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Based on an article for the Textile Institute publication, "Textiles" 
Technical textiles are generally recognised to be one of the most dynamic and promising areas for the future of the textiles industry. Perhaps because of their pace of change, they are also one of the hardest to pin down and to define. There is, for example, still a lot of ambiguity and confusion about the basic terminology used to describe technical textiles. 

Definitions and Terminology
First the name itself. 'Technical textiles' has emerged as the most widely accepted compromise from among a number of possible candidates. For years, the term 'industrial textiles' was used but has now come to have a rather more specific meaning, referring to those products used as part of industrial processes (conveyor belts, lifting straps, filters, oil collecting mats etc.) or which are incorporated in some way into industrial products (such as the backing fabrics to carpets, electrical and communication cable reinforcements and textile reinforced adhesive tapes). 

Other common terms used are 'functional textiles', 'performance textiles'', 'engineering textiles' and 'high-tech textiles'. Each has slightly a different connotation but few people would be brave enough to define any of them them precisely. There remains a high degree of overlap and ambiguity. 

In what sense, then, are technical textiles 'technical'? Is it in their use of high technology materials or of advanced manufacturing techniques? The technical press certainly tends to focus upon products which meet these criteria. In fact, only a relatively small (albeit important and growing) proportion of technical textiles, perhaps 2-3% by volume, uses the so-called high-tech fibres; aramids such as Kevlar, Twaron, Nomex, carbon fibre and high molecular weight polyethylene (Dyneema, Spectra). 

Most technical textiles are made from everyday polymers and materials such as polyester, polypropylene, polyamide (nylon), viscose, cotton, jute and even glass. The properties and structure of the fibres, yarns and fabrics made from these materials are often significantly modified compared with those used for conventional clothing and household textiles. But the 'technology' of technical textiles does not always reside purely in the products themselves or the way in which they are made. It also includes the know-how for their application to a wide range of end-uses in the fields of aerospace, industry, medicine and healthcare, defence and security services, safety, leisure, transport, construction, agriculture and fishing. Technical textiles often substitute for existing materials and techniques but also open up some completely new possibilities and new approaches to solving problems. 
This is still a very vague definition of the scope of technical textiles and perhaps it will have to remain so, as long as change and development in the industry is so rapid. The older definition of industrial textiles contained in the TI publication, Textile Terms and Definitions - "textile materials and products intended for end-uses other than non-protective clothing, household, furnishing and floorcovering" - at least had the merit of being relatively precise even if it meant defining these products in terms of what they were not rather than what they were. 

The newer definition of technical textiles as "textile materials and products manufactured primarily for their technical performance and functional properties rather than their aesthetic or decorative characteristics" is more positive but still leaves many questions unanswered. For example, how do you classify the highly technical textiles that go into aircraft, vehicles and even home furnishings. These have pass very stringent fire retardancy and other technical standards, but still have to look and feel good at the end of the day? Where is the distinction between ordinary workwear or 'career apparel' and protective clothing which is designed to offer a high degree of protection from a wide range of hazards but which increasingly has to be as comfortable and well designed as ordinary clothing if people are to wear it everyday without compulsion? 

Most importantly, where are all these technical textiles to be found? A better description might be 'invisible textiles'! They are certainly not as obvious as clothes or furnishings in the home, office or high street. How important are they compared with the well established areas of consumer textiles which have dominated the textile industry for so long? Why have they generated so much interest over the past 10 years, with the appearance of several new journals and magazines specifically dedicated to the subject (see reading list) as well as a number of international exhibitions. The best known of these, Techtextil, is held every two years (including this June) at Frankfurt in Germany. 

Applications of technical textiles
Technical textiles are literally all around you. Somewhere over your head in many buildings will be a layer of roofing felt; this used to be made from jute scrim impregnated with bitumen but modern nonwoven materials are now based on glass and polyester fibres. The walls of a modern building may be wrapped in a film of spunbonded nonwoven designed to prevent moisture penetration while allowing the building to 'breathe'. Under your feet, the carpet will have backing layers made of woven polypropylene or nonwoven polyester, not to mention the carpet underlay which is often textile-based. Nonwoven filters will be found in your vacuum cleaner and in the kitchen exhaust hood or in air-conditioning units. 

Furniture now uses elasticated webbings instead of springs as well as flame retardent fibre fillings and lining fabrics in place of the dangerous foams which produce toxic fumes. The header tapes on the curtains, the pull strings on the blinds and the sealing strips on double glazed windows are all technical textiles. Elsewhere in the home and workplace, nonwovens are to be found as cleaning cloths, specially impregnated wipes and as carriers for the new generation of fabric conditioners. 

The average car contains 13-14 kg of textiles, not only in the obvious areas - the carpets, upholstery, bodyliners and seat belts - but also as flexible reinforcements in the tyres, water hoses, brake pipes and timing belts. Parts of the bodywork and even the suspension system are increasingly likely to be made of glass fibre reinforced composites. Heat resistant and sound absorbing textiles may be used to insulate various parts of the vehicle. Oil and fuel filters will be keeping the car operating smoothly; there is even an increasing trend to filter the air that enters the passenger compartment using nonwoven media. And finally, a vital component that must meet the most stringent technical requirements but will, hopefully, never be used is the airbag concealed within the steering wheel or passenger dashboard. The airbag is now almost a standard component on new cars in the USA; it probably will be also throughout Europe in a few years time. 

Under the highway on which the car drives is likely to be some geotextile, helping to maintain a firm base for the foundations of the road or preventing cracking of the surface layer of tarmac. Geotextiles will also be found in the embankments of roads, railways and rivers, preventing slippage on steep slopes and perhaps helping new vegetation to get a hold. The drains beside the road may be lined with fabric, allowing free flow of water but less susceptible in the long term to breakage and blockage than conventional land drains. It is even possible to repair crumbling sewers by unrolling a long 'sock' of fabric impregnated with resin and then inflating and curing this to provide a strong, smooth interior liner without any need for costly excavation and new pipe laying. 

You may play sports on pitches, courts and tracks covered with artificial turf made from polypropylene yarn, using textile nets and textile-covered or reinforced balls. Golf clubs, skis, tennis rackets and fishing rods are all made from fibre reinforced composites. Many sports use specialised clothing to provide protection from injury, cold or overheating. Skiwear in particular tends to be a showcase for the latest and most sophisticated technical fabrics because of the high prices that can be obtained at the top end of this market. Specialised heat insulating and retaining fabrics have been developed, as well as novelty effect materials that change colour with temperature. And when that ski holiday or game of contact sport ends in grief, it will be a textile product that supports bruised muscles, torn ligaments and broken bones until they are healed again. 

The whole field of medicine and healthcare is an important user of technical textiles. Surgical gowns and drapes are increasingly being required to offer protection against the smallest quantities of body fluids that might contain AIDS or hepatitis. Diseased arteries and veins can be by-passed with lengths of finely knitted tubing while damaged ligaments in the knee can be replaced with strong textile supports. After an operation, fine sutures, traditionally made of silk but increasingly likely to use more modern biologically compatible polymers will be used to sew up the wound. The list of other applications for textiles in medicine, ranging from hollow fibres for dialysis to surgical cotton wool for general cleaning and absorbency applications is a long one. 

Even everyday clothing contains many technical textiles as essential components. Interlinings help to preserve the shape and firmness of the fabrics to which they are bonded by finely dispersed thermoplastic polymer coatings. Waist bands prevent curl and distortion, waddings and felts give added bulk and shape to garments. Shoes also contain many textile components as linings and insoles; these are increasingly likely to be made from one of the new generation of long-life, bacteria-killing fibres which help to keep feet fresh, especially during strenuous sports activity. 

And so the list goes on, almost without end and still expanding. Reinforcements for fragile optical fibre cables, ultra-light weight fishing nets and climbing ropes, bullet proof vests, covers for hardback books; from the exotic to the ordinary, technical textiles are everywhere and becoming more widespread all the time. Take a look around you with new eyes and see what you can find. Be prepared to look inside or under the surface of things! 

The economic importance of technical textiles
Given all these difficulties of defining what exactly is a technical textile, it is perhaps not surprising that estimates of their production and use can vary considerably. A much quoted statistic is that technical end-uses account for about 1 million tonnes of fibres out of a total of 5 million tonnes used by the entire Western European textile industry or some 20%. But this figure only refers to 'conventional' textile fibres. It does not include extruded tapes of polyolefin which are woven into geotextiles, sacks, carpet backings and many other products; nor does it include fibres and filaments of glass, ceramics, asbestos, jute, sisal, steel and other materials which can be processed and assembled into flexible structures by recognised textile manufacturing routes. These 'non-textile' fibres add over a further 2 million tonnes to the scope of technical textiles, making over 3 million tonnes in all or something approaching 45% of total fibre usage by a more broadly defined West European textile industry. Some observers believe that this proportion could rise to over 50% in many advanced industrial economies by the turn of the century. 

This gives part of the key to why technical textiles are considered to be so important for the future. The requirement to meet precise manufacturing and performance standards combined with the sheer variety and complexity of end-uses and markets means that such products are far less likely than many clothing and household items to become commodity products, bought and sold on international markets purely on the grounds off price. 

Another factor underlying their strategic importance to the industry is the reduced vulnerability of technical products to the economic cycle. Whereas in the recent recession, demand for many consumer textiles, especially high value items of 'deferrable' expenditure such as carpets and furnishing fabrics, fell by between 30-40%, the market for technical textiles was far less severely affected, more typically by 3-5% overall. 

This is not to say that all areas of technical textiles are equally safe or attractive. Competition between manufacturers is still intense in many areas and some technical end-uses are declining as others come to the forefront. Imports are starting to increase for many more standard products where specifications and markets have become well established and not subject to constant new developments. Consumer products are still important end-users of many technical textiles, including carpets, furnitue and clothing; the automotive market is probably the largest single outlet for technical fabrics and the severe recession recently encountered by this industry, especially in Germany, had a very serious effect on demand for a year or two. Now quite the opposite is true. A rapid increase in demand for air bags in particular is contributing to a general shortage of industrial polyamide yarns and rising prices. 

Manufacturing techniques for technical textiles
Textiles for technical applications are used in fibre form (in filters, waddings, and upholstery fibrefill), yarn form (industrial sewing threads, ropes, cord, twine etc.) and in fabric form. 

Weaving is still the most widely use technique of fabric formation, especially where fabric strength is critical, but is increasingly being challenged by other technologies. For example, weft insert warp knitting allows reinforcing yarns to be laid into a knitted structure without significant deformation and at various angles. This allows fabrics to be engineered with very precise geometries and mechanical characteristics, suitable for reinforcing complex structures ranging from geotextiles and nets to rigid engineering composites. 

By far the fastest growing family of manufacturing methods for technical products however is nonwovens. This covers a wide range of technologies ranging from the 'dry' laying of webs of fibre by carding or from air streams, followed by their bonding into a coherent fabric by chemicals (impregnation with adhesive resin), thermal means (partial melting together of the fibre surfaces) or entanglement (with rapidly oscillating needles as in needlepunching or with high pressure water jets in spunlacing or hydroentanglement); 'wet' laying of fibres by methods akin to paper making technology; and 'spun' laying by direct extrusion of molten polymer into a sheet of filaments (spunbonding) or by blowing these filaments with hot air jets to produce a matt of very fine fibres (meltblowing), followed by one of the bonding techniques described above. 

Each of the nonwoven techniques has its advantages and disadvantages for particular applications; in general, all lack the strength which can be obtained from woven products but have many other compensating advantages in other respects. Besides high productivity and low cost, nonwovens are particularly suited to many applications requiring low weight (agricultural crop covers, coverstock for hygiene products) or a regular, fine pore structure (filtration media). Ease of disposability has been a significant advantage of lighweight nonwovens in the past but concern is now being raised about the environmental consequences of this practice; longer life, biodegradability or ease of recycling may be more important issues in the future. 

Nonwovens are increasingly being used in 'durable' products such as geotextiles, building construction materials, furniture components, garment interlinings and floppy disc liners. There is also increasing interest in 'composite' nonwovens in which two or more different technologies are combined to make a product with new and unique properties. 

Whereas most consumer textiles are dyed and finished before use, many technical textiles can be coated, usually with a polymeric material such as PVC, polyurethane or rubber. One of the largest end-uses for PVC coated textiles is for tarpaulins and lorry covers; polyurethane and rubber coating are more expensive but provide greater flexibility and resistance to deterioration in applications such as inflatable boats, protective clothing and flexible fuel containers. Some coatings can also be made microporous, thus allowing the fabrics to 'breathe' and to transmit water vapour - for example, perspiration - whilst preventing the passage of liquid water itself (in the form of rain or spray). 

The future of technical textiles
One of the main driving forces of technical textiles in recent years has been the development of new materials as well as of more specialised forms of existing materials. The aramid fibres, pioneered by Du Pont of the USA and later Akzo of the Netherlands were the beginning of a revolution in which textile manufacturers and end-users came to appreciate the enormous potential of materials with the strength of steel and superior temperature resistance to almost all other organic materials. At first, these fibres were prohibitively expensive but as new applications were developed and more manufacturing capacity installed, prices fell sharply. Now at least half a dozen fibres producers worldwide offer their own versions of aramids and their versatility and usefulness is accelerating. 
The process of bringing aramids to their present successful commercial position was long and expensive (over 20 years and billions of dollars). In some respects, they opened up the eyes of the industry to much broader horizons for all new materials. The development and introduction of new fibres is now a much more straightforward and rapid process. At the same time, the sheer variety of technical fibres, textile constructions and end-uses has meant that it is very difficult to make money out of any development before it has already been superseded by new technology or the application proves to be too specialised and of limited commercial potential. 

The industry is also rather more mature than it was a few years ago. Companies that started out in technical textiles as traditional specialist spinners, weavers, knitters or finishers, willing to try their hand at anything that they could make with their existing technologies, are now much more highly focused upon particular types of end-use and markets; moreover, they have often expanded the range of technologies that they bring to meeting the needs of their customers, whether by acquisition, new investment or both. The industry is rather more concentrated than it once was, with a number of large (and some very large) companies now exercising a powerful influence over world markets. 

Many of these companies no longer see themselves as textile producers but rather as manufacturers of car components, filtration media, medical products etc. This is not to suggest that the future of the technical textile industry is under threat; quite the opposite, but as with the products themselves, it will become increasingly important to 'scratch under the surface' in order to find out who are the major players and where the industry is heading. 

Reading list:
Very few, if any, comprehensive overviews of technical textiles exist in book form; the industry, its technologies and its markets are still changing too fast. However, a number of journals provide excellent coverage of new developments as well as, from time to time, authoritative reviews of existing products and end-uses. 

Technical Textiles International, Elsevier Science Ltd (monthly English language)

Textiles à Usages Techniques, TUT (quarterly French-English language)

Industrial Fabric Products Review, IFAI (monthly US English language). 
