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10 TEXTILES

Executive Summary

Textiles fibres are roughly divided into man-magstificial/synthetic) and natural

fibres (primarily wool and cotton). Man-made fibra®e constantly gaining ground. In
2007 they accounted for roughly 65% of the totgl,from about 62% in 2006. The
production of natural fibres is, in fact, slowlydliaing. In 2007 it was at 25.6 million

tons, down from 26.6 in 2006. The place of productof man-made fibres has
dramatically shifted in the past 15-20 years. 180, 9Vestern Europe and USA, were
responsible of some 40% of their production, wimle2007 they were down to 12%.
China has been the big beneficiary of this shiftthe expenses not only of Western
Europe and USA, but also of the other producessslice, which was some 8.7% in
1990, in 2007 has climbed to 55,8%.

The textile/clothing has a relevant place in thdustrial landscape world wide, both in
terms of turnover and employment. The world testilearket is estimated to be at
about US $ 4000 billion and the predictions indictat it will rise to some US $ 5000
billion in 2012.

Even if in the last years its position has beeangjty challenged, Europe still has an
important role. According to the 2007 figures, #mivity in EU-27 involves around
176,000 enterprises, gives employment to more thdnmillion people, generates a
turnover of some 211 billion and mobilises investisefor about 5 billion. Its
importance in terms of social, economic and cultaignificance is relevant and it is
further heighten by the large number of SMEs theracterize the sector in specific
regions.

In 2001 (the latest available figures), with its¥2@hare of the world market, the EU
has been the export leader of textile products, aiith 10%, the second largest for
clothing. China is, respectively, the second amdfitst. Besides the EU and China, the
other major players in the textile sector are Soltbrea (10%), Taiwan (10%), and

USA (8%). An increasing role is taken by emergiogirdries, in particular India and

Brazil.

The textiles products are usually segmented in rdecme with their end market.
Clothing textiles and home/furnishing textiles, lwiespectively 60% and 35% of the
total market, still have the lion share. Howevechiical, non conventional textiles,
now at around 5% (of this 5%, medical textiles @ré5%; sports/outdoor textiles,
0.20%; military textiles, 0.15%) are expected tovgrat high rate in the forthcoming
future, progressively gaining larger room bothamis of volume and value.

The competition is growing and technological innawais crucial to keep pace with it.
Among the members of the European textiles andiclgtcommunity it is generally
recognised that traditional products are no lorsgéficient to sustain a viable business,
and the EU players, to compete effectively, havenbwve upward, to more innovative,
high quality products.
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The transformation of European industry from labintensive into a knowledge-

intensive one to produce high added value produets, manufacturing technologies,
meet customer requirements, promote growth, enwisgnal and health safeguard and
other societal expectations, is fundamental to nerm@mpetitive on the world scene.

The European Technology Platform for the Futurelextiles and Clothing at 2020,

presented in 2006, has defined a common visiont lamdund 3 major long-term

industrial trends that are expected to shape sireicactivities and global competitive
situation of the European Textile and Clothing isiiy over the coming years. These
trends can be summarised as it follows:

- development of new speciality fibres and fibre-cositps (and environmental
friendly processes) for innovative textile prodytdsmove from commodities to
specialties

- development of new textile products for innovateehnical applications and
“smart” textiles and clothingto allow new applications

- implementation of new design and product developroencepts, integrated
guality and life cycle managemend, attain customisation for clothing and
fashion.

Nanotechnology can contribute to reach these dormiscan be used for natural as well
as man made fibres and it has a say along thesdaxtiles pipeline.

| Textiles Pipeline | | Nanotechnologies|
«— Materials Nanoparticles,
4 Nanocomposites
Non Spinning < Electrospinning
Wovens v
Weaving
v Plasma treatments,
* __, Finishing <« CVD, grafting,
v coating, etc.
Products

The ability to manipulate individual atoms and aga them in a desired structure and
the peculiar behaviour and properties of the matiiemanoscale, can lead to the
development of a new generation of products haviey features, performances and
functionalities, so enhancing the competitivendsth® innovative players and opening
new markets.

Nanometric materials can be dispersed into theixnatithe fibres or deposited on their
surface to give new nanocomposites with improvedop@ances and characteristics.
The spectrum of nanoparticles used for preparimpo@amposites is large. It spans from
metal, such as silver (Ag), to metal oxides, sughitanium dioxide (TiO2), to carbon

nanotubes (CNT), to clays. Wide is, therefore, thember of characteristics and
performances that can be obtained with the adddfdhese nanoparticles.
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Specific spinning processes, such as electrosgnoan be used to produce nanofibres,
which can lead to non-woven fabrics with improved new characteristics having
multiple applications. Surface treatments at naalesasing both wet and gas phase
processes, can bring about important advantagdhkeirfinishing step. All this can
contribute to develop high performances and mutictional textiles products which in
turn make it possible specialisation, new applaraj customisation.

Nanotechnology research in textiles is rather sgemnd is aiming at two main
objectives.

The first one is the upgrading of both present fioms and performance of textile
materials. For example, fabrics prepared with Bbaelded with nanosize fillers (e.g.
nano-particles, nano-powders, carbon nanotubes-LCdbiTkaving innovative finishing
treatments, are characterised by, for example, reduastrength and durability, flame
resistance, self cleaning, variable chromatic behay light protection, hydrophilic or
hydrophobic properties, anti static features. Thesgerials can be used for a large
variety of applications that span from sportsweat tashionable apparel, to protective
clothing, to packaging. Products with some of thiesgures are already surfacing on
the market.

The second objective addresses the developmemofative products, in particular

smart/functional textiles with totally new featurasd functions. For example, energy
generation, or controlled release, for examplejrafys or scents. Particular attention is
getting the development of new smart/intelligentites, i.e. textiles with new functions

through the integration of technology into a fabwbich make them responsive to
inputs, to show/modify specific properties, or wgbnsing and actuating capabilities.
These products have a more distant commercialisétoizon, but the expectations on
them are high to further expand textiles applicatigtaounides, 2007).

Textiles products incorporating nanotechnologyaready on the market and they are
mostly related to the conventional garment and istming industry. Nevertheless,
looking to a medium-long term scenario, nanoteabalwill find application in first
place in sectors where performances out-weightscdste most likely candidates are:
sport/outdoor textiles, advanced/non conventioeatiles, medical textiles, military
textiles. Due to the increasing demand for highfggerances and multi-functional
characteristics for industrial textiles, this seagexpected to absorb the lion share of
the nano-related products. In the longer run nateted products should expand also to
more cost sensitive markets as a consequenceeuitifici advances and cost reductions.

In its “Nanotechnologies Opportunity Report”, pgbied in 2008, Cientifica, indicated
that in 2007 nanotechnology related textiles actexifor a marked of US$13.6 billion.
This market, according to Cientifica, is expectedgtow to $115 billion by 2012.
Other sources give more conservative figures,ibuny case, the expectations are high
because nanotechnology can allow to go beyond gimgdling new functionality to
textiles, but it can change the way fashion desgyaed retailers are approaching their
craft and business.

The promises of nanotechnology are high for theque specific behaviour and

properties at nanoscale can lead to exceptional preducts and more environmental
friendly processes and several drivers are promgoatsuse in the textiles and clothing
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sector such as technology innovation, demand fearaced products, enhancement of
competitive position. However, there are also leasriwhich can hamper their success
such as the transfer of the scientific results ftbm lab to production, the existence of
competing technologies, the lack (sometimes) ofjadeely skilled people, the possible
hazards associated with the use of nanotechnology.

The latter is a particular important issue and dwaluation of the potential risks
associated with nano-related textile products andgsses along their entire lifecycle is
a task of fundamental importance to be dealt with.

At present, there are not specific regulationsrfanotechnology nor nanotechnology-
related textiles products. Much of the concern agused on “free” engineered
nanomaterials and their effects on the environmeeglth and security (EHS). The
European Commission also shows this, highlightivad, twith the necessary adaptations
for nanotechnologies, existing regulatory schesss go some way in regulating the
emerging field without constraining the growth tmoich. With this in mind, the focus
is more on the improvement of instruments to enstwenpliance with existing
legislation.

The combination of existing regulations and volaptaeasures, remaining vigilant and
proactive to find appropriate and proportionatdoast, can be accepted as transitory
solution. However, the request for specific regalatfor nano-technology related
products is mounting and the initiatives in thetitexsectors (as well as those in other
sectors) will have to confront with the evolutiom that matter.

Drivers and barriers have a different impact dependn the sector of application. The
cost-benefit dilemma will always come into play. M of two will prevail will
determine the rate of success.

When we consider its positioning in the field ohotechnology applied to textiles, it
turns out that Europe is lagging behind its maimpetitors. This fact is highlighted
also by the analysis to patents applications thatvs that Europe is usually a follower
when compared to countries such as USA and JapaBuilope Germany is at fore
front, followed by United Kingdom, France, Switzert (not necessarily in that order)
and then Italy and the Czech Republic. Particuladiive have been in the last years
China, and South Korea. In the case of nanopastichéna is leading the lot!

This situation could severely hamper the competipoesition of the European players
and a strong effort should be made to catch up thghabove said competitors.

As mentioned above, the application of nanotechyln textiles can take place along
the entire textile pipeline and the report is segi®e in four Sub Sectors which refer to
it:

* Sub Sector 1: Nanomaterials and nanocomposites
In this section are examined the different typesnahomaterials that are
currently used in textiles and the effects assediatith them.

* Sub Sector 2: Fiber Production
Subject of the chapter are innovative technologieder investigation/use for
obtaining nanofibers, with particular attentioretectrospinning.
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* Sub Sector 3: Finishing treatments
The physical and chemical treatments that are epagldor the finishing of

textiles to give them innovative structural and dional properties are the
subjects of this chapter.

* Sub Sector 4: Nano-related textile products
In this section is presented the present situaifaextiles products incorporating

nanotechnology already available or under study #mel possible future
developments and trends.
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10.1 Sub Sector 1 - Nanomaterials and Composites

10.1.1 Definition
As nanomaterialsare intended engineered (man mad&gnoparticleshaving at least
one dimension in the nanometer (nm) range (1nm P or, more precisely, in the
range between 1 and 100 nm. Whiginocompositewe refer to composites prepared by
adding the above said nanomaterials in a matrixeWe nanoparticles are on the
surface we refer at the resulting productaa@so-hybrids

Keywords : Nanopatrticles; Nanofibers; Nanofibrils; Namwmts; Nanospheres;
Nanocrystals; Nanocomposites; Nanolayers

10.1.2 Short Description
10.1.2.1Nanoparticles
Nanoparticles are constituted of several tens adteds of atoms or molecules having
a variety of sizes and morphologies (amorphousstalyne, spherical, needles, etc.) as
schematised in the following table, where nanoneteare classified with regard to
dimension, phase composition and fabrication pmclanoparticles can be produced
following two different approaches nicknamed Topvdaand Bottom-up.

» Top-down Very small structures are from larger pieces afarials by reducing
them by means of chemical, mechanical and physieghods.

e Bottom-up The nanomaterial is prepared starting from atooriomolecular
species through a process of assembly or self-ddgemhis approach is
considered by some as the only true “nanotechnblagyg should allow an
extremely precise control of matter.

Classification | Examples
by dimension
e Three dimensions (<100 nm) Particles, quantum dots, hollow
spheres, etc.
« Two dimensions (<100 nm) Tubes, fibres, threads, etc.
+ One dimension (<100 nm) Films, coatings, etc.

by phase composition

« Single solid phase Crystals, amorphous particles, etc

e Solid multiphase Matrix composites, coated particles,
etc.

*  Multiphase system Aerogels, colloids, etc.

by fabrication process

* Gas phase reaction Condensation, CVD, PVD, etc.
« Liquid phase reaction Sol-gel, precipitation, etc.
» Solid phase reaction Sparking, etching, plasma, laser, gtc.
* Mechanical processes Ball milling, plastic deformation,
etc.
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The properties of nanopatrticles depend from twonnfeitors. Due to their dimensions,
nanoparticles have as large surface when compareithet same mass of material
produced in larger form. This can make the nanonademore chemical reactive and
affect their strength or electric properties whie quantum effects that come into play
at nanoscale, can affect the optical, electricraadnetic characteristics of the material.
The combination of these two factors gives to naniges extraordinary
unprecedented properties and behaviour.

Nanoparticles presently of interest in the texwlector are metals, metal oxides,
silicates, carbon products like graphite and canbamotubes (CNTSs), but also organic
materials are under investigation. They can be ueider as filler to obtain
nanocomposite fibers or deposited onto the surface

Nanoparticles are already commercially availabléhim form of dry powders or liquid

dispersions. The latter is obtained by combiningaparticles with an aqueous or
organic liquid to form a suspension or paste. ltyrba necessary to use chemical
additives (surfactants, dispersants) to obtain #oum and stable dispersion of the
particles.

10.1.2.2Nanocomposites

Composites usually show improved structural andtional features with respect to the
matrix alone. Adding nanoparticles to natural anénmmade fibres to obtain
nanocomposites gives products with still higherfgrenances with reference, for
example, strength, chemical or abrasion resistamatsr repellence, transpiration, fire
resistance, antibacterial properties, UV protecti@hectrical conductivity. These
properties are retained by the resulting fabrics.

10.1.3 State of R&D
The type of nanomaterials most currently utilisedthe textile sector have been
indicated above and in the following is reportedyathetic description of them, their
potential use and the research under way.

Metals and Metal Oxides Nanoparticles

Metals and metal oxides are important classes obmaterials. Among the metals
those attracting the highest interest are at thenemd silver (Ag) and gold (Au) while
among metal oxides can be cited silica @#iQ@itania (TiQ), alumina (AbOs), iron
oxide (FgO,, FeO) and zinc oxide (ZnO). This group of nanomale possess a variety
of properties such as photo-catalytic activityc#ieal conductivity, UV absorption and
protection. The current research is focusing onrraidrobial, self decontaminating and
UV blocking functions. Silver nanoparticles, in peular, are emerging as one of the
fastest growing product categories in the nanotelclgy industry. The ability to
produce particles of silver at the nanoscale maatlg companies to leverage its known
antimicrobial properties as an effective meansnfarobial control. However, particle
size, discoloration, limited efficacy, moisture aetion, ionic stability and high costs
have kept so far silver-based antimicrobials froeedming widely used in nonwoven
applications. Particular interest are raising @Is@ nanopatrticles that have been shown
to provide UV shielding and reduced static elettyriof nylon fibre. An added
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advantage of the use of zinc oxide is that it igraped for use in skin contact fabrics.
Another example about the possibilities of metaldex is given by composite fibres
obtained with TiQ/MgO nanoparticles that have shown to provide sfilising
function. Also semiconductor (e.g. cadmium telleridCdTe, or gallium arsenide,
GaAs) are taken into consideration for preparingocamposite fibres.

Clay Nanopatrticles

These nanoparticles are composed of several typagdoous aluminosilicates, each
differing in chemical composition and crystal sture. Clay nanoparticles possess
electrical properties, fire, chemical and wateistasice, ability of blocking UV light,
giving to composite fibres reinforced with them &fie properties such as flame
retardant and anti-corrosive behaviours. Nylon effborcontaining montmorillonite
nanoparticles have been applied, for example, asbldeker. Another application of
clay nanoparticles is to introduce dye-attractingssand creating dye-holding space in
polypropylene fibres, which are characterised bycstiral compactness and lack of
dye-attracting sites. In this case, nanoparticiesnontmorillonite are modified with
quaternary ammonium salt and then mixed into polgplene before it is extruded. As
a result, the polypropylene can be coloured by dges and disperse dyes.

Carbon Nanofibres and Carbon Black Nanoparticles

Carbon nanofibres and carbon black nanopartickeswarong the most commonly used
nanosize filling materials. Several fiber-forminglymers used as matrices such as
polyester, nylon and polyethylene have been ingattd. Carbon nanofibres can
effectively increase the tensile strength of contposibres, while carbon black
nanoparticles can improve their abrasion resistamcktoughness. Both of them have
high chemical resistance and electrical condugtivit

Carbon Nanotubes (CNTSs)

CNTs consist of tiny shells of graphite rolled wpoi cylinders. They are classified into
single-walled carbon nanotubes (SWNTs) and multlagla carbon nanotubes
(MWNTS).

Carbon Nanotubes are usually manufactured by caabouischarge, laser ablation of
carbon or chemical vapour deposition. Continuingeagch activities on CNTs fibre

involve study of different fibre polymer matrices avell as CNTs dispersion and
orientation in polymers. Processing approaches asaket spinning, melt spinning and
electron spinning are extensively explored. Theepimal application of CNTs include

conductive and high-strength composite fibres, gynatorage and energy conversion
devices, sensors, and field emission displays.

Polyvinyl alcohol fibers, added with SWNT, haviagliameter in the micrometer range
exhibit twice the stiffness and strength, and 2@e8 the toughness of steel wire of the
same weight and length. Moreover, the fibre toughrnean be four times higher than
that of spider silk and 17 times greater of Kevilares used in bullet-proof vests.

Recently have been prepared fibres spun from pantgoo nanotubes. These fibres are
undergoing rapid development, along with compoditares containing carbon
nanotubes as additive. Such fibres are, in faaly g&ong and are expected to have
applications as diverse as body and vehicle arntoamsmission line cables, woven
fabrics and textiles.

http://www.observatorynano.eu/ 11



Other nanomaterials that can be used to prepam@caoarposite fibres are cyclodestrin,
aza.crown ethers and fullerene. As consequencehaf tmolecular shape, these
nanomaterials can be used to cage products, sisiteats, to be later slowly released.

Cyclodextrins- Cyclodextrins are cyclic compounds characterisedahyydrophobic
interior and a hydrophilic exterior, that make thameful components in the
complexation of (hydrophobic) drugs. The ring ssteyclodextrins can be varied since
different cyclodextrins have cavities of differesize, but still only selected groups of
drug molecules that fit in the cavities can be usecomplex formation. Cyclodextrins
have been successfully immobilised upon textileri€sbto be used as a container of
specific molecules. Cyclodextrin can be spun im® fibre only with materials whose
fibres are made using melt or solution spinning, polyamide-6. Another example is
the electro-spinning of Cyclodextrins-containingnoaebs.

Aza-crown ethex - Aza-crown ethers are neutral, macrocyclic polyethetecules, in
which the oxygen atoms are partially or complet&glaced by nitrogen. In contrast
with cyclodextrins, which have a 3D structure, ar@awn ethers in their basic form are
only 2D. The secondary amine groups are possiltistisution spots. The molecules are
capable of forming stable complexes with metal joims particular the so-called
transition metals. Selectivity is governed by tfeed) crown ring diameter, the number
of heteroatoms in the ring, the ion diameter amdctiiarge density of the cation.

Fullerenes- Another way to fix macromolecules is by using fréiees. Fullerenes are a
so-called allotropic form of carbon; the materiahsists of only carbon atoms. A well-
known example is C60, which is more or less shdiged football.

10.1.4 Additional demand for research

Due to their large surface area, nanofillers haveetser interaction with the polymer
matrices and are well evenly distributed so thatosamposite fibres show, respect
normal composites, an increased mechanical stremgthmproved physical properties.
These properties can be further enhanced by thelipeproperties of the matter at
nanoscale, described by the quantum mechanics;dhaltiffer from those of the matter
in bulk, allowing unprecedented opportunities imaaiety of sectors that can span from
medical care to fashion. Nevertheless, linked o dhtstanding features obtained with
nanomaterials and nanocomposites, there are alsvasalrawbacks that need further
research. In particular:
* not easy homogeneous dispersion of the nanopartitie the matrix;
» deterioration of the quality of extrusion propestia industrial extrusion;
* matching with the ongoing industrial processes;
* not easy control of quality;
* lack of standardisation;
e unpredictable properties of the nanoparticles iiggrenvironmental and health

hazards, such as allergies, toxicity, etc.
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10.1.5 Applications and Perspectives
The number of potential application of fibres nasraposites is almost endless and in
the following table it is reported an overview tiose at present more investigated,
together with the properties most commonly sought.

Nano-Filler Properties/Applications
Carbon nanofibers * Increased tensile strength
* High chemical resistance
» Electrical conductivity
Carbon black nanoparticles * Improved abrasion resistance and
toughness
* High chemical resistance
» Electrical conductivity
Carbon nanotubes (CNTs) e 100X tensile strength of steel at
one-sixth the weight
» Electrical conductivity
» Good thermal conductivity

Metal nanoparticles * Antimicrobial properties
(Ag, Au) + High fashion textiles

» Solar cells
Metal oxide nanoparticles » Photocatalytic activity
(TiO,, Al;03, ZnO, MgO) * Electrical conductivity

» UV protection

* Antimicrobial/self-sterilization
Clay nanopatrticles » Electrical resistance

e Fire, and chemical protection
e UV light shielding

» Corrosion resistance

Natural and man made fibres have been used to nereamocomposites. In particular
polyesters (PET, PPT, PBT), polyamides (PA 6, PA&®6rylics, cotton, wool. Though
all the characteristics indicated in the table areestigated at the moment, the
applications most advanced refer essentially tacsiral properties such as tensile
strength or abrasion resistance, and functional pegitees such as
antimicrobial/antibacterial activity, flame resist@ or UV absorption. In the future,
given the increasing interest for smart textilestipular attention will likely be given
also to properties like electrical conductivitypirotocalytic activity.

10.1.6 Current situation within EU
The commitment of Europe in the sector, is reprieskhy the involvement in the field
of giant chemical industries like BASF and Bayed &y specialized enterprises such
as, for example, Centexbel and Nanocyl in Belgildanogate and Sympatex in
Germany, Schoeller Textiles in Switzerland. In gehderms, it can be said that
presently Germany is at fore front, followed by tédi Kingdom, France, Switzerland
(not necessarily in that order) and then Italy HrelCzech Republic. When we compare
the positioning of Europe in the world scene, hosveit turns out the Europe is lagging
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behind and this situation, if not properly tackleduld severely hamper the competitive

position of the European players. Considering gbaample, patents application in some

important sectors related to “nanotextiles”, ifasind, as shown below, that USA and

Japan are usually at the front, but also that egwuch as South Korea and China are

coming up strongly. In particular, in the case ahoparticles China is now leading:

* Nanofibres: USA (42.12%); Japan ( 24.7% ); Southeldd7.9%); Germany (6.3%).

* Nanoparticles: China (46.3%); USA (20.1%); Japeh4%); Germany (8.8%)

e Carbon nanotubes: USA (49.9%); Japan (34.2%); Séidrea (2.9%); China
(2.5%); France (2.1%).
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10.2 Sub Sector 2 - Fibre Production

10.2.1 Definition
Fibres obtained adding nanopatrticles before attoaail spinning have been considered
already talking of nanocomposites, but nanofibears, fibres with nano scale
dimensions can also be produced to obtain non-wtalarcs.

Keywords: Compounding; Masterbatches; Melt spinning; &apspinning; Solution
spinning; Electrospinning; Bubble electrospinniMggneto-electrospinning; Patterned
electrospinning; Vibration-electrospinning

10.2.2 Short Description
There are currently a few technologies to produm®fibres, the most important being
the electrospinning process and its variationgodad by the splitspinning or island-in-
the-sea process and the template or self-assenmdiggs.

10.2.2.1Electrospinning

Electrospinning is not a new technology for polyrfiere production. It is known since
the 1930’s. Basically, a high voltage is used ®ate# an electrically charged stream of
polymer solution, through a high voltage electréidked to the polymer solution, and
the solution spun through a capillary on a grounctgkbctor.

Due to the low output of the process, inconsistentow molecular orientation, poor
mechanical properties and high diameter distributaf the nanofibres obtained,
electrospinning did not gain significant industriedportance until special needs for
medical, military, and filtration applications hasemulated recent studies and renewed
interest in the process.

10.2.2.2 Splitspinning

The Splitspinning process for nanofibres is basedmitting one monofilament into a
multitude of finer filaments. Cold air can be usat equipment can be more robust
because there is very little drawing of the filanserilaments produced normally vary
in the range of 3im to 15um. Recent developments approach the nano regidn wit
filament diameters below dm.
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10.2.2.3 Self-Assembly Process

Self-assembly process is inspired by nature. Naesscience and nanotechnology
prefer to synthesize via a “bottom-up” approactar(stg from the molecular length
scale) rather than via a “top-down” approach (stgrfrom bulk material). Linear
assemblies such as nanofibres and nanotubes peetwiular interest, because they are
expected to have unique properties with respeappdications.

10.2.3 State of R&D
10.2.3.1Electrospinning
The apparatus used for electrospinning (shown Beliswsimple in construction,
consisting of a high voltage electric source widisiive or negative polarity, a syringe
pump with capillaries or tubes to carry the solutioom the syringe or pipette to the
spinnerette and a conducting collector. The callectan be made of any shape
according to the requirements like flat plate, tiagadrum, etc.

polymer or composite solution

e

syringe

high-voltage power supply

—— metallic needle

—— electrified jet

I collector

Electrospun nanofibres can be assembled by dit@et-fo-fabric formation to create a
non-woven fabric or by the creation of a lineareasly or a yarn. From the yarns, a
fabric can be woven, knitted or braided.

The linear fibre assemblies can be aligned mechiyicor by controlling the
electrostatic field. Alternatively, a self-assentb®ntinuous yarn can be formed during
electospinning by properly designing the groundtetele.

Variations of the process, based on the same ptes;iare also under way and in some
case have reached production level. In particular:

- Rotary electrospinning

The rotary electrospinning system consists of @b speed rotating fibre-collecting
disk. Since the disk is rotating, the depositedesbare placed in the direction of the
rotation, forming rings of aligned fibres on theslkdi The fibres are subsequently
collected in batches or continuously collected intdl-aligned bundles of yarn.
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- Electrospinning of self-assembled yarn

The fibres are allowed to build on top of each otn&il a branched tree-like structure

is formed. Once a sufficient length of yarn hasrfed, the accumulated fibres attach
themselves to the branches and continue to buildugevice such as a rotating drum

can be used to spool up in a continuous lengthsétitassembled yarn that has been
produced.

- Nanospider technology
Nanospider technology, a process developed andupeod by Elmarco Ltd, is a
modified electrospinning method from polymer sajos.

Nanospider Technology
Source: Nanopeutics s.r.o

The principle of Nanospider is based on the disgoveat it is possible to create a
Taylor stream also from a thin layer of polymerusimin. Unlike other methods,
Nanospider uses a cylinder, not nozzles or capiato form the fibres. The cylinder is
partially immersed in the polymer solution, and,itawtates, a defined amount of the
polymer solution is carried to the top part of thdinder where Taylor cones — the
initiations of nanofibres - are created. The Tagiveams are formed next to each other,
throughout the entire length of the cylinder, réaglin the high production capacity of
Nanospider’s spinning head.

The production capacity is a function of the apgie working width; the number of
spinning heads placed in series; the linear praolucpeed and the desired area weight
of the nanofibrous layer. The polymer used is tlestnimportant parameter defining the
properties of the final nanofibrous fabric.

Nanospider Technology works on the developmentamiofibres from both water and
non-water based polymers, and even biodegradaliienpcs that can be used for
medical applications.

10.2.3.2Splitspinning

The splitspinning process has been developed byWarGmbH. The monofilaments
are picked up directly underneath the spinnereé lgas stream (normally air), which
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draws them by applying shear stress to the surfbcecontrast to all meltblown
processes both the melt and air flows are steadiglerated.

As soon as the internal pressure in the monofildragoeeds the external gas pressure
the NANOVAL effect causes the filament to burst m@pontaneously. The permanent

increase of the internal pressure being due topteeence of hydrodynamic viscous

forces, the vapour pressure of lower molecularspamnt humidity in the melt.

This pressure acts against the tenacity of the filannt’s skin, which increases with
the increase in viscosity caused by its coolingmewd the decrease of its diameter.
One monofilament can split into a multitude of véine filaments, it is not unusual to
find more than 20 and up to several 100.

Nonwovens can be produced either from spliced esdlélaments or from
monofilaments. With the spinneret nozzles arrangadws it is possible to deposit the
filaments on a conveyor belt running below, atshme time removing the gas/air from
underneath the belt by suction fan.

The labels spinnefein® and spider fine® are regestenarks from Nanoval for these
kind of products.

10.2.3.3Self-assembly Process

Self-Assembly has gained much attention from sigenfrom various fields of interest.
First of all, self-assembly is ubiquitous in theéural world: both inorganic and organic
molecules self-organise into complex structures.

The well-defined structures of such supramolecalsgsemblies are prerequisites for
their function. Examples are haemoglobin, phosjppimlimembranes, cytoskeleton
(microtubules, actin) membrane channels, collagehcasein micelles.

Inspired by nature, nanoscale science and nanaikxyn prefer to synthesize via a
“bottom-up” approach (starting from the moleculamdth scale).

Molecular self-assembly is mediated by weak, novatant bonds, notably hydrogen
bonds, ionic bonds (electrostatic interactionsgrbphobic interactions, Van der Waals
interactions, and water-mediated hydrogen bonds.

Although these bonds are relatively insignificamtisolation, when combined together
as a whole, they govern the structural conformatib@ll biological macromolecules

and influence their interaction with other molesul@he water-mediated hydrogen
bond is especially important for living systems,afisbiological materials interact with

water.

10.2.4 Additional demands for research
- Electrospinning process
The conventional electrospinning process has lowpuwiu inconsistent and low
molecular orientation and poor mechanical propertiethe nanofibres, making them
useful for non-wovens. On the other hand, this nietdgy is flexible, it allows the
utilisation of different polymers and the insertiai different chemicals into the
solution to have functional applications. The Ngnder seems to have overcome some
of the above drawbacks maintaining the advantages.
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The research under way aims to overcome the abadedsawbacks working on the
different parameters that control the processfjtike the applied voltage, needle tip-
collector distance, solution concentration and ctigdity, and solvent volatility. Other
parameters, like needle tip or capillary diameseirrounding gas stream, conductivity
of the collector screen, etc., could also influetieefibre morphology and orientation.

Applied electric field is the foremost importantrgaeter, due to its direct impact on
the dynamics of the fluid flow. Similarly the needip to collector distance is also a
major factor in determining the time available filare drying, and the space available
for splaying and whipping of fibres to take place.

- Splitspinning process

The process is simple, robust in operation andggnsaiving, due to the use of cold air.
The machinery is a modification of current spinnprigcesses and permits high output.
On the contrary, this technology does not produsy Yine nanofibres, just filaments
reaching a diameter around 1 um, and the procesmtidlexible to use different
polymers.

- Self-assembly process
This process is still under development and resedmat already shows instability and
difficult management of the process.

10.2.5 Applications and perspectives
The application of electrospun nanofibres is, atrtoment, limited and just on small-
scale. Most of the initiatives are still under 1@sh. Nevertheless, nanofibres offer clear
advantages in many fields, as briefly describetthénfollowing.

* Filtration
Dynamic industrial expansion, and increasing resfugnts and standards of air
treatment, are factors that lead to search forayavmore effective filtration materials.

Air filters are used in ventilation and air-conditing systems which are proliferating in
an ever increasing number of places. From houdsht surgical rooms, clean rooms
and laboratories, combustion engines, turbo-gemesahuclear power stations, water
purification.

Nanofibres have properties that make them the isaluf choice for the increasing

demand of highly effective air filtration. They hegun fact, a high specific surface, low
weight, small diameter of fibres and high porosityreover, the range of pore sizes
ensures that microparticles such as bacteria an gireses cannot pass through the
filter and the small diameters of fibres ensurehHiljration efficiency, while obtaining

a low pressure drop. Thanks to their charactesisti@nofibres can offer also

opportunities for economic gains as, for examplatemal reduction .

* Nanomedicine

Nanofibres, serving as a cell support, have theemi@t to be used for tissue
engineering in the reconstruction of skin, bonessctes, veins and nerves. This is so,
thanks to the fact that the structure of nanofiieatile is similar to that of the tissue
structure of the human body.
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Taking advantage of their large surface area nbhaotiextiles can be used also for the
controlled delivery of pharmaceuticals.

* Wound dressing

Nanofiber textiles can be used for wound dressiingy enable the transport of oxygen
and exudates, while, simultaneously, protectingmfrdoacteria. Nanofibres can,
additionally, carry some antimicrobial, haemostatar healing enhancement
pharmaceuticals.

* Hygiene

Nanomaterials are porous and therefore breathéh®ather hand the sizes of the pores
are too small for any bacteria or even virusesadhgough. Hydrofobically modified
nanomaterials become water-resistant and enablgaaisportation at the same time.
These properties promise wide use in health cardifpers, napkins, wipers, etc.

» Cosmetics

Electrostatically fibrillated polymeric nanofibrésmve been tried as a cosmetic face-
mask for the healing or cleaning (curing) of thenptexion, and for other medical
purposes. It has been proven that PA 6/12 can gecwipositive effects on the human
complexion, with pads with PA 6/12 removing seburd the shiny look from the face.

» Barrier Materials

Nanofibres have an excellent absorbing efficienéylowv frequency sound. This,
combined with their light weight, predetermine aaiuse as acoustic and anti-noise
solutions in the automotive, aviation and constamctindustries, registration studios,
concert and lecture halls, theatres, cinemas,roasss, etc.

Unlike the sound isolation, which lowers the pea@dn of noise to other areas, the
sound absorption decreases the sound energy anefléstion on the surface of
boundary lines or articles in the area of the scamarce. Sound energy is changed into
heat energy by the penetration of porous mates@télled Dissipation).

10.2.6 Current situation within EU

A research survey on electrospinning and nandfilsfews an increasing interest in
nanofiber fabrication and related applications otver period 1999-2007. In the year
2007 total 1728 publications related to nanofilappeared which included 445 general
patents and 117 biomedical application relatedmate

The patent score in the electrospinnig field shdaan as the first, followed by USA
and South Korea. Europe is lagging behind, witlewaht presence of Germany, and
Czech Republic.
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10.3 Sub Sector 3 - Finishing Treatments

10.3.1 Definition

Finishing is a key process in the textile pipelihés used to confer different properties
to textiles while maintaining the same basic charastics of the raw material. It

enables a very high flexibility of applications atie growing awareness for health,
hygiene, safety and environmental protection hasemsed the demand for more
effective and flexible surface treatment§he advent of nanoscience and
nanotechnology is opening to the process new fonti'Nanofinishing” is getting an

increasing attention that concerns both wet andidighing processes.

Keywords : Chemical vapour deposition; Physical vapour démm; Plasma enhanced
chemical vapour deposition; Electrodeposition; Lowvessure plasma coating;
Atmospheric plasma Coating; Dip coating; Sol-Gehating; Spray coating; Micro-
etching; Grafting; Lamination

10.3.2 Short Description
Wet finishing refers to chemical treatments performed mainly wivhater-based
reactions, for operation like dyeing or dispersainchemical products. It igsually a
batch process with the release of large amounts waktewater. By using
nanotechnology both cost and environmental praieaan be improved.

Dry finishingis a gas- and solid-phase treatment, performephlygical, chemical and

mechanical processes which can be carried outtchkes well as in continuous, for
operations like coating, grafting or lamination. sGphase treatments, in particular
plasma, are gaining ground for they offer the pmobsi of treatments at nano level,

with high flexibility and variability, and low enk@nmental impact.

10.3.3 State of R&D
Following are examples of finishing processes usiagotechnology of interest for
textiles. Some are already in use, other are fardiit stages of development.

Dyeing and Printing

Dyeing is ubiquitous within the textile industrydathe process formulation includes:
the dye, a dispersant, and, optionally, a thickembe interest for its improvement is
high and, as mentioned, nanotechnology offers uaramlvantaged. By using the dye as
nanoparticles, in fact, the amount of the dyeingnagan be greatly reduced, products
wastewater is largely diminished, the cost of goes#tment of wastewater minimised
and, by replacing the complicated operations, @E®tiene shortened.

Coating and Lamination

Coating and Lamination are important processeshi®rapplication of nanomaterial on
textiles, mainly for fabric finishing, but they cafso been used in fiber manufacturing.
In particular, they are the most versatile and Videsed processes for most of the
applications of nanopatrticles.
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In general, nanotechnology provides the tools fortlling 3 key parameters crucial
for thin films performancechemical compositiorfand crystalline structure at nano-
sized domains)thickness, topographgincluding nano-scale patterning of thin films’
surface).

There are different approaches for coatings andnimon processes. They are briefly
described below.

- Chemical Vapour Deposition (CVD) and Physical Vapdaposition (PVD)

These methods consist of heating the material @aimg it into the gas phase) and then
depositing it onto the surface. The use of chemieakttants triggers the deposition
process. Several techniques are available for deppghe thin film material. Thermal
evaporation, magnetron sputtering and pulsed ldsposition are probably the most
widely used

- Electrodeposition

Electrodeposition is a coating process based omatiien of electric current and is
normally used to produce metallic coatings. Theodén is achieved by negatively
charging the substrate to be coated and by imngeisinto a solution containing a salt
of the metal to be deposited.

- Spray coating

There are two main methogdasma spray coatmandthermal spray coating

Plasma spray coatindalso known as plasma arc plating, plasma arcysmraand
plasma coating) in which powders are introduced icavity that contains the gas
stream of a plasma gun. After being melted, thedqsya/are projected onto the surface
being coated,;

Thermal spraying coatingconsisting on heating a feed stock material (pavea wire)
and accelerating it to high velocity by a gas stredhen the particles strike the
substrate surface and the particles deform anadreato the substrate. The collision
speed is an essential element, which directly anfbes the coating properties.

- Self-assembling monolayers (SAM

SAM are one-molecule thick thin layers spontangoéstmed by a substance, which

can be used for many purposes, from scratch rasistatings for glass to self-cleaning
surfaces. The crucial dimension in SAMs is thekhéss perpendicular to the plane of
the monolayer: this dimension, and the composiéilomg this axis, can be controlled

very simply at the scale of 0.1 nm, by controllthg structures of the molecules making
up the monolayer. SAMs also provide tailor-madecfioms: for example, by changing

the structures of the organic molecules in stréogivard ways, interfacial free energies
can be controlled.

- Atomic Layer Deposition (ALD)

ALD is used to obtain ultrathin and conformal thfitm structures for many
semiconductor and thin film device applications. DAluses sequential self-limiting
surface reactions to achieve control of film growilthe monolayer or sub-monolayer
thickness regime. ALD is receiving attention fas fiotential applications in advanced
electronic devices, but it is also of interest imy aadvanced application that benefits
from control of film structure in the nanometer sub-nanometer scale. ALD is
especially suitable for coating of substrates/paits complex surface topography.
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- Sol-Gel technology

In the sol-gel process the precursor is dissolvea isolvent (forming a sol or gel,

depending on the reactor conditions) and precgstatue to chemical reactions. The
sol-gel process consists on 4 basic steps: hydsolgendensation and polymerisation
of particles, growth of particles and agglomeratamd formation of networks.

Sol-gel technology is not new and inorganic is beapplied in diverse sectors for

decades. The inorganic nature of sol-gel layersesiakem very strong and wear-

resistant, so that one may obtain important effedtis nanometric layers. Thanks to its

vast applicability, an extensive catalogue of moles has been developed throughout
the years, applicable with the sol-gel process, a@taving to compose layers with a

variety of properties.

Recently, several research groups have acknowlettgegotentialities of sol-gel for
textile treatment. However, receipts and methodghviare being currently used in
other sectors, are not adapted to textile raw nadgeMhe major problems are related to
the use of highly acidic solutions and predominamttganic solvents, high process
temperatures and long process sequences. Inorgain@an be produced from various
nanopowders of metal oxides as, for example,, T&NO, FgO, Al,O3; and SiQ.
Using a sol of this type have been obtained durabife@metric coatings to have textiles
with hydrophilic or hydrophobic surfaces.

- Nanoscale emulsification

It is an important tool for chemical finishing, dugh which finishes can be applied to
textile materials more evenly and precisely. Fiagstcan be emulsified into nano-
micelles, made into nano-sols or wrapped in namadap that will adhere to textile
substrates more evenly. These advanced finishew alhprecedented hydrophilicity
and stain resistance, which can be used in hous@mol domestic textiles.

Grafting

Grafting is a superficial process used to functigeamaterials that do not have
functional chemical groups, that is, changing thatemal surface by adding or
modifying chemical groups trough chemical reactions

Plasma Treatments

A plasma is a partially ionised gas containing jaisctrons, atoms and neutral species.
These particles are highly reactive and plasmanieats can induce chemical and
physical transformation of the fabric surface witgligible addition or subtraction of
mass, without changing the bulk properties or the af chemical products.

This treatments deliver materials with new posgibd, which open perspectives to
resolve production or design problems or even agvebmplete new applications. In
fact, with plasma treatments can be obtained nabiestcharacteristics/properties that
can span from hydrophobic to hydrophilic surfacasd( vice-versa) are possible, to
enhanced printing capability, increased dyeing itgbil improved adhesion,
metallization, and so fort.

Plasma treatments are techniques environmentadpdly and though rather mature
technology in many respects, has not been fullyagbeal yet in textile applications.
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Plasma Enhanced Chemical Vapour Deposition (PE-G¥[Pyobably the widest class
of plasma processes. PE-CVD processes can apply different classes of coatings to
tailor the surface of materials, with compositi@hpaoperties that span from teflon-like
to silica-like to nanocomposite, from super hydrmpl to hydrophilic to hydrogel-like.
PE-CVD is working under vacuum conditions, and ¢ffieme in batch, but there are
emerging also plasma treatments at atmospherisymesvhich look very interesting
since they can be used in continuous processes.

10.3.4 Additional demand for research
Each of the processes described above have bo#miadyes and disadvantages, in some
cases already anticipated. The research is askeddess the present drawbacks to
allow a further development of the technologiespémticular, wet chemical processes
are typically time intensive and with release afjéaamounts of wastewater and the
need of expensive post-treatment of wastewateverGihe very huge production scale
of textiles operated on a wet finishing this isig problem. By using nanoparticles
these problems could be greatly reduced, with adggs in terms of cost reduction and
environmental safeguard and the research is therefming to optimise this approach.
As examples of innovative products obtained witk thiay is the wet coating of cotton
fabric with nano-ZnO, which gives a product withpraved strength properties, air
permeability and UV-absorption properties, and aottextiles with superhydrophobic
surfaces obtained by complex coating of silica panicles followed by
hydrophobization.

With dry processes these problems are eliminatedether, and in effect gas processes
are gaining ground both in conjunction with wet hoets and stand alone treatment.
Plasma treatments are receiving an increasing tamerand among the advantages
offered can be cited:

* Environmentally friendly technique: because oflthe energy consumption and the
fact that it is a dry technique, which means thate is no waste disposal problem
and disposal cost.

» Qualitative and full controllable process: all paeders are controlled by the unit
and quality control possible by print-out and diaigging.

» Effective treatment: higher degree of activatiomnder shelf-life than alternative
methods as corona and flaming.

» Operator friendly technique: no chemical produgtses, etc.

* No substrate damage or bulk property changes

» Different processes can run in the same unit

 No limit to substrate geometries: small and largeple or complex, parts or
textiles are possible.

The major disadvantages, on which the researatissing, are:

* Long treatment time

» Difficulty to set the process in line

* Inability to provide equal treatment conditions &rthe parts in the batch (vacuum
processes)

* Inability to treat parts with complicated geometsspecially parts with inner
cavities (e.g. tubing ID)

* Relatively high price of the equipment and maintex@acost.
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10.3.5 Applications and perspectives
Dyeing
Besides the use as dyes in a nano form, nanogartcan be used also to improve
dyeability. The dyeability of PP has been improvied,example, by mixing nanoclay
with the PP matrix and researchers from the HonggkBolytechnic University have
developed a new process to improve dyeability & wiith chitosan nanoparticles.
Chitosan is cationic in acidic media, which makesasy to absorb anionic molecules
such as acid and reactive dyes. This property efulgn the dyeing of natural fibres
such as wool and silk.

An innovative technology for finishing recently gdoped, and still under refinement, is
inkjet printing It allows the application of dispersed dyes inoparticulate form, with
significant advantaged, in terms of brilliancy ablaurs, storage stability, process
economy (the overall set-up can be five times &npand wastes management.

Surface treatments

Among the processes of finishing described abolesnpa treatments are getting a
particular attention for their versatility and lomenvironmental impact. The chemical
and physical transformation of the fabric surfagekploiting the molecular and atomic
breakdown of natural gases have been experimergedfar, for a variety of
applications:

- Enhancement of hydrophilic properties of fabridters and membranes

The barrier discharge or corona treatment can fesgntly increases the hydrophilicity
of the surface of synthetic polymers allowing thgid absorption and then dispersion
of moisture.

- Hydrophobisation of foil, non woven and webs

The water-repellent and breathable properties biga hydrophobic surface make it
extremely dust- and dirt-repellent. Hydrophobiaatcan also help to avoid hydrolysis
or the growth of bacteria and fungi.

- Pre-treatment to increase dyeability

Plasma treatment is used for increasing the cottamnsity of dyed fabric material,
especially synthetic fibres, as well as colour mgts, in particular, when the dyed
fabric is finished with various kinds of finishiragents.

The method comprises exposing the dyed fabric mahteither before or after the
finishing treatment to low temperature plasma ofimerganic gas under a reduced
pressure. The inorganic gas is preferably oxygea gaseous mixture containing at
least 10% by volume of oxygen. The colour-deepeeiifiect is particularly remarkable
when the colour of the dyed fabric material is kléx impart increased graveness and
vividness of the colour.

- Treatment to improve adhesion
A cold gas plasma of air, )NHe, Ne or Ar or mixture thereof for a few seconds
several minutes to improve adhesion of fibers bri€s.

- Treatment for the mercerization of cotton
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The material is first treated with an alkaline Bed stabilised with water, and then is
treated with a plasma, especially a low-tempergblasma, thereby achieving optimum
mercerization results. This treatment also relatesa method for the soft-hand
mercerization, according to which optimum mercearararesults are achieved while
maintaining the soft hand of the starting materials

- Antifelting of Wool

Wool is initially subjected to a plasma treatmendl ahen to a wet chemical treatment
with a finishing agent, which provides non-feltimgol in a technically simple and
easily handling manner.

Examples of properties and applications of nanocoatgs

Surface properties Application examples
Mechanical properties Wear protection , hardness and
scratch resistance

Wetting properties antifouling, Lotus-effect, self-
cleaning surfaces, anti-adhesive
hydrophobic, hydrophilic

A\1%4

Thermal and chemical Corrosion protection, thermal
properties insulation,
Biological properties Biocompatibility,

a-bacterial surfaces and
wound dressings etc.

Electronic and magnetic RF shielding and electrical

properties conductivity, sensors

Optical properties Photo- and electro-chromic and
antireflective properties, solar
cells etc.

10.3.6 Current situation within the EU
In consideration of its strong position in the biog and textile sector, Europe has a
strong position also a strong technological positia the conventional finishing
processes to impart specific aesthetic, physicalfanctional properties to textiles, such
as, for example, wrinkle resistance or water repeklk. When nanorelated treatments
are taken into account the situation is less faaller Considering the patents situation
n the case of sol-gel technologies, for examplen&HJSA and Japan have the upper
hand, while in the case of plasma treatments, angbarticular, the atmospheric
continuous cold plasma treatment, that are getéingncreasing importance in finishing
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processes, being able to modify the surface prgsedf textiles to improve specific
features, such as dyeing of cotton and wool therpatscore shows (2005 data) that

Japan is the leader (68.7%), followed by the Ewsopmsuntries (in particular Germany,
United Kingdom and France) with a combined shar&4o1%, and USA with 10.1%.
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10.4 Sub Sector 4 - Nano-related textile products

10.4.1 Definition

As nano-related textiles products are intendedtladise product that incorpoarate
nanotechnology by using nanoparticles, nanocomgmsinanofibers or undergo
finishing treatments that induce surface modifmatat nanoscale to give way as a
results to fabrics, cloths or non-wovens that namthe properties and behaviour of
materials at nanoscale.

Keywords: Abrasion resistant textiles; Antimicrobial teesl Antistatic textiles;

Ballistic impact textiles; Breathable textiles; Cwmwmicating textiles; Conductive
textiles; Electronic textiles; Flame retardent ilest Hybrid textiles; High performance
textiles; Hydrophylic textiles; Hydrophobic texsle Insulating textiles; Luminescent
textiles; Moisture absorbing textiles; Self-cleanitextiles; Sensing textiles; Shape
memory textiles; Smart textiles; UV-blocking tegsl

10.4.2 Short Description

In the previous chapter of this report it has beessented a brief overview of the
impact of nanotechnology along the various stepghef textile value chain. The
possibilities brought about by nanotechnologiesnopew perspectives in the textile
sector offering unprecedented tools to answer mat&mands and stave competition
but also to introduce discontinuous innovation tégaf repositioning the industry and
open new markets.

The textiles products are usually referred to tleed market and therefore we can talk
of clothing textiles, home/furnishing textiles amechnical textiles. The first two
account together for about 95% of the market wtalghnical textiles, i.e. a variety of
products and manufacturing techniques being deeelqpimarily for their technical
properties and performance rather than their appeat have at the moment a
relatively low role. Technical textiles, howevere @&xpected to grow at high rate in the
forthcoming future. They can find, in fact, apptioa in a large variety of sectors such
as, for example, agriculture, building, packagipmtection, environment, health care,
so that technical textiles will progressively géanger room both in terms of volume
and value.

The application of nanotechnology in the textilectee is still at an early stage,
nevertheless there are already on the market pi®docorporating nanotechnology.
They are mostly related to the conventional garnagwt furnishing sectors, however,
increasing attention, are getting the applicatimmnshigh performance technical textiles,
which on the short-medium term will be the main aaref application for
nanotechnologies, and especially in sectors wher®ipnances out weight costs, such
as sport/outdoor or military textiles, medical teg, niche high- fashion textiles. In the
longer run, with the progress of the research avst peduction, also the weight of
clothing and furnishing will increase.

Looking at the projected development between 2006 2012, nanotechnology is
predicted to have a differentiated growth acrogsgictors in which it is expected to
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have application. In particular, the highest grovishforecasted in sports/outdoor
textiles, followed by high performance technicaktiles, medical textiles, military
textiles, domestic (home) textiles and clothingites.

10.4.3 State of activity
The R&D activity to transfer the advantages offetgd nanotechnology to textiles
products has two main objectives. The first onethes incremental improvement of
characteristics and performance of present tegtidelucts. In particular properties such
for example mechanical properties, like strengthabrasion resistance, stain and
wrinkle resistance, self cleaning, colour stabjlitprintability, UV protection,
antimicrobial activity, controlled release of fuinctal agents (fragrances, drugs), etc.

The second one, is the development of products tetdily new features to obtain high
performances and multifunctional textiles. Worketgnanoscale allows the building of
molecular architectures that can be specificallyigieed to create desirable attribute in
fabrics. Following this approach particular attentis getting the development of the so
called smart/intelligent textiles. Textiles, beiafple to integrate into a fabric new
technological functions such as sensing, actuatpayer processing, display and
communication which can be used among others inntbedical or military fields,
workers protection, sport activities, or making gibke the application in the
communication and entertainment fields.

An example of the potentialities offered by nanbtesogy is the development of self-

cleaning textiles that are close/hitting the marketo approaches are presented.

One has been developed looking at nature, tryinggpooduce the Lotus effect which

makes it possible extremely high hydrophobic, repéland self-cleaning surfaces. This
result is obtained by coating the fabric with a evatepellent substance like a

fluorocarbon which forms a thin layer around therdi and, as it possess a very low
surface tension, the water drops do not adhersetéaboric.
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a) untreated textile surface (bated
Source: Malik , 2008

The second approach is based on photocatalysisfabnie is coated with a thin layer
of nanocrystalline titanium dioxide (TgDparticles. TiQ is a photocatalyst that when
illuminated by light of energy higher than its bagap, electrons in Tiump from the
valence band to the conduction band, forming antrele and an electric hole on the
photocatalyst surface.
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Both these species react, respectively, with oxyagehwater, with the formation of two
unstable species, namely @dicals and OH radicals which are very reactive @eact
with dirt and micro-organisms degrading them to,@@d water.
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10.4.4 Additional demand for research
The potentialities of nanotechnology in the texslector are very high, for several
drivers are promoting their use. In particular:
« Demand for advanced products
« Enhancement of competitive position
» Technology availability (technology push)
e Unchanged basic materials
e Easy technology
* Process innovation
* Reduced material demand and environmental impact
» Potentially huge economic impact.

However, there are also barriers which should beramme to fully exploit the

potentialities of nanotechnology. One it is cefaithe reduction of cost and the
adaptation of the nanorelated processes to exigtiaguction pipelines. A particular
need of research derive from the concern about pibtential health, safety and
environmental risks posed by the increasing nunolbeéextile products and processes
incorporating nanotechnlogies under developmenthigirespect research dealing with
(human and environmental) risk assessment, chaisatien or metrology looks

fundamental.
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10.4.5 Applications and perspectives

As mentioned above, nanotechnology-related texpiteducts are already on the market
and they refer essentially to textile clothing dadhiture. In the case of clothing the
attention is looking for fabrics having features \lue for the customers/market,
obtained without affecting their physical propest{eolour, flexibility, breathability and
weight), such as water repellence, stain and abrasisistance, anti-bacterial activity,
thermal insulation, wrinkle free, anti-static projes, dyeability. Also high street
fashion can take advantage from nanotechnology twban allow the production of
garments that besides the above properties candiswgeculiar aesthetic features and
functionalities, such as colour variability or fragces release.

In the case of furniture textiles the attention is first place for fabrics with
hydrophobic, anti-bacterial, and stain repellentfasies, fire resistance, thermal
insulation or UV protection. The main drivers, iotl sectors, are essentially customers
and market demand, product innovation, competitvbile the barriers can be found in
existing solution, access to the technology, fégrassible side effects associated with
nanoparticles.

In spite of these first applications, the sectolserg nanotechnology is going to have
the highest impact in the short-medium term is thlahigh performance and non-
conventional technical textiles where nanotechnplogan give outstanding,
unprecedented performances and the benefits oujhtveiosts. Three sectors, in
particular, seem to be the candidate of choicert&pddoor textiles, medical textiles,
military textiles, in the order which reflects al$e order in terms of market volumes.

10.4.5.1Sports/outdoor textiles

Most of the features of value for the clothing se@lready mentioned are particularly
attractive also in the sport/out door market. esthaving anti-bacterial properties for
the addition of silver nanopatrticles that eliminbéel odours, providing better insulation
or protection through surface treatments, or havimgroved mechanical or flu-

dynamic properties by using nanocomposite fibcas, greatly improve physiological

comfort and safety, both of garments and out dearg

These features are fashionable and the customeardkrs high and therefore they can
offer a competitive advantage and gain of markatesh

10.4.5.2Medical textiles

Nanotechnology-related textiles can play an impurtale also in the medical sector.
Medical textiles can draw to all tools provided fgnotechnology in this field. Woven
and non woven fabrics Anti-bacterial fabrics can used to prevent infection or
deodorise medical clothing, wound dressing, beddiaiprics can be functionalised at
the surface for tissue engineering, drug deliveryopic treatments, such as the use of
chitin for wound healing. Non-woven nanofiber dletand filters can find application
in a variety of medical equipment, from respirateguipment to transfusion/dialysis
machines.

10.4.5.3Textiles for the military sector

Also the military sector can have great advantafjesn textiles incorporating
nanotechnology. An intense activity in this fiekl under way especially in US. At
various US Universities as well as military resbarentres. But also industry is looking
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to this sector as a possible outlet for its prosludthe need for textiles with, for
example, very high anti-ballistic properties, artiacterial activity, flame retardant,
colour modification for camouflage, RF shieldingotecting in biological warfare, to
name some, is very high in this sector and nanatdoly can offer a vast array of
solutions giving leading hedge products.

In all these sectors (but also in every day/leisagtvities) an important role will be
played by the so called electronic textiles (Eiteg} that for their peculiarity are
treated here alone.

10.4.5.4E-Textiles

E-Textiles, also known as wearable electronics @hdtonics, are the result of

continuous technological advancement. Electronie$ @hotonics, are incorporated in

textiles mainly during the manufacturing processt ban also be incorporated also

during the finishing process. There are at leastethevels of sophistication in wearable

technology:

- block-based technology, which connects all add devices and adds them to
clothing as detachable;

- embedded technology, which is integrated intdhthg by microelectronic packaging
technology;

- fiberbased technology, in which are all deviassin the forms of fibres or fabric,
including also the use of nanotechnology fibres.

A typical architecture design system of a wearadgxtronic/photonic comprises at
least several basic functions:

» Interface (sensors to obtain information);

* Communication (transfer of information);

+ Data management;

* Energy management and integrated circuits.

E-textiles are at present still essentially at aesle stage, a few products surfacing on
the market.

The favourable ingredients for wearable electroraece lightweight, flexible and
conductive materials. Conductive materials in fugdorm such as yarns and fabrics are
preferred candidates for wearable electronics byirsg as interconnects, functional
devices and sensors. Currently, most of the comaigr@available conductive yarns
comprise a blend of non-conductive polymers withdiative particles such as carbon
black, metallic particles, blends of polymeric @brand continuous stainless steel fibres,
stainless steel spun fibres and metal-clad araimidd.

Nanofibres, nano-additives, nanocoatings and atheo-treatments are becoming the
building blocks of e-textile systems. In line withe maturing of the technology, e-
textiles will evolve into a more flexible, light-ughted, durable, integrated and
intelligent sector, with advantages for the whagtite industry. The applications are
far reaching and below there are few examples.
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- Information and communications

The evolution in lifestyle is leading to increasedbility and, at the same time, a strong
desire for instant access to information and comaations. A friendly and
comfortable wearable computer or a wearable mgifitene integrated can answer this
desire.

- Health care, sport/out door activities, stregsdiions

Wearable electronics may provide information abpbtsiological parameters in
patients, but also during sport activities or iress conditions (fireman, soldiers). The
data could be transmitted for control, assistageemedical advice or even treatment.

- Fashion and leisure

Important markets for wearable electronics are #wse of fashion and leisure. The
acceptability of these garments will depend on lsomfortable they are and they have
to maintain their functionality constant during uaed through repeated wear and
washing cycles.

10.4.5.5 Examples of nano-related Textile Products
As mentioned above, several nano-related textiedytts are available, and below is
reported a short selection of some of them.

* Protective Work Wear W.L. Gore & Associatebas applied nanotechnology to
produce an anti-static membrane for protectivehahgt against bad weather and
electrostatic discharges.

e Antimicrobiotics Fibres- Ciba Specialty Chemicals (CS@) modifying fibres on
the basis of nanocontainer microcapsules thatepitevacterial growth by releasing
antimicrobiotics. The same technology is used sodebodours.

e Improved Moisture Absorber Textiles Kanebo Spinning Corpf Japan has
produced a polyester yarn with thirty times thditgtof normal polyester to absorb
moisture. The yarn, suitable for use in undergatsehas twenty layers for
containing moisture and oil content. The layersehav total thickness of fifty
nanometres.

Toray Industries, Incof Japan has developed a fabric containing bunofiadtra
fine nanometre nylon threads that allow superioistnoe absorption properties.

* Luminescent Textiles Teijin Fibres Ltdof Japan has held trials in the production
of luminescent polyester. A polyester substrateoigered with approximately sixty
layers of polyester and nylon that have differeftactive indices for light. The
layers, which are only approximately sixty-ninenametres thick, refract the light
to create a ‘mystical’ hue that changes accordimgviewpoint of the observer and
the angle the light hits the fabriPhilips Research, The Netherland active on
integration of light emitting devices into textijeand interactive textile lighting
systems.

» Lighter and Stronger Materials- The development of nanofibres could lead to
stronger and lighter fibre-polymer compositesPL (The Swiss Federal Institute of
Technology)is already spinning nanofibres and tbaiversity of Texas and
Irelands Trinity Collegeare said to have spun carbon nanotube compaisites f
with a toughness in the order of seventeen timatdf Kevlar.Nanocyla spin-off
company from the University of Namur, Belgium isacommercialising its carbon
nanotube technology. The potential applicationhelse composite fibres not only

http://www.observatorynano.eu/ 33



includes lightweight polymer-fibore composites bhiillet-proof vests and energy
storage devices contained within a textile falthiat could be used to power an
electronic device.

* Water-repellent, Dirt-repellent and Anti-adhesivabrics - Scholler Textiles AGa
Swiss textile company is producer of NanoSpheir@ishing process that renders
fabric water-repellent, dirt repellent and anthasive. Using the technology a
special three-dimensional structure is createdifihg the available contact surface
for dirt particles.

Nano-Tex,a Burlington Industries subsidiary, is providiagthing manufactures
the means to make their products more durable, rwatd oil repellent, stain
resistant and have the reduced need for washingithout altering the feel of the
fabric. Their chemical formulation and applicatitechnology, which is easily
adopted by existing textile mills, changes theritalitself on a molecular level,
embedding it with tiny, floppy, hair like fibrewdt themselves are attached to a
common spine. The ‘nano whiskers’ in the chemm&!l keeps stains away from
soaking into clothing.

e Shark’s skin modelled swimsuit Mectex the Italy based fashion and performance
apparel fabrics weaver, is the producer a newdahdR Pulse™, that debuted last
year in Speedo’s Fastskin FS-Pro® suits, worn bynsmers who broke 21 world
records within a year’s time, due to its extremely flow resistance. LZR Pulse is
a nylon microfiber/elastane two-way-stretch woveabric that is extremely
lightweight and quick-drying, and provides the coegsion needed to streamline
the swimmer for more efficient performance, wtdleo providing good flexibility
for ease of movement.

* Wearable electronics The Philips/LevidCD+ can be viewed as the first generation
of smart clothing because they integrate mobilenpsand music players, which try
to enhance the ‘organizer’ functions of clothes.

10.4.6 Current situation within EU

The development of nanotechnology-related texpliexiucts is concentrated within a
relatively small group of industrial players anlinaited number of countries.

Most of the inventions that are protected by patetime from large companies
producing chemicals or consumer goods, or from elardextile machinery
manufacturers. The patent activities of the mostigall to medium sized textile
companies are comparatively marginal.

The growing focus on sophisticated technical tegtis not accompanied by a corollary
growth in patent applications. It can be conclutieat the know-how related to these
innovative textiles is either not eligible for paterotection or companies are following
different paths to protect their intellectual prage

When one consider the positioning of Europe it supat that although it has usually a
leading or next to the leading position when raefgrito conventional textiles, in the
case of nano-related products is often laggingrukhtrollowing is briefly condensed
the situation in the main sectors of applicatiomaho-textiles.
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10.4.6.1Sports/outdoor

In nanotechnology applications for sports/outd@xtites USA is the absolute leader.
Active in Europe are Italy and Switzerland. Othesearch institutes and companies are
present in South Korea, China, Japan, and Canada.

10.4.6.2Medical textiles

This sector is more equilibrated in favour of Ewwpgvith companies active in UK,
Ireland, and Czech Republic. The companies inwblwvethe rest of the world are
located in Japan, USA and Canada, Australia, Séatka and China

10.4.6.3Main players in military/defence textiles
Institutes and organisations involved in nanotetdmoresearch for military textiles are
mostly located in the USA which is the leadingyela

10.4.6.4Clothing textiles

In Europe, Switzerland is the most active with foesearch institutes and companies,
followed by UK, but USA is leader in the field chmotechnology in clothing textiles, in
terms of the number of research institutes and emmeg: followed by China and
Japan. Also present is South Korea.

10.4.6.5Furnishing textiles

Nanotechnology applications in furnishing textiteses USA as dominant followed by
China and Japan,. The European companies activgsisector are located in Finland,
Czech Republic, and Switzerland. Also presentcarapanies from South Korea, Iran,
and Canada.
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