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The hunt for the

Perfect Packaging

NANOTECHNOLOGY IS THE SUBJECT OF MUCH HYPE, CLAIM AND COUNTER-CLAIM.
TO MANY PEOPLE, NANOTECHNOLOGY IS STILL A TECHNOLOGY OF THE FUTURE,
ASSOCIATED MORE WITH SCIENCE FICTION THAN WITH FACT.

ne industry sector in

particular that has its feet

firmly on the ground, has

seen the reality behind the
hype, and is already seeking new
solutions to old problems by applying
nanotechnology. That industry is the
packaging industry, and this short
paper outlines a few areas where the
application nanotechnology is set to
make a real difference.

In the search for the perfect package,
let us consider what nanotechnology
might offer users in the case of
polymer-based packaging. We know
polymers are cheap and cheerful, and
offer many useful attributes such as
transparency and longevity; but they
tend to have notorious downsides
— including susceptibility to tear,
lack of toughness, a low level of heat

! resistance, and the possibility of
i contamination by scents and smells.

Much work today is focused on

investigating the new properties that
can be achieved through the addition
i of different nanoparticles. For example,
a low percentage of clay nanoparticles
{ in a polymer can lead to a radical
transformation of its properties.

Less than 2% of clay nanoparticles

i provide increased barrier properties,
as well as a dramatic increase in
strength, toughness, durability and
heat resistance. In some instances,
nanoparticle-reinforced polymers

i can even be used as a successful
substitute for glass, but with the
added benefit of being unbreakable,
and having high gas and UV barrier

{ properties.

Given that only a small percentage

¢ of nanoparticles can make a difference,
work is underway on ‘fine tuning’ the
optimum dispersal of nanoparticles
(such as nanoclays, silica, carbon and

i non-carbon nanotubes, and nanofibres)

within the polymer, - including

films, fibres and foams - to produce
specific strength, stiffness and wear
resistance properties. The presence of
i nanoparticles can offer other attributes
such as increased absorbance, gloss,
conductivity and even clarity to the

i packaging.

Some research centres are currently

involved in the development of
specifically flame retardant, polymer-
! based nanocomposites, as well as
investigating techniques to improve
their heat resistance properties.

Water-resistant packaging is also

an important goal, being achieved
through the design of nano-based,
durable, super-hydrophobic coatings
i based on silica / polyurethane
composites. With regard to paper
and board packaging, polymer
nanoemulsions are being developed for
! use as sizing agents that can provide
improved dimensional stability,
increased wet strength and reduced
i permeability.

The benefit of enhancing the

properties of polymers means that the
range of applications can be extended,
to include the packaging of organic or

i electronic components where there is

a need for oxygen and water vapour

i barriers.

So what about biodegradability?

i Some research teams are working on
altering the photodegradation rates
of polymers. This can be achieved in

i several ways — one is through coating
packaging surfaces with very thin
films of photoactive materials, leading
to increased — or sometimes, even

i reduced - rates of degradation.

Trendy Manufacturer desives to meet the

One research group is working on
the prevention and / or promotion
of adhesion for labelling and other
applications. The use of nanoscale
surface functionalisation techniques is
leading to the development of surface
layers on packaging that can exhibit
different properties. Some surfaces
can be made adhesion promoting,
others adhesion resisting; some can be
made to provide boundary lubrication,
and others special protection for a
variety of applications, including
pharmaceutical packaging.

So what about identification?
Nanoscale research is also leading to a
variety of ways in which packages can
be ‘tagged’, with many applications in
product tracking, anti-counterfeit and
brand protection. Techniques involve
using magnetic thin films, luminescent
sol-gel layers, novel luminescent
complexes or quantum dots as nano
barcodes. The barcodes can even be
directly printed on to the product with
no adverse effect. They are invisible
to the naked eye but become clearly
readable under ultraviolet light.

A further step is the development of
what might be termed the ‘Interactive

Reporting Package’ (IRP) — a package
that incorporates cheap, rugged
electronics, sensors and systems that
enable the supplier, purchaser, haulier
and even public security and health
officers alike to obtain full information
on the contents, status, location etc of
a package at any given time. This ‘holy
grail’ of packaging is in the process

of being realised by a breakthrough

in the development of cheap, reliable
fully printable electronic devices.
These devices are based on nanoscale
materials such as electronic inks and
novel nanocomposites, deposited using
modified ink-jet printing techniques.

A truly efficient ‘IRP’ package also
will depend on the development of
appropriate Radio Frequency ID tags.
In Malaya, the design and layout

of a low frequency RFID tag with a
footprint of only 0.1mm? has been
successfully completed, and now the
design of a high frequency RFID tag
of the same size is underway. The
‘footprint’ the tag is so small, and its
predicted cost so cheap that it will
be attractive even for use in mass
produced goods.

After location and contents,
what can nanotechnology do for
communicating freshness in perishable
goods? Most supermarkets are
paranoid about food freshness, often
leading to the unnecessary destruction
of food that is perfectly safe to eat.
Over 1/3 of all food produced is
wasted, partly due to this anxiety.
Government is now actively seeking
ways to reduce this, as food production
is so highly energy and water
intensive.

There are several ways to
communicate food freshness. Some
techniques use sensors based on
thin film silicon transistors which can
be fabricated directly onto common
packaging materials, such as paper
and plastic. This allows active
monitoring of the state of the product,
displaying the information on the
package itself. Another is focussed
on simple, cheap chemical techniques
whereby a colour change is induced
when the contents is exposed to
oxygen - a technique which also can
be used to indicate tampering. Other
techniques use ‘intelligent’ inks as
oxygen indicators, with easy-to-read
electrochromic displays as an output.

With the advent of new antibacterial
techniques which are finding early
medical applications (such as the use
of nanosilver in sticking plasters),
these techniques can also be used in
packaging to prevent bacterial action
in many products including bulk and
processed foods

In conclusion, if you are searching
to use or produce the perfect package,
nanotechnology offers a variety of new,
cost-effective opportunities to product
and package manufacturer alike,
including anti-counterfeit measures,
contents protection, sustainability
and traceability. Work in this area is
international. &

For a full report on the developments
mentioned above, and many others,
contact Ottilia Saxl at the Institute of
Nanotechnology. ottilia.saxI@nano.org.
uk T:(0)1786447520 or visit www.nano.
org.uk/reports.htm
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NanDDynamiCSWiﬁ a fully integrated

technology and manufacturing company utilizing
nanoscale engineering to commercially address
some of the world’s biggest challenges.

With nanotechnology solutions ranging from
energy, water remediation, biofuels and personal
and national security to medicine, electronics,
advanced materials and consumer products,
NanoDynamics® is committed to delivering “The
Power of Nanotechnology”™ to the global market-
place.

Energy

The Revolution™ 50 H Hybrid solid oxide fuel cell
employs advanced micro tubular technology for
portable, compact, lightweight _-
power. Its high thermal shock
resistance enables rapid start
and thermal cycling while micro-
processor controls enable load
following and increased efficiency.

The Revolution™ 50 H Hybrid runs off readily avail-
able propane fuel with a regulated 12 volt output.
Weighing less than 5kg, typical applications for the
Revolution™ 50 H Hybrid include soldier power,
hattery charging, advertising and remote monitor-
ing equipment.

Water

NanoDynamics™ has developed

nano-enhanced products for water
contaminant removal. With exceptionally
high surface area (over 8 million ft*/ft*) and an
economical delivery system, these filter materials
offer significant potential for cleaning water while
using a much smaller amount of filter media.

These products are based upon two unique tech-
nologies: lightweight porous ceramics that can be
molded into simple or complex shapes with
strongly bonded nanomaterials grown in the pores
of the filter material to increase the product’s effec
tiveness,

Current efforts are focused on nano-enabled
media for arsenic removal. Other applications
include the breakdown of organics, pesticides, and
similar materials into non-hazardous compounds,
as well as the removal of phosphates, heavy
metals, lead and other pollutants.

':Fli._: ) ,

e, -

Materials

NManoDynamics®  develops  and  manufactures
nano-enabled materials with enhanced perfor-
mance and functionality.

ClearCol™ is our family of uniform, unagglomer-
ated, optically clear nanoceramic dispersions and
colloids. ClearCol™ can be used for high perfor-
mance coatings, increased material strength, and
increased scratch and abrasion resistance.

ND*NanoCement is a cost-effective cement addi-
tive that enhances the compressive strength of
ordinary portland cement by over 75% while
reducing setting times by 70% when added in small
amounts with other ingredients.

Green Engineering

NDFusion’s rotating tube reactor (RTE) technology
provides extremely high mixing, heat and mass
transfer rates in thin, highly sheared films on the
walls of the reactor to create chemical processes
that are cleaner, smaller, safer, faster, cheaper,
smarter and more efficient. The RTR’s continuous
operation and compact and mobile design make it
an alternative to traditional batch processing
plants.

Typical applications for NDFusion’s RTR include
biodiesel and ethanol production, tailored particle
production, solvent  stripping, fermentation,
pasteurization and organic synthesis.
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NanoDynamics”
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901 Fuhrmann Blvd « Buffalo, NY 14203
716.853.4900 » fax: 716.853.8996
info@nanodynamics.com
www.nanodynamics.com

Visit us at NSTI Nanotech 2007 & Cleantech 2007: Booth #707 & Booth #1209

We'’re Solving the

lanet’s Problems.

(We'll probably get around to the common cold too.)

NanoDynamics® is working hard to provide a greener world for future generations.
Whether it's our revolutionary d oxide fuel cell technology, our n: enabled
water and soil remediation filters, our nano-encapsulated time-re i :
our greener chemistry through process intensification, NanoDynamics is deliveri
“The Power of Nanotechnology™” to the global marketplace. Check out our progr

at www.nanodynamics.com.
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sbrication * Nanotechnologies
)plics » Microsensors * Modeling

icro-fluidics * Reliability

DENVER 2007

The 51st International Conference on
Electron, Ion, and Photon Beam
Technology & Nanofabrication

Adam’s Mark Hotel

www,adamsmark.com,/demver/

May 29th — June 1st, 2007
www.eipbn.org

= Micropositioning ...

The EIPBN Conference is now in its 517 year and is recognized as the

foremost international meeting dedicated to lithographic science and process

technology and its use in micro and nanofabrication rechniques and their

applications. The conference brings together engineers and scientists from

industries and universitics from all over the world ro discuss recent progress

and future trends.

Technical Scope

“Top Down Meets Bowom Up:
Manofbricanon for 22 nm and

Post-CMOXS Technology™

* DUV, EUV and X-ray lithography

* Electron and ion beam lithography

= “Super resolution” optical ithography
* Photon- and charged-particle optics
* Metrology and alignment

* Resists and resist processing

* Plasma erching ane deposirion

= Nanofabrcation technigues

* Nanometer-scale phoronic devices

* Molecular nanoclectronics

* Bio-nanorechnology

* Micro and nanoscaled MEMS

* Self-assembly /directed self-assembly
* Nanoimprint lithography /embossing

Plenary Speakers

= Stepr and lash Tpeint Lithegraply: A Stafus Repors

Prof. C. Grant Willson
University of Texas at Austin

= Newdisrptive Lithagraplic Processes on the

Nanviepic Level
Prof. Tom Russel
University of Massachuserrs

& The Nemmvonductor Indiwstry’s Naweelectranicr Research

Tmitiative: Mosivasion and Challewges
Dr. Jeffrey Welser

Direcror - 5SRO Nanotechnology Ininanve

= Spin Escilation Spectroseapry wath the STM

Dr. Don Eigler
IBA Admaden Rescarch Center

o Metanearerial and Phussronse Nawacirouss Efemeste:

Towerdr o New Paradipm for Optical Nawoelectronics
Prof. Nader Engheta
University of Pennsylvania

Conference Chair
| Alexander Lidele
jaleipbn2007{@ comeast.net

Program Chair
Gregory M. Wallealf
gmwall@almaden.ibm.com

Straight to the Point.

High Performance, Low Cost.

Size-selected nanoparticles
Ultra-pure process
Adherent coatings
Magnetic materials

Oxides, nitrides, alloys

Atomic Oxygen hydrogen nitrogen sources
lon sources K-cells sputter deposition
E-beam Evaporators

...... MANTIS

MANTIS DEPCSTION LTD

sales@mantisdeposition.com
www.mantisdeposition.com

+44 (0)1844 260160

The Single Point NanoSensor® (SPNS)
1100 is a single channel, high performance
linear displacement measurement system.
Employing Queensgates’ innovative
capacitive displacerment measurement
technology, the SPN5 1100 provides
nanometer measurement capability in a
low cost package.

* Low Cost

* Small Size

* High performance

= Manometer accuracy

* Innovative circuit design

= Pre calibrated, no user adjustments
* Range of probes/operating ranges
Ideal for OEM applications

Queensgate Instruments Lid - UK
Tel: +44 (0}1803 407700

info@nanopositioning.com
www.nanopositioning.com

G
QUEENSGATE

INSTRUMENTS
Global Metrology Solutions for Nano Technology

e 00n." 700,10

NANOPOSITIONING

SYSTEMS

Picometer Precision
Highest Stability
Highest Speeds

Piezo Motion
Closed Loop Control
Innovative Design

True Flexure Guided Motion

Biosciences Microscopy Photonics Metrology Nanotechnology

MLL

MAD CITY LABS INC

+1 608 298-0855 sales@madcitylabs.com www.madcitylabs.com
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Big
thinking

Wholly postgraduate with a truly global
reputation, Cranfield University is the ideal
destination for advancing your career.

Our focus is on collaborating with industry
and many of our Masters courses are

accredited by leading professional institutions.

We also offer leading-edge research
opportunities, with funding available.*

* Conditions apply. Detaits on application

=== BuckylUS5/
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[ NIVERSITY

MSc Courses

* Microsystems and Nanotechnology

« Ultra Precision Technologies
and Applications

Funded PhD opportunities

* MNanolED - towards a new architecture

« Development of ZnO nanorods for all-
inorganic nanostructured solar cells

Development of nanostructures
for water splitting

For more information please contact us today.

T: +44 (0) 1234 754085
E: appliedsciences@cranfield.ac.uk
LW www.cranfield.ac.uk/sas/engineering

... bringing carbon to life

Fullerenes

*» Pure C,,, (2n=60,70,76,78,82,84,86,90..)
+ Standard and Custom Derivatives
« Water Soluble fullerenes

Carbon Nanotubes
= Single-walled
* Multi-walled
» Functionalized

Functionalized Industrial Carbons

Tel : 713-777-6266

Fax: 713-777-6214

Email: buckyusa@flash.net
Website: www.buckyusa.com

Want to strengthen your nanotechnology business?

Like to improve your career prospects within this field?

Applications are now being accepted for two CPD courses
at Oxford University, aimed at people in full time work:

Nanotechnology

* Postgraduate Certificate: one year, part-time, online,
starting Oct o7. Includes a residential weekend in
Oxford during June 2008.

* This can lead on to a Masters by taking an additional year
of part-time study, face-to-face, at Oxford University. [Z0

Find out more at: www.conted.ox.ac.uk/cpd/NanoNow

or contact the Course Administrator on
+ 44 (0) 1865 286953; nano@conted.ox.ac.uk

UNIVERSITY
' OF OXFORD

CONTINUING EDUCATION

CONTINUING
PROFESSIONAL
DEVELOPMENT

NANOFORCE LTD

has ultimate engineering approach to materials
processing and performance are designed from
the atomic level up.

The company, which is funded by Department
of trade and industry and London Development
Agency, supports the creative industries by
disseminating new materials technology.

Our expertise includes; polymer processing;
coating technology; encapsulation; imaging;
mechanical/analytical characterization and rapid
processing of ceramics.

Nanoforce technology has expertise in rapid
sintering of ceramics by Spark Plasma Sintering
(SPS). This capability is unique in the UK and
is being used to develop novel structural and
functional ceramics. SPS enables the processing
of materials that require a high sintering
temperature, as well as materials that are difficult
to process. As a consequence, the technique
can produce microstructures with properties
that are impossible to achieve through other
processing route. The ability to process phases
that do not normally co exist opens doors to
creating completely new multifunctional materials
for sensor applications. Some of the many new
materials that we are developing using SPS are:
Piezoelectrics that can operate at extremely
high temperature (more than 800 C), electro
conductive ceramics, textured ceramics, super
hard ceramics and structural ceramics.

If you are interested in the above activities of
Nanoforce, please do not hesitate to contact us.

LTD




When Light Microscopy simply isn’t enough

TM-T000 Tabletop Microscope
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The difference is plain to see with improved
depth of field and resolution.
The optical image (left) and TM-1000 image (right).

B excellent resolving power and depth of field compared to
optical microscopes

B as easy to use as a digital camera

B compact and portable

Applications include:

Biological samples
Life sciences

Food

Cosmetics
Healthcare
Pharmaceutical
Textile
Semiconductor

Semiconductor
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For further information see www.tabletopmicroscope.com HITACHI
Tel: +44 (0)118 932 8632 Inspire the Next

@ Hitachi High-Technologies Corporation





