21 !
1
(polyhydroxyalkanoates ; PHAS)
21
poly(lactic  acid) poly(3-hydroxybutyrate) poly(3-
hydroxyvalerate) R
21
C-(CH2)mCH"®
2.1
2.1 R
PHA side chain, R
poly(lactic acid); PLA 0 -ch3
poly(3-hydroxybutyrate); PHB 1 -ch3
poly(3-hydroxyvalerate); PHV 1 -chxh3
poly(3-hydroxybutyrate-co-3- 1 CH3  -CHICH3

hydroxyvalerate); PHBV



(poly(butylenes succinate); PBS)

14- (1,4-butane diol) (succinic acid)
2.2
v OH+Hpe  XOOH c—(CHAC—0—(CHAO * + D
2.2 1,4-
(poly(E-caprolactone) ; PCL)
(ring-opening polymerization)  £-caprolactone
2.3

oo



2.2
!
Bomex®
Polbuenes s et Py FoR A vidlportaom
Eastar Bo® Eastmen Chemicals* - -
Poly(uiylenes adipate terephihalate) PRAT Japan ' '
Ecoflex®
ol e el PRAT O COTEY Wanbestaom
Sonora™ Paly(trimethyene terephthalate) PTT DuPort, USA VAW, cluport.com
Cortera® (PTT) Sell, Canadia wiwshellchemicals.com
PermaStat (PTT) RIP, UA VAW rpcompany.com
* 2004 Eastar Bio technology was bought by Novamont
3 (polyesteramides ; PEA)
s BAK 1005 ( '24)
(nylon 6) (butane diol)

Eo(CH2c _ 0 kered-0J  c— (CH2A-NH

24 BAK 1095

4, (thermoplastic starch; TPS)
60

(recalcitrant residues)


http://www.dupont.com
http://www.eastman
http://www.basf.com
http://www.dupont.com
http://www.shellchemicals.com
http://www.rtpcompany.com

(

b, (chitosan  poly(N-acetyl-D-glucosamine))
! (alkaline hydrolysis)
2.5) deacetylation
acetamido groups (-NHC=0CH3 amino groups (-NH2
CH.OH CH.OH (HH CH.OH
H T -0 Hy
OH H1r1° :0OH H: ° OH H OH Hw
H NHCOCH- H NHCOO H NH; H NH.
Chitin LM BN%OBHlH ’ Chitosan
2.5 !
6. (cellulose)

(anhydroglucopyranoes)
(3-1,4-glycosidic linkage 2.6

2.6 (=2000 10,000)
[/ (protein - polypeptide)

R 2.1
(Soy protein-hased plastic)



2.2 ?  (polyOactic acid) ; PLA)

(lactic acid, C3HD 3

W.H. Carothers
Dupont .. 1930

.. 1987 Cargill, Inc.

.. 1992 Dow Chemical Company,
Inc. Cargill Dow LLC .. 1997
.. 2001
NatureWorks® .. 2005
Dow Chemical Company, Inc. NatureWorks®
[1]
(28 ;1

Mitsui Toatsu Chemicals

Cargill Dow LLC



(PLLA)
PLLA

ClH; CHt

M ' f o o6 m ™

Low molecular weight propolyrrier
My, ~ 1G095-5(§)OCP

sChain coupling au« i

. . : O fH 3
Lactic acid Azeotropic dehydration ocvKtensatior. :

| P
C Hoh ntvetne
Dlaicaid\ e

Polymerization " 1
i S o &
|'D . ; "Opofy! |-|{_|»(/\jg %_2] Wm
oty "

28 2

221

60 (7] 120-175

2.3



2.3

Nature Works®
PLA

Physical properties

Melt flow rate (g/IOmin)

Density (g/cm3 125

Haze 2.2

Yellowness index 20-60

Clarity

Mechanical properties

Tensile strength at yield (MPa) 53
Elongation at yield (%) 10-100
Flexural modulus (MPa)

Flexural strength (MPa)

Notched izod impact (Jm)

Thermal properties

HDT (°C) 40-45, 135
Vicat softening point (°C) :

Glass transition temperature (°C) 5565
Melting point (°C) 120-170*

Close to glass transition temperature
" Amorphous and crystalline, respectively

§

Nature Works®
PLA Resin General

purpose:

10:30
124

Transparent
48
2.9

3628

0.16

Biomer® Hycal
9000  HVI 1011
36 2-4
125 124
10 60
24 35
3600
56
60-63
150-175
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2.2.2
1 PLA (biode-
gradable) (biocompatible) (bioresorbable)
(biological ~ system)
2
(Sutures) (staples) (wound dressing)
(surgical implants) (orthopedic fixation devices)
2
3
4 non-woven
) (bumpers) (floor mats)
6.
[/
2.3 :
231 5
L (photodegradation)
V) (ketone group)

(free radical)



2 ?  (mechanical degradation)
3 "7 7 (oxidative degradation)
(peroxide
. ROOH) (stabilizing
additive) ROCH (RO *0 )
4, 2 (hydrolytic degradation)
2 (29
(non-catalytic hydrolysis) (catalytic hydrolysis)
2

Eyneic
degradation
External catal ytc
degradatio
\.atalyt Non-enzymatic e
hydrolysis degradation
teri al tay ic WC
o]

ALI 0Ca lav 3}

Non-catalytic
hydrolysis

2.9



(external catalytic degradation) 2
depolymerase lipase esterase  glycohydrolase
(alkaline metal)  (base)

(acid)
(internal catalytic degradation) (carboxyl group)
1
) ? (biodegradation)
2
2 endo-enzyme :
exo-enzyme

(ultimate biodegradation)
(minerization)
(biomass)

(210



232 = d

(Steric hindrance)

-NH2-COOH -OH

[4

-NCO

(crystallinity)

13



(temperature)

5 60

(CH4

(maisture)

25

(C02

14
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(particle size)
(pH) .
pH
24 [5-7]
ASTM D5033-90
4
1 1 (primary recycling)
2 2 (secondary recycling)
3 3 (tertiary recycling)
(pyrolysis)
(hydrolysis)

4, 4 (quaternary recycling)
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24.1
ASTM
D5033-90
2
(reclamation process)
(commingled plastic waste
processing)
24.2

ASTM D5033-90 3 4
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1 ' (alcoholysis reaction)
(211
‘ " (methanolysis)
(DMT) '
HHM ¥~ WOCHOHD-  H + M
FET
(Hot£ 'V-OOH + HIHH
| G
211
2 , (hydrolysis reaction)
(212
( )
Y "(acid hydrolysis)
’ . " (alkaline
hydrolysis)
HHE [y ' COHMHD H+HH 0 = y—0H + HOHHH
=) TR i€

2.12
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3 , (glycolysis reaction)
(213
180-200
(zinc acitate)
-2- (bis(2-hydroxyethyi)terephthalate, BHET)
(210 )

noor ¢ o-Je J ~ WdocHachao v+ Hocw crzow

PET

HOHGHOY  VCOCHAHEH +digomer
BT

213

4 (alkali decomposition)

(215

HOC"CHZ- QOHHD | e
e/ Ho B A

J —(7 ::/V-COH + HOCH2CH20H

TPA B

2.14
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2.5

Boice 4]
(215 216 PLA
50 (007 )
65

0

Vinegpr
H0—CHC: CH - B HOCHC—CH
oy | AT

2.15 PLA

H0—( HG—=IM 2 N !( L, J & CH.Q;
ch3 BECH V (B %ECH

2.16 PLA

(PET) PET [9
( ethanolysis) (glycolysis) (hydrolysis)



[10, 11]

(glycolysis conversion) (100%)
0.002

X

0% 15%

BHET

Kylmé
hexamethylene dlisocyanate

butarediol (2.7
OHNCO
111

20

21 Chen

BHET
190 0

[12]
196
051 61 )

(84.5%) 1
51 3

[13]
(Brabender melt mixer)
! 14
! !

112 | |
100



( »-8-l'|-(II}| - HO{H$ H

Lactif acid 1W-hutanedial

H— -'— (H - 0=C-N-R-Nec=0

Lactic addpreptilymer Dihocyanale
2.17
Hiltunen [14]
180
100
067 150
11 (
[19]
succinic anhydride (SAH)
oxazoline) (BOX) ( ,2.18)
, 190200 210

(BOX:COOH) 11111121

pil

Gt 0-( 20 1 cHe H 4D

Lactic add nrepolvn

CNHR-M-CO0— 0

P
Poly(ester-ureliiane)
1 4-hutanediol
150
13C-NMR)
Hiltunen
1 2,2-his(2-
60

131

121 200
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s, H0$E0E -&0—%&0@% 0dl20- Groo (oo

22-By2-{verdire) CatooyHemireted prepoyer
00
(HMH MG ¢- MG G- 0- c ¢ C810 %g{Og[ﬂ-l}Je 0-CH-C- CH—CO Ge-
Poly(ester-amick)
2.18

2,2-his(2-0xazoiing)

Tuominen
[16]
1,6-hexamethylene
disocyanate 2,2-his(2-oxazoline)
Lee [17]
020375 055
40 100 2

0.55
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[18]

1,6-hexamethylene diisocyanate (HVDI)

196 3
(2- ) 196
(EG.PLA)
I 31 N D
2.7x104  0.93x104 |
EGPLA 31 90 , :
HVDI :
1112513  1:35 OH:NCO
125 13

; 180 100
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