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Introduction  
 

Under the pressure of an increasingly stronger global competition, the Italian T&C 
sector has to undertake a process of reorganisation and modernisation. The great majority 
of Italian T&C companies are SMEs. Over the last decades they were able to build up their 
EU and world leadership on the basis of innovative combinations of textile materials, 
chemicals and processes, and on an unrivalled creativity. But now they are facing 
increasing difficulties in their current approach to the global competition which can ensure 
only short-term advantages while the global competitive context requires medium-to-long 
term strategies of product and process innovation. There is a rising demand for complex 
knowledge-based high-tech products which are issuing new challenges. The increasing 
awareness that innovation will only be possible if new knowledge is created through 
fundamental and applied research targeted to smart multi-functional properties and 
through the use of advanced technologies is stimulating companies to undertake research 
and innovation activities in promising new fields which typically cross non-textile sectors 
and lead to the establishment of a multidisciplinary context linking together the textile 
sector with the emerging research and industrial fields of nanotechnology and 
biotechnology. Cross-sectoral networking and integration of knowledge will allow textile 
companies to follow the fast innovation rates imposed by new specialised market niches 
characterised by lower volumes but high levels of quality and performance which require 
new expertise and services to correspond to precise standards and specifications. 
Nanotechnology is of key interest due to the high level of performance and functionality 
that can be achieved by combining the large specific surface areas typical of textile 
materials with nano-structured chemicals and particles that can be incorporated into them. 
Plasma surface modifications and coatings are becoming an increasingly attractive 
alternative to existing finishing processes. Nano-structured surfaces with a range of 
interesting functionalities can be obtained by means of different deposition/etching 
methods. Biocatalytic processes are extending their interest in the textile field by 
introducing new processing concepts and production technologies in the manufacturing 
cycle of both natural and man-made fibres. Recent research achievements in the field of 
nanotechnology, plasma, and biotechnology will be presented.  
 
The Italian textile and clothing industry: a picture of 20061  
 

The Italian textile and clothing industry represents 26% or the total EU T/C in terms 
of turnover, 20% in terms of employees, and 36% in terms of number of companies. These 
data indicate that the Italian T/C is by far the biggest in EU. It is unique, lively, innovative, 
and leader in the world. Its innovation ability represents its main and most lasting 
competitive advantage. The “mission” of the Italian fashion system lies in offering original, 
and very distinctive products, which meanwhile answer to consumer’s taste and meet his 
needs. This also implies a continuous improvement in technical performances of fibres, 
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yarns, fabrics, and finishing. The success of the whole chain - from the first processes on 
fibres to fabrics, finishing operations, and final products for the market - is favoured by the 
interaction of a sophisticated manufacturing network, where the strength of each element 
is at the same time a condition and a function of the vitality of the whole system. This 
dynamic combination of productive, creative, and managing activities involves about 
60,000 industrial companies with large, medium, and even very small scale operations 
(average number of employees/company = 8.6).  

The international success of Italian T/C has been favoured by the co-existence, on 
an equal status and importance basis, of large companies and SMEs. The innovation 
ability as well as the attention to the quality of materials and processes characterize large 
concerns, whose brand names can be found in the shops all over the planet. Medium-
sized enterprises are often world leaders in particular market niches, while small 
companies are specialized and excel in one or more specific production stages. This 
unique mix still turns out to be the main point of strength of Italian T/C industry, whose 
about 517,000 employees contribute to roughly 11% of the manufacturing sector’s added 
value.  

Stopping a tendency to decline lasting since 2001, the turnover of the Italian T/C 
sector showed a slight increase of about +2% in 2006 compared to 2005, reaching 52.8 
billion Euros, which represents 7.1% of the total turnover of the Italian manufacturing 
sector (Figure 1). On the other hand, the number of companies and employees continued 
decreasing in 2006 (-3% and -1.6%, respectively, compared to 2005). This means that the 
reorganization of the sector is still in progress. The majority of the companies which 
stopped the activity in 2006 was very small, probably the most exposed to the increasingly 
stronger market competition. The Italian T/C industry is strongly export-oriented: actually, 
more than 52% of the total turnover was achieved thanks to foreign markets in 2006. The 
figure of 27.6 billion Euros in foreign sales totalized in 2006 represents 8.6% of the whole 
Italian manufacturing industry’s export value. The added value produced by the Italian T/C 
sector accounts for the 24.2% of the total added value of the manufacturing sector.  

The geography of the Italian T/C sector is characterized by a network of 
specialization and relationships that finds a special form of organization in the so-called 
“industrial districts”, the Italian contribution to industrial organization models. Actually, the 
Italian fashion industry is located into an archipelago of specialized districts: Como for silk 
fabrics, Biella, Prato, and Vicenza for wool yarns and fabrics, Busto Arsizio and Bergamo 
for cotton yarns and fabrics, Castelgoffredo for women’s stockings, Carpi and Treviso for 
knitwear, Empoli for leatherwear, Pesaro for denim apparel, Grumello for buttons, Brescia 
for socks producing machinery, and so on. The close interactions between different 
companies, which in most cases are located in specialized districts, are case studies as a 
model of successful industrial organization. Industrial districts are particular manufacturing 
structures, merging advanced technical and organisational solutions with the craftsman 
tradition which represents an important springboard for creativeness, allowing the quick 
production of prototypes, small production lots, and a large number of product variants. In 
some of these specialized districts, the T/C industry is a fundamental element of social 
relations, local culture and, of course, business practice.  

The industry’s attention to the consumer’s behaviour was favoured in Italy by the 
existence of an articulated retail system, with a significant presence of independent 
retailers. The need to modernize retail outlets is leading to a rapid evolution of the retail 
system towards more highly structured models with larger sales areas. The retail system 
of the early 21st century requires a stronger producer - retailer - consumer interaction, a 
new technology in communication as well as a new organisation of the T/C production 
cycle from the first yarn processing to the point of sale. In this direction is moving the huge 



flow of investments and reorganization projects underway in Italian companies all over the 
production pipeline.  
 

 
Figure 1. The Italian T/C sector in 2001-2006.  
 
The textile research in Italy  
 

The Italian textile research is formed by a network of textile universities and 
research centres, either public or private, distributed in the territory on a regional basis, 
often located in close proximity or just inside the most important textile districts. Some of 
these institutions have a long tradition in textile research, other were funded in recent 
years. Most of them not only carry out research but also testing and consultancy activities, 
and this attitude makes them pretty well integrated with the reference industrial sector. All 
these research organizations are well characterized and well identifiable in the panorama 
of the Italian textile research for the scientific and technological activity that they carry on.  

A novelty of the recent years is that also many other Italian academic institutions 
have addressed their research interests to textile related subjects. In a few years they 
were able to develop a great deal of expertise and to create a network for effective transfer 
of knowledge. This is a consequence of the strong changes recently occurred in the Italian 
and EU textile scenario. The former approach of textile companies was to innovate on the 
basis of creative combinations of textile materials, chemicals and processes. Chemical 
companies producers of special textile finishes and auxiliaries, as well as producers of 
textile machinery, were and still are traditional business partners of T/C companies to 
which they have always provided support with big investments for continuous 
improvements in production technology and product innovation. However, nowadays there 
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is awareness that this approach ensures only short-term advantages and does not allow to 
face the global competition in a medium-to-long term vision. The rising demand for 
complex knowledge-based high-tech products is now issuing new challenges and forcing 
the textile sector to undertake research and innovation activities in new fields. These 
typically cross non-textile sectors and require that a multidisciplinary context is established 
to favour the transfer of knowledge from the emerging research and industrial fields of 
nanotechnology and biotechnology to the textile one. Although the link between textile 
companies and traditional textile research institutions is still strong, new players have 
recently appeared and cross-sectoral networking and knowledge integration are becoming 
important issues.  

It is not the aim of this presentation to provide a list of Italian academic and 
technological organizations active in textile research. The scenario is in rapid evolution 
and there is the risk to leave someone behind. However, the dissemination and training 
activities of the Italian Association of Textile Chemists and Colourists (AICTC) provide 
useful information to understand what is happening in the field. AICTC organizes national 
events on textile research and related subjects on a regular basis, once a year. Table I 
classifies the lectures presented during the last three national congresses organized by 
AICTC in the years 2005-2007 according to the topic and to the provenance of lecturer 
(from research institution or from industry).  
 
 
Table I. Classification of lectures given at the 3 latest AICTC national congresses (2005-
2007) 

Number of lectures Topics 

RES IND Total 

Textile chemistry1 2 6 8 

Nanotechnology 

• Plasma 

• Other surface modification 
techniques2 

 
4 
 
8 

 
4 
 
7 

 
8 
 

15 

Biotechnology3 2 1 3 

Others4 8 3 11 
1
Topics: preparation, dyeing, printing. 

2
Topics: nanoparticles, nanocapsules, cyclodextrins, nanoemulsions, 

antimicrobials, nanotubes, ultrasound, sol-gel treatments, etc. 
3
Topics: enzyme treatment of textiles. 

4
Topics: 

polymers, nanofibres, energy and waste management, marketing, quality/safety/ environment. 

 
 

More than 50% of the total number of lectures (45) dealt with topics related to the 
development of textile applications of nanotechnology, with plasma playing the key role 
among them. More traditional subjects associated with preparation, dyeing, and printing 
technologies covered less that 20% of the lectures. Only few lectures were dedicated to 
biotechnology probably because the already developed industrial applications suffer from 
a poor penetration within textile companies (with very few exceptions), while the new 
research inventions are still too far from a short term transfer to industry. On the other 
hand, plasma treatments and nanomodification of textile surfaces seems to be closer to 
industrial implementation as evidenced by the fact that about 50% of the lecturers came 
from industry.  

Although AICTC still represents hundreds of textile dyers and finishers, from which 
it tries to gather needs and hints when organizing dissemination events through its 
capillary regional organization, we are aware that the picture of the Italian textile research 
emerging from Table 1 may be partial. However, it is interesting to note that other events 



organized at national level, having textile research as one of the main topics, present 
closely similar pictures, and that textile industry is unanimously considered an important 
downstream sector where nanotechnology is likely to develop fruitful applications in the 
near future.  
 
Textile surface functionalization through nanotechnology and biotechnology  
 

This part of the presentation will provide details on recent research activities 
focusing on the development of nano- (including plasma) and bio-tech textile applications.  

 
Plasma treatments  

Plasma, a partially-ionized gas generated by an electric discharge or high 
temperature, is of different types and can be classified based on pressure, temperature, 
source of energy and type of gases. Cold plasma is generated by electric discharge at 
near-ambient temperatures and can be used for surface modification of textile substrates. 
However, atmospheric pressure glow discharge cold plasma is more suitable because it 
can be designed for continuous treatment of textile. The main challenge in atmospheric 
plasma is to obtain a stable glow discharge over a large surface area suitable for the safe 
treatment of textile. Textile industry is searching for innovative production techniques, to 
improve the quality in traditional and technical textiles, as well as the market and society 
are requiring new finishing techniques working in the environmental respect. The plasma 
technology shows distinct advantages: it is a friendly technique for environment where 
even surfaces of inert materials can easily change their properties. 

Surface modification of textile fibres using gas plasma is a useful tool in altering the 
hydrophilic/hydrophobic properties, oil/water repellence, creasing/felting resistance, 
wettability, adhesiveness, dyeability of natural and synthetic polymer-based textiles. On 
textile surfaces, three main effects can be obtained depending on the treatment conditions: 
the cleaning effect, etching (change of surface roughness), generation of radicals, which 
can induce further cross-linking or polymerization. The advantage of such plasma 
treatments is that the modification turns out to be restricted in the uppermost layers of the 
substrate, thus not affecting the overall desirable bulk properties of the adherent substrate. 
Plasma polymerization enables the deposition of thin coatings on textiles. Plasma 
polymerization processes are developed as surface modification and finishing for textile 
applications. Table II lists a non-exhaustive series of finishing effects that can be obtained 
on both natural and synthetic fibres textiles.  
 
Table II. finishing treatments already obtained on fabrics or under investigation.  

Property  Material  Treatment  

Softness  Cellulosic fibres  Oxygen  

Antifelting  Wool  Oxygen, air  

Crease resistance  Wool, silk, cotton  Nitrogen  

Antistaticity  Synthetic fibres  Chloromethylsilanes  

Wettability  PA, PP, PET, PE, PTFE  Oxygen, air, ammonia  

Hydrophilicity  PET  Oxygen, air  

Water proofing  Cotton, PET  Siloxanes, CFC  

Oleophobicity  Cotton, PET  Silane, Si compounds  

Adhesion promotion  PP, PET, PA, PTFE  Oxygen  

Dyeability  PET, PA  SiCl4, Argon  

Flame retardancy  PA, Rayon, Cotton  Phosphor compounds  

Bleaching  Wool  Oxygen  



The dry and eco-friendly plasma technology aims at replacing wet-chemical process steps 
and adding new values to textile products. Plasma technology requires adequate reactors 
for the continuous treatment of textiles.  

Sperimentale per la Seta (SSS) has participated to an Italian funded research 
project which led to the development of a plasma machine working in continuous for the 
treatment of different kind of textiles2. The machine is based on the Dielectric Barrier 
Discharge (DBD) technology. It operates under atmospheric pressure with air or inert gas 
and several gas mixtures. Plasma is produced by two or more electrodes between which 
the fabric runs at different speeds (1-60 m/min). The treatment can be done on one or both 
sides and the fabric width can be up to 4 m. Excellent results have been obtained with 
water repellence treatments and production of hydrophilic fabric surfaces. Studies to 
upgrade the machine and to develop new applications of textile interest are in progress.3  
 
Self-cleaning surfaces  

In order to obtain textile materials with desired performance, the fibre surface is 
often modified with inorganic and/or organic compounds before use. Self-cleaning has 
become a key topic in different sectors and for different applications The technology of 
self-cleaning coatings has developed rapidly in recent years because of the wide range of 
possible applications, from window glass and cement to textiles. The field of self-cleaning 
coatings is divided into two categories: hydrophobic and hydrophilic. The self-cleaning 
action of hydrophobic coatings stems from their high water contact angles. Water on these 
surfaces forms almost spherical droplets that readily roll away carrying dust and dirt with 
them (Lotus-Effect®). The second class of self-cleaning surfaces are hydrophilic and do 
not rely solely on the flow of water to wash away dirt. These coatings chemically break 
down dirt when exposed to light, a process known as “photocatalysis”, the coating acting 
as a catalyst.  

Nanosized TiO2 has become the material of choice for imparting self-cleaning 
properties to textile surfaces. The mechanisms of the self-cleaning processes that occur 
on titania surfaces have been thoroughly investigated. A semiconductor under normal 
conditions, TiO2 absorbs light with energy equal to or greater than its band gap energy, 
resulting in excited charge carriers. Although the fate of most of these charge carriers is 
rapid recombination, some migrate to the surface. There, holes cause the oxidisation of 
adsorbed organic molecules while electrons eventually combine with atmospheric oxygen 
to give the super-oxide radical, which quickly attacks nearby organic molecules. The result 
is a cleaning of the surface by “cold combustion”, the conversion of organic molecules to 
carbon dioxide and water at ambient temperatures. This process is remarkably effective 
and clean. Nanoparticulate TiO2 should be more photoactive than other micro or macro 
forms of the material, due to its higher surface area and a wider band gap, leading to 
greater oxidation power of excited holes and greater reducing power of excited electrons.  

The application of nanosized TiO2 onto cotton fabrics by coating was investigated at 
SSS.4 The treated textile materials were characterized from the chemical and physical 
point of view and for their ability to photo-degrade organic compounds (Methylene Blue, 
coffee stains). A classical chemical approach, by using poly-carboxylic acids, was followed 
to enhance the fixation of TiO2 onto the fabric. Thanks to the ability of TiO2 to establish 
electrostatic interactions with anionic groups, the amount increased of about 25% and the 
film was stable to hot water washing. Interesting and reproducible results were obtained in 
terms of decolourization of stains by exposing the TiO2-treated fabrics to a solar lamp. 
Scaling up of treatments to a pilot scale are now in progress.  
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Biocatalytic treatments of textiles  

The textile industry is one of the downstream sectors to benefit from targeted use of 
biotechnology. Enzyme technology is biocompatible and supports the trend toward milder 
process conditions, cost-effective innovation and improvement of the quality of products, 
compliance with environmental and safety regulations. Table III lists the main enzymes 
used in industrial textile processing.5  
 
 
Table III. Industrial Enzymes.  

Target fibre  Process stage  Main enzyme  

Cotton  
 
 
 
Lyocell  
Flax  
Ramie  
Wool  
 
Silk  
Polyester  

Scour  
Bleach  
Depilling and softening  
Denim abrasion  
Defibrillation  
Retting  
Preparation/degumming  
Scour  
Softening  
Degumming  
Oligomer removal  
Surface modification  

Pectinase  
Glucose oxidase b  
Cellulase  
Cellulase  
Cellulase  
Pectinasea  
Pectinase/xylanase  
Lipase  
Protease  
Protease  
Cutinasea  

Target auxiliary  Process stage  Main enzyme  

Starch  
Tallow  
Peroxide  
Dye  

Desize  
Desize  
Bleach clean-up  
Reactive dye rinse  
Denim decolorization  

Amylase  
Lipase  
Catalase  
Peroxidase  
Laccase  

a
Some evidence of (pre-)commercial application 

 
 

The activity of SSS on biocatalytic processes of potential textile interest has 
addressed the following topics: (i) use of oxidases and transferases for the surface and 
bulk modification of protein fibres;6 (ii) use of lipolytic enzymes for the surface modification 
of poly-(ethylene terephthalate) (PET).  

In recent years, the interest on new bio-based, high-performing, and 
environmentally friendly polymers is growing rapidly. To this aim, enzymes are expected to 
offer cleaner and safer alternatives to current chemical practices. Tyrosinase, a copper-
containing enzyme, has proved to be useful to modify proteins by oxidizing tyrosine 
residues to o-quinones, which are active species that can condense with each other or 
react with nucleophiles. The oxidation of silk proteins by Agaricus bisporus tyrosinase was 
investigated under homogeneous and heterogeneous reaction conditions. Rate and yield 
of oxidation were strongly influenced by accessibility of tyrosine residues, which depended 
on various factors such as: size of silk peptides/proteins, position of Tyr residues in the 
amino acidic sequence, molecular conformation taken in solution, fraction of tyrosine 
residues exposed to the solvent, surface and bulk morphology and structure of solid-state 
silk substrates (gel, powder, fibre). The tyrosinase-catalyzed reaction route was also 
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exploited for the synthesis of protein-polysaccharide (chitosan) bioconjugates. Grafting 
with chitosan represent a powerful tool to complement the outstanding properties of silk 
proteins with those of the polysaccharide chitosan (antimicrobial activity).7 The new bio-
based materials developed by enzyme-catalyzed modification of silk proteins are expected 
to be applicable in the biomedical field, with focus on production of scaffolds for cell 
adhesion, growth and proliferation. Additional applications in textile, coating, and 
packaging fields can be envisaged as well.  

The potential of using transglutaminases (TGases) as biocatalysts in the treatment 
of wool textiles offers a variety of exciting and realistic possibilities, including the reduction 
of fabric shrinkage propensity and increase in fibre strength or recovery of strength lost 
during traditional industrial processing. The possibility of using TGases to incorporate 
active compounds into wool fibres with a view to altering their functionality also offers 
considerable potential. Transglutaminases have the ability to graft active compounds 
containing primary amines and to graft peptides that can act as amine donors into wool 
fibres, which can be assessed as a tool to alter their functionality. For example, the 
grafting of hydrolysed silk proteins into wool by microbial TGase and its effect of on wool 
properties was investigated. The grafting of such peptides was found to lead to 
significantly increased tensile strength and elongation, as well as reduced levels of felting 
shrinkage and improved fabric softness. A further potential of such treatment is to 
effectively remediate the strength losses introduced during industrial processing by 
chemicals or proteolytic enzymes and increase the resistance of wool garments to 
biological detergents used in domestic laundry.8  

To date, the largest part of the activity on enzymes for textiles has focused on 
natural fibres, especially cotton. However, there is a clear interest in finding new ways to 
apply enzyme technology to synthetic fibres as well, due to their important market share. 
Poly-(ethylene terephthalate) (PET) is the most important polymer used for the production 
of synthetic textile fibres. Hydrophobicity and poor wettability are some of the processing 
drawbacks of PET fibres. High temperature alkali treatment with sodium hydroxide is the 
conventional way of rendering PET fibres hydrophilic. Although hydrophilicity is achieved, 
the favourable bulk properties of fibres are affected. Recent studies have demonstrated 
that lipolytic enzymes are able to hydrolyze superficial ester bonds of aliphatic and 
aromatic polyesters. Cutinase, a small member of the hydrolase family, was found to 
successfully modify PET. The effect of a commercial cutinase on PET fibres and films with 
different degree of crystallinity and molecular orientation was investigated as a function of 
the enzyme/substrate ratio and reaction time.9 As the crystallinity of the material increased 
the efficiency of enzyme decreased. Chemical and structural surface alterations were 
evidenced by FTIR. Since, hydrolysis reaction of ester bonds releases hydroxyl and 
carboxyl groups on the surface, the formation of reactive groups opens the possibility to 
taking a new approach to PET finishing and functionalization.  
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