7490 &
fo]m %3 =& melting point (Tm=205C)E z+
7wl 7HEe) oj#gol Qlew PGRM B &
T7b Lo AAAe] ¥ PLE A¥ s1Eete W
A BAAE S22 o4 w glrH{10, 11].

0o—a o—X o™\

B-propiolactone  S-butyrolactone pivalolactone

0] 0
,)J\O W/J\O
0 ) 0] \‘/l O\/L
0 O
y-butyrolactone glycolide lactide
EO1 0 0" Mo 0
0

d-valerolactone  f-methyl §—valerolactone e-caprolactone

Fig. 2. Cyclicester.

Polycaprolactone(PCL)-2 e-caprolactone] 7k
Zatell o3 WA= polester 24 BN R, L3}
3 Wz HA oAz o4t drkade A
A4 polyesters] PCL& Tme] ¢F 607 Colxz Tgr}
—60CEA 250Te dEa7} AAEE TRAIZA
A ALt 244 groupE A 2 gle]

£ 259 a8AS) 4440 S48 ol
t}. Fields[12]2 P. pullulanse] ¢j3t PCL<] -3
A At B R A (M. W=1250~30,
000) 24sEe Fig. 3olsh o] dale] uhe
TEARE EAfEo] St whe} At ztadat

< vEb sl

o/
15r
g Mol. Wt.x 1.25x 10*
N
glop o
W
g /
;:;n i O 2.0x a—
o - 30x
= A/ i
< O AT e
17x
"
0 /1 1 1 1 L 1 t { 1

0 Time, 20 days 40

Fig. 3. Degradation of polycaprolactone by P. Pull-
ulans at 30C.

Potts[4]% PCL A|B< Ecfe] wjiat & 1:do]
A A9 43 EaRcky ¥ustde) Dudas
[13]& 71 aluminum #A Zw)& o]£3 THF o)
Ao Z4¢ B8 BA 2¥s) A4S PCLS @4
dtgon PCLL u]3 UCC Abe] 28 TONEo|g}
HEHOE MRS AT glon] wH io|A
E tho]dl spatEqlow el Fahal Hep AEuo
2 2ol oIeE, WA 502 AsHm g
c},

3. 2. Copolyester
3.2.1. Cyclic ester 2| ring-opening copolymeriza-
tion

7tzte] AuE polyester 7} Zh= A - @S 72
3o EAF 7hEAel $% copolymer®] Ao
#H A7t ol FA L gt FA EgA 2 drug
delivery system % 98L& AERA o|&HT 9=
PGy PLo] 2t ¥& A4 9 e 244 Lo
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ARE B3l7) $18 glycolide, lactide &} e-cap-
rolactone, poly(oxyalkylenes)$+¢] block e

#3 A77} ol%ejAm QeH14, 15). Kurcok®

[16]& THF &ol4 potassium methoxideE &l
2 3}o] L-actides} 8-valerolactone}] Lol F
ol 93] methyl ester#} hydroxyl groupS ZH+
AB type®} block copolymer& #A4 soick(Fig. 4).

o]

60 + CHO°K®

ol

0

HYC_OH\;*CH‘

(¢}

0
It
CH;—0~C~ (CH:)~0°K®

[o]

0
i il
CH,-OJ[c—(cnn.-o]»c-(cn,).--o*’Ke
———CH, -0 C—(CH )i —cu—o —cn-oexe
-t cu,
—— CH,-0 C-(CH),-O c-cu_.o C—CH OH
-t CH,

=

Fig. 4. Anionic block copolymerization of y-valero-

lactone and L-lactide initiated with potassi-

um methoxide.

Fukuzaki=[17, 18]% glycolic acid, lactic acid2}
lactoneF-ote) /& ) 8 5 Ao} LARS
7+ 7+ copolymer® HAstdded 25 v
Eo| ¢4 7-butyrolactoneo] 7HEH ¥ lactic acid
o}o] 2Z3ubgo] Aol mechanismel ¢J3 co-
poly (lacticacid/y-butyrolactone) & 2. =3t -
caprolactone® the lactoneFo}te] 5ol ATE
3 9)=d| FengS[19]¢ e-caprolactoned ot lac-
tones+¢] block copolymer® #Adsted 220 kg/cm?
o] QA73=s} 65 C ) melting pointE ZH= FAEF
3~47t9] copolymerZ o] o] polymer?] in vitro
S HEs Slch

3.2.2. Polyester?| transesterification

Copolyester+= aromatic polyester ¢} aliphatic po-
lyester7+9] ester @3Huk-S-o A& FARTHS,

Zq3hsel, A 34 A 335, 1992

bAS

Z)

20, 21]. Tokiwa%[3]& polycaprolactone (PCL,
Mn=25,000)+ PBT, PET, PEIP £¢] aromatic
ester 7+¢] transesterifications] 28] Z+% copoly-
esterZ §Al3te] wkg A7t} PCL/aromatic polyes-
tere] moled] W3tol] @& Rh. delemar lipased) 9
g copolyester] #s43< FAbstgich. Fig SellA
2 & 9)%o] copolyester®] ¥-8]4-2 aromatic poly-
ester-»] ofo] Zr}&pE Ztastdder = copoly-
ester®) SHETRAE 4EFE & T AUt

100

80

60

40

Degradation( %)

20

Zb 4‘0 60
PEIP(mol%)

50 40 60 0 20 40 60 0
PETG(mol%)  PBT(mol%)

0

Fig. 5. Effect of molar ratio of PCL and aromatic
polyester on the biodegradability of CPE by
Rhizopus delemar lipase:(a), (b), and (c) in-
dicate PCL-PETG, PCL-PBT and PCL-

PEIP systems, respectively.

3.3. X|W= Copolyesteramide
3.3. 1. Polyester®} polyamide2t8| amide-ester ul
IS

Tokiwa[22]%= poly-e-caprolactone® nylon 6,
nylon 66 = nylon 12 Zinc acetate® 9% 3
o] g-gAtelol A HHAIE o ester-amide &S
o 9l& 7% copolyesteramider} FAFE B39
o Rh. delemar lipaseol 2]& ©]& copolymer2|
23Ade zAstgrt. Copolymere] 42|  polyamide
block®] Zoji= uRg-A|7k} polyester®] - 57}
Ao et gopdom )AL Fig 6elA &
9)%o] polyamide block®] Zo]7} golzlel| wz} 1
22 polyamide o] F7}gHe) weh zhasbsich.
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100

Degradation( %,
[éal
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0 20 40 60 80
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Fig. 6. Effect of the molar ratio of nylon and PCL on biodegradability of CPAE by Rh. delemar lipase.
(left:~®— nylon 6:-a-, nylon 11:~m-, nylon 12: right:-@—-, nylon 66:~a~, nylon 69;-m-, nylon 612)
) 0
i
H—(-0—R'-)y—(-0~R*~C—),—OH

ether unit ester unit

_ A

4 N 0 )

—
\V/ Ao — u
OY ) \ S
ethyleneoxide r \ o §\O 5 O
(EO) .
glycolide(GL) propiolactone(PL) pivalolactone B-methyl
(PVL) d—valerolactone(MVL)
O

propyleneoxide 0 o 0

(PO) 0 0

lactide(LA) B-butyrolactone y-butyrolactone e-caprolactone

\ J \ (4-BL) (r-BL) (CL) )

Fig. 7. Monomers for copolyesterether.

3.3.2. Lactam 3} lactone 9| ring-opening copolymerization 4}

Goodman$[23]2 nylon 129 monomer<l - —— —
Laurolactam 3} w-caprolactone 3} 2] anionic copo- O(CH:):C0-+ HN(CH:)4 CO >-O0(CH,):CONH(CH,),,CO
lymerization& 3] o}z)e} 7+e] NH( CH,),,CO¢} O xw-caprolactone—— —
(CHZ)ZCO unit% 772_{_ copolyesteramide% %Aj 3_]_ W O(CH2)2CO[O(CH2)ZCOJX[NH(CHZ)HCO])_N(CHZ)HCO
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w-caprolactam3}  a-
pyrolidone, w-caprolactone®}e] HFFFHLEZE
7Z+Z copolyesteramide® 9-& F glo} A&
zAbE o] QA gk

w3 g-pyrolidoned d-valerolactone#}] 353
o] 9#A=E copolyesteramide7} @iz} copoly-
mer % lactone®} lactam¢} e}l @2} copolymer 9]
2 9 Baae Wsks &g 5 ole AA o
o]2 copolymere] A= lactone/lactam ] ®}7} wk-g-
Al 298t lactone/lactame) W|Br} v lactones]
sheko] W48 melting point7} FobAlch,

Nylon 62 monomergl

3.3.3. Cylicesteramide & ring-opening polymerization

Cyclic esteramide! 6-methy! 2, 5-morpholine-2-
oned W& W% 3 9 lactidest] & TFEL
2 B 4 uke] polydipeptide® AAgH 24,
25]. w3 o2 Z5 9 polydipeptidet thdAf o=
a-aminoacid®} lactic acid2%E] FAEH&d olE
copolymer®] &4 a4 % QAU EsjAo] At
53 9ok 26].

3. 4. Copolyesterether
3. 4. 1. Cyclicester2}
copolymerization
Copolyesterether= cyclic ester9} ethyleneoxide
T propyleneoxides}e] /& E53ol ofs) doiA)
tcopolymer2A} Fig. 7oA Hojx| o] AEa]Ad9]
ester unit®} ether unitd ¥4 71Am =& mono-
mer2 Adlde 2 44, A2A3%, melting point
So 248 24T 5 slol BASES Aelr} 7
& AR J’_rXMD}- Yamamoto${27]& EO,
PO ¢} PL, CL, MVL, 3-BL%-9] cyclic esters}2] 7
3} 25 guko] o8 5 monomer®] moler]E H3}
ARoz ozkx] 249 copolymers AU
t] EO 9} cyclic ester ¢+2] uk$-4-& PLYCLO)MVL)S
-BL 9] 4&=A& yJo}z)m NMR spectrum &4 Z3}
o]% copolymer+= ester unit®} ether unit®] random
distribution& 7} A& Hi3lgdc). =& o]S copo-
lyesterether?] lipase %! esteraseo] &gt EAE
z2Ab3tel.o.w methyl x)8H7], ester unit®] =k, A
A 2 melting point7} Fal Aol vlX= Gl ol
7AE35}e] methyl 2)3+7)9] £3), ¥ melting point
2 ARser B FaAldz Rasigld

cyclicether®  ring-opening

T3, A 349 Al 3%, 1992

(Fig. 8). =38t copolymer % ester o] F7}e
Z7kere Bt

Zhus[28)e ¢4} 454 block & #1 =
star copolymergl 3, 4-arm polyethyleneoxidepoly-
lactide copolymer (S-PEO-PLAYE 3HAsisled
o] copolymer®] PEO ¢ PLAS] block length= =
A9y 2usglch

5 Paliel

An)s} ubg-z 7l <3

4000 1

30004

2000+

TOC(ppm)

10004

ZO-PL
(24/76)

PO-tPL
(23/77)

PO-4CL  ZO-CL
(30/70)  (29/71)

Fig. 8. Effect of the methyl substituent of copol-
yesterethers on the biodegradability.

3.4.2. Cyclicesterether®] ring-opening polymerization
Copolyesteretheri= ( 1)3 %] cyclicesterether
o A e YHHE 9 F deHl T dEA
& 7-membered ringql 1, 5-dioxepane-2-oned} 6-
membered ring ¢l 1, 4-dioxane-2-one(p-dixan-
one) & 5 4 9Jt}. =3t p-dioxanoned 713k ZT{M]
| % copolyesterethers 9-& 4= 9=t o] c
polymer f-14 7} ®hile] Fo} BA FA Xﬂii

A $45e] S55 B 02 457 9
O
Cf"** O_T

Rz Ry~ —{ 0—R—0—R— c +
Lo

3.4. 3. Cyclicester® oligopolyether0lf 2|8t ring-
opening polymerization

Cyclic ester:= polythyleneglycol o]} polypropyl-
eneglycololl 2J&) 7§38+ F 3= o] block copolyeste-
rether & A A3dtc). Kimuras[29]& Fig. 94
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A8 L-lactide ¢} ¥#}=F 2000, 40004] polypropyl-
leneglycol ¢} copolymerizationol <3| A-B-A tri-
block copoly(ester-ether) & §A4stg.ew o] pol-
ymer$} in vitro, in vivo £ A& ZApsle FdA
3 B Aol 5 FAA TEAEZAY A4
M54 A =3 Cerrais[30]2 A&A
2] p-propiolactoned} polyethyleneglycol 9}
o o] ofutche] hydroxyl7|E 7z ester-
ether—ester9] triblock coplymer& 4] dte] 85% 2
ester ¥reF3} BA}eF 13,0008 copolyesterether &
A3kt

0 HOCHCH, - -(OCH,CH-----OH
0 -
Me Ve ' ‘ e
+ Me Me
0 0 Me
0 0

I I
{-0-~CH~C-)-OCHCH;-(OCH,CH) -0 (C--CH-0)

‘ - | -

Me Me Me Me

Fig. 9. Copolymerization of lactic acid with poly-
propyleneglycol.

3.5. Copolyesterethylene
3.5. 1. Ethylene 2} keteneacetal 22 copolymerization
Polyethylene 2] F4ol| ester groups == o
24 AR A o] gl copolyesterethylene S A3}
FA} BaileyS[31]-& monomer2A] 2-methylene-1,
3-dioxdepaneg A&3}ed ethylenes} 120 ‘Colj4 &
Z3A|710 24 F4 ] ester unitS Zt= copolymer
2 gAstgded] esterd §eo] 2.1-10.4 mol%,
meling point7} 100-105 C o]x A} 5,0004 =41
copolymerE 4-& T alaiﬁ(Fig 10). =3 o] cop-
olyesterethyleneol| v]E-& 2H4-A17 A=+ O
8 }& FAEEA —rfﬂ"é% A=l Table
3£ copolymer % 2-methylene-1, 3-dioxepane$] ¥
Foll 2 RAAEE CO9 & naFo2A o}
el Aojtt.

_0—CH,~CH, _
CH,=CH,+CH,=C peroxide
o—CH—cH, 2T
0 0

I I
—CH,—C—0+CH,), [CH,~CH3- CH,—C—0 (CH}ztCH,~CH.],

Fig. 10. Copolymerization of ethylene and 2-methy-

lene-1, 3-dioxepane.

Table 3. Biodegradation of Copolymer Ethylene
and 2-Methylene-1, 3-Dioxepane

Amount of

in copolymer Cumulative CO," after
Mol % 7 days 20 days
21 103 98
4.8 107 103
6.7 116 108"
9.3 116 1130
10.4 121 118®

2 Expresses as percent of control.
b Significantly different from the control.

3.5. 2. Ethylene oligomer2} lactone® 2+2 polycon-
densation

EAF& Fol ester Ae] EgdsiA EAls=
A4FE polyester24 E-2  polyethylene chain}
polyester chain® 2 FAI=+ block copolymers
ek 5000]3}¢] dicarboxylic acide} EA}eF 500-5,
0009] aliphatic polyesterdiol#¢] polycondensation
of o3 gA=c}H(Fig. 11). =38 Poly-¢-caprolac-
tone, polyethylene adipate-¢] polyester$} ofzrto
carboxylic acid& Z+= ethylene oligomers}e] &5
gakgo] o]5 copolymere] HaAdo) g HAxse}
A AFEH1 9lov} melting point7} W& wA o)
ot

3. 6. Blend
Polyethylene®} corn starche} #Z& Aoz}
= 347 E214) polycaprolactone®2] blendel]
3“*‘]\. A A, A4Hq Holl A we dA7s} Ay
2 gley o]F blend?] 7= polyethylenes] &
Apste} e A7} gubE|ejol Frim o) wd

J. of Korean Ind. & Eng. Chemistry, Vol.3, No.3, 1992
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v & AAF polyestere] ICIAFS] Biopol®} amylose,
dextrane$3}¢] blendx <333 git}. Aliphatic
polyester @ FZgA 7Y blende 44 ¥4
ZEAZA Y 443} 75T A AESRY 7]
7} & Bolglz & 4 glom #AZ A& polycapro-
lactone(PCL) 3 PHB, PCL3} starch9}] blend %
o] AFHIL Slrt. ‘

HOC~CH,)+COH + HOCH, — CH,f OC~CH, )} OH
i I |
0 0 l 0

—0C—CH»—COCH,—CH,{ OC~+CH,)s++
I |
0 0

Fig. 11. Polycondensation of a higher w-dicarboxyl-
ic acid with polycaprolactonediols(PCL).

4. AL BHAY MY

3} A plastics AE 2] AE3A polyester 7|
249 A ofA ARtdARZA AL37A = of
ol Hodx & 4 9lth. E3] cost A A7
3 71Ae] ot gAY Ate] 275
AZg aEA e FA7eS S4std A2 A
A TEAE FAee oz ool et
g A ASEHI e 44 e HEe
ob-g#| HhHZke] AR P S} FelA AEo uf
E YrlEd 44 5= AEEA 1A A
ol 7|EAHARE 5838 FAAZ o} 9} o}
&2 BESNA plasticss LAHAAES] ko] &
A=A] ¢kow 1 Algo] E/1SEIEE old g o
T &8 #g= oo} g}, FAZ ML monomer Y
oligomer ¢ EAJA8 testE E3] AR &L
7hsst ARt Zbzke] ARSA A g 24 7
79 A%, ¢ F4Ee] #£8] F A Frhke o}
A =1 A g Aotk wF F F§ FXelA
A" wjEsiA 4 plasticsel tigt WAFA7F AA
Aoz i, A= YEa4 polyester Al ZF-A}
£ vR% 745 EsA plasticse] #H3 AFsldo)
AFRet o 3] APER mE dQ2AEe
A 27 A7)7kE g AulE gsteg A
FaAoll Ao Al A3} 4 - g AA, 2

Mo Ao

=)

do L

de G omo

¥

=

T3, A3A A 35, 1992
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