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1.1.High Performance bres

Audronl RagaflenT, Kaunas University of Technology, Lithuania

All fibres can be divided into two groups: organic fibres and inorganic fibhets

the last century, welknown organic natural fibres, sues cotton, wool, flaxsilk,

etc, were usd not only as clothing, upholstery, carpets and/or other fabrics, but
also as technical or industrial textiles. In the first half of @@th century
manufactured synthetic fibres (acetate (AC), polyester (PES), nylon (PA), rayon (CV),
polyacrylonitrile (RN) and others) had superior technical properties thmat the

needs of mentioed period.

Inorganic fibres, as carbon, glass, metal, ceramic and asbdstog special
propertiesas well, thatare common to the technical/industrial textiles. Often these
fibres are used for reinforcing the composites. For example, the most important
mechanical and physical properties exhibited by carbon fibres are elastic modulus,
tensile strength and the electrical and thermal conductivity. Such propemties/

to use cabon fibres in compositesf the aircraft and space shuttles, automotive,
sports and recreationaquipment marine and other areas. Glass fibres are used
in insulations and filtratioematerials, also as reinforcement or optical fibres. Glass
fibre is heay in weight, rather strong, but not resistant to bending and abrasion.
Metal fibres are used not only for decoration of textile, but also for metal filters,
abrasion materials, as well as in transport cords. The metal core can be wrapped
with textile yarnsor composite could be done in opposite versa. Asbestos fibres in
their natureare resistantio the fire. But this fibre is dangerous to human health.
Most common fibres used in constructions of aerospace or aircraft shuttles are
ceramic fibres.

Despiteall the advantages of the fibres discussed, the needs formégformance
composite materials in the mid 1960s led to the intensive development of strong,
highttemperature and heatesistantfibres. Aramidsaromatic polyester Ultra-

High Molecular WeighPolyethylene (UHMwPEANd other fibreshave mentioned
properties.DuPont company (USA) first commercialised two aramid fibres. One of
those fibre, belongs to the pala N> YA R 3INR dzLJx Aa Yyl YSR I &
FAONBZ yIYSR & b2 ¥taadmd goup.f TRighTampang i K.
(Japan) commercialised pafraNJ YA RX Yy I YSR -mramid¢narmedBsy T =
¢tSA2AyO02ySEtTE ¢SA2AyO2ySEt yS2 FyR N
¢ S OK y & Nimbexdof commercial UHMwPE fibrare available, which inclad

Spectrd (Allied Signal, USA), Dyneem@SM, The Netherlands and Tokiloh

(Mitsui Toatsu, Japankt SOG NI yt 6 ONXB | Gelriese, osiace GBS LI Y
I Olj dZA NBR o0& Uy diINY RJ &t AWR dzbJL2 € @ LI NI LIKS Yy
fibres also belong to theigh performance fibrest S O (i Nargfrhtic podyester
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spun from a liquid crystal polymer (LCP) in a melt extrusion proddss.process
orients the molecules along the fibraxis, resulting in a high tenacity fibre=irst
LINE RdzOSR AY ™ o dnyTomm& ¢ty dvailable mélt EpuriLiCP fibre
in the world.

It isknown, that polymers can be spun using melt, wetlor spinning technologies
and techniques. To achieve the required paramid properties (an excellent
energyabsorptionto-weight raio, as well as excellent strength and durability), is
used dryjet wet spinning processHeat treatment under tensionin fibre
preparation allows achievingan extension less than 5% at temperature above
500°C, also increasing the fibre modulus and thestalfine orientation which
always iof the radial order Aramids are prepared by the generic reaction between
an amine group and a carboxylic acid halide grddplecular weight of para
aramid fibre must be high, as well as, molecular orientation less than 12 It led

to achieve a high tenacity afuchfibres. Mera-aramids are based on a wholly
aromatic polyamideThese fibres mostlgre made using wet spinning technology.
Technord fibre, which is eight times stronger than steel, is copolyamide
synthesizedvia the copolymerization of several aromatic and diacid chemical
materials.

Aramid fibres have unique properties comparimigh the other fibres. Aramids, as
the final product, can bemultifilament yarns; staple, including short staple, yarns;
nonwovens; paper; spunlad fabrics; powder; and pulp. lw stiffness and high
elongation of these fibres give it textilike characteristics which allow processing
on conventional textile equipmenY.arns from aramiflbre can be easilywoven on
fabric weaving looms. Sotheir technical material preparatiois easier then
preparation from inorganic fibres (glass, carbon, metal or ceranviains from
paraaramids fibre are very strong: their tensile strength i8 imes higher than
that of highstrength mlyester and polyamide yarns and 5 times higher than that
of steel (on weight basis)Most important properties of metaramids (Nomex,
Conex and others) are excellent resistance to heat, flame and chentic&igure
1.1.1and Table 1l.1are presentedypical stressstrain curves of different organic
and inorganic fibres and different properties of such fibres, respectively.

There are several modifications of Kevlar fibres, i.e. Kevlar 29 (as benchmark of
YS@fFNRAT aidl yRIFENR Y@ighddodidas (185 GPa)p Kevlaro >~
149 (ultrahigh modulus (143 GPa)), Kevlar 68 (intermediate modulus (99 GPa)),
Kevlar 119 (High Elongation (4.4%)), Kevlar 129 (High Strength (3.4 GPa)), as well as
Twaron fibres, i.e. Twaron 1000 (standard modulus (66))GPaaron 1055/6(high

modulus (125 GPa)), Twaron 2000 (High Strength (3.8 GPa)). These modifications
are made using different technological parameters in production of jaaaanid

fibres.
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Figure 11.1. Typical stresstrain cures of different fibres

Meta-aramids also are produced of a few modifications, as well as, composites of
para and metaaramids. For example, Nomex 430h{gh crystalinity filament yarn

with higher strength and chemical resistance th&apte spun yarns); Nomex 450
(anatural gaple fibre); Nomex 455 (a patented Sy R 2F bha9-t YR
FTAONBAE 6KSY O2yO@SNISR (2 FFIONARO A&
bha9- -tLLL! Ad o6fSYR 6A0GK | -THONB/HINNAOR (0 | NB
(texturized filament yarn); and other€omposition ofspunlacedfabrics may be

MANE: bha9-t3 wmnx: Y@ wp (DuPont)2TNdsedfdbley et 2 F
durable, soft, conformable, saturable and lightweigha unique combination of

these poperties.

In general, all pararamids are used asdh strength fibres and metaramidsg as
fibresresistantto the heat, flame and chemicals, despite the fact, that LOI of all of
them is higher than 20Aramids also have drawbacksor examplelow resistance

to light of all aramid fibres is the most impant of them. The $rength of such
fibres decreases after exming them to sunlight and colowhanges because of
ultra-violet radiation. The second one drawback of aramids is a relatively bad
colouring.



Table 11.1 Theproperties of fibres

Index | Density | Tenacity | Modulus Elonga | Mois- | Decom LOI
g/m3 N/tex GPa tion, % | ture, position
Fbre wt% melt, °C
YS@t I N 1.44 2.02.2 57-127 2-4 - 560 31-32
¢col NRY| 144 1.652.5 60-120 2244 | 3.25 | 500 29
37
¢ SOKy 2| 1.39 2.2 55-104 4446 |19 500 25
N2 YSET | 1.46 0.5 0.8 31 35 371 29-32
| 2y SEt| 1.38 0.4505 | - 55.5 | 400 2932
UHMwPE 0.97 2.34.0 52-132 34 <0.1 | 150 <20
Carbon 1.78 2.03.9 230540 0720t | 0 3700 -
(PAN based
EGlass 2.55 0.61.2 72 1.83.2 0.1 825 -
PBI 1.43 0.24 5.1 27 15 450 41
PET 1.38 0.6-0.8 - 1015 0.4 255 15-20
PA 6.6 1.14 0.75 - 18-25 4-6 260 20-21

1-in a matrix structure
2 ¢ fabric measurement
3 - filament yarn measurement

Vectra/ fis thermotropic; it is melspun and it melts at high temperatures.
Therefore, itis very different from aramids and UHMwPE fibldsiMwPEare the
lightest fibres with a density of only 0.¢/m3, which is lower than the density of
water. They are particularly resistand moisture alkali,and UV environmenisas
well as chemically ime. They also display good abrasion resistamesding and
creep fatigue, compressicand radiolucencyThe main drawbacks are poor creep
resistance and poor matrix compatibility.

Depending on modification and propertidggh performancdibres,including their
compositeare used in the following application areas: Protective mateFiagrmal
Protective ApparelMarine and aerospace construction, Civil engineering, Ground
transportation, Engineering plastics, Sporting goddisferent kinds of protectie
materials fromhigh performance fibresan be used for ballistic, ctitrough or high
temperature protection. It is known, thatrptective materials need to absorb
kinetic energy in the shortest possible tim&o, high tenacity, high energy
absorption ate, and high modulus of elasticity of paaeamids allow the rapid
dispersion of deformation waves, making them an ideal protective material.
Ballistic protection materials include helmets, plates and armour véstanates
that provide effective proteedbn against a wide range of ballistic hazards, including
bullets, grenades and even certain min@sotection products, such as military and
police! NI YA RAa X +ISHYidE &3t tibgRIaig Gailistlc tomposite
materialsg { LIS O NI { KRASSIKRRRE D2 ¢RR be{tis&dEfdr hard
ballisticvehicles, cash transporters, as well as bulletproof cars, helicopters, planes
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and boats. Materials for ctthrough protection are such: work wear and shoes for
high risk jobs in the timber, meat or glasdustries, safety gloves, socksptective
suits,wear for high risk sports and others. Also these materials haveffantive
resistance to molten metal splash with leeemperature metals, such as lead, zinc,
or pot metal. Almost all kinds of high pafmance fibres can be used for such
protection materials.

Probably the most advantage of all aramids is the possibility to use thtrarimal

or high temperature protective apparel: apparel fabrics to protect against flash fire

and electric arc exposurgarments for firefighters or race car drivers; insulation in
FANB NBaAadlyd GKSNXYIFf LINPGSOGAGS | LI N
which is a total turnout system for firefighters. Components include an outer shell

2F 5dzt 2y du  Y%H n et barfiet, MBANG thedmal Wn2riok DulRont
materials. The system is designed to minimize heat stress and maximize thermal
performance and comforlCA NEFAIKISNAEQ Of 2 KAy 3z F2NJ
layer composed of a moisture barrier, thermal bars and lining, while the outer

shell provides flame resistance, thermal résice and mechanical resistance.
Suitable fibre for such garmentsnclude aramids and polybenzimidazole (PBI).
NASA is developing the next generation of suit technologiesviiieenable deep

space exploration by incorporatiregvances such as regenerable carbon dioxide
removal and water evaporation systems.

Due to a much highempecific strength of high performance fibreemparing with
steel in air and, especially, in seatam they can be used in building, aircraft and
platforms constructions, ship buildings, mechanical cables, mooring réfigb.
performance fibresre widely applied in the production of different tyres for trucks
and aircrafts, motorcycles or bicycleseevor high speed tyres. Also they are used
as filtration materials, including filtration fabrics in hot gas, friction materials and
gaskets.

High performance fibreghat have higher elongation and lower modulus, are used
as rubberised goods, such aspheeyor or transmission belts, hoses for automotive,
hydraulic hoses and others. Some uses for the aramid paper products include
insulation in electric motors and transformers, wire wrapping, and honeycombed
strength members in many aircraftloreover, highperformance fibresare used

for making transportation textiles such as aircraft carpets, sewing thrdastiéng
lines,zipper tapesmedical gradeand the number of applications is growing all the
time.
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1.2.Overview on the technical applications of textile materials
I NAI Ryl 5SGNBttX 19L ¢8EGAfAY {LIAY

From a broadly point of view, technical textiles can be definealldsxtle products
that cannot be fited within the traditional sectors of clothingr furnishing or
better yet: all textile products in which functionality is as much or more important
than aesthetics

Figure 1.2.5howsli KS G SOKy A OF f (hBlalike theSeg@ar @xtilés dzS
productionbegirswith natural fibres or the production of fibres by extrusidtext,

it follows (if applicablg spinning and yarn transformation in order to produce the
fabric with yarns or directly from fibres; or the etatation of plaited structures,
webs, tapes or other types of laminar or even tridimensional textile structures that
can be finished in order to give them new functional properties for specific
applications.

The resulting products can be finished or asskmbfor their final use, or go
through a stage of senfinished products, such as pmpregnated materials or
adhesive materials or those used for the manufacture of composites.

APPLICATION
AREAS

* INDUSTRIAL USES

* CONSTRUCTION
AND TEXTILE
ARQUITECTURE
= CIVIL
-— ENGINEERING
* AUTOMOBILES
* PACKAGING AND
TRANSPORT
* PERSONAL
PROTECTION
* SPORTS AND
LEISURE

* MEDICAL-
HYGIENIC AND

> . SANITARY

*ENVIRONMENTAL
PROTECTION

* AGRICULTURE

® HIGH-TECH HOME
TEXTILES

® HIGH-TECH
CLOTHING

Figure1.2.1¢ SOKY A Ol f GSEGAf S& Ot dzS OKIAY

Therebre, all natural, artificial or synthetic textile fibres can be used in the field of

technical textiles. However, the arrival of new fibre families with high mechanical,

thermal and chemical resistance, among others, is one of the factors that has
essentidly contributed to thestructure of the current sector of technical textiles

12
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beingable to satisfy needs that some decades ago wbalgenever bean related
to textile materials.

The most usual classification of technical textiles is the one definduktiyade fair
Techtextil, from Messe Frankfurt, first celebrated in 1986, and which is being used
since 1997: Agrotech, Buildtech, Clothtech, Geotech, Hometech, Indutech,
Medtech, Mobiltech, Oekotech, Packtech, Protech and Sportech.

Next, a description afach application area is provided.

Agriculture and fishing

Textile materials in this area are used to facilitate and improve the conditions of
agricultural holdings, in gardening and for fishing. They help to enhance the
efficiency and productivity otie sectors they cover. Products can be classified in 2

main groups:

9 Textiles for agriculture crops, horticulture and gardening: soil covering,
protection of crops (from hailstones, sun, birds, insects, wind), irrigation
and drainage systems, silos, liquidd water storage systems, temporary
constructions, ropes for agriculture, greenhouses meshes

9 Textiles for fishing: netspeds, ropes for fishing, manie farmingand fish
farms

Raw materials usedre mostlypolyolefin and polyester yarns and vegkfdres.
Most common structures are woven and knitted fabrics, nonwovens, nets and cord.

Buildingand textile architecture
Textile materials used in this sector are resistant to deformation and extension
under tension to wind, water and to degradation.

Main product groups/functions are: Soil and subsoil stabilizatiortextile
reinforcement for concretereinforcing meshestextile materials forfformworks
structures for facadegnsulation(heat, cold, noise, electromagnetic waydslers,
insulating screens, walls and ceilingsaught excludemwaterprooffabrics for plane
coversmaterials for interiorfacing safety nets textile architecture and temporary
constructiors (awnings and canopiesarguees pavilions and coveringsflatable
constructons,tensed structurescovers for ponds and water tarks

These products, according to their final application, can have several structures,
such as fibres, woven fabrics with or without coating, nonwovens and nets. Raw
materials include: polyester orobyolefin fibres; polyester polypropylene, fibre
yarns; PVC, acrylic or PTFE resins.

13



Industrial uses

It includes all textile materials that have a specific role in industrial processes such
as:

Transportation of materials between processes.

Transportation of materials through machines and by energy transmission
Separation and purification of industrial products.

Cleaning of gases and wastewater.

Dirt and oil absorbency.

Use as a substrate for coated productslacomposite materials.

= =4 =4 =4 -4 =9

Examples ofinal products in which textile materials are used: cables covering,
filters, paper felts, reinforcement of wood, plastic and paper products, industrial
cleaning products, etc.

As there are many kirsbf products,the range of raw materials used is very wide
andmost of textile structures are used.

Civil engineering
Textile materials for civil engineeritiglso called geotextilegre used on or below
ground level to provide the following functions:

1 Separation of sosoil layers in roads, airports anailroads

1 Reinforcement: soil consolidation, subsoil reinforcement, slogpedection

andriverbanks protection.
9 Drainage systems in roadadtunnels
1 Waterproofingin reservoirstanks, swimming pools, tunnets dumps

There are geotextiles thaperform several factions simultaneously. In most
applications, a geotextile performs a primary function seconded by other functions.

For the manufacturing of geotextiles, most used raw materials are polyester or
polypropylene yarns and PVC resins. Textile structures aoadémly knitted or
woven fabrics with or without coatings and both needlepunched and spunbonded
nonwovens.

Automobile and public transportation

This application areincludes all the companies involved in the manufacture of
textile components for grounayaval and air transportation. Products classification
can be done in four main groups:

1 Materials for automobiles: fabrics for tyres, tubes and ventilation hoses, nets
and grids, filters,conveyor belts, safety belts, upholsterycarpets and
coverings,nsulating materialsairbags, textile materials for moulded pieces,
battery separators and protective car covers

14



9 Fireprooftextile materialdor interior design inpublicground transport (bus,
rail, etc.).

9 Fireprooftextile materials foiinterior designin air and maritime transport.

1 Textile materials fothe aerospace industry

Raw materials used for automobile textile materials are mainly polyester,

polypropylene, viscose or glass fibres; polyester and polypropylene ydost.

common structures are: mwovens, knitted and woven fabrics, narrow fabrics,

flocked fabrics antufting.

For public transportation main raw material used are: polyester, polypropylene;
wool, carbon or aramid fibres and yarfdost common structures are: nonwovens,
knitted and waen fabrics, composites andfting.

Packaging and transportation
It includes products with a textile component which are used to cover, contain or
hold goods. Their final aim is to protect, handle or present them.

Products can be divided in the follavg groupstarpaulins for trucks, materials for
shipment protection, textiles for packaging, conveyor beltlsg bagsand
containers, sings and lashing systems and plaited cables for packaging and
transport.

Most used materials to manufacture bags, stirend ropes are: yarns made of
polyester, polyolefin and vegetal fibres. The most common structures are: woven
and knitted fabrics, narrow fabrics, ropes and cables.

For tarpaulins, the raw materials are: polyester, cotton/polyester or acrylic yarns
and P/C resins. The usual structure of these products is a coated woven fabric.

Personal protection
It includes textile materials which have the following functions:
9 Protect workers against dangerous elements, materials or processes that
may occur during theiworking hours.
1 Protect the products, the workplace or the environment.
91 Protect people from other paple in security/defence situations

Products with these functionalities can be classified as follows:
9 Textiles for safety weafPPEspgainst:cold, chenical agents, electrical
shocks, heat and flames, mechanical actions, nuclear danger,
electromagnetieradiation, Xrays dust, &lls andsharping elements

15



1 Emergency and rescue equipment: life preserves, life jackets and survival
equipment, hoses and rescaguipment, fire hoses

Protectionin extremesports

Reflectie textiles

Protection of clean rooms

Textiles for security forcesiets and camouflage materials, sand bags, NBC
protection equipment, tents, bulletproof vests and afriigmentation
curtainsand fabricsand materials nofdetectable by IR.

1 Security gloves.

1 Security footwear.

1 Workwear and uniforms.

= =4 =4 =4

Most common fibres uskare: cotton, wool, polyester, aramid, PBI, PBO, etc. to
manufacture woven fabrics with or without coating, knitted fabriesd
nonwovens.

Sports and leisure
This area covers thequipment and facilities fosports practiceand the enjoyment
of leisure time. Products can be classified in eight main groups:

9 Textiles for sportsweateisurewear and footwear.

9 Textiles for sportsnaterial:racket strings, gloves, kneepads, hafists.

i Textiles for watesports: sails, inflatable boatsairbeds andother leisure
products, life jackets, ropes and cables, composited fér 3 K G hulis2 I (1 & Q
diving equipment

9 Textiles for air sports:dng glietr, balloons and parachutes, higasistant

ropes, compositefor aeronautics.

Textiles forextremesports:Skating andencingapparel.

Textiles for mountain sports: tents, backpacks, sleeping bags, @bcics

for skivear, opes for climbing ath bungee jumping, protection against
extreme weather conditions

9 Textiles for sportfacilities covering forpools andcourts, artificialturf.

1 Textiles for garden, beach and camping furniture

= =4

Main raw materials used, depending on the final product, gans from cotton
and cotton blends, polyester, wool, aramid, carbon, etc. to form woven or knitted
fabrics with or without coating or laminate, nets, ropes and composites.
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Figurel.2.2 Differentapph O} G A 2 y &

Medicathygienicsanitary uses

The area includes all the textile materials used in medical, sanitary and personal
care applications, both in consumer markets and in medical markets. They include
a welldefined range of products with considerable variations in terms of product
benefits and added value. They can be classified in 3 main groups:

1 Materials for hospitalshospital equipmentnd clothing.

9 Sanitaryhygienic products:surgical tapes gauzes, absbent cotton,
conventional and elastic bandaging, incontinence dressfiegiinine
hygiene productsdiapers dialysis and filtration materialimmobilization
material disposable garmentsaurgical masks cleaning and cosmetic
wipes.

1 Surgery and orthopaeds: prosthesis for locomotive apparatus, girdles,
compressiorstockings orthopaedic protective gear (ankle, knee supports,
etc.), suturethreads, implantation tube circulatory apparatus

Main raw materials used in this sector asbsorbentcotton; cotton, polyester,
polyamide and elastomeric yarns, efnal products may have the following textile
structure: woven fabrics with or without coating, knitted fabrics, nonwovens an
braids.

Environmental protection
It includes products with textile coponents used to protect the environment. Five
kind of protection are considered:
1 Atmospheric protectionGas/solid separation
9 Water protection Sysems for solid/liquid separationterage systems for
residues and dumps
9 Soil protectionriver banks and astal, dine stabilization
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1 Vegetation protectionprotection against forest fireseforestation
i Textiles for erosion control
1 Sound insulationopentair sound barriersniterior sound insulation

Both synthetic and natural fibres and yarns are used. Nomwsywoven and
knitted fabrics are the most common structures.

Highttech home textilesand high-tech clothing

Inthe areas of highiech clothing and home textiles, that are border line with both
traditional sectors,textile products are considered "diffentiated” by some
innovative technological characteristic at the present time and that, possibly in the
future, when it is consolidated as usual, they will no longer be considered as a
technical textile.

For hightech home textiles, some examples are vealverings, curtains or carpets
that are located in public places, where fireproof is a requirement by EU Directives.

As hightech clothing; footwear components, interlinings;textiles, etc. can be
considered.
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The ®ategic Innovation and Research Agenda, developed by the European
Technology Platform Fibres Textiles Clothimg2016 singled out four strategic
innovation themes as particularly impactful for the further development of the
European textile and clothgnindustry

l. Smart, highperformance materials

Il. Advanced digitised manufacturing, value chains and busimexiels
M. Circulareconomy and resource efficiency

\VA Highvalue added solutions for attractive growth markets

These themes also concern the technical tides sector, however, being more
specific and directly related to product functionalitigdle common trends of
innovation in technical textiles can be stated as:

1 The dynamism, at the level of product development, to respond to new
marketpull demand or ¢ replace other materials in analogous functions.

1 The multiplicity of possibilities for the selection of materials, structures,
products manufacturing and their adaptation to very diverse uses.

1 A slow but continuous progress of substitution of conventioralv
materials for new materials of high cost and performance and, especially,
by the application of the technological innovations of the general textile
sector to articles of technical use (microfibers, new breathable finishes,
grafting techniques of morers, etc.)

From the perspective of innovation, the continued development of new fibers or
improved fibers, the new combinations or processing of existing materials, the
continuous creation of new styles and designs or the increasing application of
textile materials in industrial uses and in the services, have been the main engines
of the textile industry in the last decades. Those have proven to be the cornerstone
of European companies for improving their competitiveness in the global market.

The innovaibn cycle of technical textile products differs from the conventional
GSEGAEt SEaQ 2ySod alAy FILO0G A& GKIG GKS
(market push), while for the conventional textiles (fashion and home textiles), it is
based on the aaptation to the demand (market pull).
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Figurel.3.1Innovation cycle for technical textiles vs conventional textiles (Source: AEI
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textile manufacturing processes terms of equipment (except for certain
products). The main difference remains in the level of requirements and the quality

of the final product demanded.

From a technological point of view, figure 1.3.2 presents the life cycle stages of
materials and ranufacturing systems.

Embryonic Growth Maturity Decline

Spinning, weaving,
Fi fi C ional dl hing, braidi

fibres \

Meltblown Dyeing,

printing,
mercerization,
blanching

Water-proofingfand

stain repell Washing,
carding and
combing
Texturizing,

Hidroentangled sanforization

High-tech fibres

Biotechnology
Digital printing \

.

Technological progress

Electrospinning Nanotechnology

"\ Ecological Computer aided
fibres manufacturing

Interactive textiles
Plasma

Development level

Figurel.3.2Evolution of textile technologies (Source: Tecnitex Ingenieros)
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The figures shows that the smlled high tech fibers are already in the maturity
phase (aramides, polyketetones, PBI, etc.) while others (PBO) amthgalong

with the ecological ones, derived from the increasing collective sensitivity towards
the issues of conservation of energy and ecology.

Table 13.1 Main research lines in materials, structures and treatments

Technological area| Main lines ofresearch

1 Deployment and exploitation of technical capacity from current fiber

9 Development of adaptable fibers, capable to regulate their functiong

Materials /Fibres according to the surrounding environment.

1 Production of supemimetic fibers, witha deploymentfunctionalities
alike living beings.

1 More resistant composites including lightweight and improved
manufacturingprocesses

Structures 1 Creation of 3D structures using high technological value yarew;
manufacturing processes for new appliicats

9 Seamless products

Functionalization treatment{embryonic technologies)

1 Anti-aging of wool.

1 Treatment prior to dyeing (improvement of dye absorption).

Plasma 7 Plasma induced grafts (creation of surface active centers that
covalently to chemicaktompounds applied later to confer differer
properties (antimicrobial, hydrophilic / hydrophobic, etc.)).

1 Solgel nandfinishing

9 Thermachromic and photechromic microcapsules resistant to hig
temperature

1 High durability PCMs

1 Microencapsution of bug repellent and natural antimicrobial produc
reducing toxic biocides

Nanotechnology 1 Drug microencapsulation in medical textiles

1 Halogenatedtree fire retardant microcapsules

1 Kinetic control of microcapsule release of active compound

1 Formulations of micre and nanoecapsules finishing with improve
fastness

1 New methods of application, including surface modification

I5SGSNYAYLFGAZ2Y 2F yIy2YFGSNALF T &

9 Scaleup to large volumes

Electrospinning 1 Precisiorand reproducibility during te whole manufacturing process

9 Safety and environmental aspects

Technologies such as the manufacture of yarns or of woven and knitted fabrics are
already in the aging phase, whereas electrospinning, derived from nanotechnology,
is still in the embryoniclpase.
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Nanotechnology is driving a revolution in material science as for example with fibre
forming polymers. This would allow the textile sector to offer innovative products
with new types of functional fibres ready to @va large variety of needs.

Regarding the finishing processes, dyeing will keep its important and traditional
role, although this will be slightly affected by innovation due to environmental
aspects. There is a trend of generalization of coating and laminating systems
reaching maturityand awaiting the impact of developments in eleespinning; the

use of biotechnology with finishing based on the application of enzymes; the
solution to the current problem of adding microcapsules or the consolidation of
nanofinishingOn the other handthe still growing technologies of surface finishing
through plasma technology or digital printing can quickly reach a stadium of
maturity without becoming real substitutes to the current technologies but rather
occupying a complementary role due to techogical and economic reasons.

Figure 1.3.3Nanofiber web (Source: LEITAT)

Figure 1.3.4Hydrophobic cotton fabric (Source: LEITAT)

Textile technology is an enabling technology for numerous fields andnede
important contributions to new solutiosfor effective and affordable health care,
highly functional sportswear and goods and smart personal protection. All these
are rapidly growing markets and targeted by the European societal challenges of
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active ageing and safety and security. CONTEXTACHSh proposers defined the
following main technological challenges for textile materials in the healthcare and
medical, automotive and aeronautic, sports, personal protection and building and
living sectors.

Table 1.3.2Technological challenges for té& materials

Sector Key challenges

Healthcare |  development of controlled drug release fibre and textile structures
and therapeutics of different skin conditions

medical 1 development of garments and home textile products with fully integrated |

monitoring, active systems to improve life quality and ICT systems ena
NEBY23GS Y2yAldz2NAy3 2F LI GASyida | yR
O2y OSLiias

1 development of fibre and textile structures with enhanced thermal/breathabi
electro-active poperties with integration of new surface functionalities f
improving barrier (antivirahnd antibacterial) properties

Automotive | 1 integration of fully integrated and printed electro active and interactive seng

and and actuators that endb the development of ubiquitous sensing and interact

aeronautics|  surfaces, while also integrating fully embedded (or printed and/or fibre and Y
integrated) haptic feedback systems via both lighting integration anchaueical
stimuli responses

1 integration of fuly customizable selfighting materials based on active fibres ai
yarns, and integration or programmable textile mges for interactive sensing

Sports 1 development of light weight performance garments having new textile surf
coatings enhancing therah management (insulation), controlled drug release
muscle care, and also proving optimized comfort, low fmilly shrink and fast
drying

1 integration of low power/autonomous bimonitoring and/or integrated ICT an
loT communication systems for traigjrmonitoring and performance assistan
and integration concepts of training analytics, always connected and data sh
F2NJ 3F NY Sy i« i SEX WK SNIAG NHzO G dZNB & & LIS

Personal 1 the integration of geo tracking and personal GPS systems (Glok#ioRing

protection Systems), physiological and biometric monitoring, embedded and integr|
communications and energy harvesting, with all data monitoring sysgtrasng
data in realtime

9 integration of coolig/heating systems into garments

Building 9 development of new functional textile materials using nampaterials and

and living industrial waste, ecdriendly technologies (like ultrasonic deposition, bi/t
component fibres, UV curing coatings), coesidg multilayer approaches

1 focus on high thermal perfmance (applying ecefficient heating and cooling
systems, together with low thermal conductivity and diffusivity coatings
additives, infrared reflective and phase change materials), in order to achiev
Zao Energy Buildings (NZEB)

1 textile functionalization with smart and efficient systems like sensorizati
communication systems and actuators, considering printing electro
approaches, in order to mx@mize comfort, wetbeing

1 develop interoperabity between connected devices
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1.4. Innovative textile materials: aselection of contemporary material
solutions to offer a new perception of the textile product

Micol Costi, Claudia Reder, Veronica Sarbach, Christian TMbt&rjal ConneXion
Italia, Italy

Introduction

Textile products are present in a very waste offer of applications, varying from
being the main material a product is made of, such as a garment or furniture
uphoilstery, or used only as a minor component afomplex product, thus acting
e.g. as filter, screen, protective material, packaging, decorative element, etc. Textile
materials may be distinguished in four main categobased on the production
method (voven, knitted braidedand non-woven) and conceied differently based

on the application fieldThanks to an intrinsic adaptabiljtiextiles are not limited

to the Textile & Clothing industry but are applied in almost every industrial sector
ranging from furniture and interior decoratiodurable and na-durableconsumer
goods, toverytechnical applicationgss inaudio equipmentor as component$n
industrial productionmachinery Figures 1.4.1 to 1.4.4 show some examples of
textiles in norclothing gplications.

CLEVER
LT

B ¥ cLEVER

LE
LITILERAG

Fig. 1.4.2Woven Fig. 1.4.2 Fig. 1.4.Xnitted Fig. 1.4./Braided
textile: Logt S OK Nonwoven textile: lkeaPS GSEGAEf SY ¢
FabricSkin Keyboard G4 SEGA € S 2017 Armchair Sleeves
Folio Clever Little Bag

Focusing on th@&C sector,hree key areas of intervention can lakentified where
operators carinterfere to applytextile materials in an innovative way

1. Upgrading the textile product through functionalisation

2. Including innovation in the construction of the textile material

3. Employing unusual materials in téatapplications

These three aspects are shortly outlined in the following paragraphs, providing a
general overview on contemporary textile matesal
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Fabric Upgrading: Functional Finishes faadded value and improved
performance

Wellbeing, healthy and spty lifestyle is perceived as a general and persisting trend
in the T&C sector. Furthermore, aging of population increases the need for
properties such as easare, easywear, antiodour, nondusty and textiles
SY0 SRRAY 3 WOI NAR y 3 Qargigiaonasii for yeQibsiaddresskglitie> S |
contemporary T&C sector. According to an independent market research
conducted for Novozymes, developer and manufacturer of industrial enzymes: fuzz
and pilling are an issue for 71% of consumers and 85% would tmg/from brands

with a neat surface. Producers should therefore focus more and more on bringing
together functionality and fashion. Adjusting fibres properties in order to provide a
functional and easy handleable final product is not only a specific réaquidhe

T&C sector; innovation in textile finishing and functionalisation enables great
performances in technical applications. Nevertheless, the following product cases
focus on the T&C sector

Multifunctionality

Consumers are tending towardsreasindy high expectations for the clothing they
wear, not only when working out. Because shorts and shirts have to be able to do
more and more, manufacturers are applying different processes to offer materials
with a new kind of functionality. For example, miulhctional materials that quickly
absorb moisture, offer additional features like UV protection or help with
regeneration (muscles) through compression. Several specialty coatings are
developed to offer high performance fabrics that incorporates micropaakated
active ingredients such as caffeine, retinol, fatty acids, aloe and vitamin E or
microencapsulated pet allergens reducing probiotics. For instance, a knit fabric
coated with a natural silk protein solution for underwear applications improves,
overi AYSE (KS 6SI NBSNR& &1 Abfisedvadd baerdeNdS SO
coating on sportswear enhances easier muscle recovery after exertion and
improves blood circulation.

WI'1S

NOLLOATION,

NOLLNTIOAHA

Fig. 1.45vS @2 f dzi A 2 y | = Fig. 1.4.6Narobionicg Biofunctional textiles
Nanomineral slimming fabric
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Tradition & hightech

Traditional materials such as wool and leather are found in niche collections ef high
end (functional) apparel. They are engineered to match the expectations of their
active wearers who demand funonhal features combined with classical looks.
Comfort and functionality may be those of athleisure items but with sartorial
elegance. Say Lodga fine felted wool and traditional material used throughout
history in outerwear jackets and uniforms can berid today in urban jackets
which are coated with a Teflon finish to make the material water but alse dirt
repellent. Applying higktech treatments on traditional materials enables
producers to enhance performance of their products gaining new market
potentials: e.g. water and stain repellent finish for textiles which mimics the natural
protection of ducks and other water fowl does not affect the breathability or hand
of the fabric, has outstanding wash resistance, and the functionality can be
reactivated in the dryer.Other processes offer selective application of reactive
chemistry, such as photgthermo- or hydrochromatic treatments, to create a novel
visual effect that allows for environmentally activated looks and branding.
Whereas, Graphenenhanced éxtiles are under development striving to perform
functions like absorbing heat and releasing warmth over time, conducting
St SOGNROAGET NBLIStftAYy3a o6FOGSNRAFET YR RA

Fig. 1.4.7Ecorepel Fig. 1.4.8Hydrochromatic Fig. 1.4.Characteristics of
Biomimetic liquid and dirt treatment for textiles  nanotechnology enabled textile
repellent finish

Fabric innovation: new solutions in fabric construction

Material development is looking on smart materials where textiles #re
undiscussed protagonist thanks to its versatility to be integrated in any product
surrounding the human environment. Advanced manufacturing technologies
permit to completely reconsider construction of the textile product incorporating
performance ad requirements from its conception and responding2oY 2 NN2 ¢ Q a
market needsstriving for complex and difficult shapes, high or low lot sizes,
individual and custom designed productg)l with minimum waste New
manufacturing and processing in the textlector applying research on Naievel

will provide disruptive technologies for smart textile materials.
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Interactive materials

The principles of smart interiors and domotic homes spread out to soft surfaces and
textiles. Development for wearable textile dees from the medical sector are
being transferred also into smart sportswear. Wireless charging for mobile devices
AYyGiSaINFXrGSR aSrytSaate Aydz2 FdzNYAGdz2NB
charging collection. Today on and off functions can be iategk into soft flexible
devices and nonwovens are used as flexible support for conductive layer. Examples
are textile push buttons, soft potentiometers and conductive wallpaper used as
ASOdzNRGEe fFreSNI2NJFa | Lidza F2NI [ 95Q4

Fig. 1.4.1a N2 2SOG WI Olj dz NR Fig. 1.4.11Radius Backpack applyil
and Google to create the first mapsoduced energy harvesting textilestrap
article of connected clothing

Smart materials, in a broader sense, are also thtsetsires and materials able to
change their mechanical properties (stiffness vs resiliency) when submitted to
certain forces or when in use, e.g. fabrics that can stretch in vertical, horizontal, and
diagonal directions, offering excellent elongation reery to maintain shape.
Applied to sports apparel, the garments using this kind of material distort less,
keeping the original shape and silhouettes creating a better, more comfortable fit.

kS,
=2

Fig. 1.4.1Nike Motion Adapt Bra: interior of Fig. 1.4.13uinny Yezz Air: elasticit

the bra featues adaptive material that of the knitted mesh makes the sea

stretches at rest to form to your body and  ultra-comfortable as it supports all
locks out when it senses impact pressure points evenly

Integrated Protetion

New manufacturing technologies paired with high performance finishes and
treatments enable to create textile materials, exploiting intrinsic characteristic such
us adaptivity, lightness and breathability combined with features for protection.
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For insance, 3D knitted protective gear offers, thanks to its innovative layer
construction perfect shock and impaabsorbing properties while durable and
breathable. Current research explores auxetic textiles as smart materials to meet
the high demand in the dids of technical textile. These materials show a special
character of getting wider when stretched and thinner when compressed, offering
very high load bearing and fracture resistance with high energy absorbency
properties. Auxetic materials are now beproduced as composites, fabrics, foams
where monofilament auxetic fibres will be available commercially in near future.
These materials have wide range of applications in fields like medical, soll
reinforcement, aerospace, defence, automobile and many more

Fig. 1.4.14Ceraspace: abrasio  Fig. 1.4.1%obleder: 3D Fig. 1.4.16Auxetic
protection fabric technology  knitted spacer textiles for textile structure
protection gear

Product Innovation: unusual materials and processing for textile applicason

Today innovation means sustainabilitgocietal and environmental negative
backlashes arisen in the past decades are driving the textile & clothing sector, one
of the most polluting industrial sectors, to search for more sustainasematerial
suppliesand have already developed a waste range of alternatives exploiting
unusual feedstock such as citrus wastes, Kelp and spider DNA. Moreover, foreseen
AK2NIF3S 2F ¢9/ Qa GNIRAGAZ2YLFE YIFGSNRL €
oil), urge the investig&n of alternative materials for textile applications. Needs of

the industry and avangarde manufacturing technologies under development are
020K F2al0SNAyYy3 GKS WwO2 ywth freighl innavatyeQ 2 F
materialsand processes.

W/ 2y ik ¥RY Ihafetals A £ S

Conbination of nontextile materials withfibres and filaments to creatiabriclike
products are largely appearing on the market to be exploited in textile and clothing
applications. Theseyiorid materials lead the way to the creattiof new aesthetics
and sensoriakxperienceghat can hardly be connected to one specifiaterial
language
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Fig. 1.4.17Studio Andreea Mandrescu Fig. 1.4.1® ®/ 2N] Y ¢Sy
explores different materials for garment  knit fabric with pstindustrial cork
textiles waste

Innovative processing

Currently different technologies are developed to combine different manufacturing
processes and involvingnusual materials to produce textile products and
garments. Research translatingopessing technolgies from other sectorinto
textile productionis mainly done by textile and material designers, pushing the
boundaries of traditional material development. For instancelestive inlay
printing on textilesenable structural modifications of fabrics bypying three
dimensional patterns.

Fig. 1.4.190odenTextiles: deconstructing Fig. 1.4.2@Dw5 - Ybt Y { St SO
wood in geometrical patterns to create flexibl on textiles to reinforce and enable 3d
fabriclike products structures

3D pinting is revolutionising manufacturing processes of all industries enhanced
by digitalisation and enabling technologies provided through the Internet of Things.
First attempts to apply 3D printing for textiles use stafeart approach where
material isdepositedin single layers that fuse together to create a Biinted
textile, refashion the concept of textiles made of fibres or filaments.

Fig. 1.4.21 udi Naturae: combining Fig. 1.4.2%5ilvia Heisl makes 3D printed
3D-printed plastics, textiles, laser textiles using fused deposition modelling (FD
cut, leathers
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Fig. 1.4.23 a2 Qa 02y Fig. 1.4.248plinterworks Fig. 1.4.25Textiles as
GINA uses Lycra stretched ove produces Bathdasins in the perfectsubstrate
an aluminium frame carbon fibre for flexible OLED
displays

Conclusions

Recent developments in research and innovation of textile matebatsden
application spectra of textile products to a neveexperienced level, providing
textile solutions for any given industrial sectbrdividuation of new, economically
and environmentally sustainable raw material feedstoakgctionalsation of textile
products through specialty finishes along with rapid and customised
manufacturing processes enabled through digitalisation will cbaté to maintain
GSEGAES YIFIOGSNALItAaQ OSNAIFIGATtAGE GKdza 02y
also in future applications. Through interdisciplinary collaboration of material
scientist, researchers and designers in material development, fostgreghplying

a design driven material innovation (DDMbproach, disruptive innovations can be
achieved.
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1.5. Textile Structures with 3D Architecture

[ dZYAYAGLE [/ A20Fydz FYR al NRFYF ! Nal OKS>
lasi, Romania

Introduction

All textile materials are three dimensional objects, but many times they are referred
to as 1D, 2D or 3D textiles. This classification is based on what directions are
significant for theispecificgeometry. Fibres and yarns are considered 1D materials
becatse their length is defining their geometry. Textile fabrics (woven, knitted; non
woven, braided) are called 2D textiles because they defined along 2 emsgh

and width (the fabric thickness is intrinsic to a specific geometry).

Threedimensional (3D textile materials are materials with fully integrated
continuous fibre assemblies, having mualkial inplane and ouwf-plane fibre
orientation. In other words, the fabric structure is built along all three axes.

All types of technologies can be usedproduce such materials, most common

being weaving, knitting and braiding.

Even if composite reinforcement is the most known application for three

dimensional textiles, they are also used in clothing, medicine, civil engineering,

protective equipment, atomotive, sport equipment, as well as decorative and
architectural textiles.

The advantages of 3D textiles refer to:

1 the complexity of the shapes that can be obtained without any assembly,
eliminating the cutting and assembly operations and the waste.

9 the strict control of the material behaviour along all 3 axes through fabric
architecture and yarn characteristics. This means the material strength is
controlled in all directions from its design stage.

1 Inthe case of composites, thererie risks of delanmation (when layers of 2D
materials are used in composite reinforcement, delamination is a significant
problem)

91 the possibility of developing hybrid structures that combine textile fibres with
other materials with specific properties (like ceramics, ptastetc.)

3D knitted fabrics

Due to their high extensibility and formability, knitted fabrics are well suited for the
design of 3D structures. A general classification of 3D knitted fabrics based on their
geometry is presented in Figure 1.5.1.
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Figurel.5.1 Classification of 3D knitted fabrics

Multiaxial fabrics are warp knitted structures characterised by the presence of

layers of laiein yarns at certain preset angles (@veft yarns), 96(warp yarns) and

rac ® ¢ KS Ay RSLISY RS ydiintofthe RnitiNgare® ahd asderidled I+ NJ
using pillar or tricot stitches, as illustrated in Figure 1.5.2.
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Figure 1.5.2Multiaxial warp knitted fabrig fabric structure and fabric aspect [6]

Spacer fabricare formed from two independent knitted lays that connected
through yarns or other knitted layers. They can be obtained using warp knitting
technology (double bar raschel machines) or weft knitting technology (flat knitting
is better suited for spacer fabrics with very complex geometry). Wartiekini
spacer fabrics are produced with yarn connection and present the advantages of
controlled (and possible variable) thickness, increased stability, possibility of
producing open and closed structures and a high recovery from compression (with
special maofilament yarns).

%

.85

Fig 1.5.3 épacer warE)— knitted fabricc;sexternal layers with closed structure (left)
and open structures (right) [4]
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Weft knitted spacer fabrics (also known as sandwich fabrics) have a similar
geometry ¢ two independent layes connected through yarns. Flat knitting
technology allows to produce such fabrics where the independent layers are
connected through knitted layers, as illustrated in Figure 1.5.4. The complexity of
the 3D shape is controlled by varying the number of emtimg layers, their
position between the external layers, as well as their shape.

Figure 1.5.4Spacer (sandwich) fabric connected through knitted layer
(U shape cross section)

Knitted shell structuresare 2D structures that are forced into a 3D gexirng due

G2 GKS LINBaSyOS 2F FlraKAzyAy3d ftAySa ol
are created when the knitting is successively carried out on less and less needles;
at a certain point, these needles restart working (in general in the revarder

they stopped working). This way, an area is created in the fabric with a lower
number of stitches and the area with more stitches is forced into a spatial geometry
(see Figure 1.5.5).

Figure 1.5.5Principle of creating fashioning lines anaBlhweft knitted structures

It is possible to relate the 2D evolute of the 3D shape (regular and irregular) to the
2D fabric surface so that complex shapes can be obtained.

Nodal knitted fabricshave a tubular structure with different intersections and

positions of the tubes, as illustrated in Figure 1.5.6. Nodal structures can also be
produced using double bar warp knitting machines.
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