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* Derived from expandable 2:1 layered smectite family of clays

* Isomorphous substitution of atoms creates a charge imbalance

< ~50nm - 300nm
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& Nat from the surface of MMT
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\ ™ Layered Clay
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M. Kawasumi, J. Polym. Sci. Part A: Polym. Chem., 42, 819 (2004)
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Nanocomposite Formation Technique
- Melt Processing —( ‘i FAH01%)

Mechanically blend polymer—organoclay mixtures above the polymer’s
T, (1.e., high shear twin screw extrusion)

hp ViSIININImInIsInlD,
[[1[7/ 77 [7/7/7/7D
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New method(JIA IR TCH LA KL 237 )

a novel compounding process using for
preparing novel nylon 6/Na—-montmorillonite nanocomposites

clay siurry

vapor

bent

melting zone /  Clay compounding

Schematic figure depicting the compounding process for preparing the
NCH-CS using the clay slurry

Naoki Hasegawa, et al, Polymer 44 (2003) 2933—296357



Platelet Exfoliation Mechanism During Extrusion
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Shearing of platelet stacks
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Diffusion

Platelets peel apart by combined diffusion/shear process
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B4 PPPCLAKE BRI REAPCLAXIRFENSEMER
Fig4 SEM images of the PP/PCL nanoalloy film samples after the removal of the surface PCL phase.

M, of PCL/(g * mol™): a 3800; b 14900; ¢ 23900

1.00 pm
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Fig.5 SEM images of the PP/PCL nanoalloy film samples after annealing and removing the surface PCL phase.

M, of PCL/(g * mol™): a 3800; b 14900; ¢ 23900
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Schematic depicting the XRD patterns for various types of structures
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Temporal series of X-ray diffraction patterns for a PS30/F18 pellet
annealed in situ at 160 ‘C in vacuum
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HUMMER H2 SUT: Most Recent Nanocomposite
Application
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Montmorillonite content Montmorillonite content
dependence of permeability dependence of permeability
coefficient of water vapor in coefficient of O, in polyimide-
polyimide-clay hybrid. clay hybrid
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KAZUHISA YANO,et al, Journal of Polymer Sciengg: Part
A Polymer Chemistry, Vol. 31,2493-2498 (1993)



Starch-clay nanocomposite bag made by film blowing technology.
This bag has been stored filled with water did not show any release

nor failure after 3 weeks
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Nanocomposite

Improvements
on fire performance
and smoke density

Addition
of organo—clay

ATH based '

compound




Mechanism:

The silicate-rich char
acts as an excellent
insulator and mass
transport
barrier,thereby
reducingthe heat
release ratemand
slowing down the
escape of volatile
products released as
the polymer
decomposes.

PA6/Clay(2%) PA6/Clay(5%)

Selected video images at 100, 200, and 400 s in nitrogen at 50 kW/m?.

BELYA LS TR B A B 46 Js, A R KO PRI R T
B L MR Y O

Takashi Kashiwagi, Polymer 45 (2004) 884,891
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TGA analysis of PDMS(solid line).and PDMS nanocomposite(dashed line)(mass
fraction 10% mica-type-silicate, MTS). Lines were added to indicate 50% mass loss.

Burnside, S.D., Giannelis, E.P., Chem. Mater. 1995. 7,&?97



flame retardant

=—a= «Nylon-6

) ==*--Nylon-6 silicate
1000 Peak HRR: 1,011 kW/m"'_>R nanocomposite - 5%

Heat Flux: 35 Kw/m’ |

g Peak HRR: 361 kW,m’
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Comparison of the Heat Release RateHRR. plot for nylon-6, nylon-6 silicate-
nanocomposite(mass fraction 5%)at 35 kW/m2 heat flux, showing a 63%
reduction in HRR for the nanocomposite.

Jeffrey W. Gilman, Applied Clay Science, 15, 19998149
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Comparison between nanocomposites and conventional flame retardants

Flammability performance for nylon-6 nanocomposites

Peak HER  Feak HRE, UL-%
Formulation (KW/m?  Hme (sec) rating

Mylon-b 1120 16d) none
Mylon-b nanocomposite a2y 170 none
Mylon-6 = 15% DBE + 5% 5by(l, b7 3 120 V-
N‘I.- lon-6 nanocom jals wibe + 390 170 W
15% DBE - 5% Sh,(,

Note: Cone calorimeter data at 5O KW [/ fm> heat flux.

Tk EpPA 1R BRI
HE AR U s 14
nanocomposite works with other flame retardants in a synergistic or
cooperative manner to lower the polymer flammability (heat release rate)

Alexander B. Morgan, Polysy.
Adv. Technol. 2006; 17: 206-217



O =

N
He

Al

TiO,~ Zn

N

NREEL FIE

)

it

|

Fr

203

2

A

»
)
E/J eSS Y4 I

i |

(L

*

PNVC/S
H%\‘
L Bt

X

=
4]

1

—_— .

o
[
> '

=

Fg,

/

SARSIO2 ¥y KA

52
15211

Si02 |

/

ATAY 7>
E WA E

it

ZHK

Ray

11 L

L H EEPNVC

¢ Jg Ak

e

A
=

2

Bt AL R A

g

ARER I 11

Bl
FEL B i

=]

)

2 FeCI3 AbFH A

HX

AN

I
-

Z\
—
\\/\

TR

™

(N- 2 g3 HR R )

A AiE (PANI/SIO2
Y

M

4

=~

AR

v -

oyl

A

—a
—_—a

e

fi
2



6 PR DIREFI AT A=Y AR

Pl

—rh

RS RUN
SIRAFPEFZYIRAESTHMEAT

AN

%iﬁ’m%ﬂf"ﬁ* YIRITIRE, WER A

FE F

b
I JR

o

H

HAL S 5 MR AT AR «

EY/sh

ARIB IS, —ETILE B R

il

=1

HY

B P REBE 2 )2 PR Il I N N — R I LA

R (B8N DLEA), A Ers LR A i

A KR TH 41 & fe 71 B — BT R Th se vk
Iyl 2R PUE MR IR R, I

SRR,



m¥ﬁﬂ5 J:
3137'%3‘)1 il

IR %ﬁe—ri)%/\ﬁibl—%r e, T2 KER. R,
NES BB EAPIEE ], EXNANEEE, 4. 8. 5
%?Wﬁﬁq,%Wﬁmm W, A —EMPiETE, B
HPi 5 58 AN R 211/ 1/1000

%%?h FIETALGUR A G A EFHAL RETEF
H*:% Wﬁmffhjmcui GrFA T e

Hﬁﬂ Hhn—RHEr. 81 WNEF AAEE.
EALE . ERR AR, KR TNLBTE Y .

—. AP

ﬁﬂh%%%igﬁﬁﬁﬁﬁkilﬁéﬁﬁiwA%
i KoKt Ed, EElfEHE. Barailit
¥UMQé@ﬁﬁﬁnt — MR A BT 7 A 22
%,ﬁmm%,ﬁﬂ%ﬁo y

X

%#%
\,$
o




R LTI -5 =0 TR ARKE
RIPLE ThAe, JF i Bt EH

AN P I A T B AL

FRfh s N BRIV 1 i <
L&ML%Eﬁ&AM%%ﬁ*

21 RIA T AE D A M R

5l 73, AEPE B ERR, )
F53FE (SH) M, fi8H it

BRI

T

A ASE
B B K

BT S E R N
=D RefEAS . M EN SR
Ne & ﬂ?ﬁ'aﬁ’ WEEE

7 2 M BE R N A LI
, WA R

RS T, AR 3R T RE U AE T . ﬁ%%?ﬂm

BV T R gt IR R GNP A% 4 & 4t .
R R RN E, ®BE T X2 N

AT AREIES), K i

JGHEA RN FEICHIVER

AT, WEEEE T EAT

NE) ﬁ/

DEITER, AR e i, 7t
LR UL e

T IR 2H B8 Y Z4hE B % 2

R R, E

RFFA
BB Re R BB LT

H%%E,Mﬁﬁﬁh =i

MLl

LU-'JL\

Ll

C I Q FEAET
, BeALFE I [A]

o T B




A YRR E D T-EINER RN R 4R

PLA H@B%ﬁt’ﬁi‘i%%: 1) KW . 2) B8 B oA 9
RIS 3) HH TRV AR F AR SR g o0 B0

Ak, B0 P|A7J<ﬁ¢i a) B A 220K e 45 I S PILARY [
fRETLFR

PR S £ R A it F2 e AR S A BT DA RS I PLAK S ] .
PLACN4 (ERALR-F LK EESMELD ikt RoKE 1
IKGAE A1, X HRE 45— H PLA H1 PLACN4
) R ER e 5K B —38) . T— /> H J5 PLACN4
7K fg BH S B PLA BOMR o XU — AN L T A4
KA, IKRRFEARE /MR, mZH K S

133



biodegradability

(a) after 32 days after S0 days after 60 days

(a)Real picture of biodegradability of neat PLA and PLACN4
recovered from compost with time. Initial shape of the
crystallized samples was 3 *10 *0.1 cm?.

Suprakas Sinha Ray,et al, Nano
Letters, 2002,2(10),1093-1Q9%
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(b) Time dependence of residual weight, Rw (%) and change of
matrix Mw of neat PLA and PLACNA4.

Suprakas Sinha Ray,et al, JNano
Letters, 2002,2(10),1093-1096
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