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Nano;:‘lay minerals and plastics:
tiny particles deliver big impact
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Some materials and structures have special

properties when made in parts smaller than
about 100 nm.

Nanoscience = discovery and study

Nanotechnology = use In products and

CSIR

applications
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Appreciating the scale

Ant head 1mm

Human hair 100pm, 100 000nm

DNA 4nm wide

H,O molecule 0.2nm
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Red blood cell 10um, 10 000nm
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1% Passive nanostructures

b. Products incorporationg nanostructures. Ex: coatings; nanoparticle

@ a. Dispersed and contact nanostructures. Ex: aerosols, colloids
reinforced composites; nanostructured metals, polymers, ceramics

2010

2" Active nanostructures

a. Bio-active, health effects. Ex: largeted drugs, biodevices
b. Physico-chemical active. Ex: 3D transistors, amplifiers,
actuators, cdcptive structure

2015

gﬂ Systems of nanosystems

Ex: guided assembling; 3D networking
and new hierarchical architectures,
robotics, evolutionary

4™ Molecular
nanosysi‘ems
Ex: molecular devices “by

design”, atomic design,
emerging functions

&—Risk Government Frame 2 === 4= Frame 1)

2025 - 2030
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Nano building block

* Nanoclay

* Fullerenes

« Carbon nanotubes
 Graphene

* Nanoparticles

* Quantum dots

* Nanofibres
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Growth rate of nanostructured
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2002

$ Mil
Minerals 140
Metals 45
Polymers 2 5
New materialsP 10

a Mainly polymer nanocomposites. PNew materials include carbon nanotubes, inorganic nanowires,
guantum dots, and other nanoparticles. Source: Freedonia Group (2012).

(BCC Market Research Report 2012 — NANO21E)
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From composite to nanocomposite

One continuous phase and at least one discontinuous phase

At least one dimension in 100-nm scale
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BENTONITE:

« FDA 21CFR184.1155 GRAS:
“Generally recognised as safe”

 High aspect ratio silicate layers
200-300

 Possible inner layer chemistry
 Highly abundant

* Inexpensive

Nanoclay platelets are one-ten thousandth the diameter of a
human hair!!!




Benefits of plastic- nanoclay CQNFEREW.ER

technology L e

« Mechanical properties improvement
* |ncrease stiffness without loss of
flexibility

* Increased dimensional stability
« Enhanced barrier properties
« Chemical and thermal stability

« Flame retardation

 Easy processing and recycling
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Monomers ‘
Clay platelets

I
Ny

Polymer intercalation in the Solvent evaporation and
galleries of dispersed clay nonocoposite recovery

Polymer solut ioni i

cymerseuien  solution intercalation
silicate
layers

A, 7 C— sat
@2<’7C eé - " “chain

aliphatic
chains

+ intermolecular
interactions
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Direction of
extrusion

Milling direction

16 Jan 2013 Time :14:41:54

Mag =~ 2000 KX 200 nm"
lag Lol ym Vacuum = 1.06e-006 mb.

Auriga 3942

CLAY 1

direction
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Thermal stable super strong :
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Improved optical transparency e i
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Transmittance improved by 16.5% in
PP-NC-BD623 compared to neat PP.




Nanoclay as fire retardancy conrrEicE
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Vertical tests Conecalorimeter tests

NC-BD6

t=3 min t=4 min

!

Char formation in NC-BD623 is homogeneous
due to homogeneous dispersion of clay layers
in the PP matrix
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Our spherulite is much smaller than Svoboda et al.
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Controlled compostablllty of :
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after 32 days after 50 days after 60 days
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Improved rheological

properties
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Improved thermal stablll’ty

and release property
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 Nanoclays are effective additives to make advanced
plastics and cosmetics
« Nanocomposites offer same processing and recycle
benefits
« Use of nanocomposites have good envirnmental
Impact
* Thinner plastic packaging
 Tougher and lighter auto parts
* Improved fire property, thermal stability, scratch
and UV-resistance
* Improved compostability of bio-based polymeric
materials
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