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BEST OF Nano News:
Gold nanoparticles can turn hair from
grey to brown – from inside

ARTICLES:
NEWS
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revolutionary discovery set to speed
up semiconductor manufacturing
A completely new method of

This means that the accepted concepts

manufacturing the smallest

really were turned upside down!”, said

structures in electronics could make

Lars Samuelson.

their manufacture thousands of
times quicker, allowing for cheaper
semiconductors. Instead of starting
from a silicon wafer or other substrate,

refined, patents have been obtained and

Aerotaxy production process

further studies have been conducted.

as is usual today, researchers have

In the article in Nature, the researchers

steel or another material suited to the

made it possible for the structures

show how the growth can be controlled

purpose. The reason why no one has

to grow from freely suspended
nanoparticles of gold in a flowing gas.
Behind the discovery is Lars Samuelson,

Fabrics from flexible silicon solar cells
now a possibility.

Since then, the technology has been

using temperature, time and the size of

of Professor Samuelson, is that today’s
method is so basic and obvious. Such

a specially built oven. Using a series of
ovens, the researchers expect to be able
to ‘bake’ the nanowires, as the structures

the University’s Nanometre Structure
Consortium. He believes the technology

are called, and thereby develop multiple

solar cells is expected to be completed in
two years.
“When I first suggested the idea of
getting rid of the substrate, people

- Current issues and future trends
Clara Silvestre, Marilena Pezzuto, Donatella Duraccio and Sossio Cimmino

things tend to be difficult to question.

Introduction

However, the Lund researchers have

Since its beginnings in the 19th century

a head start thanks to their parallel

with the invention of canning, food

variants, such as p-n diodes.

research based on an innovative method
in the manufacture of nanowires on

results of technological improvements.

A further advantage of the technology

semiconductor wafers, known as

Modern food science and technology

will be ready for commercialisation in
two to four years’ time. A prototype for

tested this method before, in the view

the gold nanoparticles. Recently, they
have also built a prototype machine with

Professor of Semiconductor Physics at
Lund University, Sweden, and head of

Nanotechnology
in Food Packaging

is avoiding the cost of expensive

epitaxy – consequently, the researchers

packaging has made great advances as

has extended and refined traditional

semiconductor wafers. “In addition, the

have chosen to call the new method

packaging methods and added new

process is not only extremely quick, it is

aerotaxy. Instead of sculpting structures

ones. Moreover, with the move toward

also continuous. Traditional manufacture
of substrates is batch-based and is

out of silicon or another semiconductor
material, the structures are instead

globalization, safety and longer shelf
life is mandatory, along with safety

around me said ‘you’re out of your

therefore much more time-consuming”,

allowed to develop, atomic layer by

and quality monitoring based upon

mind, Lars; that would never work’.

adds Lars Samuelson.

atomic layer, through controlled self-

international standards. Nanotechnology,

organisation. The structures are referred

When we tested the principle in one

the manipulation of matter at the

of our converted ovens at 400°C, the

At the moment, the researchers are

to as nanowires or nanorods. The

nanoscale, can address all these

results were better than we could have

working to develop a good method to

breakthrough for these semiconductor

requirements and implement the

dreamt of. The basic idea was to let

capture the nanowires and make them

structures came in 2002 and research on

nanoparticles of gold serve as a substrate

self-assemble in an ordered manner on

them is primarily carried out at Lund,

from which the semiconductors grow.

a specific surface. This could be glass,

Berkeley and Harvard universities.

principal packaging functions.
Packaging based on nanotechnology,
increasing the performance of the
packaging, can also contribute to reducing

Click here for more information

the huge amount of food lost between the
points of production and consumption,
(about 30 to 40 % of the total) that can

gold nanoparticles can turn hair
from grey to brown – from inside

Study shows nano zinc absorption in
sunscreens is very small.

gold nanoparticles are a hot topic, and
scientists are exploring their uses,
ranging from electronics and sensors

not be tolerated, especially considering
increase to feed the anticipated 9 billion
world population (FAO 2009). In addition,
as resource conservation is becoming
increasingly critical, food manufacturing

and Romans’ use of another metal,

systems must become more efficient, use

lead, to colour their hair. They describe

to medical diagnostic tests and cancer

the first synthesis of fluorescent gold

treatments. gold nanoparticles have

nanoparticles inside human hair.

been deposited on hair for use as

that by 2050 food production must greatly

hair, inspired by the ancient Greeks’

solution of a gold compound. The hairs
turned pale yellow and then darkened
to a deep brown. Using an electron

Nanotechnology can address these
Gold nanoparticles darken hair after treatment for one day,
centre, and 16 days, right (untreated hairs, left). Image: ACS.

the hairs’ central core cortex. The

Philippe Walter and colleagues in

microscope, the scientists confirmed

colour remained even after repeated

France looked at a new use — dyeing

that the particles were forming inside

washings.

Click here for more information

14

Chemical link found for hearing and
balance

methods (for examples thermal / non

nanomaterials is also contingent upon the

thermal processing methods, irradiation

way this emerging technology is handled
by the regulatory agencies.

etc) should be taken into account.

The properties of polymer nanomaterials,

Good dispersion and distribution of

less energy and generate less waste.

It involved soaking white hairs in a

electrodes, and gold nanoparticles
have been used to dye wool.
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nanoparticles in the polymer matrix

and the improvements they offer with

additional challenges provided that

respect to traditional composites,

are the key factors in these improved

the enormous potential benefits are

depend on the structure and morphology

materials, and several methodologies have

weighed against the potential risks of
the nanomaterials, mainly regarding

morphology, such as the modification

distribution of nanoparticles in the matrix,

of the nanoparticle surfaces and /or

the interfacial adhesion. Moreover it has

the polymer, the optimization of the

the nanomaterial with the human

been shown that in order to select the best

processing conditions and the use of

body. The future of packaging based on

packaging materials, the food processing

interfacial agents.
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Engineered
nanoparticles, natural
nanoparticles and
nanosized by-products

and chemistry. This contamination differs
from urban pollution by morphology
(particles are generally round-shaped),
size (the higher the temperature, the
tinier the size) and chemical composition
(in fields of war, heavy metals are much
more common than they usually are in
peace time). These pieces of evidence
show that important exposures to
nanosized particles, often by-products of
Fig.1 Iron-Oxygen-Carbon-Silicon-Calcium-Manganese spherical micro and nanoparticles detected
in air close to a chimney of an Italian incinerator.

different activities, can induce diseases
like leukaemia, lymphomas and other
kinds of cancer (2).

contaminating the air, soil and water for
a very long time. The high temperature

An in-depth study of those diseases

those NPs are synthesized means they

can yield indications as to the possible

are not degradable, so they are, in a way,
eternal. The consequence is that after

effects of exposure to nanopollution,

the end of the war these nanoparticles

can serve in the study of preventive
measures for workers in laboratories

will keep exerting their effects on

Some of these ‘little critters’ are seriously
dangerous, and we need to understand them better

where nanoproducts are manufactured,

humans, animals and environment.
Soldiers exposed to pollution from these

and in packaging and storage facilities

nanoparticles can be contaminated with

where nanoproducts are used. More
difficult are preventive measures for

them and develop diseases.

consumers and end-users. These groups

Antonietta M. Gatti, Stefano Montanari, Nanodiagnostics srl, Modena, Italy.

are somewhat hard to reach with correct

Analyzing the soldiers’

information and are definitely harder

pathological tissue, that

to control then people employed in

particular kind of
Nanotechnologies are changing
economies, as well as society.
Fundamental to this change - which

nanosized by-products generated by
industrial activities. Every combustion

cytotoxicity tests to define the safety of

generates primary and secondary nano-

NPs in relation to health. Single NPs can

sized products that are dispersed in the

do when aggregated. That exclusion

than zero of interacting with them.

preserves the cells from unwanted

Industrial activities like melting metals,

not expressed by the same material

interaction with cytoplasmic organelles

in its bulk form. these new properties

and nuclear components. (1)

have enabled the development of a
multitude of new products, including

produce nanoparticles as unwanted
by-products, but are now starting to
burn nanoproducts at the end of their
life-cycle.
The fate of non-degradable, engineered
nanoparticles is still unknown to the
scientific community. Nevertheless the

or laser soldering involve very high

Synthesized bucky balls, carbon

fraction of nanosized particles into the

with strange, never-seen-before

nanotubes and cadmium selenide NPs

working place and in the environment.

chemical compositions.

are materials that never existed in
nature, but nature also constructed its

of micro and nanosized by-products that

uncontrolled way: military activity.

are freely released in the environment.

During bombing, whether in a war

Another part remains in the ashes but

sea-water aerosols, some structures of

they can also enter the environment

generated due to the aerosolization of

snow, and dust erupted by volcanoes

when they are dumped in landfills and

the bomb and of the target. The higher

are a few of them. With regard to
the particles produced by volcanoes,

following re-suspension due to wind, or
when they are mixed with the cement

the large ones, microparticles, fall to

for building construction (Italian law

The blast of high-technology weapons

the ground in a relatively short time,

allows a max of 11%). A peculiarity of the

like those based on depleted uranium,

still limited, as is our capacity to handle

whereas the nanoparticles reach the

introduction of nanoparticles into the

that can expose people unawares to
nanopollution through inhalation or
ingestion. The city of San Francisco has
banned nanoproducts from their territory.

atmosphere by incinerators is that the

Explosive) can develop temperatures in

particle chemistry changes very quickly,

excess of 3,000°C and airborne NPs with

One example can clarify the concept:

climate. New models to explain weather

since it depends on the type of the ever-

unusual chemical compositions can

because of the “unbalanced” ratio

changes take their dispersion and

changing waste incinerated. Some wastes

be freely released in the environment,
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NanoSafetyCluster - Compendium 2010, Edited by M. Riediker, G.
Katalagarianakis, Brussels, Belgium, 2010, p.11, Belgium, (ftp://
ftp.cordis.europa.eu/pub/nanotechnology/docs/compendiumnanosafety- cluster2010_en.pdf)
Antonietta M. Gatti, Stefano Montanari, Nanopathology: The
health impact of nanoparticles, published by PanStanford
Publishing Pte.Ltd., Singapore, ISBN -10981\-4241-00-8, 2008,
1-298.
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collaboration with the Microtribology
Centre µTC in Karlsruhe , they have
developed a new process for testing the
abrasive effect of toothpastes, allowing

New technique for visualising blood flow

this ‘abrasivity’, as experts call it, to be
compared and evaluated in the lab.

Dangerous
abrasive effect

Determining
abrasion
rates with
microtribological
tests

Friction and wear tests with individual bristles

The researchers at the IWM have chosen

referred to as a monofilament. This is
mounted in specialized tribological

an alternative method to this radiotracer
Cleaning particles are an important

to determine realistic abrasion rates and

a nanoindenter, and moved over the

characterize the interaction between brush,

sample in both straight and circular
motions, in the latter case up to 8000

enamel and toothpaste. What’s more, our

Nevertheless, the paste should not

tests are less laborious than the time-

times. Highly sensitive instruments

be too strongly abrasive. Over the

intensive radiotracer procedures carried out

then measure the depth of the resultant

years the abrasion can cause damage
to the tooth enamel, which does not

Detecting failure in composite materials

instruments, a microtribometer and

system. “Our new approach enables us

component of toothpastes. These
abrasives, as they are known,
mechanically remove dental plaque.

marks left on the surface of the tooth.

by only a handful of laboratories worldwide”,
says Dr. Andreas Kiesow, team leader

regenerate itself. This damage is more

at the IWM. The scientist and his team

“Our findings reveal that the RDA value

visible and pronounced in the soft

have successfully managed to determine

of toothpastes correlates with the depth of

dentine. The German Dental Association

abrasion; the higher the value, the greater

the abrasion of various toothpastes on

recommends that people choose less

a microscopic scale and to measure the

the abrasion. By analyzing the friction

abrasive toothpaste if the necks of their

friction values using microtribological

value we also identified a clear relationship
between the friction behaviors of the bristle

teeth are exposed.

experiments. “Until now, tribological values,
such as friction coefficient, did not exist” says

on the dental enamel and the abrasiveness

The abrasive effect of a particular

Kiesow.

of the toothpaste”, sums up Kiesow. The
new process allows the researchers to

toothpaste on tooth dentine depends
on the hardness, amount and particle

Revolutionary discovery set to speed up
semiconductor manufacturing

Which
toothpaste?
A new evaluation method sheds light on the subject

day it is the consumer who benefits

and wear tests were each

most.

carried out with a
single bristle –

1. http://www.en.iwm.fraunhofer.de/profile/iwm-sites/hallefacilities/
2. http://www.mikrotribologiecentrum.de/

dentine abrasion), ranging
from 30 to over 200. This value
is determined via a complex process
that involves testers brushing over

it? What should it contain in order

radioactively marked dentine samples.

not to damage the structure of the

The abraded material is then measured

symbolizes health and youthfulness,
and can even influence career

teeth? Such questions are primarily
of interest to manufacturers of dental

protect teeth from acid attack, others

prospects. If having pristine teeth

hygiene products, and answers are

that are designed for sensitive teeth.

calls for thorough oral hygiene,

being delivered by researchers from the

but which toothpastes clean well?

then how well or badly does a given

Fraunhofer Institute for Mechanics of

Which preserves the tooth enamel?

toothpaste clean? How effective is

Materials IWM in Halle . Through close
NANO MAGAZINE ISSUE 26 DECEMBER 2012

via the resultant radiation intensity of
the toothpaste slurry. Not all experts
agree on the validity of RDA values, as
test results have been known to vary
partly from lab to lab.

NANO MAGAZINE ISSUE 26 DECEMBER 2012
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Nano Magazine presents a guide to the applications
that are changing the face of industry – and society
Nanotechnology
- already of
global economic
importance
Scientific research has enabled us to
understand more and more about how
the properties of everything in the
world around us (including ourselves!)
are defined by their component atoms

REGULARS:

NANO MAGAZINE ISSUE 26 DECEMBER 2012

can use their know how to support
manufacturers of dental hygiene with
product development. At the end of the

brush their teeth. The friction

Everyone wants to have beautiful

22

and molecules. this is nanoscience.
Already we are at the early stages of
being able to manipulate these atoms

often dramatically different to what
they supercede. In theory, these new
nano products should also use fewer

success to the It industry.

so widely, it is called an enabling
technology. For example, nanotech
underpins many novel industrial
developments, such as fabric treatments

Table 1), and it is a truism that those

as aerospace, automotive, materials,

that do not embrace the technology

foods, textiles and medicine, as well as
in military, electronics and telecoms

will be left behind by their competitors

applications.

who do. It is not unreasonable to predict
that nanotechnology will completely

that some ‘developing’ countries are in
fact leapfrogging old technology and

There are few, if any, industries or

revolutionise industry and industrial

producing new multifunctional products

products that could not benefit from

processes within a decade.

Table 1. Some applications of nanotechnology

Automotive
•
•
•
•
•
•
•

Air and oil filters
Engine oils
Anti-scratch finishes
Car waxes
Air purifiers
Catalysts
Tyres

Clothing and textiles

Cosmetics

•

•
•
•
•
•
•
•

•
•
•
•

Antibacterial and antiodour
clothing
Stain resistant apparel
Protective clothing
Flame retardant fabrics
UV resistant clothing

Skin creams
Skin cleansers
Sunscreens
Lipstick
Makeup foundations
Makeup removal
Hair colouring

Electronics

household

health

•
•
•
•
•
•
•

•

•
•
•
•
•
•
•
•

Batteries
Displays
OLEDs and LEDs
Data memories
DVD coatings
MP3 players
Computer chips

and molecules in order to design new

Because nanotechnology can be applied

the application of nanotechnology (see

from the outset, in industries as diverse

raw materials and consume less energy
to make. It is interesting to consider

things with the features we want.
the application of nanoscience is
nanotechnology, which owes its early

4
5

Finding the best toothpaste: science steps in.
Which toothpastes clean well? Which preserves
the tooth enamel? Ask Andreas Kiesow and his
colleagues.

filaments act upon the surface of the
tooth and how the bristle shape should
ideally be designed. The experts at IWM

saliva that is present when people

teeth. After all, a perfect set of teeth

Nanotechnology

Events

quickly and simply, but also to describe
how different geometries of toothbrush

These toothpastes were diluted with
water and saliva in order to create a
solution whose consistency corresponds
to the mixture of toothpaste and

there are various types of toothpaste
as pastes, some as gels, there are

Editorial

well as different toothpastes made by
industrial partners for their experiments.

available on the market. Some come
some that guard against tooth decay or

New catalyst offers route to a long-life
fuel cell for mobile devices

not only characterize the abrasion more

The researchers use human teeth as

size of the abrasive additives it contains,
such as silica or alumina. Abrasivity is
measured as the RDA value (radioactive

18

References

tungsten or DIME (Dense Inert Metal

upper atmosphere increasing its density,
its refractive index and can influence the

18

measures for nano-workers, suggest
measures to destroy or dispose nanoobjects at the end of their life cycle and

the temperature of combustion, the
thinner the size of particles produced.

is extremely difficult to define matter at
the nanoscale because our knowledge is
nanoscale materials properly.

discourage the use of nanoproducts

situation or in firing ranges, particles are

aimed at classifying nanoparticles
within a dimensional limit but particles
the size of 150 nm may easily show the

in the environment and in an increasing

There is a further activity that can
produce large amounts of NPs in an

level and reaching the macroscopic
while passing through the nanoscale.
Natural inorganic NPs do exist in nature:

number of commercially available
products, could identify preventive

Incinerator plants also generate vapours,
gases and a far from negligible quantity

The ISO defines nanoparticles as entities
with at least one dimension equal to or
below 100 nm. This is just a convention

nanosized by-products already present

when burned, can emit particles

clothes with anti-stain properties,

materials starting from the molecular

Engineered nanoparticles, natural nanoparticles and
nanosized by-products.
Antonietta Gatti and Stefano Montenari issue a stark
warning about the dangers of nanoparticles created
as unintentional by-products of human activity.

wise scientist, studying the effects of

temperatures, greater than 1,000°C, and
can release metallic debris with a small

coatings with antibacterial activity, new
pesticides, drugs etc.

all of them are exposed to pollution
by nanoparticles from many different
sources, among which, in particular,

environment, and humans, animals and
environment have a probability greater

to the incredible properties that matter
expresses at the nanoscale, properties

same properties as the ‘official’ NPs. It

Electrically spun fabric offers dual
defence against pregnancy and HIV

have the probability to enter cells as deep
as the nucleus, something they cannot

are waste incinerators that not only

activity involving high temperature

to aerospace, are nanoparticles (NPs) :
the building blocks of new materials.
the scientific and economic success of

morphology

In the atmosphere there are also

and aggregates, so it is very difficult
to have NPs singly. This is important
when, for instance, we want to perform

specialized environments. Besides,

be identified by its

have a high surface energy that favours
their meeting, and forming clusters

involves all industry sectors, from

nanotechnologies are essentially due

contamination can

presence into due consideration.

engineering to architecture, from
agriculture to medicine, from electronics

Light focusing device with applications
in next-generation computing

between surface area and volume, NPs

15

been applied to ensure a homogeneous

developed during the processing
process, in particular the dispersion and

nanomaterial migration from package
to food, and potential interaction of

FEATURE

The ultimate biosensor – a world first!

Nanotechnology in food packaging: current issues
and future trends.
Clara Silvestre and colleagues discuss how nano in
packaging is helping address waste issues in food,
and how regulation may help in the acceptance and
growth of a vital technology.

Food, Food Packaging
•
•
•
•
•
•
•

Energy drinks
Nutritional supplements
Food storage containers
Antibacterial utensils and surfaces
Plastic wrap
Food packaging
Sharp cutting tools

•
•
•
•
•
•
•

Antibacterial and stay clean
furniture
Filters
Air purifiers
Self cleaning window glass
UVresistant paints
Solar cells
Cleaning products
Disinfectant sprays

Hearing aids
Contact lenses
Toothpastes
Shampoos, hair gels
Antibacterial creams
Drug delivery patches
Bandages
Faster diagnostics

Sports Equipment

toys

•
•
•
•
•
•
•

•
•
•

Golf balls
Tennis rackets and balls
Baseball bats
Skis and snowboards
Bicycle parts
Shoe insoles
Anti fogging coatings

Stain resistant toys
Antibacterial baby mugs and bottles
Playstations

22
Nanotechnology - applications and markets.
From cosmetics to cars, food to pharma, materials to
medicine, Nano Magazine offers its readers a unique
guide to the applications and markets of a global
phenomenon.

that repel stains, non-toxic paints that
prevent rusting and biofouling, surface
coatings that can kill bacteria, more
effective ways to deliver drugs, improved

As of March, 2011, the nanotechnology
consumer products inventory contains

consumer product classification systems.
The largest main category is Health and

points that need to be quickly overcome
before the benefits of nanotechnology

medical treatments, the way we generate

1317 products or product lines as shown

Fitness, with a total of 738 products, and

are fully realized. These are: repeatability,

energy and also how we process and

in Figure 1 below.

includes products like cosmetics and

stabilisation and characterization; latter

Figure 1: Number of total products listed, by date of inventory
update [source of data: http://www.nanotechproject.org/
inventories/consumer/analysis_draft/]

Figure 2: Number of nanoproducts, according to category, on
the market in 2011. See: http://www.nanotechproject.org/
inventories/consumer/analysis

Products were grouped according to

The message is clear - the potential of

sunscreens.

enhance our foods.

being essential to establishing the first
two. These factors have determined

The effects of nanotechnology are already being
felt across society. It is not unreasonable to
predict that nanotechnology will completely
revolutionise industry and industrial
processes within a decade. Below we
examine the economic and social potential of
nanotechnology, - and put some figures on that
potential.
24

the limited number of raw materials

We only need to think of the

that constitute, so far, the main

characteristics of a mobile phone, which

nanotechnology products on the market

today is in effect a mini computer, to

(see Figure 3)

appreciate just how many features
can be incorporated into a product
through micro and nanotechnology.
A mobile phone can transmit sound,
data, pictures, act as a video camera,
a bank, a global positioning system, a
health monitoring system, a teaching
tool and an active (rather than
passive) news provider. In essence,
nano–enabled products are smaller,

relevant main categories (Figure 2) that

nanotechnology is vast. However, there

cheaper, lighter, faster, cleverer and

are loosely based on publicly available

are some critically important sticking

NANO MAGAZINE ISSUE 26 DECEMBER 2012

NANO MAGAZINE ISSUE 26 DECEMBER 2012

Figure 3: Main elements constituting
nanotechnology products on the market
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Nanotechnology
- are we at risk of throwing the baby out with the bathwater?
Many nanotechnologies will have huge

automotive and the military, more

economic benefits for society. However, as

intelligent information is needed. For how

our knowledge increases, it is becoming

safe is a dirt repellent textile containing

obvious that some man made and

nanoparticles? What are the risks

accidental nano by-products are seriously

associated with carbon nanotubes? Do

detrimental to our health. Industry and

benefits outweigh risks? Can the risks be

the public need some clarity. It’s time to

minimised?

bridge the ignorance gap.
Life is a terminal disease, and there is
Whether we like it or not, nano is here to

nothing in this world that does not have

stay. The breakneck growth in new nano

an accompanying risk associated. It is all

nanotechnologies chronicled by Nano

about the scale of risk.

Magazine demonstrates how fast and

Ottilia Saxl, Director, NANO Magazine

wide ranging the rate of discovery is for

On the topic of scale of risk, when

game-changing innovations. The main

we look around at pervasiveness of

packaging: current issues and future

article in this bumper issue for 2012 is

nanotechnology, in manmade products

trends’ weigh up the advantages,

predicated on the growing importance of

and in nature, we can’t help but wonder

challenges and risks of nano-based

nanotechnology to industry. It examines

whether there some areas of particular

packaging.

the ever increasing and wide ranging

danger. According to Dr Antonietta Gatti,

applications, and makes some predictions

in her article ‘Engineered nanoparticles,

Finally, researchers from the Fraunhofer

about their future worth. It is clear that

natural nanoparticles and nanosized

Institute for Mechanics of Materials in

the implications of nano for industrial

by-products’ there certainly are, and

Halle and the Microtribology Centre µTC

products and society in the future are truly

the nanoparticles produced in warfare,

in Karlsruhe understand that for most

staggering.

those created by high temperature

of us, that discriminating between the

metal combustion, and man-made novel

various types of toothpaste available on

However, the word ‘nano’ is just a prefix

nano materials need urgent and special

the market is extremely difficult. They

indicating a dimension of 10-9 metres; and

consideration now, from the long term

have come up with a technique which

within what we call ‘nano’ technologies,

dangers they pose.

they describe in the article: ‘Finding the
best toothpaste: science steps in’ to help

there are actually a rag bag of technologies,
On another theme, as individuals we are

judge which toothpastes clean well, and

always interested, or should be, in what

which best preserve the tooth enamel. So,

It is a reported fact that the majority of

goes into our stomachs. Food packaging

no more shilly shallying in the drug store

the population (and most economists,

based on nanotechnology has implications

about which to choose!

I would expect!) do not understand

for reducing the huge amount of food

nanotechnology, and certainly cannot

wasted between the points of production

Finally, our news items. It is a measure of

differentiate between what might be a

and consumption, (about 30 to 40 % of

the potential of nanotechnology, that each

harmless nano technology, for example

the total). This is an intolerable situation,

month brings a spate of the most exciting

a dairy emulsion, and what might be

especially considering that by 2050 food

innovations and discoveries based on

more sinister, for example, a metallic

production must greatly increase to feed

nanotechnology, and in each issue we aim

nanoparticle. As industry embraces the

the anticipated 9 billion world population.

to select the most exciting. More are to be

potential of the nanoscale, in sectors

Clara Silvestre and her colleagues in

found on our website, which is updated

as diverse as textiles, healthcare, foods,

their article: ‘Nanotechnology in food

with the best of nano news twice a week.

lumped together because of scale.

A huge amount is happening in the nano world, and NANO magazine is seeking
news and articles that would be of interest to a broad community of readers.
Contact us at editor@nanomagazine.co.uk if you believe that some nano
breakthrough, innovation or development deserves a wider audience.
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Events Calendar

Every issue we highlight the leading conferences and summits
where industry experts, academics and policy makers convene.
13th - 15th March 2013

16th - 17th April 2013, Silverstone Circuit, UK

‘Nanotechnology Enables Personalized Medicine’

‘Nanotechnology and Performance Clothing’

Topics covered at
this 4th International
Congress include
novel nanomedical solutions, advances in nanomedicine,
regenerative nanomedicine, nano- bio-technology based
diagnostics, nano- bio-technology based therapy. There will be
thematic sessions on aspects of nanosafety and nanoimaging
technologies in medicine, and an important panel discussion on
‘Nanotechnology in Pharmacy – Future Perspectives?’

This work it!
conference will
examine how
nanotechnology is enabling manufacturers of workwear,
corporate clothing and PPE to incorporate many new attributes
into their products.

A special symposium organized by the European Society for
Artificial Organs, will examine ‘Nanotechnology in Artificial
Organ Support’.
The conference is accompanied by an exhibition.

Presentations cover textiles that alert the wearer to dangers
in the environment, incorporate anti-bacterial elements, are
dirt repellent, antistatic, combine ruggedness with lightweight,
flexibility and heat resistance, protect against the often fatal
effects of electric arc discharge and extreme heat, and even
respond to environmental demands. The conference will
also address the applications of new techniques such as
electrospinning, for creating state-of-the art workwear.

Important Dates: Deadline for poster abstracts: 1 March 2013;
End of online registration: 8 March 2013

For more information and to register for the conference and /
or exhibition, contact: Yvette@workwearshow.com
Chemicals / Custom Manufacture /Tel:
Advanced
Materials
+44
(0) 870 870 4578
Click here for more information and toPerformance
register
Click here for the conference programme
Click here for the exhibition pack
Performance Chemicals / Custom Manufacture / Advanced Materials

Performance Chemicals / Custom Manufacture / Advanced Materials
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Release date: January 2013

New pricing structure is good news for
Single Wall Carbon Nanotube users.

New pricing structure
is good news for
Press release
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Single Wall Carbon Nanotube users

In a move that’s sure to be welcomed by research and development labs, Thomas Swan & Co. Ltd. have announced a
new, improved-value pricing structure for their high quality Elicarb® Single Wall Carbon Nanotubes.
Well-established as pioneers in the sector, Thomas Swan are encouraging growth in the industry with this new pricing
structure – which is designed to open up new opportunities for Single Wall Carbon Nanotube (SWNT) applications.
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In a move that’s sure to be welcomed by research
and development labs, Thomas Swan & Co. Ltd. have
announced a new, improved-value pricing structure
for their high quality Elicarb® Single Wall Carbon
Nanotubes.

“We are excited about the on-going growth of our existing carbon nanotube business which enables us to drive

explore the vast potential of these seamless, carbon
Single Wall
Carbon Nanotube users.
cylinders – with their unique mechanical and electronic

Advanced Materials at Thomas Swan. “We are now keen to broaden the development of new applications and
this pricing change will reduce the barrier to evaluation of our nanotubes by R&D teams and new users.”

Thomas
Swan continues to take the lead in building the supply chain for high quality carbon nanotube products and
properties.
this new, highly competitive pricing of Elicarb® SWNT products will enable smaller volume users to explore the vast

New pricing structure is good news for
Single Wall Carbon Nanotube users.

In aThomas
move that’s
to
be welcomed
by research
and
development
labs, Thomas
& Co. Ltd.
have announced a
Well-established as pioneers in the sector,
Swansure potential
Technical
information
on
all Elicarb®
products
isunique
of these
seamless,
carbon
cylinders
– with their
mechanicalSwan
and electronic
properties.
are encouraging growth in the industry new,
with this
new
available
via the Thomas
Swan
improved-value
pricing structure
for their
highwebsite
qualityat:
Elicarb® Single Wall Carbon Nanotubes.
Technical information on all Elicarb® products is available via the Thomas Swan website at:

pricing structure – which is designed to open up new
www.thomas-swan.co.uk/advanced-materials
www.thomas-swan.co.uk/advanced-materials
Well-established
in the sector, Thomas Swan are encouraging growth in the industry with this new pricing
opportunities for Single Wall Carbon Nanotube
(SWNT) as pioneers
applications.
structure – which is designed
to opencan
upcan
for(0)1207
Single
Wall Carbon
(SWNT)
applications.
Pricing
benew
requested
by calling
or +1 201Nanotube
729 1400 (USA
customers)
Pricinginformation
information
beopportunities
requested
by +44
calling
+44505131
or
by e-mailing
sales@thomas-swan.co.uk
(0)1207
505131
or +1 201 729 1400 (USA customers)
“We are excited about the on-going growth
of
our
“We are excited about the on-going growth of our existing carbon nanotube business which enables us to drive
or byofe-mailing
sales@thomas-swan.co.uk
existing carbon nanotube business which enables us to
Pricing
Elicarb® Multi-Wall
Nanotubes will remain the same.
efficiencies
and
increase
for our customers”
said Andy
Goodwin,
Director of a
a move that’s
sure value
toimproved
befor
welcomed
by
research
andvalue
development
labs, Thomas
Swan
& Co.Commercial
Ltd. have announced
drive improvedIn
efficiencies
and increase
our
Pricing of Elicarb® Multi-Wall Nanotubes will remain the same.
Advanced
Materials
at
Thomas
Swan.
“We are
now keen
to broaden
development
of new applications and
customers” said
Andy
Goodwin,
Commercial
Director
of
new, improved-value pricing structure for their high quality
Elicarb®
Single
Wallthe
Carbon
Nanotubes.
Advanced Materials at Thomas Swan. “Wethis
are now
keen
pricing
change will reduce the barrier to evaluation of our nanotubes by R&D teams and new users.”
to broaden theWell-established
development of newas
applications
and
Further
information contact:
pioneers
in
the
sector, Thomas Swan
are encouraging
growth in the industry with this new pricing
Thomas
Swan continues to take the lead in building the supply chain for high quality carbon nanotube products and
this pricing change will reduce the barrier
to evaluation
Dr. Andy Goodwin
structure
– which
designed
to open
up newpricing
opportunities
for Single
Wall will
Carbon
Nanotube
(SWNT)
applications.
of our nanotubes
by R&D teams
and is
new
users.”
this
new, highly
competitive
of Elicarb®
enable
smaller volume
users
to explore the vast
CommercialSWNT
Director,products
Advanced Materials

potential
of these
carbon cylinders
– with their unique mechanical and electronic properties.
agoodwin@thomas-swan.co.uk
Thomas Swan continues
to take
the lead
in building
the seamless,
“We are
excited
about
the on-going
growth of our existing
carbon nanotube business which enables us to drive
supply chain for high quality carbon nanotube products
Technical
on all Elicarb®
products is available
via the
Thomas Swan
website at:
improved efficiencies
andinformation
increase value
for our customers”
said Andy
Goodwin,
Commercial
Director of
Alternatively, contact Kate Halewood at Rowan Marketing:
www.thomas-swan.co.uk/advanced-materials
Advanced Materials at Thomas Swan. “We are now keen to broaden the development of new applications and
+44 (0)1829 771772
this pricing change
willinformation
reduce thecan
barrier
to evaluation
of+44
our(0)1207
nanotubes
byorR&D
teams
and new
Pricing
be requested
by calling
505131
+1 201
729 1400
(USAusers.”
customers)
kate.halewood@rowanmarketing.co.uk

or by
e-mailing sales@thomas-swan.co.uk
NANO MAGAZINE ISSUE 26 DECEMBER
2012

Thomas Swan continues to take the lead
in building
the supply
chainMaterials
for high Division.
quality carbon nanotube products and
About
Thomas Swan
Advanced
Pricing of Elicarb®
Multi-Wall
Nanotubes
will remain
the same.
this new, highly competitive
pricing
ofThomas
Elicarb®
SWNT
products
enable
smaller
volume
users
to explore
the
vast
Swan Advanced
Materials
Divisionwill
is dedicated
to the
supply of high
performance
materials
which deliver
value
for our
customers in –
new
and emerging
markets, from
printable electronics,
devices and
energy storage to advanced coating and
potential of these seamless, carbon cylinders
with
their unique
mechanical
andmemory
electronic
properties.

5

NEWS

Fabrics from flexible
silicon solar cells
now a possibility
A silicon-based optical fiber with solarcell capabilities has been developed
that has been shown to be scalable to
many meters in length. The research
opens the door to the possibility of
weaving together solar-cell silicon
wires to create flexible, curved or
twisted solar fabrics. The findings by
an international team of chemists,
physicists and engineers, led by John
Badding, a professor of chemistry
at Penn State, build on earlier work
addressing the challenge of merging
optical fibers with electronic chips silicon-based integrated circuits that
serve as the building blocks for most
semiconductor electronic devices

Left: A cross-sectional image of the new silicon-based optical fiber with solar-cell capabilities. Shown are layers, labeled n+, i and p+,
that have been deposited inside the pore of the fiber. Right: A coiled strand of a meter-long solar-cell junction fiber, thinner than the
width of a human hair.

such as solar cells, computers and cell

extend high-performance electronic

using an expensive piece of equipment

phones.

and solar-cell function to longer lengths

called a PECVD (plasma-enhanced

and to more flexible forms. We already

chemical vapor deposition) reactor

Rather than merge a flat chip with a

have made meters-long fibers but,

and the end result is something flat

round optical fiber, the team found a

in principle, our team’s new method

with little flexibility. But woven, fiber-

way to build a new kind of optical fiber

could be used to create bendable silicon

based solar cells would be lightweight,

- which is thinner than the width of a

solar-cell fibers of over 10 meters in

flexible configurations that are portable,

human hair - with its own integrated

length,” Badding said. “Long, fiber-

foldable and even wearable. This

electronic component, thereby

based solar cells give us the potential

material could then be connected to

bypassing the need to integrate fiber-

to do something we couldn’t really do

electronic devices to power them and

optics with chips. To do this, they used

before: We can take the silicon fibers

charge their batteries. The military

high-pressure chemistry techniques

and weave them together into a fabric

especially is interested in designing

to deposit semiconducting materials

with a wide range of applications such

wearable power sources for soldiers in

directly, layer by layer, into tiny holes in

as power generation, battery charging,

the field.

optical fibers.

chemical sensing and biomedical
devices.”

The team members believe that another
advantage of flexibility in solar-cell

Now, in their new research, the team
members have used the same high-

One of the major limitations of portable

materials is the possibility of collecting

pressure chemistry techniques to

electronics such as smartphones and

light energy at various angles. “A

make a fiber out of crystalline silicon

iPads is short battery life. Solar-boosted

typical solar cell has only one flat

semiconductor materials that can

batteries could help solve this problem.

surface,” Badding said. “But a flexible,

function as a solar cell - a device

A solar cell is usually made from a

curved solar-cell fabric would not be

that can generate electrical power by

glass or plastic substrate onto which

as dependent upon where the light is

converting solar radiation into direct-

hydrogenated amorphous silicon has

coming from or where the sun is in the

current electricity. “Our goal is to

been grown. Such a solar cell is created

horizon and the time of day.”

Click here for more information
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Study shows nano
zinc absorption in
sunscreens is very small
By Bianca Nogrady
The amount of zinc absorbed into
the bloodstream from nanoparticle
sunscreen is a tiny fraction of
that naturally present in the body,
according to an Australian study. CSIRO
researchers, led by Dr Maxine McCall,
conducted a trial in a typical beach
setting where volunteers applied a
controlled amount of zinc oxide ‘nanosunscreen’ to their skin over five days.
The sunscreen was designed so the zinc
could be distinguished from natural
levels of zinc, which is considered an
essential mineral in the human body.
“The levels we found in blood were
very small,” says McCall, a research
consultant on nano-safety at CSIRO.
“After applications over five days, the
levels of the tracer zinc in the blood
were one thousandth of what are the
naturally-occurring total zinc levels in
the blood.”
However the study was unable to
determine whether the zinc in the blood
stream was in nanoparticulate form
or dissolved. Study samples had to be
treated before analysis, which meant
any nanoparticles in the blood and

“After applications over five days, the
levels of the tracer zinc in the blood
were one thousandth of what are the
naturally-occurring total zinc levels in
the blood.”

urine samples would have dissolved
beforehand. “If it’s dissolved zinc, there’s

included gender differences in skin

dissolved form bound to proteins or as

absolutely no issue because even if

chemistry and response to ultraviolet

nanoparticles in hair follicles on the skin.

more comes in over a lifetime of use,

light, or differences in the amount of hair

zinc levels are well controlled in the

on the back where the sunscreen was

Coordinator of the NanoSafe Australia

human body so it would be urinated

applied.

network Associate Professor Paul Wright
from RMIT University says people need

out or excreted or stored in proteins
as dissolved zinc,” McCall says. “If it’s

They also found evidence that the zinc is

to weigh up the known risk of excessive

nanoparticles of zinc oxide coming in,

retained in the blood, as the levels of zinc

UV light exposure causing skin cancer,

we don’t know what the consequences

continued to rise for up to six days after

and the perceived risk of using nano-

would be.” The study found that women

final application of the nano-sunscreen.

sunscreens such as zinc oxide, which

had higher levels of zinc in their blood

This suggested the zinc was being

was the most effective, broad spectrum

than men. Possible explanations

stored somewhere in the body, either in

sunscreen.

Click here for more information
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Chemical link found for
hearing and balance
Researchers have mapped the precise
3-D atomic structure of a thin protein
filament critical for cells in the inner
ear and calculated the force necessary
to pull it apart. A group led by David
Corey, Harvard Medical School
professor of neurobiology, and Rachelle
Gaudet, professor of molecular and
cellular biology in the Faculty of Arts
and Sciences at Harvard revealed the
characteristics of the most vulnerable
area of a structure called the tip link.
Their findings open avenues for
research in fields related to noiseinduced hearing loss and certain
genetic diseases.
“Tip links are absolutely vital to hair
cells, and hair cells are absolutely vital
for hearing and balance,” said Corey.

Pictured are inner ear hair cells that convert a mechanical stimulus-like sound or head movement into neural signals.

“We now have this new understanding

To test this, Marcos Sotomayor, first

mediated by calcium ions, as had been

of how noise can break a tip link and

author on the paper and a postdoctoral

hypothesized, but it showed an intimate

potentially cause a hearing problem.”

researcher in the lab of David Corey,

and extended interface not seen before

The sensations of hearing and balance

investigated the structure of that bond.

in cadherin-cadherin bonding. With

rely on hair cells, a family of cells

He first synthesized and purified a

this precise 3-D structure, the team

located in the inner ear. Crucial to

large amount of the very ends of the

used supercomputers to simulate the

their function are tip links, strings of

proteins, where they connect. After

dynamics of these proteins under a

protein that physically connect the

crystallizing the purified proteins bound

variety of conditions, including applying

cilia or “hairs” found on these cells.

to each other, the team took advantage

forces to pull the bond apart. They

When the cilia move in response to

of powerful X-rays generated by a

found that it takes only half as much

sensory stimuli — head movement or

3000-foot long electron accelerator at

force to break the connection as it does

the vibration of sound, for example —

Argonne National Laboratory. When

to unfold the cadherins themselves —

tension is applied to the tip links, which

X-ray light passes through a highly

confirming that the bond is indeed the

begins a process that ultimately sends

ordered crystal, it creates a regular

weakest region of the tip link.

nerve impulses to the brain.

diffraction pattern that can be used
to reveal the structure of the proteins

They suggest the tip link is strong

Tip links are composed of two different

forming the crystal. Sotomayor

enough to withstand normal sound,

types of proteins called cadherins,

analyzed the diffraction pattern

but the connection is likely the first

which connect in the middle to make

generated at Argonne and coupled it

to break under loud noises. They also

one long string. Mutations in these

with biochemical data. From this, he

showed how certain mutations that

proteins often result in congenital

created a complete 3-D map of the

produce deafness could weaken the

deafness and balance disorders.

structure of bonded region, down to the

bond, perhaps allowing it to come

Scientists have only recently made

position of each individual atom.

apart even with quiet sound. The group
plans to characterize tip-link structure

strides toward understanding the
nature of these cadherins, especially

The map revealed that the two

further, moving on to other parts such

at their connection to each other —

different cadherins bonded like two

as where the cadherins link to tension-

hypothesized to be the first area to

hands gripping each other’s wrists.

activated ion channels at the tips of the

break under stress.

This molecular handshake was not

hair cells’ cilia.

Click here for more information
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The ultimate biosensor
– a world first!
Norwegian researchers have developed
the world’s first sensor capable of
measuring individual particles in a blood
sample. This innovation is poised to
cause a sensation in the medical world.
Blood contains several hundred different
proteins that can give us a picture of our
general health – and provide information
about the condition of our heart or the
presence of cancer. Currently, a blood
sample can only be analysed for five or

The illustration shows how the blood
sample is pumped through the photonic
crystals. “The right” molecules are
trapped and analyzed. (INTEF ICT)

six indicators, such as blood percentages,
blood sugar and infections. For other

the photonic crystal from behind. That

ensure that they measure what they are

tests, the sample must be sent to a central

way, we can amplify the intensity of

supposed to measure. The sensors must

laboratory for analysis, and it can often

light within the membrane by many

be able to differentiate between two

take as long as a week to get the results.

hundred fold. The crystal is impervious

particles, and select only those particles

to light: all light is reflected and nothing

that have been specified (specificity).

Four years ago, SINTEF began a joint

gets through. Viewed from behind,

The SINTEF researchers have improved

project with Stanford University in the

therefore, the crystal looks like the dark

their sensor’s sensitivity a million fold

USA and the University of Oslo (UiO).

night sky. However, each particle that is

compared with ordinary sensors. They

The aim was to build a sensor that

captured becomes trapped in a hole in

can now measure particles down to 20

could improve sensitivity a million fold,

the membrane and allows some light to

nanometres.

making it possible to measure individual

leak through – giving it the appearance

particles in the blood, including proteins

of a star in the sky,’ says Johansen. ‘Our

‘Many proteins relevant to diagnosis

at extremely low concentrations, as

breakthrough came with this opportunity

are in this size range, but many others

well as DNA and RNA (ribonucleic acid)

to see these microscopic particles.’

are even smaller. We can currently
detect individual molecules of the larger

molecules.
Currently, medical laboratories measure

proteins. We can also detect smaller

The result is a new nano-particle sensor.

proteins to detect imbalances in the

protein molecules, but not individually,

The sensor comprises a thin silicon

body that occur when an infection

i.e. we need more protein molecules

membrane – about three hundred

is present. The new sensor can take

before we can detect them with our

times thinner than a single hair. It is

these analyses much further. SINTEF’s

sensor. However, the aim is to perfect

perforated with hundreds of small holes

chemists are trying to attach receptors to

the sensor’s architecture so that in

arranged in a regular pattern. ‘We call

the wall of each of the perforations in the

the long term we will also be able to

these structures photonic crystals, and

membrane (biofunctionalisation). When

detect individual molecules of even the

the same structures occur naturally in

blood is pumped through, the receptors

smallest proteins,’ says Michal Mielnik.

the wings of some butterflies,’ says Ib-

trap very specific molecules, depending

The researchers have also discovered a

Rune Johansen at SINTEF ICT. Like his

on what the scientists are looking for.

high specificity method, as well as their

colleagues Jon Olav Grepstad and Michal

Because the sensor/membrane has many

exceptional specificity method. Patent

Mielnik, he believes that they are not

perforations, they can specify a wide

applications have been filed for both

exaggerating when they claim that this is

range of different proteins. It will thereby

discoveries.

“the ultimate bio-sensor – at the cutting

be possible to detect illnesses such as

edge of nanotechnology”.

prostate and ovarian cancer in their very

As well as its impact on medicine, the

early stages.

sensor is likely to make it possible to
count and define limits for naturally

One of the properties of the crystal
is that it amplifies parts of the light

Work on biosensors faces two challenges.

occurring harmful nanoparticles. It will

spectrum. ‘When we are looking for

The first is to make the sensors

be possible to monitor the quality of

particles in blood samples, we illuminate

sufficiently sensitive. The second is to

water, air and food.

Click here for more information
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Light focusing device
with applications in nextgeneration computing
Engineers at the California Institute

the photons interact with electrons

of Technology (Caltech) have created a

at the interface between the gold and

device that can focus light into a point

the silicon dioxide. Those electrons

just a few nanometers across.

oscillate, and the oscillations propagate
along the device as waves, similarly to

Because light can carry greater amounts

how vibrations of air molecules travel

of data more efficiently than electrical

as sound waves. Because the electron

signals traveling through copper wires,

oscillations are directly coupled with the

today’s technology is increasingly

light, they carry the same information

based on optics. The world is already

and properties, and they therefore serve

connected by thousands of miles of

as a proxy for the light.

optical-fiber cables that deliver email,
images, and videos. As we all produce

Instead of focusing the light alone,

and consume more data, computers

which is impossible due to the

and communication networks must

diffraction limit, the new device focuses

be able to handle the deluge of

these coupled electron oscillations,

information. Focusing light into tinier

called surface plasmon polaritons

spaces can squeeze more data through

(SPPs). The SPPs travel through the

optical fibers and increase bandwidth.

waveguide and are focused as they go

Moreover, by being able to control light

through the pointy end. Because the

good building block for many potentially

at such small scales, optical devices can

new device is built on a semiconductor

revolutionary engineering applications,”

also be made more compact, requiring

chip with standard nanofabrication

says Myung-Ki Kim, a postdoctoral

less energy to power them. But focusing

techniques, it is easy integrate with

scholar and the other lead author of the

light to such minute scales is inherently

today’s technology. Previous on-chip

paper. For example, one application is

difficult. Once you reach sizes smaller

nanofocusing devices were only able

to turn this nanofocusing device into

than the wavelength of light - a few

to focus light into a narrow line. They

an efficient, high-resolution biological-

hundred nanometers in the case of

also were inefficient, typically focusing

imaging instrument. A biologist can

visible light- you reach what’s called

only a few percent of the incident

dye specific molecules in a cell with

the diffraction limit, and it’s physically

photons, with the majority absorbed

fluorescent proteins that glow when

impossible to focus the light any further.

and scattered as they traveled through

struck by light. Using the new device,

the devices. With the new device, light

a scientist can focus light into the cell,

But now the Caltech researchers, co-

can ultimately be focused in three

causing the fluorescent proteins to

led by assistant professor of electrical

dimensions, producing a point a few

shine. Because the device concentrates

engineering Hyuck Choo, have built a

nanometers across, and using half of

light into such a small point, it can

new kind of waveguide, a tunnel-like

the light that’s sent through. (Focusing

create a high-resolution map of those

device that channels light, getting

the light into a slightly bigger spot, 14

dyed molecules. Light can also travel

around this natural limit. The waveguide

by 80 nanometers in size, boosts the

in the reverse direction through the

is made of amorphous silicon dioxide,

efficiency to 70 percent). The key feature

nanofocuser: by collecting light through

similar to common glass, and is covered

behind the device’s focusing ability

the narrow point, the device turns into a

in a thin layer of gold. Just under two

and efficiency is its unique design and

high-resolution microscope.

microns long, the device is a rectangular

shape.
The device can also lead to computer

box that tapers to a point at one end.
As light is sent through the waveguide,

“Our new device is based on

hard drives that hold more memory

fundamental research, but we hope it’s a

via heat-assisted magnetic recording.

Click here for more information
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Normal hard drives consist of rows of
tiny magnets whose north and south
poles lay end to end. Data is recorded by
applying a magnetic field to switch the
polarity of the magnets.

New technique for
visualising blood flow

Smaller magnets would allow more
memory to be squeezed into a disc of a

Stanford scientists have developed a fluorescence imaging technique that allows

given size. But the polarities of smaller

them to view the pulsing blood vessels of living animals with unprecedented

magnets made of current materials are

clarity. Compared with conventional imaging techniques, the increase in sharpness

unstable at room temperature, causing

is akin to wiping fog off your glasses. The technique, called near infrared-II

the magnetic poles to spontaneously

imaging, or NIR-II, involves first injecting water-soluble carbon nanotubes into

flip—and for data to be lost. Instead,

the living subject’s bloodstream. It will allow researchers to better study arterial

more stable materials can be used—

diseases and therapies.

but those require heat to record data.
The heat makes the magnets more

The researchers then shine a laser (its

susceptible to polarity reversals.

light is in the near-infrared range, a

Therefore, to write data, a laser is

wavelength of about 0.8 micron) over

needed to heat the individual magnets,

the subject; in this case, a mouse. The

allowing a surrounding magnetic field to

light causes the specially designed

flip their polarities.

nanotubes to fluoresce at a longer
wavelength of 1-1.4 microns, which is

Today’s technology, however, can’t

then detected to determine the blood

focus a laser into a beam that is narrow

vessels’ structure.

enough to individually heat such tiny
magnets. Indeed, current lasers can

That the nanotubes fluoresce at

only concentrate a beam to an area 300

substantially longer wavelengths than

nanometers wide, which would heat the

conventional imaging techniques is

target magnet as well as adjacent ones—

critical in achieving the stunningly clear

possibly spoiling other recorded data.

images of the tiny blood vessels: longer
wavelength light scatters less, and thus

Because the new device can focus

creates sharper images of the vessels.

light down to such small scales, it can

Another benefit of detecting such long

heat smaller magnets individually,

wavelength light is that the detector

making it possible for hard drives to

registers less background noise since

pack more magnets and therefore more

the body does not does not produce

memory. With current technology,

autofluorescence in this wavelength

discs can’t hold more than 1 terabyte

range.

These images of a mouse’s blood vessels show the difference
in resolution between traditional near-infrared fluorescence
imaging (top) and Stanford’s new NIR-II technique (bottom).

(1,000 gigabytes) per square inch. A
nanofocusing device can bump that

In addition to providing fine details,

to 50 terabytes per square inch. Then

the technique – developed by Stanford

penetrate a centimeter, at most, into

there’s the myriad of data-transfer

scientists Hongjie Dai, professor of

the body, it won’t replace other imaging

and communication applications, the

chemistry; John Cooke, professor of

techniques for humans, but it will be a

researchers say. As computing becomes

cardiovascular medicine; and Ngan

powerful method for studying animal

increasingly reliant on optics, devices

Huang, acting assistant professor of

models by replacing or complementing

that concentrate and control data-

cardiothoracic surgery – has a fast image

X-ray, CT, MRI and laser Doppler

carrying light at the nanoscale will be

acquisition rate, allowing researchers to

techniques.

essential, and ubiquitous; and a similar

measure blood flow in near real time.
The next step for the research, and one

kind of device may be found inside a
The ability to obtain both blood flow

that will make the technology more

information and blood vessel clarity

easily accepted for use in humans,

The next step is to optimize the

was not previously possible, and will

is to explore alternative fluorescent

design and to begin building imaging

be particularly useful in studying

molecules, Dai said. “We’d like to find

instruments and sensors. The device

animal models of arterial disease, such

something smaller than the carbon

is versatile enough that relatively

as how blood flow is affected by the

nanotubes but that emit light at the

simple modifications could allow it

arterial blockages and constrictions that

same long wavelength, so that they can

to be used for imaging, computing, or

cause, among other things, strokes and

be easily excreted from the body and we

communication.

heart attacks. Because NIR-II can only

can eliminate any toxicity concerns.”

computer in the not-too-distant future.

Click here for more
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Electrically spun fabric
offers dual defense against
pregnancy and HIV
A University of Washington team

field it stretches to create thin fibers

at different times to increase their

has developed a versatile platform to

measuring 100 to several thousand

potency, like the prime-boost method

simultaneously offer contraception

nanometers that whip through the air

used in vaccines.

and prevent HIV. Electrically spun

and eventually stick to a collecting. The

cloth with nanometer-sized fibers can

final material is a stretchy fabric that

The electrospun cloth could be inserted

dissolve to release drugs, providing

can physically block sperm or release

directly in the body or be used as

a platform for cheap, discrete and

chemical contraceptives and antivirals.

a coating on vaginal rings or other

reversible protection.

“This method allows controlled release

products. Electrospinning has existed

of multiple compounds,” Ball said. “We

for decades, but it’s only recently been

“Our dream is to create a product

were able to tune the fibers to have

automated to make it practical for

women can use to protect themselves

different release properties.”

applications such as filtration and tissue

from HIV infection and unintended

engineering. This is the first study to

pregnancy,” said corresponding author

use nanofibers for vaginal drug delivery.

Kim Woodrow, a UW assistant professor

While this technology is more discrete

of bioengineering. “We have the drugs to

than a condom, and potentially more

do that. It’s really about delivering them

versatile than pills or plastic or rubber

in a way that makes them more potent,

devices, researchers say there is no

and allows a woman to want to use it.”

single right answer.

Electrospinning uses an electric field

So are people going to actually use

to catapult a charged fluid jet through

it? That’s where having multiple

air to create very fine, nanometer-scale

options really comes into play, say the

fibers. The fibers can be manipulated

researchers. Depending on cultural
background and personal preferences,

to control the material’s solubility,
strength and even geometry. Because
of this versatility, fibers may be better
at delivering medicine than existing

Image: Kim Woodrow, UW
Fibers stick to a hard surface (top) and then can be removed to
create a hollow ring (bottom left). Bottom right shows a closeup
of the tiny fibers.

certain populations may differ in terms
of what form of technology makes the
most sense for them.”

technologies such as gels, tablets or
pills. No high temperatures are involved,

One of the fabrics they made dissolves

The team is focusing on places like

so the method is suitable for heat-

within minutes, potentially offering

Africa where HIV is most common, but

sensitive molecules. The fabric can

users immediate, discrete protection

the technology could be used in the U.S.

also incorporate large molecules, such

against unwanted pregnancy and

or other countries to offer birth control

as proteins and antibodies that are

sexually transmitted diseases. Another

while also preventing one or more

hard to deliver through other methods.

dissolves gradually over a few days,

sexually transmitted diseases. They will

At a lab meeting last year, Woodrow

providing an option for sustained

use the new Gates Foundation grant to

presented the concept, and co-authors

delivery, more like the birth-control

evaluate the versatility and feasibility of

Emily Krogstad and Cameron Ball, both

pill, to provide contraception and

their system. The group will hire more

first-year graduate students, pursued

guard against HIV. The fabric could

research staff and buy an electrospinning

the idea.

incorporate many fibers to guard against

machine to make butcher-paper sized

many different sexually transmitted

sheets. The expanded team will spend

They first dissolved FDA-approved

infections, or include more than one

a year testing combinations that deliver

polymers and antiretroviral drugs

anti-HIV drug to protect against drug-

two antiretroviral drugs used to treat HIV

used to treat HIV to create a gooey

resistant strains (and discourage drug-

and a hormonal contraceptive, and then

solution that passes through a syringe.

resistant strains from emerging). Mixed

six months scaling up production of the

As the stream encounters the electric

fibers could be designed to release drugs

most promising materials.

Click here for more information
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Detecting failure
in composite
materials – with
many engineering
applications

New catalyst
offers route to a
long-life fuel cell
for mobile devices
A new catalyst
developed by
a team led
by Oxford
University
scientists
could be the key to creating small, longlasting fuel cells for powering mobile
devices. The catalyst can directly convert
methanol into hydrogen at the relatively
low temperature of 150 degrees Celsius

A German research team has now developed a new concept to design so-called

and, crucially, generates no detectable

self-reporting composite materials. The concept utilizes zinc oxide tetrapod

amount of carbon monoxide (CO) – a

crystals as a filler material for composites which at the same time reveals

poison that damages fuel cells and gives

material failure by a visual signal under UV light. The new concept may solve

them a short lifespan.

many engineering problems as numerous fields from vehicle construction to
medical engineering are actively seeking new composite materials for high-strain

The research demonstrates how a catalyst

applications.

made of copper nanoparticles trapped in
zinc gallium oxide can produce CO-free

“The luminescent features of zinc oxide

Composite

hydrogen which could be fed directly

tetrapod crystals are well established.

polymer

into a proton exchange membrane (PEM)

According to our work hypothesis, these

materials are

fuel cell. Such a system could be ideal for

characteristics showed pronounced

used in diverse

generating ‘energy on the go’ to power

variations under a mechanical load,

fields from

devices such as mobile phones, MP3

and we realised that it could help to

dental implants

players, and laptops, where both space

detect internal damages of composite

to spacecrafts.

materials”, says Dr. Yogendra Mishra of

They are

Kiel University’s Technical Faculty.

made from
two or more

and heat management are an issue.
Picture of zinc oxide tetrapods
taken by scanning electron
microscope. Copyright 2012,
Wiley.

‘There has been a huge effort to identify
a promising catalyst for this reaction to

In one experiment, the scientists added

constituent

supply high quality hydrogen for vehicle

zinc oxide tetrapod shaped crystals to a

materials

fuel cells but the demand for power from

silicone (polydimethylsiloxane) polymer

with different

a vehicle is high, over 100KW, and so far

and tested its general properties. They

properties such

these efforts have been unsuccessful,’

found that the resulting composite

as silicone

said Professor Edman Tsang of Oxford

material is on the one hand stronger

and zinc

University’s Department of Chemistry,

than silicon and on the other hand

oxide crystals

lead author of the report. ‘What we have

emits light in different colours when

which together

exposed to UV light. When the material

render better

is subjected to mechanical stress

properties. On

and ultraviolet light, the intensities

demands, they

of the emitted lights and thus the

can be designed

that only need from 0.5 to 100W. It can

colour changes. The micro-nano sized

to be light-weight, mechanically

produce hydrogen gas for such fuel cells

crystals give a visual warning when

robust and still inexpensive. Professor

without the problem of also producing

the composite material is about to

Rainer Adelung, leader of the study,

carbon monoxide, which is poisonous to

fail under stress. The alteration of the

says: “Zinc oxide crystals seem

fuel cells systems.’

luminescent characteristics of defined

to be an excellent component to

semiconductor microstructures under

design numerous specific composite

It is thought to be the first time a process

load – as we could show for zinc oxide

materials – also for constructions

has been shown to generate useful

tetrapods – might be also interesting for

in which instability can cause fatal

amounts of CO-free hydrogen at such a

many other phosphor material systems.

accidents.”

low temperature.

Click here for more information
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When the composite is exposed
to UV light and to mechanical
stress at the same time, the
amount of green light reflected
by the zinc oxide tetrapods
changes. Copyright 2012, Wiley.

found is that although the activity of
our catalyst is still very low for vehicle
applications it is sufficient to power
up small fuel cells for mobile devices

Click here for more
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Revolutionary discovery set to speed
up semiconductor manufacturing
A completely new method of

This means that the accepted concepts

manufacturing the smallest

really were turned upside down!”, said

structures in electronics could make

Lars Samuelson.

their manufacture thousands of
times quicker, allowing for cheaper

Since then, the technology has been

semiconductors. Instead of starting

refined, patents have been obtained and

from a silicon wafer or other substrate,

further studies have been conducted.

as is usual today, researchers have

In the article in Nature, the researchers

steel or another material suited to the

made it possible for the structures

show how the growth can be controlled

purpose. The reason why no one has

to grow from freely suspended

using temperature, time and the size of

tested this method before, in the view

nanoparticles of gold in a flowing gas.

the gold nanoparticles. Recently, they

of Professor Samuelson, is that today’s

have also built a prototype machine with

method is so basic and obvious. Such

Behind the discovery is Lars Samuelson,

a specially built oven. Using a series of

things tend to be difficult to question.

Professor of Semiconductor Physics at

ovens, the researchers expect to be able

Lund University, Sweden, and head of

to ‘bake’ the nanowires, as the structures

However, the Lund researchers have

the University’s Nanometre Structure

are called, and thereby develop multiple

a head start thanks to their parallel

Consortium. He believes the technology

variants, such as p-n diodes.

research based on an innovative method

Aerotaxy production process

in the manufacture of nanowires on

will be ready for commercialisation in
two to four years’ time. A prototype for

A further advantage of the technology

semiconductor wafers, known as

solar cells is expected to be completed in

is avoiding the cost of expensive

epitaxy – consequently, the researchers

two years.

semiconductor wafers. “In addition, the

have chosen to call the new method

process is not only extremely quick, it is

aerotaxy. Instead of sculpting structures

“When I first suggested the idea of

also continuous. Traditional manufacture

out of silicon or another semiconductor

getting rid of the substrate, people

of substrates is batch-based and is

material, the structures are instead

around me said ‘you’re out of your

therefore much more time-consuming”,

allowed to develop, atomic layer by

mind, Lars; that would never work’.

adds Lars Samuelson.

atomic layer, through controlled selforganisation. The structures are referred

When we tested the principle in one
of our converted ovens at 400°C, the

At the moment, the researchers are

to as nanowires or nanorods. The

results were better than we could have

working to develop a good method to

breakthrough for these semiconductor

dreamt of. The basic idea was to let

capture the nanowires and make them

structures came in 2002 and research on

nanoparticles of gold serve as a substrate

self-assemble in an ordered manner on

them is primarily carried out at Lund,

from which the semiconductors grow.

a specific surface. This could be glass,

Berkeley and Harvard universities.

Click here for more information

Gold nanoparticles can turn hair
from grey to brown – from inside
Gold nanoparticles are a hot topic, and

hair, inspired by the ancient Greeks’

scientists are exploring their uses,

and Romans’ use of another metal,

ranging from electronics and sensors

lead, to colour their hair. They describe

to medical diagnostic tests and cancer

the first synthesis of fluorescent gold

treatments. Gold nanoparticles have

nanoparticles inside human hair.

been deposited on hair for use as

It involved soaking white hairs in a

electrodes, and gold nanoparticles

solution of a gold compound. The hairs

have been used to dye wool.

turned pale yellow and then darkened

Gold nanoparticles darken hair after treatment for one day,
centre, and 16 days, right (untreated hairs, left). Image: ACS.

to a deep brown. Using an electron

the hairs’ central core cortex. The

Philippe Walter and colleagues in

microscope, the scientists confirmed

colour remained even after repeated

France looked at a new use — dyeing

that the particles were forming inside

washings.

Click here for more information
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Nanotechnology
in Food Packaging
- Current issues and future trends
Clara Silvestre, Marilena Pezzuto, Donatella Duraccio and Sossio Cimmino

Introduction
Since its beginnings in the 19th century
with the invention of canning, food
packaging has made great advances as
results of technological improvements.
Modern food science and technology
has extended and refined traditional
packaging methods and added new
ones. Moreover, with the move toward
globalization, safety and longer shelf
life is mandatory, along with safety
and quality monitoring based upon
international standards. Nanotechnology,
the manipulation of matter at the
nanoscale, can address all these
requirements and implement the
principal packaging functions.
Packaging based on nanotechnology,
increasing the performance of the
packaging, can also contribute to reducing
the huge amount of food lost between the
points of production and consumption,
(about 30 to 40 % of the total) that can
not be tolerated, especially considering
that by 2050 food production must greatly
increase to feed the anticipated 9 billion
world population (FAO 2009). In addition,
as resource conservation is becoming

nanomaterials is also contingent upon the

methods (for examples thermal / non

increasingly critical, food manufacturing

way this emerging technology is handled

thermal processing methods, irradiation

systems must become more efficient, use

by the regulatory agencies.

etc) should be taken into account.

less energy and generate less waste.
The properties of polymer nanomaterials,

Good dispersion and distribution of

Nanotechnology can address these

and the improvements they offer with

nanoparticles in the polymer matrix

additional challenges provided that

respect to traditional composites,

are the key factors in these improved

the enormous potential benefits are

depend on the structure and morphology

materials, and several methodologies have

weighed against the potential risks of

developed during the processing

been applied to ensure a homogeneous

the nanomaterials, mainly regarding

process, in particular the dispersion and

morphology, such as the modification

nanomaterial migration from package

distribution of nanoparticles in the matrix,

of the nanoparticle surfaces and /or

to food, and potential interaction of

the interfacial adhesion. Moreover it has

the polymer, the optimization of the

the nanomaterial with the human

been shown that in order to select the best

processing conditions and the use of

body. The future of packaging based on

packaging materials, the food processing

interfacial agents.
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Innovative
food packaging
solutions

materials and savings in transportation,

For the final consumers, the first concern

storage and recycling, elimination of

is to verify the extent of migration of

secondary processes, such as laminations

nanoparticles from the package into

and surface finishing, and reduction in

the food, and then if this migration

machine cycle time -reducing production

happens, the effect of ingestion of these

times.

nanoparticles and how these particles
will act when they get into the body.

Packaging performs a series of different
functions: containment, protection

Active PNFP are intended to maintain or

Few studies are present in the literature

and preservation, marketing and

improve the condition of packaged food.

on the migration of nanoparticles

communication. The use of polymer

The presence of nanoparticles allows

from packaging to food, and on the

nanotechnology can extend and

packages to interact with food and the

risk assessment of nanomaterials

implement all these functions. This is the

environment and play an active role in

after ingestion. For TiO2, Ag and C

reason why many of the world’s largest

food preservation. They are designed to

nanoparticles / nanotubes, it was shown

food packaging companies are actively

deliberately incorporate components

that nanoparticles can enter circulation

exploring the potential of nanotechnology

that would release or absorb substances

from the gastro-intestinal tract. These

to obtain new food packaging materials

into or from the packaged food or the

processes are likely to depend on

with improved properties, and the ability

environment surrounding the food.

physical-chemical properties of the

to trace and monitor the condition of food

Polymer nanocomposites incorporating

nanoparticles and on the physiological

during transport and storage.

metal or metal oxide nanoparticles have

state of the organs of entry. After the

been developed for antimicrobial “active”

nanoparticles have reached the blood

Three main applications for polymer

packaging, abrasion resistance, UV

circulation, the liver and the spleen are

nanomaterials for food packaging (PNFP)

absorption and/or strength.

the two major target organs. For certain
nanoparticles all organs may be at risk

are recognised: “Improved” PNFP; “Active”
PNFP and “Intelligent/Smart” PNFP.

Intelligent /smart PNFP are intended to

including the brain, the reproductive

monitor the condition of packaged food

system and the foetus in utero.

Improved PNFP. The possibility to improve

and/or the environment surrounding the

the performances of polymer for food

food. Nanodevices in the polymer matrix

packaging by adding nanoparticles has

can monitor the condition of packaged

led to the development of a variety of

food or the environment surrounding

polymer nanomaterials. Improved PNFP

the food. Nanoscale-sensing devices can

are actually developed mainly to improve

enable the food to be traced back to its

barrier performance in relation to gases

origin, with time-temperature control and

such as oxygen and carbon dioxide and

detect the presence of harmful bacteria in

water vapor.

the food. These nano sensors can also act

As developments in nanotechnology

as a guard against fraudulent imitation,

continue to emerge, its applicability

and tampering.

to the food packaging industry is

Polymers incorporating clay nanoparticles

Regulatory
compliance for
PNFP

are among the first polymer

sure to increase. The success of the

nanomaterials to emerge on the market

advancements will be strictly dependent

as improved nano materials for food
packaging, and it was shown that the
presence of nanofillers in a polymer

Risks and benefits
of the use of PNFP

matrix affects the barrier properties,

on exploration of regulatory issues. The
majority of legislations dealing with
nanotechnologies tend to be cautious
towards potential risks posed by the

creating a tortuous path and modifying

Although PNFP is high performance,

new applications. Draft guidance has

the barrier characteristics of polymer

there is a reluctance to embrace this new

been prepared by the FDA in June 2011,

matrix.

technology due to cost and drawbacks in

intended for manufacturers, suppliers,

the production. The use of PNFP is also

importers and other stakeholders. It states

Several clay fillers are used for obtaining

posing concerns on the health about

that there is a critical need to learn more

improved clay–polymer nanomaterials.

indirect sources of food contamination by

about the potential role and importance

The nanoclay mineral generally used in

nanoparticles. The main risk of consumer

of dimensions in the characteristics

these nanomaterials is montmorillonite,

exposure to nanoparticles from food

exhibited by engineered nanomaterials

which is a relatively cheap and widely

packaging is likely to be through potential

that may be used in products regulated

available natural clay derived from

migration of the nanoparticles into food

by FDA. The conclusion of this document

volcanic ash/rocks. The current industrial

and drinks. Moreover the penetration

reports that nanomaterials should not

applications of nanoclay in multilayer

of new products in the market is also

be deemed or identified as intrinsically

film packaging include beer bottles,

driven by the consumer perception.

benign or harmful in the absence of

carbonated drinks and thermoformed

Appropriate information on risk/benefit

supporting scientific evidence, and

containers.

assessment, as well as standardization

regulatory action should be based on such

in specific areas can vitally contribute

scientific evidence.

The incorporation of nanoclays into

to the effective dissemination of new

packaging offers several additional

knowledge, turning scientific curiosities

In general, however, and consistent with

advantages, such as reduction in raw

into industrial powerhouses.

law, regulation should be based on risk,
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not merely hazard, and in all cases the
identification of hazard, risk or harm

Future Trends and Conclusions

must be evidence-based. In applying
these principles, regulators should

According to recent iRAP Inc. and

use flexible, adaptive, and evidence-

BBC Research reports, the total

based approaches that avoid, wherever

nano-enabled food and beverage

possible, hindering innovation and trade

packaging market in the year 2008

while fulfilling the Federal Government’s

was US$ 4.13 bn and forecasted

responsibility to protect public health

to grow to US$ 7.3 bln in the near

and the environment.

future (2014). In solid food products,
bakery and meat products have

The main EU regulatory framework

attracted the most nano-packaging

related to the use of food contact

applications, whereas in beverages,

materials, Regulation (EC) 1935/2004

carbonated drinks and bottled water

states that any material intended for

dominate. Among the regions of

food contact must be suitably made

Asia/Pacific, Japan in particular is

inactive to avoid the substances

the market leader in active nano-

being transferred to products in such

enabled packaging, and it is worthy

is necessary to harmonize worldwide

quantities to harm human health or

of noticing that China, Taiwan and

the regulation requirements to

to bring about an unacceptable change

South Corea have already taken

improve both the level of food safety

in food composition or properties.

a firm foothold and are poised to

and the transparent communication

This rule applies to the migration of

be challenging competitors in this

to consumers.

“nanocomponents” from packaging and

market.
The development of new packaging

to the use of “active packaging” and
“intelligent packaging” that are not inert

The scale of application will certainly

nanotechnologies to improve

by design, and have to be evaluated as a

increase when the cost of material

food safety and food supply and

direct food additive. A working document

and processing decreases, when the

to contribute to human health

is currently being discussed by the

benefits of the novelty together with

and wellbeing must be reached

European Commission; and until such

the assurances that no risks are not

through the ethical and responsible

legislation is completed and adopted,

only demonstrated but also properly

development of nanotechnologies

nano-materials will continue to be dealt

communicated, and when consumers

in accordance with precautionary,

with by a combination of general EU

knowingly accept the novelty.

transdisciplinary and life cycle

food law and more specific controls on

Moreover in today’s global market it

approaches.

particular materials.
The European Food Safety Authority

In particular the following is needed:

(EFSA) in May 2011 published the
Guidance on the risk assessment of

•

the application of nanoscience and

Implementation of characterization methodologies for PNFP beyond
using just particle size and reactivity;

nanotechnologies in the food and feed
chain, with the aim of giving a practical

•

Development of internationally harmonized protocols and

methodology for assessing the exposure

methodologies for the measurement and testing of packaging materials

and risk of nanoparticles (NPs) in food,

to ensure regulatory compliance for a faster penetration of the market;

drink and feed applications.
•

Promotion of science-society dialogue among food technologists,

Characterisation of NPs includes

consumers and other stakeholders all over the world, allied with

chemical composition, particle size,

a continuous assessment of risks and benefits, and dissemination

physical form and morphology, and

of updated information on the possible impacts on health and the

particle concentration is viewed as one

environment derived from the use, re-use, recycling and disposal of new

of the key steps in the risk analysis.

products.

The report states that appropriate
in vitro and in vivo studies focused
on gene mutation, structural and
numerical chromosome aberrations,

The authors acknowledge support from COST Action FA0904.

cytotoxicity, oxidative stress, potential

For further reading:

for inflammation and immunotoxicity

1. Clara Silvestre, Donatella Duraccio, Sossio Cimmino “ Food packaging based on polymer nanomaterials, Progress in Polymer Science
36 , 1766–1782 (2011)

of NPs should be undertaken to identify
hazards and obtain dose-response data.

2. “Ecosustainable Polymer Nanomaterials for Food Packaging: Innovative Solutions; Characterization Needs; Safety and Environmental
Issues” Clara Silvestre, Sossio Cimmino eds, Taylor & Francis, 2013 ISBN9789004207370

Click here for more information
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Engineered
nanoparticles, natural
nanoparticles and
nanosized by-products
Some of these ‘little critters’ are seriously
dangerous, and we need to understand them better
Antonietta M. Gatti, Stefano Montanari, Nanodiagnostics srl, Modena, Italy.
Nanotechnologies are changing

between surface area and volume, NPs

economies, as well as society.

have a high surface energy that favours

Fundamental to this change - which

their meeting, and forming clusters

In the atmosphere there are also

involves all industry sectors, from

and aggregates, so it is very difficult

nanosized by-products generated by

engineering to architecture, from

to have NPs singly. This is important

industrial activities. Every combustion

agriculture to medicine, from electronics

when, for instance, we want to perform

activity involving high temperature

to aerospace, are nanoparticles (NPs) :

cytotoxicity tests to define the safety of

generates primary and secondary nano-

the building blocks of new materials.

NPs in relation to health. Single NPs can

sized products that are dispersed in the

The scientific and economic success of

have the probability to enter cells as deep

environment, and humans, animals and

nanotechnologies are essentially due

as the nucleus, something they cannot

environment have a probability greater

to the incredible properties that matter

do when aggregated. That exclusion

than zero of interacting with them.

expresses at the nanoscale, properties

preserves the cells from unwanted

Industrial activities like melting metals,

not expressed by the same material

interaction with cytoplasmic organelles

or laser soldering involve very high

in its bulk form. These new properties

and nuclear components. (1)

temperatures, greater than 1,000°C, and

have enabled the development of a

presence into due consideration.

can release metallic debris with a small

multitude of new products, including

Synthesized bucky balls, carbon

fraction of nanosized particles into the

clothes with anti-stain properties,

nanotubes and cadmium selenide NPs

working place and in the environment.

coatings with antibacterial activity, new

are materials that never existed in

pesticides, drugs etc.

nature, but nature also constructed its

Incinerator plants also generate vapours,

materials starting from the molecular

gases and a far from negligible quantity

The ISO defines nanoparticles as entities

level and reaching the macroscopic

of micro and nanosized by-products that

with at least one dimension equal to or

while passing through the nanoscale.

are freely released in the environment.

below 100 nm. This is just a convention

Natural inorganic NPs do exist in nature:

Another part remains in the ashes but

aimed at classifying nanoparticles

sea-water aerosols, some structures of

they can also enter the environment

within a dimensional limit but particles

snow, and dust erupted by volcanoes

when they are dumped in landfills and

the size of 150 nm may easily show the

are a few of them. With regard to

following re-suspension due to wind, or

same properties as the ‘official’ NPs. It

the particles produced by volcanoes,

when they are mixed with the cement

is extremely difficult to define matter at

the large ones, microparticles, fall to

for building construction (Italian law

the nanoscale because our knowledge is

the ground in a relatively short time,

allows a max of 11%). A peculiarity of the

still limited, as is our capacity to handle

whereas the nanoparticles reach the

introduction of nanoparticles into the

nanoscale materials properly.

upper atmosphere increasing its density,

atmosphere by incinerators is that the

its refractive index and can influence the

particle chemistry changes very quickly,

One example can clarify the concept:

climate. New models to explain weather

since it depends on the type of the ever-

because of the “unbalanced” ratio

changes take their dispersion and

changing waste incinerated. Some wastes

18
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and chemistry. This contamination differs
from urban pollution by morphology
(particles are generally round-shaped),
size (the higher the temperature, the
tinier the size) and chemical composition
(in fields of war, heavy metals are much
more common than they usually are in
peace time). These pieces of evidence
show that important exposures to
nanosized particles, often by-products of
Fig.1 Iron-Oxygen-Carbon-Silicon-Calcium-Manganese spherical micro and nanoparticles detected
in air close to a chimney of an Italian incinerator.

contaminating the air, soil and water for

different activities, can induce diseases
like leukaemia, lymphomas and other
kinds of cancer (2).

a very long time. The high temperature
those NPs are synthesized means they

An in-depth study of those diseases

are not degradable, so they are, in a way,

can yield indications as to the possible

eternal. The consequence is that after

effects of exposure to nanopollution,

the end of the war these nanoparticles

can serve in the study of preventive

will keep exerting their effects on

measures for workers in laboratories

humans, animals and environment.

where nanoproducts are manufactured,

Soldiers exposed to pollution from these

and in packaging and storage facilities

nanoparticles can be contaminated with

where nanoproducts are used. More

them and develop diseases.

difficult are preventive measures for
consumers and end-users. These groups

Analyzing the soldiers’
pathological tissue, that
particular kind of
contamination can
be identified by its
morphology

are somewhat hard to reach with correct
information and are definitely harder
to control then people employed in
specialized environments. Besides,
all of them are exposed to pollution
by nanoparticles from many different
sources, among which, in particular,
are waste incinerators that not only
produce nanoparticles as unwanted
by-products, but are now starting to
burn nanoproducts at the end of their
life-cycle.
The fate of non-degradable, engineered
nanoparticles is still unknown to the
scientific community. Nevertheless the
wise scientist, studying the effects of

when burned, can emit particles

nanosized by-products already present

with strange, never-seen-before

in the environment and in an increasing

chemical compositions.

number of commercially available
products, could identify preventive

There is a further activity that can

measures for nano-workers, suggest

produce large amounts of NPs in an

measures to destroy or dispose nano-

uncontrolled way: military activity.

objects at the end of their life cycle and

During bombing, whether in a war

discourage the use of nanoproducts

situation or in firing ranges, particles are

that can expose people unawares to

generated due to the aerosolization of

nanopollution through inhalation or

the bomb and of the target. The higher

ingestion. The city of San Francisco has

the temperature of combustion, the

banned nanoproducts from their territory.

thinner the size of particles produced.
The blast of high-technology weapons
like those based on depleted uranium,
tungsten or DIME (Dense Inert Metal
Explosive) can develop temperatures in
excess of 3,000°C and airborne NPs with
unusual chemical compositions can
be freely released in the environment,
NANO MAGAZINE ISSUE 26 DECEMBER 2012
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9/11 and

nanoparticles:

when one doesn’t like to be right
There are times when I’m not proud at all of being right. That is
the case with 9/11 and the train of pathologies suffered by the
New Yorkers after that date.
Antonietta M. Gatti
It was September 10, 2002 when, on the

recognized as consequences of what

Manhattan workers and the increasingly

occasion of the first anniversary of the

had occurred. Now, 10 years after, my

numerous requests of ordinary people

collapse of the Twin Towers, I sent a

message has become a truth recognized

induced the US Government to recognize

short article to the Herald Tribune for the

by the US Government, and recognized

this fact.

anniversary day where, among other few

also in terms of money as compensation

things, I wrote:

to the victims or their families through

Unfortunately, even in these

a fund providing a total of $2.8 billion,

circumstances, there will be pathologies

I was in London, at Harrod’s, when I watched

under the James Zadroga 9/11 Health

due to the inhalation of toxic dust

the Twin Towers collapse. The immediate

and Compensation Act (named after

that will hardly be acknowledged. For

slaughter was something everybody could

a New York City Police Department

example: cases of diabetes have rocketed,

understand, but there was something

officer who died of a respiratory disease

and that dust particles are endocrine

more sadly sophisticated I thought of. All

contracted when he worked in the dusty

disruptors is beyond discussion. But the

people who survived the disaster inhaled

rubble of the WTC). That means that the

Government must pay attention also

and ingested particles of dust which got

evidence of the deaths from skin, breast,

to other illnesses: infarction, stroke,

stored in the tissues of their respiratory and

stomach, colon cancers of the rescuers,

and pulmonary thrombo-embolism, for

digestive tracts. There they will induce more

i.e. those who were exposed to the dust

example. A study is being carried out

or less slow, but often deadly, reactions,

of aerosolization of the two aircraft and

on malformed babies conceived after

what a European research project started

the mechanical collapse of the Towers, is

9/11 by couples living in Manhattan, and

relatively recently calls “nanopathology”.

clear beyond any doubt.

malformations are another of the serious
problems related to particles.

(An innovative technique makes it possible
to detect and diagnose them.) As a scientist

At the beginning, only people who had

involved in the research, I know that New

fallen ill with allergies or post-traumatic

Now the point is: Is Dr. Gatti a

York is bound to suffer more mourning that

stress disorders were compensated, as a

clairvoyant or is there a scientific

will pass unrecognized”.

literature exists for those pathologies, i.e.

explanation?

science has known for a very long time
The mourning I hinted at was the deaths

that breathing dust can induce asthma

There is nothing esoteric in my

correlated to that event, mathematical

and allergies, and that psychological

prediction: just the outcome of a pure,

consequences of what had been set off.

shocks may be hard or even impossible

logic, sequential line of reasoning.

But in the same article I couched the

to overcome. But now the studies

doubt that those casualties could be

performed on tens of thousands of

20
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solid target caused their explosion and,
because of the high temperature, they
were transformed into aerosol. All that
made up the planes and their loading
became fine and ultra-fine particles,
down to a few tens of nanometers.
The physical collapse of the Towers
then produced coarser dust. If more
explosions occurred inside the buildings,
they contributed to increasing the
temperature, generating finer particles.
Then the particles invaded the air and
were inhaled not only by those who
worked at Ground Zero but also by those

“That means that the evidence of the
deaths from skin, breast, stomach,
colon cancers of the rescuers, i.e.
those who were exposed to the dust of
aerosolization of the two aircraft and
the mechanical collapse of the Towers, is
clear beyond any doubt.”

whom, for any reason, spent some time
in that territory, a territory much larger
selective uptake, they can be the origin

and, being capable of passing from

of a chronic inflammation that results

mother to foetus, they can interfere with

Much depends on the chemistry and the

in a cancer. That explains the variety of

its development. Then there are diseases

size of those particles. If they interfere

pathologies found in New York. We called

about whose origin no absolute certitude

with some blood components, they can

them “nanopathologies”. But this variety,

exists. Among them, Multiple Chemical

activate the coagulation cascade and

traditionally pertaining to different

Sensitivity, Parkinson’s and Alzheimer’s

form thrombi that can be carried in the

specialisms, explains the cultural

diseases. And there are others, like

veins to the lungs, causing pulmonary

difficulty in organizing those pathologies

chronic fatigue syndrome, extremely

thrombo-embolism, or if in the arteries,

in a single etiological classification.

common in dust-sick people, who are

than just the vicinity of the WTC.

often snubbed or ignored.

end up for instance in the coronaries
or in the brain giving a myocardial

The pathologies do not end with cancer

infarction or stroke respectively. When

or infarction but, since the particles can

Toxic dust. Hiroshima has already

instead they accumulate in some organ,

enter the seminal fluid, they can induce

been there. We should not continue

and that can happen because of a

the so-called Burning-Semen disease

pretending that nothing is happening.
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Which
toothpaste?
A new evaluation method sheds light on the subject
There are various types of toothpaste

Everyone wants to have beautiful

it? What should it contain in order

available on the market. Some come

teeth. After all, a perfect set of teeth

not to damage the structure of the

as pastes, some as gels, there are

symbolizes health and youthfulness,

teeth? Such questions are primarily

some that guard against tooth decay or

and can even influence career

of interest to manufacturers of dental

protect teeth from acid attack, others

prospects. If having pristine teeth

hygiene products, and answers are

that are designed for sensitive teeth.

calls for thorough oral hygiene,

being delivered by researchers from the

But which toothpastes clean well?

then how well or badly does a given

Fraunhofer Institute for Mechanics of

Which preserves the tooth enamel?

toothpaste clean? How effective is

Materials IWM in Halle . Through close

22
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Determining
abrasion
rates with
microtribological
tests

Friction and wear tests with individual bristles

The researchers at the IWM have chosen

referred to as a monofilament. This is

an alternative method to this radiotracer

mounted in specialized tribological

Cleaning particles are an important

system. “Our new approach enables us

instruments, a microtribometer and

component of toothpastes. These

to determine realistic abrasion rates and

a nanoindenter, and moved over the

abrasives, as they are known,

characterize the interaction between brush,

sample in both straight and circular

mechanically remove dental plaque.

enamel and toothpaste. What’s more, our

motions, in the latter case up to 8000

Nevertheless, the paste should not

tests are less laborious than the time-

times. Highly sensitive instruments

be too strongly abrasive. Over the

intensive radiotracer procedures carried out

then measure the depth of the resultant

years the abrasion can cause damage

by only a handful of laboratories worldwide”,

marks left on the surface of the tooth.

to the tooth enamel, which does not

says Dr. Andreas Kiesow, team leader

regenerate itself. This damage is more

at the IWM. The scientist and his team

“Our findings reveal that the RDA value

visible and pronounced in the soft

have successfully managed to determine

of toothpastes correlates with the depth of

dentine. The German Dental Association

the abrasion of various toothpastes on

abrasion; the higher the value, the greater

recommends that people choose less

a microscopic scale and to measure the

the abrasion. By analyzing the friction

abrasive toothpaste if the necks of their

friction values using microtribological

value we also identified a clear relationship

teeth are exposed.

experiments. “Until now, tribological values,

between the friction behaviors of the bristle

such as friction coefficient, did not exist” says

on the dental enamel and the abrasiveness

Kiesow.

of the toothpaste”, sums up Kiesow. The

collaboration with the Microtribology
Centre µTC in Karlsruhe , they have
developed a new process for testing the
abrasive effect of toothpastes, allowing
this ‘abrasivity’, as experts call it, to be
compared and evaluated in the lab.

Dangerous
abrasive effect

The abrasive effect of a particular

new process allows the researchers to

toothpaste on tooth dentine depends
on the hardness, amount and particle

The researchers use human teeth as

not only characterize the abrasion more

size of the abrasive additives it contains,

well as different toothpastes made by

quickly and simply, but also to describe

such as silica or alumina. Abrasivity is

industrial partners for their experiments.

how different geometries of toothbrush

measured as the RDA value (radioactive

These toothpastes were diluted with

filaments act upon the surface of the

water and saliva in order to create a

tooth and how the bristle shape should

solution whose consistency corresponds

ideally be designed. The experts at IWM

to the mixture of toothpaste and
saliva that is present when people
brush their teeth. The friction
and wear tests were each
carried out with a

can use their know how to support
manufacturers of dental hygiene with
product development. At the end of the
day it is the consumer who benefits
most.

single bristle –
1. http://www.en.iwm.fraunhofer.de/profile/iwm-sites/hallefacilities/
2. http://www.mikrotribologiecentrum.de/

dentine abrasion), ranging
from 30 to over 200. This value
is determined via a complex process
that involves testers brushing over
radioactively marked dentine samples.
The abraded material is then measured
via the resultant radiation intensity of
the toothpaste slurry. Not all experts
agree on the validity of RDA values, as
test results have been known to vary
partly from lab to lab.
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Nanotechnology
Nano Magazine presents a guide to the applications
that are changing the face of industry – and society
Nanotechnology
- already of
global economic
importance
Scientific research has enabled us to
understand more and more about how
the properties of everything in the
world around us (including ourselves!)
are defined by their component atoms
and molecules. This is nanoscience.
Already we are at the early stages of
being able to manipulate these atoms
and molecules in order to design new
things with the features we want.
The application of nanoscience is
nanotechnology, which owes its early
success to the IT industry.
Because nanotechnology can be applied
so widely, it is called an enabling
technology. For example, nanotech
underpins many novel industrial
developments, such as fabric treatments
that repel stains, non-toxic paints that
prevent rusting and biofouling, surface
coatings that can kill bacteria, more
effective ways to deliver drugs, improved
medical treatments, the way we generate
energy and also how we process and
enhance our foods.

The effects of nanotechnology are already being
felt across society. It is not unreasonable to
predict that nanotechnology will completely
revolutionise industry and industrial
processes within a decade. Below we
examine the economic and social potential of
nanotechnology, - and put some figures on that
potential.
24

We only need to think of the
characteristics of a mobile phone, which
today is in effect a mini computer, to
appreciate just how many features
can be incorporated into a product
through micro and nanotechnology.
A mobile phone can transmit sound,
data, pictures, act as a video camera,
a bank, a global positioning system, a
health monitoring system, a teaching
tool and an active (rather than
passive) news provider. In essence,
nano–enabled products are smaller,
cheaper, lighter, faster, cleverer and
NANO MAGAZINE ISSUE 26 DECEMBER 2012

FEATURE

often dramatically different to what

from the outset, in industries as diverse

the application of nanotechnology (see

they supercede. In theory, these new

as aerospace, automotive, materials,

Table 1), and it is a truism that those

nano products should also use fewer

foods, textiles and medicine, as well as

that do not embrace the technology

raw materials and consume less energy

in military, electronics and telecoms

will be left behind by their competitors

to make. It is interesting to consider

applications.

who do. It is not unreasonable to predict
that nanotechnology will completely

that some ‘developing’ countries are in
fact leapfrogging old technology and

There are few, if any, industries or

revolutionise industry and industrial

producing new multifunctional products

products that could not benefit from

processes within a decade.

Table 1. Some applications of nanotechnology

Automotive

Clothing and Textiles

Cosmetics

•
•
•
•
•
•
•

•

•
•
•
•
•
•
•

Air and oil filters
Engine oils
Anti-scratch finishes
Car waxes
Air purifiers
Catalysts
Tyres

•
•
•
•

Antibacterial and antiodour
clothing
Stain resistant apparel
Protective clothing
Flame retardant fabrics
UV resistant clothing

Skin creams
Skin cleansers
Sunscreens
Lipstick
Makeup foundations
Makeup removal
Hair colouring

Electronics

Household

Health

•
•
•
•
•
•
•

•

•
•
•
•
•
•
•
•

Batteries
Displays
OLEDs and LEDs
Data memories
DVD coatings
MP3 players
Computer chips

•
•
•
•
•
•
•

Antibacterial and stay clean
furniture
Filters
Air purifiers
Self cleaning window glass
UVresistant paints
Solar cells
Cleaning products
Disinfectant sprays

Hearing aids
Contact lenses
Toothpastes
Shampoos, hair gels
Antibacterial creams
Drug delivery patches
Bandages
Faster diagnostics

Food, Food Packaging

Sports Equipment

Toys

•
•
•
•
•
•
•

•
•
•
•
•
•
•

•
•
•

Energy drinks
Nutritional supplements
Food storage containers
Antibacterial utensils and surfaces
Plastic wrap
Food packaging
Sharp cutting tools

Golf balls
Tennis rackets and balls
Baseball bats
Skis and snowboards
Bicycle parts
Shoe insoles
Anti fogging coatings

Stain resistant toys
Antibacterial baby mugs and bottles
Playstations

As of March, 2011, the nanotechnology

consumer product classification systems.

points that need to be quickly overcome

consumer products inventory contains

The largest main category is Health and

before the benefits of nanotechnology

1317 products or product lines as shown

Fitness, with a total of 738 products, and

are fully realized. These are: repeatability,

in Figure 1 below.

includes products like cosmetics and

stabilisation and characterization; latter

sunscreens.

being essential to establishing the first
two. These factors have determined
the limited number of raw materials
that constitute, so far, the main
nanotechnology products on the market
(see Figure 3)

Figure 1: Number of total products listed, by date of inventory
update [source of data: http://www.nanotechproject.org/
inventories/consumer/analysis_draft/]

Figure 2: Number of nanoproducts, according to category, on
the market in 2011. See: http://www.nanotechproject.org/
inventories/consumer/analysis

Products were grouped according to

The message is clear - the potential of

relevant main categories (Figure 2) that

nanotechnology is vast. However, there

are loosely based on publicly available

are some critically important sticking

NANO MAGAZINE ISSUE 26 DECEMBER 2012

Figure 3: Main elements constituting
nanotechnology products on the market
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Nano in the Home

nanoparticle is below the wavelength of

not only a commercial opportunity but

light, so the bonus is that the coating on

also to some, a considerable threat – and

the glass is therefore invisible.1

not just in product differentiation. For

If we take a whistle-stop tour of the

example, still in the area of household

nanotechnology products around us,

Even the technology for non-stick

products, companies involved in

we can usefully start in our homes. In a

frying pans has switched to “nano” by

manufacturing cleaning products could

modern house, there could be stay-clean

using nanocomposites to provide heavy

be threatened by self-cleaning coatings.

windows, solar collectors, dirt repellent

duty non sticking surface finishes. The

Similarly detergent manufacturers might

carpets, curtains and chair coverings,

idea of using silver for antimicrobial

be disadvantaged by the development of

anti-bacterial surfaces in the kitchen

purposes has been adopted in many

dirt repellent textiles.

and toilet, stay-clean exterior paints,

non-medical products. As well as in filters

anti-corrosion coatings for radiators and

for air-conditioning, silver has also been

gutterings, security lighting, lightweight

introduced into washing machines and

The Market for Nano-Enabled

and transparent wall and roof insulation

refrigerators for its antibacterial effect.

Homecare Products

and furniture treatments, all inside

According to Euromonitor, the

a structure made of environmentally

Nanoporous materials also offer superior

sale of homecare products in

friendly lightweight concrete.

thermal insulation. Although silica

the UK in 2010 was 3.7 bn UK£.

aerogels are the world champions in low

Say the affluent world consists

If we examine the ‘nano’ behind some

thermal conductivity, their brittleness

of only 1bn people, then let‘s

of these new products in a little more

and high price have so far prevented

speculate that sales worldwide

detail. To achieve a self-cleaning surface,

a widespread use. Nevertheless,

of homecare products to that

there are two principal ‘nano’ techniques

nanoporous materials have been

community alone could be around

– one using super-hydrophobic and the

developed in the form of flexible blankets

50 bn UK£, extrapolating the

other using super-hydrophilic materials.

or evacuated panels for better thermal

Euromonitor figures for the UK.

New structural paints can cleverly

management, vital in energy saving.

If nano penetration is only 10%,

impart water and dirt repellency to

then the nano market worldwide

whichever surface they are applied to.

Uses of nanotechnology products in the

for homecare products is already

This is through emulating the Lotus

home:

a not inconsiderable 5 bn UK£, or

effect, the way the leaves of the Lotus

•

Dirt resistant facade paints

about 7.5 bn USD. As the world

plant repel water through their special

•

Self-cleaning coatings (windows etc)

population increases, as wealth

structure. Superhydrophilic surfaces

•

Easy clean hygienic surfaces (in

increases and the penetration

on the other hand can be obtained by

bathrooms, on food preparation

of nano increases, it is not

coating glass, ceramic tiles or plastics

surfaces)

unreasonable to expect that nano

Aerogels for lightweight insulation,

influenced household products

and reduced flammability

might reach 10 bn USD easily by

Stay clean textiles (for carpets,

2015, and possibly much more.

with nanoparticles of a semiconducting

•

photocatalyst, titanium dioxide (TiO2). If
TiO2 is illuminated by light, any grease,
dirt and organic contaminants are

•

furniture)

decomposed and are easily swept away
by rainwater. By definition, the size of a
26

Of course, nanotechnology represents

1. http://www.nanoes.com/Reference/Self-Clean%20Materials.pdf
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Up close and
personal - a nano
revolution in
the sunscreen
and cosmetic
industries
Nanoparticles serve many purposes in
cosmetics: they enhance the properties
and acceptability of cosmetics by
providing softness, lustre, moisturizing
and optical effects; they can protect
the skin through sunscreens
incorporating UV-filters. Most cosmetic
manufacturers are extremely interested
in the new properties nano brings to
their formulations. Ultra small capsules
called liposomes were introduced
into cosmetics as far back as 1986 by
L’Oreal, a company that holds many
nanotech patents. Liposomes are
small containers or capsules ranging
in size from below 100 nm to several
micrometres. They are able to contain

is short, with the scent altering or

in the formulation and to prevent

and deliver active ingredients such as

disappearing within a few weeks.

photocatalytic activity. The advantage

drugs, vitamins and other cosmetic
materials.

of mineral UV-filters is that they provide
Ordinary cosmetic emulsions have

broad UV- protection and usually do not

droplet sizes between 100 and 100,000

cause adverse health effects.

The same ingredients as found in

nm. Nanoemulsions contain the

common cosmetic formulations can

same type of ingredients but their

be formulated in a variety of ways

droplet dimensions may be as low as

The Market for Nano in

at the nanoscale - as nanospheres,

10 nm. Given this small droplet size,

Cosmetics

nanocapsules, oleosomes and

nanoemulsions are transparent and

According to Global Industry

liposomes. These nano-based structures

have particular rheological properties,

Analysts (GIA), the global

are important because they often

and because of their rheology and

cosmetics market is predicted

improve the stability of the cosmetic

transparent properties, nanoemulsions

to reach 41.4 bn USD by 2014 (

and the active ingredients that they

are used in a number of cosmetics.

http://www.cosmeticsdesign.com/

contain. Nano encapsulation techniques

When applied to skin or hair,

Market-Trends/Global-market-

have led to many improvements

nanoemulsions break down into their

for-color-cosmetics-set-to-reach-

in cosmetic products, such as the

constituent ingredients.3

41.4bn). Nano offers many

time-controlled release of scents,

advantages for new formulations,

which means a more constant odour,

Some cosmetic products use mineral-

and few successful companies

as opposed to being overpowering

based materials and their performance

will have a range of cosmetics

immediately after application, but then

depends on particle size. In sunscreens,

that do not have some kind of

the scent disappearing quickly (http://

mineral nanoparticles (e.g. titanium

nano aspect to their formulation.

www.salvona.com/19-nanosal-).2

dioxide and zinc oxide with particle

So penetration is likely to be

sizes in the order of 20 nm) are efficient

high, at the very least 20%,

Nanocapsules with a porous shell can

UV-filters. They transmit, reflect and

and growing. So by 2015, nano

release their content steadily over

scatter the visible part of the sun’s

enhanced cosmetics could be

many months. If the capsule wall is

rays while strongly absorbing in the

worth at least 8 – 10 bn USD.

rigid, it only releases the fragrance if

UV region. These UV- filters consist

it is ruptured (the release-on-demand

of micron-sized aggregates, which

principle). As only a few of the capsules

are composed of nanosized primary

burst at any one time, the effect can

particles.4 The surface of these

also last for months in this case. If

nanoparticles may be treated with an

not encapsulated, fragrance shelf life

inert coating to improve their dispersion
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2. http://www.cosmeticsdesign.com/news/ng.asp?n=80466naturalnano-nanotechnology-license-agreement-nanotubes
3. http://www.pharmainfo.net/pharma-student-magazine/
nanoemulsions
4. Nanotechnology and Sunscreens, http://www.foe.org/nano_
sunscreens_guide/Nano_Sunscreens.pdf
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NanoTextiles for
Fashion, Work,
Sport and Industry

Image credit :
Indochino

Nano is having a major impact in
textiles, an industry that is remarkable
for being an early adopter of new ideas
and technologies. Textiles are not
only for the fashion conscious - they
have important applications in the
aerospace, automotive, construction,
healthcare and sportswear industries.
Already on the market are socks
and leisurewear with embedded
silver nanoparticles that combat
odour through killing bacteria – and
this capability has been extended
successfully to wound dressings.
Several brands of clothing, including
designer labels, have incorporated
self-cleaning and stain repellent
nanotechnologies, very convenient for
school clothes and military wear, - and,
of course, the less a garment needs
to be washed, the more energy and
money is saved.
More glamorous applications include
embedding gold and other precious

in dangerous professions or sports.

materials, sensing materials, and even

metal nanoparticles into natural fabrics

Some garments can now provide

the materials of the future with printed-

such as wool. The gold nanoparticles

monitoring for several life signs,

on display capabilities.

impart soft colours from pale soft

including temperature and toxic

greens, to browns and beiges, depending

chemical sensing, and they can be used

on the particle size and shape. These

for power generation and storage to

The Market for Nano in Textiles

colours are stable, and may even provide

enable communication with the outside

Textiles include materials

some antibacterial properties to the

world. Garments with this kind of

with an almost unimaginable

fabrics, as an added bonus.

technology can be vital for the safety of

spectrum of applications, and

say firefighters working in dangerous

nanotechnology is further

Currently, considerable research is

situations in isolation from their

widening that spectrum. Given

focused on developing electrospinning

colleagues, or even for skiers or their

the many varieties and uses

techniques which produce long fibres

rescuers to give early warning signs of

of textiles, and considering

of polymer, only nanometres in width,

hypothermia.

figures from various bodies

originally developed in an effort to

involved in the industry, it is not

emulate spider silk. The spun, polymer-

Research is also ongoing into man-made

unreasonable to suggest that in

based nanofibres can be ‘loaded’

nanofibres where clay minerals, carbon

2010, the global textile market

with different additives which could

nanotubes or nanoparticulate metal

was worth around 100 bn USD. It

be nanoparticles, enzymes, drugs or

oxides are used to impart new properties.

is likely that a high percentage

catalysts. Some combinations can be

These properties allow the development

of textile manufacturers are not

antibacterial and sprayed on to wounds

of garments that are halogen-free, flame

taking advantage of nano, as

as a kind of healing ‘web’, others can

retardant, with increased strength

much clothing is being produced

be conductive or even form filters or

and shock-absorbency, heat and UV

in time-honoured ways. If the

membranes. There are many exciting

radiation stability, and even brighter

penetration of nano is only 1% for

applications of the ability to spray-on a

colouration. Other work is focused on

high end applications, this still

textile.

the very exciting area of inkjet printing

represents a 1 bn USD market,

onto textiles. This is opening up many

possibly 1.5 bn USD by 2015, as

Scientists are also working on

possibilities, not just for the customised

nano becomes more accepted

nanoelectronic devices that can be

or localised printing of textiles to an

and desirable, offering product

embedded into textiles to provide

individual design, but inkjet techniques

differentiation opportunities.

special support systems for individuals

can be used to create flexible electronic

28
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Nano for security,
anti-counterfeit
protection and
discouraging
thieves
In a study undertaken in 2010, and
reported in The Enquirer5, US Congress
decided it was almost impossible to
quantify the cost of counterfeit goods
to industry, and surprisingly, that the
effect was not necessarily all bad, and
in the long run counterfeit goods can
benefit consumers, mostly because
counterfeit products are cheaper than
the alternatives.
Although Congress in the US may

fuel can be ‘laced’ with harmless

•

Unique recognition systems

dismiss counterfeiting as not all

nanoparticles, making it easy for police

•

Paper-like electronic displays which

‘bad‘, this is not how commercial

to identify a stolen consignment, merely

can be used to display information

companies, who have built up their

by using ultraviolet light.

on a given product (history of
manufacture and transport)

brands embodying quality and value
over possibly many decades, view it.

Some taggants contain unique magnetic

•

Magnetic nanoparticle tagging

Most companies with known brands

‘fingerprints‘, and can be used on

•

Nanoparticle chemical markers

will fight tooth and nail to protect their

a wide range of articles, including

•

Ambient atmosphere nanoparticulate

brand rights and their investment in

pharmaceutical packaging, luxury goods

product development and promotion.

(such as watches and handbags), and

Counterfeiting can also be dangerous, as

automotive and aviation spare parts.

in an extreme situation where aeroplane

Other, invisible, nano scale identification

parts are replaced by counterfeit ones

tags can be added to products and,

that are not fit for purpose.

using special equipment, field testers

indicators (anti-tamper)
Figure 4: Global Brand and Product Security: Nanotechnology
Implementation

can immediately spot the real from the
The latest developments in nano for

fake. A number of nano-based products

brand security and packaging offer what

have already been introduced including

is called “smart protection”, where often

intelligent inks and nanoparticle

invisible, nano-enabled taggants provide

coatings for product security.
The Market for Nano in

not only an authentication of products,
but can also assist in identifying the

To illustrate the importance of the

Brand and Product Security

provenance of stolen goods. This security

problem. Nanotechnology has been a

Applications

technique depends on the fact that

key priority in the Sixth EU framework

According to a 2009

nanoparticles are invisible. Consequently,

programme for RTD (FP6, 2002-2006) and

ObservatoryNano report (http://

they can impart new, unseen properties.

this remains the case in the Seventh

www.observatorynano.eu/project/

Framework programme (FP7, 2007-

filesystem/files/Economics_

Quantum dots, which are fluorescent

2013), with a budget of 3,475 mn euros

Security_final.pdf) the size of

nanoparticles, have a whole range of

for the NMP programme. Key areas

the global market for brand and

possible applications in this industry.

include security and the prevention

product security applications

They are invisible until ‘lit up’ by

of identity theft, counterfeiting, with

is estimated at between 40 and

ultraviolet light, and can even be made

especial resonance for the financial

60 bn USD. Nanotech offers an

to exhibit a range of colours, depending

services industry, in relation to credit

innovative approach in this

on their composition and size. Such

cards, personal identification techniques,

technologically advanced market,

nanoparticles are ideal for crime

authentication, forensics, quantum

so even if penetration is only 10

prevention, where goods can be invisibly

cryptography and the market for

- 15% now, it is likely to rise to at

and non-destructively ‘tagged’. Stolen

counterfeit and grey goods.

least 20% by 2015, representing

goods can be traced by this invisible ‘bar

a possible market size of 8-12 bn

code’ and also illict drugs by the fact

Nanotech in Brand and Product Security

they possess no legal nano identification.

•

In some countries, cheap agricultural
NANO MAGAZINE ISSUE 26 DECEMBER 2012

USD.

Nanoparticles for security printing
(e.g. invisible bar codes)

5. The Inquirer (http://s.tt/14vqR)
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Food for the
Family - Nanotech
in food processing,
improved shelf
life, flavour
enhancement,
vitamin
encapsulation and
fat reduction

that offer health benefits or impart new

nutritional analysis is an area that has

physical, visual and sensory effects

been almost entirely ignored until now, in

to foods. This has not only helped the

preference to treatment by drugs which,

exponential growth in the market for

because of their concentration of a single

nutraceuticals and other functional foods

chemical, are often highly toxic.

but has enabled a wide range of new
food products with new tastes, flavours

Food companies themselves are

and textures to be developed. Other

increasingly aware of the medical

applications of nanotechnology to food

component of their products, and the

manufacturing include antibacterial

implementation of scientific knowledge

work surfaces, filters that can extract

in commercial foodstuff production

toxins, and packaging that provides a

could have much wider implications

better barrier against contamination, or

for the health of the population than

can signal when perishable contents are

is presently acknowledged. Below is a

spoiling, by changing colour.

table listing some of the applications of
nanotechnology in foods, from production

Whether a product is a food, a drink,

to ingestion.

a pharmaceutical drug or a cosmetic,
Working at the nanoscale is not new

whether it is ingested or applied, so

It is only in relatively recent times

to food companies. The properties

long as it enters the bloodstream, it will

that novel technologies have come

of all foods and beverages relate to

produce an effect on the human organism.

under investigation as offering new

their constituent components that are

The line between these different groups

functionalities and benefits as well as

nanoscale in size. The manipulation

is hard to draw. It is interesting to note

efficient delivery mechanisms for the food

of naturally occurring nanoparticles

that while hospitals are focused on the

and beverage industries. For example,

involved in the processing of dairy

treatment of patients using prescription

food researchers are gaining a greater

products, for example, has been

drugs, very few consider that treatment

understanding of the mechanisms

undertaken for some time under

may be possible by monitoring / selecting

of targeted delivery, with a view to

the name of ‘colloid science’. More

appropriate foodstuffs - although

optimizing the delivery of vitamins

recently, an improved understanding

everything we ingest is a chemical to

and minerals in food to benefit health;

of techniques such as targeted delivery,

some degree or other, as it is made up of

technologies related to the creation of

has enabled food companies to deliver

molecules that are absorbed in the body.

novel physical, visual and sensory effects

scents, flavours, vitamins and minerals

In fact, treatment through a professional

for competitive advantage.

Table 2: Applications of nanoproducts in food related areas (Source: Nano Magazine)

30

Market sub sector

Nano applications

Food production

- Anti-bacterial food preparation surface coatings
- Colloid stability improvements

Conservation

- Preservatives, antioxidants etc
- Optimal environment emulation
- Lifespan extension
- Fridge food freshness maintenance

Packaging

- Anti-counterfeit (tracking systems, smart packaging)
- Contamination prevention, freshness maintenance,
- Novel, brand-oriented packaging
- Freshness / shelf life indicators
- Speed check out enhancements
- Improved flexibility, durability, temperature/ moisture stability, barrier, anti-microbial properties

Novel & ‘Fashion’ Foods

- Colour, scent, flavour, taste and texture enhancement

Health foods

- Supplement encapsulation (vitamins, minerals etc)
- Enhanced bioavailability
- Reduction in salts, fats and sugars
- ‘Delivery systems’ (scents, flavours etc)
- Sprays

Agriculture

- Soil remediation
- Water purification
- Pesticides
- Nanosensors
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The Market for Nano in the
Processed Food, Beverage and
Related Packaging Industries
There are many figures for the
world market for processed
foods. Whatever figure is used,
the numbers are extraordinary. In
2005, this market was estimated
at 3.2 trillion USD (http://www.
ers.usda.gov/AmberWaves/
February05/Features/
ProcessedFood.htm).
So, for the world giants in food
processing, the competition is cut
throat, with everything to play for
in terms of market share through
increased food stability, shelf life,
safety, and a better consumer
experience. It is estimated that
Protection of the stability of

the market for alcoholic, soft and

includes nano-encapsulation of flavours

micronutrients and bioactive

hot drinks is about 50% of that

or nutrients to suit consumer preference

compounds during processing,

for processed foods. So the total

or health requirements; nanofilters that

storage and distribution

market, given an annual growth

Encapsulation of fats and oils for

rate of 7.5% can be estimated at

reduced calorie products

around 7.5 trillion USD in 2010

Nano particulate salt for more flavour

and up to 10 trillion dollars in

with less salt content

2015.

Potential applications of nanotechnology

can remove toxins; food constituents

•

•

that can be made to alter their colour;
flavour modifications that can be created

•

by using differently-‘twisted’ molecules
(for example, the direction of chirality of

If nano has a penetration of even

packaging that can keep perishable

Nanotechnologies in the food and
beverage processing and related
packaging industries:

contents fresher for longer, or detect

•

Organic nanoadditives

by around 100 companies who

when contents are spoiling and changing

•

Inorganic nanoadditives

can afford to (and need to!) adopt

colour to warn consumers. In essence,

•

Addition of nanoparticles offering

new technologies, then nano in

the understanding of food materials

specific additional functionalities or

the food and beverage industries

and food processing at the nanoscale is

novelty

could be worth at least 100 bn

Nanosensors for food quality control

USD by 2015. Not an insignificant

and smart packaging

number by any means.

Nanoparticles for toxin scrubbing and

Regarding smart, active

to slow down ripening

packaging for the food and

Nanocoatings and nanofilms

beverage industries, this has

for protecting kitchenware and

been estimated at 11.7 bn

foodstuffs against pathogenic

USD in 2011 (http://www.

bacteria

visiongain.com/Report/574/

Packaging for ambient temperature

The-Active-Intelligent-and-

maintenance

Smart-Food-Drink-Packaging-

Nanosprays of bioluminescent

Market-2011-2021). It is likely

and bioactive compounds in

indicators in antibacterial defence

that nano will have an important

functional foods

systems

impact in most of this market

Incorporation of nanosized

sector, because of its dependence

ingredients and additives

on technology. Even estimating

a molecule may determine whether the
flavour imparted is ‘lemon’ or ‘orange’);

increasingly recognized as vital in the

•

creation of new and better food products,
and also to minimizing waste from

•

increasing shelf life and visual indicators
of freshness. No more sell-by dates!
Areas where applications of
nanotechnology for health foods are
currently close to market or already
available:
•

•

Enhanced delivery of nutraceuticals

Enhanced flavours, texture and

•

•
•

•

delivery of bioactive functional
•
•

more as the market is dominated

ingredients

•

Processing of food at the nanoscale

only a 20% penetration, this

Enhanced solubility – the smaller the

•

Nanoencapsulation of ingredients,

represents over 2bn USD now,

component particle, the more soluble

additives and supplements (based on

and probably twice as much

Controlled release for in-situ flavour

micelles and liposomes)

by 2015 as nano applications

Manufactured mineral nanoparticles

become increasingly important

as additives and supplements

to the sector. So again, more large

Incorporation of nano sunscreens and

numbers for nano markets here.

and colour modification of products
•

1% in this market, and it may be

•

Improved bioavailability of vitamins
and minerals for medical and
sporting applications
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other modifications in food packaging
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Getting around - Nano in cars, aeroplanes, ships and trains.
The automotive industry has

more environmentally friendly in their

Areas of application of nanotechnology

appreciated for some time that

manufacturing processes as well as

in the automotive sector

nanotechnology can offer many

in the final product. Investigations

•

Fuel Cells

benefits in this highly competitive

are underway in how nanotechnology

•

Power Systems

and litigious sector. Research is

may lead to a reduction in toxic wastes

•

Tyres

taking place into applications of

and by-products by substituting new

•

Heat Transfer

nanotechnology to improved safety

nanomaterials for hazardous reactants

•

Lighting and Displays

systems from tyre blow out and brake

and solvents or, better still, by using

•

Sensors

failure warning systems to collision

nanotechniques to eliminate their use

•

Coatings

avoidance. Other nano benefits include

altogether.

•

Smart Materials

improved lubricants, lighter and

•

Interiors

stronger materials for engine blocks,

•

Structural and Functional Materials

nanoporous filters, self-cleaning
windshields, self-healing and scratchresistant coatings, environmentally

The Market for Nano in the Automotive Sector

friendly corrosion protection and

According to Wikipedia (which cites the “2008 Global Market Data Book”,

colour-changing paints.

Automotive News, p.5), 71.9 m new cars were sold worldwide in 2007. This figure
is probably quite similar in scale to today’s sales, given the downturn, balanced

Major advances are also being made

by the increase in population. The sale of new trucks is about one third that of

in the use of polymer nanocomposites

cars, making total industry sales of about 96 m new vehicles a year.

for body panels as these can be made

The automotive sector has always been an early adopter of new technology

lightweight yet rugged, and in new

for competitive and liability reasons. If the size of the automotive industry is

metal nanocomposites to improve

estimated at a reasonable average value of 4500 USD per car, and the truck

engine efficiency. Specially designed

industry at twice that, namely 9000 USD per vehicle, then the value of the total

nanoparticles are presently used as

industry (trucks and cars) is around 650 bn USD / yr. If the penetration of nano

fuel additives to lower consumption in

into automotive components is about 15% by value, possibly more, then the

commercial vehicles and reduce toxic

worth of nano to that industry can be estimated today at about 100 bn USD, and

emissions.

by 2015, given a market penetration of at least 20%, would be about 130 to 150
bn USD – the latter given some increased growth also in the sector value.

Car manufacturers are keen to be
32
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When we get ill
- Nanomedicine,
high speed
diagnostics, drug
delivery and
medical devices
In the past, medical treatments have
been, rather like medieval architecture,
the result of adopting those techniques
that worked and discarding those that
didn’t. Today, our improving knowledge
of how the body functions at the
molecular, or ‘nano’, level, is leading
to many new and better medical
techniques. For example, we know that

Nanotechnology is also leading to faster

fatal, side effects. This is because the

the earlier a disease can be detected,

diagnosis. Diagnosis can be a lengthy

body needs to be flooded with very high

the easier it is to remedy, but until now,

and stressful business, often with a

doses of a drug in order to ensure that a

early detection has been very difficult.

test sample having to be sent away for

sufficient volume reaches the site of the

analysis, with the results taking several

disease. Accurate targeting of the drug

Today we can introduce into the body

days at least. Ultra miniaturisation

can now be achieved, using specially

specially designed nanoparticles,

is enabling many tests to be speedily

designed drug-carrying nanoparticles.

which are composed of tiny fluorescent

undertaken on ‘lab-on-a-chip’ devices,

This also means that much smaller

quantum dots that are chemically bound

using tiny samples which can be

quantities of a drug are necessary, so it

to antibodies, which in turn ‘bind’ to

processed and analysed so rapidly that

is less toxic to the body. The drug is then

diseased cells. When this happens, the

the results can be read out almost

activated only at the disease site (such

quantum dots fluoresce brightly. This

instantaneously.

as a tumour) by light or other means,
and the progress of the cure can also

fluorescence can then be picked up by
new, specially developed, advanced

People often complain that the cure

be monitored by imaging the location

imaging systems, enabling the accurate

for a disease can feel almost as bad as

and movement of the specially designed

pinpointing of a disease even at a very

the disease itself, as prescription drugs

nanoparticles, which usually have a

early stage indeed.

may have unpleasant, sometimes even

fluorescent component.

Table 3: Applications of Nanotechnology in the Life Sciences and Healthcare Sector (Source: International Nano Markets).
Market area

Nanomaterials application

Diagnostics

		

Diagnostic imaging, with the use of targeted imaging agents that signal the site of disease,
In-vivo monitoring of the body’s physiology using a variety of nanotechnology-based probes and sensors.
In-vitro diagnosis that is faster, more precise and informative, building hundreds of diagnostic tests into
a single device.

Drug delivery
		
		
		

Nanoparticles for the delivery of minute doses of highly-active drugs, or of novel theranostic products to
specific sites that can be tracked and activated by conventional radiological devices,
Nanodevices that could be used to deliver substances or drugs to specific target areas in the body, 		
e.g. oxygen to poorly vascularized tissues.
New “smart” nanoengineered materials that can impart new levels of performance to “conventional”
medical devices and drugs.

Implants and
medical
supplies/devices

- Biocompatible nanostructured implant surfaces and coated stents
- Easy-clean and self-cleaning nanocoatings and antibacterial surfaces.
- Better performing and cheaper to produce artificial retinas and cochlear implants that mimic more
closely nature’s light / sound receptor and transmission systems
- Novel implantable devices allowing treatment of hitherto incurable degenerative or congenital diseases.
- Nanodevices for minimally invasive surgery
- Design of surgical and diagnostic tools with cheaper manufacturing facilitated by nanotechnology and
		 offering improved performance, e.g. ultra-sharp nano-diamond coated scalpels for microsurgery.
Tissue engineering

- Biomimetic scaffolds as pattern for tissues and organ regeneration
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The Market for Nano in Pharmaceutical
Drugs

Nano for the Environment

Most commentators seem to have a
figure of around a trillion USD for the
value of pharma sales worldwide. IMS
Health estimate 1.1 trillion USD sales
by 2014; PRLog estimate a trillion USD
sales by 2012. As the pipeline for new
drugs has faltered over the last decade,
balanced by new opportunities in targeted
drug delivery, which offers reduces
toxicity while improving outcomes,
the importance of nano to the pharma
industry has increased dramatically.
Designer nanoparticles carry drugs and
release them to the therapeutic target,
and the benefit to drug companies from
using innovative techniques with existing
drugs is that no further expensive testing
is required. Furthermore, protein-based
drugs, which have hitherto been difficult
to deliver, are now experiencing a huge
resurgence of therapeutic interest as at
the nanoscale their solubility properties
change dramatically.
If nano only has 5% penetration of the

Nanotechnology offers some really

for 25% of carbon emissions!) and the

pharma market, this still means a market

exciting breakthrough opportunities

population of the world reaching an

size of around 50 bn USD - and definitely

in environmentally friendly

unsustainable 7 billion, the earth is

growing.

technologies, from extracting

showing clear signs of being unable to

renewable energy from the sun to

bounce back from the demands we are

The Market for Nano in Medical Devices

the prevention of pollution. Geoffrey

placing on it.

According to Espigen, the US market for

Sacks, the American economist,

medical devices (the largest in the world)

in his 2007 BBC Reith lectures

So what can we do to limit the

is estimated at 105.8 bn USD in 2011,

entitled ‘Bursting at the Seams’,

damage and ensure a future for our

though CIMS, the Center for Integrated

commented: “The fate of the planet

children? Firstly, the bad news. The

Manufacturing Studies placed it at 336 bn

is not a spectator sport. We live in an

fossil fuel that oils our everyday lives

USD in 2008. The CIMS estimate includes:

interconnected world, where all parts

is responsible for 44% of the carbon

implantable devices (such as pacemakers,

of the world are affected by what

dioxide we emit annually – and rising.

drug pumps, stents, and joint

happens in all other parts”.

The good news is that the energy from

replacements); diagnostic testing devices,

sunlight is sufficient to meet our needs

including clinical blood, urine, and tissue

There is no doubt that the pressures

ten thousand times over. Today, more

testing; and home healthcare products

we are putting on the planet are

efficient and cheaper solar energy

and electronic monitoring devices.

leading to potentially catastrophic

collectors are in the process of being

consequences. In the developed world,

developed using nanotechnology;

Speculatively, if the rest of the world

we have grown accustomed to using

these could be deployed as small units

together equals the size of the US market,

our car to go to the local shops, take

in our homes. They work particularly

then the total size could be around 600-

weekend cruises and even day trips to

well in diffuse light, so would suit less

700 bn USD. Devices increasingly need to

far-flung places that might have taken

sunny climates. This would have the

be smart, in some instances, vanishingly

three or more months to reach before

benefit of not sterilizing precious land

small and body friendly, so nano has an

air travel became commonplace. We

(a diminishing resource for food), and

increasing role in new developments.

like our vegetables and fruit out of

quickly improve the quality of many

Estimating a penetration today of nano

season, and increasingly expect to eat

people’s lives, especially for people

in devices of about 10%, probably rising

meat at least once, if not twice a day.

living in in poor quality housing or

to 15% in 2015 - within a fast growing

We also want to hoard our assets in

in the less developed world, where

market, driven by demographic trends

the form of gold and diamonds. We

energy is hard or expensive to access.

of an increasing ageing and wealthy

haven’t thought about the effects of

population, to about 1 trillion USD in 2015,

these activities on the planet, which

Not only do we need new ways of

gives a modest estimate of market size

in the past could absorb our excesses,

generating energy, we need better

of about 100 bn USD for nano-enabled

but with the ongoing destruction of

ways of storing it, and nanotechnology

devices.

the rainforest (which is responsible

is leading to improved,

34
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environmentally-friendly batteries

environment with heavy metals and

In reducing and saving energy,

and supercapacitors. We also need to

other pollutants are thrown into the

nanotechnology offers many

reduce damage to the environment.

atmosphere from the fumes and

opportunities; some important

Particularly toxic are those chemicals

smoke being emitted from industrial

applications under investigation include

we use as solvents, and nanotechnology

processes. It is encouraging to note that

the following:

is leading to their eradication through

most of these of these particles and

the development new nanocoatings

gases (including carbon dioxide) can be

and nano structured surfaces that

‘scrubbed’ out - and even reclaimed and

enable the generation of electricity

can effectively repel dirt and other

reused, using specially functionalised

from waste heat in consumer

contaminants. Most coatings used to

nanomaterials, placed in the waste gas

appliances, automobiles, and industrial

prevent corrosion are toxic and seriously

stream. Finally, given the old adage, if

processes;

affect the environment. Many anti-

you can’t measure it, you can’t control

corrosion coatings involve chromium

it, fast, accurate, in-situ and online

and cadmium, deadly substances, the

pollution monitoring is essential. New,

using quantum dots connected by

use of which is being limited by the

cheap nanosensors are being developed

carbon nanotubes;

EU. Of course, vehicle and component

from techniques used in medicine,

producers are keen to find alternatives,

that will enable us to do this quickly,

as recycling of toxic compounds is

effectively and cost effectively.

•

•

•

Thermoelectric nanomaterials that

Higher efficiency photovoltaic cells

Gases flowing over carbon nanotubes
that have been shown to convert to an

costly and unpleasant, so new smart

electrical current, a discovery with

nanocoatings are in the process of being

There is a raft of potential applications

implications for novel distributed wind

developed that are non-toxic and highly

enabled by nanotechnology, short and

power;

effective.

long-term, offering environmental
benefits. Some of these are listed below,

Serious contamination of the

but it is a vast area.

•

Multi-walled nanotubes that increase
the performance of hydrogen fuel cells.

In general, advanced nanotechnology
Nano and environmental applications.

projects relating to energy are in

•

water purification and filtration

storage and conversion, and in making

•

new materials offering ‘more for less’

manufacturing improvements by reducing

•

more efficient use of materials and energy

materials and process rates, also in energy

•

sensors for improved monitoring and detection capabilities

saving e.g. by better thermal insulation,

•

treatment and remediation techniques for cost-effective and specific site cleanup

and in enhanced renewable energies

•

green manufacturing, eliminating the generation of waste products

sources. Specifically nanotechnology has

•

green energy technology for the creation of commercially viable clean energy sources

a major role to play in products such as

•

paints non toxic, water based

batteries, catalysts for manufacturing

•

more efficient fuel cells and batteries

applications, fuel cells, solar cells, and

•

fuel additives to improve fuel economy

strong, lightweight materials.

Global Market for Nano in Environmental Applications

worldwide, in a fast growing market.

This is a huge market with several important sectors.
Perhaps the largest are renewable energy generation, energy

Energy Storage. Energy storage technologies where

storage and energy saving.

nano is impacting include (http://en.wikipedia.org/wiki/
Energy_storage): batteries, fuel cells (fuel cell development

Wind: The market for wind turbines is estimated to be 100

has increased in recent years due to an attempt to

bn USD by 2013 (http://windharvest.com/windmarket). Nano

increase conversion efficiency of chemical energy stored in

composites have an increasingly important role to play in

hydrocarbon or hydrogen fuels into electricity). Research

the development of stronger, tougher and lighterweight

is being conducted on harnessing the quantum effects of

turbine blades. If the market penetration for nano

nanoscale capacitors to create digital quantum batteries.

composites is only 10%, that is still a market of 10 bn USD

Although this technology is still in the experimental stage, it
theoretically has the potential to provide dramatic increases

Solar Energy. Recent figures (http://www.seia.org/cs/news_

in energy storage capacity (http://www.technologyreview.

detail?pressrelease.id=1292 ), show that in 2010, solar energy

com/computing/24265/?a=f)

is America’s fastest growing energy sector stock, growing in
total market value by 67 percent from 3.6 bn USD in 2009 to

According to a BCC Research 2009 report, nano for

$6.0 bn in 2010, compared to the overall US GDP growth rate

environmental applications, including protection,

of only 3 percent. Nano has an increasing impact on solar

maintenance, enhancement and remediation is predicted

energy collection. If penetration of nano in solar collectors

to be worth 21.8 bn USD by 2014. (http://www.bccresearch.

is only 5%, then that represents a market of about 0.3 bn

com/report/nanotechnology-environmental-applications-

USD in the United States alone, and around 0.75 to 1bn USD

nan039b.html).
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Nanomaterials

Image credit : CSIRO

Nanomaterials, and their associated
manufacturing and processing
technologies, are the key enablers
of the nanotechnology industry, and
encompass a wide range of materials.
Nanoparticles serve as the “building
blocks” for nanomaterials and devices.
They include nanocrystalline materials
such as ceramic, metal and metal oxide
nanoparticles; fullerenes, nanotubes
and related structures. By virtue of
their structure, nanomaterials exhibit
different physical, chemical, electrical,
chemical and magnetic properties from
conventional materials, which can be
exploited for a variety of structural and
non-structural applications.
The core nanomaterials offering the
main market opportunities are listed
below:
•

Nanoparticles

•

Nanocoatings

•

Nanocomposites

•

Carbon nanotubes

•

Graphene

•

Nanoporous materials

•

Quantum dots

•

Nanofibres

•

Fullerenes

•

Nanowires

been shown to work well in parts of

application of nano encapsulation and

•

Nanocapsules

Mexico City, transforming seedy crime-

delivery technologies. These technologies

ridden neighbourhoods into increasingly

were first developed for the delivery of

respectable suburbs.

pharmaceutical drugs, and have now

There are many examples of

found new applications in foods and

nanotechnology applications in new
materials. For example, polymer coatings

Novel nanocomposites have applications

household products. Encapsulation is

are notoriously easily damaged, and

in many industries, including the

an ideal way to improve the attributes

affected by heat. Adding only 2% of

aerospace and automotive industries.

and performance of a less-than-stable

nanoparticulate clay minerals to a

Carbon nanotubes are increasingly

substance that might be affected by light

polymer coating makes a dramatic

applied where toughness, electrical

or air, or have a tendency to sediment.

difference, resulting in coatings that are

conductivity and flexibility are

Encapsulation gives active ingredients a

tough, durable and scratch resistant. This

required, combined with light weight.

longer shelf life, stability and protection

has implications for situations where

Nanoporous materials have applications

from harsh processing environments so

a material fits a particular application

in purification techniques including

they can be delivered in a perfect state

in terms of its weight and strength,

blood and water and pure liquids for

at ‘the moment of consumption’! For the

but needs protection from an external,

the electronics industries; quantum

food industry, it is a way of delivering

potentially corrosive environment -

dots have applications in security,

enhanced taste, or ensuring that daily

which a reinforced polymer nanocoating

electrics and medical diagnostics;

doses of vitamins and minerals are met –

can provide. Other nanocoatings can

nanofibres have many applications in

this is discussed in more detail below. In

prevent the adherence of grafitti,

reinforcing; fullerenes have medical and

household products, nano encapsulation

enabling them to be easily removed by

other applications; nanowires for the

techniques can aid in the deposition of a

hosing with water once the coating has

electronics industries, and nanocapsules

cleaner or polish onto a surface such as

been applied. This has the important

for the delivery of drugs, scents and

a floor or counter; they can provide long

knock-on effect of improving urban

flavours and the stabilisations of foods

lasting scents in household fragrances,

environments, making them more

and perishable materials.

and the slow release of enzymic and
other agents in washing machines and

attractive to bona fide citizens and less
encouraging to criminals. These kinds

Scents and flavours are a surprisingly

dishwashers, helping reduce energy and

of coatings, invented in Mexico, have

interesting and lucrative field for the

water use.
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Carbon nanotubes are a recently

• Transistors that operate at higher

Global Market for Nanomaterials

discovered unique material possessing

frequency. Electrons in graphene

Nanoparticles

amazing electronic, thermal, and

move at higher speed compared

Nanoparticles are available as dry

structural properties They are highly

to electrons in silicon, offering the

powders or liquid dispersions.

conductive both to electricity and heat,

potential to build high frequency

Important nanoparticulate materials

with an electrical conductivity as high

transistors. Researchers are also

are simple metal oxides, such as

as copper, and a thermal conductivity

working on lithography techniques

silica, alumina, titania, zinc oxide,

as great as diamond. They offer

for fabricating integrated circuits

iron oxide, ceria, and zirconia. Silica

amazing possibilities for creating future

based on graphene.

and iron oxide nanoparticles have

nanoelectronic devices, circuits and

been in the market for about a halfLower cost of display screens

century or more. Nanocrystalline

extraordinary mechanical properties -

in mobile devices. Graphene is

titania, zinc oxide, ceria, and other

they are 100 times stronger than steel,

capable of replacing indium-based

oxides have entered the market more

while only one sixth of the weight.

electrodes in organic light emitting

recently. The nanoparticles market is

These mechanical properties offer

diodes (OLEDs). These diodes are

an important one, worth around 1.6

huge possibilities, for example, in the

used in electronic device display

bn USD in 2007, and predicted to rise

production of new stronger and lighter

screens which require low power

to over 20.5 bn USD by 20156.

materials for military, aerospace and

consumption. The use of graphene

medical applications. Other applications

instead of indium not only reduces

In the last few years, clay

include lubricants, coatings, catalysts

the cost but eliminates the use of

nanoparticles have made their

and electro-optical devices.

metals in OLEDs, which may also

way into composites in cars and

make devices easier to recycle.

packaging materials, and this

computers. Carbon nanotubes also have

•

The cost, purification and separation

makes up a significant percentage
Storing hydrogen for fuel cell

of the current market; however, new

processing and scaling up and assembly

powered cars. It has been found

applications are coming onto the

methods are hurdles that are now

that graphene layers in a fuel tank

market. For example, casings for

being overcome. Already there are

increase the binding energy of

electronic devices such as computers

several consumer products containing

hydrogen to the graphene surface,

containing nanoparticles also

nanotubes on the market, for example,

resulting in a higher amount of

offer improved shielding against

in sports equipment including tennis

hydrogen storage and therefore a

electromagnetic intrusion.7

racquets, golf clubs and skis, where

lighter weight fuel tank. This could

nanotubes improve the strength of the

help in the development of hydrogen

Nanocoatings - Nanocoatings such

equipment but at less weight and also

fueled cars.

as thin films have been developed

of nanotube types, constraints in

•

the ability to absorb shocks. Carbon

and applied across a wide range of
Sensors to diagnose diseases.

industries for decades. For example,

different materials such as polymers

Graphene, strands of DNA, and

in the silicon-integrated circuit

and included in textiles for example in

fluorescent molecules can be

industry many devices rely on thin

the production of lighterweight bullet-

combined to diagnose diseases.

films for their operation, and control

proof vests, and in several military

Graphene has a large surface area

of film thicknesses approaching

applications.

and molecules sensitive to particular

the atomic level is routine. Other

diseases can attach to the carbon

applications on the market are

Graphene is the new nanomaterial

atoms in the graphene. When an

“self-cleaning” coatings and optical-

that is generating huge excitement. It

identical single strand DNA combines

functional surfaces for facades,

is an allotrope of carbon that can be

with the strand on the graphene

vehicles, solar cells etc. (e.g. for anti-

produced in thin sheets of only one

a double strand DNA is¬¬ formed

reflective surfaces, sunshade glazing,

atom in thickness. Applications include

that floats off from the graphene,

antireflective coatings for instrument

commercial, aerospace and military.

increasing the fluorescence level,

panels).

As grapheme is currently the ‘material

thus detecting the same DNA for a

of the moment’ some space is given to

particular disease in a sample.

nanotubes can also be mixed with many

•

potential applications are currently being
explored:

•

Continues overleaf...

Ultracapacitors with better
performance than batteries. These

•

Composites with higher strength to

ultracapacitiors store electrons on

weight ratios. By adding graphene

graphene sheets, as the large surface

to thermosetting and other polymer

of graphene provides an increase

composites, a stronger/stiffer

in the electrical power that can be

composite may be possible compared

stored in the capacitor. It is possible

with a similar weight of carbon

that these ultracapacitors will have

nanotubes, with applications for

as much electrical storage capacity

example in wind turbine blades and

as lithium ion batteries, but can be

aircraft components.

recharged in minutes instead of hours

NANO MAGAZINE ISSUE 26 DECEMBER 2012

6. Nanomaterials. Applications and Markets to 2015.
International Nano Markets
7. Nanomaterials, Applications and Markets to 2015.
International Nano Markets

37

FEATURE

The nanocoatings market was worth
approximately 814 m USD in 2007.
‘One way’ coating systems based on
nanomaterials make up the bulk of this
market, for example in anti-bacterial;
protective and conductive coatings.
However under development are “two
way” systems such as shape-memory
materials, hydrophobic/hydrophilic
switching and thermochromic pigmented
coatings that will come onto the market
in the next 4-5 years.
Predictions for the global market value of
nanocoatings is 7.5 bn USD in 2012 rising
to over 13.5 bn USD by 2015.8
Nanomaterials such as thin films and
engineered surfaces have been developed
and applied across a wide range of
industries for decades. The ability of

biggest market share will be military

estimated to generate 67 m USD in

controlling surface coatings at the

applications such as anti-corrosion

revenues, is projected to grow over the

nanoscale is of paramount importance

coatings which also find application in

next 5 years at a compound annual

for a large-scale industrial development

the gas and oil markets.

growth rate (CAGR) of 58.3%, reaching
almost 670 m USD by 2015, representing

of nanotechnology. Highly sophisticated
surface-related properties, such as

Nanocomposites - The nanocomposites

optical, magnetic, electronic and catalytic

market was worth around 437 m USD

can be obtained via nanostructured

in 2007, increasing to approximately 2

Nanofibres - Nanofibres have a variety

coatings. At present, many physical and

bn USD by 2010, and 7bn USD by 2015.

of applications, in the electronics,

chemical methods are available for the

Applications in automotive, aerospace,

energy, medical and aerospace sectors.

nanofabrication of layers and coatings

packaging (food & drink), electronics and

Several types of nanofibres have

with nanometric control of the structural

consumer goods is expected to account

been developed: polymeric, carbon,

and functional features; however, the

for the largest percentage of revenue by

ceramic, glass, metallic and composite.

scale-up of these methods remains a

2015.

Nanofibres are being developed

major challenge.

a tenfold increase. 11

for conductive and reinforcement
Nanoporous materials - Nanoporous

applications in composites. The main

The global market for nanostructured

materials possess unique surface,

revenue generating application in 2007

coatings and thin films in 2011 is

structural, and bulk properties that

for nanofibres was in filtration and

forecasted to be approximately 227.5 m

underline their important uses in various

separation media. The nanofibres sector

USD, growing to over 1.4 bn USD by 2016.

fields such as ion exchange, separation,

is expected to grow from 10.4 m USD in

catalysis, sensor, biological molecular

2007 to 1193 m USD in 2015.

“One way” coating systems based on

isolation and purifications. Nanoporous

nanomaterials make up the bulk of this

materials are also of scientific and

The fastest growing sector is expected

market, for example in anti-bacterial;

technological importance because of

to be in ITC, increasing from 7 m USD

protective and conductive coatings.

their vast ability to adsorb and interact

in 2007 to 480 m USD by 2015. Inorganic

However under development are “two

with atoms, ions and molecules on

nanowire light-emitting diodes (LEDs)

way” systems such as shape-memory

their large interior surfaces and in the

have held promise as inexpensive and

materials, hydrophobic/hydrophilic

nanometer sized pore space.

tiny light sources, but fabrication has

switching and thermochromic pigmented

been challenging. Nanofibre technology

coatings that will come onto the market

They offer new opportunities in areas

has been shown to enable on-chip light

in the next 4-5 years.

of inclusion chemistry, guest-host

sources smaller and cheaper than LEDs,

synthesis and molecular manipulations

and easier to fabricate. 12

The fastest growing markets to 2015 is

and reaction in the nanoscale for making

expected to be in interior and exterior

nanoparticles, nanowires and other

Thermoplastics play a vital role in

household protection, textiles and

quantum nanostructures9 . According to

protecting electronic devices from

medical markets, driven by the increased

a 2009 report10 published by GIA, Global

electromagnetic interference (EMI)

demands for protective and repellent

Market for Nanoporous/Microporous

and a variety of additives can be

coatings. Conductive carbon nanotube

Materials Expect to Reach 3.75 bn USD

used to provide this protection, with

coatings are also finding market traction

by 2015

carbon nanofibres the most promising

in the electronics and automotive sectors

application area.

and this will continue to be a strong

Quantum dots - The global market

growth area. Continuing to hold the

for quantum dots, which in 2010 was

38

The energy sector will also benefit from
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Finally, what are
the risks from
nanotechnology?

carbon nanofibres growing from 7m

diodes, and for metallic interconnects

USD in 2007 to 480m USD in 2015.

of quantum devices and nanodevices,

Lithium-ion batteries incorporating

allowing replacement of copper in

nanofibres will come onto the

computers and electronics); high-

market in the next 2-3 years. Carbon

density data storage (as magnetic read

filaments are covered with platinum

heads or patterned storage media); and

nanoparticles and can be made

superconducting wires that can make

Some engineered nanoparticles,

into nonwoven fabrics and used as

electrical generators lighter and more

including carbon nanotubes, although

electrode layers in a hydrogen fuel

efficient.

offering tremendous opportunities
also may pose risks which have to be

cell. The platinum acts as a catalyst,
separating electrons from hydrogen

Other applications are as bio and

addressed sensibly in order that the

atoms so they can be discharged as

chemical sensors. Nanowires

full benefits of new nanomaterials can

electricity. The carbon nanofibres

comprised of ‘1-dimensional’

be realized. We have all learned how to

transport the electrons out of the fuel

semiconducting materials have the

handle electricity, gas, steam and even

cell with their large surface area of the

greatest potential as biosensors

cars, aeroplanes and mobile phones in

nanofibres providing a base for the

because they can easily be

a safe manner because we need their

chemical reaction to occur.

incorporated into electronic circuits

benefits. The same goes for engineered

that allow continuous readout.

nanoparticles. Mostly they will be

Also under development are thin film

Nanowires can be ‘functionalized’

perfectly safe, embedded within other

nanofibre sensors that can be made of

to detect virtually any form of bi-

materials, such as polymers.

polyaniline nanofibres having superior

molecular interaction that involves

performance in both sensitivity and

proteins (including antibodies,

However, it is recognised that free

time response to a variety of gas

receptors and enzymes) or nucleic

nanoparticles of a specific length scales

vapours including, acids, bases, redox

acids.13

or certain metallic nanoparticles, often

active vapors, alcohols and volatile

the products of high temperature
Nanocapsules - The nanocapsules

combustion, may pose health

market is worth around 32 m USD

threats if inhaled, particularly at the

Fullerenes - A fullerene is any

in 2007. Applications in healthcare

manufacturing stage. Industry and

molecule composed entirely of

especially in the area of drug delivery,

government are very conscious of this,

carbon, in the form of a hollow sphere,

cosmetics and homecare are expected

are funding research into identifying

ellipsoid or tube. The fullerenes market

to account for the largest percentage of

particles that may pose a hazard to

was estimated at around 58.5 m USD

revenue by 2015, which is predicted to

health or the environment, and how

in 2007. The energy sector is the most

reach over 1.4 bn USD by then

these risks may be quantified, and

organic chemicals.

prominent with fullerenes used in

minimised over the whole lifecycle of a

fuel cells, solar cells and batteries.

Carbon nanotubes - The market for

This market is expected to grow, with

carbon nanotubes was approximately

significant growth also expected in the

168.5 mn USD in 2008. The ITC

There is no doubt that nanotechnology

ITC and automotive sectors, reaching

market is likely to see the biggest

has great potential to bring benefits to

approx. 1.8 bn USD by 2015.

penetration to 2015, with the

society over a wide range of applications,

performance enhancing properties

but it is recognised that care has to be

Nanowires - Nanowires are ultrafine

allowing electronics manufacturers

taken to ensure these advances come

wires or linear arrays of dots, formed

to meet demanding market needs.

about in as safe a manner as possible.

by self-assembly, which can be

The incorporation of CNTs into the

manufactured from a wide range of

displays market will increase demand

For more information on nanoparticles of

materials. Semiconductor nanowires

by 2010, with a revenue forecast in

concern, read the works of Dr Antonietta

made of silicon, gallium nitride and

the ITC market of 1.1 bn USD approx.

M Gatti, an internationally recognised

indium phosphides have demonstrated

by 2015. While in the longer run,

expert in the field.

remarkable optical, electronic and

electronics will continue to dominate

magnetic characteristics. For example,

nanotube applications as broader

silica nanowires can bend light around

use in semiconductors occurs, strong

very tight corners.

opportunities are also expected in
CNT-based products.14

The market for nanowires is worth
approximately 34 m USD in 2007.

Graphene - According to a new

The main market is in ITC, and this

technical market research report

will continue to be the case with an

by BCC, the global market value for

estimated market worth 1.227 bn

graphene-based products will be worth

USD in 2015. Nanowires are finding

an estimated 67 m USD in 2015 and is

application in electronic devices

expected to increase to 675.1 m USD in

(including field-effect transistors,

2020, for a five-year compound annual

sensors, detectors. light-emitting

growth rate (CAGR) of 58.7%.15
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