21 (Poly(lactic acid) / Polylactide, PLA) [1,2]

211

(renewable  resource)

212

(carbohydrate  fermentation)
(lactic acid) 2-hydroxypropionic acid
2 - (D-lactic acid) -
- 99.5% -

(polymerization) 21

Lactobacilli

(L-lactic acid)

0.5%



I3 o did o
' #X /1 u n I " Quy
%a/ o a8 o a8 &« .
o e Lontenlave \ \Ctan(nﬂrgaga‘t
a Jod M Ny
0 . i cHy O CH o
| adicadd Aedrgicchdeioncodredian Vool L }/ o. ) §
-HP HO™ n/ ~ o) H ‘:/ >
0 CH, 0 CH,
Low molecular weight polymer
A 100000

i

21

2121

(hydrolysis)

"

~, Ring-opening
polymerization

=% cCi

Ladice

(condensation polymerization)

(by product)

back-biting

(brittle glassy)

(Azeotropic dehydration condensation)



2. (condensation and coupling agent)

2.1.2.2 ? (ring

polymerization of lactide)

2 3
(L-lactide) - - (D-lactide) (meso lactide)
2.2
H H
Dextrose > % OH % OH
H o “cH. e “u

L-Lactic Acid D-Lactic Acl\

/ (99.5%) \ / (05%)
Q o
CH,

o}
LAY N H,
A I A

L-Lactide Meso-Lactide D-Lactide

2.2 "

opening



213

(amorphous)
(glass transition temperature 1 Tg) 60* ¢

150' C

1 (PET)

) (hydrophobic  polymer)

(thermal stability)”

214

[] 2.3



O CHj 0

IAPIPN G -

CHs o0 cH; O
oy b ol

O CH, HO OH(CH,

Opoly

==
e 3 8. 30 : Opoly
OH/\n/ ( O>/\rf “H o+
o~ CHY// 1 'O ”0/\'9,/
2.3
2.2 (Poly(butylene succinate), PBS)
1" ' 24

C— (CH jr-C—O— (CH +"-0-

24



221
14
(1,4-butanediol) (succinic acid)
25
0 .0

OH OH Cat,?DU © 0

HO “ o N T /\ﬂ/ R
v ‘ 0 PBS "
25 ' '
11

1,4 ? 2.6

2.6 1,4



2.2.2

2.3 (Clay minerals) [4]

(hydrous aluminious silicate)

231
1) (Kaolinite)
11
2) (lllite)
2
3) (Smectite)

xMg)xSi8OOH)4 M

2 AISiZ2 s

KAIZAISIZ 1) (OH)2

21

)

11

21

MXAI4
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4) (Vermiculite) Mg3Sid0 100H)2xHD
Smectite

5) (Palygorskite)

2.3.2 (Montmorillonite) [6]

Montmorillonite

(Smectite) M +[AIZ (Mg Fe)y Sid IQOH)2 « nH20 M+

1
(Octahedral ~Aluminum Hydroxyl)

(Siliconoxygen Tetrahedral)

2.7

Tetrahedral sheet
' (SiO4tetrahedra)

Clay Octahedral sheet
Layer (AIOg FeQOg octahedra)
«— Tetrahedral sheet
Interlayer Interlayer
Region ’ water
| ; == ‘ '*'"hifarv‘"?ﬂfi , Mmolecules
Interlayer A XY S VA [
cations " : ‘,\' ‘ \
- X £

2.7



2.8

2.8

(hydrophilic)

(hydrophobic) f

1, (hydrophobic)

(cationic exchange reaction)

(quaternary ammonium) (phosphonium)

(organoclay) 2.9



\

r a1l.
alkylammonium ions clay

2.9

intercalated clay

exfoliated clay

2.3.3

exchange capacity, CEC)

H+ (AI3) > Ca2 > Mg2 > K+ > Na+

(adsorbed cations)

12

organophilic clay

gallery

(nanocomposites)

(Cation exchange process

Cation



(exchangeable cations)

x.clay + Y+ 4 Y.clay + X+
Xt .
Y+

X+ Y+

Y+ 2.10

Cation Exchange Illustrated

Clz or Organic Colloid

Soil Solution Soil Solution

[Negatively Charged exchange
sites on soil colloid

2.10

13
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2.3.4 (6]
2
1)
(in-reactor polymerization) (swelling)
(monomer) '
2) (melt compounding)
! 3

1. Conventional composites

2. Intercalated nanocomposites :

3. Exfoliated nanocomposites delaminated nanocomposites : 1
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= ke,
=7 S0
Layered siicate ooy

/LN

¢ ———\ 3 o ‘-\:J_\~j Ci
fv‘x{\ *\///[Q P e
= (=7 Soupes
UG o it

(a)

AV =R S
(b) . <c)k -\Q\_?Y\"J
Phase ser%arated Intercalate Exfoliated
(microcomposite) (nanocomposite) (nanocomposite)
211
235
1. UV-Vis
aspect ratio
(Char)
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1 timing-belting cover

24 U

24.1
, 025
24.2
(celluloid)
(strength) (moisture resistance)
(flammability)
cellophane

safety photographic film

0.25

(cellulose nitrate)®
(clearity)
(dimensional stability)

(light stability)

regenerated cellulose

1909
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(wrapping film) regenerated cellulose

1950
(PP) (PVC)
(PET) 1946
(extrusion process) 1948 ‘ (chill roll casting)
(gloss)
(blocking)
(blown film)
243
2431 (polyolefin)

(low density polyethylene, LDPE)
(high density polyethylene, HDPE)

(linear low density polyethylene, LLDPE) (polypropylene, PP)

2.4.3.2 / (ethylene/vinyl  alcohol

copolymer, EVOH)

2.4.3.3 / (ethylenelvinyl acetate copolymer,

EVA)

2.4.3.4 (vinyl)

(poly(vinyl chloride), PVC)

(poly(vinylidene chloride), PVDC) (poly(vinyl alcohol), PVOH)



2435 (ionomer)

2.4.3.6

(polystyrene, PS)
polystyrene, HIPS) /
SAN) / /

copolymer, ABS)

2437

18

(styrene polymer and copolymer)

(high  impact
(styrene/acrylonitrile copolymer,

(acrylonitrile/butadiene/styrene

(cellulose and cellulose

derivatives) (regenerated cellulose) (cellulose

nitrate, celluloid)

(cellulose acetate-butyrate, CAB)

(cellulose acetate, CA) -

(cellulose propionate, CP)

2.4.3.8 (nylon or polyamide)

2.4.3.9 (polycarbonate, PC)

2.4.3.10 (polyethylene terephthalate, PET)
25 (multilayer film)



19

251

2.5.1.1 Adhesive lamination

1 (wet lamination)

2) (dry lamination)

3) (hot  lamination) 100

2.5.1.2 Co-extrusion ! !

! (tie layer)
I (extruder) 1 (die head)
(screw speed)

(melt pressure) ! !
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(lamination)

2.5.1.3 Extrusion coating

(neoprene  rubber) '
(silicone rubber) :
(slitter roll)

extrusion coating

LDPE

2.6 [8-11]

26.1 (Extrusion process)

(continuous  process)

(semi-finished product)



(finished product)

(barrel)
(fiber) (tube) (pipe) (sheet)
(film) (profiles)
|
(extrusion covering process) (extrusion blow molding)

(extrusion blow film process)
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(additives)

(fillers)

(single screw extruder) (twin screw extruder)

26.1.1 (single screw extruder)

2.12

Pressure
Gauge

../ Die

Breaker
Plate

Barrel

Single screw extruder

2.12 (single screw extruder)

1) ! (feed hopper)



2)

(barrel)

(agitator)

23
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3) (Screw)
(channel depth)
3 (zones) feed zone,
transition, ‘ compression zone metering ' melt pumping zone
2.13
Resin

.~ Hoppst

Mardaned
bzt

Thermacouples

Screw
Barral \

o, 7
A== eE =t e ——,
P VR 2 272

Fed —“I‘— Comprassion of transiticn '+' Metering
saction

section Sechen

Indicates

Hoppet
cooling haaters
jacket



4)

] (feed zone)
1
(transition compression zone)
(metering melt pumping zone)
1

(die)

25
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2.6.1.2 ‘ , (twin screw extruder)
2
2
(co-rotating) (counter-rotating)
211 2

(intermeshing)

(non-intermeshing)

(conjugated  screw ‘  tightly intermeshing)

(non-conjugated screw closely intermeshing)

Corotating Screws Counterrotating Screw:

2.14



2.15

ST L FLZLIETET [T L 7/
‘IIIIIIIIIIIIIIIIIA

Solids Melting Melt Pumping

Conveying
2.15 (twin screw extruder)
2.6.2
(sheet) (film)
0.25 , (deformation)
0.25
3

(cooling rall)

27



(coathanger sheet extrusion die)

(manifolds)

(flow velocities)

(center-fed T die)

(land length)

(exit pressure)

(molecular orientation)

28



2.6.3 (Coextrusion) [1,9]

(adhesive)
(chill roll casting)

2.13

(tie

layer)

29
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(chill roll casting)

2.16

(extruder B)

(extruder A)

(extruder)

(extruder A) (extruder B)

(extruder C)

(extruder C)
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1.
2.
3.
4,
2.1
Tan [12]
Kulinski
[13]

(Transition temperature: Tg)

1

[14]
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[15-16] 7] , .

[19]

Krikorian [20]

217
|« C)i M
Coste JB Q Ho—N-T
HHH
Closite 52 % HC_I—T X
Closte 1A 3 Ho- N T
H
sibfTyp Toeroenated ellow (65% Clg: 0% Clg
217
Cloisite 30B
Exfoliate
Lee [21]
Cloisite 10A (C10A)  Closites 30B (C30B)
C308B
C10A XRD C308

C10A C30B Exfoliate
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2
polypropylene/polystyrene [22] polycarbonate/poly(methyl methacrylate)[23]
interfacial tension 2

Sinha [17]
Cloisite 15A (C15A), Cloisite 20A (C20A), Closite 25A (C25A), Cloistie 30B (C30B)
C30B disperse domain
phase 1 ' solubility parameter
2 solubility parameter
vf 2 enthalpic
interaction
DSC C30B nucleating agent
[20] ] 1 [24]
[25]
Chen [26] C25A

twice functionalized organoclay (TFC)

75 25

25 10



TFC

C25A

C25A

TFC

34
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