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The application of organic/inorganic nanohybrid materials
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Potential Market in Japan
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¥724 billion

$860 billion (world)

¥650 billion

(¥150 billion)

¥3.85 trillion
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Recent research development of polymer/silica nanohybrids
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History of Nanocomposite—-Synthesis
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Nano Materials Technology
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£ 2-9-2. Nylon 6/ Montmorillonite %¥45 §43 %4

Nilon 6 NCC NCH™

Montmorillonite content (wts¢) 0 50 42
Tensile strenth () ] 6l 107
Tensile moduulus (M) 11 10 21
Charpy impact streath (KV/m) 62 59 6l
HDT (1.82R) (T)™ 65 ] 152
Water shsorption, 3T, lday (%) 087 090 051
CTE(X10® cw/caT) 17 103 63

L 18 134 131

*Nylon 6/Mont composite by the conventional method

“Nylon 6/Mont nano-composite
*“Heat distortion temperature

1SD1 “4e3ue) pUqAH satihjod

18A092.1j8q Buiwi}
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Polymer Hybrid Center, KIST
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E 2-9-3. FP/Tak, PP/Montmorilonite % YA 7143 &4

Composition (wits¢) PP PPAslc PP/Moat”
PP-1 50 4158 4
PP-2 50 405 4
talc ] 30 0
MDH"™ 0 0 12

Density (g/a) ol 0% 083

Melt index (g/10erdn) ‘ 2 16 12

Tensile strength (Kh) 3 3 39

Tensile modulus ((8) - - 21

Elongation (9¢) A00< ° 2

Flexural strength () 33 £5 53

Flexural modulus {(Gv) 15 19 24

1zod impact strenth (Kl/m'") 97 by T

"HDT (T) 120 - 120

*Montmorilionite 3wtd, “‘chemically-modified PP/Mont complex

Polymer Hybrid Center, KIST

Polymer Hybrid Center, KIST




Filler® 22

Matrix2! polymer 2}

ECED

SHEEE
T EE:
*High aspect ratio
2 HEY

Tetrahedral
layer

Octahedral
layer

)
o S
o 6= N

X
NT NN
%

)
=)

oo%
® A1 Mg?t
© OH
.S

Molecular structure of clay

Kaolinite Group 1:1 ratio

1y

of layers comprising silica and aluminu sheets, joined together

The structural framework of clay minerals is basically composed
in varying proportions and stacked in a certain way

Montmorillonite

-

Montmorillonite 2:1 ratio

»Hg

Pyrophyllite Group 2:1 ratio

(MMT) 2 X

Polymer Hybrid Center, KIST

AI* -> Mg?*, Fe?* and Sit* -> AP*

Substitution occurs such as

Polymer Hybrids Research Center, KIST
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Synthesis of Na-MMT
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The space arrangement of intercalant in OLS -
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Factors governing the gallery height change in
organically modified layered silicates (OLS)

d,yp ~f(A/n, d)

A(~ ACEC)) : charge distribution |
n : geometric factor such as the length/number of chain
5 : specific interactions between clays or clay and organics

mixture of trans-gausch all trans
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The effect of length of intercalant in OLS -

35 the length of intercalantT
r . ....................... . ------
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Conformation change of intercalant in OLS

asymmetric CH, stretching mode, v,, (CH,) :
for all-trans ordered state

in gausch state
~2930 cm!

2933

~2917 cm!

—

MMT-C8
(d-spacing = 13.6 A
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the length of alkyl chainT

.

spatial restriction T

8

more ordered conformation

(gausch — trans)
&
d,y, increase

2700

Polymer Hybrids Research Center, KIST

Modified layered silicates
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15A (CEC = 125 meg/100 g)
204 (CEC = 95 meq/100 g)
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Mechanical properties of extruded nanocompos
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TEM microphotographs of extruded nanocomposites
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Future researches

- To evaluate the dominant factors to control the intercalation/
exfoliation mechanisms for polar matrix system

- To design/synthesis the optimum intercalating agents

- Development of exfoliated polar matrix nano-composite by
suppression of “glue effect”

- Development of interlayer-force-controlled MMT

- Development of exfoliated non-polar nanocomposites
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