21 ?  (Poly(lactic acid), PLA) [1-3]

(aliphatic polyester) -
(a - hydroxy acid ) ' ' , (hydrolysis)
(ester linkage)

21

(lactic  acid) .

Lactobacilli L-enantiomer

@)

o —
——)

' SR 1 o

CH,

21 (1]

(biocompatible)

(non-cytotoxic)



(implant device) (tissue scaffold)

(internal sutures)

(HDPE) (PP) ‘o (PS)
2
1) Polycondensation
(brittle  glassy)
y "back-biting”
(six-member lactide ring) L-lactide, D-lactide
eso-lactide * 11 racemic stereocomplex ( ,L-Lactide) 2.2
(condensation)
(coupling agent)
0
H
S (o]
CHQ\\\\ 5 \\\\\\H
CHa
0
D-lactide L-lactide Meso-lactide

2.2



2) Ring opening polymerization
2.3

poly(L-lactide) poly(D-lactide)

1

n"1<* ' -1 ;11111 1’”£
5
L-lactide D-lactide

configuration

poly(meso-lactide)

isotactic eso-lactide
configuration syndiotactic D,L-lactide
|
poly(D,L-lactide) configuration atactic
H o @]
1 ni il K A ow Mw prepolymer
Hon " el e ooy (00050 atons
O & nO
HCa e - N Chain Coupling
L’ Direct condensation Agents
Ho ¢ )
g polymerization
L-Lactic acid CH, 0 | CH, o
Azeotropic dehydration cond i H !
o, pi Y/ ondensation > HO MONO\)L O
H\’cl\ 'OH -HZO o éH, n 0 (-:HJ
(o
HO :
4 Polymerization through High MW polymer
D-Lactic acid lactide formation Ring Opening (>100,000 Daltons)
Polymerization

CH
0 3
% /O\C'<H

CH, 0 CH, 0 C
AP N o — b ok
H a H -
O CH 0O CH aS
i 3 ch‘ \o/ o}
Lactide

Low MW prepolymer
(1000-5000 Daltons)

2.3



2.2 (polyethylene, PE) [4-7]

24
(high density polyethylene, HDPE)

LDPE)

24

221

(stiffness)

(LDPE)

(MD)

(permeability)

(low density polyethylene,

(linear low density polyethylene, LLDPE)

: T
C c
n
H H
(high density polyethylene, HDPE)
0.96 g/cm3
(hard)
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tubular reactor
autoclave reactor

0.935 g/cm3

(softening point)

(low density polyethylene, LDPE)

LDPE ,
tubular reactor .
autoclave reactor
autoclave reactor LDPE

0.916-

(shrink film)



1
223 (linear low  density
polyethylene, LLDPE)
(solution  process) 1960
1977 (gas-phase process)
(reactor)
25 0.91-0.94 g/cm3

ch2= ch? CH=CH  Ziglr-Nitl, -f-CHj-CHj-jj- -CHZ—CH-
k

ethylene T h,  polymerization
H3Z'  CH3 h  chd
4-methyl-l-pentene poly(ethylene-co-4-methvl-|-pentene)

(BP’s Innovex®, a form of LLDPE)

25



2 8]

1 (solution process) !

2.5-10 MPa 25-300

2. (gas phase process)
]
0.7-21 MPa ' 100°c ' !

unipol

2.6
octane-based LLDPE
hexene-based LLDPE hexane-based LLDPE butane-based LLDPE
e T - TS~
- ~ £
L LoPE
| B W o L Y
R o VRS o, cauis NS SN
LLDPE
2.6

(LLDPE) [9]



10

50/50
2.3
2,3- (2,3-Epoxypropyl
methacrylate), 2, - (Methacrylic acid 2,3-
epoxypropyl  ester) CMHIO3
2.7
2.8
29 2.10
O
CHs O

2.7 [10]



ch3

'-N-Cfy— CH2fcH2— CH~ CH2— ¢-)y

C*HU CO— 0O— ch2ch— ch2
V
2.8 [11]
CH,0 A ch3o
whww O CH'C-OH  +  hZe-c¢h a0 ” CH-C-0-CH-CH2-0H
Amanivwil I MMV
Reaction with Carboxyl
0 GH3
"MN'V""V%-&HE;OH + HzéA-\CH - VWWWWAA.¢ - ch- 0- ch2 ch—oh
AtV I
Reaction with Hydroxy|

2.9 [12]



H H H CH,
-+-C— ¢ -G
Hoon CfH.4 -O- c¢—c-—cH; GPOE
H \Y
H O H o 0
|
I—D-C-C“-O- —g- -04—C-C-OH PLA
l JnJ
CHJ CH, CH,
H H CHi
I+ 3 g 9
6n 14 C- - °0-C-C c—O 4
o | | -4 |
CH, CH,;
2.10
2.4 (modified montmorillonite, MLS) [13]
(montmorillonite) 100
(layered silicates)
21 (phyllpsilicates)
2 1
2
211
1 30
Al Mg2-  Fe2r Mgz Li+

12



13

3 phase-

separated, intercalated exfoliated 2.12

® OH-
¢ Alat Mg't Fei+/3+

o * Sj<t+

Exchangeable calions (Na+ K+ C,I3+ Mg} H- H,0

211 (montmorillonite structure)



Layered silicate Polymer
ir
(@) (b)
Phase separated Intercalated Exfoliated
(microcomposite) (nanocomposite) (nanocomposite)
2.12
exfoliated
intercalated exfoliated exfoliated

(tortuous pathway)

2.13

14



25

Permeant
2.13 (tortuous pathway)
[14]
251 (plastic sheet and film)
0.25 (0.010 in)
0.25
25.2

(cellulose nitrate)

15
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regenerated cellulose

' cellophane
cellulose diaphane  cellophane transparent
regenerated cellulose
1950

regenerated cellulose

(PE) (PP) RN

1946

(extrusion process) chill roll casting method

(blown tubular film)

2.6 (multilayer film) [14]



261 V

2.6.1.1 Co-extrusion

(die head)

(melt pressure)

(lamination)

2.6.1.2 Extrusion coating

(silicone rubber)

(slitter roll)

(extruder)

(tie layer)
1

(screw speed)

(neoprene rubber)

17
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extrusion coating

2.6.1.3 Adhesive lamination

1 (wet lamination)

2) (dry lamination)

3) (hot lamination) 100



2.7

19

271 ' (extrusion process) [15-17]

(continuous  process)

(semi-finish product)

(thermoplastic)

(pellets)

(barrel)

(die)

(film) (fiber)

(extrusion blow molding)

(plastic powder)

(cooling)

(pipe) (sheet)

(profiles)

(extrusion covering process)

(extrusion blow film process)
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2.7.11 (extruder)

(mode of operation)
2 (continuous) (discontinuous)
(screw extruder)
(disk extruder)
(reciprocating screw extruder)
(ram extruder)

(injection  molding)

3 ' (single screw) ' (twin screw
extruder) ' (multi screw extruder)
1 . (single screw extruder)
2.14
(motor) (gear reducer) (thrust bearing)
(barrel) (heater) (screw) (thermocouple)

(feed throat) (hopper) 2.15



< i - i
3N 2.14 1ATENEATALLLANGLAEY

mamén (hopper) et
~ /

o
/ qﬂmmqmqmuqﬁ (thermocouple)

daunallounandgéin feed throat) /

Mawmn (gear reducer) ——

\
anbinauriou A (screw)  mezun (barrel)

INRTEL
I (hesater)

(hrust bearing)

n uaieT
L (motor)
P e——

2.15 ' [16]

21
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11 (screw)
(hopper) (barrel)
(heater) (shear force)
3
(feed zone) (compression zone transition zone)
(metering zone) [17] 2.16
Hopper
Chip:
Sore Melt ploymer
—

i 2l 2l .
RN N
R AR

o,

7). 07 7%
s
: 2\ i W >
T

2\ b % \
e

2.16 3 [17]
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(feed
zone) )

‘ (barrel)

(compression zone)

(compression  zone)

(metering zone)

12 (barrel)

heater

(feed zone)
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(bimetallic barrel)

(sensors)

13 (breake

dcreen pack and adapter)



14 (die)

2.7.1.2 ; (twin screw extruder) [18-19]

' 2.17

' 2.18

2.17 '

25
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]
' Horizontally
! positioned
I twin screws
1
Melt T/C Barrel [ |
Die Heater
G [AGR RS AMRORS ARG | ) ol Ol
= I M VMMMV EVAEVEVEVEMEM MMV MM 5 Motor
|
I‘ ==
2.18 (18]

(intermeshing)

2.19

2.20

(co-rotating screws)

(compounding)

(counter rotating screws)
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2.19 (co-rotating screws) [19]

2.20 (counter rotating screws) [19]
3
(non-intermeshing) (partially intermeshing)

(fully intermeshing) 221
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wyuluiiAnamaaii wynlufiAn AUy

Wuldaui

WugununaIN

Nuaunualin

v
-

<4 as ar <4 =
3% 2.21 anwuznisruiuresiuiesresang luiaaediAnIaNsuyw [19]
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2.7.2 (co-extrusion process) [20]

2.22

olymer A

Polymer B

\J

[ ) Dnhested Rall

*g 3 Hautod (Cooled

| Single ScrewExtruey | & | B —psee” ™!
E .9 \l Heatad 00 bnd

X/ Eoll
Polymer C ey T

2.22 ‘ (co-extruder)

(barrier properties)
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(adhesive layer) PVDC ( ARAN)
Scrap (recycled matrial)
2721
!

1 3 (low
density polyethylene, LDPE) (linear low density
polyethylene, LLDPE) (high density polyethylene,
HDPE)

(ESCR)

2) (polypropylene, PPJ

LDPE
LDPE
3) (barrier resins)

316 °c



(EVOH)

4)

204 °C

5)

EVOH PP

(EVA)

(EMA)

2.7.3

(extrusion)
(blown film extruder)
2.24

(extruder)

31

(high temperature resins)
(ovenable resins)

(hygroscopic resin)

(adhesive and heat seal resins)

(EAA)

(lonomer) EMAA

(blown film extrusion process) [15]

2.23

hopper

(single screw) (circular die)
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(machine direction,
MD) (bubble)
(transverse Direction, TD) (biaxial

orientation)

(cooling ring)!

(sizing basket calibration unit)
(collapsing unit)
) (nip rolls)
Y
(haul-off - unit) \%
(winder)
(speed screw)

(draw down ratio)

31Jﬁ 2.23 1ATe AN (blown film extruder)
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BASIC BLOWN FILM LINE

Nip Rolls \ / Idler Roll
Collapsing Frame
/ Layflat
Bubble ———p=
Resin Pellets s
Air Ring

f

Idler Roll

\
A
AT ®
/

Extruder

5191 2.24 wnunwiATean AN [21]
(blow-up ratio)

(draw down ratio)

(blow-up ratio)

(draw down ratio) ?



2731

screw extruder)
20:1 34:1
3

(metering zone)

2.7.3.2

mandrel)

2.5-15

(blown film extruder)

(single
(L/D)
4 20

! (feed zone)t (compression zone)

(lay-flat - width)

(die)

(annular die)
(outer die body) (die
2.25

40
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3 ,  (side-fed die) (spider leg-type die)
(spiral mandrel die)

(manifold)

AUAIUUDN
A7UNNRDNUDIAS

2.25 ' '
2.7.3.3 ) [21]
(tear strength) (tensile strength)
(machine direction, MD) (transverse Direction, TD)
(draw-down ratio) (blow-
up ratio) (frost line height)

(surging)
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(TD)
(MD)
2.7.34
(thermoplastic) / (polyolefins)
(LDPE) (LLDPE)
(HDPE)
(PP) (PO) (PET)
(PVC)
(viscosity) (melt flow index, MFI)

(melt strength)
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01 1.0 10
?J 05 6 10
2.7.35 ?
1 (plastic bags)
2
(T-shirt bags) (hot food bags) (cold food bags)
? ?

(heat sealing)

(PE) (PP)

2.26
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2.272

2.27

2 I’ (shrink film)

“shrink film" 228 |

(orientation)
(glass transition temperature, Tg )
(PVC)
(LDPE)
' (calendering)

(blown film)



2.28

3 /3 (thick gauge films)

(heavy-duty  films) 01-0.2

2.30

231

2.29

39



2.29

AV
Z

A - © - 1 !
31.]‘/! 2.30 HANNAARNIDINUNDUINADUNTA

40



41

231
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2.8

(poly(butylene
adipate-co-terephthalate ), PBAT)
Balakrishnan [22] '
(polylactic acid, PLA)Nn
(linear low density polyethylene, LLDPE)
5- 15
PLA/LLDPE (counter-rotating twin screw extruder)
(injection molding)
(scanning electron microscopy,
SEM)
LLDPE
LLDPE
[23] (polylactic
acid, PLA) (poly(ethylene-co-octene), POE)

( POE)
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(compression molding)

PLA/mPOE
PLA/POE PLA/mPOE
PLA/POE f *
SEM POE
(carboxyl group/hydroxyl
group) mPOE 2.32
152
ANS\S\S\ARN \ O—O"—C—G" + [ VAIXIVererv/'O (— ' C_O_CH_(;H__Oh
()
: ~ 7h3
0olar mcﬁy oy '(I:—CH—O-CH—(;H—07
()
2.32 PLA mPOE ()
()
[24]

(polylactic acid, PLA)Nn (linear low density
polyethylene, LLDPE) mPOE 0- 15
phr * mPOE

PLA/LLDPE mPOE
[25] ‘

PLA PLA/LLDPE PLA/LLDPE
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(mPOE) 3 5
PLA PLA/LLDPE ‘ (co-extruder) ' ' b (chill
roll casting) ]
(tear strength) ' ' 1
PLA

(gas barrier properties)
Lehermeier [26]
(polylactic acid, PLA)
(polyethylene terephthalate, PET) polystyrene, PS)

(low density polyethylene, LDPE)

PLA PS LDPE
PET PLA Thellen [27]
PLA ' (plasticizer)
(blown films extrusion)
PLA
48 50

PLA 1
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