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1.1. High Performance Fibres 
 
AudronŤ RagaiǑienŤ, Kaunas University of Technology, Lithuania 
 
All fibres can be divided into two groups: organic fibres and inorganic fibres. Until 
the last century, well known organic natural fibres, such as cotton, wool, flax, silk, 
etc, were used not only as clothing, upholstery, carpets and/or other fabrics, but 
also as technical or industrial textiles. In the first half of the 20th century 
manufactured synthetic fibres (acetate (AC), polyester (PES), nylon (PA), rayon (CV), 
polyacrylonitrile (PAN) and others) had superior technical properties that met the 
needs of mentioned period. 
 
Inorganic fibres, as carbon, glass, metal, ceramic and asbestos, have special 
properties as well, that are 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 properties allow 
to use carbon fibres in composites of the aircraft and space shuttles, automotive, 
sports and recreational equipment, marine and other areas. Glass fibres are used 
in insulations and filtrations materials, also as reinforcement or optical fibres. Glass 
fibre is heavy 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 yarns or composite could be done in opposite versa. Asbestos fibres in 
their nature are resistant to the fire. But this fibre is dangerous to human health. 
Most common fibres used in constructions of aerospace or aircraft shuttles are 
ceramic fibres.  
 
Despite all the advantages of the fibres discussed, the needs for high-performance 
composite materials in the mid 1960s led to the intensive development of strong, 
high-temperature and heat resistant fibres. Aramids, aromatic polyester, Ultra-
High Molecular Weight Polyethylene (UHMwPE), and other fibres, have mentioned 
properties. DuPont company (USA) first commercialised two aramid fibres. One of 
those fibre, belongs to the para-ŀǊŀƳƛŘ ƎǊƻǳǇΣ ƛǎ ƴŀƳŜŘ ŀǎ YŜǾƭŀǊϯΦ ¢ƘŜ ǎŜŎƻƴŘ 
ŦƛōǊŜΣ ƴŀƳŜŘ ŀǎ bƻƳŜȄϯΣ ōŜƭƻƴƎǎ ǘƻ ǘƘŜ Ƴeta-aramid group. Teijin company 
(Japan) commercialised para-ŀǊŀƳƛŘΣ ƴŀƳŜŘ ŀǎ ¢ǿŀǊƻƴϯΣ ƳŜǘŀ-aramid, named as 
¢ŜƛƧƛƴŎƻƴŜȄϯΣ ¢ŜƛƧƛƴŎƻƴŜȄϯ ƴŜƻ ŀƴŘ ŀǊƻƳŀǘƛŎ ŎƻǇƻƭȅŀƳƛŘŜ ŦƛōǊŜΣ ƴŀƳŜŘ ŀǎ 
¢ŜŎƘƴƻǊŀϯΦ A number of commercial UHMwPE fibres are available, which include 
Spectraϯ (Allied Signal, USA), Dyneemaϯ (DSM, The Netherlands), and Tokilonϯ 
(Mitsui Toatsu, Japan). ±ŜŎǘǊŀƴϯ όŎǊŜŀǘŜŘ ōȅ ŎƻƳǇŀƴȅ Celanese, since 2005 
ŀŎǉǳƛǊŜŘ ōȅ YǳǊŀǊŀȅϰ ƎǊƻǳǇύ ŀƴŘ ½ȅƭƻƴϯ όǇƻƭȅǇŀǊŀǇƘŜƴȅƭŜƴŜ ōŜƴȊƻōƛǎƻȄŀȊƻƭŜύ 
fibres also belong to the high performance fibres. ±ŜŎǘǊŀƴϯ ƛǎ aromatic polyester 
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spun from a liquid crystal polymer (LCP) in a melt extrusion process.  This process 
orients the molecules along the fibre axis, resulting in a high tenacity fibre. First 
ǇǊƻŘǳŎŜŘ ƛƴ мффлΣ ±ŜŎǘǊŀƴϯ ƛǎ ǘƘe only commercially available melt spun LCP fibre 
in the world. 
 
It is known, that polymers can be spun using melt, wet or dry spinning technologies 
and techniques. To achieve the required para-aramid properties (an excellent 
energy-absorption-to-weight ratio, as well as excellent strength and durability), is 
used dry-jet wet spinning process. Heat treatment under tension in fibre 
preparation allows achieving an extension less than 5% at temperature above 
5000C, also increasing the fibre modulus and the crystalline orientation, which 
always is of the radial order. Aramids are prepared by the generic reaction between 
an amine group and a carboxylic acid halide group. Molecular weight of para-
aramid fibre must be high, as well as, molecular orientation - no less than 120. It led 
to achieve a high tenacity of such fibres. Mera-aramids are based on a wholly 
aromatic polyamide. These fibres mostly are made using wet spinning technology. 
Technoraϯ fibre, which is eight times stronger than steel, is copolyamide 
synthesized via the copolymerization of several aromatic and diacid chemical 
materials. 
 
Aramid fibres have unique properties comparing with the other fibres. Aramids, as 
the final product, can be: multifilament yarns; staple, including short staple, yarns; 
nonwovens; paper; spunlaced fabrics; powder; and pulp. A low stiffness and high 
elongation of these fibres give it textile-like characteristics which allow processing 
on conventional textile equipment. Yarns from aramid fibre can be easily woven on 
fabric weaving looms. So, their technical material preparation is easier then 
preparation from inorganic fibres (glass, carbon, metal or ceramic). Yarns from 
para-aramids fibre are very strong: their tensile strength is 2-3 times higher than 
that of high-strength polyester and polyamide yarns and 5 times higher than that 
of steel (on weight basis).  Most important properties of meta-aramids (Nomex, 
Conex and others) are excellent resistance to heat, flame and chemicals. In Figure 
1.1.1 and Table 1.1.1 are presented typical stress-strain 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 
YŜǾƭŀǊΩǎΤ ǎǘŀƴŘŀǊŘ ƳƻŘǳƭǳǎ όтл DtŀύύΣ YŜǾƭŀǊ пф (high modulus (135 GPa)), Kevlar 
149 (ultra-high 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 GPa)), Twaron 1055/6(high 
modulus (125 GPa)), Twaron 2000 (High Strength (3.8 GPa)).  These modifications 
are made using different technological parameters in production of para-aramid 
fibres. 
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Figure 1.1.1. Typical stress-strain curves of different fibres. 

 
Meta-aramids also are produced of a few modifications, as well as, composites of 
para- and meta-aramids. For example, Nomex 430 (a high crystalinity filament yarn 
with higher strength and chemical resistance than staple spun yarns); Nomex 450 
(a natural staple fibre); Nomex 455 (a patented bƭŜƴŘ ƻŦ bha9·ϯ ŀƴŘ Y9±[!wϯ 
ŦƛōǊŜǎΣ ǿƘŜƴ ŎƻƴǾŜǊǘŜŘ ǘƻ ŦŀōǊƛŎ ƛǎ ƪƴƻǿƴ ŎƻƳƳŜǊŎƛŀƭƭȅ ŀǎ bha9·ϯ LLLύΤ 
bha9·ϯLLL! ƛǎ ōƭŜƴŘ ǿƛǘƘ ŀ ǇǊƻǇǊƛŜǘŀǊȅ ǎǘŀǘƛŎ ŘƛǎǎƛǇŀǘƛǾŜ ŦƛōǊŜ t-140; Type N102 
(texturized filament yarn); and others. Composition of spunlaced fabrics may be 
млл҈ bha9·ϯΣ млл҈ Y9±[!wϯ ƻǊ ōƭŜƴŘǎ ƻŦ the two (DuPont). These fabrics are 
durable, soft, conformable, saturable and lightweight ς a unique combination of 
these properties. 
 
In general, all para-aramids are used as high strength fibres and meta-aramids ς as 
fibres resistant to the heat, flame and chemicals, despite the fact, that LOI of all of 
them is higher than 20. Aramids also have drawbacks. For example, low resistance 
to light of all aramid fibres is the most important of them.  The strength of such 
fibres decreases after exposing them to sunlight and colour changes because of 
ultra-violet radiation. The second one drawback of aramids is a relatively bad 
colouring. 
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Table 1.1.1. The properties of fibres 
 

Index 
 
Fibre 

Density 
g/m3 

Tenacity 
N/tex 

Modulus 
GPa 

Elonga- 
tion, % 

Mois-
ture, 
wt% 

Decom-
position 
melt, 0C 

LOI 

YŜǾƭŀǊϯ 1.44 2.0-2.2 57-127 2-4 - 560 31-32 

¢ǿŀǊƻƴϯ 1.44 1.65-2.5 60-120 2.2-4.4 3.2-5  500 292 - 
373 

¢ŜŎƘƴƻǊŀϯ 1.39 2.2 55-104 4.4-4.6 1.9 500 252 

NƻƳŜȄϯ 1.46 0.5 0.8 31 3.5 371 29-32 

/ƻƴŜȄϯ 1.38 0.45-0.5 -  5-5.5 400 29-32 

UHMwPE O.97 2.3-4.0 52-132 3-4   < 0.1 150 <20 

Carbon 
(PAN based) 

1.78 2.0-3.91 230-540 0.7-2.01 0 3700 - 

E-Glass 2.55 0.6-1.2 72  1.8-3.2 0.1 825 - 

PBI 1.43 0.24 5.1 27 15 450 41 

PET 1.38 0.6-0.8 - 10-15 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 ς fabric measurement 
3 - filament yarn measurement 

 
Vectraƴϯ is thermotropic; it is melt-spun and it melts at high temperatures. 
Therefore, it is very different from aramids and UHMwPE fibres. UHMwPE are the 
lightest fibres with a density of only 0.97 g/m3, which is lower than the density of 
water. They are particularly resistant to moisture, alkali, and UV environments, as 
well as chemically inert. They also display good abrasion resistance, bending and 
creep fatigue, compression and radiolucency. The main drawbacks are poor creep 
resistance and poor matrix compatibility. 
 
Depending on modification and properties, high performance fibres, including their 
composite, are used in the following application areas: Protective material, Thermal 
Protective Apparel, Marine and aerospace construction, Civil engineering, Ground 
transportation, Engineering plastics, Sporting goods. Different kinds of protective 
materials from high performance fibres can be used for ballistic, cut-through or high 
temperature protection. It is known, that protective materials need to absorb 
kinetic energy in the shortest possible time. So, high tenacity, high energy-
absorption rate, and high modulus of elasticity of para-aramids allow the rapid 
dispersion of deformation waves, making them an ideal protective material. 
Ballistic protection materials include helmets, plates and armour vests, laminates 
that provide effective protection against a wide range of ballistic hazards, including 
bullets, grenades and even certain mines.  protection products, such as military and 
police !ǊŀƳƛŘǎΣ ±ŜŎǘǊŀƴϯ ŀƴŘ IƻƴŜȅǿŜƭƭ {ǇŜŎǘǊŀϯ fibers and ballistic composite 
materials ς {ǇŜŎǘǊŀ {ƘƛŜƭŘϯΣ DƻƭŘ {ƘƛŜƭŘϯ ŀƴŘ DƻƭŘ CƭŜȄϯ can be used for hard-
ballistic vehicles, cash transporters, as well as bulletproof cars, helicopters, planes 
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and boats. Materials for cut-through protection are such: work wear and shoes for 
high risk jobs in the timber, meat or glass industries, safety gloves, socks, protective 
suits, wear for high risk sports and others. Also these materials have an effective 
resistance to molten metal splash with low-temperature metals, such as lead, zinc, 
or pot metal. Almost all kinds of high performance fibres can be used for such 
protection materials. 
 
Probably the most advantage of all aramids is the possibility to use them in thermal 
or high temperature protective apparel: apparel fabrics to protect against flash fire 
and electric arc exposure; garments for firefighters or race car drivers; insulation in 
ŦƛǊŜ ǊŜǎƛǎǘŀƴǘ ǘƘŜǊƳŀƭ ǇǊƻǘŜŎǘƛǾŜ ŀǇǇŀǊŜƭΦ 5ǳtƻƴǘ ŎƻƳƳŜǊŎƛŀƭƛǎŜŘ bha9· ha9D!ϯ 
which is a total turnout system for firefighters. Components include an outer shell 
ƻŦ 5ǳtƻƴǘϰ ½нллϰ ŦƛǊŜǊΣ ŀ Ƴƻƛǎǘǳre barrier, and a thermal liner of DuPont 
materials. The system is designed to minimize heat stress and maximize thermal 
performance and comfort. CƛǊŜŦƛƎƘǘŜǊǎΩ ŎƭƻǘƘƛƴƎΣ ŦƻǊ ƛƴǎǘŀƴŎŜ Ŏƻƴǎƛǎǘǎ ƻŦ ŀ Cw ƛƴƴŜǊ 
layer composed of a moisture barrier, thermal barriers and lining, while the outer 
shell provides flame resistance, thermal resistance and mechanical resistance. 
Suitable fibres for such garments include aramids and polybenzimidazole (PBI). 
NASA is developing the next generation of suit technologies that will enable deep 
space exploration by incorporating advances such as regenerable carbon dioxide 
removal and water evaporation systems. 
 
Due to a much higher specific strength of high performance fibres comparing with 
steel in air and, especially, in sea water, they can be used in building, aircraft and 
platforms constructions, ship buildings, mechanical cables, mooring ropes. High 
performance fibres are widely applied in the production of different tyres for trucks 
and aircrafts, motorcycles or bicycles, even for high speed tyres. Also they are used 
as filtration materials, including filtration fabrics in hot gas, friction materials and 
gaskets. 
 
High performance fibres, that have higher elongation and lower modulus, are used 
as rubberised goods, such as, conveyor 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 aircraft. Moreover, high performance fibres are used 
for making transportation textiles such as aircraft carpets, sewing threads, fishing 
lines, zipper tapes, medical grades and the number of applications is growing all the 
time. 
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1.2. Overview on the technical applications of textile materials 
 
!ǊƛŀŘƴŀ 5ŜǘǊŜƭƭΣ !9L ¢ŝȄǘƛƭǎΣ {Ǉŀƛƴ 
 
From a broadly point of view, technical textiles can be defined as all textile products 
that cannot be fitted within the traditional sectors of clothing or furnishing, or 
better yet: all textile products in which functionality is as much or more important 
than aesthetics. 
 
Figure 1.2.1 shows ǘƘŜ ǘŜŎƘƴƛŎŀƭ ǘŜȄǘƛƭŜǎΩ ǾŀƭǳŜ ŎƘŀƛƴΣ ǿhich alike the regular textiles 
production begins with natural fibres or the production of fibres by extrusion. Next, 
it follows (if applicable) spinning and yarn transformation in order to produce the 
fabric with yarns or directly from fibres; or the elaboration 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 assembled for their final use, or go 
through a stage of semi-finished products, such as pre-impregnated materials or 
adhesive materials or those used for the manufacture of composites. 
 

 
 

Figure 1.2.1 ¢ŜŎƘƴƛŎŀƭ ǘŜȄǘƛƭŜǎ ǾŀƭǳŜ ŎƘŀƛƴ ό{ƻǳǊŎŜΥ !9L ¢:·¢L[{ύ 
 

Therefore, 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 
essentially contributed to the structure of the current sector of technical textiles: 
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being able to satisfy needs that some decades ago would have never been related 
to textile materials. 
 
The most usual classification of technical textiles is the one defined by the trade 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 of each 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 of the sectors they cover. Products can be classified in 2 
main groups: 

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

¶ Textiles for fishing: nets, cords, ropes for fishing, marine farming and fish 
farms. 

 
Raw materials used are mostly polyolefin and polyester yarns and vegetal fibres.  
Most common structures are woven and knitted fabrics, nonwovens, nets and cord.  
 
Building and 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 stabilization, textile 
reinforcement for concrete, reinforcing meshes, textile materials for formworks, 
structures for facades, insulation (heat, cold, noise, electromagnetic waves), fillers, 
insulating screens, walls and ceilings, draught excluder, waterproof fabrics for plane 
covers, materials for interior facing, safety nets, textile architecture and temporary 
constructions (awnings and canopies, marquees pavilions and coverings, inflatable 
constructions, tensed structures, covers for ponds and water tanks). 
 
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 or polyolefin fibres; polyester polypropylene, fibre 
yarns; PVC, acrylic or PTFE resins.  
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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 products and composite materials. 
 
Examples of final 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 kinds of products, the range of raw materials used is very wide 
and most of textile structures are used. 
 
Civil engineering 
Textile materials for civil engineering (also called geotextiles) are used on or below 
ground level to provide the following functions: 

¶ Separation of subsoil layers in roads, airports and railroads. 

¶ Reinforcement: soil consolidation, subsoil reinforcement, slopes protection 
and riverbanks protection. 

¶ Drainage systems in roads and tunnels. 

¶ Waterproofing in reservoirs, tanks, swimming pools, tunnels or dumps 
 
There are geotextiles that perform several functions 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 cover mainly knitted or 
woven fabrics with or without coatings and both needlepunched and spunbonded 
nonwovens. 
 
Automobile and public transportation 
This application area includes all the companies involved in the manufacture of 
textile components for ground, naval and air transportation.  Products classification 
can be done in four main groups: 

¶ Materials for automobiles: fabrics for tyres, tubes and ventilation hoses, nets 
and grids, filters, conveyor belts, safety belts, upholstery, carpets and 
coverings, insulating materials, air-bags, textile materials for moulded pieces, 
battery separators and protective car covers. 
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¶ Fireproof textile materials for interior design in public ground transport (bus, 
rail, etc.). 

¶ Fireproof textile materials for interior design in air and maritime transport. 

¶ Textile materials for the aerospace industry. 
 
Raw materials used for automobile textile materials are mainly polyester, 
polypropylene, viscose or glass fibres; polyester and polypropylene yarns. Most 
common structures are: nonwovens, knitted and woven fabrics, narrow fabrics, 
flocked fabrics and tufting. 
 
For public transportation main raw material used are: polyester, polypropylene; 
wool, carbon or aramid fibres and yarns. Most common structures are: nonwovens, 
knitted and woven fabrics, composites and tufting. 
 
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 following groups: tarpaulins for trucks, materials for 
shipment protection, textiles for packaging, conveyor belts, big bags and 
containers, slings and lashing systems and plaited cables for packaging and 
transport. 
 
Most used materials to manufacture bags, slings and 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 PVC resins. The usual structure of these products is a coated woven fabric. 
 
Personal protection 
It includes textile materials which have the following functions: 

¶ Protect workers against dangerous elements, materials or processes that 
may occur during their working hours. 

¶ Protect the products, the workplace or the environment. 

¶ Protect people from other people in security/defence situations. 
  
Products with these functionalities can be classified as follows: 

¶ Textiles for safety wear (PPEs) against: cold, chemical agents, electrical 
shocks, heat and flames, mechanical actions, nuclear danger, 
electromagnetic-radiation, X-rays, dust, falls and sharping elements. 
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¶ Emergency and rescue equipment: life preserves, life jackets and survival 
equipment, hoses and rescue equipment, fire hoses. 

¶ Protection in extreme sports. 

¶ Reflective textiles. 

¶ Protection of clean rooms. 

¶ Textiles for security forces: nets and camouflage materials, sand bags, NBC 
protection equipment, tents, bulletproof vests and anti-fragmentation 
curtains and fabrics and materials non-detectable by IR. 

¶ Security gloves. 

¶ Security footwear. 

¶ Workwear and uniforms. 
 
Most common fibres used are: cotton, wool, polyester, aramid, PBI, PBO, etc. to 
manufacture woven fabrics with or without coating, knitted fabrics and 
nonwovens. 
 
Sports and leisure 
This area covers the equipment and facilities for sports practice and the enjoyment 
of leisure time. Products can be classified in eight main groups: 

¶ Textiles for sportswear, leisure wear and footwear. 

¶ Textiles for sports material: racket strings, gloves, kneepads, balls, nets. 

¶ Textiles for watersports: sails, inflatable boats, airbeds and other leisure 
products, life jackets, ropes and cables, composites for ƭƛƎƘǘ ōƻŀǘǎΩ hulls, 
diving equipment. 

¶ Textiles for air sports: hang glider, balloons and parachutes, high-resistant 
ropes, composites for aeronautics. 

¶ Textiles for extreme sports: Skating and fencing apparel. 

¶ Textiles for mountain sports: tents, backpacks, sleeping bags, etc., fabrics 
for skiwear, ropes for climbing and bungee jumping, protection against 
extreme weather conditions. 

¶ Textiles for sports facilities: coverings for pools and courts, artificial turf. 

¶ Textiles for garden, beach and camping furniture 
 
Main raw materials used, depending on the final product, are: yarns 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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Figure 1.2.2. Different applƛŎŀǘƛƻƴǎ ƻŦ ǘŜŎƘƴƛŎŀƭ ǘŜȄǘƛƭŜǎ ό{ƻǳǊŎŜΥ !9L ¢:·¢L[{ύ 

 
Medical-hygienic-sanitary 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 well-defined range of products with considerable variations in terms of product 
benefits and added value. They can be classified in 3 main groups: 

¶ Materials for hospitals: hospital equipment and clothing. 

¶ Sanitary-hygienic products: surgical tapes, gauzes, absorbent cotton, 
conventional and elastic bandaging, incontinence dressing, feminine 
hygiene products, diapers, dialysis and filtration material, immobilization 
material, disposable garments, surgical masks, cleaning and cosmetic 
wipes. 

¶ Surgery and orthopaedics: prosthesis for locomotive apparatus, girdles, 
compression stockings, orthopaedic protective gear (ankle, knee supports, 
etc.), suture threads, implantation tubes in circulatory apparatus. 

 
Main raw materials used in this sector are: absorbent cotton; cotton, polyester, 
polyamide and elastomeric yarns, etc. Final products may have the following textile 
structure: woven fabrics with or without coating, knitted fabrics, nonwovens and 
braids.   
 
Environmental protection 
It includes products with textile components used to protect the environment.  Five 
kind of protection are considered: 

¶ Atmospheric protection: Gas/solid separation 

¶ Water protection: Systems for solid/liquid separation, storage systems for 
residues and dumps 

¶ Soil protection: river banks and coastal, dune stabilization 
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¶ Vegetation protection: protection against forest fires, reforestation 

¶ Textiles for erosion control  

¶ Sound insulation: open-air sound barriers, interior sound insulation 
 

Both synthetic and natural fibres and yarns are used. Nonwovens, woven and 
knitted fabrics are the most common structures. 
 
High-tech home textiles and high-tech clothing 
In the areas of high-tech clothing and home textiles, that are border line with both 
traditional sectors, textile products are considered "differentiated" 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 high-tech home textiles, some examples are wall coverings, curtains or carpets 
that are located in public places, where fireproof is a requirement by EU Directives. 
 
As high-tech clothing; footwear components, interlinings, e-textiles, etc. can be 
considered.  
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1.3. DŜƴŜǊŀƭ ǘǊŜƴŘǎ ƻŦ ƛƴƴƻǾŀǘƛƻƴ ƛƴ ǘƘŜ ǘŜŎƘƴƛŎŀƭ ǘŜȄǘƛƭŜǎΩ ǎŜŎǘƻǊ 
 
!ǊƛŀŘƴŀ 5ŜǘǊŜƭƭΣ !9L ¢ŝȄǘƛƭǎΣ {Ǉŀƛƴ 
 
The Strategic Innovation and Research Agenda, developed by the European 
Technology Platform Fibres Textiles Clothing, in 2016, singled out four strategic 
innovation themes as particularly impactful for the further development of the 
European textile and clothing industry: 
 

I. Smart, high-performance materials 
II. Advanced digitised manufacturing, value chains and business models 
III. Circular economy and resource efficiency 
IV. High-value added solutions for attractive growth markets 

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

¶ The dynamism, at the level of product development, to respond to new 
market-pull demand or to replace other materials in analogous functions. 

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

¶ A slow but continuous progress of substitution of conventional raw 
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 monomers, 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 innovation cycle of technical textile products differs from the conventional 
ǘŜȄǘƛƭŜǎΩ ƻƴŜΦ aŀƛƴ ŦŀŎǘ ƛǎ ǘƘŀǘ ǘƘŜ ŦƛǊǎǘ ƻƴŜ Ŧƻƭƭƻǿǎ ŀ ǎǘǊŀǘŜƎȅ ōŀǎŜŘ ƻƴ ǘƘŜ ƻŦŦŜǊ 
(market push), while for the conventional textiles (fashion and home textiles), it is 
based on the adaptation to the demand (market pull). 
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Figure 1.3.1 Innovation cycle for technical textiles vs conventional textiles (Source: AEI 
¢:·¢L[{ύ 

 
¢ŜŎƘƴƻƭƻƎȅ ǳǎŜŘ ƛƴ ǘŜŎƘƴƛŎŀƭ ǘŜȄǘƛƭŜǎΩ ǇǊƻŘǳŎǘƛƻƴ ƛǎ Ƴƻǎǘƭȅ ŀƭƛƪŜ ǘƻ ǘƘŜ ǊŜƎǳƭŀǊ 
textile manufacturing processes in 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 manufacturing systems. 

 

 
 

Figure 1.3.2 Evolution of textile technologies (Source: Tecnitex Ingenieros) 



21 
 

The figures shows that the so-called high tech fibers are already in the maturity 
phase (aramides, polyketetones, PBI, etc.) while others (PBO) are in growth, along 
with the ecological ones, derived from the increasing collective sensitivity towards 
the issues of conservation of energy and ecology.  
 
Table 1.3.1  Main research lines in materials, structures and treatments  
 

Technological area Main lines of research 

Materials /Fibres 

¶ Deployment and exploitation of technical capacity from current fibers. 

¶ Development of adaptable fibers, capable to regulate their functionality 
according to the surrounding environment. 

¶ Production of super-mimetic fibers, with a deployment functionalities 
alike living beings. 

Structures 

¶ More resistant composites, including lightweight and improved 
manufacturing processes 

¶ Creation of 3D structures using high technological value yarns, new 
manufacturing processes for new applications 

¶ Seamless products 

Functionalization treatments (embryonic technologies) 

Plasma 

¶ Anti-aging of wool. 

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

¶ Plasma induced grafts (creation of surface active centers that bind 
covalently to chemical compounds applied later to confer different 
properties (antimicrobial, hydrophilic / hydrophobic, etc.)). 

Nanotechnology 

¶ Sol-gel nano-finishing 

¶ Thermo-chromic and photo-chromic microcapsules resistant to high 
temperature 

¶ High durability PCMs 

¶ Microencapsulation of bug repellent and natural antimicrobial products, 
reducing toxic biocides 

¶ Drug microencapsulation in medical textiles 

¶ Halogenated-free fire retardant microcapsules 

¶ Kinetic control of microcapsule release of active compound 

¶ Formulations of micro- and nano-capsules finishing with improved 
fastness 

¶ New methods of application, including surface modification 

¶ 5ŜǘŜǊƳƛƴŀǘƛƻƴ ƻŦ ƴŀƴƻƳŀǘŜǊƛŀƭǎΩ ƘŜŀƭǘƘ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘ 

Electrospinning 
¶ Scale-up to large volumes  

¶ Precision and reproducibility during the whole manufacturing process 

¶ 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 embryonic phase.  
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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 cover a 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 maturity and awaiting the impact of developments in electro-spinning; 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 
nanofinishing. On the other hand, the 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 technological and economic reasons. 
 

 
 

Figure 1.3.3 Nanofiber web (Source: LEITAT) 
 

 
 

Figure 1.3.4 Hydrophobic cotton fabric (Source: LEITAT) 
 
Textile technology is an enabling technology for numerous fields and can make 
important contributions to new solutions for 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. CONTEXT Cost Action 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 1.3.2  Technological challenges for textile materials 

Sector Key challenges 

Healthcare 
and 
medical 

¶ development of controlled drug release fibre and textile structures for 
therapeutics of different skin conditions 

¶ development of garments and home textile products with fully integrated bio- 
monitoring, active systems to improve life quality and ICT systems enabling 
ǊŜƳƻǘŜ ƳƻƴƛǘƻǊƛƴƎ ƻŦ ǇŀǘƛŜƴǘǎ ŀƴŘ ŀǎǎƛǎǘŜŘ ƭƛǾƛƴƎ ǎŜǊǾƛŎŜǎ ŦƻǊ άōŜǘǘŜǊ ŀƎŜƛƴƎ 
ŎƻƴŎŜǇǘǎέ 

¶ development of fibre and textile structures with enhanced thermal/breathability 
electro-active properties with integration of new surface functionalities for 
improving barrier (antiviral and antibacterial) properties  

Automotive 
and 
aeronautics 

¶ integration of fully integrated and printed electro active and interactive sensors 
and actuators that enable the development of ubiquitous sensing and interactive 
surfaces, while also integrating fully embedded (or printed and/or fibre and yarn 
integrated) haptic feedback systems via both lighting integration and mechanical 
stimuli responses 

¶ integration of fully customizable self- lighting materials based on active fibres and 
yarns, and integration or programmable textile matrixes for interactive sensing 

Sports ¶ development of light weight performance garments having new textile surface 
coatings enhancing thermal management (insulation), controlled drug release for 
muscle care, and also proving optimized comfort, low pill, low shrink and fast 
drying 

¶ integration of low power/autonomous bio-monitoring and/or integrated ICT and 
loT communication systems for training monitoring and performance assistance 
and integration concepts of training analytics, always connected and data sharing 
ŦƻǊ ƎŀǊƳŜƴǘκǘŜȄǘƛƭŜ ǎǘǊǳŎǘǳǊŜǎ άǇŜǊƛǇƘŜǊŀƭǎέ   

Personal 
protection 

¶ the integration of geo tracking and personal GPS systems (Global Positioning 
Systems), physiological and biometric monitoring, embedded and integrated 
communications and energy harvesting, with all data monitoring systems sharing 
data in real-time 

¶ integration of cooling/heating systems into garments 

Building 
and living 

¶ development of new functional textile materials using nano- materials and 
industrial waste, eco-friendly technologies (like ultrasonic deposition, bi/tri- 
component fibres, UV curing coatings), considering multilayer approaches 

¶  focus on high thermal performance (applying eco-efficient heating and cooling 
systems, together with low thermal conductivity and diffusivity coatings and 
additives, infrared reflective and phase change materials), in order to achieve Net 
Zero Energy Buildings (NZEB) 

¶ textile functionalization with smart and efficient systems like sensorization, 
communication systems and actuators, considering printing electronics 
approaches, in order to maximize comfort, well-being 

¶ develop interoperability between connected devices 
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1.4. Innovative textile materials: a selection of contemporary material 
solutions to offer a new perception of the textile product 
 
Micol Costi, Claudia Reder, Veronica Sarbach, Christian Tubito, Material 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 
upholstery, or used only as a minor component of a complex product, thus acting 
e.g. as filter, screen, protective material, packaging, decorative element, etc. Textile 
materials may be distinguished in four main categories based on the production 
method (woven, knitted, braided and non-woven) and conceived differently based 
on the application field. Thanks to an intrinsic adaptability, textiles are not limited 
to the Textile & Clothing industry but are applied in almost every industrial sector 
ranging from furniture and interior decoration, durable and non-durable consumer 
goods, to very technical applications as in audio equipment or as components in 
industrial production machinery. Figures 1.4.1 to 1.4.4 show some examples of 
textiles in non-clothing applications. 
 

  

  
Fig. 1.4.1 Woven 
textile: Logi¢ŜŎƘΩǎ 

FabricSkin Keyboard 
Folio 

Fig. 1.4.2 
Nonwoven 
ǘŜȄǘƛƭŜΥ tǳƳŀΩǎ 
Clever Little Bag 

Fig. 1.4.3 Knitted 
textile: Ikea PS 
2017 Armchair 

Fig. 1.4.4 Braided 
ǘŜȄǘƛƭŜΥ ¢9CΩǎ ¢ǳōǳƭŀǊ 

Sleeves 

 
Focusing on the T&C sector, three key areas of intervention can be identified where 
operators can interfere to apply textile 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 textile applications 

These three aspects are shortly outlined in the following paragraphs, providing a 
general overview on contemporary textile materials. 
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Fabric Upgrading: Functional Finishes for added value and improved 
performance 
Wellbeing, healthy and sporty 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 easy-care, easy-wear, anti-odour, non-dusty and textiles 
ŜƳōŜŘŘƛƴƎ ΨŎŀǊƛƴƎΩ ǎǳōǎǘŀƴŎŜǎΦ ¢ƘǳǎΣ Ŝŀǎȅ Ŏare is a must for textiles addressing the 
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 buy more 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 request of the 
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 towards increasingly 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, multifunctional 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 microencapsulated 
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, 
over ǘƛƳŜΣ ǘƘŜ ǿŜŀǊŜǊΩǎ ǎƪƛƴ ƳƻƛǎǘǳǊŜ ƭŜǾŜƭΦ hǊ ŀ ƳƛƴŜǊŀƭ-based and bio-ceramic 
coating on sportswear enhances easier muscle recovery after exertion and 
improves blood circulation. 

  

Fig. 1.4.5 wŜǾƻƭǳǘƛƻƴŀƭϰ {ƭƛƳ ς 
Nanomineral slimming fabric 

Fig. 1.4.6 Nanobionic ς Biofunctional textiles 
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Tradition & high-tech  
Traditional materials such as wool and leather are found in niche collections of high-
end (functional) apparel. They are engineered to match the expectations of their 
active wearers who demand functional features combined with classical looks. 
Comfort and functionality may be those of athleisure items but with sartorial 
elegance. Say Loden, a fine felted wool and traditional material used throughout 
history in outerwear jackets and uniforms can be found today in urban jackets 
which are coated with a Teflon finish to make the material water but also dirt-
repellent. Applying high-tech 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 photo-, thermo- or hydrochromatic treatments, to create a novel 
visual effect that allows for environmentally activated looks and branding. 
Whereas, Graphene-enhanced textiles are under development striving to perform 
functions like absorbing heat and releasing warmth over time, conducting 
ŜƭŜŎǘǊƛŎƛǘȅΣ ǊŜǇŜƭƭƛƴƎ ōŀŎǘŜǊƛŀΣ ŀƴŘ ŘƛǎǎƛǇŀǘƛƴƎ ǘƘŜ ōƻŘȅΩǎ ŜȄŎŜǎǎ ƘǳƳƛŘƛǘȅΦ 
 

  
 

Fig. 1.4.7 Ecorepel - 
Biomimetic liquid and dirt 

repellent finish 

Fig. 1.4.8 Hydrochromatic 
treatment for textiles 

Fig. 1.4.9 Characteristics of 
nanotechnology enabled textiles 

 
Fabric innovation: new solutions in fabric construction  
Material development is looking on smart materials where textiles are the 
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 and requirements from its conception and responding to tƻƳƻǊǊƻǿΩǎ 
market needs striving for complex and difficult shapes, high or low lot sizes, 
individual and custom designed products, all with minimum waste. New 
manufacturing and processing in the textile sector applying research on Nano-level 
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 devices from the medical sector are 
being transferred also into smart sportswear. Wireless charging for mobile devices 
ƛƴǘŜƎǊŀǘŜŘ ǎŜŀƳƭŜǎǎƭȅ ƛƴǘƻ ŦǳǊƴƛǘǳǊŜ ŦƻǊ ǘƘŜ Ƴŀǎǎ ƳŀǊƪŜǘ ƭƛƪŜ LƪŜŀΩǎ ǿƛǊŜƭŜǎǎ 
charging collection. Today on and off functions can be integrated 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 
ǎŜŎǳǊƛǘȅ ƭŀȅŜǊ ƻǊ ŀǎ ŀ ǇƭǳƎ ŦƻǊ [95Ωǎ ōŜŎƻƳƛƴƎ ŀƴ ƛƭƭǳƳƛƴŀǘƛƴƎ ŘŜǾƛŎŜΦ 

  

Fig. 1.4.10 tǊƻƧŜŎǘ WŀŎǉǳŀǊŘΥ Ƨƻƛƴǘ ŜŦŦƻǊǘ ƻŦ [ŜǾƛΩǎ 
and Google to create the first mass-produced 

article of connected clothing 

Fig. 1.4.11 Radius Backpack applying 
energy harvesting textilestrap 

 
Smart materials, in a broader sense, are also those structures 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 recovery 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. 
 

 
Integrated Protection 
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. 

  

Fig. 1.4.12 Nike Motion Adapt Bra: interior of 
the bra features adaptive material that 

stretches at rest to form to your body and 
locks out when it senses impact 

Fig. 1.4.13 Quinny Yezz Air: elasticity 
of the knitted mesh makes the seat 
ultra-comfortable as it supports all 

pressure points evenly 
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For instance, 3D knitted protective gear offers, thanks to its innovative layer 
construction perfect shock and impact-absorbing properties while durable and 
breathable. Current research explores auxetic textiles as smart materials to meet 
the high demand in the fields 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 been produced 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, soil 
reinforcement, aerospace, defence, automobile and many more. 
 

 
 

 

Fig. 1.4.14 Ceraspace: abrasion 
protection fabric technology 

Fig. 1.4.15 Kobleder: 3D 
knitted spacer textiles for 

protection gear 

Fig. 1.4.16 Auxetic 
textile structure 

 
Product Innovation: unusual materials and processing for textile applications 
Today innovation means sustainability: societal 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 sustainable raw material 
supplies and have already developed a waste range of alternatives exploiting 
unusual feedstock such as citrus wastes, Kelp and spider DNA. Moreover, foreseen 
ǎƘƻǊǘŀƎŜ ƻŦ ¢ϧ/Ωǎ ǘǊŀŘƛǘƛƻƴŀƭ ƳŀǘŜǊƛŀƭ ŦŜŜŘǎǘƻŎƪ όƳŀƛƴƭȅ ǾƛǊƎƛƴ Ŏƻǘǘƻƴ ŀƴŘ ŎǊǳŘŜ 
oil), urge the investigation of alternative materials for textile applications. Needs of 
the industry and avant-garde manufacturing technologies under development are 
ōƻǘƘ ŦƻǎǘŜǊƛƴƎ ǘƘŜ ΨŎƻƴǘŀƳƛƴŀǘƛƻƴΩ ƻŦ ǘƘŜ ¢ϧ/ ǎŜŎǘƻǊ with foreign, innovative 
materials and processes. 

 
Ψ/ƻƴǘŀƳƛƴŀǘŜŘΩ ǘŜȄǘƛƭŜ materials 
Combination of non-textile materials with fibres and filaments to create fabric-like 
products are largely appearing on the market to be exploited in textile and clothing 
applications. These hybrid materials lead the way to the creation of new aesthetics 
and sensorial experiences that can hardly be connected to one specific material 
language. 
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Fig. 1.4.17 Studio Andreea Mandrescu 
explores different materials for garment 

textiles 

Fig. 1.4.18 ōΦ/ƻǊƪΥ ¢ŜƴŎŜƭϯκŎƻǘǘƻƴ 
knit fabric with post-industrial cork 

waste 

Innovative processing  
Currently different technologies are developed to combine different manufacturing 
processes and involving unusual materials to produce textile products and 
garments. Research translating processing technologies from other sector into 
textile production is mainly done by textile and material designers, pushing the 
boundaries of traditional material development. For instance, selective inlay 
printing on textiles enable structural modifications of fabrics by applying three-
dimensional patterns. 
 

  

Fig. 1.4.19 Wooden-Textiles: deconstructing 
wood in geometrical patterns to create flexible, 

fabric-like products 

Fig. 1.4.20 Dw5·YbϯΥ {ŜƭŜŎǘƛǾŜ ƛƴƭŀȅ ǇǊƛƴǘƛƴƎ 
on textiles to reinforce and enable 3d 

structures 

3D printing 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 state-of-art approach where 
material is deposited in single layers that fuse together to create a 3D printed 
textile, refashion the concept of textiles made of fibres or filaments. 

 
 

Fig. 1.4.21 Ludi Naturae: combining 
3D-printed plastics, textiles, laser-

cut, leathers 

Fig. 1.4.22 Silvia Heisel makes 3D printed 
textiles using fused deposition modelling (FDM) 
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Fig. 1.4.23 .a²Ωǎ ŎƻƴŎŜǇǘ ŎŀǊ 
GINA uses Lycra stretched over 

an aluminium frame 

Fig. 1.4.24 Splinterworks 
produces Baths-basins in 

carbon fibre 

Fig. 1.4.25 Textiles as 
the perfect substrate 
for flexible OLED 
displays 

Conclusions 
Recent developments in research and innovation of textile materials broaden 
application spectra of textile products to a never experienced level, providing 
textile solutions for any given industrial sector. Individuation of new, economically 
and environmentally sustainable raw material feedstock, functionalisation of textile 
products through specialty finishes, along with rapid and customised 
manufacturing processes enabled through digitalisation will contribute to maintain 
ǘŜȄǘƛƭŜ ƳŀǘŜǊƛŀƭǎΩ ǾŜǊǎŀǘƛƭƛǘȅ ǘƘǳǎ ŎƻƴŦƛǊƳ ǘƻ ōŜ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ǳǎŜŘ ōŀǎŜ ƳŀǘŜǊƛŀƭǎ 
also in future applications. Through interdisciplinary collaboration of material 
scientist, researchers and designers in material development, fostered by applying 
a design driven material innovation (DDMI) approach, disruptive innovations can be 
achieved. 
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1.5. Textile Structures with 3D Architecture 
 
[ǳƳƛƴƛǘŀ /ƛƻōŀƴǳ ŀƴŘ aŀǊƛŀƴŀ ¦ǊǎŀŎƘŜΣ άDƘŜƻǊƎƘŜ !ǎŀŎƘƛέ ¢ŜŎƘƴƛŎŀƭ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ 
Iasi, 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 their specific geometry. Fibres and yarns are considered 1D materials 
because their length is defining their geometry. Textile fabrics (woven, knitted, non-
woven, braided) are called 2D textiles because they defined along 2 axes - length 
and width (the fabric thickness is intrinsic to a specific geometry).  
 
Three-dimensional (3D) textile materials are materials with fully integrated 
continuous fibre assemblies, having multi-axial in-plane and out-of-plane fibre 
orientation. In other words, the fabric structure is built along all three axes.  
All types of technologies can be used to produce 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, automotive, sport equipment, as well as decorative and 
architectural textiles.  
The advantages of 3D textiles refer to: 

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

¶ 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. 

¶ In the case of composites, there is no risks of delamination (when layers of 2D 
materials are used in composite reinforcement, delamination is a significant 
problem) 

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

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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Figure 1.5.1. Classification of 3D knitted fabrics 

 
Multiaxial fabrics are warp knitted structures characterised by the presence of 
layers of laid-in yarns at certain preset angles: 0ϲ (weft yarns), 90ϲ (warp yarns) and 

ҕaϲΦ ¢ƘŜ ƛƴŘŜǇŜƴŘŜƴǘ ƭŀȅŜǊǎ ƻŦ ȅŀǊƴǎ ŀǊŜ ŦŜd into the knitting area and assembled 
using pillar or tricot stitches, as illustrated in Figure 1.5.2.  

 
 

Figure 1.5.2. Multiaxial warp knitted fabric ς fabric structure and fabric aspect [6] 

 
Spacer fabrics are formed from two independent knitted layers 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). Warp knitted 
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 monofilament yarns).  

       
Fig 1.5.3. Spacer warp knitted fabrics ς external 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 ς two independent layers 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 connecting layers, their 
position between the external layers, as well as their shape. 
 

 
Figure 1.5.4. Spacer (sandwich) fabric connected through knitted layer  

(U shape cross section) 

 
Knitted shell structures are 2D structures that are forced into a 3D geometry due 
ǘƻ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ŦŀǎƘƛƻƴƛƴƎ ƭƛƴŜǎ όŀ ǘŜŎƘƴƛǉǳŜ ŀƭǎƻ ƪƴƻǿƴ ŀǎ ŦƭŞŎƘŀƎŜύΦ ¢ƘŜǎŜ ƭƛƴŜǎ 
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 reverse order 
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 1.5.5. Principle of creating fashioning lines and shell weft 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 fabrics have 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. 






















































































































































































































































































































































