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What Is a hanometer?

* one billionth of a meter (10 - m).
e 10 nanometers is 1,000 times smaller than the[g_jameter

of a human hair. .
2=
LSA NS
¥
1= 4
A million nanometers
Thousands of nanometers The pinhead sized patch
Manometer Biological cells, like these of this thumb {circled in Billions of
Ten shoulder-to-shoul-  red blood cells, have diame- black) is a million L
der hydrogen atoms ters in the range of thou- NanoMmetars aCross. L
sands of nanometers. S
namometers tall.

Less tham a nanocmeter
B {blue balis} span 1
Individual atoms are up
; nancmeter. D& mole-
ta a few angstroms, or cules are about 2.5
i to 2 few tenths of 2 nanometers wide.

nanometer, in diametar.
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“Bottom up” rather than the “Top down

Bottom-Up Top-Down
Approach Approach

Nanostructured Material
H_H B
o 7 LN
&

'Sculpt’ from Bulk

Assemble from

Mano- building Blocks
« mechanical attrition
* powderfaerosol compaction (ball milling)

* chemical synthesis slithography/etching...
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|_otus Effect

Lotus Effect  «# & 2 i

R (Sgrface
%-f# microstructure )
o Contact surface
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”ﬁ defective component and connection«
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Graphite

Metal Dichalcogenides

Metal Oxides

Metal Oxyhalides

Metal Phosphorus Trisulphides

Metal Phosphates, Hydrogen Phosphates &
Phosphonates

Layered Clay Minerals
LLayered Double Hydroxides
Metal Dihydrogentriphosphates



Mechanism of Intercalation

—»| |¢— Layer shift

O = Guest SRS

Interlayer

Host lattice spacing

— o —

nth stage intercalates



Intercalated
Nanocomposites
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Nanotechnical /) . Exfoliated
Treatment 7 s Nanocomposites
; A | R i
Conventional \ R

Blending

“ Nano-Dispersion “
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Samples | Tensile Strength [Tensile Modulus| HDT (‘C) | %% aidk
(MPa) (GPa) # %258 B |(cm/cmCx10°)

Nylon 6 69 1.1 65 11.7

Nylon 6/

5% Clay 61 1.0 89 10.3
Micro-scale

Nylon 6/

4% Clay” 107 2.1 152 6.3
Nano-scale
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Nylon/Clay Hybrid Versus
Standard Nylon in Packaging

Properties ______________Effect of Nano-

Mechanical Stiffness + + ( much
Heat  resistance ++
Tensile strength  + ( slightly

Tensile elongation -- (not improved)
Puncture strength  +

Barrier Gas barrier St
Solvent barrier ++
Aroma barrier +
UV barrier +

Optical Haze +
Gloss i
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Morphology of
Polymer / Clay Composites

Zd 2 F
P L

Intercalated

Nanocomposites
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Nanotechnical
Treatment

Conventional
Blending

Exfoliated
Nanocomposites
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Mechanical Properties of Nylon 6/Clay

Clay Type Blank | CL4 | CL11 | CL22 | CL31 | CL39 | CL42

Flexural

Strength 1216 | 1586 | 1534 | 1579 | 1327 | 1496 | 1590
(kgflcm?)

i< CL11 with the properties of large aspect ratio - tetrahedral

substituted clay and high CEC.
% Aspect ratio : CL11>CL4>CL42>CL22>CL39>CL31
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— Polyaniline/Clay Nanocomposites
— PET/Clay Nanocomposites

— PBT/Clay Nanocomposites

— PS/Clay Nanocomposites

— ABS/Clay Nanocomposites

— Epoxy/Clay Nanocomposites
— PMMA/Clay Nanocomposites



TEM of PBT, PET& SAN/Clay Hybrids

TEM of TEM of TEM of
PBT/Clay PET/Clay SAN/Clay
Hybrid Hybrid Hybrid
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Three Major Types of
Polymer/Clay Composites

1. Conventional 2. Intercalated 3. Exfoliated
Composites Nanocomposites Nanocomposites



Properties of
PET/Clay Nanocomposite

| Material Pure PET PET/Clay |
Properties nanocomposite

Clay content (wt%) 0 3
Flexural strength

730 1200
(kgficm®)
Flexural modulus
(ko /sz) 23000 34069
DT, C 71 104

(18.6 kgf/cm®)

CO2 Loss % 22.73% 6.10%




UV Transmissions of
Pure Clays at 375 nm

0 ission (©
Samples Conc. (wt %) | Transmission (%o)

AMS from Nanocor 0.1 2.83
0.05 15.19




Sample# g s (5-20um) | W (W/m?)

PK802 0.919 3.70x10°

PK805 0.927 3.74x102
LR
HECHET RS, | SpfRe (CRUMmI) 24 -] R s (CRUmI) | T b
HuJE | Blank 240 640 -
HHTA PK802 240 1 99.6%
(€320 PK805 240 1 99.6%
Hog | Blank 240 640 -
MR PK802 240 1 99.5%
(e PK805 240 1 99.5%
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& Functional Properties
» Barrier Properties
» Heat Resistance
» Flame Retardant
» UV Resistance
» Anti-bacteria
» Far IR Irradiation
» Anti-electrostatic
» Thermal Stability

& Active Sites--
><|Catalyst/Initiator
& Compatibility--

><Ibetween polymer and
clay

«Bond formation
><ICovalent bond
><lonic bone
><Dipole Moment
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— Nylon 6 ~ Polyaniline ~ PET EFHE A L
A AT ) | PS+ABS PP PMMA - UV - i % o 55 b
T B~ | Epoxy - Rubber % 5-Nylon 6 ~ PET
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