






 

ABSTRACT 

 

This project has proposed a system for creating metallic fabric designs with the aid 

of chemical plating technology to facilitate design creations. The study is aimed at 

developing an integrated programme to create appearance and improve 

performance of textile fabrics. The research work consists of five parts including (i) 

to review the generations of metallic textile designs and methods; (ii) to establish 

initial procedures for the purpose of chemical plating fabric designs; (iii) to verify 

the chemical plating process and measure the experimental results; (iv) to justify 

the design methods for fabric effect; and (v) to create metallic fabric designs using 

the chemical plating process. 

 

A series of chemical silver-plating experiments on silk, cotton and polyester fabrics 

were carried out to investigate the metallised effects of individual materials. 

Furthermore, copper and nickel were applied onto polyester fabric during the 

chemical plating process. The investigation established the factors of specific 

condition for the chemical plating process. All the metallised fabrics were 

evaluated according to the international specification of ASTM D3691-02. 

 

Based on the experimental works of chemical plating treatment, the project also 

focused on the creative methods to generate the new metallic fabric designs. The 

individual patterns and colours were mastered by building up a set of chemical 

 i



plating processes with various operative conditions. The resultant data was used to 

create the dot, line and form on several polyester fabrics. After the verification of 

the proposed design model Chemical Plating Fabric Design (CPFD), metallised 

fabric designs were then launched for some specific creations. 

 

The research, development and implementation of metallised fabric design cannot 

be separated from the aesthetic elements. Moreover, the study proposes a chemical 

plating fabric design mechanism for aesthetic effects and functional performance 

which involve a matching system applicable to decorative fabrics. The actualisation 

of physical and chemical treatments significantly corresponds to the prevailing “art 

meets science” climate. This thesis attempts to develop future potentials of metallic 

textile design in relation to the requirement of design trends and market demands. 
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CHAPTER 1 

INTRODUCTION 

 

1.1 Background 

The method of metallisation presents an attractive area of research in textile 

design. It relates to many fields which may include social cultures, aesthetic 

systems, psychological principles, fashion trends and technical developments 

(Moxey, 2000). Comparatively, it is complex to achieve advanced metallised 

textile design because the method of creation is subjected to the influence of at 

least three elements, i.e. visual communication, technology and material science. 

A diversity of metallised fabric results can be achieved under different conditions.  

 

Modern designs have been attempted to combine both the aesthetics and 

technology (Walsh, 1992). The design aesthetics in the textile field play an 

important role in quality production. The appearance and performance of textiles 

has been a prominent consideration ever since the beginning of fabric production. 

As matter of fact, many updated sciences have influenced and infiltrated into the 

textile design field. Angelis assured that the concept of function has not been 

eliminated in textile design culture (2001). Textile design hybridisation has 

become possible to a certain degree that was previously unthinkable, as a result 

of the impetus offered by technological development.  
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New materials have made metallic fabric possible to be processed or treated in 

the ways that have altered its characteristics and created new effects. One of the 

modern processes of textile design has drawn support from new fibrous materials. 

Metal-plated fabrics bring great challenges and potential to create decorative 

textiles which also perform well. For this reason, metallising treatments are 

highly significant in textile innovation as well as visual effects in design work.    

  

The advent of technology affects not only the manufacturing process of apparel 

manufacture, but also the textile design in terms of appearance. Deep changes in 

fashion come with new developments in fabric technology (Khornak, 1982). The 

combination of finishing technology has an important influence on creating more 

harmonious designs (Braddock, 1994). Sophisticated manual methods resulted in 

contemporary textile design. The traditional techniques have never been more 

completely combined and successfully fused (Rees, 1997). For example, 

materials covering processes could create various shapes in metallic textile 

design (Jiang, 2004a).  

 

Visual communication, technology and material science may be integrated in 

connection with fabrics. Metallic fabric designs have become increasingly more 

diverse using refined design methods and chemical treatment technologies, 

especially in the case of employing both physical and chemical treatment on 

textiles (Jiang, 2005). Chemical plating is considered as one of the finishing 

processes that can bring out the unique properties of textiles. A combining 

CHAPTER 1 2



procedure is required to produce decorative textile design combining with 

chemical plating process in this study.  

 

From numerous results, chemical plating technology may provide a good 

performance for both the functional and aesthetic textile products. From the 

present investigation, the fabrics may be coloured by chemical plating to decorate 

their appearance. It may also be found that the metallised fabrics have modified 

their characteristics as well as functional properties. The combined method of the 

chemical plating is proved to be effective in producing an innovative textile 

design. 

 

The present research was focused on the experimental and measurement results 

of chemical metal-plated fabrics, and the development of a new design model 

CPFD (chemical plating fabric design) to create metallic textile effects. The 

appropriate design operation system was carried out based on the experimental 

work and design practices. An effective chemical plating technology was 

involved in this study, as well as the integration of both design and technical 

themes. In addition, the performance of the newly developed metallised fabric 

designs was of major significance, thus the areas of creation were also 

complementary to the present thesis.  
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1.2 Objectives 

This project is aimed at providing an operative mechanism of CPFD model which 

is actually a chemical plating technology combined with methods of textile 

design to increase the performance of decorative textile effects. It will develop 

the metallic fabric design such that it covers variations in the physical and 

chemical treatment processes based on the metallising processes. The research is 

focused on the production of innovative fabric designs by employing the 

electroless deposition of silver, copper and nickel technologies onto silk, cotton 

and polyester fabrics. The principal objectives of the present work are 

summarised as follows: 

 

(i) To develop a design concept combining both aesthetics and technology 

that can be applied to improve the textile design approach; 

  

(ii) To establish textile design model of chemical plating fabric design and 

to select a appropriate physical and chemical treatment methods; 

 

(iii) To evaluate the characterisation of metallised fabrics using both 

instrumental and analytical techniques; and 

 

(iv) To improve the metallic fabric design by means of both appearance 

and performance to meet the demand of the consumer and industry.  
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1.3 Methodology  

In order to achieve the objectives of the project, the five elements of procedural 

research activities are designed in Figure 1-1. The five elements in this project are 

listed outlining different stages of procedural research activities. 

 

 

 

The technical production and design application of metallic fabric have been 

traced in the literature review. Some conventional technologies have been 

introduced including traditional and updated methods. From the preliminary 

study of textile design and metallising technology, the exploitation of metallic 

textile design processes has emerged. It was assessed from the hypothesised 

textile design system that the combination of both chemical plating and design 

 

 

 

Application: design creation 

Experiments: technology and material 

Previous studies: literature review 

Evaluation: measurement  

Conclusion: progress to date 

 

 

 

 

 

 
Figure 1-1. Scheme of research activities 
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operation could create new fabric effects. The approach of the planned research 

was to follow a general outline as formulated in Figure 1-2 with the current 

metallised fabric design being dedicated to the interaction of aesthetics and 

science. 

 
 

Technology + Design                         Appearance + Performance 
 
 
 

Figure 1-2. Theoretical framework of metallising textile design 
 

 

 

This theoretical framework consists of design and technology that make up the 

integrated research approach to produce innovative textile designs. This concept 

is the basic academic direction throughout the study. The technologies, materials 

and finishing treatments had been adopted in order to generate innovative fabric 

designs. The combined metallising textile treatment approach means plating the 

metal particles on the surface of fabrics. Silver, copper and nickel were chosen in 

the chemical plating fabric design experiment works. The material covering 

methods were used to isolate the metal particles deposited on the fabric surfaces 

which was conducted patterns in metallisation approach.  

 

Based on the experimental investigation of metal-plated actualisation, the profile 

of the research work could help establish a metal-plated fabric design model by 

combining the chemical plating technology with design methods in the area of 
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metallic textile design. Textile designs of metallised fabric had been produced 

and assessed for the aspects of appearance, colour, substrate, weight, thickness, 

bending and micro-structure which involved visual factors and texture properties. 

The experimental results were measured according to the definite requirements of 

textile decoration and standard specification for woven household curtain and 

drapery fabrics (ASTM D3691, 2002). Additionally, conductivity, anti-static, 

ultraviolet protection and anti-bacterial ability were studied so as to evaluate 

important properties of the metal-plated fabrics.  Finally, an integrated analysis 

was derived on the basis of comprehensive study distribution procedures. The 

CPFD system that cohered chemical metal plating and design creation was 

obtained.  

 

1.4 Project Significance and Value 

The current project has developed a methodology for textile design. The 

originality of the present research included a relevant application combining both 

chemical plating and design creation. The major benefit of this project is to fill up 

the gaps of the electroless deposition in textile design application. Chemical 

plating fabric design is a metallising process which is designed to improve fabric 

functions and to add commercial value in multi-applications. The application of 

these processes can serve as a full method to obtain new creations through 

chemical plating treatments.  
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Hitherto, there was no detailed study to deal with chemical metal plating and to 

make it effective and independent in textile design. It can process innovative 

fabrics with aesthetic effect. This research will extend not only the technical 

feasibility but also an integral design system for metallic fabric design. There is a 

practical significance to develop chemical treatment techniques with appropriate 

conditions in the area of textile innovation.  

 

The project also suggests that the use of the updated technology combining 

design can inspire textile products. The chemical metal-plated fabric designs can 

be used in daily life with special functional properties. This project takes a 

pioneering role in exploring major underlying approaches for metallic textile 

design utilising chemical plating technologies. Hence, the aspect of testing and 

creation may open up the means of design application and theoretical study 

independently.  

 

It may provide an effective method for developing an experimental course in 

textile design. However, CPFD system is not merely the result of an isolated 

creative gesture; it is actually the result of combining methodology team work, 

originating in the hybrid between design and technology. The producing aspect 

should be related to such truly commercial benefits as those discussed in the 

present research. The importance of the study is that this project makes the end 
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use of the textile design more feasible and practical. Some aspects of the project 

significance and value are identified and summarised as follows: 

 

(i) The CPFD system will help develop metallising fabric design. It will 

establish a useful chemical treatment method for metallic soft goods 

with silver, copper and nickel.  

 

(ii) The controllable design method will contribute to new effects on 

appropriate fabrics. The chemical plating technology will inspire and 

extend decorative fabric design. 

 

 (iii) Current treatment will provide a process for obtaining metallised 

fabrics with functional properties. The functional characteristic will add 

values to specific products in the textile field. 

 

(iv) Greater commercial value will be gained as an outcome of the design 

research which will also have high potential in textile manufacturing 

and the design quality of the product. 
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1.5 Structure of the Thesis 

Chapter one, “Introduction”, the first chapter of this thesis introduces the broad 

outlines of the project such as general background, objectives, methodology, 

significance and value of the project, as well as a detailed plan of the thesis.  

 

Chapter two, “Literature Review”, introduces various backgrounds of metallic 

textiles, focusing on history, function, modern style and design applications. It 

presents the previous metal-plated textile designs associated with the fashion, 

textile and fibre art design fields, and describes the predicted trends in metallic 

textile design. 

 

Chapters Three, “An Overview of the Developed Metallic Textile Designs”, 

explores the conventional technologies and treatments in metallic textile field. 

The metallising methods determine the essential relationship of textile design. 

The methodology of the present study is justified at the end of this section. 

 

Chapter Four, “Experimental Work”, suggests the best experimental conditions 

for the selected electroless deposition of silver, copper and nickel. The 

experimental chemicals, fabrics and facilities are presented. This section also 

describes the chemical plating methods, (i) chemical silver plating on standard 

silk, cotton and polyester fabrics; (ii) chemical copper plating on polyester; and 

(iii) chemical nickel plating on polyester, which are conducted under optimised 
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condition. The influence of these chemical plating treatments on different 

properties of metallised fabrics is being studied. 

 

Chapter Five, “Characterisation of Metallised Fabrics”, introduces the necessary 

measurement and equipment to meet the international standards. The properties 

of metal-plated fabrics which have been treated with silver, copper and nickel are 

assessed. The measurements include physical modification and mechanical 

performance respectively. 

 

Chapter Six, “Integration of Chemical Plating and Patterning Methods”, 

examines the effects of the chemical plating treatment combining with the resist 

techniques on several polyester fabrics. Material covering, wax screening and 

starch paste shielding processes have been involved. Colour, pattern and texture 

have been tentatively conducted by combining chemical plating and design 

methods. In this chapter, auxiliary materials and operative situations are 

separately reported for each practice.  

 

Chapter Seven, “Creation of New Design Using CPFD Model”, presents design 

concept, inspirations and influence factors of chemical plating fabric design, and 

describes the effects of metallised fabric creations. Three design collections are 

associated with the proposed ideas creating elements involved and the reflection 

of the appearance.  
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Chapter Eight, “Summary and Conclusion”, summarises the investigative work 

involved in the project. Based on the experiments and design creations, a design 

model is then presented. The extracted CPFD are compared with the design 

requirements, while chemical plating linked to textile design is also proposed. An 

overall conclusion and the major findings obtained in this study are summarised. 

The remaining problems and the recommendations of further research work are 

suggested as well. 
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CHAPTER 2  

LITERATURE REVIEW 

 

2.1 Introduction 

A good understanding of developed metallic textile design is a vital component in 

this study. In order to implement a comprehension of metallic fabric design, this 

chapter covered available information concerning the metallic textile design that 

correlated history context and contemporary production. This literature review 

also concentrated on the historical metallic fabric design connecting clothing and 

furnishing as well as fibre art creations. The functional and decorative features 

involving further metallic fabric design were reported. An overview of the 

metallic textile trends has been provided. Some forecasts related to the metallic 

textile design are being studied throughout the study period. 

. 

2.2 General Review 

2.2.1 Roles of Decorative Application 

Precious metallic fibres had long history in adorning textiles prestigiously. Since 

ancient times, humans have exploited metallic material to produce decorative 

textiles. It can be proven by the study of culture relics that the production of gold 

threads was developed in China in the third millennium BC (Higgins, 1993). 

Although in olden days metal was mostly used to make armour on account of its 
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resistance, metals were also originally associated with the worship and had 

retained these associations in the inspirations of myth and magic. The possession 

of metal artefacts was endowed with magical powers in folk civilisation. For 

instance, gold was equated as the sun and silver was equated as the moon 

commonly (Rivers, 1999).  

 
 

Figure 2-1. Tapestry (details),  
Mythical scene in silk and metal 
warped yarn, Brussels, 17th century 

 

 

Gold and silver had many legendary stories for adorning materials in Mycenaean 

Crete (1450-1300 BC) and gilded textiles in Phoenicians trade as early as about 

1700 BC (Schoeser, 2003). Tapestry had been called the “mirror of civilisation” 

because so many tapestries represented the senses of everyday life. It had become 

identified with the decorative power, luxury and dignity of the Sovereign and the 

aristocracy in the 17th century (Paine, 1990). Typically, the gold and silver 

CHAPTER 2 
 

14

http://library.polyu.edu.hk/search/aSchoeser%2C+Mary./aschoeser+mary/-2,-1,0,B/browse


threads wove tapestry with multi-colour and toughness prevailed in Europe as 

shown in Figure 2-1 (Juracek, 2000).  

 

In general, metallic fabric can be produced by several ways in diversity of both 

crafts and techniques. The traditional textile usually mixes metal wires, foil or 

powder with nature fabrics for a shimmer effect. The Old Testament described 

the processes of metallic fabrics with metal threads: “they did beat the gold into 

thin plates and cut it into wires to work it in the blue, and in the purple, and in the 

scarlet, and in the fine linen, with cunning work”.  

 

The metallic powder can be printed to gain decorative effects on the surface of 

standard fabrics, which benefits in ornamental practice and easier making. A lot 

of fabrics are using bonding process to generate gilding surface fabric as 

decorative textiles. Victoria Z. Rivers identified Indian covering fabrics with gold 

leaf that were produced by sticking process in the early nineteenth century 

(1999).  

 

Chinese produced textiles combining gold and silver filaments intimately tied to 

silk, linen, cotton and wool firstly (Higging, 1993). Colourful metal materials can 

improve woven textile performance. Silk, cotton and hemp yarns have been 

associated with the precious metals and in particular with the finest metal 

filaments in velvet textile. Metallic materials were not only employed in special 

occasions, but also were used in clothing to show personal status (Gillow, 1999). 
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Throughout history, humans have obtained desirable metallic textiles which have 

eventually become symbols of wealth. For example, the gold threads enriched 

with the prestige of a dragon robe may state the minister’s authority and 

prominent social status as shown in Figure 2-2 (Rivers, 1999).  

 

 
 

Figure 2-2. Dragon robe (detail), 
interlocking weave, gold and silk thread, 
China, 1644-1840 

 
 

With its high reflectivity, metallic fabrics which bring attractive effects are also 

used in the embroidery products conventionally. Luxurious metallic furnishings 

prevailed since the sixteenth century in France. The gilded draperies were used in 

Louis XIV’s basilica in the seventeenth century (J.B., 1679). Figure 2-3 

illustrates the chamber Du Roi at Versailles decorations of 1679. The heavy silks 
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interwoven with gold and silver filaments were edged with deep gold fringe; the 

bed had embellishments of golden braid; and the bed curtains wove with metal 

thread. Roubo commented that the woven and embroidery products highly 

decorated with gold thread were popularly used for the European upholstery in 

the seventeenth century (1771).  

 
(a) 

 
 

 
(b) 

Figure 2-3. Metallic embroidered textile with silk, gold and silver thread 
Du Roi at Versailles, France, 17th century. (a) Interior furnishing (b) Detail 

 

 

The light-reflecting fabrics as suitable for upholstery were also fashionable in the 

eighteenth century. For example, the white brocade of empress Josèphine’s 

bedroom at Fontainebleau was decorated with gold filaments for the bed and 

window curtain (Schoeser, 1991). A figured silk crepe was designed in the 

Moorish style by Madeleine Legrange and woven in about 1920 by Courdurier, 
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Fructus & Descher (Roubo, 1771). This crèpe surface was created by 

juxtaposition threads with twisted metal threads. 

 

On important ceremonial occasions, e.g. festival and wedding ceremony, metallic 

clothing enhanced the atmosphere of happy events. As the cultural heritage in 

China, Miao women wore silver ornament dresses to engender the cheerful 

atmosphere during the festival occasions as shown in Figure 2-4-a (The Cultural 

Palace of Nationalities, 1985). A lot of singing and dancing with the village 

women adorning loads of silver jewellery were expressive and vibrant. Dress was 

elaborated with not only silver headdresses and neckwear but also silvered 

intricate embroidery wardrobe on collars, sleeves and trouser legs (Li, 2000).  

 
(a) 

 
 

 
(b) 

Figure 2-4. Metallic fashion and accessories in festival and wedding ceremony. 
(a)  Miao women wore silver ornament dresses in festival (b)  Bridal dress, 
Indonesia 
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In the southern Asia territory, particularly, aboriginal inhabitants were also 

known for their metallic jewellery and handicraft. Figure 2-4-b shows the Muslim 

style wedding couple dress of radiant gold clothing in Indonesian, which conveys 

the local traditional conventions and cultures in 20th century (Rivers, 1999).  

 
 
Figure 2-5. Gianni Versace, 1994-95 collection of metallic clothes mattered in 
the supermodels class  

 

The desire for the ultimate shimmer and brilliance is the consumer's demand 

which connects the fashion trends. Contemporarily, as the couturier’s creations 

were the favourite materials, metallic thread and sequins were often used in their 

merchandise.  For example, François Lesage, a traditional handicraft house, their 

metallic decorative fabrics were used for accessory and design identity in French 

fashion designs since 1922 (Seeling, 2000). Fashion designer, Gianni Versace, 

considered making the gild apparels into stage dresses which perfectly toned and 
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fit bodies in pretty, pert and lively collection with metallic fabrics in 1994-1995 

as shown in Figure 2-5 (McDowell, 2000). Hence, the metallic materials play an 

un-replaceable important role in performing apparel everlastingly.  

 

Lurex, the triplex laminated metallic product with acetate film was produced for 

commercial use by Dobeckmun in 1947. The next breakthrough in the technical 

development was the use of polyester films by Du Pont in the late Fifties 

(Higgins, 1993). Nowadays, metals frequently are being used in fabrics which 

provide us with lightweight, flexible, and thoroughly modern textiles (Braddock, 

2000). The appearance of textile is obviously the main effect in commercial 

products. Metallic textile merchandise has manufacturing benefit and marketing 

potential. The distinguished manufacturers such as Lurex, DuPont, Bekaert and 

Bridgestone Metalpha embarked metallic textile products traditionally. Schoeller 

Textil AG’s metal-mix metallic textiles has changed colours in various woven 

ways (Längle, 1997), and Adrian Wilson’s Soft Materials (R-Start) has 

introduced a new range of ultra-thin fibres composed of stainless steel recently 

(Wilson, 2001a). Metal-coated textiles, such as Gore-Tex, Teflon and Mylar, 

have high-performance and reflective effects. More and more metallic fabrics are 

used in apparel and personal adornments from evening wear to daily wear. As 

part of the branded fibre programme at DuPont, Tactel® metallic textiles were 

introduced to meet the return of silver and gold effects into apparel. The products 

were designed to give a bright metallic lustre suitable for use in hosiery and 

intimate apparel as well as in active wear (Jacques, 2002). 
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Figure 2-6. Metal powder printing  Figure 2-7. Woven metallic fabric 

 

 

 

   
Figure 2-8. Metallic knitting Figure 2-9. Dyeing on metallic 

fabric 
 

 

 

Today, many technical compositions are obviously getting a main role in the 

modern textile design. The design combined with technical compositions is 

significant for the development of new fabrics. With the development of new 

fibres in recent years, the textile design has been improved by the traditional 

technique combined with contemporary technology (Jiang, 2003a). In the 

commercial production, many fabrics used metal powder printing process to 
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produce metallic-like fabric as shown in Figure 2-6. More instances of woven 

metallic fabrics are now available to the market, and a typical example is shown 

in Figure 2-7. Additionally, the metallic nylon textile shown in Figure 2-8 

presents the decorative metallic knitting products. Various metallic textiles 

produced by dyeing process is shown in Figure 2-9. They were found in Sham 

Shui Po textile market in Hong Kong in 2002. Hence, the astonishing technology 

in contemporary metallic textiles narrows the gap of materials between the hard 

metal and soft fibre. It integrates the materials and techniques beyond the 

traditional concept of textile performance and visual communication. 

 

2.2.2 Roles of Functional Application 

Metal in sheet or wire form has long been used for fabric construction. Since 20th 

century, metallic textiles which are comfortable to wear can be made by using the 

latest technology (Braddock, 2000). The selections of modern textiles were keyed 

to consider both comfort and protection (Borland, 2001). The ultimate 

appearance is consumer's demand that must connect the comfort and easy care. 

Manufacturers attempt to develop new products to satisfy consumer market as 

well as applying functions.  The technical developments have helped metallic 

textiles in terms of functional applications. Based on advanced technologies, 

metallic textiles have extensive functional properties in very wide aspects. Many 

types of metal such as silver, titanium, aluminium and copper are becoming 

popular in technical applications contemporarily (Hibbert, 2004). The metallic 

textiles can improve the quality and technical aspects of the protection. They also 
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meet the aesthetic requirements and guarantee adequate wear comfort for the 

respective end use.  

 

Many developments in metallic textiles have been accompanied by the updated 

technologies and materials (Lucchi, 2001; Maurer, 2000; Mendini, 1996; Nouvel, 

1995). Most applications of metallic fibres were used for industry where such 

products in the form of filters, seals and abrasives were based on good quality of 

strength, heat resistant and heat conductor (Grayson, 1984). The metal wire with 

the selection of 100% stainless steel had strength and flexibility properties 

(McQuaid, 1998). For instance, the important development of rising automotive 

safety used metal fibres in tires and brake linings (Tortora, 1992). Furthermore, 

some strong metal fibres were used in protective work gowns, gloves etc. when 

people are working near bladed or dangerous machinery (Brandon, 2002; 

Kadolph, 1998). Besides the common characters, metallic textiles have special 

properties that can be involved in the following aspects. 

 

2.2.2.1 Temperature Preservation  

Besides the aluminised polyester film that provided insulation as part of a flexible 

air-conditioning tube as shown in Figure 2-10-a (Braddock, 1998), aluminium-

coated synthetic fabrics were used in curtain lining which blinded light for 

controlling interior conditions. Metallised fabrics were also used for linings to 

provide thermal insulation by reflecting body heat as well as weatherproof 

application. Figure 2-10-b shows that the metal-coated curtain keep isolation 
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from strong sunshine (Koolhaas, 1995). Designer, Gilbert Rohde, devised a 

spacesuit-like ‘Solo-suit’, resembling a jumpsuit worn beneath an outer shell that 

was incorporated with a wide metallic belt. His beryllium-copper wire was 

woven into the material that was intended to regulate body temperature as well as 

change colour effects (Quinn, 2002).  

 

(a) 

 
 

(b) 
 
Figure 2-10. Coated fabrics acting in vapour or heat barrier   
(a) Flexible air-conditioning tube by using aluminised film 
(b) Coated curtain, Bordeaux, France 

 

 

2.2.2.2 Conductivity / Anti-static 

The metallic materials have good electrical conductivity. The presence of the 

metal fibre helps conduct electricity so that the static shock can be reduced on 

non-conductive textiles. For instance, the stainless steel filament is commonly 

dispersed throughout the strings with other fibres into carpet products to prevent 

fire (Adanur, 1995; Ford, 1988). Silver-plated conductive nylon fibres were 

mixed polyamide fabrics (Bertuleit, 1991; Kajiwara, 2000), which really 
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prevented electric shock with good conductivity. The property of conductivity 

made it become a very promising circuitry in computerised clothing. Figure 2-11 

demonstrates the conductivity of the copper-plated polyester fabric with the lamp 

being powered to give the light with 3 watt (Jiang, 2002c). 

 

 
 
Figure 2-11. Image of conductivity testing with the 
light emitting diode (LED) being powered on 
copper-plated polyester fabric 

 

 

2.2.2.3 Ultraviolet and Infrared Radiation Screen /  

Electromagnetic Wave Shield 

Nowadays, people are realising the health threat imposed by the sun. More and 

more different textiles used for UV protection are made of man-made or natural 

fibres (Hilden, 2001). Metallic fibres are increasingly used as a protective textile. 

Advanced metallising techniques allow alternative metals depositing onto fabrics. 
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The metallic garment can protect radiation from ultraviolet, infrared and 

electromagnetic wave radiation (CTF Tidning, 1999).  

 

Electromagnetic waves are emitted by a variety of electrical and electronic 

appliances which are an integral part of our lives, e.g. (i) at work place in the 

form of machines, transformers, computers, data processing appliances, office 

equipment etc.; and (ii) in our private lives in the form of house hold appliances, 

radio and television, mobile phones and base stations, night storage heaters and 

under floor heating, and high voltage grid etc. The emitted electromagnetic waves 

may interfere with other appliances and also influence people’s health and quality 

of life and the environment (Stegmaier, 2002). Applying metallic textiles 

particularly have the ability of decreasing the electromagnetic radiation in the 

daily life (Franco, 1991). For instance, metallised fabric with only 15 g/m2 of 

copper offered over 80 dB of shielding (Temmerman, 1992). The ability of 

isolating electromagnetic wave was reported in four metallic textiles as shown in 

Table 2-1, and their reduction of decibel scales was measured respectively (Yao, 

2003).  

 

Table 2-1 Isolation of Metallic Fabrics in Electromagnetic Wave 

Metal coated textile Isolation value (dB) 

Stainless steel mixed fabric 22 

Al-coated fabric 34 

Silver-coated fabric (single surface) 47 

Silver-coated fabric (both surface) 85 
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In Stone Island’s spring/summer 2000 collection, they produced the “Silver Spray 

Jacket” which was made from stainless steel coated polyester. It offered 

protection in electromagnetic radiation area as shown in Figure 2-12 (Bolton, 

2002). 

 
Figure 2-12. Stone Island, silver spray jacket, vacuum-
sprayed stainless steel polyester, spring / summer 2000 

 

 

2.2.2.4 Medicinal Application  

For thousands of years, silver has been used. Silver has long been known for its 

inherent medicinal and therapeutic properties, and was originally used in the 

medical world for medical and therapeutic benefits (O'Mahony, 2002). Silver 

coated textile commodities have been launched in commercial marketing such as 

trousers, underwear and socks which can provide anti-bacterial effect and dispel 
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bad smell (The Window of Information, 1999). Modern western medicine 

recognises silver as the most effective anti-microbial agent available and now a 

fibre, X-static manufactured by Noble Fibre Technologies, has been produced 

with silver permanently bound to it. A new lining material produced by 

Tecnostan contains silver and carbon in the weft yarns. Being used in conjunction 

with Silfresh anti-bacterial fibre from Novaceta, the fabric has the ability to stop 

more than 50% of electromagenetic waves that hit their surface (Hibbert, 2004).  

 

Silvered textiles have been known not only for medical materials but also for 

health care clothing. Metallic textiles with special functions are used for hospitals 

or clinical environments. For example, Italian Nylstar Company produced nylon 

66 fibre Meryl Skinlife. Meryl Skinlife is spun by the polymer liquid with nature 

silver (Ge-Ray, Nylstar..., 2002). The new product provides the performance of 

inhibiting bacteria growth, thereby avoiding the possibility of unpleasant odours. 

Ros Hibbert had pointed out that textiles were also used extensively in many 

industries and for many other applications, varying from the bandage to high-tech 

use in spacecraft (2002). Biosafe, a nylon filament yarn embedded with 

microscopic ceramic spheres (chemically bound to the fibres) releases a constant 

stream of silver ions. Kanebo’s cloth has a powerful anti-bacterial effect. The 

fabric is dealt with sportswear, high-performance underwear and hospital gowns 

(Quinn, 2002). On the other hand, health-care textiles can be made by woven 

processes with copper filaments to allow a continuous flow of current powered 
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by rechargeable batteries. It can monitor high-risk patients by means of wireless 

devices in real time. 

 

2.2.2.5 Intelligence / Computerisation 

Metals have been applied to textiles to enhance the practical products as shape 

memory materials for intelligent garments. Shape memory fabric is capable of 

returning quickly to its original state when the cloth is deformed. For instance, 

nickel and titanium inter-metallic materials have been trained for returning its 

given shape in cooperated fabrics when an actuating temperature is reached. Its 

unique properties were termed super elasticity (Quinn, 2002; O'Mahony, 2002). 

Bras or caps easily regained original shapes after washing by associating with 

this metal alloy (O’Mahony, 2001). In brief, the metal alloy textile achieved 

crease retention, flat appearance and bagging recovery.  

 

The developments of metallic textiles were spread all over from the basic 

application to the ultra high-tech area (Smith, 1988; Kajiwara, 2002). Metallic 

textiles were particularly focused on military applications (Collier, 2001). 

Electronic clothing posed a symbol of the new millennium in textile research area. 

Common metallic yarns such as copper and stainless steel filaments wrapped 

round a core of traditional yarn have been employed for computerised apparels 

(Post, 1997; Gimpel, 2004). These conductive metal yarns were provided with a 

soft circuit for intelligent or smart devices for the fashion area.  
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2.2.2.6 Aerospace Devices 

Metallic fibres were used in the selected niche applications in missile nose cone, 

space shuttle and space station to accommodate the extreme situation (Brandon, 

2002). The space campaign presented clothing to produce fabric surfaces, linings, 

coatings, plastics and metals with shiny and silvery. Spacesuits have been 

developed for space travel such as the Apollo lunar explorer’s outer layer of the 

lunar boot which was made from metal-woven fabric (A Spacesuit for Apollo 

Moon Walking, NASA Facts.) and the metallic spacesuit AX-5 was produced by 

NASA Ames Research Centre (Adanur, 1995). The metallic textile provided 

protective function for screening harmful radiations in universe outer space.  

 

 (a) 

 

(b) 
 
Figure 2-13. Solar sail Cosmos-1. 
(a) Engineers in Russia test the solar sails that was coated by aluminium
(b) Schematic representation of the solar sail in outer space 
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The aluminised solar sails can propel a spaceship through long voyages up to 

200,000 kph under the myriads of photons exerting pressure definitely. It is 

pushed along directly by light particles from the sun, reflecting off its giant 

mirror-like sails. Figure 2-13 shows the solar sail of Cosmos-1 made of 

aluminium-coated Mylar which has a thickness of 5 microns and an area of 600 

square metres. They accelerate almost imperceptibly at first, as photons of light 

bounce off their enormous reflective surface, imparting momentum. Unlike 

conventional rockets, they can keep accelerating as long as the sun is shining, 

without needing a drop of fuel (Reichhardt, 2005; Craig, 2003). 

 

2.3 Metallic Textile Design 

2.3.1 Contemporary Metallic Textile Design 

With the rise in the requirement of modern times, the innovative effects have 

become an important trend in the updated textile design. Metallic textiles play a 

typical fashion symbol since 1950s. There are important influences of metallic 

textiles in modern time with social culture. Metal accessories are usually 

decorated on the dresses that significant symbol accord with modern fashion 

trend. For instance, Figure 2-14 shows that a young man wearing leather jacket 

with metal things as a decoration and this was an expression of rebellion by the 

youth of the 60s (McDowell, 2000).  
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Figure 2-14. Rockers at the Ace Café, 1964  

 

Ornate metallic fashions conveyed resounding stage effects.  Supermodel Iman 

ever wore gild-frilled breasts that were made by Versace. She presented an 

wildcat look in 1970s (Seeling, 2000). Famous swan Madonna’s golden fashion 

pursued a sex appeal in 1980s as shown in Figure 2-15 (Gaines, 2002). 

Meanwhile, textile designers have found it so useful for the systems to show the 

relationships between design and technology when trying to achieve a particular 

production. For example, Kirsty Hume used gilded materials to support a post-

modern spirit immediately in 1990 as shown in Figure 2-16 (McDowell, 2000). 
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Figure 2-15. Madonna pursued a 
sex appeal, 1987 

  

Figure 2-16. Kirsty Hume with 
metallic materials and Versace 
fashion, 1998 

 

Shine rapidly appeared in fashion to make up to unique garments. The textile 

practitioners were deeply interested using metallic textiles to develop their 

productions (Mistura, 2000). For example, Italian shoe designer, Salvatore 

Ferragamo, designed gilded stiletto heel shoes for Hollywood stars in 1955 

(Seeling, 2000). Paco Rabanne designed a powerful reflective dress gained by 

metal and plastic disks since 1966 (Seeling, 2000). He chose metal materials to 

associate with his collections in geometrical forms. His fashion design included 

single metal modules, generally strung together by connecting the chain mail. For 

example, he made the metallic plastic mermaid dress with a netting structure in 

1994 is shown in Figure 2-17 (Kamitsis, 1996). He also used aluminium jersey 

later on its natural tone.  
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Figure 2-17. Paco Rabanne, 
metallic plastic mermaid dress 
with a netting effect, 1994 

Figure 2-18. Thierry Mugler, 
semi-space age fashions, 1979 

 

 

A specific domain of techno-textiles was excited to designers from its creation 

possibilities. Modern textile designers attempted the rich mixture of craft and 

industrial techniques by combining synthetic fibres and metallising methods. 

Metallising designs employed various metals such as yellow gold, white silver, 

red bronze and brilliant titanium popularly. Especially, using metallic materials 

was an important trend in textile innovation since 1970s. Thierry Mugler 

employed coated metallic fabric for a semi-space age and sexuality dominatrix as 

shown in Figure 2-18 (McDowell, 2000). 

 

The advent of new technology had allowed many properties to be presented in the 

metallic textile designs in 1980-90s. Innovative textile designers have applied 
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vacuum deposition, etching and heat-transfer printing to create metallic textile 

designs (Colchester, 1991). ‘Less ethnic’ in Rifat Ozbek’s spring / summer 1990 

collection mixed metallic materials into futuristic style of spiritual minimalism as 

illustrated in Figure 2-19 (Seeling, 2000). Famous fashion designer, Giorgio 

Armani, tried to add metal threads to womenswear in simple and elegant effect in 

1993 (Seeling, 2000). 

 

Innovation of science always changes textile and fashion design concepts. Many 

metals such as titanium, platinum, copper and silver are frequently used to give 

modern effects in fashion works. In Figure 2-20, André Courrèges gave full 

protection form in autumn/winter 1994-95 collection. The elements as well as a 

dramatic look were made from a reflecting metallic textile (Braddock, 1998).  

 

 

 

 
 
Figure 2-19. Rifat Ozbek, Less 
Ethnic, 1990 

  
Figure 2-20. André Courrèges,  
autumn / winter 1994-95 collection, 
metal coated textile 
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Many designers demonstrated that new technologies would impact the future 

textile design. Japanese designer, Koji Hamai, was known for his titanium and 

stainless steel metallic fabrics in 1995. Koji Hamai has used sputter coating to 

deposit metals such as stainless steel and titanium on synthetic fabrics. Figure 2-

21-a illustrates the stainless steel-plated stripes pattern on 100% polyester pearl 

organdie. The fabric was first randomly pleated and then sputtered with very fine 

particles of metal. Furthermore, the fabric was pressed to create an extremely 

smooth finish. He created ‘Gradation’ made of 100% polyamide that had been 

finely sputtered with titanium. Figure 2-21-b shows the titanium coated polyester 

fabric (Mendini, 1996). A common element in the works was their method of 

using a sputtering process for colouring synthetic fabrics. 

 

(a) 

 

(b) 
 
Figure 2-21. Koji Hamai,  sputtered polyester textile, 1995 
(a) Stainless steel sputtering; (b) Titanium sputtering 
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Reiko Sudo’s metal plated fabric with different finishing effects such as 

embossing and pleating was based on the automobile furnishing. She also 

involved sputtering technique to spray stainless steel on woven polyester fabrics 

(Braddock, 1998; McCarty, 1998). Furthermore, the synthetic fabrics treated with 

metal sputtering had been used in Junya Watanabe and Mark Eisen’s 1996 

fashion designs respectively (Braddock, 1998). Alexander McQueen designed a 

futuristic outfit (Spring/Summer 1995) made from stainless steel sputter fabric 

which combined the fluidity of a silk with the coated metal (CTF Tidning, 1/99).  

 

Developed metallic textiles have provided new inspiritions for fashion designers 

in 1990s. Amazing metallic fashion designs emerged endlessly. Issey Miyake’s 

laminated metals foil in Star Burst Series collection (McCarty, 1998), Akira 

Isogawa’s asymmetric vest constructed from bronze jacquard silk (The Fashion 

Book, 1998), Karl Lagerfeld’s Nightwear design with shining mash decoration in 

1997-98 collection (Seeling, 2000) and John Galliano’s Long skirt made of 

golden fabric, which matched the collection ‘Glamorous Designs’, were revealed 

during 1997-1999 (Seeling, 2000). When combined with a metal, textile could 

lend a whole new dimension into a handling quality and visual communication. 

Lawrence Steele innovated knitwear by utilising 3-D features such as gold 

printed fur fabric and double-layered knitwear as shown in Figure 2-22 (Black, 

2002). 
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Figure 2-22. Lawrence Steele,  Figure 2-23. Lucy Orta, Refuge 

Wear - City Interventions, 
aluminium coated polyamide, 
1993-1996 

autumn / winter 2000-01 

 

In the different design concept, Lucy Orta earned her reputation for ‘Connector 

Mobile Village’. Her apparel incorporated elements gleaned from art and 

architecture which combined with aluminium-coated polyamide as shown in 

Figure 2-23 (Lucy Orta, 2003). Lucy Orta explained that her works not only 

reflected heat but also created a mirror that reflected the environment, enabling us 

to merge more intimately with our surroundings (Bolton, 2002). 

 

Metallic fibres have played important role in textile and fashion design trends in 

long-term. Much information justified metallic textile in the near future. Gold, 

bronze, copper and platinum metallic fabrics brought the luxury performance 

with great demand in 2000-2001 (R-T-W Designers, 2000; Summer 2000, 2000; 

Winter 00/01, 2000). During 2001 to 2002, technical and traditional treatments 
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had clearly influenced fabrics, which used coatings and decorative additions like 

sequins and gold ornamentation (Fabrics Bestsellers, 2000). Premiere Vision’s 

Alter Natives showed that metallic fabrics were resonating to spring / summer 

2002 season (Paris, March 2001). Such evidences have noticed the metallic 

textile accompanying the modern trend into new millennium.  

 

 

 

 

 

 

 

 

 

 

  
Figure 2-24. Prada, metallic brocade 
jacket and underwear, 2003  

 

Metallic textiles kept its attraction of luxurious effects in Dior’s ‘Ragga’ 

collection for summer 2000 which reflected confident reds and over-the-top 

metallic-colours (R-T-W Designers, 2000). New York Times that contributed 

Prada’s products conveyed a rich shimmer, tissue-thin brocades metallic 

merchandises for spring / summer 2002 (Shimmering Light, 2002). Gold and 

ivory stretch brocade dresses reflected a contemporary look for the sleek body as 
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shown in Figure 2-24 (R-T-W Designers, 2003). From the fall 2005 Premiere 

Vision, shine metallic streak lived on gold and copper textiles with luxury (Hot 

Topics, 2004). 

 

The futuristic metallic sheens or discreet sparkles appeared in most designs in 

autumn / winter 2002-2003. For instance, Be Mi Va had a metallic look in 

polyester/nylon; Casanovas had jewel-like gold knops; Cariaggi offered yarns 

with iridescent sequins; Mossley Spinning created sparkle with multi-twisted 

yarns and inky darks with neon flashes; Jules de Surmont offered dark metallic 

twists; Lame’ Ledal’s slit film yarn radiated iridescent colours (Watkins, 2001). 

The summer 2003 played off freshness and dynamism combining flashy, lustre 

and sparkle views (Curiosity, 2002). Many high-end garment brands launched 

metallic designs with compelling aesthetic for marketing as shown in Figures 2-

25 to 2-28.  

 
 

Figure 2-25 
Versus Versace, 
2002 

Figure 2-26 Figure 2-27 
D2, 2003 

Figure 2-28 
Escada, 2002 Christian Dior, 

2004-05 
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The textile design belongs to the field of not only utility but also artistry and 

creativity. With the advent of synthetic fibres, there were diverse ways to produce 

metallic fabrics contemporarily. Unique metallic fabrics were demanded to 

achieve various appearances depending on the designers’ spirits (Reinhold, 2000). 

The metallic textile designs pursued the creation of the colour, pattern and texture 

with individualisation. A metallic fabric in particular had futuristic performances 

that generated reflected and lustrous effects. Reflective surfaces offered a shining 

looking and it was very popular in contemporary consumer market and technical 

applications (Adanur, 1995; Joseph, 1993; Ethridge, 2002).  

 

(a) 

 

 
(b) 

 
Figure 2-29. Junichi Arai’s metallic fabric designs  
(a) Moon Light, Micro-slit polyester film with aluminium, wool and nylon 
filament, 1992, melt off and shibori.  (b) Deep Sea (detail), polyester and 
aluminium, 1994, melt off and heat-transfer printing. 

 

The avant-garde metallic textile design was aimed at finding the effective 

methods for the creations. Traditional techniques are of major importance when 

developing and fully utilising the new textile technologies in textile design. For 
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example, Junichi Arai described a technical treatment process called “melt-off” 

which dissolved the metal thread to obtain a silver pattern against transparent 

cloth (Wada, 2002). As illustrated in Figure 2-29-a, the design “Moon Light” 

(Nouvel, 1995) and Figure 2-29-b “Deep Sea” (McCarty, 1998) applied etching 

and transfer printing processes onto metallic fabrics combining with heat setting 

treatment. The various handicrafts permitted a certain degree of randomisation 

and uncontrolled spontaneity.  

 

2.3.2 Future Metallic Textile Design  

The consumer usually concerned the colour or display of the end products in the 

procedure of purchase (Li, 2004). As the apparel and textile design is merging in 

the world increasingly (Quinn, 2002), many applied cases indicated that metallic 

textile affected the design trends of both textile and garment deeply. Active 

fashion predictors established the direction and ultimate marketability on metallic 

textile field specially. Peclers, periodical fashion trend magazine, predicted 

advanced metallic accessory, textile and fashion seasonally. It mostly recognised 

design direction for designers, manufacturers and marketers. Figures 2-30 and 2-

31 show that 2004 textiles had trend in a play of vintage metallic mirrors and 

glass mercury looks, and gilded metallic fabrics tagged with treated gold dust, 

silver film casually in fashion designs (Peclers: Vintage bohemia-Mercury, 

Living, 2004; Peclers: Metallic, Summer 2004). They pointed out that the 

metallic effects were an important fashion trend in the contemporary decorative 

textiles. 
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Table 2-2 lists some of the textile prediction which correlates metallic materials 

in Peclers start winter 2004 sequentially. Principal trends applied to fashion were 

colour directions and real layouts of printed, woven, jacquard and embroidered 

designs which really established the design forecast and ultimate marketability. 

Based on the analysis of concise predictions, the key words of sparkled, shiny, 

mirrored, quicksilver and flash effects were the attractive factors in the future 

fashion stream. Future metallic textile designs will be linked to the advanced 

technologies together including metallised, coating and armouring metal work. It 

is clear that the use of appearance and touch will be considered equally as 

important aspects of textile design.  

 

 

 

 

 
Figure 2-30. Materials take on 
disguises in a play of mirrors, 
2004  

 Figure 2-31. Gilded rustic base 
fabrics, scratches on metallic 
grounds, Summer 2004 
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Table 2-2   Peclers’ Prediction about Metallic Materials 

Theme Title and commentaries 

Winter 2004-05  Casual: Metal Attraction and Coat of Mail 

  

 
Figure 2-32 

 

Jangle frosty silver, assemble mechanical charcoal. Distil 

rusty filigrees and delicately wrought verdigris copper. 

Improve the alchemy: mix lead and gold.  

---Coat of mail: Manufactured mesh, machine-made knits, 

Hunt through closed-down factories, make gray tone ring and 

silver chime. 

---Jewel alloy: Hammer heavy gold preciousness; add a thin 

veneer of copper to pinkish beige…Rustic coating, gilded 

filigree, the baggy look takes on glamour in a thousand 

settings. (Peclers, 2002a) 

Winter 2004-05 Womenswear: Jewels and Metallurgy  

 
Figure 2-33 

Metal silkies, chain mail details, riveted hems and chain 

straps. Delicate cover-ups or coat dresses… draping 

reminiscent of the Vionnet years … (Peclers, 2003i) 

Winter 2004-05 Prints & Patterns: Stress 

 

 
Figure 2-34 

 

Shimmer in daytime glamour or night-time glow. Cross with a 

quicksilver flash of Milky Way. (Peclers, 2003g) 
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Winter 2004-05 Prints & Patterns Update: Under the influence  

 

 
Figure 2-35 

 

 

Geometrical background on supple skin. Metallised colour 

blocks. (Peclers, 2003h) 

Winter 2004-05 Colours: Metal  

 

 
Figure 2-36 

 

 

 

The industrial and precious meet, soberly graphic or finely 

wrought. Everyday or futuristic, the magnetism of neutral 

tones. (Peclers, 2003e) 

Materials: Mechanic Winter 2004-05 

 

 
Figure 2-37 

 

 

 

Detect the precious side of an everyday industrial 

environment. Rework brushed galvanised, oiled metals like 

steel parts. Seek an armour effect more than intangible 

shimmer. Make it wavy and jointed like sheet metal. Metal 

remains the inevitable symbol of anti-nostalgia modernity.  

(Peclers, 2003f) 
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Winter 2004-05  Influences: From metal work to artwork  

 

 
Figure 2-38 

 

Fascination for the mineral kingdom: heavy ores and precious 

metals wrenched from the bowels of the earth, meteorites and 

moonstones fallen from outer space… from rugged masculine 

metal to glam metal, connections are made, effects are allied: 

inert material is domesticated, turned into contemporary 

industrial jewellery, sheet metal seems like silk 

toile…Between platinum, pink gold, tin grey reflections, 

between outer space technology and recycled industrial waste, 

ambiguous metal effects are lightly improvised from day to 

day.  

 

(Peclers, 2002b) 

Summer 2005 Season Summary: Sparkling 

  

 
Figure 2-39 

 

In small detail or large colour blocks, make colour flash to 

brighten up the wardrobe. … lamé catch the light by all 

possible means. (Peclers, 2003d) 

Summer 2005 Materials: Gleam 

 

 
Figure 2-40 

 

Dive into cold water…in search of deep, crystal-clear 

shine. …Surfaces look wet, glossy and satiny as if metallised, 

with or without metal. (Peclers, 2003b) 
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Summer 2005 Prints and Patterns: Crystal-clear  

 

 
Figure 2-41 

 

Furtive sparkle, glass engraving and mottled drops enliven 

transparency. (Peclers, 2003c) 

 

 

2005, Living-1  Crystal Metal  

 

 
Figure 2-42 

 

 

Water drops, cut crystals, chains and coats of mail oscillate 

between contemporary metalwork and makeshift 

preciousness! (Peclers, 2003a) 

2005 Living-2  Christmas-Random Preciousness 

 

 
Figure 2-43 

 

 

 

The light poetic mood of intricate airy wiring. Brass, steel 

and copper metamorphose into delicate and ethereal lace. 

Watch works and industrial details become surprising 

surrealist jewellery. Sprinkle with moonstones, opalescent or 

crystalline minerals. (Peclers, 2004) 
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Winter 2005-06 Season summary: Gold leaf 

 

 
Figure 2-44 

 

 

 

In homeopathic accents, gold, copper, silver, precious metals 

slip into raw or simple materials, and into everyday life. 

Rhinestones, sequins, lame, brocade or metallic accessories, 

longing to be surrounded by luxurious symbols in order to 

regild a more richly coloured and baroque everyday style. 

(Peclers, 2004d) 

Winter 2005-06 Lingerie: Fantastic 

 

 
Figure 2-45 

 

 

In a shadowy theatre, ecru, rust, bronze and black define 

chiaroscuro effects, while metallic mirror and sublimate 

transparencies. (Peclers, 2003j) 

Winter 2005-06 Womenswear update: Bronze 

 

 
Figure 2-46 

 

 

 

Panne velvet, creased silk: fabric with metallic glints for 

everyday wear to clam down the shiny effect. (Peclers, 2004e) 
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Summer 2006 Textiles: Tissue Paper 

 

 
Figure 2-47 

 

 

Between pongee and taffeta, they ripple and rustle, blooming 

into intensely coloured or metallised petals.  

(Peclers, 2004c) 

Summer 2006 Textiles+: Shiny anonymity 

 

 
Figure 2-48 

 

 

Light woollen with foiled metallic finish. Light, ultra-classic 

wool twill + a wild, Vibrant, electric colour + a thin coating of 

flashy metal = an over – the top, eccentric, glamorous suit that 

remains classy and timelessly elegant beneath its ‘fun’ look. 

Deliberately accentuate careful, hyper-traditional finishes, 

exploit the masculine wardrobe down to the tiniest details, 

give the most anonymous suiting a young, ‘loose-living’ look 

with colour and metallic shine. (Peclers, 2004b) 

 

Lingerie: Sunshine Summer 2006 

  

Rejoice in the sunlight! Reverberations and undulations 

release glamorous touches or sun goddess auras. … Heighten 

luminous colour intensities, illuminate them with shimmery 

metallic and mirrored reflections. (Peclers, 2004a) 

 
Figure 2-49 
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Peclers, a presentation of fashion forecast material, with seasonally themes 

textiles has maintained its reputation for leadership in the textile region. These 

predictive concepts are associated with metallic things from 2004 to 2006 

respectively. Such stories forecasted coating, gilding, metallising and galvanising 

methods which contributed future design trend of both textile, accessory and 

fashion. The palette incorporated glint, gild, gleam, sparkling, reflection, armour, 

glow, quicksilver and shimmer looking. Reflected appearance set the special tone 

for future textile and fashion design. The periodical offered prognostication with 

abundant illustrations to give insights into the sources of inspiration. Metallic 

materials have extreme potential of ornamental and functional textile for fashion 

products. Additionally, the metallic textiles take characteristic images with 

specific style. A great deal of special metallic textile designs combines the 

contemporary materials and technologies, and they influence the trend of textile 

design within a long period.  

 

2.4 Summary 

The foundation for the research of the metallic textile background was reported 

with historical evolution, functional properties, fashion design developments and 

future values linking to the representative design case studies. Metallic textiles 

were employed in strong correlation with aesthetic pursuance, consumer demand 

and social culture influence. They have had a strong influence upon fashion, 

home design as well as art form, and this was discussed. Ornate metallic fabrics 

are becoming very popular in today’s textile and fashion design. One of the main 
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issues that concerns the early part of the research is the use of functional and 

protective metallic textile products in special application which has only received 

minimal exploration so far. The significant literature study briefly presented here 

shows a cohered metallic textile design scope which laid the context of the 

proposed project for metallised fabric design.  
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CHAPTER 3  

AN OVERVIEW OF THE DEVELOPED  

METALLIC TEXTILE DESIGNS 

 

3.1 Introduction 

Metallic textile designs have been influenced by the correlative technologies. In 

order to understand this discipline, both the past and modern metallising 

technologies have been studied. Available information of general methods and 

related techniques for metallic textile producing were introduced. An assortment 

of metallising processes such as electroplating, vacuum deposition and sputtering 

together with some of the tentative experimental results were analysed. Based on 

the general investigation of textile metallisation, the theoretical research proposal 

was incubated in this section. 

 

3.2 Physical Methods 

3.2.1 Blend 

Metallic threads were blended in knitting, embroidery and woven products. 

Mixed metallic textiles with flexible metal filaments were usually produced for 

fashion and upholstery (Lennox-Kerr, 2001; Watkins, 2001). Generally, blend 

metallic yarns are wrapped round a core of natural or synthetic yarn with lustre 
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colour effect. Mixed yarn with metallic filaments is usually sewn or embroidered 

for decorative textiles.  

 

Superfine filaments of gold, silver, copper, stainless steel and aluminium were 

made and added to fabrics in a number of ways (Tortora, 1992). High 

performance stainless steel strip weaving was made of many colourful stainless 

steel fibres. 100% stainless steel fibres braided for the special metallic textiles 

with strength and flexibility by Junichi Arai is shown in Figure 3-1. It has made a 

substantial contribution to the innovative textile designs and artistic works.  

 

 

 
(a) (b) 

 
Figure 3-1. 100% stainless steel fibre, AlphatexTM, 1996 

 

(a)  Spun blue and grey stainless steel yarns; (b)  Junichi Arai, braided  stainless 
steel textile, 1998 

 

The modern fibre art often employs metal wires for decorative works in public 

areas. Fibre artist called Peter Collingwood eagerly created installation works by 

means of stainless steel fibre since 1997 (Collingwood, 2002). The developed 
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interlacing and knotting techniques was a response to the fibre art design ‘Prayer’ 

created using stainless steel filament by Kyoko Kumai in 1990 as shown in 

Figure 3-2 (Margetts, 1991). 

 

      
 
Figure 3-2. Kyoko Kumai, Prayer, W300cm x H300cm x D200cm  
stainless steel filaments,1991 

 

 

In addition, metallic filament could be wrapped with another fibre for the special 

fabrics. The work of the British artist and designer named Alida Efstratiou took a 

more decorative approach towards the natural world. She wove metallic filaments 

to make shimmering cloths, hats and sculptural objects (Colchester, 1991). Raoul 

Dufy’s silk design ‘Shells and Marine Horses’ was a woven fabric with silver 

threads produced in 1925 (The Fashion Book, 1998). Irene Van Vliet, Dutch 

designer, was fascinated by the woven textile using copper and stainless steel 

fibres combining with both natural and synthetic yarns. She has produced fabrics 

for fashion, interiors and architecture. ‘Copper nylon stripes’ and ‘copper sateen 
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weave’ had a polyamide 6.6 warp making it a strong textile lengthwise and 

copper weft providing surface interest (Braddock, 1998).  

 

In the modern time, Japanese textile designer called Reiko Sudo whose range of 

fabrics for Nuno Corporation developed various metals in combination with 

standard yarns to produce innovative automobile furnishing (Eidelberg, 1997). 

She manipulated many forms with a weft of copper wire to create subtle textile 

performance, and the detail of embellished fabric is shown in Figure 3-3 

(Kazuyoshi, 1999). 

 

 
 

 

 

 

 

 

 
 

 
 Figure 3-3. Reiko Sudo, woven metallic fabric, 

copper wires, 1993 
 

 

3.2.2 Laminating 

The metallised fabric design has been produced by laminating process between 

metal powder and foil with binder initially (McCarty, 1998).  Laminating process 
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could sandwich metal foil between layers of plastic films. The tinted lacquer was 

applied to both sides of the film and then slit into thin strips to make a kind of 

thread called synthetic slit film as shown in Figure 3-4 (Kadolph, 1998). The 

aluminium foil could be incorporated into a polymeric carrier, like synthetic 

rubber, PVC, polyurethane, silicones and acrylic emulsions etc., and spread onto 

the surface of fabric. The coating method might be conventional knife or roller 

coating. The adhesion and flex of the laminated fabric depended on the type of 

binder (Tripathi, 2001). 

 

 

 

 

 

 

 

 
 

Figure 3-4. Schematic representation of the laminating process 
for metallic tapes / yarns   

 

Metallic yarns can be produced by vacuum deposition to lay aluminium, titanium 

or chrome on synthetic fabrics which is then slit into fine threads. Various 

colours can be added by applying pigments on the foil or in the adhesive or 

lacquer coating. The final laminated result obtains a reflecting surface with little 

stiff handle.  
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A new crop of metallic fabrics has produced a greater range of colours including 

bronze and brass as well as more traditional gold and silver nylon-polyester 

fabrics. Sandwich aluminium nylon-polyester fabric has been treated by etching 

process to create rich patterns. The aluminium laminated fabrics were treated by 

chemical treatments are shown in Figures 3-5 and 3-6 respectively which exhibit 

brilliant colours, flexible patterns and reflective surfaces (Wada, 2002). 

 

 
 
Figure 3-5. Junichi Arai, metallic fabrics, melt off, 
polyester and nylon, 1997 
 

 
 
Figure 3-6. Jiang S.Q. metallic fabric design, 
etching and dyeing, nylon metallic fabric, 2001 
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Metal leaves can be spread onto the surface of fabrics by a polymeric carrier. In 

this way, Makiko Minagawa collaborated with the Issey Miyake had resulted in a 

remarkable fashion collection entitled ‘Star Burst’ in 1998 which applied thin 

membranes of copper and aluminium that was heat-pressed onto the clothes made 

of soft cotton and wool (Chandès, 1999). As shown in Figure 3-7, laminated 

clothing included gold and silver foil jeans was made by bonding process (Issey 

Miyake beyond Boundaries, 2000). As the pleats were unfolded, the metallic foil 

tore along the creases with a dramatic pattern of reflective light versus light-

absorbing materials manifestly (Takeda, 1999). By employing the traditional 

methods and all synthetic materials, Miyaky’s collections have established a 

complete aesthetic theory of his philosophy.  

 

 

 
(b) (a) 

 
Figure 3-7. Makiko Minagawa, Issey Miyake’s Star Burst collection, 
1998. (a) One of Star Burst. (b) Detail of aluminium foil-laminated 
cotton shirt  
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Figure 3-8. Eley Kishimoto, 
printing with gold leaf, 1998-99  

 

Laminating had a growing influence on the style of fashion design work. Haute 

couture used metallic materials and synthetic textiles inspiring today’s avant-

garde fashion designs. British designer named Sophie Roet has produced a series 

of metallic fabrics using heat-bonded aluminium sheets and hand-printing craft 

onto lightweight cotton, silk and jersey fabrics (Quinn, 2002). Besides Makiko 

Minagawa’s bonding metal foil work, Lawrence Steele’s experiments had 

adhered gold leaf for armoured knitwear as shown in Figure 2-23. Being better 

for ornamental and cost-benefit, the metallic powder and film were applied to 

gain decorative effects in fabric design frequently. Printing process was also 

applied to some fabric to create metallic-like fabric. Synthetic fibres often 

conjugated well to coat metal powder materials. Eley and Kishimoto duo released 

womenswear with golden powder by printing process which featured handcraft 
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and reflected the current revival of decorative art skills in London. Figure 3-8 

gives special consideration to surface interest and texture with metal powder 

printing on felt coat (Rogers, 2000).  

 

3.2.3 Discussion 

Metals were usually thought of as solid and hard, but they could appear fluid and 

flexible effects from fibrous forms. Associated metal materials can enhance 

textile performance and decorative appearance. The features of two basic 

physical methods are given in Table 3-1.  

 

Table 3-1 Physical Methods in Metallic Textile Design 

Method Form Process Character 

Blend Filament / 

Fibre 

Braid / Woven / 

Knitting / Embroidery 

Stiff / Heavy / Strong 

 

Laminating Powder / Foil Printing / Bonding Soft / Light / 

Colourful / Reflecting  

 

Physical techniques impact modern metallic textile effects continually. Blend and 

laminating techniques can update with new technologies and materials in future 

design significantly. Various metallic manufactures were produced in textiles 

with woven, embroidery, braids and knitting forms. Many active creators who 

addressed on the sophisticating metallic textile designs in contemporary are listed 

in Table 3-2 separately. Technology is rooted in craft but it is different from craft 
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(The culture of craft, 1997). Most distinguished textile and fashion designers 

embarked on traditional methods to create metallic textiles such as Irene Van 

Vliet’s metal filament blended woven fabrics, Lawrence Steele’s printing metal 

materials in knitting apparel, Junichi Arai’s melt-off treated metallic fabric and 

Makiko Minagawa’s bonded fabrics with metal foil.  

 

Table 3-2 Physical Methods and Active Designers 

Method Designer Identity / Characteristic  

Peter Collingwood Woven fibre art work with stainless steel fibre Blend 

Alida Efstratiou Hand woven metallic mesh for 3-D cloths 

Gilbert Rohde Woven fabrics with beryllium-copper wire to 

regulate body temperature and change surface 

colour 

Reiko Sudo Manipulated woven textiles in many forms 

with metal fibres  

Irene Van Vliet Metal filaments woven fabrics combining 

both natural and synthetic yarns 

Laminating Junichi Arai Melt off aluminium with metallic sandwiched 

synthetic fabrics to create decorative metallic 

textiles 

Eley Kishimoto Gold leaf or powder printing on felt coat 

Sophie Roet Produced aluminium sheets heat-bonded 

fabrics with natural fabrics combining printing

Makiko Minagawa Developed a simple cotton shirt through 

layering with metal foils 

Lawrence Steele Overprinted gold foil onto knitted fur textiles 
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3.3 Metallising Processes 

The available metallising methods had been introduced in high-tech textile 

applications (Tripathi, 2001). Some researchers had described the perspective of 

metallising methods in textile production (Higging, 1993; Smith, 1999). Despite 

the fact that unique metallic clothes exist throughout textile history, technical 

metallising methods really are belonged to 20th century phenomenon. In the metal 

plating factory, the metallising processes have been conducted by two methods 

namely dry process and wet process. Dry process includes physical vapour 

deposition such as sputtering and vacuum deposition. Wet process includes 

electroplating and electroless metal deposition in aqueous states by both 

immersion methods (Robert, 2001; Advances in Textiles Technology, 2002). 

 

The metallised processes can be used on (i) natural fibres, e.g. cotton and linen; 

(ii) inorganic fibres, e.g. glass fibre, carbon fibre, asbestos fibre and metallic fibre; 

(iii) regenerated fibres, e.g. cellulose and cuprene fibre; and (iv) synthetic fibres, 

e.g. nylon, polyester and acrylic fibre. These processes made the fibres more 

flexible and durable (Brandon, 2002). The constructions of fabrics might be from 

woven, knitting, non-woven and compound fabric (Lin, 1999).  

 

Hitherto, productive methods can be classified into vacuum deposition, sputter 

coating and electrolyte coating in textile design surrounding metallising 

technologies. Metallising was regarded as a textile finishing process that added 

the decorative value and improved applicative functions (Smith. 1999).  The 
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science and technology opened up many new possibilities in terms of the 

metallising technology transfer in textile creative disciplines.  

 

3.3.1 Vacuum Deposition 

This process involves heating the metal until it vaporises and then depositing it 

under high pressure onto the materials. This technology has enhanced the metal 

plating in physical method. It provides services for unique thin metal film in a 

high vacuum condition without discharging waste. The schematic representation 

of the vacuum deposition assembly is shown in Figure 3-9 (Zeng, 2002). 

 

 
Figure 3-9. Schematic representation of the vacuum deposition assembly 

 

In this process, the object to be coated is placed in a chamber over a set of 

crucibles containing the metal in the form of length-setting of wire. The chamber 
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containing the whole assembly is evacuated to 0.5-1 torr. The metal wire is 

melted by resistance heating in crucible. The temperature of heating is so 

adjusted that the vapour pressure of the metal atoms exceeds that of the chamber 

pressure so that substantial evaporation of the metal takes place. The evaporated 

atoms orbit in a straight line, only coating those surfaces directly in their line of 

travel (Goynes, 1996). Continuous metal film coatings were formed on fibre or 

fabric with thicknesses ranging from micron to millimetre (Tripathi, 2001; Smith, 

1998; Athey, 1991). Available kinds of metals with vapour deposition on fabrics 

included aluminium, gold, silver and copper (Braddock, 1998). Aluminium foil 

with plastic film and monofilm polymer fibres were laminated to produce 

lustrous finishes by vacuum metallising facility (Higging, 1993).  

 

Following the successful vacuum deposition, aluminium has been applied to 

produce lustrous surface of polyester fabrics by vacuum metallising facility 

(Braddock, 1998). Junichi Arai, one of the most technologically innovative textile 

designers in metallic textile creation, designed metallic textiles by combining 

vacuum deposition with aluminium and titanium. He had revealed vacuum 

deposition processes to create three-dimensional forms for the animate metallic 

effect (Wada, 2002). The polyester textile shown in Figure 3-10 was reconfigured 

with aluminium film by vacuum deposition method (The World of Arai Junichi, 

1999). This illustration presented intense and dramatic effect with gloss and 3-D 

structural metallic fabric design effect. Arai worked in both ancient and 

explorative technologies. 
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Figure 3-10. Junichi Arai, aluminium vacuum deposited 
and heat set polyester fabric, 1999  

 

 

In the investigation, the High Vacuum Pumping Unit: Model YH-350AS 

instrument was employed for the investigation of aluminium-plating fabrics. The 

temperature required for aluminium was about 1200°C. The production speed 

was quite high, ranging about from 150 to 500 m/minute. Only small samples 

could be produced in experiments by this equipment due to its small deposition 

chamber. However, it was not very efficient in bulk production because of the 

high demand on electrical power that can cause operation difficulties. Typical 

tentative results of aluminium-metallised polyester fabric with shielded pattern 

are illustrated in Figures 3-11 to 3-14 respectively (Jiang, 2002b). These 

photographs show the deposition of aluminium particles on the surface of four 

types of specimens. 
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Based on the experimental results, the aluminium-metallised fabrics had several 

characteristics, i.e. (i) gained aluminium film with grey colour; (ii) created pattern 

by covering methods; (iii) deposited aluminium dust on the front side of fabric; 

and (iv) coated metal film with very thin and soft handle. 

 

 

 

Deposited domain 

Resisted areas 

Resisted areas

Deposited domain 

Figure 3-11. Aluminium-vacuum 
deposited white silk fabric, 2002 

Figure 3-12. Aluminium-vacuum 
deposited red polyester fabric, 2002 

 

 

 

Resisted areas

Figure 3-13. Aluminium-vacuum 
deposited black polyester fabric, 
2002 

 Figure 3-14. Aluminium-vacuum 
deposited brown polyester fabric, 
2002 

Deposited domain 

Resisted areas

Deposited domain 
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3.3.2 Sputtering 

Sputtering technology is the depositing process based on evaporation at hot spots 

on the cathodes. However, experiments with obliquely incident ions and 

sputtering of single crystals by ion beams tend to support a momentum transfer 

mechanism rather than evaporation. The chamber is evacuated and then 

backfilled with inert argon gas to a pressure of 10-3 to 10-1 torr.  If the kinetic 

energy striking the surface is above the threshold of typically 10-30 eV, atoms 

may be dislodged or sputtered from the surface. These sputtered atoms and ions 

can be condensed on a substrate to form a thin film coating. The rate of 

deposition is lower about 30 m/minute (Tripathi, 2001). Figure 3-15 illustrates 

the basic configuration of a diode sputtering assembly (Aufderheide, 2001). 

 
 
Figure 3-15. Schematic representation of a diode sputtering assembly  

 

The technique of sputtering is ordinarily applied to industrial parts. Nowadays, 

sputtering has been discovered for the applications of both function and 
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decoration onto textiles with aluminium, titanium and stainless steel (Braddock, 

1998; Wasa, 2004). Polyester textiles are usually applied well to coating lustrous 

surface by sputtering process with stainless steel, chrome, iron or nickel. Through 

much time and effort, sputtering process has succeeded to deposit metal onto 

textile designs. After stainless steel sputtering being unveiled, metallised fabrics 

were much popular in fashion circles. Koji Hamai used to deposit fine layers of 

metals on synthetic fabrics including stainless steel and titanium (Braddock, 

1998). As illustrated in Figure 2-22, the titanium-coated prototype displayed 

great possibilities for sculptural creations using sputtering method. At the same 

process, Reiko Sudo involved stainless steel sputtering over polyester in Nuno’s 

design productions (Kazuyoshi, 1999). 

 

Sputtering deposition experiment had gilded swatches in current investigation. 

SEM Autocoating Unit E5200 was used to deposit gold in this investigation. Due 

to the limitation of the equipment, only four pieces of 7cm x 7cm white woven 

silk, cotton, polyester and black polyester were conducted. The gold deposited 

outcomes are shown in Figures 3-16 to 3-19 (Jiang, 2004b). These samples 

sticked gold atoms on the single face of fabric. The very thin gold film reveals 

that the metal atoms are sputtered in straight direction from cathode to anode. 

The results exhibit poor uniformity due to the central area of the fabric which 

obtains more atoms. Based on the analysis of experimental results, the 

conclusions are summarised as (i) obtained warm grey colour deposit on white 

silk, cotton and polyester swatches (ii) shining gold lustre Polyester 2; (iii) poorer 
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level of uniformity on the single surface of fabric; and (iv) original texture and 

handle. 

 

 

  
 Figure 3-16. Gold-sputtered silk, 

2002 
Figure 3-17. Gold-sputtered cotton, 
2002 

 

 

  
 Figure 3-18. Gold-sputtered 

Polyester I, 2002 
Figure 3-19. Gold-sputtered 
Polyester II, 2002 

 

 

3.3.3 Electroplating 

The electroplating is a dip coating process. This plating technology utilises the 

fact that metals or alloys form simple or complex ions in solution. They can be 
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discharged on the cathode to give adhering deposits on the conductive solid 

substrates. The limitation is that standard textiles cannot be deposited without 

conductive pre-treatment due to their simple non-conductive composite substrate. 

Electroplating can be used on the non-conductive materials when it is conducted 

through pre-treatment. 

 

The electroplating process is defined as the utilisation of synthetic, water-

dispersed and electrodepositable macro-ions. A schematic representation of 

copper electroplating onto stainless steel yarn in previous experimental 

investigation is shown in Figure 3-20 according to Joseph Edwards’s electro 

deposition rack (1997).  

 

 
Figure 3-20. Applied device in electroplating stainless steel yarn  
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This process is often an ideal of providing a thin surface coating which has some 

properties superior to that of the conductive fibres. However, Frances Geesin 

discovered textile design using switch devices in the latest decade (Black, 2002). 

The 3-D textile sculpture had film-thin sculpted surface and the hybrid properties 

as shown in Figure 3-21. The decorative works began with an electroplating 

using copper and zinc on synthetic fabrics. 

 

 

  
(a) (b) 

 
Figure 3-21. Frances Geesin, electroplated 3-D textile, 1997 
(a) Bowl, woven synthetic fabric, moulded and patinated
(b) Passage (detail), knitted nylon yarn 

 

 

In the present study, the electroplating with copper was conducted on the 

stainless steel yarns by using acidic cupric sulphate solution under 1.5A (±0.1) 

current. The experimental outcomes are shown in Figure 3-22 (Jiang, 2002d). 

The following features of the copper electroplated stainless steel yarns are 

defined as (i) gained thicker red copper foil on stainless steel fibres; (ii) handle of 

deposited yarn became harder than the original one; (iii) presented conglutination 

evidence at deposited areas. 
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(a) (b) 

 
Figure 3-22. Copper electroplated stainless steel yarn.  
(a) 0.4mm diameter grey stainless steel yarn 
(b) 1mm diameter blue stainless steel yarn 

 

 

3.3.4 Discussion  

Three technical metallising methods provided different potential for innovative 

textile design (Schoeser, 2003). While metals are used to create ranges of techno-

textiles, new metallising processes make it possible to adopt them for generations. 

Metallising processes can be regarded as redesign or finishing processes which 

improve function and add value to standard goods. Following the vacuum 

deposition, sputtering and electroplating introduction, the main developments of 

three metallising technologies are described in Table 3-3. Most of the final 

appearances are targeted for metallic textile end-uses. Many active designers 

listed in Table 3-4 have attempted the metallising methods to create the 

innovative textile designs.  
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Table 3-3 Metallising Textiles in Dry and Wet Ways 

Method Technology Character 

Dry process Vacuum deposition / sputtering Soft / thin / reflecting 

Wet process Electroplating Stiff / thick / conductive 

 

 

Table 3-4 Metallising Method and Active Designers 

Technology Designer Identity / Characteristic  
 

Vacuum deposition Junichi Arai Refined vacuum deposition to 
metallic fabric production 
 

Sputtering Koji Hamai Applied sputtering technique with 
titanium and stainless steel on 
synthetic fabrics for fashion design  
 

Electroplating Frances Geesin Conducted 3-D art works using 
electroplating process  

 

 

The metallising sources can be recognised as a discipline continually in textile 

design through contacts with new interpretations of engineering techniques. 

Metallising is rather an ambiguous term. Although many methods of metallic 

fabrics are described as metallising, strictly speaking, many of these are physical 

technologies. Although only a few investigations were carried out to determine 

the effect of metallised fabrics in the present research work, they could be 

recognised as metallising genres including vacuum deposition, sputtering process 
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and electroplating processes. The overall investigations were regarded as the 

groundwork to propose the present study goal. The hypothesis of the present 

research method was described in the next section in order to combine the 

chemical plating process.  

 

3.4 Justification of the Design Method 

3.4.1 Chemical Plating 

Originally, chemical plating is a wet process used for precision work in 

manufacturing. Metals can be deposited onto any complex solid objects including 

non-conductor materials and is suitable for mass production (Koura, 1990; Milan, 

1998). The chemical plating process deposits metal film on the surface fibre 

without the use of electrical energy. Chemical plating is usually employed to 

modify the surface property of non-conductive materials as a pre-treatment 

course. For example, chemical silver plating is generally used in the 

manufacturing of reflecting mirrors and the pre-treatment of electroplating on 

non-conductive materials such as acrylonitrile butadiene styrene, ceramic and 

glass (Brenner, 1946).   

 

The plating is formed as a result of a chemical reaction between the metal ions 

and reducing agent present in the specific solution. Localisation of the metal 

deposition on the surface of a fabric requires that the substrate must serve as a 

catalyst. When immersing the activated textile in a suitable solution of metal 

cations followed by the addition of reducing agent, the metal particles start 
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bonding to the fibres of the fabrics tightly and intimately. A smooth deposition is 

obtained continuously when the reduction starts (Vaškelis, 2001; Kirk Othmer 

Encyclopedia of Chemical Technology, 1995). The metal particles can deposit 

with a theoretically unlimited thickness once the reducing reaction has been 

initiated (Dennis, 1986). For this reason, autocatalytic deposition is the more 

correct scientific term for the chemical plating process.  

 

A number of metals (iron, cobalt, nickel, copper, silver, gold and their alloys) 

have been used in chemical plating process (Barker, 1981). It allows the 

nonconductive fibres to obtain good conductivity without significantly altering 

other properties such as density, flexibility and handling of the substrate 

(Akbarov, 2005). In contrast to other metallising methods, chemical plating has 

two advantages, i.e. (i) dielectric textiles can be metallised immediately; and (ii) 

production does not require electrical energy. 

 

Of the various types of metallising methods, chemical plating had been also 

studied for functional textiles in the research context (Marchini, 1991). In the past, 

some researchers suggested a process to achieve a conductive fabric using 

chemical plating (Bertuleit, 1991). Chemical-plated textiles with appropriate 

metals have been investigated in the research area for functional applications 

including acaricides, fungicides, bactericides, armour, electrodes, anti-static 

devices, radio frequency shielding and radar reflectors (Gabbay, 1996; Tal, 1996; 

Akbarov, 2005). According to the reference, non-conducting substrate and optical 
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fibres were plated with nickel and gold in electroless plating process (Miller, 

2002). Electroless nickel and phosphorus alloy (NiP) layer has also been applied 

to adjust non-woven textile surface properties (Dugasz, 1991). Until recent years, 

chemical metal-plated textiles are all derived from academic study targets for 

developing functional apparel. 

 

Despite the fact that the chemical plating has been discovered more than one 

century (Dennis, 1993), its underlying application for textile design is still not 

fully understood. Being a complex specialised technology, chemical plating 

involves the application of an ever-widening range of metals to an ever-widening 

range of fabrics. However, very limited research has been performed over the 

past years to study the visual performance of chemical-plated fabric. The 

morphological properties of metal-plated fabrics are still insufficiently studied. 

Furthermore, as a result, rare metallic fabric design combining functional 

properties was involved. The conjunction of between appearance and 

performance emerged in current research field. 

  

Table 3-5 compares the investigation of previous experiments related to vacuum 

deposition, sputtering and electroplating metallising technologies in design 

application. Comparison of four metallising methods in terms of complexity of 

equipment, product quality, final design appearance and surface handle are 

qualitatively assessed for metallising fabric design. 
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Table 3-5 Evaluation of Textile Metallising Methods 

Processes Equipment Film Metal Pattern 
design 

Result 
handle uses properties deposition 

Vacuum 
deposition 

Complex Various Single side Fixed Soft 
   

Sputtering Complex Various Single side Fixed Soft 
    

Electroplating Simple Various Both  side Fixed Hard 
    

Chemical plating Simple Uniform Both  sides Flexible Soft 
   

 

 

The chemical plating is an efficient metallising method with six advantages, i.e. (i) 

easier to deposit metal particles onto non-conductive fabrics; (ii) simple operation 

and apparatus use; (iii) able to achieve a uniform metal film on the fabric surface; 

(iv) able to produce a unique metallised fabric on both sides; (v) can produce 

metallised fabric design using pattern design methods; and (vi) soft handle can be 

obtained in appropriate procedures. 

 

3.4.2 Design Methods 

Creativity is as vital and as indicative of economic and social progress as 

technological innovation (Postrel, 2003). The advanced textiles are described as 

the aesthetics, where the sensory aspects of a product are as important to the 

consumer as its other essential functions. The possibilities for creative solutions 

have never been more exciting for textile designers and product developers. 

CHAPTER 3 
 

77



Consumers have ever more demanding of products with outstanding performance 

as well as a look and feel that suits their senses. 

 

Although the natural characteristics of textile have gradually gone from strength 

to weakness under the industrial impact in the late 150 years, many textile 

designers still apply and refine traditional techniques to distinguish their textiles 

continually. Traditional technique is regarded as a design trigger in developing 

and fully utilising the textile creations. Technology and design have been used in 

combination with one another, resulting in an improvement in the performance of 

textile design. Historically, the innovative textile designers, William Morris, Anni 

Albers, Jack Lenor Larsen and Junichi Arai, were the leading forces to develop 

traditional crafts for textile creations (Larsen, 2004; Jiang, 2003b; Fiell, 1999; 

Weber, 1999). They worked in both traditional and explorative technologies in 

order to find the solutions for specific projects. Design language shared with 

traditional crafts in the textile revolution.  

 

Physical and chemical treatments are highly significant in functional textile 

innovation as well as aesthetics design work. The newest technologies are highly 

influential in contemporary textile design. The combination of new technologies 

with creative methods has brought about personalised design styles. Updated 

fashion designs have been engaged in experimentation with new textiles and 

technologies, and revived an interest in traditional techniques. Particularly, Issey 
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Miyake, Daniel Herman, Nigel Atkinson and Shelley Fox have articulated a 

series of traditional crafts in design collections (Quinn, 2002). 

 

Techniques are closed related to the creative requirements. The role of the 

traditional craft is to guide the development of desirable design (Yates, 1996). It 

is a procedure thereby the designer can discover new concepts and create original 

design work. They can be applied to find the best effects by using different types 

of materials based on the design idea. By experimenting with a wide range of 

crafts, the design work can provide the possibility for the development of new 

images in fabric creations. Textile design can be presented with a variety of 

different colours, patterns and textures by means of various crafts. It is necessary 

for the designers to pay close attention to the special quality of traditional 

technique by using new technology (Jiang, 2002a).  

  

The creative techniques inspired textile design in both traditional and modern 

times (Miller, 2000). They can be used as some of the highly accessible 

approaches to make subtle patterns in the metallising fabric process. Resist crafts 

are a comprehensive term with special characteristics in accordance with the 

design ideas. The principle of isolated reduction of a certain part of the fabric by 

means of the covered materials is stylistically similar to the resist dyeing methods.  

 

The typical covering method might be used for masking the metal deposition in 

the designed areas of fabric during metallisation. Material covering, wax 
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screening and starch paste shielding crafts are available to the chemical-plated 

fabric in terms of motifs. The masked areas are not plated so that they can retain 

the original colour of the fabric. Fine pattern and enriching metal colour can be 

achieved by combining chemical plating treatments. Metallic textile designs can 

be achieved based on the application of refined techniques and chemical plating 

for new fabrics.  

 

3.4.3 Grounded Methodology 

The present study has an opportunity to evaluate metallic fabric designs in teams 

of both technical investigation and aesthetic practice which involve technologies 

and materials, design and art or permeate each other. The current metallic fabric 

design emerged from a hybrid process combined both functional design and 

aesthetic design. The originality of this project was its dedication to creating 

metallic fabric design combining with chemical plating. A feasible design system 

was proposed to create new metallic fabric effects. Although the chemical plating 

method was beyond the traditional design context, yet it could bring innovative 

textile designs. In addition, the teamwork of chemical treatments with creations 

might reveal a design model in metallic textile design domain.  

 

The proposed chemical plating fabric design (CPFD) chains of the basic research 

scheme are given in Figure 3-23. There are four aspects in the CPFD study 

involving metals, fabrics, chemical plating technology and design operation. The 

metallising technology is an important factor for the final look and handling of 
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metallic textiles. The combination of a variety of materials and treatment 

processes can be used to influence the production of new designs. The metal-

plated fabric becomes a surface- sensitive medium and is ready to develop a 

metallic fabric surface.  

 

                                                                                                                                    

 

 

This research is linked with applied materials, accurate chemical matching, 

chemical plating conditions and design operations. Four phases of study are 

summarised as (i) launching chemical silver, copper and nickel plating; (ii) 

determining the performance of metallised cotton, silk and polyester fabrics 

according to the international standard specifications for drapery; (iii) verifying 

 

 
Figure 3-23. Schematic chain of chemical plating fabric design (CPFD) 

Chemical Plating Silver 

Metal Treatment Copper 

Design Fabric 

CPFD 
Nickel 

Concept 

Method 

Silk Cotton Polyester 
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the effects of metallised fabric designs in the chemical plating process; and (iv) 

developing the CPFD model for creating metallising creation. 

 

After the concept has been developed, the experimental procedure is also an 

important phase which not only tests the design effects under certain conditions, 

but also improves the original design idea by creating new metallic fabric effects. 

Following the experimental work, the final collection is based on the 

development of the experiments step by step, as well as comprehensive 

developmental work. In addition, each factor affecting the fabric directly, such as 

original materials, weaving structure and the coherence of form, can be further 

developed to influence the final effect. Being part of CPFD, the chemical plating 

treatment is regarded as the main creative practice. Its application is not only to 

conduct a wide range of metal-plated fabrics, but can also inspire design creation.  

 

3.5 Summary 

The methods of the metallic textiles have been reviewed. It was found that the 

effectiveness of the current fabric metallising design depended very much on the 

technical parameters. From the background study, the substantial design 

problems of metallic fabrics have been revealed. The present available chemical 

plating has not provided an optimising process for metallising fabric design. 

Chemical plating was selected for the metallising fabric design investigation. 

Material covering methods were selected for creating pattern design 

accompanying the metallising procedures. Hence, a CPFD framework was 
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implemented by combining design elements with technologies and materials 

together. The originality of the present research covers both chemical plating 

methods and design creations. An integrated system of metallic fabric design 

using chemical plating has been determined and summarised as (i) effective data 

gathering has been established and well documented; (ii) metallised fabric design 

process has been incorporated under the guidance of the literature; and (iii) 

chemical metallising method has been selected for textile design. 
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CHAPTER 4  

EXPERIMENTAL WORK 

 

4.1 Introduction 

The exclusive chemical plating with the feasible approach was established. The 

preparation of the experimental work was reported for setting up appropriate 

chemical plating methods. The chemical plating experiments chosen for detailed 

study included chemical silver plating, chemical copper plating, and chemical 

nickel plating on the silk, cotton and polyester fabrics. Three main steps namely 

pre-treatment, metal deposition and post-treatment were conducted in the 

chemical plating experiments. All the experimental procedures in each step were 

also depicted in this section. The experimental materials, fabrics, chemicals and 

facilities applied were described separately. To justify the performance of the 

metallising textile results, the experimental treatments were conducted according 

to the standard chemical plating procedures. Silver, copper and nickel platings 

were launched according to each parameter of the plating solutions, i.e. 

temperature, time length, pH value and liquor ratio being studied separately. 

 

4.2 Principles of Chemical Plating 

Chemical plating is a metallising method used to accomplish an armoured surface 

of solid materials by means of a chemical redox reaction. An initial application of 

this technology was eventually developed for electroplating of non-conductors 
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for precious work in manufacturing. Autocatalytic deposition is a correct 

scientific term for the plating process and it is commonly called electroless 

plating. Chemical plating has been studied on solid objects with silver, copper 

and nickel (Dennis, 1993; Weiner, 1977; Milan, 1998; Kanani, 2003). The 

electroless deposition process is a series of steps required to accomplish metal 

deposition. It is an effective process to deposit metal film on the surface of 

dielectric substrate without the employment of electrical energy. Electroless 

metal plating is increasingly used for applying uniform coatings to substrate with 

complex surface (Li, 1990; Othmer, 1995; Vaškelis, 2001; Zeng, 2002). 

Following the cleaning of oil and impurity on substrate with detergent, a 

particular chemical sensitisation and activation treatments are necessary to act in 

the pre-treatment. 

 

Localisation of the metal deposition on the surface of a fabric requires that the 

substrate serves as a catalyst by means of sensitisation with the acid tin (II) 

chloride solution and activation with the acid palladium chloride solution. In the 

first step of sensitisation, Sn2+ inos are adsorbed on the non-conducting substrate 

from the solution of stannous ions. The size of adsorbed particles is about 10-15 

Å in diameter (Milan, 1998). The second step in the process is activation which is 

nucleation effect. Nucleation is performed on the surface of a sensitised subject 

by immersing the sample into the activating solution. The surface reaction occurs 

between the stannous ions, Sn2+, adsorbed on the substrate and the palladium ions, 

Pb2+, in the nucleator solution. When the sensitised tin on subject is placed in the 
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palladium salt solution, all the divalent tin on the surface is eliminated and the 

amount of palladium metal clusters enveloped by tin chloride layers is picked up 

on the surface as shown in Figure 4-1.  

 

 

Figure 4-1. Colloidal activation-palladium cluster enveloped by tin occurs  

on the surface of substrate 

 

The dispersed particles of palladium atoms formed the autocatalytic centre with 

10-50 Å in diameter on the surface of a substrate (Li, 1990). According to the 

simplified model, the overall reaction of nucleation occurring on the surface of 

the substrate is shown in Equation 4-1. 

 

Sn2++ Pb2+→ Sn4++ Pb                                                                                                           (4-1) 

 

The chemical plating approach is formed as a result of chemical reaction between 

the metal ions and reducing agent present in the aqueous solution. For example, 

Mahlkow studied a typical schematic representation of chemical copper plating 

onto a catelysed subject as shown in Figure 4-2 (2003).  
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Figure 4-2. Schematic representation of the chemical copper plating bath  

of metal salt and reducing agent 

 

The complex bath contains metal salt, reducing agent and at least one stabiliser in 

a strongly alkaline solution. In the electroless deposition process a reducing agent 

in the solution is the electron source. The overall reaction of electroless 

deposition can be explained by Equation 4-2 (Paunovic, 1998).  

 

                Mz+ + R → M + Ox                                                                  (4-2) 

Where 

Mz+ = metal ion 

R = reducing agent 

M = metal atom 

Ox = oxidation product of the reducing agent R 
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4.2.1 Chemical Silver Plating 

Pre-treatment: It was required to clean the fabrics using non-ionic detergent 

solution in order to remove light oils and impurities from the fabric surface. After 

general cleaning, the fabrics had to undergo sensitisation conditioning step. The 

fabric surface would form a thin film with stannous ions (Sn2+). 

 

Deposition: The silver plating solutions consisted of both silver saline and 

reducing agent. In the present experimental arrangement, silver nitrate, sodium 

hydroxide and ammonia were used for preparing the silver saline solution (Godo, 

1989). It was believed that silver deposition happened through the adhesion of 

silver particles with positive charges generated in the solution (Koura, 1990). The 

reaction mechanisms under this condition are illustrated in Equations 4-3 to 4-5. 

 

342233 222 NONHOAgOHNHAgNO +→++                                  (4-3) 

 

OHNHAgOHNHOAg 23232 )(24 →++                                          (4-4) 

 

     OHNHNONHAgNONHOHNHAg 43233423 )()( +↔+                   (4-5) 

 

Metal deposition occurred when mixing the silver saline solution with the 

reducing solution of glucose and the bath became muddy. The chemical silver 

plating reaction is shown in Equation 4-6. 
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OHNHAgHOHNHAg 2323 2)( ++→+                                           (4-6) 

 

Post treatment: The fabric samples were rinsed directly in deionised water after 

chemical silver plating process followed by curing treatment inside a steaming 

machine. Metallised sample should be conditioned according to the ASTM 1776 

before measurement. 

 

4.2.2 Chemical Copper Plating 

Pre-treatment: Pre-treatment of fabrics was conducted similar to that of chemical 

silver-plating, i.e. cleaning and sensitisation. Moreover, activation had to be 

applied before chemical copper deposition. The activation solutions typically 

contained palladium held in a reduced state in the form of palladium cations. The 

palladium ions were reduced into palladium atoms by stannous ions.  

 

Deposition: The autocatalytic reaction proceeded at pH 11-13. The complex 

agent commonly used in the experiment was tartrate. The chemical copper 

plating bath contained copper salt, reducing agent (formaldehyde), hydroxide, 

chelating agent and stabilisers. The overall reaction is given by Equation 4-7. 

After the reaction was initiated by catalyst, the reaction became autocatalytic due 

to the presence of hydrogen gas in solution. 

 

Cu+2 + 2HCHO + 4OH- → Cu + 2HCOO- + 2H2O + H2                    (4-7)  
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Post treatment: The copper-plated fabric samples were subjected to the post 

treatment in the same way as that of chemical silver-plating as described in 

Section 4.2.1. 

 

4.2.3 Chemical Nickel Plating 

Pre-treatment: The pre-treatment was conducted according to the procedure 

described in Section 4.2.2.  

 

Deposition: The autocatalytic reaction was conducted at pH 8.5-9.5 and 40±1˚C. 

The commonly used reagents in the experiment were nickel sulphate and 

hypophosphite. Considering simply the principal reactants and products, the main 

reaction is illustrated in Equation 4-8 while the supplementary reactions are 

shown in Equations 4-9 and 4-10 respectively (Zeng, 2002).   

 

   Ni+2+ (H2PO2)- + H2O → Ni +HPO3
-2 + 3H+                                                   (4-8) 

 

   (H2PO2)- + H → P + H2O+ OH-                                                                                      (4-9) 

 

   (H2PO2)- + H2O → H+ +HPO3
-2 + H2

                                                                    (4-10) 

 

Post treatment: The post treated was conducted according to the procedure 

described in Section 4.2.1. 
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4.3 Materials 

4.3.1 Fabrics 

The silver plating experiments were investigated using a series of woven fabrics 

including silk, cotton and polyester, while the chemical copper and nickel plating 

employed polyester fabrics. According to Textile Handbook by the Hong Kong 

Cotton Spinners Association, silk is classified as a natural, protein filament fibre 

that presents excellent drape, lustre and luxurious hand. Cotton has good strength 

and abrasion resistance that is classified as natural, cellulosic, mono-cellular, 

staple fibre (2001). The characteristics of the used silk and cotton fabrics with 

plain weave construction are summarised in Table 4-1. 

 

Table 4-1 Fabric Specification 

Fabric 

 

Colour 
 

Ends/inch Pick/inch 

  

Weight 

(g/m2) 

Thickness* 

(mm) 

Silk (100%) White 142 82 48 0.13 

Cotton (100%) White 68 56 145 0.37 

* Thickness at the pressure of 5g 

 

Polyester fibres are long chain polymers with lower elongation or higher modulus, 

higher adhesion and micro denier filament. It is popularly used in spun form for 

woven material (Kasturia, 2001). The following polyester fabrics were chosen 

widely and suitable for most treatment conditions. Four polyester fabrics namely 

(i) white polyester fabric – Polyester I, (ii) black polyester fabric – Polyester II, 

(iii) black polyester organza – Polyester III and (iv) brown polyester fabric – 

CHAPTER 4 
 

91



Polyester IV were used in experimental works and design creations. They were 

mainly investigated in terms of appearance qualities and effectiveness of 

resistance operations for design purpose. After being conditioned as directed in 

the ASTM D 1776 practice, the characteristics of the four polyester fabric 

specimens are summarised in Table 4-2. 

 

Table 4-2 Polyester Fabric Specification 

Polyester fabric 

 

Colour 
 

Ends/inch Pick/inch 

  

Weight 

(g/m2) 

Thickness* 

(mm) 

Polyester I (100%) White 96 92 76 0.26 

Polyester II (100%) Black 123 73 49 0.14 

Polyester III (100%) Black 160 85 36 0.19 

Polyester IV (100%) Brown 123 73 49 0.14 

* Thickness at the pressure of 5g 

 

 

4.3.2 Chemicals 

A typical chemical plating solution used for the present experiments consisted of 

metal salts, reducing agents and complex agents including alkali, buffer and 

stabiliser to control and promote the autocatalytic process. The reducing agents 

employed were glucose, formaldehyde solution and sodium hypophosphinate 

monohydrate matching chemical silver, copper and nickel plating procedures. 

Deionised water was used for cleaning specimens and preparing all chemical 

solutions for sensitisation, activity treatment and plating. The main chemical 

items were separated into pre-treatment, plating and post treatment, which 
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involved silver, copper and nickel metallising processes as indicated in Tables 4-

3 and 4-4 respectively. All the chemicals and reagents were of analytical grade. 

The concentration of chemical plating solutions by weight was calculated 

according to Equation 4-11. 

 

( )
1002211 ×

⋅++⋅+⋅
=

∑W
PWPWPW

R nnL
                                        (4-11) 

where: 

R (%) = chemicals’ concentration by weight 

W1, W2…Wn (g) = each chemical weight in 1 litre  

P1, P2…Pn (%) = each chemical assay concentration 

∑W (g) = total solution weight including chemicals and solvent  

 

The amount of solution a set for specific specimens was calculated on each metal 

metallising solutions as given by Equation 4-12. 

 

V
WLM =                                                                                                  (4-12) 

where: 

LM (g/l) = amount of one litre solution a set for specific specimens 

W (g) = specimen weight 

V (l) = volume of solution 
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Table 4-3 Specification of Chemicals Used in Pre-treatments Solutions 

Phases (Item) Chemicals Molecular Formula 

Stannous chloride SnCl2
.2H2O, 95% Sensitisation* 

 Hydrochloric acid HCl, 37% 

Palladium(II) chloride PdCl2, 99.9% 

Hydrochloric acid HCl, 37% 

Activation** 

 

 Boric acid H3BO3, 99.5-101.0% 

*for chemical silver, copper and nickel plating 

** for chemical copper and nickel plating 

 

 

Table 4-4 Specification of Chemicals Used in Metallising Solutions 

Plating Chemicals Molecular Formula 

Silver nitrate AgNO3, 99.8% 

Ammonium solution NH4OH, 28% 

Sodium hydroxide NaOH, 99% 

Silver 

Glucose C6H12O6, 99% 

Copper (II) sulphate 5-hydrate CuSO4
.5H2O, 99.0-100.5% 

Potassium sodium tartrate KNaC4H4O6
.4H2O, 99.0-101.0% 

Sodium hydroxide NaOH, 99% 

Copper 

Formaldehyde solution HCHO, 37% 

Nickel (II) sulphate 7-hydrate NiSO4
.7H2O, 99% 

Ammonium chloride NH4Cl, 99.8% 

Sodium hydroxide NaOH, 99% 

Tri-sodium citrate  

2-hydrate 

Na3C6H5O7
.2H2O, 98% 

Nickel 

Sodium hypophosphinate 

monohydrate  

NaH2PO2
.H2O, 99% 
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4.4 Experimental Work 

Chemical silver plating of standard silk, cotton and polyester fabrics was 

investigated. In order to find out the possible metals suitable for metallization, 

chemical silver plating was studied first followed by chemical copper and nickel 

plating.  

 

4.4.1 Experimental Procedure 

Chemical plating was applied to the selected areas of non-conducting substrates 

including (i) silk and cotton fabrics with chemical silver plating; and (ii) 

polyester fabric with chemical silver, copper and nickel depositions. The 

experimental procedures consisted of basically six main steps as shown in Figure 

4-3. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4-3. Procedure of general chemical plating steps 
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In order to ensure that the metal particles were well distributed on the fabric 

surface, all the fabric samples had to undergo cleaning process before chemical 

plating. In addition, the sample needed to have the surface sensitisation treatment 

with a catalyst. The activation energy of the catalytic route was lower than the 

homogeneous reaction in solution. The action was to provide a substrate with a 

sensitised portion on the fabric surface. Covering the sensitised portion with an 

activator solution could provide an activated portion of the non-conducting 

substrate. Coating at least a section of the activated portion with stannous salt 

solution could form at least one activated area and one deactivated area within the 

activated portion of the non-conducting substrate to produce a masked portion 

therefrom. Upon immersing the masked portion of the non-conducting fabrics in 

a specific chemical plating bath which contained metallic salts and reducing 

agents, metal particles could deposit on the activated area. Finally, they were 

generally used to remove the chemicals from the fabrics and improve the deposit 

adhesion. After chemical silver plating, the plated fabrics were rinsed with 

deionised water and subjected to heat treatment respectively. The plated fabrics 

were conditioned according to the ASTM D1776 before measurement. 

 

4.4.1.1 Chemical Silver Plating 

Pre-treatment: All the 20cm x 20cm fabric samples were pre-treated by rinsing 

with Solution A for 20 minutes as shown in Table 4-5.  After rinsing, the fabrics 

were further cleaned with deionised water. The cleaned fabrics underwent the 
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surface sensitisation with Solution B which acted as a catalyst for 10 minutes. 

The activators used mixed stannous chloride and hydrochloric acid solution. 

  

Table 4-5 Pre-treatment of Chemical Silver Plating 

Solution Purpose Composition Condition 

A Pre-cleaning 2% non-ionic detergent 40±1˚C, pH 7,  

20 minute 

B Sensitisation 5 g/l stannous chloride 

5 ml/l hydrochloric acid 

25±1˚C, pH 1,  

10 minute 

 

 

Table 4-6 Solution of Chemical Silver Plating 

Solution Purpose Composition Condition 

C Deposition 3 g/l silver nitrate  

 2 g/l sodium hydroxide 

few drops of ammonium solution 

1.95 g/l glucose 

10±1˚C, pH 11 

20 minutes 

 

 

 

Deposition: After rinsing with deionised water, the sensitised fabric samples were 

immersed in the chemical plating solution. A typical chemical plating solution 

used for the current experiments consisted of silver nitrate, ammonium solution, 

sodium hydroxide and reducing agent glucose.  In the current plating experiment, 

the reducing agent glucose had to be dissolved in deionised water and then mixed 

with the depositing solution. Detailed contents of Solution C are given in Table 
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4-6. Continuous stirring was applied during the deposition so as to provide a 

balance reaction between the fabrics and reagents. 

 

Post treatment: After chemical silver plating, the metallised fabrics were rinsed 

with deionised water and then cured by steaming machine directly. Finally, the 

metallised fabrics were conditioned according to the ASTM D1776 before 

measurement. The post treatment procedures are summarised in Table 4-7. 

 

Table 4-7 Post Treatment of Chemical Silver Plating 

Purpose Condition 

Cleaning Running deionised water, 40±1˚C, 20 minutes 

Conditioning Curing, 150±1˚C, 1 minute 

 

 

4.4.1.2 Chemical Copper Plating 

Pre-treatment: The 20cm x 20cm polyester fabric samples were rinsed with 

solution A. Deionised water was then used for cleaning before chemical 

treatment. The cleaned fabrics were then subjected to the surface sensitisation 

using Solutions B as shown in Table 4-5.  After rinsing with deionised water, the 

sensitised fabric samples were finally immersed in the activation Solution D. 

Table 4-8 shows the details of the activation Solution D. 
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Table 4-8 Activating Pre-treatment of Chemical Copper Plating 

Solution Purpose Composition Condition 

D Activation 0.3 g/l palladium(II)  chloride  

0.5 ml/l hydrochloric acid 

20 g/l boric acid 

25±1˚C, pH 2 

 5 minutes  

 

 

Deposition: Specific chemical plating Solution E used in the current experiments 

consisted of nickel salt, reducing agent and complex agents as listed in Table 4-9. 

The activators namely copper (II) sulphate 5-hydrate, potassium sodium tartrate, 

sodium hydroxide and formaldehyde solution were used. The reducing agent, 

formaldehyde solution, was mixed with the activation at the beginning of the 

reaction. Continuous stirring was applied during plating process. 

 

Table 4-9 Solution of Chemical Copper Plating 

Solution Purpose Composition Condition 

E Deposition 10 g/l copper (II) sulphate 5-hydrate 28±1˚C, pH 11 

20 minutes 

 

45 g/l potassium sodium tartrate 

10 g/l sodium hydroxide 

20 ml/l formaldehyde solution 

 

 

Post treatment: After chemical copper plating, the samples were rinsed with 

deionised water directly. The copper-plated samples were post treated according 

to the procedures shown in Table 4-7. Finally, the samples were conditioned 

according to the ASTM D1776 before measurement.  
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4.4.1.3 Chemical Nickel Plating 

Pre-treatment: The 20cm x 20cm polyester fabric samples were rinsed with 

Solution A for 20 minutes and then subjected to the surface sensitisation using 

Solution B as shown in Table 4-5.  After soft rinsing with deionised water, the 

sensitised fabric samples were finally immersed in the activation Solution D as 

shown in Table 4-8. 

 

Table 4-10 Solution of Chemical Nickel Plating 

Solution Purpose Composition Condition 

F Deposition 15g/l nickel (II) sulphate 7-hydrate 40±1˚C,  

8g/l tri-sodium citrate pH 9, 

18g/l ammonium chloride 20 minutes 

few drops of sodium hydroxide  

15g/l sodium hypophosphite monohydrate  

 

 

Deposition: The chemical nickel plating treatment using Solution F was 

employed in metallising task as shown in Table 4-10. The plating solution was 

composed of nickel (II) sulphate 7-hydrate, tri-sodium citrate, ammonium 

chloride, sodium hydroxide and sodium hypophosphite monohydrate which were 

of analytical grade. The reducing agent, sodium hypophosphite monohydrate, 

was mixed prior to the start of the metallising reaction. The orbit shaker was 

applied during the plating process so as to stir the chemical solution. 
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Post treatment: After chemical nickel plating reaction, the samples were rinsed 

and cured directly. The post treatment procedures are described in Table 4-7. 

Finally, the fabrics were conditioned according to the ASTM D1776 before 

measurement.  

 

4.4.2 Analysis 

4.4.2.1 Fabrics 

The experimental works have successfully conducted the chemical plating 

process with silver, copper and nickel to the non-conductivity fabrics. Three 

kinds of dielectric fabrics namely silk, cotton and polyester were plated by 

chemical silver plating. Polyester fabrics were selected for chemical copper and 

nickel plating processes. The ultimate designs were based on the subtle colour 

changes and textural differences that were found in the range of fabrics selected. 

The polyester fabrics had many advantages such as appearance, handle, strength, 

infiltration, sustaining acid and alkali solution and dimensional stability. The 

properties of metal-plated fabrics were dependent upon the substrate and 

conditions of chemical treatments. 

 

4.4.2.2 Chemical Solutions 

For maintaining the consistency of the standard results, the chemical silver, 

copper and nickel plating must pursue the proposed specifications of the 

experimental method. The pre-treatment of substrate did affect the early stages of 

the plating itself and played an important role in the success of the plating 
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process. The sensitisation solutions were repeatedly used in the pre-treatments for 

silver, copper and nickel depositions. Few drops of hydrochloric acid were added 

if stannous hydroxylchloride (Sn(OH)Cl) was deposited. Activation chemical 

solution was also used in the chemical copper and nickel plating repetitiously.  

 

The metal deposition was formed chemical redox reaction between the metal ions 

and reducing agent present in the aqueous solution. Chemical silver solution was 

used only one time of silver plating due to its poor stability while mixing with the 

reducing solutions of glucose. According to Equation 4-11, the fabric sample was 

calculated 3 g/l in the current chemical silver plating experiment. The chemical 

copper and nickel plating solutions could be rejuvenated by filtering the 

impurities and refilling the required chemicals. As long as the hydrogen gas was 

being produced, reduction of more copper on the freshly deposited copper 

surfaces would continue. The capacity of the samples was conditioned at 3 g/l in 

copper and nickel plating. 

 

Table 4-11 Conditions of Applied Chemical Plating Solutions 

Condition Silver Copper Nickel 

Concentration sensitisation (%,Wt) 0.7 0.7 0.7 

Concentration activation (%,Wt) unapplied 2.0 2.0 

Concentration plating (%,Wt) 0.7 7.2 4.75 

Temp (˚C) 10 (±1) 28 (±1) 40 (±1) 

pH value 11 11 9 

Time (minute) 20 20 20 
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This interdependency factor controlled the key aspects of the metallising system. 

In order to obtain the good quality of the metallised fabric, the plating solutions 

must be maintained at appropriate chemical solution condition. The metallising 

approach in the present experiment included various parameters such as 

concentration, temperature, pH and reaction time of solutions as shown in Table 

4-11.  

 

Concentration: Each combination of metal and reducing agent required a specific 

bath concentration. Based on the calculation, the ratio of solution was given in 

weight scale. The concentration of plating liquor was calculated according to 

Equation 4-11. High concentration of the metal salt solution could ruin the 

stability of solution by depositing rough film on the surface of fabrics. However, 

the low concentration of the solution had slower plating reaction. Constant 

stirring would help an even distribution of chemicals in order to ensure the 

uniform deposition of film. 

 

Temperature: An important aspect in the deposition was the specific temperature 

required for different kinds of metals. The reaction energy was supplied in the 

form of heat (Mallory, 1990). For instance, chemical nickel deposition required 

the temperature of 40˚C (±1) in order to proceed while copper deposition required 

28˚C (±1). The metal deposition speed should be quicker at higher level of 

temperature but the solution might become less stable. The temperature could be 
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used for controlling the deposition rate. The ideal uniform and densest metal 

films could be obtained at appropriate temperatures. The lower temperature could 

extend the effective reaction period. The life of silver plating solution was 

influenced by the chosen temperature condition immediately. 

 

pH: The maintenance of a relatively narrow pH range could ensure a constant 

plating rate (Stapleton, 1990). The recorded pH values of chemical silver, copper 

and nickel depositing solutions are shown in Table 4-11. The entire experimental 

chemical plating solution had high level of alkaline values. The deposition rate of 

the chemical silver, copper and nickel plating reaction depended on the pH value. 

Higher pH level had quicker deposition while lower pH level made the reaction 

become slower (Li, 1990). Three kinds of plating solutions were prepared using 

sodium hydroxide, silver and copper plating at pH 11, and nickel plating at pH 9 

respectively. 

 

Time: The period of deposition did influence the properties of matellised fabrics. 

As shown in Table 4-11, the deposition times were 20 minutes in each of the 

metallising treatment. The thickness was increased gradually during the plating 

period. 

 

4.5 Summary 

After the chemical plating technologies were introduced in the preparation stage, 

the chemical silver, copper and nickel plating were investigated in the current 
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section. The fundamental contexts of the proposed metallising method were 

investigated. Initially, these experiments had investigated the operation and 

related factors of using chemical plating on silk, cotton and polyester fabrics. The 

preliminary study revealed the chemical plating methods onto textile substrates. 

The overall experimental analysis and results did help develop the chemical 

plating on the standard fabrics. Metal particles could be plated onto both sides of 

the fabric by chemical plating process. The experimental results showed that the 

metal deposition could be obtained if proper chemical plating conditions were 

chosen. Localisation of the silver, copper and nickel deposition on the fabric 

surface had successfully been conducted through sensitisation, activation and 

chemical metal plating in the aqueous solutions. The chemical plating methods 

had been established on fabrics using three types of metals. Concentration, pH 

and temperature of plating solution did influence not only the deposition rate but 

also the properties of the final plated results. 
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CHAPTER 5  

CHARACTERISATION OF METALLISED FABRICS 

 

5.1 Introduction 

For the characterisation of properties, this study evaluated the final performance 

of the metallised fabrics. A series of testing equipment and methods were 

introduced according to the international measurement standard specifications. 

There were two boundaries in the measurement field including physical 

modification and mechanical performance. The characterisation also involved 

the study of the originality in the area of metallised fabrics appearance. The 

chemical silver, copper and nickel plated fabrics were evaluated by the 

respective international standard testing methods and the results were thoroughly 

discussed. Many important facets were revealed with the results of the metallised 

fabric.  

 

5.2 Measurement Instrumentations 

5.2.1 Physical Modifications 

Colour appearance: The fabric appearances of both the original and treated 

fabrics were measured in terms of the CIE L* a* b* values by Macbeth Color-

Eye 7000A (New York, USA) at D65/10˚.  

 

Weight of Fabric: The weight of fabric specimens with the size of 20cm x 20cm 

square before and after treatment was measured by a balance (Shimadzu BX300 

meter, Hong Kong). The degree of increases in weight (expressed in %) was 
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calculated according to Equation 5-1. Based on the reaction time, the average 

speed of deposition in weight (expressed in g/minute) was calculated by 

Equation 5-2.  

 

100×
−

=Δ
Wo

WoWfW                                                                            (5-1) 

where: 

ΔW (%) = weight change  

Wf (g) = final weight after treatment  

Wo (g) = original weight before treatment  

 

t
WoWfSw −

=                                                                                       (5-2) 

where:  

Sw (g/minute) = Average speed of deposition in weight  

Wf (g) = final weight after treatment  

Wo (g) = original weight  

t (minute) = reaction time  

 

Fabric Thickness: The thickness of fabric before and after treatment was 

measured by a fabric thickness tester (Hans Baer AG CH-Zurich Telex 57767) 

under the pressure of 5g/cm2. The increase in the thickness (expressed in %) and 

the average speed of thickness increment (expressed in mm/minute) were 

calculated according to Equations 5-3 and 5-4 respectively.  
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100×
−

=Δ
To

ToTfT                                                                                (5-3) 

where: 

ΔT (%) = thickness change  

Tf (mm) = final thickness after treatment  

To (mm) = original thickness before treatment  

 

t
ToTfSt −

=                                                                                            (5-4) 

where:  

St (mm/minute) = average speed of thickness increment  

Tf (mm) = final thickness after treatment  

To (mm) = original thickness  

t (minute) = reaction time  

 

Fabric Bending Rigidity Test: The bending metre was used for measuring the 

fabric flexural behaviour which was important for evaluating the fabric handle. 

The FAST-2 Bending Meter (Ryde, NSW 2112, Australia) was employed to 

measure the degree of bending rigidity of the fabric in both warp and weft 

directions. The whole original and metal-plated fabric samples of both directions 

were tested for the stiffness of fabrics as directed in the ASTM Designation 1388 

(ASTM D 1388, 1996). The flexural rigidity of the fabrics was calculated the 

fabric bending length which together with fabric mass per unit area using 

Equation 5-5. 

 

3cWG ×=                                                                                             (5-5) 
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where:  

.cm) = average flexural rigidity G (Ng

W (N/cm2) = fabric mass per unit area 

c (cm) = bending length 

 

Surface Observation: The surface of the silver plated fabric structure was 

studied using the JSM-6335F (Tokyo, Japan) Field Emission Scanning Electron 

Microscope (SEM). The scanning electron micrograph of the surface was taken 

at a magnification of 30,000.  

 

Conductivity Properties: A resist meter, Keithley 2010 Multimeter, was used in 

the conductivity measurement. After proper conditioning of the test specimens, 

the electrodes of the resist metre were placed with at least 250g/cm2 pressure on 

it. Chemical metal-plated fabrics of size 2.5cm x 2.5cm were measured. The 

resistance was measured in both warp and weft directions after the steady state 

were reached. The lower reading in each direction was recorded. Specific 

resistance is given by Equation 5-6:  

 

L
WRC ×

=                                                                                              (5-6) 

where: 

C (Ω) = specific resistance of surface fabric 

R (Ω) = recorded ohms 

W = measured width 

L = electrodes length 
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Anti-static Properties: The anti-static properties of fabric were determined by 

the resistance measurement using Static Voltmeter R-1020 (Rotchschild, Swiss).  

All the fabric specimens of 1cm x 10cm were cut and tested in both warp and 

weft directions.  Each specimen was fixed between two fixation screws.  The 

insulated terminal was charged from the built-in DC source.  The elapsing time, t, 

was defined as the time required for discharging half of the charge present in the 

specimen.  The resistance of the specimen was calculated using Equation 5-7. 

 

tR ×= 1110                                                                                             (5-7) 

where:  

R (Ω) = resistance  

t (second) = elapsing time  

 

Ultraviolet Radiation Screen: In the measurement of ultraviolet radiation 

penetration, each sample was scanned for 4 times by UV-visible 

Spectrophotometer (Varian, Cary 300 Conc) with the scope of wavelength 

ranging from 280nm to 400nm. The ultraviolet protection factor (UPF) were 

evaluated according to the Australian / New Zealand standard AS/NZS 4399 

(AS/NZS 4399, 1996) 

 

Anti-bacteria Measurement: According to the AATCC 147 Test Method 

(AATCC Test Method 147, 2004), the anti-bacterial properties of fabric were 

investigated by incubating bacteria solution of both Escherichia coli (E. Coli) 

and Staphylococcus Aureus bacterium (Staph) with 108 CFU/ml densities at 
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37˚C for 24 hours. The incubated plates were examined so that the interruption 

of growth along the streaks of inoculum beneath the specimen together with a 

clear zone of inhibition beyond its edge could be determined. The average width 

of a zone of inhibition along a streak on either side of the test specimen was 

calculated using Equation 5-8:   

 

Wzi = (D2 –D ) / 2                                                                                       (5-8) 1

where: 

Wzi (mm) = width of clear inhibition zone  

D  (mm) = diameter of inhibition zone 2

D  (mm) = diameter of the specimen 1
 

 

5.2.2 Mechanical Performance 

The measurement of mechanical properties was conducted according to the 

standards and performance specifications of textile fabric respectively. These 

measurement facilities covered the requirements of woven fabrics to be used in 

the manufacture of household curtain and drapery fabric according to the ASTM 

Designation 3691 (ASTM D3691, 2002). Metal-plated fabrics intended for this 

end-use should meet the requirements.  Details of the required performance items 

and applied test methods are listed in Table 5-1. 
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Table 5-1 ASTM D 3691 Performance Requirement Items and Test Methods 
 

Characteristics Method 

Breaking strength ASTM 5035 

Tear strength ASTM 1424 

AATCC 135 Dimensional change 

Colourfastness to laundering: shade change and staining AATCC 61 

Colourfastness to crocking: dry and wet AATCC 8 

Colourfastness to light AATCC 16 

Colourfastness to ozone AATCC 109 

Colourfastness to burnt gas fumes: shade change AATCC 23 

Flammability US  FA-16*

Fabric appearance AATCC 124 

Retention of hand, character, appearance ** 

*US Flammability Fabric Act-16 CFR Part 1610 (CS191-53) standard 

**Tests in accordance with colourfastness to laundering should not change 

significantly 

 
 

Tensile Strength and Elongation: The metal-plated fabric’s tensile properties 

and elongation at break were measured according to the ASTM Designation 

5035 (ASTM D5035, 1995) using an Instron 4411 Tensile Tester (the 2.5cm 

ravelled strip test was conducted). Six specimens of each kind of metal-plated 

fabric were prepared for testing, three of them in warp direction and the other 

three in weft direction. All the measurements were repeated for the six treated 

samples and then averaged. 

 

Tear strength: The tearing strength of metal-plated fabric was measured by the 

Elmendorf Tearing Tester of the Thwing-Albert Instrument Co. in accordance 
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with the ASTM Designation 1424 (ASTM D 1424, 1996). Six specimens were 

prepared, three of them in warp direction (for tearing across the weft) and other 

three in weft direction (for tearing across the warp). All the measurements were 

repeated for the six treated samples and then averaged. The tearing force of 

individual specimen was tested to the nearest 1% of the full-scale range using 

Equation 5-9. 

 

100
CsRsFt ×

=                                                                                         (5-9) 

where: 

Ft (gf) = tearing force  

Rs = scale reading 

Cs (gf) = full scale capacity  

 

Fabric shrinkage: The dimensional changes of the metal-plated fabric were 

tested according to the AATCC Test Method 135 (AATCC 135, 2003). Due to 

the limited size of the metallising reaction chamber, the dimension of the fabric 

sample used was 20cm x 20cm with a 15cm x 15cm square marked inside the 

fabric. The dimensional stability test was conducted in the following sequence: (i) 

relaxation, (ii) consolidation and (iii) felting. The decrease in dimension also 

followed such a sequence, that is, the shrinkage was the smallest after the 

relaxation process, but became the largest after the felting process. The fabric 

was conditioned before measurement. The measurement was then conducted to 

assess the shrinkage in length of both warp and weft directions, and finally the 

area shrinkage was calculated. The degree of shrinkage (expressed in %) in 
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length of both warp and weft directions was calculated according to Equations 5-

10. 

 

100×
−

=
A

ABDC                                                                                  (5-10) 

where: 

DC (%) = average dimensional change  

A (cm) = original dimension  

B (cm) = final dimension after laundering  

 

Both the original and final dimensions were the average values of the 

measurements in each direction made on all test specimens. 

 

Colourfastness to laundering: The colourfastness test was assessed using the 

international standard of AATCC 61 (AATCC 61, 2003). Test condition No.1A 

was chosen for assessing the colourfastness to washing of the metal-plated fabric 

specimens. Atlas Launder-ometer standard machine was used in the laundering 

measurement. 

 

Colourfastness to crocking: The colourfastness to crocking was assessed using 

an international standard of AATCC Test Method 8 (AATCC 8, 2001). The 

Crockmeter was used for testing the standard white fabrics under both dry and 

wet conditions. 
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Colourfastness to light: Colourfastness to artificial light: Xenon arc fading lamp 

test was used for assessing the colour change of the silver-plated fabric under 

different application conditions. The specimens were tested as directed in the 

Test Method AATCC 16 (AATCC 16, 2003). 

 

Colourfastness to ozone: According to the AATCC Test Method 129 (AATCC 

109, 2002) the resistance of the colour of metal-plated fabrics to the action of 

ozone was measured in the ozone chamber. 

 

Burnt gas fumes: The AATCC Test Method 23 (AATCC 23, 1999) was 

conducted using the burnt gas fumes. 

 

Flammability: The flammability of metal-plated fabrics was measured by the 

Govmark 45º Flammability Tester. In accordance with the ASTM Designation 

D1230 (ASTM 1230, 1994), three dry conditioned specimens of 5cm x 15cm 

were tested. All the measurements were repeated for the three equally treated 

samples and then averaged. 

 

Fabric Manifestation: The appearance of the metal-plated fabrics was evaluated 

according to the AATCC Test Method 124 (AATCC 124, 2001) after 5 repeated 

home laundering. Due to the limited size of the samples, the dimension of the 

textile specimens used was 20cm x 20cm only. The AATCC’s Three-

dimensional Smoothness Appearance Replicas were applied in the assignment. 

According to the ASTM Designation 3691, the tests related to retention of hand, 

character and appearance were conducted on the samples in accordance with the 
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five cycles of laundering. The texture measurement was based on the touch and 

observation directly. 

 

5.3 Measurement Results 

The items of measurements of both physical modification and mechanical 

performance were conducted. All the metal-plated fabrics were measured in 

terms of colour, weight, thickness, stiffness, microstructure, conductivity, anti-

static property, ultraviolet radiation shielding and anti-bacteria ability. The future 

implementation of metal-plated fabrics was evaluated in compliance with the 

international standard specification of ASTM Designation: D 3691 (ASTM 

D3691, 2002). The mechanical performance measurements covered the basic 

requirements of woven fabrics used for the manufacture of curtains and draperies. 

 

5.3.1 Physical Modifications 

5.3.1.1 Appearance Properties 

5.3.1.1.1 Colour Appearance 

The metal-plated fabrics were modified by the chemical plating with silver, 

copper and nickel separately. The CIE L* a* b* colour changes of the original 

and silver-plated fabrics were also observed and tabulated in Table 5-2. For the 

brightness (L*) measurement, all the silver-plated fabrics had comparatively 

lower values than those of the original fabrics. They became greyer after the 

metallising process as reflected by the lowered L* values. According to the 

principle of chemical silver plating shown in Section 4.2.1, the original white 

fabric turned to brownish colour before the fabrics were covered by silver 

particles as a result of the deposition of a spot of silver oxide onto samples in the 
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complex reaction. The change in L* (ΔL) of three samples had the value of -

45.605, -43.398 and -31.838 respectively, implying that they had darker shade 

after the plating treatment.  

 

 Table 5-2 Colour Change of the Untreated and Silver-Plated Fabrics 

CIE data Silk Cotton Polyester 

 

The colour appearance of three different samples is shown in Figures 5-1 to 5-3 

respectively. The resultant colour of cotton was warmer and darker according to 

Untreated 91.902 85.232 89.183 L* 

 Silver-Plated 33.189 41.834 57.430 

 ΔL* -45.605 -43.398 -31.838 

 

a* Untreated 0.955 -0.093 0.596 

 Silver-Plated 0.863 2.447 0.492 

 Δa* +0.456 +2.540 -0.114 

 

b* Untreated 7.602 0.219 5.901 

 Silver-Plated 5.184 10.155 12.426 

 Δb* +1.923 +9.936 +6.613 

 

C* Untreated 7.661 0.238 5.931 

 Silver-Plated 5.225 10.466 12.435 

 ΔC* +1.966 +10.228 +6.591 

 

H Untreated 82.841 113.020 84.233 

 Silver-Plated 80.544 76.450 87.730 

Δh  -1.268 -36.570 +3.685 

 

ΔL*,  Δa*,  Δb*,  ΔC* and  Δh are the changes of CIE data L*, a*, b* C* and h 

between originals and silver-plated fabrics 
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the large change in values (Δa*+2.540, Δb*+9.936 and Δh -36.570).  However, 

the silver-plated silk and polyester had smaller changes in colour than the 

original fabrics (silk: Δh -1.268; polyester: Δh +3.685).  

 

 
 
Figure 5-1.  Images of silver-plated silk fabric 

 

 
 
Figure 5-2. Images of silver-plated cotton fabric 

 

 
 
Figure 5-3. Images of silver-plated polyester fabric 

CHAPTER 5                                                                                                                              118
 



 

The colour appearance of three different samples is shown in Figures 5-1 to 5-3 

respectively. The resultant colour of cotton was warmer and darker according to 

the large change in values (Δa*+2.540, Δb*+9.936 and Δh -36.570).  However, 

the silver-plated silk and polyester had smaller changes in colour than the 

original fabrics (silk: Δh -1.268; polyester: Δh +3.685).  

 

Silver-plated cotton fabric that had higher values of Δa* +2.540 and Δb* +9.936 

which was evaluated to be reddish yellow.  On the other hand, silver-plated 

polyester fabric had the value of Δa* +2.540, indicating that there was a change 

in colour towards the greenish direction.  This might be due to the strong effect 

of silver particles on the surface specimen.  On the contrary, cotton fabric had 

less light effect.  This implied that silk and polyester fabrics could tolerate the 

acidic condition of chemical solutions better than cotton fabric. Three types of 

silver-plated fabrics were changed from white to silver grey colours following 

the progressive deposition of silver particles. Based on the CIE colour values, it 

was confirmed that they were seriously affected by the metal-plated particles. 

 

Table 5-3 lists the CIE colour data of copper-plated and nickel-plated polyesters. 

As reflected by the large reduction in L* values, all the nickel-plated polyester 

fabrics were darker than the untreated fabrics due to the deposition of 

phosphorus on the surface of fabric as mentioned in Equation 4-8 of Section 

4.2.3. In view of the overall colour appearance results, the polyester fabric had 

silver-grey effect while the copper-plated polyester had a decrease in CIE L* and 

h values, meaning that it became reddish dark. When considering very little 
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changes in a*, b* and C* values, the original chroma of the metal-plated 

polyesters were kept almost constant. Hence, polyester had no obvious change in 

the appearance after the chemical metal plating treatment, implying that it could 

tolerate the condition of both acid and alkali solutions. The colour images of 

silver-plated and nickel-plated polyester are shown in Figures 5-4 and 5-5 

respectively. 

 

Table 5-3 Colour Change of the Untreated and Metal-plated Polyester 

CIE data  Copper-plated 
polyester 

Nickel-plated 
polyester  

Untreated 89.183 89.183 L* 
 Metal-plated 39.946 41.245  
 Δ L* -49.237 -47.938 

 

a* Untreated 0.596 0.596 
 Metal-plated 8.612 1.486  
 Δa* +8.016 +0.890 

 

b* Untreated 5.901 5.901 
 Metal-plated 10.512 4.100  
 Δb* +4.611 -1.801 

 

C* Untreated 5.931 5.931 
 Metal-plated 13.589 4.361  
 ΔC* +7.658 -1.570 

 

h Untreated 84.233 84.233 
 Metal-plated 50.674 70.076 

Δh -33.559 -14.157 

ΔL*,  Δa*,  Δb*,  ΔC* and  Δh are the changes of CIE data L*, a*, b* C* and h 
between originals and silver-plated fabrics 
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Figure 5-4. Images of copper-plated polyester fabric 

 

 

 
 
Figure 5-5. Images of nickel-plated polyester fabric 

 

 

5.3.1.1.2 Fabric Manifestation  

After five cycles of standard laundering, the handle of metal-plated samples was 

evaluated according to the ASTM D 3691 (ASTM 3691, 2002). As coating 

materials would restrict the movement of yarn structure during laundering, thus 

the whole sample had no significant change in configuration. This property 

narrated that the congeries of metal particles in the inter-fibre structure might 

reduce yarn shift under laundering conditions.  The resiliency of metal-plated 

fabrics was better than the untreated specimens. The fabric surface presented 
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smooth handle after chemical plating. All fabrics were coloured to grey or brown 

hues, and their lightness was ranging from white to grey. In addition, the texture 

measurement was conducted according to the AATCC Test Method 124. The 

smoothness appearance of silver-plated fabrics, copper-plated and nickel-plated 

polyester fabrics are shown in Tables 5-4 and 5-5 respectively. 

 

Table 5-4 Appearance Change of the Untreated and Silver-Plated Fabrics 

 Smoothness Appearance 

Sample Silk Cotton Polyester 

Untreated 2 1 3.5 

Silver-plated 3 3 4 

 

 

Table 5-5 Appearance Change of the Untreated and Metal-plated Polyester 

Sample Smoothness Appearance 

Untreated Polyester 3.5 

Copper-plated Polyester 4 

Nickel-plated Polyester 4 

 

After the normal washing condition, the appearance of metal-plated fabrics was 

rated from Grade 3 to Grade 4 after evaluation, implying that they had smooth 

appearance. The results confirmed that the appearance of metal-plated fabrics 

could be recovered even more when compared with the untreated fabric. This 

confirmed that metal plating could enhance the resiliency of the fabrics.  
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5.3.1.2 Physical Modification 

5.3.1.2.1 Fabric Weight 

Measurement of change in fabric weight after metallising treatments of the 

fabrics was conducted using Shimadzu BX300 meter. Due to the limited size of 

the experimental results, the dimension of the samples was 20cm x 20cm. The 

increases in weight (expressed in %) and deposition speed were calculated 

according to Equations 4-10 and 4-11 respectively. The calculated change in 

fabric weight and plating rate of silver, copper and nickel metal-plated fabrics 

are shown in Tables 5-6 and 5-7 respectively.  

 

Table 5-6 Weight Change of the Untreated and Silver-Plated Fabrics 

 Weight 

Sample Silk Cotton Polyester 

Original  48 g/m2 127 g/m2 76 g/m2

Silver-plated  58 g/m2 142 g/m2 83 g/m2

Increase (%)  20.8 % 11.8 % 9.2 % 

Speed 0.5 g/min 0.75 g/min 0.35 g/min 

 

 

Table 5-7 Weight Change of the Untreated and Metal-plated Polyester 

Sample Weight Increase (%) Speed 

 

The results showed that the final weight of different metal-plated fabrics was 

higher than the untreated ones. This meant that metal ions had deposited on the 

Original Polyester 76 g/m2 --- --- 

Copper-plated Polyester 78 g/m2 2.6 % 0.1 g/min 

Nickel-plated Polyester 91 g/m2 19.7 % 0.75 g/min 
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surface of fabrics effectively. The increased percentages of weight were 20.0%, 

10.7% and 10.5% for the silver-plated silk, cotton and polyester specimens 

respectively. The nickel-plated polyester was heavier than the silver-plated 

polyester. In the case of deposition speed, both the nickel-plated polyester and 

silver-plated cotton samples had the fastest rate (both 0.75 g/minute) in terms of 

weight calculation. However, the copper-plated polyester exhibited lower 

deposition speed (0.1 g/minute). Of the three silver-plated specimens, the cotton 

had the highest plating rate meaning that cotton fibre might hold good 

absorbability of sensitisation solution. 

 

5.3.1.2.2 Fabric Thickness 

The degree of deposition expressed in terms of % thickness was calculated 

according to Equation 5-1. During measurement, the fabrics experienced some 

changes in thickness. Their increased thickness varied from 2.9% to 38.5% after 

subjecting to a series of chemical treatments. The calculated the added thickness 

expressed in terms is listed in Tables 5-8 and 5-9 respectively.  

 

Table 5-8 Thickness Change of the Untreated and Silver-Plated Fabrics 

 Thickness 

Sample Silk Cotton Polyester 

Original  0.13 mm 0.35 mm 0.26 mm 

Silver-plated  0.18 mm 0.36 mm 0.29 mm 

Increase (%) 38.5 % 2.9 % 11.5 % 

Deposition speed 2.5 x 10-3 

mm/min 

5.0 x 10-4 1.5 x 10-3 

mm/min mm/min 
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Table 5-9 Thickness Change of the Untreated and Metal-plated Polyester 

Sample Thickness Increase (%) Speed 

Original Polyester 0.26 mm --- --- 

 

 

The results proved that the chemical plating solutions did impart different degree 

of thickness addition speed. The silver-plated silk had the fastest deposition 

speed of 2.5 x 10-3 mm/min while the silver-plated cotton had a lower speed of 

5.0 x 10-4mm/min. According to the original thickness in Table 4-1 in Section 

4.3.1, this meant that most of the metal particles could penetrate in the inter-fibre 

structure of cotton as reflected by the increase of 11.8 % in weight as shown in 

Table 5-6. The thinnest silk had the biggest increase of 38.5% in thickness 

whereas the thickest silver-plated cotton gained the minimal increase of 2.9% in 

thickness. In the case of total 20 minutes of deposition reaction, the calculated 

results revealed that the deposition rate was directly propertied to thickness. The 

copper-plated polyester and nickel-plated polyester presented different increase 

of 3.8% and 7.7% in thickness respectively.  

 

5.3.1.2.3 Fabric Bending Rigidity Test 

The bending properties have a major effect on both the handle and tailoring 

performance of the fabrics. The original and treated fabric samples were tested 

for bending rigidity as directed in the Standard Test Method (ASTM D 1388, 

1996). Different fabrics had different handle effect after metallising treatment. 

Copper-plated Polyester 0.27 mm 3.8 % 5.0 x 10-4 mm/min 

Nickel-plated Polyester 0.28 mm 7.7 % 1.0 x 10-3mm/min 
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Tables 5-10 and 5-11 show that the silver-plated fabrics became softer while 

copper-plated and nickel-plated polyester became slightly stiff.  

 

Table 5-10 Testing on the Bending Rigidity of  

the Untreated and Silver-Plated Fabrics 

 Bending 

Sample Silk Cotton Polyester 

Warp Weft Warp Weft Warp Weft 

Untreated (µN.m) 2.6 2.3 8.5 6.6 1.6 1.4 

Silver-plated (µN.m) 1.5 1.3 6.7 5.0 1.0 0.9 

Change (%) -42.3 -43.5 -21.2 -24.2 -37.5 -35.7 

 

Table 5-11 Testing on the Bending Rigidity of  

the Untreated and Metal-plated Polyester 

Sample Bending (µN.m) Change (%) 

 

 

The bending rigidity of silver-plated fabrics decreased from 21.2% to 42.3% in 

warp direction and from 24.2% to 43.5% in weft direction. The bending rigidities 

were increased in warp direction, i.e. 12.5% and 6.3% for both the copper-plated 

and nickel-plated polyester samples respectively. In the weft direction of the 

copper-plated polyester exhibited an increase of 21.4% in bending rigidity. When 

Warp 1.6  --- Original Polyester 

 Weft 1.4  --- 

Copper-plated Polyester Warp 1.8  +12.5 

 Weft 1.7  +21.4 

Nickel-plated Polyester Warp 1.7  +6.3 

 Weft 1.4  0.0 
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considering the handle of the metal-plated fabrics, the results of bending rigidity 

indicated that both the silver-plated silk and polyester fabrics were softness than 

the original one in both warp and weft directions. Specially, the copper-plated 

and nickel-plated polyester had a slightly stiffer handle than the original one.   

 

5.3.1.2.4 Analysis of Fabric Surface 

 In order to have a more detailed insight into the change of the surface property 

of metal-plated fibres, the fabrics were examined by the SEM. The results 

showed that the metal-plated fibres were covered by metal particles uniformly as 

shown in Figures 5-6 to 5-10 with a magnification of 30,000. 

 

  
(a) (b) 

 

Figure 5-6. Scanning electron micrographs. (a) Original silk fibre and (b) Silver-
plated silk fibre 

 

 
(a) (b) 

Figure 5-7. Scanning electron micrographs. (a) Original cotton fibre and  
(b) Silver-plated cotton fibre 
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(b) (a) 

Figure 5-8. Scanning electron micrographs. (a) Original polyester fibre and  

 
(b) Silver-plated polyester fibre 

 
 

 
Figure 5-9. Scanning electron micrographs of the copper-plated polyester fibre 

 
 
Figure 5-10. Scanning electron micrographs of the nickel-plated polyester fibre 
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Figures 5-6 to 5-8 show the scanning electron micrographs of the untreated and 

silver-plated silk, cotton and polyester fibres respectively.  The scanning electron 

micrographs of the polyester fibre after copper and nickel plating are shown in 

Figures 5-9 and 5-10 respectively. These scanning electron micrographs 

exhibited the uniform distribution and covering ability of the respective metal 

particles on the surface of fibres with uniform grains. The grain sizes of the 

metal particle aggregation were ranging from 30nm to 100nm in diameter.  This 

confirmed that the effect of chemical metal plating was sufficient and effective 

enough to change the microstructure of the silk, cotton and polyester fibres.  

 

5.3.1.2.5 Conductivity  

The conductivity responses of the original and silver-plated silk, cotton and 

polyester were measured and expressed in terms of electrical resistance 

according to Equation 5-6 in Section 5.2.1. As shown in Table 5-12, the silk, 

cotton and polyester fabrics developed the conductivity properties after the 

silver-plating treatment.  The resistance of silk, cotton and polyester diminished 

noticeably from the original 6.309 x 109Ω, 6.310 x 106Ω and 1 x 1014Ω to 13Ω, 

504Ω and 16Ω respectively after silver-plating treatment.  As referring to the 

thickness change mentioned in Tables 5-8 and 5-9, the silk and polyester had the 

minimal resistance value because most of the silver particles deposited on their 

surfaces. Although the silver-plated cotton sample had an increase in weight of 

11.8% as mentioned in Section 5.3.1.2.1, the surface conductivity was recorded 

to be 504Ω. The results of electrical resistance for the silver-plated fabrics could 

be used to explain the significant reduction of static charge on the three different 

metal-plated fabrics. 
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Table 5-12 Resistance of the Untreated and Silver-Plated Fabrics 

 Average Resistance (Ω) 

Sample Silk  Cotton Polyester 
9 

 

 

 Table 5-13 Resistance of the Untreated and Metal-plated Polyester 

 

 

Table 5-13 shows the results of electrical resistance on the copper-plated and 

nickel-plated polyester fabrics. The conductivity of both specimens was 

improved after metallising treatment with the resistance being decreased from 1 

x 1014Ω to 47Ω for copper-plated polyester and 1 x 1014Ω to 8Ω for nickel-plated 

polyester in 2.5cm x 2.5cm area. When comparing these two results in warp and 

weft directions, the conductivity of thicker nickel-plated polyester (7.7% 

increase in thickness) was better than the copper-plated polyester (3.8% increase 

in thickness) as referred to Section 5.3.1.2.2. All the metal-plated specimens 

achieved excellent conductivity by changing from dielectric textiles to conductor. 

It was found that the deposited metal particles on the fabric surface played a 

crucial role in the conductive properties of the fibre. Furthermore, the results 

Untreated  6.309 x 10 6.310 x 106  1 x 1014  

Silver-plated 13  504  16  

 Average Resistance (Ω) 

Untreated Polyester 1 x 1014  

Copper-plated Polyester 47  

Nickel-plated Polyester 8  
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justified that a uniform metal film had been successfully placed with consistency 

on the surface of fabrics. 

 

5.3.1.2.6 Anti-static Property 

According to the anti-static property testing method, the results of charge 

elapsing time are shown in Tables 5-14 and 5-15. The average static half-life 

values of the silver-plated silk, cotton and polyester were less than 0.5 second in 

both warp and weft directions, which were considered as good anti-static 

property after silver plating. Similarly, the average half-life values of both 

copper-plated and nickel-plated polyesters measured  were also less than 0.5 

second in both warp and weft directions. The smaller static half-life recorded 

justified the prevention ability of static charge induced by the metallising 

treatment of three different types of fabrics. 

 

Table 5-14 Anti-static Properties of Untreated and Silver-Plated Fabrics 

 Average Static Half-life (second) 

Sample Silk Cotton Polyester 

Warp Weft Warp Weft Warp Weft 

Untreated  42.0 20.0 0.6 0.8 694.0 712.0 

Silver-plated  <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

Decreased  >41.5 >19.5 >0.1 >0.3 >693.5 >711.5 
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 Table 5-15 Anti-static Properties of Metal-plated Polyester 

Sample Average Static  Decreased 

(second) Half-life (second) 

 

 

5.3.1.2.7 Ultraviolet Radiation Shielding 

Tables 5-16 and 5-17 summarise the measurement results of the ultraviolet 

protection factor.  The results showed that the original silk and cotton were not 

appropriate for protecting ultraviolet radiation as indicated by the ultraviolet 

protection factor (UPF) of 10. However, the chemical plating results confirmed 

that the silver-plated silk and cotton had excellent protection of ultraviolet 

radiation as indicated by their UPF results of 50+.   

 

 Table 5-16 Ultraviolet Protection Factor  

of the Untreated and Silver-Plated Fabrics 

Warp 694.0 ---  Original Polyester 

 Weft 712.0 ---  

Copper-plated Polyester Warp <0.5  >693.5  

 Weft <0.5  >711.5  

Nickel-plated Polyester Warp <0.5  >693.5  

 Weft <0.5  >711.5  

 Calculated UPF  

Silk Cotton Polyester Sample 

Result Rating Result Rating Result Rating 

Untreated  11.5 10 13.5 10 101.7 50+ 

Silver-plated  71.3 50+ 219.4 50+ 488.4 50+ 

Increased +59.9 -- +205.9 -- +386.6 -- 
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On the other hand, the silver-plated polyester fabric enhanced the protection 

ability against ultraviolet transmission as reflected by the increase in UPF of 

+386.64.  Likewise, the copper-plated and nickel-plated polyesters also showed 

an increase in UPF of +127.94 and +244.78 respectively. As a whole, all the 

silver-plated fabrics could improve the protection quality of ultraviolet radiation 

with excellent UV-blocking effect.  

 

Table 5-17 Ultraviolet Protection Factors  

of the Untreated and Metal-plated Polyester 

Sample Calculated UPF  Increased 

 

 

Result 101.74 --- Original Polyester 

 Rating 50+ --- 

Copper-plated Polyester Result 229.68 +127.94 

 Rating 50+ --- 

Nickel-plated Polyester Result 346.52 +244.78 

 Rating 50+ --- 

  

 
(b) (a) 

Figure 5-11. Scanning electron micrographs. (a) original polyester fabric and (b) 
silver-plated  polyester fabric 
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The blocked inter-fibre obstructed the UV radiation by means of deposited silver 

particles. Evidence was given by the scanning electron micrographs of the 

original and treated polyester with a magnification of 1,500 as shown in Figure 

5-11. The micrograph confirmed the existence of fibre thickness and inter-fibre 

space reduction due to the deposition of silver particle as well as the formation of 

uniform metal film which obstructed the UV emission as shown in Figure 5-11-b.  

 

5.3.1.2.8 Anti-bacterial Ability 

In this experiment, the surface of silver-plated silk, cotton and polyester fabrics 

was covered with a nutrient medium in which a culture of test Escherichia coli 

bacterium (E. Coli) and Staphylococcus Aureus bacterium (Staph) had been 

spread to produce uniform growth under the cultured condition at 37˚C for 24 

hours. The test results showed that the fabric destroyed some harmful bacteria 

and inhibited the growth of others. The observations of the experimental samples 

for E. Coli and Staph bacteria are shown in Figures 5-12 to 5-15 and Figures 5-

16 to 5-19 respectively. 
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6 mm 11 mm 

  

(b) (a) 
Figure 5-12   
Inhibition zone with E. Coli on (a) original silk fabric and (b) silver-plated 
silk fabric 

 

  

6 mm 

 
(b) (a) 

Figure 5-13  
Inhibition zone with E. Coli on (a) original cotton fabric and (b) silver-plated
cotton fabric 
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(a) (b) 

Figure 5-14  
Inhibition zone with E. Coli on (a) original polyester fabric and (b) silver-
plated polyester fabric 

 

 

  

 

7 mm <7 mm

 
(a) (b) 

Figure 5-15  
Inhibition zone with E. Coli on (a) copper-plated polyester fabric and (b) 
nickel-plated polyester fabric 
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10 mm 6 mm 

  

(a) (b) 
Figure 5-16   
Inhibition zone with Staph on (a) original silk fabric and (b) silver-plated silk 
fabric 

 

 

  

 
(a) (b) 

Figure 5-17  
Inhibition zone with Staph on (a) original cotton fabric and (b) silver-plated 
cotton fabric 
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(b) (a) 
Figure 5-18   
Inhibition zone with Staph on (a) original polyester fabric and (b) silver-
plated polyester fabric 

 

 

  

(a) 
 

(b) 

12 mm <7 mm 

Figure 5-19  
Inhibition zone with Staph on (a) copper-plated polyester fabric and (b) 
nickel-plated polyester fabric 

 

 

Figures 5-6 to 5-10 show that chemical metal plating laid a mass of densest metal 

ions of nano-size in the form of metal particle aggregation on the surface of 

fabrics. The anti-bacteria mechanism of metal was explained by the progressive 
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liberation of the metal ions which affected the external membrane of the bacteria 

and blocked their respiratory capacities thereby preventing their breeding. Their 

anti-bacterial properties played different effects when meeting E. Coli and Staph 

bacteria during testing. The performance of metal-plated fabrics shown in 

Figures 5-12 to 5-19 was very effective against the two types of bacteria as 

exhibited by the photographs of halos around the specimens.  

 

The effect of anti-bacterial properties was observed by the shade loop around the 

swatches of 6mm diameter.  The average width of a zone of inhibition (Wzi) 

along a streak on either side of the test specimens was calculated using the 

Equation 5-8. As for the anti-bacteria action against E. Coli bacterium, the silver-

plated silk, cotton and polyester performed very well as reflected by the diameter 

of 11mm, 8mm and 9mm respectively. However, the copper-plated polyester had 

very little effect with the diameter of 7mm. Furthermore, the nickel-plated 

polyester weakly kill E. Coli bacterium in the current testing as shown in Table 

5-18. 

 

Table 5-18 Anti-bacteria on Escherichia Coli Bacterium 

of the Untreated and Metal-plated Fabrics 

 Diameter (mm) 

Sample Silver-

plated 

Silver-

plated 

Silver-

plated 

Copper-

plated 

polyester 

Nickel-

plated 

polyester silk cotton  polyester 

Untreated 6 6 6 6 6 

Metal-plated 11 8 9 7 <7 

Wzi 2.5 1 1.5 0.5 <0.5 
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Table 5-19 Anti-bacteria on Staphylococcus Aureus Bacterium 

of the Untreated and Metal-plated Fabrics 

 Diameter (mm) 

Sample Silver-

plated 

Silver-

plated 

Silver-

plated 

Copper-

plated 

polyester 

Nickel-

plated 

polyester silk cotton  polyester 

Untreated 6 6 6 6 6 

Metal-plated 10 8 8 12 <7 

Wzi 2 1 1 3 <0.5 

 

 

The resistant anti-bacterial zones with Staph bacterium of five metal-plated 

fabrics are tabulated in Table 5-19. Copper polyester had effective prevention 

against Staph bacterium with the diameter rings of 12mm while the nickel-plated 

polyester got poor result. The experimental results showed that most of the 

metal-plated fabrics exhibited good anti-bacterial properties. Hence, this 

concluded that majority of the metal plating treatments could impart anti-

bacterial properties to the E. Coli and Staph bacteria. 

 

5.3.2 Mechanical Performance 

5.3.2.1 Tensile Strength and Elongation 

The tensile properties and elongation at break of the metal-plated fabrics were 

measured according to the ASTM D5035 (ASTM 5035, 1995) as shown in 

Tables 5-20 and 5-21. The breaking load of silver-plated silk and cotton dropped 

significantly when compared with the untreated ones. On the contrary, silver-

plated polyester had a slight increase in breaking load. When considering that the 
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specimens were plated with metal particles within the inter-fibre structure, the 

fibre friction would play an important role in the tensile strength properties of the 

fabrics. With the aid of metallising treatment, it was believed that the metal 

plating could increase the frictional force of fibres as confirmed by the rough 

surface exhibited by SEM. 

 

Table 5-20 Breaking Load of the Untreated and Silver-plated Fabrics 

 Break Load 

Sample Silk Cotton Polyester 

Warp Weft Warp Weft Warp Weft 

Untreated (N) 200.6 191.7 329.4 202.3 241.6 182.6 

Silver-plated (N) 165.2 179.0 256.9 196.3 244.7 200.0 

Changed (N) -35.4 -12.7 -72.5 -6.0 +3.1 +17.4 

Changed (%) -17.6 -6.6 -22.0 -3.0 +1.3 +9.5 

 

 

Table 5-21 Breaking Load of the Untreated and Metal-plated Polyesters 

Sample Break 

Load (N) 

Change  

(N) 

Changed 

(%) 

 

 

The small change in the elongation of the metal-plated fabrics in both warp and 

weft directions was probably due to the deposited metal particles which 

Warp 241.6 --- --- Untreated Polyester 

 Weft 182.6 --- --- 

Copper-plated Polyester Warp 228.1 -13.5 -5.6 

 Weft 213.8 +31.2 +17.1 

Nickel-plated Polyester Warp 237.5 -4.1 -1.7 

 Weft 200.0 +17.4 +9.5 
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influenced the linkage force, thus making the percentage of elongation change 

very little as shown in Tables 5-22 and 5-23. The reduced breaking load data also 

suggested that silk was influenced by the alkali plating solution (pH11) while 

cotton was damaged in the acid pre-treatment solution (pH1). However, the 

results of percentage of elongation indicated that the metal-plated fabrics had no 

significant change when compared with the original fabrics. In the present 

plating condition, polyester fabrics exhibited higher resistance to most of the 

chemicals used during metallising treatment. 

 

Table 5-22 Percentage of Elongation at Break  

of the Untreated and Silver-plated Fabrics 

 Percentage of Elongation (%) 

Sample Silk Cotton Polyester 

Warp Weft Warp Weft Warp Weft 

Untreated  20.7 14.7 21.8 13.8 43.2 35.8 

Silver-plated 22.5 13.0 22.0 13.7 45.5 38.1 

Changed +8.7 -11.6 +0.9 -0.7 +5.3 +6.4 

 

Table 5-23 Percentage of Elongation at Breaking Load  

of the Untreated and Metal-plated Polyester 

Sample Percentage of 

Elongation (%) 

Changed (%) 

Warp 43.2 --- Untreated Polyester 

 Weft 35.8 --- 

Copper-plated Polyester Warp 41.3 -4.4 

 Weft 36.7 +2.5 

Nickel-plated Polyester Warp 42.9 -0.7 

 Weft 36.6 +2.2 
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5.3.2.2 Tear Strength 

The tearing strength of all the metal-plated fabrics shown in Tables 5-24 and 5-

25 was reduced ranging from -22.2% to -58.0% in the warp direction and from 

-13.4% to -64.7% in the weft direction. The measured results justified that the 

inter-fibre frictional force was increased after metallising treatment. Therefore, it 

is postulated that the inter-fibre friction will restrict the sliding action of yarns 

during tearing, thereby reducing the tearing strength values prominently.   

 

Table 5-24 Tearing Strength of the Untreated and Silver-plated Fabrics 

 Tearing Strength (Nf) 

Sample Silk  Cotton Polyester 

Warp Weft Warp Weft Warp Weft 

Untreated  6.9  12.2 9.4  7.2 9.0  8.2 

Silver-plated 2.9  4.3 6.8  5.0 6.8  6.1 

Decreased (%) -58.0 -64.7 -27.7 -30.6 -24.4 -25.6 

 

 

Table 5-25 Tearing Strength of the Untreated and Metal-plated Polyester 

Sample Tearing Strength 

(Nf) 

Decreased (%) 

 

 

Warp 9.0 --- Untreated Polyester 

 Weft 8.2 --- 

Copper-plated Polyester Warp 7.0 -22.2 

 Weft 7.1 -13.4 

Nickel-plated Polyester Warp 6.3 -30.0 

 Weft 5.3 -35.4 
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5.3.2.3 Fabric Shrinkage 

The dimensional change of the metallised fabrics was measured. Tables 5-26 and 

5-27 show the calculated percentage of shrinkage in both warp and weft 

directions according to Equation 5-10. Their slight dimensional change after five 

cycles of home laundering was clearly observed. In particular, the untreated 

cotton showed more percentage change (-4.0%) in weft direction when compared 

with that of the silver-plated cotton fabric (-3.3%). All the metal-plated 

polyesters had a dimensional change of -0.7% which was considered very small 

when comparing with the untreated polyester.  

 

Table 5-26 Dimensional Change of the Untreated and Silver-plated Fabrics 

 Shrinkage (%) 

Sample Silk Cotton Polyester 

Warp Weft Warp Weft Warp Weft 

Untreated  -0.7 -0.7 -1.3 -4.0 ~0.0 ~0.0 

Silver-plated -2.0 -0.7 -1.3 -3.3 -0.7 -0.7 

 

 

Table 5-27 Dimensional Change of the Untreated and Metal-plated Polyester 

Sample Shrinkage (%) 

Warp ~0.0 Untreated Polyester 

 Weft ~0.0 

Warp -0.7 Copper-plated Polyester 

 Weft -0.7 

Nickel-plated Polyester Warp -0.7 

 Weft -0.7 
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The dimensional change due to relaxation occurred when the fabrics were 

immersed in water so that the strains and stresses imparted during fabric 

formation could be released. The fabrics were then dried and reconditioned to the 

relative humidity of 65% at which it was originally measured. Of all the 

metallising treatments, only the metal-plated fabrics had only a slight change in 

dimension ranging from -0.7% to -2.0% in the warp direction and -0.7% to -

3.3% in the weft direction after the relaxation process. When comparing the 

effectiveness of the metal-plated textile samples, the silver-plated silk showed 

poor result in the warp direction but better result in the weft direction.  Based on 

the study of the measured dimensional results, the metal-plated fabrics could be 

considered as little change in the area shrinkage after the subsequent metallising 

treatment. The same shrinkage value (-0.7%) was observed in the metal-plated 

polyester, meaning that polyester had a stable structure in both the warp and weft 

directions. 

 

5.3.2.4 Colourfastness to Washing 

The principle of the AATCC 61 washing fastness test is to test the resistance of 

specimens to colour change under appropriate conditions of temperature, 

detergent solution, bleaching and abrasive action after five cycles of hand, 

domestic or commercial launderings. The abrasive action is due to the result of 

the frictional effect of fabric against a container, the low liquor ratio and the 

impact of steel balls on the fabrics. The results of both colour changes and 

staining are shown in Table 5-28. 
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Table 5-28 Colourfastness to Washing of Metal-plated Fabrics  

 Silver-

plated  

Silver-

plated  

Silver-

plated  

Copper-

plated 

Nickel-

plated 

Silk Cotton  Polyester Polyester Polyester 

Staining      

Acetate 4-5 4-5 4-5 4-5 4-5 

Cotton 4-5 4-5 4-5 4-5 4-5 

Nylon 4-5 4-5 4-5 4-5 4-5 

Polyester 4-5 4-5 4-5 4-5 4-5 

Acrylic 4-5 4-5 4-5 4-5 4-5 

Wool  4 4-5 4-5 4 4 

Colour 

Change 

1-2 2 4 3 3 

 

 

After metal plating treatment, all the metal-plated fabrics assessed showed good 

colourfastness which was expressed in terms of colour change and staining. The 

staining results of all the metal-plated fabrics were similar ranging from Grade 4 

to 4-5. It was definitely concluded from the washing test that there was no 

staining problem for all the five metal-plated fabrics. On the other hand, the 

visual assessment of all the metal-plated fabrics clearly showed that they had 

various extents of colours change after washing, e.g. the tested silver-plated 

specimens were paler than the original ones.  This confirmed that some metal 

particles were lost during washing. For the actual assessment of colour change, 

both the silver-plated silk and silver-plated cotton showed very poor 

colourfastness of Grade 1-2 and 2 respectively, while both the copper-plated and 

nickel-plated polyester got Grade 3. 
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5.3.2.5 Colourfastness to Crocking  

The AATCC 116 specification was used for assessing the colourfastness of the 

metal-plated samples with their results being shown in Table 5-29.  

 

Table 5-29 Colourfastness to Crocking of Metal-plated Fabrics 

 Crocking 

Sample Silver-

plated  

Silver-

plated  

Silver-

plated  

Copper-

plated 

Nickel-

plated 

Silk Cotton  Polyester Polyester Polyester 

Dry 3 3-4 2-3 3 3 

Wet 1-2 1-2 2 3 3 

 

Under dry rubbing condition, the staining results of the silver-plated specimens 

were ranging from Grade 2-3 to 3-4.  Furthermore, the silver-plated samples had 

poor result in wet crocking fastness, i.e. both the silver-plated silk fabric and the 

silver-plated cotton fabric were assessed as Grade 1-2.  When compared, the 

copper-plated and nickel-plated polyester fabrics had better dry crocking fastness 

than the others.  In view of the overall results, the rubbing fastness of the metal-

plated fabrics was relatively below the commercial requirement. This implied 

that some of the metal particles on the fabric surfaces were loosen during 

rubbing action.  Consequently, the binding energy of metal particles needs to be 

improved in the future study.  

 

5.3.2.6 Colourfastness in Light 

According to the AATCC 16 standard 20 Hours in light, the colourfastnesses to 

light results of the metal-plated swatches are shown in Table 5-30. 

CHAPTER 5                                                                                                                              147
 



Table 5-30 Colourfastness in Light of Metal-plated Fabrics 

Colourfastness in Light 

Silver-plated Silver-plated Silver-plated Copper-plated Nickel-plated 

silk cotton  polyester polyester polyester 

4-5 4-5 4-5 4-5 4-5 

 

The results of the light fastness of all the metal-plated fabrics were Grade 4-5 

which were considered as good and could meet the commercial requirement of 

light fastness for vision.  The results also showed that the silver-plated cotton and 

polyester fabrics were capable of resisting the artificial light under the prescribed 

condition of simulated light climate. Hence, these silver-plated fabrics were quite 

stable under normal lighting condition.  

 

5.3.2.7 Colourfastness in Ozone 

The resistance of the colour of metal-plated fabrics to the action of ozone was 

measured. All samples were examined with respect to ozone fading after one 

cycle as directed in the AATCC Test Method 129. Colour change rates were 

reported at 87.5 ±2.5% RH and 40 ±1ºC with ozone concentration ranging from 

10 to 35 pphm for 3-28 hours as shown in Tables 5-32 and 5-33 respectively. 

 

Table 5-31 Colourfastness in Ozone of the Untreated and Silver-Plated Fabrics 

 Colourfastness in Ozone 

Sample Silk Cotton Polyester 

Untreated 4-5 4-5 4-5 

Silver-plated 4 4 4 
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Table 5-32 Colourfastness in Ozone of Metal-plated Polyester  

 Colourfastness in Ozone 

Untreated Polyester 4-5 

Copper-plated Polyester 4-5 

Nickel-plated Polyester 4-5 

 

 

At the end of one cycle of ozone treatment, the colourfastness results of all the 

metal-plated samples showed good performance ranging from Grade 4 to 4-5 

when the specimens were assessed by the Grey Scale for Colour Change.  

 

5.3.2.8 Colourfastness to Burnt Gas Fumes  

This test method is intended for assessing the resistance of the colour of textiles 

of all kinds and in all forms when exposed to atmospheric oxides of nitrogen as 

derived from the combustion of natural gas. Tables 5-34 and 5-35 show the 

results of metal-plated fabrics under the influence of burnt gas fumes according 

to the AATCC 23 standard. All the metal-plated samples got poor results of 

colourfastness to burnt gas fumes when compared with the untreated ones. 

 

Table 5-33 Colourfastness to Burnt Gas Fumes  

of the Untreated and Silver-Plated Fabrics 

 Colourfastness to Burnt Gas Fumes 

Sample Silk Cotton Polyester 

Untreated 4-5 4-5 4 

Silver-plated 2 3-4 2-3 
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 Table 5-34 Colourfastness to Burnt Gas Fumes of Metal-plated Polyester 

 Colourfastness to Burnt Gas Fumes 

Untreated Polyester 4 

Copper-plated Polyester 1 

Nickel-plated Polyester 3-4 

 

 

5.3.2.9 Flammability 

Each sample was placed in the holder at 45º angle and exposed to flame near the 

lower edge for 3 seconds. Their ignition times of up to the length of the 

specimens were better than the USA flammable fabrics act standards 3.5 seconds 

(US Flammability Fabric Act - 16 CFR Part 1610, 1953). As shown in Tables 5-

36 and 5-37, the burning duration of metal-plated specimens was longer than the 

original fabric samples. In view of the overall testing results, the silver-plated 

silk particularly exhibited good fire protection as it could not be ignited under the 

current testing condition. The silver-plated cotton and nickel-plated polyester 

enhanced flame retardancy. Both silver-plated and copper-plated polyester 

fabrics showed poor results when compared with untreated one.  

 

Table 5-35 Flammability of the Untreated and Silver-Plated Fabrics 

 Ignite  (second) 

Sample Silk Cotton Polyester 

Untreated 7.0 11.5 13.0 

Silver-plated Did not ignite 13.3 11.3 
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Table 5-36 Flammability of Metal-plated Polyester 

 Ignite result (second) 

Untreated Polyester 13.0 

Copper-plated Polyester 9.7 

Nickel-plated Polyester 17.9 

 

 

 

5.4 Comparison of Performance Specification Requirements 

The metallising methods could improve or change the properties of fabrics to 

different extents. The ASTM Designation 3691: Standard Performance 

Specifications for Woven Household Curtain and Drapery Fabrics was selected 

to compare the metal-plated results. The main mechanical performance of silver-

plated silk and cotton fabrics as well as metal-plated polyester fabric intended for 

the drapery application was compared with the ASTM D 3691 requirements as 

listed in Tables 5-38 and 5-39 respectively. 

 

The overall results demonstrated the measured performance of the metal-plated 

fabrics in comparison with the standard performance specification ASTM D3691. 

The measured values expressed in bold and italic letters showed the improved 

properties when compared with the standard specification. With regard to the 

breaking strength, tearing strength and fabric appearance, all the metal-plated 

fabrics exceeded the standard requirements. The flame time scales stated that the 

metal-plated samples did meet this testing requirement and performed very well 

under the actual fire condition.  
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Table 5-37 Comparison of Mechanical Performance of Silver-plated Silk and 

Cotton Fabrics with Specification Requirements  

Characteristics Silver-plated Silk Silver-plated 
Cotton 

ASTM D3691 
 Standard 

Warp 165.2 N 256.9 N 67 N min. Breaking 
Strength Weft 179.0 N 196.3 N   

 
Tear Strength Warp 2.9 N 6.8 N 4.4 N min. 
 Weft 4.3 N 5.0 N   
Dimensional Warp 2.0% 1.3% 3.0 % max. 
Change Weft 0.7% 3.3%  
 
 
Colourfastness Class 1-2 Class 2 Class 4 min. 
to Laundering:  
Shade Change 
Colourfastness Class 4-5 Class 4-5 Class 3 min. 
to Laundering:  
Staining 
Crocking: Dry Class 3 Class 3-4 Class 4 min. 
 
Crocking: Wet Class 1-2 Class 1-2 Class 3 min. 
 
Colourfastness Class 4-5 Class 4-5 Step 4 min. 
to Light 
Colourfastness Class 4 Class 4 Class 4 min. 
to Ozone 
Colourfastness Class 2 Class 3-4 Class 4 min 
to Burnt Gas Fumes: 
Shade Change 

Flammability did not ignite 13.3 s 3.5 s min. 
 
Fabric Appearance SA-3 SA-3 SA-3 min. 
 
Retention of Hand, 
Character, 
Appearance 

No significant 
change 

No significant 
change 

No significant 
change 
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Table 5-38 Comparison of Mechanical Performance of Metal-plated Polyester  

with Specification Requirements  

Characteristics Silver-
plated 

Polyester 

Copper-
plated 

Polyester 

Nickel-
plated 

Polyester 

ASTM 
D3691  

Standard 
Warp 
 

244.7 N 228.1 N 237.5 N 67 N min. Breaking 
Strength 

Weft 200.0 N 213.8 N 200.0 N  

Tear 
Strength 

Warp 6.8 N 7.0 N 6.3 N  4.4 N, min. 
Weft 6.1 N 7.1 N 5.3 N  

 
Dimensional Warp 0.7% 0.7% 0.7% 3.0 % max. 
Change Weft 0.7% 0.7% 0.7%  
 
Colourfastness Class 4 Class 3 Class 3 Class 4 

min. to Laundering: 
Shade Change  
Colourfastness Class 4-5 Class 4-5 Class 4-5 Class 3 

min. to Laundering: 
Staining  
Crocking: Dry Class 2-3 Class 3 Class 3 Class 4 

min.  
Crocking: Wet Class 2 Class 3 Class 3 Class 3 

min.  
Colourfastness Class 4-5 Class 4-5 Class 4-5 Step 4 

min. to Light 
Colourfastness Class 4 Class 4-5 Class 4-5 Class 4 

min. to Ozone 
Colourfastness Class 2-3 Class 1 Class 3-4 Class 4 

min to Burnt Gas Fumes: 
Shade Change 
Flammability 11.3 s 9.7 s 17.9 s 3.5 s min. 
 
Fabric Appearance SA 3-4 SA 4 SA 4 SA 3 min. 
 
Retention of Hand, 
Character, 
Appearance 

No 
significant 
change 

No 
significant 
change 

No 
significant 
change 

No 
significant 
change 
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The dimensional change of metal-plated polyester fabric exceeded the standard 

requirement by 3.0%. The staining results of samples subjected to colourfastness 

to laundering test were satisfactory when comparing with the Class 4 min. 

prerequisite. The colourfastness to light and ozone of the metal-plated fabrics did 

fulfil the expectations. In assessing the colourfastness to washing, the copper-

plated and nickel-plated polyester failed to meet the minimum requirements in 

terms of shade change, while the silver-plated polyester just fulfilled the 

requirement with regard to the colourfastness to crocking, the copper-plated and 

nickel-plated fabrics achieved the minimum specification requirement in wet 

rubbing but failed in dry rubbing. The colourfastness results of chemical silver 

plating for both dry and wet rubbing were failing. 

 

All the metal-plated fabrics did not pass the standard of colourfastness to burnt 

gas fumes. The comparison results of the major essentials that influenced the 

performance of metal-plated fabrics were summarised as follows: (i) good 

quality in tensile strength, tear strength, shrinkage, shape retention, (ii) better 

colourfastness to ozone and light; (iii) poor colourfastness to laundering, 

crocking and burnt gas fumes; (iv) superiority in conductivity, anti-static 

properties, anti-bacteria, ultraviolet radiation protection and flammability; and (v) 

no significant changes of handle properties when comparing with the original 

fabrics. 

 

5.5 Summary 

In summarising the overall characterisation results, the metal-plated fabrics 

performed some unique characteristics. The metallic appearance and texture 
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were achieved on different fabrics showing decorative effects associated with 

shining effect. According to the SEM observation, the plated fabrics were 

deposited with a layer of uniformly distributed dense metal granule. Detailed 

view of the photomicrographs showed that the metal-plated layer of silk, cotton 

and polyester fibres was composed of a mass of dense silver, copper and nickel 

particles respectively which were evenly distributed on the fibre surface and 

clearly visible. This investigation also indicated that the chemical metal plating 

method could produce metallic fabrics with soft textile features. Many protective 

properties had been created using chemical plating processes. The overall 

measurement results and comparison did help the future development of 

chemical metal plating on textile fabrics. The metal-plated fabrics currently 

developed had four characteristics, i.e. (i) dense metal particles adhered to the 

fabric surface with uniform distribution; (ii) most of the mechanical performance 

met the international standard requirements; (iii) functional properties had been 

improved including anti-static, ultraviolet protection and anti-bacteria ability; 

and (iv) polyester fabric exhibited performance in design creation. 
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CHAPTER 6  

INTEGRATION OF CHEMICAL PLATING  

AND PATTERNING METHODS 

 

6.1 Introduction  

Previous experimental outcomes obtained not only functional properties but also 

unique metallic appearance. These metal-plated fabrics had an immediate 

reflecting surface with metal colours and smooth handle. This chapter turned to 

study the patterning generations using the chemical plating and design methods. 

The chemical silver, copper and nickel plating were conducted on several 

polyester fabrics with material covering, wax screening and starch paste shielding 

processes which were selected for pattern design operations. The contents of this 

section included refining operation and practising the proposed fabric design 

mechanism. During the tentative study, a range of design methods were 

developed.  

 

6.2 Adoption of Design Methods 

The new textile designs were inspired by the traditional techniques. The design 

creation was one important aspect in Chemical Plating Fabric Design (CPFD) 

system which was proposed in Section 3.4.2. Design methods were chosen to 

isolate the chemical reaction at the designed area of the fabrics. Various shapes 

could be created using shielding methods in metallising processes. For the 
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awareness of the availability of design methods in metal plating operation, three 

types of design methods namely (i) material covering, (ii) wax screening and (iii) 

starch paste shielding were selected for chemical silver, copper and nickel plating 

treatments. Three types of polyester fabrics namely white polyester fabric – 

Polyester I, black polyester fabric – Polyester II and black polyester organza – 

Polyester III were used in this investigation.  

 

6.2.1 Material Covering Process 

In this study, some supplementary materials such as adhesive tape, wooden sticks, 

metal pieces and stainless steel clips were employed to create the various shapes. 

Tight bonding and water saturation of the fabrics were the important factors for 

generating the pattern in plating processes. The operating procedure is outlined in 

Table 6-1. 

Table 6-1 General Procedure of Metallising Fabric Design 

with Material Covering Method 

               Composition and Applied Statements 

Pre-treatment* Solution A; Solution B; Solution D 

Covering Materials Wooden sticks; metal pieces; stainless steel clips 

Metal Deposition** Solution C; Solution E; Solution F 

Cleaning Deionised Water 

*   Solution A for cleaning, Solution B for sensitisation and Solution D for 

activation as mentioned in Section 4.4.1 

** Solution C for chemical silver plating, Solution E for chemical copper plating 

and Solution F for chemical nickel plating as described in Section 4.4.1 

separately  
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The method was the same as the principle of the tie dye process. The fabric was 

gathered and masked at the designed placement. As shown in Figure 6-1, 

illustration revealed the operating details of material covering and displayed the 

final design patterns. Figure 6-1-a depicts the tight areas using cotton thread. 

Metal particles should not be able to penetrate into the bound areas of the fabric.   

. 

  
(a) Wrapping with threads  (b) Covering using a pair of stainless 

steel pieces and clips 
 

(c) Covering using a couple of wooden 
sticks and clips 

 (d) Covering using adhesive tape 

 
Figure 6-1. Chemical plating fabric designs using material covering process  
 

A piece of fabric was sandwiched by a pair of stainless steel pieces or a couple of 

wooden sticks on the fabric as auxiliary facilities that could isolate the metal 
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particle deposition as shown in Figures 6-1-b and 6-1-c. A piece of adhesive tape 

easily masked the designed areas which preserved the original colour of fabric 

after the metal plating process. As shown in Figure-6-1-d, the illustration 

presented the masked fabric before chemical plating. Many pieces of adhesive 

tape were stuck on the surface according to the required form of fabric initially. 

The masked places were isolated from the chemical metal deposition.  This 

process might exactly produce the pattern easier for fabric design generation. 

 

6.2.1.1 Material Covering Process in Chemical Silver Plating  

Silver-plated Polyester I, II and III have different levels of silver grey colours as 

shown in Figure 6-2.  The Polyester I presented white shielded domains with 

brown annulus around the masked areas. These brown halos were produced by a 

spot of silver oxide present in the chemical silver-plating solution. Likewise, both 

the dark Polyester II and III experienced slight change caused by the influence of 

complex reaction.  

 

 
(a) Polyester I 

 

 

A 

B 

(b) Polyester II 
 

(c) Polyester III 
 

Figure 6-2. Silver-plated fabrics with material covering process. Zones A are covered 
domains and Zones B are silver-plated areas 

 

B
A

B
A 
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6.2.1.2 Material Covering Process in Chemical Copper Plating 

Copper-plated Polyester II and Polyester III specimens exhibited cupreous 

surfaces after plating treatment as shown in Figure 6-3. Copper-plated polyesters 

showed a clear edge of patterns on the surface of both sides in Polyester I. For the 

smooth and dense Polyester II, a couple of adhesive tape was pasted on fabric 

surface, and the covered area presented blurry pattern. When the masked 

Polyester III was plated, the uncovered parts were changed to brownish red 

colour while the masked areas maintained the original black colour. The copper-

plated Polyester II had smoother surface effect than the others. 

 

 

 B 

A 

 

(a) Polyester I (b) Polyester II (c) Polyester III 
 

Figure 6-3. Copper-plated fabrics with material covering process. Zones A are 
covered domains and Zones B are copper-plated areas 
 

 

6.2.1.3 Material Covering Process in Chemical Nickel Plating 

Three nickel-plated samples showed clear pattern with material covering process 

in Figure 6-4. Three kinds of polyesters were covered by wooden sticks and 

 

A 
B 

A

B
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stainless steel plates. Circular and quadrate shapes were created by the covering 

templates. Grey colours were generated uniformly on polyesters by means of 

chemical nickel plating. Of the three different polyesters, Polyester I had dim 

image, Polyester II demonstrated clear forms and shining metallic surface, while 

Polyester III exhibited transparent effect with organza character.  

 

 

B 

A 
B

A 

BA

(b) Polyester II (c) Polyester III (a) Polyester I 
 

Figure 6-4. Nickel-plated fabrics with material covering process. Zones A are 
covered domains and Zones B are nickel-plated areas 
 

 
6.2.1.4 Discussion 

Material covering process contributed to patterning ability that could produce 

effective shape in the chemical plating treatment. When the covered materials 

were removed, the original colour pattern emerged as a result of no metal 

deposition. The formation of final shapes was dependent on the intensity of 

pressure generated by the tied facilities. Many complementary materials such as 

adhesive film, metal pieces, clips and wooden sticks were employed to generate 

various shapes.  This method could easily achieve the purpose of creating pattern 
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on the experimental fabrics by means of metal plating treatment.  The pattern was 

more dependent on the contact pressure. In particular, the patterns appeared on 

both sides of fabric were generated by a pair of covering materials stuck on the 

both surfaces of fabric. Figure 6-5 shows a typical example of silver-plated 

Polyester I with material covering process which indicates the twin shapes on 

fabric.   

 

 

 

The varieties of images were created after conducting chemical silver, copper and 

nickel plating with three types of polyester fabrics. The substrates of fabrics 

could influence the metal-plated effects, for example, the smooth Polyester II 

exhibited more shining effects than Polyester I and Polyester III after the 

deposition of silver, copper and nickel. 

 

(a) 
 

(b) 
Figure 6-5. Alike patterns appeared on the (a) front side and (b) back side of 
silver-plated Polyester I with material covering method. Front-A1 and Back-A1 
showed a couple of circular patterns; Front-A2 and Back-A2 were a couple of 
quadrate shapes.  

Front Side-A1 

Front Side-A2 Back Side-A2 

Back Side-A1 
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6.2.2 Wax Screening Process 

After the layout of pattern design was lightly drawn on the fabrics, hot wax was 

applied only to certain part of fabrics. The lacquered area could stop the 

deposition of metal particles so that the original colours could be preserved at the 

designed fields. The general procedures of operation are listed in Table 6-2. 

 

Table 6-2 General Procedure of Metallising Fabric Design with  

Wax Screening Method 

Phases Composition and Applied Statements 

Pre-treatment* Solution A; Solution B; Solution D 

Applying Wax** Paraffin, 70±2˚C 

Metal Deposition*** Solution C; Solution E; Solution F 

Melting Wax Water (100˚C) 

*     Solution A for cleaning, Solution B for sensitisation and Solution D for 

activation as mentioned in Section 4.4.1 

**   According to the selected paraffin melting point nearly between from 65±2˚C 

*** Solution C for chemical silver plating, Solution E for chemical copper plating 

and Solution F for chemical nickel plating as described in Section 4.4.1 

separately 

 

 

The technique of wax screening was investigated aiming to create shapes such as 

dot and line on these three types of polyester fabrics. Subsequent to the metal 

deposition, the wax was removed from the metal-plated fabrics by boiling water. 

For pattern making, the drawing work employed different sizes of paintbrushes 

with natural or synthetic bristles.  The stainless steel mugs and electrical heater 
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were used for melting paraffin. The temperature of all treatment solutions should 

be maintained under the melting point of paraffin wax, i.e. between 60˚C to 65˚C.   

 

6.2.2.1 Wax Screening Process in Chemical Silver Plating 

The results of silver-plated fabrics using wax screening process are shown in 

Figure 6-6. Three fabrics achieved different effects with silver grey colour. The 

Polyester I changed to brownish colour at the silver-plated part. Wax screened 

areas, Zone C, presented the white original colour with slight crack effect as 

shown in Figure 6-6-a. The plated Zone B of Polyester II exhibited sparkling 

silver surface contrasting black parts. Figure 6-6-b illustrates screened dots A1 

that had better isolation effect than the domain A2 due to different cohesion of 

applied wax with different temperature levels. The Polyester III showed soft 

glimmer surface based on the original transparent characteristic as shown in 

Figure 6-6-c.  

 

 
(a) Polyester I (b) Polyester II (c) Polyester III 

 
Figure 6-6. Silver-plated fabrics with wax screening process. Zones A are masked 
domains and Zones B are silver-plated areas 
 

A A1

A 

B 

B

B 

C 

A2
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6.2.2.2 Wax Screening Process in Chemical Copper Plating 

Three kinds of copper-plated polyester fabrics with red brownish colour created 

fine patterns as shown in Figure 6-7. Figure 6-7-a presents the image of brownish 

colour of the copper-plated part on the white colour in the wax-masked areas in 

Polyester I fabric. Figures 6-7-b and 6-7-c show a metallic colour surface on 

tabby Polyester II and organza Polyester III which exhibited delicate forms in the 

fabrics.  

 

 

 

6.2.2.3 Wax Screening Process in Chemical Nickel Plating 

Nickel-plated fabrics with wax screening are shown in Figure 6-8. For the 

Polyester I shown in Figure 6-8-a, some metal particles penetrated into the cracks 

present on the nickel-plated fabric leading to the creation of batik-like unique 

 
(a) Polyester I 

 
(b) Polyester II 

 

A AAA 
A B

A B
A 

A AAA B

(c) Polyester III 
 
Figure 6-7. Copper-plated fabrics with wax screening process. Zones A are masked 
domains and Zones B are copper-plated areas 
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characteristic. The Polyester II and Polyester III showed the clear pattern and 

subtle shapes as illustrated in Figures 6-8-b and 6-8-c. 

 

  

 

6.2.2.4 Discussion 

The various patterns were obtained by wax screening process. The appearance of 

wax masked areas showed the original colour of the fabrics. Of the three different 

polyester samples, only Polyester II had shining metallic colour surfaces. 

Different-sized brushes were used to apply the wax became they were very useful 

and quick for creation. The brushes were used to draw wax liquid as a free 

spontaneous manner. The effect of the brush stroke was evident, giving the 

character and definition to the forms. The metal particles could slightly insert the 

apertures of wax spots on fabrics. For example, the wax screened Polyester I was 

plated with cracking patterns that played the specific parts in wax-masked areas 

  
(a) Polyester I 

 
(b) Polyester II 

 

B
A

A 

BB 
A A

A 

(c) Polyester III 
 
Figure 6-8. Nickel-plated fabrics with wax screening process. Zones A are masked 
domains  and Zones B are nickel-plated areas 
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as shown in Figure 6-9. The final result of Polyester I exhibited the cracking lines 

when chemical solution seeped in by crumpling treatment deliberately.  

 
 

 

 

 

 

 

 

 

 
Figure 6-9. Copper-plated Polyester I fabric showing 
cracking texture in the wax screened areas  

 

6.2.3 Starch Paste Shielding Process 

A starch paste was applied to create the patterns also. The areas shield by the 

starch paste would not allow metal particles to pass through.  Preserved colour 

was easily maintained using the stencil printing technique. Unblocked silk screen 

frame with 102 meshes was practised in the current practices. Water-based paste 

mixed by soybean powder and calcium hydroxide with 3 to 7 in volume 

proportion was used to make the covering paste. However, water-based pastes 

needed to take some time for complete drying before chemical plating approach. 

When the metal deposition was thoroughly fixed, the paste was rubbed and rinsed 

off the fabric. The procedures of starch paste shielding are listed in Table 6-3. 

CHAPTER 6 167



Table 6-3 General Procedure of Chemical Plating Fabric Design  

with Starch Paste Shielding 

Phases Composition and Applied Statements 

Pre-treatment* Solution A; Solution B; Solution D 

Applying Pastern** Starch Paste 

Metal Deposition*** Solution C; Solution E; Solution F 

Cleaning Pastern Flowing Water, 40±2˚C 

*     Solution A for cleaning, Solution B for sensitisation and Solution D for 

activation as mentioned in Section 4.4.1 

**   Printed paste was conditioned with steam heated of range of 60±2˚C 

*** Solution C for chemical silver plating, Solution E for chemical copper plating 

and Solution F for chemical nickel plating as described in Section 4.4.1 

separately 

 

 

Following the stencil method, a pattern design was cut from a piece of thin, hard 

and non-absorbent paper. It allowed the starch paste to pass through the fabrics in 

the cut shape while printing. The starch paste shielding process was conducted to 

generate patterns with chemical silver, copper and nickel plating on three kinds of 

polyester fabrics. When the paste was completely removed from the surface of 

fabrics, the masked parts emerged the original colours of the fabrics after the 

chemical plating treatment. 

 

6.2.3.1 Starch Paste Shielding Process in Chemical Silver Plating 

Three kinds of silver-plated specimens are shown in Figure 6-10.  With the aid of 

starch paste shielding process, clear pattern appeared on the surface of these 
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fabrics. In Figure 6-10-a, the colour of Polyester I had been changed from white 

to brown on the covered area. As shown in Figures 6-10-b and 6-10-c, the 

blocked Zone A preserved the original colour of black colour in the polyester 

fabrics. All the results exhibited clear shapes using starch paste shielding process. 

 

B B B

(a) Polyester I (b) Polyester II (c) Polyester III 
 
Figure 6-10. Silver-plated fabrics with starch paste shielding process. Zones A are 
blocked domains and Zones B are silver-plated areas 
 

 

6.2.3.2 Starch Paste Shielding Process in Chemical Copper Plating  

This evidence verified the paste ability of masking metal deposition on the fabric. 

Figure 6-11 shows that the three copper-plated specimens exhibited clear edges 

of patterns with brownish colour. Copper-plated white Polyester I showed the fog 

effect around the designed pattern because there were few thin starch pastes 

clinging to it as presented in Figures 6-11-a. The organza Polyester III had 

shielded pattern on the surface of both sides due to its thin yarn structure.  

 

 

A 
A A 
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B A A A
B 

  
(c) Polyester III (b) Polyester II (a) Polyester I 

 
Figure 6-11. Copper-plated fabrics 

 

with starch paste shielding process. Zones A 
are blocked domains and Zones B are copper-plated areas 

 

6.2.3.3 Starch Paste Shielding Process in Chemical Nickel Plating 

Vivid patterns were carried out on whole fabrics with starch paste shielding 

process. As illustrated in Figure 6-12-b, the Polyester II exhibited reflecting 

effect after chemical nickel-plating treatment. The stencil process management 

could achieve a variety of patterns. 

 

A 
A A 

B
BB 

   
(a) Polyester I (b) Polyester II (c) Polyester III 

 
Figure 6-12. Nickel-plated fabrics with starch paste shielding process. Zones A 
are blocked domains and Zones B are nickel-plated areas 
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6.2.3.4 Discussion 

The starch paste shielding process permitted a certain degree of pattern making.  

Various forms with unique metal colours could be created using this method. The 

metal particles were quite isolated at the shielded area of fabrics by the water-

based paste. The final patterns were generated using chemical silver, copper and 

nickel-plating on three kinds of polyester fabrics. While other shielding methods 

limited the design requirement of subtle pattern, the starch paste shielding 

process combining with silkscreen printing technique was good for textile design 

creation.  

 

6.3 Summary 

The present study has discovered the relationship of conjugation of chemical 

plating and design operations. Three design methods were studied to verify the 

effect of shape generation in the chemical silver, copper and nickel plating 

treatments for different kinds of polyester fabrics. The parts of fabrics changed 

their original appearances when the metal particles were depositing. Material 

covering, wax screening and starch paste shielding processes could achieve the 

purpose of creating shape on the surface of fabrics through chemical plating 

treatment. The final pattern results were defined using many details such as dots, 

lines and forms created by the design methods. The present techniques could be 

used in metallising fabric design with the abstract characteristic. By combining 

the chemical plating technologies with silver, copper and nickel, there was a great 

potential of textile design requirements depending on the techniques of masking 
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and operational manner. The current investigations had built up a fundament of 

chemical plating fabric design.  

 

More effects were achieved on different polyester fabrics in this chapter. There 

was little change in the handle of metal plated polyester fabrics when compared 

with the original fabrics. The key findings based on the diversification of the 

generated colours and patterns were summarised. Firstly, the metal-plated 

Polyester I fabrics exhibited metallic grey colour effect. The preserved area 

showed the original fabric colour with brown annulus.  The tabby Polyester II and 

organza Polyester III fabrics had shining surface and clear shape based on its 

original smooth surface. Secondly, three design methods could isolate the metal 

particles deposition to fulfil pattern generations. The material covering and wax 

screening processes might produce the patterns on both sides of the fabric surface 

simultaneously. Starch paste shielding process might easy set the flexible pattern 

on the surface of fabric. The blocked areas could preserve the original fabric 

colour. 
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CHAPTER 7  

CREATION OF NEW DESIGN USING CPFD MODEL 

 
7.1 Introduction 

The purpose of this chapter is to explore the creation influence of metallised 

fabric design using the proposed system of CPFD (chemical plating fabric 

design). Through the integration of (i) design concept, (ii) inspiration, and (iii) 

design works studies, the chemical plating fabric design model was conducted on 

several types of polyester fabrics. The designs were progressed through initial 

ideas to final work which are conducted with several patterning methods. Each 

collection had melded the visual aspect and other influences of material, 

technology and aesthetic elements. 

 

7.2 Design Concept  

The design concept was appropriate to provide a brief overview of its coverage 

before concentrating on metallising fabric designs. The concept developed could 

be related to the culture nature. The approach of developed design concept was 

based on well-established principles of art, science and technology which 

permitted the description and investigation of our reactions to the surrounding 

stimulation. The design concept was a guiding ideology towards the components 

of textile design activity. Any enquiry into the nature of an art must have some 

dealings with its originals (Chiang, 1971).  
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In any design works no single element or principle can exist in isolation with 

respect to social, economic, ecological and technological challenges (Meurer, 

1999). It accommodates a creatively specific set of attitudes and meanings in 

design work. The cognitive culture context that attracts a considerable interest 

across textile design discipline today is considered as a concept information 

processing system that needs to be further unravelled.  

Design 

Associations from multi-information 

Comprehension 

Influences of social cultures 

Factors of technology 

 
Figure 7-1.  Pyramid of factors that influence the design process 

 

 

Although, the design concept contributed domain variables to each working layer 

of designers’ personal array of learned and inherited behaviour and knowledge 

(Dale, 1976), Jacquie Wilson argued that the six categories namely aesthetic, 

culture, economic, physical, managerial and social-psychological which should 

be related to the external and internal design (2001a). The design ideas could be 
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emerged following a virtual evolution stage as shown in Figure 7-1. This 

schematic pyramid based on designer’s cognitive processing would be a major 

theme throughout design practice.  

 

In the initial level, the design inspiration source brought about multi-information 

and then went to associations. The design ideas engaged feedback of perspectives 

from living environment. Secondly, social cultures were mostly associated with 

the working set of design elements including fashion trends and marketing 

demand. The capabilities of technology and method supported the realisation in 

the third stage. Subsequent to the above considerations, the personal mannerism 

was connected with and influenced by all the other levels until the agenda 

reached the top level where the design notion was established. The creating idea 

was evolved and formed in each phase which became fragmented in the design 

tasks. It conveyed the creation into the concept resonance by using the visual 

atmosphere to achieve design origination.  

 

Public interest in the textile design nowadays ensures that aesthetical and 

functional abilities greatly affect the work of developments. In describing textile 

design, there are certain words that immediately come to mind, e.g. invention, 

creativity, imagination, inspiration and personal expression. The producer, 

merchandiser and customer contain constant references to cases in which clients, 

owners, designers have seen aesthetics as an important factor in the choice of 

fabrics. 
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F-2 

CPFD 
Creation 

Technology Material 

Design 

Design Result 

F-3
F-1

 
Figure 7-2.  Impact factors of Chemical Plating Fabric Design (CPFD) 

 

In this study, the creations were bonded by three unrelated but important roles, 

namely design, technology and material in the form of triangle, which acted as 

trio-factors throughout the creations as shown in Figure 7-2. Visual design 

communication was obviously very important in commercial product and the 

visual factors were clearly influenced by the choice of appropriate technology 

and material as pointed by F-1 and F-2. The creative activity responded well to 

the many influencing factors, i.e. aesthetic factors, culture context and fashion 

trend as directed by F-3. Under such a strategy, the present research inter-related 

all the parameters by integrating design value creation, innovative production and 

design controlling disciplines together.  
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This study primarily dealt with the use of chemical plating as a textile design 

medium to contribute to new designs. Chemical plating fabric design was 

originated from a creative theme combining technical application and aesthetic 

representation. The chemical plating process and the sequence of design route 

were integrated according to the “scheme of research activity” as mentioned in 

Figure 1-2. The research process was conducted through literature review and 

technology investigation, evaluation and design applications that highlighted the 

study activities. The proposed map of CPFD was predicted in Figure 3-23 which 

covered elements of current study, i.e. materials (fabrics and metals), design 

creation and metallising treatment.   

 

7.3 Design Inspiration 

7.3.1 Cultural 

The present design issue was incubated with many visual factors relating to 

culture background. The oriental aesthetics adopted in this study was broad and 

appropriate to provide a brief overview of its coverage for particular aspects in 

the subsequent designs. Civilisation of classical China promoted values that 

support the initial design ideas. Based on the ancient sources, the influence 

aspects composed of the Chinese philosophy of Daoism and traditional art which 

engaged CPFD creations all the time. The characteristics in both spirit and vision 

were discussed.   
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7.3.1.1 Orientation 

Different Chinese philosophers presented some major ideas and a way of life that 

are nowadays known under the name of Taoism, the way of correspondence 

between man and the tendency or the course of natural world (Alan,1975). In the 

4th and 5th centuries BC, the philosophy Laozi (604-531 BC) and Chuangzi’s (4th 

century BC) Taoism influenced social culture including aesthetics. In China, it 

was left to the Taoists to speculate on how something might be created. “Yin” and 

“Yang” can further be explained as a duality that cannot exist without both parts. 

As general recognized, Tai Ji diagram often called the “Yin / Yang symbol”, 

Figure 7-3 shows that the mystic symbols “Yin” and “Yang” are a couple of the 

most common and most abstract characterists of the things of the world. 

 

 

Figure 7-3. Tai Ji diagram 

 

The philosophy of “Yin” and “Yang” polarity is one of the most fundamental and 

profound theories which is the Chinese perspective of balance and continual 

change. An Emperor known as Fu Hsi (about the 28th century BC) drew up a 
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system of linear combinations to represent all the observed phenomena of heaven 

and earth (Lip, 2000), i.e. “Yin” and “Yang” as they were called. “Yin” and 

“Yang” connote some of the many opposites (Yin and Yang, 2005) that are 

contained in such a simple symbol as shown in Table 7-1. It was originally 

derived from two signs corresponding to the positive and negative principles of 

the universe.  

 

Table 7-1 “Yin” and “Yang” Signs and Chart of the Many Opposites 

Name Meanings 

Passive 

 Cold Death Winter Female Night Even Moon Water 
Yin (陰) 

Active 

Hot Life Summer Male Day Odd Sun Fire  
Yang (陽) 
 

 

Harmony of “Yin” and “Yang” and the balance of the “Five Phases” of Water, 

Fire, Metal, Wood, and Earth reinforced Chinese civilisation (Yang, 1994). Based 

on these two signs, eight different groups of lines, representing Heaven, Earth, 

Wind, Thunder, Water, Fire, Mountains and Rivers were developed as shown in 

Figure 7-4 (Chiang, 1971). Under the eight headings shown below, he proceeded 

to classify the other objects of creation. The first sign represented heaven, 

emperor, father, gold, head, horse and so on, and the second sign represented 

earth, mother, cloth, breast, cow and so on. The items under each head were seen 
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to have some quality in common, i.e. those in the first list shared an element of 

strength and softness. Hence these eight line combinations were the origin of the 

characters and the abstract seed of creation.  

Heaven       Earth          Water          Fire 

 
  River      Mountain      Wind       Thunder      

 
Figure 7-4.  Eight headings by different groups of lines of Pa-kua 

 

 

Although the contemporary design themes were emerging continually from a 

wide range of sources (Bunce, 1993), the present design rather attempted the 

style and effect which were associated with the positive and negative images as 

well as “Yin” and “Yang” philosophy. The designs initially chose certain kinds of 

emotion which would be most suitable for the metallic textile design relating to 

its context. However, the current creations attended the mastery of positive and 

negative shapes to generate a sense, yet not totally remote from substantiality. 

They enriched the virtuosity and versatility of Chinese culture and even 

enshrouded them with a veil of mystery. 
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7.3.1.2 Symbolism 

 Dragon, a typical totem is deeply rooted in the Chinese culture. A large number 

of culture evidences have recorded the dragon design development spanning 

thousands of years. The dragon pictorially embodied the sources, process and 

vitality of Chinese civilisation (Yang, 2000). Dragon was revealing a culture 

system which was evolved in East culture.  The dragon represented different 

versions of nature image that confused ancient art and craft. The bronze “Ding” 

emerged a traditional culture of emotional atmosphere of ancient Chinese 

worshipped deities as shown in Figure 7-5-a.  The front and back of the body are 

decorated with large animal masks. There is a band of whorl designs that 

alternate with stylised “kui-dragon” designs and an embossed animal mask in the 

middle on both the rim and foot ring. The animal masks on the body of this 

bronze vessel are carved in brief shapes, but the decoration on the handles is very 

complicated and vividly carved in the round (Guo，Bronze Gui Vessel of Jin 

Lin).  

  
(a) Bronze Gui Vessel of Jin Lin  (b) Ding (detail, 錯金銀交纏龍紋蓋

鼎), Late Eastern Zhou or Han, 
China, 4

(堇临簋), Early Western Zhou dynasty  
(11 century BC-771BC) th-2nd century BC.  
 
Figure 7-5. Ancient bronzes, China 
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In Figure 7-5-b, the surface of the bronzes is a rich brown, lightly covered with 

powdery green corrosion. Elaborate inlaid decoration embellishes the lid. At the 

centre is a gold inlay roundel. The design consists of three large dragons with 

interwoven bodies twined around the small with scales (Rawson, 1990). These 

three dragons are inlaid with a keen attention to details, while the composition is 

well-organised and has a strong decorative quality. The slight mystery is 

presented on this “Ding”.  

 

 

 

 

 

 

 

 

 

 
 

 
 Figure 7-6. Inscription on Drum Shaped 

Blocks, China, 770-766 BC 
 

The style of the calligraphy is in perfect harmony with abstract style and meaning 

of likeness and unlikeness, orderliness and liberty, positiveness and negativeness 

logic. The typical example Inscription on Drum Shaped Blocks, engraved stone, 

is shown in Figure 7-6 (Inscription on Drum Shaped Blocks, 2005). The 
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cultivation of the art of calligraphy dates back to the Zhou before the 221 BC. 

This decorative “Seal Character” is known as suspended-stitch with energetic dot, 

line and plane with fine monochrome. These powerful effects agglomerate artistic 

rhythm in China culture contexts. It composes a poem which is a version in 

language of their brush and graver stories. ‘Ruggedness’, a wonderful 

combination of brush force and velocity, is one of the aesthetic appeals of 

classical Chinese calligraphy in the treatment of linear executions.  It embodies a 

strong feeling of ruggedness.  

 

Social culture is highly melded in personal creative activities. They are used to 

express the aesthetics of art into painting and emphasise the internal essence of 

the subject. Traditional culture heritage is still being preserved all over the design 

creations, perhaps partly because many of these cultural practices such as brush 

painting, calligraphy and poetry are means of nourishing and cultivating not just 

performing well-being of man but also spirit. China painting has been perfected 

over many dynasties and becomes a distinctive form of artistic expression. In 

China painting and poetry creations, they have been conjoined since ancient 

times. The underlying principle proposed by Su Tung-po (1037-1101) has been 

supported, i.e. within poetry there is painting; while within painting there is 

poetry (Su Shi, 1996). In the traditional Chinese painting, connotation is based on 

an understanding of form. A possible composition of “traditional Chinese artistic 

style” is a place of spirit which is composed of materials and visual identities. 

The limited colour work evolves and extends continually according to the poetic 
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life and imaginative logic. It has been said that traditional Chinese art has too few 

shades of colour. However, if the colours are observed by both the eye and the 

heart, it is clear that they are indeed sufficient. Colours not only deal with visual 

perception, they are also a response to psychological refraction of light. White 

does not signify a vacuum and black, in certain circumstances, substitutes for 

other colours (Cai, 1989).  

 
 
Figure 7-7. Mi You Ren, Wondrous Scenes over Xiaoxiang River (detail), Hand 
scroll, 289.5 x 19.8cm, 1135 

 

As illustrated in Figure 7-7 (Corpora of Chinese Painting, 1997), the classic 

“Wondrous Scenes over Xiaoxiang River” by Southern Song artist Mi You Ren 

(1086-1165) exemplifies a method which progresses from perceptual to intuitive 

knowledge. The landscape painting in composition relies more on painting from 

memory and feelings. Renounced colour and limited itself to wash-tinting, the 

painting utilised the power of the ink to diffusely imbue the paper in such a way 

as to vary the intensity between the poles of dark and light, murky and clear, thick 

and slender. Similar structure in Song Period, Ma Yuan and Xia Gui also created 
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a landscape without end, as if no scroll could be long enough to hold his vision 

(Barnhart, 1997). Perception is seen as necessarily relying on rational support. In 

traditional Chinese painting, “reduced-brush” is worshipped which means to 

simplify a complex scene with ink. Although the view in the painting is 

comparatively simple, its moods are quite the opposite.  

 

7.3.2 Material 

Materials can impact the design creations qualitatively which is an essential 

vector of transformation and innovation forever. When referring to experience 

and comprehension of true natural life, a metal has powerful expressive force for 

artistic creations. As shown in Figures 7-8 and 7-9, mechanic metals always link 

to smooth, reflective, strong and subtle colours. In addition to its weight, it heats 

up unbearably in the sun and freezes in the cold. Metal feeling and mirrored 

reflection can be specially represented to soft textile fabrics by updated 

technologies. Metallic feeling inspirits to the textile design creation which has 

opportunity to break conventional theme.  

 

Furthermore, natural subject is virtually impacted in contemporary textile design. 

Nature is infinitely changeable and shows herself in different garments to 

different eyes (Chiang, 1971). When comparing to the surrounding culture 

environment, natural matters are echoed in the first visual impression through 

conceiving design process. Water, along with air, is the commodity most 

essential to human life (Halliday, 2004). In different climates, water behaves in 
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various phenomena of natural visions such as rain, snow and cloud everywhere. 

They hold about 97 percentage of the world’s surface which is covered by oceans. 

Diversity of water condition opens unlimited colour in subtle grey entirely. The 

characteristics of water are transparent, weak blue or fluid handle which can also 

inspire textile design creation. 

 

 
Figure 7-8. Oiled metal chains  Figure 7-9. Stainless steel kettle 

 

 

The present design concept involved the inspirations that consisted of artistic 

Figure 7-10. Fragmental stone 
fastigium in Cheung Chau, Hong Kong, 
2002 

 Figure 7-11. Clouded and snowed 
view at the Imperial Palace, Beijing, 
2001 
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elements and textile features. The metal-plated textile design was stimulated by 

the environment of natural things such as water, metals, trees and rocks as shown 

in Figures 7-8, 7-9, 7-10 and 7-11. Emotion and impacted design style as well as 

predisposed colour, form and surface texture of fabric were specially created. 

Metallic and natural materials shared an equal place in this design journey. Hence, 

the element of particularity lied mainly in the uniqueness of the operative 

procedure, but not in the uniqueness of the nature motif. The curiosity of the 

proposed metal-plated fabric designs regarding both of these materials traced 

back to the trained designer’s concern for aesthetics contemporary. 

 

7.3.3 Science 

From the perspective of the ever more technical cultures of the industrialised 

world, it seems increasingly difficult to avoid the sense that, somehow, the entire 

world has undergone an indefinable but undeniable change, a kind of mutation. In 

R.L. Rutsky’s view, modernist has often been defined precisely in terms of its 

relation to technology (1999). New textile design processes have never 

automatically superseded the existing production methods; and most of the 

advances have been evolutionary in nature.  

 

Market demand for garments providing higher comfort, protection and 

performance has grown in recent years. As consumers continue to demand more 

innovative fabrics with specific performance attributes, the challenge facing 

fabric creations is how to meet the needs of this growing market. There is a clear 
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relationship between textile design and technology which can be practised to an 

innovative textile evolution.  

 

Mechanical and chemical advances often brought about styles which date from 

the discovery of a new process (Montgomery, 1970). In response to this trend a 

promising new field of techno-textiles has emerged which studies the 

development of techniques covering electronic textiles, engineered textiles, 

protective textiles and high-performance textiles to evolve the complex effects 

(Braddock, 1998). Styles associated with particular developments in new 

materials and updated technologies have been impacted to textile design effects. 

They become part of the textile research and have often been adopted for 

establishing new processes. The suggestion that technology can be treated as a 

serious criterion in textile design raises certain questions. 

 

 

 

 

 

 

 

 
 

  Figure 7-12. Space suit, NASA 
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Textile innovation gives an overview of the most innovative and exciting 

developments in the world. New techniques have usually stimulated fashion. For 

example, the space race has developed many of the high-performance materials 

and design techniques for the spacesuit to be later used for engineer techno 

fashion as shown in Figure 7-12 (Adanur, 1995). Although some designer may 

want to hide the technology away, others may want to give the new invisible 

functions some visible form. A great deal has been changed in the textile world 

by new functional requirement including fashion and interior products. The much 

heralded area of wearable technology and the incorporation of interactive systems 

are already commercially available in certain areas. For example, textiles that can 

automatically respond to temperature fluctuations, assist our well being and 

communicate are all the fact. 

 
(a) Staying alive-mountaineer’s suit (b) The device on interface of the cuff 
 
Figure 7-13. Staying alive-mountaineer’s suit, Philips 
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Some well-known specific garments have been conducted by the prospect that 

technologies might involve themselves in fashion matters. “Staying alive-

mountaineer’s suit”, an exploration of wearable electronics garments design by 

Philips, presents the clear path of technological progress. They are integrated 

with electronic device and GPS (Global Positioning System) functionality as 

shown in Figure 7-13. This mountaineer’s suit is made for extreme condition. 

The cuff interface provides readings of altitude, longitude, distance and 

temperature (New Nomads, 2000). The idea of integrating technology into 

clothing is therefore a logical step leading to the recent development of 

conductive textiles, embroidered sensors, fabric switches, fabric wiring, and 

flexible fabric displays 

  
(a) Effect of anti-Escherichia coli 
bacterium on treated Polyester I 

(b) Water repellence on interface of 
treated Polyester II 

 

 
Figure 7-14. Function effects of silver-plated and nano-material treated fabrics 

A lot of proposals have been made in public on how new technologies can be 

used to protect people. Usage is proposed for emergency situations only or as 

soon as a specific geographic area is left. Right now, teams of designers and 
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engineers are busy in creating the high-tech future of protecting textile. Quine 

stated that tomorrow’s garments would do more than just look well and feel great 

(2002). In the present metallised textile study, anti-bacterial and water repellent 

effects can be achieved by silver-plating and nano-materials treatment onto 

fabrics. The anti-Escherichia coli bacterium and the superior water repellence are 

shown in Figure 7-14.  

 

Special changes of textile design have often occurred when techniques are 

adopted from the updated technologies. These are some of the influential areas 

covered in the updated textile design innovation. When looking at the textile 

advancements made for medical, industrial, automotive and agricultural use, new 

textile design gains an exciting glimpse into what may be possible for garments 

and interior textiles technology in the more distant future. Besides computer-

aided design and manufacturing which are essential elements in today’s rapidly 

diversifying textile design process, developments in coating and plating 

technologies have provided new design possibilities and styles.  

 

Technologies are used to improve wearable textile products as the fashion trends 

bring it to the consumer with each new look. However, there are some restrictions 

that need to be taken into account especially when focusing on visual 

communication. These are technical and economic as well as emotional 

restrictions. Textile design has been concerned with the exploration of the visual 

potential of the material and technology which add the new visual and functional 

CHAPTER 7 191



values. The aesthetic considerations have been related to design procedure mostly. 

It is the approach of the interaction with the soul and mood which is important in 

the present research. 

 

7.4 Creation Using CPFD Model 

7.4.1 Design Elements 

The colour, shape and texture can acknowledge the three essential elements of 

textile design. The design principles of balance, rhythm, repetition, emphasis, 

contrast and unity are what designers do with the design elements to make a 

creative works (Malcolm, 1972). They can be regarded as visual language of 

textile design (Briggs, 1997). Being the outposts of our nervous system, the task 

of eyes and fingertips is to gather information about the textiles and transmit it 

back to the brain. Some types of factors are strongly associated with particular 

performance and represent design meaning. In the design practice, colour, shape 

and texture are investigated as the design features in the CPFD. The perception in 

the combination of all visual elements to become a unified whole is commonly 

meant by design concept. These basic factors molded the integral design in terms 

of importance (Malcolm, 1972). This section addresses the definition of visual 

factors and how these issues are related to the CPFD results. 

 

7.4.1.1 Colour  

The psychology of colour is a complex and highly subjective field and it also 

culture and geographic in nature. Our mechanical perception of colour is 
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influenced by the surface of objective, the presence of other colours in the 

vicinity and the colour of the incident light. Colour has different connotations 

across cultures which in turn have a huge impact on design. Gill, M. described 

that a very basic principle of colour theory is mixed natural colour combinations 

(2000). Using colour can communicate the abstract things such as time, space, 

weather and temperature (Bawden, 1994; Wilson, 2001b).  Colour is used to 

create moods and enhance the design theme of the final products. It is a powerful 

element in decorative textiles which provide atmosphere and colour emotion of 

either warmth or coolness.  

 

A design certainly cannot deviate from the fusion of the colour effect. Specially, 

colour surely plays the individual role as a carrier of visual factors in the textile 

design. In terms of colour inspiration, it is associated with mystic antiquated 

thing, e.g. bronze, oiled metal and polished kettle, as shown in Figures 7-5, 7-8 

and 7-9 respectively. All tones of colours present very well on it due to the fact 

that grey is refined and pleasing to the eye (Feisner, 2001). Fine sophisticated off-

white, silver grey and cold glaucous colours are illustrated in these articles. 

 

Both sides of the shell have variations of blue tone as illustrated in Figure 7-15. A 

look at natural colour reveals a far wider spectrum, i.e. a multitude of the 

iridescent blueness in the interior of shell. Soft blue is regarded as the classic hue 

as seen in the exterior face of shell. These flexible colours are also the reflection 

of complex emotions. Whether combining natural hues with metals or shells is 
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just a few of the basic colour principle which is the first step towards achieving 

positive results. Ideally, inspirited by nature objects can carry out the favourite 

colour images. Metal-plated fabric colours can come from sophisticated silver 

grey harmoniously. 

  
(a) Interior (b) Exterior 

 
Figure 7-15. Various colours of the shell 

 

 The present metallised fabric designs were intended to express the clear shine of 

metals onto fabrics. The results obtained from the technique of chemical plating 

allowed different fabrics to create an entirely new effect that was soft and 

permeable and had the appearance of shining surface. These designs were 

dependent on the strong contrast between black and metallic colours with tonal 

effect. As illustrated in Figure 7-16, the inverted metallic version of both samples 

of Polyester II and Polyester III appeared to have more colourful effects with 

different emotion. The change in colour reinforced the potential of chemical 

plating for rendering alternative and innovative textile designs.  
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(b) Silver-plated Polyester III(a) Silver-plated Polyester II 

 

  
(c) Nickel-plated Polyester III (d) Copper-plated polyester II
 

 
Figure 7-16. Colour effects of metallised fabrics 

 

7.4.1.2 Shape 

A shape is a visually perceived area created by either an enclosing colour changes 

or defining the outer edge. The dot, line and form are revealed from careful 

observation of the natural surrounding. Lauer and Pentak remarked that sources 

in nature and culture were clearly identified in the artistic works (2000). Many 

geometric configurations have been used in the present chemical metal-plating 

process. Throughout the designs, the dot, line and shape have been related to the 
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special social culture background as mentioned in Section 7.3.1. Some forms 

extracted from the things such as dragon, inscription, mountain, cloud, stone and 

shadow are inspirited initial design ideas as shown in Figures 7-5, 7-6, 7-7 and 7-

10 respectively. The simple geometric forms can be obtained from these images 

which are considered as emerged pattern sources.  

 

Figure 7-17. Light and shade  Figure 7-18. Astronomy chart, 
China, A.D. 10th C.  

 

Following the range of geometric patterns, the metal-plated designs have 

represented the features of inspired forms as illustrated in Figures 7-17 and 7-18 

(Astronomy Museum of Culture Relic, 2004). The lines and dots were created by 

irregular or regular structures linked to the soft fabric. They were capable of 

forming infinite forms which were made quickly with a minimum of effect to 

convey all sorts of moods and feelings.  

 

Chemical metal-plated fabrics depicted in an important design consideration of 

the repeated shapes are shown in Figure 7-19. Looking at fabric designs, the 
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positive and negative effects were emerged on the surface of fabrics. Although a 

shape is a positive effect and occupies positive space (Malcolm, 1972), the forms 

of the dots and strips in metal-plated fabrics have shift back and forth from dark 

to light in seeking the positive element. The very different visual effects were 

caused solely by its placement within the format. The black shapes immediately 

organised the geometrical shapes which presented a dark shape against a lighter 

background. The masked areas also indicated that inverting image could 

significantly experience the design mood which was the vital part of visual 

design.  

 

  
(b) Silver-plated black organza 
Polyester III

(a) Silver-plated black Polyester II

  
(c) Nickel-plated Polyester II (d) Copper-plated Polyester I
 
Figure 7-19. Various forms on the chemical metal-plated fabrics  
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 7.4.1.3 Texture 

In most of the design areas, texture is an important consideration. Many art forms 

have a basic concern with texture and its visual effects. Real texture is something 

that can be felt or tactile. Smooth finishes are often considered as ‘cold’ that may 

be associated with machine production and coldness of perfection, whereas sandy 

finishes are generally described as ‘warm’. Texture inspiration comes from the 

things around us that are extremely impacted to CPFD creations. The present 

orientation of metallising fabric designs can be gathered from natural feelings 

which are influenced from the surrounding.  

 

  
Figure 7-20. Ceramic  Figure 7-21. Taro 
 

 

 

Figure 7-22. Ocean wave, Victoria 
Harbour, Hong Kong 

 Figure 7-23. Rock, Shek O Headland, 
Hong Kong  
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Tactile texture is the more common feature of a fabric performance, whether it is 

smooth, rough, dull or glossy. The chemical metal-plated fabrics can be traced to 

the final texture effects in terms of both eyesight and handle feeling. When 

referring to the textile requirements, soft and smooth surfaces are echoed in the 

first impression through the design creations. Based on the closely observed 

shadows and reflections in the ceramic, taro, water and rock as shown in Figures 

7-20, 7-21, 7-22 and 7-23 respectively, the texture of fabric may vary all the 

feeling from the smoothness of water to the roughness of stone. The elemental 

materials in two-dimensional images are a visual sensation which is mentally 

interpreted as tactile immediately. 

  
(b) Nickel-plated Polyester II (a) Silver-plated Polyester II 

 
(d) Copper-plated Polyester III (c) Nickel-plated Polyester III 

 
Figure 7-24. Various texture of chemical metal-plated fabrics   
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The metal-plated fabric designs were embodied through the concrete texture. 

Figure 7-24 shows a contrast surface of the metallised fabrics among the smooth 

Polyester II and the organza Polyester III fabrics. They also exhibited the effect 

of scale on our visual impression of texture. At close range they might be 

observed as an individual feel. The chemical metal-plated fabrics dominated the 

illustration in photographs which evoked the rich sense. 

 

The study of these cases has demonstrated that the texture form must influence 

the overall form of the appearance and so it is interesting to speculate the textures 

of the fabrics. The textures of the fabrics are usually felt through the touch 

contact and have a great effect on qualitative awareness. Though the feeling of a 

texture is slow to come, it is a taste that can be appreciated more. As time goes by, 

its change and contrast offer a pleasant long-lasting aftertaste. 

 

7.5 Design Collections 

A pre-feasibility study of chemical plating fabric was narrowed down through 

design applications. Metallised fabric designs were generated by chemical plating 

and patterning operations. The creations revealed some design cases of (i) how 

chemical plating feeds into the fabric design within the design processes and (ii) 

how chemical plating treatment influences fabrics, thereby making them become 

independent within the design process. These design events were associated with 

experimental results and aesthetic experience in the field of textile spectrum. The 

selected metallised fabric designs accompanied by sequential illustrations and 

CHAPTER 7 200



described were reported. CPFD model have been used completely in the 

decorative application through operative steps. 

 

This section is intended to communicate with (i) the concept of the initial designs 

when beginning a collection of images, (ii) how those design ideas were 

developed through the process of chemical plating, and (iii) reflections on the 

creative fabric designs. These fabric designs were experienced the same 

procedure by means of both physical and chemical treatments, there were pre-

treatment, patterning operation, chemical plating and post treatment procedures. 

The used materials and techniques were described throughout every design 

practice. Due to the fact that the metallised fabric appearance was very dependent 

on the texture of the substrate, thus different types of polyester fabrics were 

plated with metals combining resist methods, i.e. black smooth Polyester II, 

organza Polyester III and brown Polyester IV.  

 

The collections were divided into three parts based on design methods, i.e. 

resisting with thread, materials covering and isolating using adhesive tape. A 

series of analysis was carried out based on the practical design works. The 

examination included opportunities to view many of the images along with a 

portfolio of work. These illustrations would present the diversity of design works 

ranging from initial ideas to metallised fabrics and their effects in detail. These 

design works were articulated at creating or interpreting the visual world. The 

fabric designs were exhibited on specific occasions and places with several 
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reasons: (i) to explore the chemical metal-plated fabric potential which is 

increasingly important to the design domain; (ii) to add extra dimensions in terms 

of both visual and tactile expressions which cannot be experienced with letter; 

and (iii) to suggest the appropriate approach of metallising fabric design with 

respect to their image quality. These design applications were presented within 

the dissertation have been chosen primarily to offer an indication of the chemical 

metal plating model and the fabric creation.   

 

7.5.1 Design Collection I 

7.5.1.1 Intention 

This collection of chemical silver-plated fabric designs began with three 

intentions, i.e. (i) to consider the influence of tie process on the chemical metal-

plated fabric images; (ii) to see what effects would occur between the resist 

process and the chemical plating; and, (iii) to use loose forms on fabric as the 

design style.  Two designs have been attempted to express aesthetic emotions in 

the visual communication. The metaphor from nature and culture were assigned 

to textile creations. Based on the design inspirations, the traditional and nature 

feelings were involved in fabric designs with relaxing forms. These designs 

deployed the images in transition between the visible and the invisible.  The fact 

of textile designs has often been influenced by traditional techniques. This 

collection involved altering the very subtle qualities of the wrapping operations.  
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(a) Detail of the fabric design 

  
(b) Three-dimensional fabric effect 

 

(c) Fabric design placed on the coffee table 
 
Figure 7-25. CPFD-01. Chemical silver-plating, Polyester IV, 70 x 120 cm 
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(a) Detail of the fabric design 
 
 

 
A

 

 

 

 

 

 
(b) Three-dimensional fabric effect     

  

 

 

 

 

 

 

 (c) Fabric design placed on the coffee table  
 
Figure 7-26.  CPFD-02.  Chemical silver-plating 
Polyester II, 64.5 x 135 cm 
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7.5.1.2 Reflections  

Original fabrics were wrapped with thread according to the pre-planning. The 

effects of CPFD-01 and CPFD-02 are shown in Figures 7-25 and 7-26 

respectively. The resisted areas preserved the original fabric colours against the 

brilliant background of silver colour. This collection of silver-plated fabric 

designs was examined to study the effects of the fold and tie processes. Bound 

areas preserved the original fabric colour in the middle safe from penetration by 

chemical plating.  Two fabric designs obtained unrestricted patterns by means of 

tie method. The resist shapes were based on the design operations which were 

further increased to enhance the versatile features. Compact shapes were 

integrated with fabric designs in the form of circles and strips with original 

colours. Conversely, the metallised fabric images had the opposite colours 

meaning of silver and brown / black. The silver-plated fabric design produced 

combined well with positive and negative effects. 

 

The attributes of patterns were specifically linked to the design operations. 

Extending areas must be covered at the tie areas due to the influence of fastening 

way. The shielded areas preserved the original fabric colour with template’s 

shapes with link and diverge from the previous traditions and styles, this 

collection had investigated many issues including the potential of the chemical 

plating using the thread wrap way and the translation of the visual images. The 

fabric designs were in conscious decision with respect to reference traditional 

styles. The moods of the design inspiration came from thinking which in turn 
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comes from images. In these creations, both design theme and qualities of the 

images had a strong relationship.  

 

7.5.2 Design Collection II 

7.5.2.1 Intention 

The designs attempted to create contemplative, neutral feelings through dot, line 

and form based on material honesty and structural integrity. The design collection 

was influenced by the oriental cultures. In his “Dao De Jing”, Laozi stated that 

“Tao” produced the one, the one produced the two, the two produced the three, 

and the three produced the ten thousand things (Chan, 1963). Creative works 

achieved a fitting denouement to a life dedicated to the idea of a universal 

simplified style. In this collection the decision was made to continue further the 

idea of employing masking approach. The considerations of material covering 

process and creative exploration were conducted to coincide with particular 

design inspirations. The forms were modified and then turned to the creations 

which were derived from material clamping operations with coins, sticks and 

clips. They integrated the simplicity style with geometric motifs. These designs 

sought the sensibility of abstract characteristic on silver-grey backgrounds.  
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(a) Detail of fabric design 
 

 

 

 

 

 

 

 
(b) Colour grade change from light grey to dark grey 
  

 

 

 

 

 

 

 
(c) Fabric design placed on a coffee table  
 
Figure 7-27. CPFD-03.  Chemical silver-plating 
Polyester II, 70 x 120 cm 
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(a) Detail of fabric design  
 
 
 

 

 

 

 

 

 
(b) Three-dimensional fabric effect 
   

 

 

 

 

 

 

 
(c) Metallised fabric placed on a coffee table 

  
Figure 7-28. CPFD-04.  Chemical silver-plating 
Polyester II, 197 x 71 cm 
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(a) Transparent effect 
 

 

 
 

 

 
 

(b) Metallised fabric place on a coffee table 
  

(c) Three-dimensional fabric effect 
 
Figure 7-29. CPFD-05.  Chemical silver-plating 
Polyester II, 52 x 112 cm 
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(a) Detail of fabric design     
 

 

 

 

 

 

 

 
  

(b) Three-dimensional fabric effect  

  

 

 

 

 

 

 

 
(c) Metallised fabric placed on a coffee table   
     
Figure 7-30. CPFD-06. Chemical silver-plating 
Polyester III, 154 x 72 cm 
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(a) Detail of fabric design 
 

 

 

 

 

 

 

 

 (b) Detail of fabric design I 
 

 

 

 

 

 

 

 

(c) Three-dimensional fabric effect II  

Figure 7-31. CPFD-07. Chemical silver-plating 
Polyester III, 52 x 112 cm 
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7.5.2.2 Reflections  

The material covering process was an easier approach for the chemical plating 

fabric design. There were many shapes created by clips, stainless steel pieces and 

wooden sticks materials. The polyester II and III fabrics preserved the original 

black colours after silver depositions. Simple silver colour showed the 

inexhaustible effects by various designed conditions. Different times of plated 

treatments received different effects. For example, CPFD-03 was treated for 

different times at different areas as illustrated in Figure 7-27. Middle area showed 

blue colour when plating process was conducted for short times (10 minutes). 

Both ends of the fabric had lighter blue colour appearances after silver was 

deposited for longer time (18 minutes). This design exhibited the gradual change 

of colour appearing to be different space in one piece of fabric. 

 

In this design, metal colour was an important visual factor in current creations. 

Many small covered areas preserved the black colour pattern on silver-grey 

background. The applied materials conducted the simple geometric forms. As 

shown in Figures 7-29 and 7-31, both CPFD-05 and CPFD-07 demonstrated the 

silver-plated fabric combining parallel lines and modified colours harmoniously. 

The designed fabrics were of deliberately ambiguous style ranging from black to 

blue grey tone in Polyesters II and III fabrics. Figures 7-28-a and 7-29-a exhibit 

the appearances of silver-plated CPFD-04 and CPFD-05 fabrics are influenced by 

the illuminated source when being placed in different surroundings. 
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Unity of design was planned and controlled in design creations. Figures 7-27 and 

7-28 illustrate the idea of a high degree of unity. Intentionally, similar forms were 

recognised in these designs. The negative patterns together with the spaces 

between the patterns were also similar and repeated. Rhythm as a design principle 

is based on repetition. As shown in Figure 7-29 and 7-30, the pattern 

arrangements of CPFD-05 and CPFD-06 built a rhythm according to the 

characteristics of Chinese painting with its clear structure of near, middle and far 

distance. The resist areas presented sharp edge with slight blue auras. There were 

boundless potential depending on the control of resist shape and operational 

manner in design application. It was a simple way to get a high-contrast form. 

 

Metal-plated fabric designs, CPFD-03, CPFD-05 and CPFD-06 presented a 

peaceful feeling and a tranquil setting as shown in Figures 7-27, 7-29 and 7-30. 

In the case of CPFD-04 and CPFD-07 as illustrated in Figures 7-28 and 7-31, 

they expressed liveliness and spirit of the piece, and the sharp, silver colour with 

blurring edge of patterns. The transparent effect was very easily influenced by the 

surrounding materials nearby. Its colour changed deeply when it was overlapped 

during metal deposition. They integrated a modern, abstract style with traditional 

sensibilities. There were no conscious decisions with reference to any previous 

styles. Many different effects were applied to the freedom structure and agile 

operation.  The design CPFD-07 made different effects on sensitisation action as 

well as the plain patterns in chemical plating action.  The final pattern got the 

blurry shape and subtle colours on Polyester III fabric.  
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7.5.3 Design Collection III 

7.5.3.1 Intention 

The interest was focused on geometrical shape which was created from initial 

design ideas. The desire to decorate and improve textile fabric appearance could 

also be considered within this grouping. This collection sought to explore the 

feasibility of creating new images if an adhesive paper was used to mask the 

surface of fabrics. The sketches were drawn simply to record the effect or 

thinking upon visual communication. The interest was focused on personal 

perspective of universe. When the perspective was taken, the more abstract 

motifs of the final results would appear. These designs were combined and 

merged in a variety of possible visual quality and simple elements through 

present designs. The design based on the intention was implemented by using 

metallising method and making reference to the metallic fabric design. 
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 (a) Detail of fabric design 
  

 

 

 

 

 

 

 
 (b)  Front of the metallised fabric 

 

 

 

(c) Back of the metallised fabric 
    
Figure 7-32. CPFD-08. Chemical silver-plating 
Polyester, 70x 120 cm 
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(a) Metallised fabric design 
 

 

 

 

 

 

 

  (b) Detail of fabric design 

 

 

 

 

 

 

 

 (c) Three-dimensional fabric effect 

Figure 7-33. CPFD-09. Chemical silver-plating 
Polyester II, 142 x 68 cm 
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7.5.3.2 Reflections  

This collection involved the very subtle operations of the resist process by means 

of adhesive tape. This process was used here together with chemical plating to 

create a resist effect. At the same time, the different patterns could be received on 

different sides of fabric. Tabby black Polyester II fabric was employed in the 

present design practices. The chemical-plated fabrics were produced by applying 

the adhesive strip onto the surface of fabric and then plating it with chemical 

silver process. By using adhesive tape sticking method, the design results could 

isolate the activity of chemical plating reaction at the masked areas. CPFD-08 

exhibited decorative effects by using the chemical silver plating as shown in 

Figure 7-32. Different images were obtained on different surfaces of the front and 

back sides of the fabric by patterning operation. The blocked areas of black for 

the two faces were emerged from the patterned surface providing a clear contrast. 

 

The CPFD-09 exhibited the details with both blurry shapes and clear strips in 

specific areas as shown in Figure 7-33. By arranging the patterns a design that 

controlled and forced the movement of eyes and attention was drawn to the 

designed forms. It also showed delicate rhythm which enhanced the artistic 

conception qualities at the surface of fabrics. Simple effects represented the 

original concept and meaning with unique metallic looks. The arrangement of the 

silver grey colour had shining effect on the surface of fabric. The black and grey 

were also ideal background colours. The structure of CPFD-09 in composition 
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relied more on design derived from memory and feelings of a landscape without 

end. 

 

7.5.4 Discussion 

As mentioned by the above designs, different expressions in terms of visual 

factors were changed by combining both chemical plating and design operations. 

Particularly, chemical silver-plating had unique colour, pattern, light reflection 

and texture on the surface of polyester fabric. The designs produced a wide range 

of black patterns on shiny backgrounds. The clear edge of geometric pattern 

emphasised the diverse spaces on both the smooth surface and dense structure of 

fabric. An interesting texture did not necessarily have to be three-dimensional, 

even a flat pattern method could exhibit depth. The patterns could easily exhibite 

a space depth with geometrical forms and colour tones. When viewed from 

different directions, armoured fabrics truly changed its colour look. The rhythmic 

dots and lines enhanced the artistic conception qualities.  

 

The shapes might have been arranged to give a feeling of dimension. In this 

collection there was the possibility that simple shapes might have been placed on 

a flat surface to simply create an interesting design. The current fabric design 

used very energetic forms that had strengthened the effect of reincarnation 

symbolises. “Yin” and “Yang” indeed played an important role in design 

creations which exhibited unrestricted repetition that had positive and negative 

effects. According to the interplay between polarities, along the lines of the 
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opposing yet complementary factors that are “black” and “white”, the “steady” 

and the “moving”, that which has form and that which does not. These creations 

pursued in capturing feeling in their original dynamic tension and, going back to 

the inspiration of their origins, revealed the tiniest glimpse of their invisible 

depths, freeing in this way their spiritual dimension. The designs imbued with 

potential by all of the interiority of the abstract elements.  

 

7.6 Summary 

A series of physical and chemical treatment methods relating to metallic fabric 

design have been carried out in the present study. Relevant creative methods for 

generating metallic textile designs have been developed. The section began with 

an orientation and planning how the metallised fabric design would achieve. For 

decorative feature of fabric, significant correlation exists between chemical 

plating and design creation. Beyond the theoretical introduction, the CPFD model 

had validated which were sensitive enough to load the metal particles onto the 

fabrics surfaces. According to the design results, the advantages were revealed in 

current metallising fabric design, i.e. (i) Developed design idea through the 

integration of aesthetics and technology; (ii) CPFD system could be employed to 

textile design creation; (iii) a variety of decorated textile effect with shining 

surface could be achieved after conducting chemical plating on many kinds of 

polyester fabrics; (iv) chemical plating and design creation might give an abstract 

pattern image. 
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The metal-plated fabrics involved traditional essentials as major design 

inspiration. Aesthetics and technology had been absorbed into the present 

metallising fabric creation and then individuation. CPFD model combined with 

beautiful things of both traditional and modern characteristics could bring a world 

of possibility in textile design. Refined material covering approach was used in 

the present fabric design operations. The actual metallising design system was 

applied to creation by means of chemical plating and resist methods which 

connected the initial design concept to the several polyester fabrics. The design 

collections were influenced by many factors such as fabrics, metals, auxiliary 

materials, and techniques such as chemical plating and design creations.  
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CHAPTER 8 

SUMMARY AND CONCLUSION 

 

8.1 Introduction 

This chapter summarises all the work done in the present study. It was concluded 

that the present study had produced a well developed technical textile design 

basis for the application of the chemical plating method. The proposed idea had 

crossed the chemical plating with textile properties to generate innovative 

metallic fabric effects. Based on a series of chemical plating experiments with 

silver, copper and nickel on silk, cotton and polyester fabrics, the chemical 

plating fabric design (CPFD) model was established. The main findings of the 

performed work were stated and some comments on the literature of current 

research were made. Finally, some recommendations for future work in this 

discipline were provided.  

 

8.2 CPFD Model 

The main intention of this project was to determine the textile design method 

connecting both technology and aesthetic aspects. The research developed a 

special system employing a useful tool and strategy which linked to an effective 

model for the creation of metal-plated fabric. Experimental results and design 

pieces provided the completed information of relative elements for a design 

system. After organising the overall essentials and ensuring that each technique 
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conformed to the empirical criterion, the research could be further proceeded to 

establish a CPFD system as shown in Figure 8-1. The CPFD system was stated in 

the chart with three aspects namely design creation, design methods and chemical 

plating. The chemical plating fabric design integrated design concept, inspiration, 

visual elements, design methods, and chemical plating that may become a 

prospective field for both functional applications and fulfilling aesthetic demands. 

This CPFD model reflected all the procedures of the proposed research 

methodologies. The chaining CPFD system described the development of 

physical and chemical treatments with necessary essentials. As a type of specific 

fabric treatment system, CPFD was significant in textile design creations for it 

established (i) a fabric design process combining technology and aesthetics; (ii) a 

series of chemical plating fabric design processes on fabrics; and (iii) some basic 

operating parameters of design methods for chemical plating fabric design.   
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8.2.1 Design Creation 

Metallising fabric assessment of design creation involved the concept, inspiration 

and design elements. CPFD had a great potential for ornamental textile design 

with visual design creation. It was truly believed that the cooperation would 

endow the textile a new inspiration and modern mood. The combination of a 

variety of fabrics and CPFD processes was most likely to cause certain results to 

react and produce exquisite surfaces. Reflective surfaces could be offered as 

individual looking due to the deposition of specific metal particles on the surface 

of fabrics by chemical plating process.  

 

Metallic colour achieved metal lustre on the surfaces of the polyester fabrics with 

various appearance and smooth handle. As illustrated in the design collections, 

the non-figurative patterns were created using CPFD design model. The design 

results achieved various reflective effects based on the results of three different 

polyester fabrics. Due to the use of appropriate approach, the achievement of 

chemical plating fabric designs could be made in (i) silver, copper and nickel 

colours; (ii) abstract geometrical patterns; and (iii) fluid, lightness and softness.  

 

8.2.2 Design Method 

The chemical plating processes has been generated for the purpose of adorning 

fabrics. The present CPFD model has shown extraordinary potential to create 

new textile fabrics. The reproducibility of creative techniques was developed 

under compatible design ideas in the CPFD approach. Three types of patterning 
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methods were applied to chemical silver, copper and nickel plating, i.e. material 

covering, wax screening and starch paste shielding processes. Material covering 

process had been developed using appropriate auxiliary materials for design 

requirements. Different design methods have been used to create the unique 

metallised fabric effect. 

 

From the preliminary design applications, some results were found and 

summarised as follows: (i) the final colour appearance depended on the 

properties of fabric substrates; (ii) the diverse colour appearance could be 

managed by controlling the reaction condition; (iii) the present reflected value 

correlated with the concentration of the solution; (iv) the resistant materials could 

shield the plating reaction to fulfil the design creation; and (v) the patterns could 

be generated on both sides of the fabric surfaces uniformly. 

 

The present study developed aesthetic effects via the accomplished facts of 

chemical metal plating. The design methods permitted a certain degree of original 

creation with manual randomisation. The chemical plating fabric designs using 

creative processes presented various effects with the iridescent background. The 

features of design creations played an important factor in metallising fabric design 

due to its influence on colours and textures. Chemical plated fabric, fashion and 

accessory can be used in catwalk, party wear and home textile areas with 

highlight performance. 
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8.2.3 Chemical Plating 

The chemical plating process was employed to extend the metallic textile design 

with design methods. The experimental work was conducted in three phases 

including pre-treatment, chemical plating process and post treatments. Selected 

silk, cotton and polyester fabrics were plated by silver, copper and nickel 

particles with dense granules. The results were achieved by precipitating metal 

nucleation sites on the surface of fibres through surface observation. In the 

chemical plating, fabric samples were cleaned with detergent, deionised water 

and sensitised with stannous chloride. The samples should be specially activated 

in aqueous solution with palladium chloride mainly for copper-plating and 

nickel-plating. Three groups of chemical plating solutions adopted in the current 

experiments are summarised as follows:  

 

(i) Chemical silver plating: silver nitrate, ammonium solution, sodium 

hydroxide and glucose (reducing agent). 

 

(ii) Chemical copper plating: copper (II) sulphate 5-hydrate, potassium 

sodium tartrate, sodium hydroxide and formaldehyde solution 

(reducing agent). 

 

(iii) Chemical nickel plating: nickel (II) sulphate 7-hydrate, tri-sodium 

citrate, ammonium chloride, few drops of sodium hydroxide and 

sodium hypophosphite monohydrate (reducing agent).  
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According to the descriptive and new normative recommendations, chemical 

plating had the following advantages: (i) non-conducting fabrics were metallised 

to create fabric design; (ii) appearance of metal-plated fabrics were controlled by 

adjusting the chemical reaction conditions; (iii) chemical plated fabrics appeared 

shining effects with various metal colours; and (iv) many application functions 

were improved in metallised fabrics. 

 

8.3 Metallised Fabric Properties 

The specific performance of silver-plated silk, cotton and polyester as well as 

copper-plated and nickel-plated polyester fabrics had been determined. The 

experimental outcomes just met the international standard requirements of ASTM 

D 3591. Major performance of appearance, i.e. resiliency ability, retention of 

hand and character, strength, dimensional change, colour fastness to laundering, 

light and ozone, and flame retardancy fulfilled the textile fabric requirements. 

The final performances of metal-plated fabrics were influenced by the feature of 

the conventional fabric. Chemical plated fabrics had unique quality not only 

suitable for consumer demand but also for functional applications. The 

development of anti-static property, ultraviolet radiation screen and anti-bacteria 

ability of the metal-plated fabrics had been investigated. 

 

Furthermore, the present study combined technologies and design operation to 

improve textile appearances. Based on the specific requirement, the current 

metal-plated fabrics could be applied to some smart fashion design fields such as 
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(i) functional textile applying the protective wardrobe to enhance special job 

safety and performance under the rough climate condition; and (ii) 

communicational textile improving the wearable electronic fashion for 

personalised information processing, healthcare and tele-medicine system. 

 

8.4 Conclusion 

Metallising was the effective means of producing advanced metallic textile 

design. Some researchers had described the perspective of metallising methods in 

textile production (Higging, 1993; Smith, 1999). The available chemical plating 

methods had been introduced to functional textile applications (Tripathi, 2001; 

Akbarov, 2005). Their works had provided useful information about the metal 

coating operation for functional textiles. The textile fabric family had been 

greatly extended through the chemical plating method.  

 

Metallising fabric design had become an attractive research field in both 

aesthetics and functional applications. Some metallised textiles had been 

achieved through vacuum deposition, sputtering and electroplating methods 

(Braddock, 1998; Sudō, 1999; Black, 2002). Of the various types of metallising 

methods, chemical plating had also been studied for functional textiles in the 

research context (Marchini, 1991). A method was introduced to produce 

conductive textiles with chemical metal plating (Akbarov, 2005; Bertuleit, 1991).  
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Metallising fabric design has played an important role in advanced textile 

products. However, hitherto, no combined system had been introduced to enable 

textile design using chemical plating. Conjunction of chemical plating and craft 

methods has been considered as essential for an efficient metallic fabric design 

process in present research. In order to investigate the potential of chemical 

plating fabric design, the present study had completed six major tasks, i.e. (i) to 

gather the relevant information and technologies; (ii) to propose the CPFD 

method; (iii) to conduct the chemical plating on fabrics; (iv) to evaluate the 

chemical metal-plated fabric performance; (v) to devise the patterning procedures; 

and (vi) to establish a virtual design model and use it for creation. On the basis of 

these achievements, the following important points have emerged. 

 

1. A general belief in the hybrid approach dominated the current study. This 

study carried out a modelling CPFD system combining the comprehensive 

parameters which comprised design and technology. The determined CPFD 

method provided the physical and chemical treatment process with textile designs. 

The experimental works verified that the specific performance of the innovative 

metallic fabrics was obtained by the CPFD model. Design creation, design 

method and chemical plating were assembled in this modular CPFD. The 

modular CPFD provided a virtual metallising design process that created a 

unique textile ranging from technical operations to aesthetic results.  
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2. The metallising technology involved chemical metal plating with silver, 

copper and nickel. These three metals were deposited onto the surface of silk, 

cotton and polyester fabrics with uniform micro-structures. The completed 

chemical plating procedures were performed with appropriate operative 

conditions. The chemical plating treatment generated metallised fabrics with 

unique performance and appearance. This technical method created metal-plated 

fabrics which could fulfil the requirements of innovative textiles.  

 

3. The extension method was a continuance of traditional aesthetic style. Three 

kinds of design methods, namely (i) materials covering, (ii) wax screening and 

(iii) starch paste shielding, were examined for pattern creation. The proposed 

application suggested the operation of an individual unit within array forms by 

means of the design operations of random transformations and variations. The 

results of metallised fabric design had identified the potential of creations with 

these abstract patterns and fluid texture.  

 

4. The metal-plated fabrics had achieved the special requirements of international 

standard applicable to the metallised textile designs using chemical silver, copper 

and nickel plating. Silk, cotton and polyester fabrics had reacted differently 

producing new textile effects. Their compliance properties were revealed when 

compared with the specification of the ASTM D3691. The metal-plated fabrics 

were enhanced in terms of tensile strength, tear strength, dimensional change, 

colour fastness and flame retardancy. 
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5. The chemical metal-plated fabrics were improved protective performance by 

metallising treatments. According to the measurement results, the metallised silk, 

cotton and polyester fabrics were enhanced in terms of the specific functional 

properties and fulfilled the requirements of comfort and protection. Good 

conductivity, anti-bacterial ability and ultraviolet radiation protection properties 

were obtained through chemical plating. 

 

6. The chemical metallising fabric design was developed in this project with new 

visual characteristics. Chemical metal-plated fabric designs inspired individuality 

and creativity by means of integration of technology. Based on the experimental 

study, the modular CPFD had been embarked on fabric design with metal colour, 

shining surface and smooth texture. Chemical plating fabric design could create 

various effects. The metallised fabric design had been immediately produced for 

textile appearance in many kinds of polyester fabrics.  

 

8.5 Recommendation 

The proposed chemical fabric design method had developed. The modular CPFD 

developed can offer an applied approach to support innovative fabric design. 

However, it is well recognised that the application of chemical plating and 

creation in CPFD is only in its infancy and so further research in this area is vital. 

On both of technical treatment and creative process, there are numerous research 
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opportunities related to this study. These recommendations suggest some useful 

ideas that will complete the CPFD mechanism in the future.  

 

A wider range of materials can be extended in the future study using the CPFD 

system. Different metals may create various metal-plated fabric designs.  The 

original textile fabric influences the final effect, and the experimental specimens 

should contain a wide range of fabrics such as linen and blend-spun fabrics. The 

dyeing process, in particular, may be involved in the future study so as to enrich 

the fabric design. Due to the time constraint, the present experimental works have 

not tested all possible conditions of chemical treatment reactions such as a 

variety of pH values, temperature, concentration and reaction duration. 

Subsequent to the development of CPFD model, broad investigations can refine 

the method so that the quantities will be calculated accordingly.  

 

Moreover, the design method in chemical plating process should be developed 

for a batch production. A decorative effect on fabrics frequently induces a 

problem with selecting appropriate operations. Future study is needed to apply 

the more flexible techniques to develop creative skill. The applied methods of 

CPFD also need to be enhanced with appropriate auxiliary materials and 

operating techniques for new generation. The use of printing may produce subtle 

pattern which can be linked directly to digital technologies based on the previous 

research results. An interactive combination of the CPFD and computerisation 

may provide an innovative approach to produce the new metallised fabric effect.  
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According to the measured results in this study, the metal particles only have a 

moderate colourfastness on the surface of fabrics. A considerable development is 

needed to overcome this problem. The technical treatments should be improved 

using the CPFD system. For example, the pre-treatment by micro-roughening can 

be deployed onto the fibre surface before the metal deposition. This roughing 

process can make a micro-toothed surface on the fibre structure before 

metallisation. This will help enhance the mechanical bond between metal 

particles and fibres. Finishing treatments also have the opportunity to improve 

the metal-plated fabric properties. Appropriate coating materials can help the 

dripping of metal particles onto fibre surfaces. The coated fibre may maintain the 

stability of the metal performance for longer times when exposed to a complex 

climate. For instance, the preventing oxygenation can be enhanced by a finishing 

treatment. 

 

The CPFD system in functional and smart textiles applications should be 

considered. As the CPFD model developed in the present research is only used 

for textile application according to the standard specification of the ASTM 

D3691, the comfort and health care characteristics have not been measured 

completely. There is a capability of extending the scope for technical end-uses. 

For example, the infrared screening and electromagnetic interference shielding 

ability of chemical metal-plated fabrics have been omitted in the actual 

measurement. In order to suit the consumer’s requirements, the protective textiles 
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can be developed by the application of the CPFD approach. In addition, further 

research is required to determine the range of designs that are applicable to 

wearable textiles.  

 

The proposed CPFD system provides a suitable modular method for fabric design 

with a special performance and exciting visual impact. Based on the initial study, 

the CPFD model can be further extended into a combination of multi-polar 

subjects such as fashion and interior textile designs. Chemical metal-plated fabric 

design can create an essentially larger acquisition by means of external 

orientation and concentration on market relevance. The recommendations are for 

future consideration of further development of the CPFD system. 
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