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Topics covered 
Nanotechnology: 
•  dollars, definitions, details. 
Nanoscience. 
Nanomaterials. 
The Lotus effect. 
Applications for fibres & textiles. 
The future & conclusions. 



 	
  	
  	
 	
  	


 	
  	
  	
 	
  	


Nanotechnology solutions for 
Victorian and Australian industry Nanotechnology – Global Investment 
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The Top Nanotech Products  
Of 2003  

High-Performance Ski Wax  



Breathable Waterproof Ski Jacket  

Wrinkle-Resistant, Stain-Repellent Threads  



Deep-Penetrating Skin Cream  

World’s First OLED Digital Camera  



Performance Sunglasses  

Nanocrystalline Sunscreen  



High-Tech Tennis Rackets and Balls 



Nanotechnology’s 
Disruptive Future  



Photovoltaic Paint/Liquid Solar Cells  



Biological Electronics 

Multifunctional Dendrimers (Combination Disease 
Imaging and Treatment)  



Regenerative Neurotechnology 

Self-Cleaning and Self-Freshening Clothes 
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Nanotechnology 
“The design, characterisation, production 
and application of structures, devices and  
systems by controlling shape and size at 
the nanoscale.” 
Application: useful and makes money! 
Nanoscale: less than 250 nm: 

1 nm = 10-9 metres 

What is nanotechnology? 

“Any sufficiently advanced technology is indistinguishable from magic.”    
Arthur C. Clarke, author 
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How small is nano?  

cell diameter = 7000 nm 
DNA strand = 2 nm virus particle  

= 150 nm 

silicon atom = 0.2 nm 

H2O 

< 250 nanometres 

median anti-brachial vein 
= 2 million nm (2 mm) 

5 million red cells 



Could nanobots destroy us? 

Nanotechnology – changing water into wine 

Nanotech may spark fierce ethical row 

Civilisation safe as nanobot threat fades 

animation 1 animation 2 



Nanoscience 

“Actual application of knowledge and skills at nanometre scale for production 
purposes is still only possible to a very restricted extent.  Nor will all the 
nanoscience research that is being carried out lead in the foreseeable future to 
nanotechnology that can be applied in practice.”  

Royal Netherlands Academy of Arts and Sciences, Nov 2004 

The research that precedes, and 
underpins the success of, nanotechnology 
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Nanotechnology is not entirely new 
Carbon black used to improve wear resistance of 
rubber. 
Silver and gold particles used in glass by the 
ancient Romans. 
And Mother Nature has been active even longer: 
•  fertilisation of an embryo in reproduction; 
•  metabolic activities within cells; 
•  milk (a nanoparticle colloid); 
•  output of volcanoes - nanoparticles. 
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So what is new? 

The development of techniques 
such as scanning tunnelling 
microscopy: 
•  to observe and manipulate 

individual atoms.   

Eigler & Schweizer, 1990 
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piezoelectric tube with electrodes 

Scanning Tunnelling Microscope 



The evolution of materials 
10,000 BC   1000 BC 0 1800            1900’s            2000             2010

stone & wood          iron             cement              steel polymers      nanomaterials          ?

“Nano adds value by adding a nanomaterial to 
an existing product.” 

Harper, 2005 
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Nanomaterials 

Nanoscale in one dimension 
Thin films, layers and surfaces: 
•  computer chips, Organic Light 

Emitting  Diodes (organic polymer 
films). 

Kodak digital camera  

anode

glass 
substrate

2-10 V DC

hole injection 
layer

organic emitters

electron 
transport layer

light output

metal cathodeOLED

high brightness and contrast, no backlight, low power 

side-
angle 

viewing
of LCD

side-
angle 

viewing
of OLED

1650 viewing angle
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Nanomaterials 

uncapped, multi-walled carbon nanotube 

capped, single-walled carbon nanotube 

Nanoscale in two dimensions 
Carbon nanotubes: 
•  lattice of carbon atoms rolled into a 

cylinder; 
•  tennis racket frames. 



 	
  	
  	
 	
  	


 	
  	
  	
 	
  	


Nanotechnology solutions for 
Victorian and Australian industry Materials Revolution: Nanotubes 

Source: NASA – Ames Research Laboratory 

Carbon nanotubes 

Can be metallic or 
semiconducting 

Superior 
mechanical 
properties Nanotubes 

can be 
functionalized 

Superior 
electrical and 
thermal 
properties 

Excellent  
field emitter 

Mechanical and 
electronic properties 

can be tailored 

Courtesy: Dr Peter Binks, 
Nanotechnology Victoria 
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Nanoscale in three dimensions 
Nanoparticles: 
•  zinc oxide used as UV blocking agent in 

sunscreens. 

100 nm 

gold nanoparticles grown in solution 
0 µm  

2 µm  

3 µm  

0 nm  
75 nm  

150 nm  

gold nanoparticle ‘film’ on 
semiconductor base 

Nanomaterials 
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Nanoparticles - invisibility 

    400   500   600  700 
 visible region 

 wavelength (nanometres) 

gamma rays 
1 micron             1 mm                    1 metre 

X-rays      UV infrared                     radio waves  

“What’s this?” “It’s  
invisible beer” 

     0.01               1               100              104              106              108              1010 



Risk Perception 
Swiss Reinsurance 
Company, Zurich, 2004 

Nanotechnology 
Small matter, many unknowns 

Swiss Re 

Access to target organ through: 
touching, breathing and swallowing 



CONSUMER 

AIR 

WATER 
DIET 

WORKERS 
TRANSPORT 

discharge/leakage 

STORAGE 
discharge/leakage 

PRODUCT 

WASTE 
discharge/leakage 

PRODUCTION 
Lab/Factory 

discharge/leakage 

Transport/Diffusion? 

Transformation/Degradation? 

Transport/Diffusion? 

Release of fixed 
nanoparticles/ 
nanotubes during 
product lifecycle? 

Potential use of nanoparticles 
in environmental applications 
e.g. remediation of polluted 
groundwater. 
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Nanocomposites 
Formed by integrating inorganic  
nanoparticles into organic polymers. 
Benefits include: 
•  increased strength; 
•  increased chemical resistance; 
•  increased electrical conductivity; 
•  increased thermal stability; 
•  decreased permeability to gases, water 

and hydrocarbons. 

Example 
Nylon 6 with 3-5% nanoclay: 
•  softening temperature increased 

from 600C to 1400C; 
•  used for timing belts in cars. 
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Top-down manufacturing 

Precision engineering, e.g. high-
quality optics 
Start with a larger piece of material. 
Etch, cut or grind a nanostructure by 
removing material. 

Milling, e.g. nanoparticles 
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Bottom-up manufacturing 

Self-assembly 
Atoms or molecules arrange 
themselves into ordered nanoscale 
structures, e.g. carbon nanotubes: 
•  common in nature, e.g. snowflakes and 

soap bubbles. 

Positional assembly 
Atoms or molecules are deliberately 
manipulated one-by-one. 



www.deakin.edu.au 

Why are things different in the nanoworld? 

light emitted from quantum dots 

Quantum effect 
At the lower end of the nanoscale, 
space available to electrons is 
restricted: 
•  electronic, optical and magnetic 

properties different from bulk properties.  

Increased reactivity 
Surface properties predominate and 
reactivity enhanced: 
•  ratio of surface area to volume relatively 

high for nanoparticles. 5 nm radius 
50% of atoms on the 

surface 
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Nanoscale in Nature - The Lotus effect 

Nelumbo nucifera 

protruding nubs: 20-40 microns 
wax crystals: 2-200 nanometres 

“Nanotechnology, like any other branch of science, is primarily concerned 
with understanding how nature works.”                                                 

Harper, 2003 



hydrophobic 
smooth surface 

super-hydrophobic 
rough surface 

Lotus leaf 



Nanotechnology and textiles 

“The textiles industry is likely to be one of the early adopters of 
nanotechnology products and processes.”                        

Nanotechnology Victoria 

“Nanoparticles have a range of potential applications: in the short term 
in new cosmetics, textiles and paints.”                        

The Royal Society and The Royal Academy of Engineering, 2004 



Nanotechnologies  
in  

fibres & textiles 

1.  Incorporating membranes with nanoscale features into 
garment structures. 

2.  Bonding polymeric films with nanoscale features to the fibre 
surface. 

3.  Producing fibres containing nanoparticles – nanocomposite 
fibres. 

4.  Electrospinning of nanofibres. 



200 nm 

Gore-Tex® 

membrane inner 
fabric 

wind 
rain 

body 
vapour 

outer 
fabric 
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Franz Ziener GmbH & Co 

Oracle 

Waterproof, breathable, 
soil-resistant. 
Use of nanofibres in two-
layer laminate. 



Water-repellant 
Stain-resistant “What you don’t see makes all the difference” 

nano-pel 

nano-care 
nano-dry 

History Channel 

TechKnowledge 

Nanotex 
nanowhiskers 



Lotus leaf 

naturally self-cleaning 

With NanoSphere® 

Honey Coffee Red wine 

Without NanoSphere® 

0

0

5 µm

5 µm

0.5 µm

Fabric treated with NanoSphere® 



Other features 
Has no influence on the comfort of wear, appearance, feel, breathability 
or elasticity. 
Functionality is still retained even after 50-80 washing cycles at 750C. 
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Sigma Technologies International, Inc. 

oleophobic and hydrophobic 

hydrophilic 

DryFabTM Nanolayer Technology  
Vacuum plasma treatment. 
Application of monomer and 
polymerisation. 
-  clear and transparent film 
-  layer thickness: 20 nm to 1 micron 

Variety of substrates. 
-  film, paper, foil and fabric (continuous) 
-   glass, metal and plastic (batch) 

Atmospheric technology also. 



pump 

vacuum 

evaporator 

nozzle 

curing device 

substrate 

plasma 
treater process drum 

degas vessel with liquid monomer 

atomizer 

metallisation fabric animation 

Plasma-enhanced  
chemical vapour deposition 
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Plasma-enhanced CVD 

Annual global market for 
technical textiles $150 billion: 
•  sports, leisure and casual 

apparel; 
•  medical apparel; 
•  filter media; 
•  linen and upholstery. 
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Mipan ‘Nano Magic Silver’  

  SD         FD    Nano MAGIC SILVER 

UV protection 

anti-mould effect 

Nano MAGIC SILVER     normal  

       0      .2       .4       .6      .8      1 
hours 

20 
15 
10 
5 
0 

  bacteria (x 104) Nano MAGIC SILVER 
competitor general 
nylon 

anti-microbial effect 

Nano MAGIC SILVER        normal 

“The Ag fiber keeps you clean and Cares for You” 
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SoleFreshTM socks 

80% cotton, 20% “elastic” yarn. 
0.3% nanosilver (25 - 250 nm). 
Properties: 
•  eliminate foot odour; 
•  cure athlete’s foot; 
•  prevent feet infections for patients with 

diabetes. 
£5 for 2 pairs. 
Any colour so long as it’s black! 



Nanofibres 

Fibres as fine as 50 - 300 nm: 
•  large surface area per volume. 

Interesting and diverse uses: 
•  filtration of sub-micron particles; 
•  dressing of wounds; 
•  scaffolds for tissue engineering; 
•  artificial blood vessels. 

polymer solution 

fibre mat 
counter electrode 

fibre 
formation 

capillary  
tip 

metering pump 

Electrospinning 
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Electrospinning 

poly(ε-caprolactone) 
polyvinyl chloride/polyurethane blend 

30 µm 30 µm 
5 µm 

Beaded fibre problem 

K.H. Lee, et al, Polymer, 44, 1287-1294 (2003) 
K.H. Lee, et al, Journal of Polymer Science:  
Part B: Polymer Physics, 41, 1256–1262 (2003) 
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Electrospinning 

Use of cationic surfactant for finer and more uniform fibres 
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Research @ Deakin 

T. Lin, et al, Nanotechnology, 15, 1375-1384 (2004) 

polystyrene 
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Electrospinning 

Spinning of bicomponent nanofibres 

polyacrylonitrile/polyurethane 

T. Lin, et al, Advanced Materials, 17, 2699-2703 (2003) 

Research @ Deakin 
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Electrospinning applications - enhanced filtration 

nanofibre web on a nonwoven substrate commercial air filtration cartridge 



Hong Kong Polytechnic 
50 nm layer of titanium dioxide 
nanoparticles: 
•  applied by dip-pad-dry process, 

followed by boiling in water; 
•  UV light breaks down organic matter. 

Self-cleaning clothes 
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Self-cleaning glass 

15 nm layer of 
 titanium dioxide 

window 
with  

Sunclean 
glass 

window 
with  

traditional  
glass 

water 
window 

with  
traditional  

glass 

window 
with  

Sunclean 
glass 

sun UV UV 

dirt 

photo- 
catalytic 
process 

hydrophilic 
property 

untreated treated 



Will fiction become reality? 

Self-cleaning clothes 
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“Self cleaning loo in the pipeline”  

Adapted to work using indoor light 
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Teijin Fibers Ltd: Luminescent polyester 

   Wing       Scales      Veins       Ridges  

Polyester core is covered with 60 
layers of nylon and polyester. 
Layers 70 nm thick, with different 
refractive indices. 
Hue changes according to the 
viewing angle. 
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Massachusetts Institute of Technology 

“Dynamic armour that firms up at the 
sound of a bullet”: 
•  woven from hollow fibres filled with magnetic 

nanoparticles; 
•  ‘beads’ line up in presence of a magnetic 

field; 
•  fabric stiffness increased by a factor of 50. 
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Micronisers Pty Ltd 

The problem 
Colour fading of textiles on 
exposure to ultraviolet light:  
•  especially for products such as 

flags, awnings and car upholstery. 
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The solution 
Surface coating containing  
zinc oxide nanoparticles: 
•  diameters ranging from 10-50 nm. 

Cured resin blocks UV light, but 
transparent to visible light. 

The application 
100% polyester screen-printed 
flag. 
Lightfastness improved by 1.5-2 
Blue Scale units: 
•  3-5 times increase in lifespan. 

Courtesy: Ken King, Micronisers Pty Ltd 

NanocrylTM 



NanocrylTM System 
How does it Work? 

Absorbance curves for different treatment formulations 

Absorbance 

Wavelength (nm) 

A    acrylic resin only 

B    Stabiliser 1 only 

C    Stabiliser 2 only 
D    ZnO + Stabiliser 1 

E    ZnO + Stabiliser 2 (NanocrylTM) 

4 

3 

2 

1 

0 

 

190                290                390                490                590                690                790 

A 

B 
C 

D 

E 

Courtesy: Ken King, Micronisers Pty Ltd 
Reno Beltrame, Beltrame Consultants Pty Ltd 
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Ciba 

“We’re selling freshness 
you can wear.” 

Fibres modified using 
‘nanocontainer microcapsules’. 
Bacterial growth prevented by 
releasing antimicrobiotics or 
absorbing odours. 
Washing restores the fabric’s 
functionality. 
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Quup - nylon filament yarn with 
double the moisture uptake.  
-  “bundles of nylon threads measuring 
several tens of nanometres”. 

 
 
Polyester fibre with high water-absorption properties.  
-  50-nanometre film - made up of 20 layers - on outside of fibre 
-  fibre’s ability to absorb water enhanced by a factor of 30 

Developments in Japan 

TORAY 



The Future 



The challenge 
To build electronic capability into textiles without compromising the  
desirable textile properties. 

Collie, 2001 

A prediction  
By 2007, more than 60% of the U.S. population aged 15 to 50 will carry 
or wear a wireless computing or communications device for at least six 
hours per day.   

Gartner Group, 2001 

Convergence of electronics and textiles 

The challenge 
To build electronic capability into textiles without compromising the  
desirable textile properties. 

Collie, 2001 

A prediction  
By 2007, more than 60% of the U.S. population aged 15 to 50 will carry 
or wear a wireless computing or communications device for at least six 
hours per day.   

Gartner Group, 2001 



The evolution of intelligent textiles 

Functional 
•  offer protection from the environment. 

Smart 
•  monitor changes in the environment. 

Intelligent 
•  monitor changes in the environment; 
•  react in response to change textile properties. 
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LifeShirt by VivoMetrics® 

for physiological monitoring 

Smart vest 

Handwashable undergarment into  
which is sewn an array of sensors: 
•  monitors, records, analyses and interprets 

30+ vital signs. 
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Intelligent knee sleeve 

Conventional knee bandage, with a: 
•  disposable electronic fabric strain sensor; 
•  signal processing system; 
•  battery pack.  
Used as a training aid: 
•  provides feedback via an audio tone; 
•  informs athletes when the knee is bent at 

a certain angle. 
Implications also for rehabilitation. 

CSIRO & University of Wollongong 

video 



Photonic textiles 

Textiles that contain lighting  
systems: cushions, rugs and  
backpacks:  
•  flexible arrays of LED’s. 

video 



First generation 
Bulky and rigid boxes connected by wires.  
Textile serving merely as a carrier of electronic equipment. 

The future 
Electronic functions seamlessly integrated into clothing. 
Sensors & actuators, displays, circuitry and power supplies: 
•  flexible, lightweight and durable. 

Electronic textiles 
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Flexible sensors: SOFTswitch  

Combination of conductive fabrics with a thin 
layer of elasto-resistive composite. 
Pressing switch increases conductance.  
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Flexible circuitry: conducting polymers  
Plastic materials for conducting electricity: 
•  polypyrrole & polyaniline. 
Other applications include: 
•  sensors, OLED displays and photovoltaic cells. 

Electromagnetic shielding. 
Coloured conductive fabrics.  
Heat generation. 

Research @ Deakin 
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Flexible circuitry: conducting polymers  

Research @ Deakin 

patterning 
a conductive glove acting as a switch 
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Flexible power supplies  

The biggest challenge! 
More efforts made to mount flexible 
energy supplies onto textiles: 
•  rather than to invent pure textile power 

supply. 
Thin film solar cells may be important: 
•  efficiency needs to be improved. 
Generating power from: 
•  body heat, body movement and 

external electric fields. 
“Wearable electronics concept  
becomes generally accepted.” 



Adoption of any nanotechnology innovation will be influenced by: 
1.  price competitiveness; 
2.  performance improvements; 
3.  stability, consistency and quality of supply; 
4.  compatibility with existing industrial processes; 
5.  sufficient regulatory cover – HSE. 

Harper, 2005 

“For business, nanotechnology is no different from any other technology: it 
will be judged on its ability to make money.” 

Harper, 2003 

Conclusions 

Wool will benefit if there is a clear competitive advantage for its use.   
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