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nanonano
Greek for:   dwarf, very small or tiny



Fundamental Concepts
• Unique aspect is the vastly increased ratio of 

surface area to volume present in many nanoscale 
materials.

• This opens up new possibilities in surface-based 
science, such as catalysts.

• A number of physical phenomena become 
noticeably pronounced as the size of the system 
decreases.

• These include statistical mechanical effects as well 
as quantum mechanical effects e.g. the “quantum 
size effect” where the electronic properties of solids 
are altered with great reductions of particle size.



• This effect does not 
come into play when 
going from macro to 
micro dimensions.

• It becomes dominant 
when the nm range is 
reached.

• Also a number of 
physical properties 
change when compared 
to the macroscopic 
systems.

e.g. The surface area to 
volume of the  material



Nanotechnology
• The 6th Industrial Revolution

• Technology to Understand, Create, & Use 
Structures, Devices & Systems that have 
fundamentally new properties Due to Their 
Nano Scale Structures

• Technology to Control (See, Measure, and 
Manipulate) Matter on the Atomic Scale to 
Exploit Those New Properties & Functions

• Technology to Integrate Those New 
Properties and Functions into Systems from 
Nano to Macro Scales



“Those who are inspired by a model other than Nature, 
a mistress above all masters, are labouring in vain”

Leonardo da Vinci

"In all things of nature, there is something of the 
marvelous".

Aristotle 

Biomimetic: 

Imitating nature & applying those techniques to technology.

Perhaps sunshine is the 
most tantalizing source of 
environmentally friendly 
power, bathing the Earth 
with more energy each hour 
than the planet's population 
consumes in a year.

(Photograph: Waltraud Grubitzsch/EPA/Corbis)





Nanotechnology - Status & Application



Nanotechnology in Vehicles



Industrial Need for Nano
• For Example – Automotives

• Stronger and lighter structural integrity
• Rust retardants
• Improvement to rubber parts
• Tyres and thread life extension
• Increase fuel efficiency
• Fuel cell development

• Applications in Chemicals, Electronics,
Computing, Pharmaceuticals, Medicals,
& Energy



Nanomaterials & Applications

Source: SME



Nanoparticle Applications

15% (Ceria, Zinc Oxide, 
Iron Oxide, Multi-
Component Oxide)

85% (Silica, Alumina, Titania)

92% of Nanomaterial Applications are Nanoparticles



Nanoparticle Applications

~20% (Biomedical,
Pharmaceutical, 
Cosmetic)

~68% (Electronic, Magnetic, Optoelectronic)

~12% (Energy, 
Catalytic, 
Structure)

~ $1.1 billion in 2008



Short Term Applications
• Mechanical Chemical Polishing
• Magnetic Components, Magnetic Recording Media 
• Sunscreens, Cosmetics
• Polymeric Nano Composites
• Batteries
• Displays
• Dentistry
• Multifunctional, Thin Film, & Clear Coatings
• Catalysts - automotive catalytic converter
• Wear and Corrosive Resistant Tools
• Membranes
• Inks, Pigments
• Electronics
• Medical Contrast Agents



Short Term Estimate Market Values 

� Semiconductor ($150 billion worldwide)
� Flat Panel Displays ($32 billion)
� Ink Jet Inks ($12 billion)
� Contrast Agents - MRI, X-ray, Ultrasound ($5 billion)
� Automotive Coatings ($3 billion)
� Catalysts ($7 billion)
� Tools ($10 billion)
� Thermal Spray Ceramic Coatings ($3.5 billion)
� Conductive and Anti-static Coatings ($10~20 million)
� Nanocomposites ($195 million)
� Sunscreens/Other Topical Health Products ($60 billion)



Near Term Applications: 5~8 Years

• Chemical & Bio Sensors, Diagnostics, Assays
• Fuel Cells - SOFC, PEMFC, Hydrogen Storage
• Solar Cells 
• Photonic Devices
• High Performance Nanocomposites, Ceramics, 
Metals
• Non-volatile Memory - high density magnetic 
recording



Long Term Applications: 10+ Years

� Biomimetic Materials, Bio-implants, Prostheses
� Bioelectronics
� Molecular Electronics - CNTFET, SAMFET
� Nanowire Memory and Logic
� Quantum Computing
� Bio-detection and Labeling
� Targeted Drug Delivery Systems 
� Dendrimers, Nanotubes, & Other Nanoparticles
� Electro-luminescence Light Sources from 

Quantum Dots
� Polarized Infrared Light from A Single CNT



The primary material product types & primary 

market focuses of nanomaterials companies

321Total

5Dendrimers

6Nanowires

1%Agriculture8Nanocapsules

2%Textiles9Nanofibers

2%Aerospace16
Nanostructured 

materials

5%Automotive19Quantum dots

10%Energy21Fullerenes

21%Information and communication technology22
Nanoporous

materials

29%Chemicals & advanced materials55Nanotubes

30%Medical/pharmaceutical/auto-plastic fillers160Nanoparticles

%Primary market focusNumberType of product



Dr Heinrich Rohrer on Nanotech

“Smaller, faster, cheaper” that 

was the paradigm of 
microelectronics. 

“You have to go now to 
smarter, smarter & smarter –
that’s the way to go for the 
nanoscale”.

Nobel Laureate 1986 - co-designer of the scanning tunneling 
microscope, an instrument giving the ability  to manipulate 
atoms on surfaces and that has revolutionised many areas of 
science & technology



Scanning Tunneling 
Microscope



Atomic Force Microscope



Dynamic Light Scattering (PCS)

Centrifugal
Sedimentation (CSA)

Acoustic
Spectroscopy (USS)

Electron Microscope
(TEM)

Analyzing Methods for Submicron Particles



Personal Benefits from Nanotechnology

Over 500 products currently on the market



Nanotechnology applications
•Medical facilities are using antimicrobial 

nanocoatings on fabrics to reduce transmission 
of diseases.

• Nanocoated pipes prevent dirt build up. 
Exterior coatings prevent heat loss in the winter 
and sweating during the summer At a recent 
renovation of an art museum, a nano-coating of 
the interior of the ductwork greatly reduced 
friction, which reduced the energy requirements 
of the air conditioning system.

• Self-cleaning windows have a nano-coating 
that causes water to sheet off the surface 
without streaking, cutting maintenance costs 
but also greatly reduces the use of cleansers, 
many of which contain harmful chemicals.



Nanotechnology applications

• Thermal nano-insulation of machinery used 
in textile production not only reduces energy 
use but also provides corrosion protection.

• Photochromic windows can change from 
opaque to transparent with the flip of a switch.

• Painting / spraying a nano-coating on a wall 
will raise its R-value without having to tear into 
it to add fiberglass, & no one will even know the 
coating is there.



Nano-fabric converts tiny 

movements into energy
• Power fabric consisted of pairs of 

entangled kevlar fibres bristling with 
zinc oxide nanowires. 

• Each of the nanowires resemble a 
bottle brush. One fibre in each pair is 
coated with gold to serve as the 
electrode and to keep the nanowire tips 
apart. 

• When the nanowires are stressed by 
mini-movements they generated an 
electrical current, by the piezoelectric 
effect. 

• "The two fibres scrub together just like 
two bottle brushes with their bristles 
touching, and the piezoelectric-
semiconductor process converts the 
mechanical motion into electrical 
energy."

Source: Journal Nature



Why textiles go nano
Textile-related categories of 

– Technical / non-woven / 
industrial textiles 

– High-performance textiles, 

– multifunctional textiles  

– Smart/intelligent textiles 

Benefits of Nanotex ©

– Resists spills

– Repels & resists stains

– Coolest comfort 

– Resists static



“ I get to work on fun 

projects with direct market 

applications ”

David Soane, Ph.D., Founder and Chairman
Dr. Soane is a serial entrepreneur & innovator in the field of nanotechnology.

A prolific researcher with many published articles as well as more than 100 patents, 
he served as a tenured Professor of Chemical Engineering at UC Berkeley for 15 
years, prior to founding several companies focused on direct market applications: 
ACLARA a maker of reagents for genomic, proteomic, and diagnostic applications; 
Nano-Tex, a fabricator of textile materials with unique performance characteristics; 
2C Optics, a just-in-time manufacturer of polymeric eyeglass lenses; 

ZMS, a developer of the next generation of contact lenses; 

ICBM or Innovative Construction and Building Materials, whose current technology 
focuses on filters and wallboard construction. In his positions with Hawaii 
NanoSciences, Soane Labs, and Durafizz LLC, he is currently focused on innovations 
for mature industries, including foods and beverages, cosmetics, home and personal 
care, paper, and energy. 

Case Study of Success



Soane Labs – Areas of Nano applications
• Cosmetics

We apply our cutting-edge research to develop new products with superior attributes, and to 
solve persistent problems in the cosmetics industry. We strive to be environmentally aware, and 
we use natural ingredients or naturally occurring biopolymers in many of our products.

• Pigments and Dyes
Our R&D efforts are heavily focused on improving pigments and dyes. Our proprietary colorants 
offer a wide color spectrum, come in a variety of well-controlled sizes, and can be functionalized 
for better dispersion or for better interaction with the materials they contact. In contrast to 
typical polymer dyes that lose their functionality when they couple with color molecules, our 
polymeric dyes maintain their functional groups, and can be used as polyelectrolytes, as films, 
or as crosslinked gels.

• Foods and Beverages
Soane Labs brings materials science to the food and beverage industry, developing novel 
products that include healthy snack foods and low-fat whipped creams. To extend our efforts in 
this area, we spun off a new company, Durafizz Inc., to commercialize our most promising 
products.

• Consumer Products
Using our materials sciences expertise, we have developed treatments that can be easily 
applied to clothes, furniture, or cars to protect them from everyday wear and tear.

• Paper Products
Our understanding of surface chemistry and molecular self-assembly allows us to enhance 
paper-making and coating processes in ways not achievable with traditional methods.

• Energy Technologies
Soane Labs devotes significant research to the energy industry. We create novel materials to 
make oil recovery more efficient and cost-effective. We also create technologies in the field of 
renewable resources, including biodiesel purification and ethanol production.



LOTUS EFFECT







Source: Soane Labs



Source: Soane Labs



BARRIER TECHNOLOGY

� Fresh food longer

� Safer medical products

� Mould resistance

Saran wrap



Photocatalytic Process



Easier to Clean Surfaces



Formulating with Nanostructured Particles



Lotus Effect Films Effecting Self 
Cleaning With Rain water



Powder-coated Surfaces with & without Lotus Effect



Polymer Clay Nanocomposites
Toyota Central R&D Labs first synthesized the 
polymer-clay nanocomposite with polyamide 6 & 
montmorillonite cation exchanged with 12-aminolauric 
acid. 

The polyimide 6-clay nanocomposites have enhanced 
mechanical and thermal properties compared to conventional 
clay composites.

Since then various other thermoplastic and thermosetting 
polymers have been produced including: 

epoxies, cellulose acetate, polyester, PVC, polystyrene, 
polyimide, PP, & polyurethane

- used for synthesizing nanocomposites with significantly 
improved properties.









Summary of Nanoclays



Auto glass Coatings

• Nanotechnology uses sub-microscopic 
particles 

• At nano scale substances can be created 
that form a very strong, permanent bond 
with the surfaces to which they’re applied. 
In fact, in many ways they’re really an 
extension of the surface itself, and the only 
way to remove them is to physically etch 
the surface. 

• Because the coating follows the 
topography of the surface exactly, its 
texture doesn’t change. Nor does its 
appearance. These coatings are only a 
few molecules thick, so it’s completely 
invisible.



NANOCLEAR is an extreme high 
performance scratch resistant 
automotive clear topcoat built from 
some of the highest quality raw 
materials.Debris such as sand in an 
automatic carwash brush leave 
hundreds of small scratches 
in typical automotive finishes. 
Nanoclear has a high gloss and 
withstands long term ultra violet light 
bombardment.



Flexible Silicon Chips

• Normally fragile and brittle 
silicon chips have been 
made to bend and fold, 
paving the way for a new 
generation of flexible 
electronic devices such as 
biomedical implants, 
advanced brain implants, 
health monitors or smart 
clothing. These complex 
devices consist of 
concertina-like folds of 
ultra-thin silicon bonded to 
sheets of rubber. 

Announced: March 28, 2008 



Scalable Nanoparticle Production Methods 
1



Scalable Nanoparticle Production Methods 2

Society has finite resources so it is imperative that production processes should 
consider material recycling as a means of closing the loop on material utilization. 
CSIRO 



Nanomaterials - NEW AGE COSMETICS

TiO2 & ZnO  

are the main ingredients



The MCP process is distinguished from competing technologies by the 
solid-state nature of the process that enables the formation of equiaxed
nanoparticles, with a narrow size distribution and low levels of
agglomeration. 

A typical example is Advanced Nano's ~30 nm zinc oxide shown below. 

Mechanochemical 

Processing



Mechanochemical Processing

The Mechanochemical Processing (MCP) technology is a novel, patented 

solid-state process for the manufacture of a wide range of nanopowders. Dry 
milling is used to induce chemical reactions through ball-powder collisions that 
result in nanoparticles formed within a salt matrix. Particle size is defined by the 
chemistry of the reactant mix, milling and heat treatment conditions. Particle 
agglomeration is minimized by the salt matrix, which is then removed by a simple 
washing procedure. 

Ball mill acts as a low 
temperature chemical 

reactor. Reaction 
process results from 

focal heat & pressure at 
contact surface.

Chemical reactions occur at 
nanoscale . Particles are 
kept apart by salt matrix.
Low temperature enables 

controlled particle 
formation. 

Reaction product is 
heat treated.

Solid phase chemistry 
prevents particles from 

agglomeration. 
Salt removed through
simple washing steps.



Reactive self-assembling nanofilms for optics

• Protective coatings for ophthalmic lenses were Nanofilm’s
first products, on the market since 1989. These durable 
permanent coatings are less than 10 nanometers thick. 
They’re more durable than conventional coatings because 
nanotechnology works at the molecular level to form long-
lasting chemical bonds.

• Nanofilm’s optical coatings are used to protect fragile multi-
layer inorganic anti-reflective coatings on ophthalmic lenses 
and precision optics.

• They form a new surface on lenses that is:

• Hydrophobic 
• Soil resistant 
• Contaminant resistant 
• Non-stick 
• Non-staining 



Energy-controlling Nanocomposite films 

for transportation & architectural glass
• Energy management for buildings and vehicles is of keen 

interest as energy costs rise.
• Nanofilm is developing a Nanocomposite reactive thin film 

that helps control infrared light waves passing through 
transportation and architectural glass.

• It could substantially reduce energy required for heating 
and cooling and the associated costs.

• Permanent 
• Infrared rejecting 
• Durable 
• Contaminant resistant 

• This Nanofilm Nanocomposite film is approximately 3-5 
microns thick and formulated to be compatible with glass.



Nanomaterial Processing 
Technologies

� Example:
� Make Engineered Nanocomposites
� Functionalize Nanoparticles in Solvent

� Ready-to-use Nanoparticle Suspension
� Concentrate Nano-additives



Wet Grinding of Nano-Particles

Horizontal Horizontal AgitatedAgitated Media Media MillMill AHMAHM



Alpine Laboratory Mill 90 AHM

Technical data 90 AHM:

Grinding chamber volume :

90 AHM: 1.10 Liter
90/3 AHM: 0.50 Liter
90/1 AHM: 0.25 Liter
Drive: 2.2 kW

Max speed: 4200 rpm



Production Scale Mill 200 AHM



Typical finenesses of agitated media mills
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Mill:- small grinding media
- good wear protection

Process:- long grinding time
- particle stabilization

4 tools for submicron grinding



Grinding beads and Mill Lining

Beads:
material: Ceramics
size: 0.1 – 0.3 mm

Mill lining:
water based slurries: Polyurethane
solvent based slurries: Ceramics



Grinding Energy & Time

Typical specific grinding energy ranges 

Submicron and Nano Milling requires
extended grinding times by factor 10 – 100!

10 – 1 µm: 0,05 – 0,5 kWh/kg
1 – 0,5 µm: 0,5 – 2,0 kWh/kg
0,5 – 0,1 µm: 2,0 – 5,0 kWh/kg
< 0,1 µm: 5,0 – 50 kWh/kg



Stabilization of Particles

Electrostatical Stabilization

Sterical Stabilization

Electrosterical Stabilization

The 3 tools to avoid re-agglomeration
of ground particles in slurries:
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15 kWh/kg

0 kWh/kg

25 kWh/kg

5 kWh/kg

Wet Milling of Nano-scaled Particles
Visualized by Transmission Electron Microscope



0

10

20

30

40

50

60

70

80

90

100

0,01 0,1 1 10

particle size [µm]

Q
3
 [
%
]

feed

5 kWh/kg

15 kWh/kg

25 kWh/kg

Wet Milling of Nano-scaled Particles
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Wet Milling of
Nano-scaled
Particles

Analyzed by Acoustic

Spectroscopy
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The mechanical way to Nano particles:

- wet agitated media mill

- good wear protection

- small grinding media

- particle stabilization
- long grinding time

- particle characterization

- Nano particle handling....
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