21 (Nanocomposites)
Toyota Central R&D
Laboratory caprolactam (nylon-clay nanocomposite) [4]
(polymer-clay - nanocomposites) 3
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1 Conventional composites
2. Intercalated nanocomposites

3. Exfoliated nanocompoéites ? Gelaminated nanocomposites : *
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1 UV-Vis
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3
aspect ratio
4,
(char)
)
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L timing-helting  cover
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4,
.
22 (Polypropylene)
2.2
(HDPE)
(LDPE) [6] ,

150
3

I Homopolymer polypropylene
d Block copolymer polypropylene

Random copolymer polypropylene

<h2-ch-

CHg;
2.2
( 2544

2.2.1 Homapolymer polypropylene

U

HDPE

mij« «TM

«



2.2.2 Block copolymer polypropylene

homapolymer
homopolymer Polypropylene
toptable
2.2.3 Random copolymer polypropylene
23 (Starch)
15
1-1,000
6:10:5 (ce+ 1091
anhydroglucose unit glucosidic linkage
(aldehyde group)
group 2
( ) 18]
231 (Amylose)
a-,4-glucosidic  linkage [9] 2.3

2,000-500,000 [9]

1
reducing end

( )

£l



(precipitation)
(gelling)
20-25
CH,OH CH,0H CH,OH
OH OH OH
OH G 0 OH
OH
23
( , 2543)
232 (Amylopectin)
12 a-1,4-glycosidic linkage
a - 1.6-glycosidic linkage
1,000,000
15-80% [9
CH,OH
OH
OH 0
oH|
CH,0H kb CH,OH
/—0,
OH OH OH
OH = @ oF
OH OH OH

517 2.4 Tassadrevoses luTamnau

( 54



145-164 |

10 (
(amorphous  region)

)

(crystalline region)

21

1

)

3

4

5

6

24

(120-150

Nickel 3-6%

25

(gelatinization)

200-1,200

(sorbitol)

o ol B~ o o

A )

(mannitol)
(hydrogenation)
30-70 atm, pH 5-6

20-25

60-

Raney



C- ¢
-G ¢
¢~ - ¢
¢ ¢
CH20H CH?0OH
Glucose Sorbitol
(P-Glucitoi)
25
, 2543)
30% [9] 26
CHO 8H*OH GH OH
e -
- 5 + c-
¢ - = ¢-
CH2OH CH20H CH20H
Fructose Sorbitol Mannitol
2.6
( , 2543)

cooling effect [9]
1

22
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22

CHL6 CHL6
1817 18217
110-112°C 165-168°c
25°C -26.5 calfg -28.9 calfg
Specific rotation ( 10%) -1.9859° A
(1 235 2

100 25°C)

25 (Clay minerals)

, (hydrous aluminous  silicate)

plasticity plasticity
; plasticity
(sheet silicate) phyllosilicate
(Al-octahedral) (Si-tetrahedral)
(interlayer)
illite, koalinite, smectite ~ vermiculite (attapulgite)
(palygorskite)
(chain silicate)
4
251 1 (Kaolinite group)
2A12 1D 5OH) 11
Si-tetrahedral 1 Al-octahedral 1 C

Al-octrahedral Si-tetrahedral a
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b ! (triclinic) (kaolinite)

(dickite) (nacrite) (halloysite) (allophane)
L
(low permanent charge)
2 (crystal unit)
(interlayer)
(swelling and shrinking)
3
0.1-5.0 ' 0.2-2.0
(external surface) (internal surface)
4, (cation exchange capacity: CEC)
CEC 3-15
meq/100 g
252 (11lite group)
KAIZAISID1)(OH),
' (mica)
1 15-25% 4 Alg
(permanent negative charge)
2 K+ K+
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4 K+

b K+ (non-gxchangeable)
(K-fixation)
6.
(CEC 150 meq/100 g) [10]
253 (Smectite Qroup)
MYADMXSID D H4 M cation
(sedimentary  rock) (sand)

(expandability)
(cation  exchange) ,

(montmorillonite) (beidellite) (nontronite)
2:1 (brick) (ceramic) (drilling
mud)
150-1.64
(adsorh) Caz Nat  HY)+H#HD)
, (saponite) ,
(sauconite) (Zn)
(volcanic
ash)
(charge balance) Al Mg

(octahedral) (tetrahedral) Ca Na
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001 X-ray Diffraction

d spacing  silica-alumina-silica 1 Na- 9.6-20
[10]
L
( Al Mg+
2
3. Mgz  CaR
4, Mg+ Ca®
5Mg2 Caw
6. 0.1-1.0 [11]
CEC 80-100 meq/100 g [11]
254, , (Vermiculite)
M0 I0(OH)2xHD
(Fe3)
C Rl

[11] 250-300 [11]
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A8 FeB

2 (net negative charges) Mg ' Ca'
Mg+ Ca® K+

3 Mg Ca®

4

Mg+ Ca ,

b, CEC (100-150 meg/100 g)

26 (Bentonite)
3
1 Natural sodium bentonite ~ sodium montmorillonit Na+
2. Natural calciumbentonite  calcium montmorillonite CaR

3.Sodium activated bentonite sodium activated montmorillonite
Ca® Na+

1520 [



(activated clays)

2.1

Vacharotayan (1962) [10]

2

2.3

%

15/
3.8
31.5
53.3
40.0
65.3
17.8

543
537
534
64.9
25.5

2.4

2.3

%

2.06
0.19
2.81
1.36
1.04
0.86
2.10

1.85
1.74
1.26
1.74
2.65

0.56

15
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28 (Montmorillonite)
AISIEOIOH)4NHD
1 200
gallery 2.1

ﬁ_ﬁ ) ?Se%ﬁhedr sne

m ﬂvﬁm tetrahe ra

Cla hedral sheet
La;yer AN ‘ w _\ ?&& elge(%eoctahedral
5 SR ,41\ «—Tetrahedral Sheet
Interlayer PR e Y Interlayer
egio e Water
neriyer ST et el
cationd. e/ 83 e/ @
21
(  2549)
(Na4) (Cad)

28
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(tensile strength) (flexural strength)
(heat resistance)

(organic  cation) (Quaternary
ammonium) (phosphonium)
(organoclay) 29

o R
Cation /N\\/\//\\\//\\/\//\//\

29

( 2548)

(long alkyl chain)
(hydrophabic) Na+ organoclay

gallery

intercalated clay 2.10

exfoliated clay
2.10



(nanocomposites)

Intercalated clay Exfoliated clay

2.10
L~ , 2548)

29 , (Cation exchange process  Cation exchange
capacity, CEC)

H (AI3) > Ca2t> My2t> K+> Nat

(adsorbed cations)

(exchangeable cations)

xclay + Y+4  -* Ycly + x+
X+
Y+ !

18
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X+ Y+
Y+ ' 211

Cation Exchange Hlustrated

Soﬂ%oluﬂon

Soil Solution
| Ca 2 \\\
=> + ! M S\% Bill
Nfa
SRSl e
211
(  2549)
2
I}
2
29.1
L (adsorbed  cation
replacing cation)
(replacing

power) Li+< Nat< K+< My2t< Cazr< NH#< ALKHH) Na+
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Li+ Li+  Nat Na+

Li+ K+  Ca+ 1]
2
mass action
Na+ Caz Caz  Nat Nat Cat
3 (dlegree of saturation) :
(exchangeable calcium)
Ca2t
(exchangeable sodium)
Kt Mo degree
of saturation
4 (complementary exchangeable
cations):
(exchangeable K4
(exchangeable AI3y ~ H+
292 (Cation exchange capacity, CEC)
CEC milliequivalent

pergram  100gram(meg/y  mq/L00 ) CEC 1
) (oil colloia):

200, 100, 30, 8 4 meg/100 g
CEC
Fe Al

CE(



« «
"1
11 n m-
CEC CEC
CEC
CEC 0.5 meg/100 g
[12] 40% CEC 20 meg/100 g [12]
3 : CEC
CEC
210 (Ethylene-bis-stearamide)
" " (EBS wax)
dehyaration condensation
212
CH3(CH2ICONHCH2CH2NHOC(CH2CH 3L = 14, 16
212
( , 2548)

600 213

CH3-(CH2)16-cT g £ C-(CHa)6-CH3
HHHH

2.13

( , 2548)

45-1350 [13]
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G. J. L Griffin
(.. Patent 4016177) [9]

2111 ()

90%
gelatinized starch puff ~ plate expanded by extrusion  baking with water

polystyrene

(extruder)

( )
(adlditive)
direct expanded starch foam, peanut, loose fill

pulp
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2
2
100%
214
10% 1%
anti-oxidant

peroxide radical

CO, HO

A e

STARCW*« e WOO))HW(?SfiII SrQMN'V\merBBiS\IC

f
l ‘&-)q,,..,.ﬂ"

& y fom L e gl
HP ehmsi ~ <\ M
«te. = ?-—:‘; ,"J
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2.14
( , 2543)

2.15

23
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2
g

ULAR STARCH

= Iy
S
S
e P

petroleunased polymers

2.15
(

2.11.3 Starch graft copolymer

starch graft copolymer

graft copolymerization

2

graft

24

, 2543)
2.16 AGU
(free radical)
(ceric  salts)
graft 1



CRAVLARSIARH PETROLEUMBASEDPOLYVERS

2.16 starch graft copolymer
# : , 2543)
212
ASTM (American Society for Testing and
Material)
4 [14]

L (Photodegradable plastic)

2. (Oxidatively  degradable
plastic)

3 (Hydrolytically degradable
plastic)

4, (Biodegradable plastic)

DIN 103.2
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(aerabic respiration) (anaerobic respiration)

(rancom) (endo)
(ex0)
(dlepolymerization) 2
ATP
(adenosine  triphosphate) (hiomass)

( )

Co,

[14] (Hydrolysis)
(polysaccharide) /
(protein) (callagen) (gelatin) (casein)

(polyamide), (polyester) (polyurethane)

(flexibility)
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(cellulose  nitrate)

2,
Alcaligenes eutrophus
(sugar
beet) (poly-
beta-hydroxyalkane;PHA)
[poly(glycolic acid), PGA],
[polyCL-lactic acids), PLLA]

[poly(e-caprolactone), — PLA]J, [Poly(3-
hydroxybutyrate), PHB] poly(3-hydroxybutyrate)-co-poly(3-hydroxy- valerate)
(PHBV)

213
( )
[15]

[16]
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2
I
0as
chromatography
I
I Die (dissolved inorganic
carbon) DOC analyzer
I
214
[13]
(LDPE) (EBS wax)
EBS wax LDPE
EBS wax
LDPE
Huang [17]
MMT
(melt intercalation) (single screw extrucer)
SEM  MMT
MMT 0-30%

27 MPa 85 18% (Young’s modulus)



207 MPa

Ma [18]

MMT

MMT

Zuchowska

(PP)
natural rubber, ENR)

(microorganism)
LDPE
Zhang [2]
(OMMT)
(draw ratio)

OMMT PP-g-M AH

[19]

P

MMT
MMT
2 (clual-melt extrusion)
(reen process
MMT
(high speed mixer)
XRD  TEM
intercalate
MMT
(epoxidized
PP LDPE
PP
PP
(PP-g-MAH)
, (twin screw extruder)
(melt spinning) OMMT
PP
PPIOMMT PP
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