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“Be generous in prosperity, and thankful in adversity. Be worthy of 

the trust of thy neighbor, and look upon him with a bright and friendly 

face. Be a treasure to the poor, an admonisher to the rich, an answerer 

to the cry of the needy, a preserver of the sanctity of thy pledge. Be fair 

in thy judgment, and guarded in thy speech. Be unjust to no man, and 

show all meekness to all men. Be as a lamp unto them that walk in 

darkness, a joy to the sorrowful, a sea for the thirsty, a haven for the 

distressed, an upholder and defender of the victim of oppression.  

Let integrity and uprightness distinguish all thine acts. Be a home for the 

stranger, a balm to the suffering, a tower of strength for the fugitive. Be 

eyes to the blind, and a guiding light unto the feet of the erring.  

Be an ornament to the countenance of truth, a crown to the brow of 

fidelity, a pillar of the temple of righteousness, a breath of life to the 

body of mankind, an ensign of the hosts of justice, a luminary above the 

horizon of virtue, a dew to the soil of the human heart, an ark on the 

ocean of knowledge, a sun in the heaven of bounty, a gem on the diadem 

of wisdom, a shining light in the firmament of thy generation, a fruit 

upon the tree of humility.” 
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It gives me an immense pleasure to extend my hearty welcome to the esteemed speakers and 
delegates from over 15 countries participating in this Global Textile Congress 2015. The theme 
of this International Conference-"Global Textile-Opportunities & Challenges in an 
Integrated World" presupposes the fact that indeed, the World is integrated. It is true, that 
however strong any economy may be, or however mighty any nation may be, it has to have best 
of trade relations and interaction with other countries which may be relatively weaker in 
economy or might. All these countries are either suppliers or customers. We have witnessed 
often that a small eruption of turmoil or unrest or recession in some part of the world has affected 
so many economies, share markets, GDP growth rates, inflation indices, etc. What does this all 
say? We are living in an integrated World. We are interdependent and we need to coexist. 

The prophetic verses like "VasudhaivKuttumbakam (earth is one family)" or Earth is but one 
country and mankind its Citizens" testify what we have been experiencing today. I think those of 
us who are seriously concerned about improving the life style of our fellowmen and being in the 
business of creation of wealth, need no justification that prosperity of the World requires our 
commitment to the concept of Global Citizenship. What is globalization or liberalisation of 
economy after all? It gives us the freedom to purchase wherever it is economical, manufacture 
wherever such strength exists and finally supply to those markets where we get best value for our 
product. Thus, this business is geography neutral and true businessman cannot live with any kind 
of provincial or language or racial prejudices. The governing factors of any business of modern 
era are international quality, flexibility of product mixes, cost competitiveness, timely delivery 
and compliance to the social and environmental laws. 

In this Global Textile Congress, there will be 65 presentations divided in 13 sessions over three 
days and two panel discussions. The plenary session will cover country specific textiles and 
apparel business of China, Thailand, Turkey, Bangladesh, Ethiopia and India. It will touch upon 
SWOT analysis of their industry . The session on fibres encompasses the opportunities of growth 
and challenges in Cotton, Polyester, Viscose, and Spandex fibre sector. A session devoted to 
critical issues related to textile Industry will actually cover global market trends in garment 



sector, nurturing the human resources and talent in this field, future of value addition, legal 
issues in international trade and how to manage the volatility in currency market .Technical 
textile session presents the developments in protective clothing, medical textiles, defense 
textiles; where as in session on composites and smart materials, the value addition routes will be 
discussed along with specific reference to green composites and advanced materials and 
composites for automobile industry. Sustainability and innovation session will bring home the 
strong message to change our "business as usual" practices, if we really care for our children's 
future. 

Individuals, Institutions and Industry have to undergo a paradigm shift in their attitude and 
governance if sustainability is to be successfully implemented. In the parallel sessions the time 
allotted for presentations is very short. But by no means the work presented here, mostly the 
research work on contemporary subjects is inferior to none. Rather than putting them in posters 
section, we have created for them an opportunity to present their work orally and I suppose the 
authors will admire this special endeavor. 

This Global Textile Congress brings before you a feast of knowledge on Textile Business and 
Technology issues and I am sure you will enjoy every bit of it. For full papers of these Abstracts, 
please refer to the Soft copy supplied with this pocket Book in the form of CD. 

Finally I thank all the authors for their valuable submissions. I also thank in advance the 
chairpersons as well as master of ceremony for conducting the sessions so ably and specially my 
wife and research students of Institute of Chemical Technology for their untiring efforts in not 
only bringing out this Book of ABSTARCTS as well as Book of Papers in CD format, but also 
assisting me in conducting the programme of GTC 2015, so smoothly. They truly displayed the 
spirit of "where there is love, there is always time". 

Wish you all joyous New Year 2015 and a very happy stay in Bangkok. 

Prof. (Dr.) Mangesh D. Teli 
 
Editor, Book of ABSTARCTS & Book of Papers (CD), 
                                         & 
Chairman, Program & Papers Committee, GTC 2015 
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Abstract: This paper presents an analysis and summary of China’s textile and clothing industry from 

technological innovation, industrial competitiveness and trading. Textile and clothing has been one of China’s 

traditional industries since 1949 and has remained one of the key industries in modern China. This industry has 
experienced dramatic reforms and reached high growth for a long period of time. China is the world’s largest 

exporter and producer of many products in this industry. However, there are a lot of problems within the 

domestic industry. This paper presents the  policy, technological innovation methods, support program and 

achievements and future trends in china's textile and apparel industry which have being changed this traditional 
industry in china and to formulated good strategies for its development.  

 

Keywords: Textile and apparel, technological innovation, industries transfer, national R&D program and awards 

 

1. Introduction 
China’s textiles and apparel industry is a traditional pillar industry in the Chinese economy. In the late 1990s, the 

central government launched a massive campaign to restructure the industry and reform unprofitable and debt-
ridden state-owned enterprises. Major modernization and restructuring of the industry took place before 2000. 

The following five years, known as the 10th five-year period (2001-2005), witnessed considerable efforts in 

technology upgrading in the industry. During this period, China imported billion of advanced equipment, 

accounting for 50 percent of the industry’s total equipment investment.  Meanwhile, domestic textile machinery 
manufacturing capacity also expanded significantly and from 2000 to 2005 (10th five-year period), the 

industry’s sales revenue rose sharply. Despite the advancements during the 10th five-year period, the Chinese 

government viewed the textile industry as facing many constraints going forward. Domestic enterprises on 
average are weak in innovation, with limited R&D activities and the industry still relies heavily upon imports of 

high-end equipment and technologies [1, 2].  

In The 11th Five-Year (2006-2010) [3] Guideline for National Economic and Social Development (see Exhibit 

A-I-2), “optimizing and upgrading industrial structure” was laid out as a development focus. Under this 
overriding principle for industrial development, one of the priorities of the guideline is to increase the value-

added in the textile industry, specifically: to strengthen the technological capability of the textile industry and 

increase the number of Chinese-owned brand names; to develop high-tech, high-performance, differential, and 
environmental-friendly fibers and renewable fibers, and to enhance the development and utilization of textiles 

for industry-use; to advance the gradient shift of the textile industry. In the spirit of the Guideline, the Chinese 

government mapped out a detailed development plan for the textile industry in The 11th Five-Year Plan for the 
Textile Industry. The Plan sets forth the following goals:  

 To significantly enhance the independent innovation capacity of the textiles industry, develop influential 

technologies with intellectual property rights ownership and foster well-known global brand names. 

 To optimize the industrial structure and upgrade technologies and equipment. 

 To effectively control inefficient low-level manufacturing which consumes excessive amounts of energy 

and is not environmentally-friendly.  

These goals echo the guideline and are designed to address existing problems in the development of the textiles 
industry [4-5].  

 

2. Manufacture transfer and support program 
Within the Chinese domestic market, manufacturing costs are increasing. This includes not only labor wages and 

cost for raw materials, but also the rising value of China's currency, and the cost of shipping goods from China 

to points around the world. In the foreign markets, demand for clothing is shrinking due to the continuing 
uncertain economic conditions in the EU region and recession-induced drops in consumer spending. In addition, 

Chinese textiles exporters face strong competition from other countries such as Vietnam, India and Cambodia, 

Bangladesh. Some band have cut its source from China or looked to build manufacturing sources in Africa in 
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Fig. 1. Trends of world synthetic fiber production in 10 years. 

 

support of their need to expand their business across the global textile market. The competing countries possess 
not only lower wages, but also strong production capacity, adequate infrastructure and favorable regulatory 

policies. The increasing domestic cost, decreasing foreign demand, and strong competition from other countries 

represent great pressure for Chinese textiles firms to adjust their business model. On one hand, they are in the 

transition process from Original Equipment Manufacturing to Original Design Manufacturing in which it will 
provide more value-added service than before in the global value chain. Chinese government also devote to 

cooperation and co-development with other countries. Textile industry is a pillar industry for a lot of developing 

countries and the production transfer of Chinese textile firms can devote to the economic development of those 
local countries [6].  

In accordance with textiles development goals and policy support guidelines, the Chinese government has 

implemented many concrete programs and policies to subsidize textile companies and the textiles industry. The 

subsidies take the form of government grants and tax incentives, and include those available nationwide and 
those provided to selected regions. More specifically, the fund is utilized as follows:  

 To support technology innovation and restructuring in the textile industry and facilitate the shift to the 

new growth mode in foreign trade.  

 To provide lump sum direct grants to projects of technology innovation, development and industrialization 

of core technologies and equipment, establishment of innovation services platforms, and brand 
development and promotion.  

 To support the establishment of overseas textile industrial parks, providing a favorable environment for 

textile companies in the course of “going global.”  

 To provide loan interest subsidies for the construction of overseas textile industrial parks.  

 To subsidize the provision of land, manufacturing facilities, infrastructure and services in overseas textile 

industrial parks.  

 To support textile companies in “going global” through overseas investment and diversifying their 

products origin through overseas manufacturing.  

 To subsidize the expenses of Chinese textile companies incurred in early stages of “going global” that 

may involve R&D, consulting services, feasibility study and project evaluation, and intellectual property 

rights protection.  

 To subsidize the expenses of Chinese textile companies in the establishment of distribution channels in 

overseas markets.  

 To support service companies and dragonhead textile companies in the organization of “going global” 

activities.  

 

3. Technical innovation policy  
Technical innovation is the key for economic success. Technological oriented innovation includes knowledge 

innovation, education and talents aggregation, technological innovation and innovative supply and absorption. 

Knowledge innovation aims at the basic and applied research knowledge dissemination and application services 
and the university innovation capability. Technological innovation is from the technology cooperation between 

research universities and enterprises. Education and talents aggregation are based on the combination of 

scientific research and education; training outstanding textile undergraduate and graduate students and 

developing elite talents. Innovative resource includes the flowing of innovative elements and efficient allocation 
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of resources. In china, a new approach in innovation is a mode of market oriented and supply chain integrated 

and led by enterprise, supported by university.  

Some key measures for effective innovation have been implemented in china such as funding innovation 
programs (973, 863, R&D programs), R&D centers, institutes and laboratories of companies, technology 

platforms, university-government-institute-industry collaboration, strategic alliance of partners and national 

awards and talent retention. 

 
Fig. 2. China innovation approach in Textile industry 

 

For example, 863 program has enhanced the capability of national innovation and strengthen national 

competitiveness and become a flagship of China's high technology R&D. The 863 program focus on the frontiers 
of high technologies, key areas of long term significance&safety and future&leading technologies. From 1986 to 

2005, there are 150000 researchers have been founded by total 33 billion RMB and published 8000 patents. 

Textile related projects are more than 30 items and range from natural, synthetic fibers, textile finishing to 

information technology, system integration and technical textiles. 
To meet the demands of national economic and social developments in technologies, the National Key 

Technology R&D program has been implemented. This program focus on solving major common technology 

problems. The project holders maybe companies, alliances or industry leaders. Textile machinery, fibers, 
advanced fibrous materials and textile chemistry are included in the research areas. 

China national awards is a tool to pivot technological innovations. Every year, there are 4 to 6 prizes for textile 

related projects. 
Supported by the national program, the academic results have sharply increased recently. China ranks the second 

in the top 10 countries published textile research papers in SCI journals and the number of core authors in the 

world is 563. 

            
 

                                       (a)                                                                            (b) 

Fig. 3. Top 10 Countries published textile research papers in SCI Journal (a) and core author (b) 

 

4. Future Trends 
The 12th Five-Year-Plan(2010-2015) [7]aims at textile technology innovation and industrial transformation and 

upgrading, put forward eight key tasks for textile industrial transformation and upgrading: “The first is to 

enhance the capability of independent innovation. The second is to strengthen the technological transformation 
of enterprises. The third is to improve the level of industrial information. The fourth is the promotion of 

industrial green low-carbon development. The fifth is implementation of quality and brand strategies. The sixth 

is the development of a core group of competitive large enterprises and groups. The seventh is to promote 
regional industrial co-ordination and development. The eighth is to enhance the level and depth of opening up”.  
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To accomplish the various development goals, a variety of preferential policies to support the textiles industry 

are:  

 To allocate special funds from the state fiscal budget to support the development of key equipment and 

technologies.  

 To use tax incentives to encourage R&D spending and technological innovation of textile companies.  

 To introduce the policy of increasing the magnitude of tax deductions for advertising expenses.  

 To aid the brand development and overseas investment of domestic textile companies, rendering support 

in the establishment of overseas manufacturing facilities, R&D centers, logistics and distribution centers, 

and the application for international certificates and registration of trademarks.  

 To implement preferential tax policies for the import of key spare parts and raw materials required for the 

manufacturing of textile machinery.  

 To encourage the procurement of major domestically-produced equipment.  

The key areas of development in textiles and clothing in china are: 

 New fiber materials: Functional, smart fibers, natural and bio-fibers, high performance fibers and 

differentiated profile fibers. 

 High performance technical textiles: Protective clothing, smoke and particle filtering, tent and covering 

materials, medical textiles. 

 Advanced textile equipment manufacturing: Testing equipment, energy saving, environment protection 

and green technologies, high efficiency and automation. 

 Applications of high-tech to traditional textiles: Information technology, Nanotechnology, 3D fabric 

technologies and new spinning methods. 
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Abstract: The main aim of this contribution is to discuss special results in the field of side emitting optical 

fibres for creation of safety textiles with active illumination in conditions of reduced visibility. Illumination 
intensity of polymer side emitting optical fibres measured in straight and bend state is described. Prototypes of 

textile structures with embedded optical fibres created in cooperation Faculty of Textile Engineering Technical 

University of Liberec and Czech company STAP A.S. are presented.  

 
Keywords: Polymer optical fibres, side emission, attenuation. 

 

1. Introduction 

The main aim of this contribution is description of SEPOF optical properties and their efficient embedding into 
fibrous structures for creation of safety textile structures with active visibility in shadows. For preparation of 

textile structures containing SEPOF the braiding technology is used [1,2]. The SEPOF end connected with light 

energy source is prepared by cutting with heated wire and then by polishing with diamond powder. Illumination 

system with light emitting diode (LED) is used as light source (illumination intensity of source is 43.9 Wm
-2

). 
The special device for measurement of light intensity on surface and cross section at various distances from light 

source is described. The dependence of surface and cross section light intensity on the distance from light source 

is expressed by the exponential type model with attenuation factor as the rate parameter. Second parameter 
defines quality of illuminating system; it is light intensity at the input to the fibre. The influence of the optical 

fibre type and diameter on the attenuation factor of light intensity at the surface and cross section is quantified. 

Light intensity of textile structures is compared with light intensity of fibres [3-5]. 

 

2. Materials and methods 

Optical fibres “Grace standard” and “Grace flexi” with different diameter were used for measurement of 

illumination intensity (Table 1).  
 

Table 1. Optical fibres specification 

Grace Standard Flexi 

Core/ Cladding  

material 

PMMA/ Polyvinylidene 

 fluoride 

PMMA/ 

Polytetrafluorethylene 

Diameter from 0.2 mm to 3 mm 2 mm, 3 mm,..14mm 

Core refractive index  1.49 1.475 

Cladding refractive index  1.41 1.34 

Numeric aperture 0.48 0.48 

Maximal input angle 57.4  75 

Mass density 1190 kg m
-3

 1190 kg m
-3

 

Wavelength 400 - 900 nm 380 – 780 nm 

Temperature of use  20 – 70 °C 15 – 80 °C 

 

3. Results and discussion 

Illumination intensity as function of distance from source for optical fibre „Grace-standard“ having diameter 

0.25 mm is shown in Fig. 2 and for fibre “Grace-flexi”  having diameter 14 mm is in Fig. 1.  

mailto:jiri.militky@tul.cz
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Experimental illumination intensity data can be used for creation of regression model (see eq. (1)) and 

corresponding parameters can be obtained by the standard nonlinear or linearized regression using least squares 
criterion. Eq. (3) can be written into the model form  

 
/10( ) (0) 10 LLP L P 

  
 

(1) 

 

where P(L) is illumination intensity at the distance from source L, P(0) is illumination intensity on the fibre 

input and L is attenuation rate. By logarithmic transformation of eq. (1) the straight line logP(L) = -

LL/10+logP(0) results. Slope of this straight line k  can be used for calculation of mean attenuation rate L = -
10 k and intercept q can be used for calculation of illumination intensity on the fibre input P(0) = 10

q
. By using 

of regression straight line parameters k and q, coefficient of determination R
2
 and parameters P(0) and L were 

calculated, see table 1. 
For expression of working length of optical fibre Lp must be illuminating power PLp on the end of this length at 

sufficient value of attenuation coefficient Lp  
 

10/
10)0( LpPPLp




  
 

(2) 
 

Illuminating power PLp can replace P(L) in Eq. (1) and then working length of optical fibre Lp can be calculated 
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Fig. 1. Illumination intensity of fibre “Grace-flexi” – fibre diameter 14 mm 

 

Model curve of illumination intensity expressed as standard power function derived from assumption of constant 
rate of attenuation is shown in Fig.2 and Fig.3 as gray curve [1]. It was found, that at short distances from light 

source is illumination intensity strongly decreasing especially for optical fibres with higher diameter (higher than 

1 mm). Estimation of parameters P(0) and L is not accurate and standard power function (Eq.(1)) is not suitable 
for these purposes. Black piecewise solid line in Fig.1 is so called LLF2 model, it is linear piecewise function 

consist from two different straight sections. This model is based on the assumption that in short distances from 
light source there are some no uniformity in side emission due to accommodation to aperture and critical angle. 

In second phase the illumination intensity is slowly decreasing with distance from source L (system is 

accommodated). Local slopes of LLF2 are in fact sensitivity coefficients a1, a2. Corrected illumination intensity 
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on the fibre input is Pcor(0). LLF2 model is described by equation (it is in fact linear regression spline with one 

knot) 

 

 )()0(2 21 ccor LLaLaPLLF   (4) 

 

where function )(x  = 0 if x is negative and if x is positive, function )(x = x. Lc is distance of transition 

between first and second phase. By using of modified linear regression parameters of LLF2 for optical fibre.  
 

3.1 Illumination intensity of braided tubes 

For preparation of textile structures containing side emitting POF the braiding and weaving technology was used 
[6, 7]. The differences between side illumination of textile structure (braided tube) with POF and POF only are 

shown in Fig. 2. 

 

 
Fig. 2. Comparison of side illumination of standard POF and POF embedded into textile tube.  

 

Illumination intensity as function of distance from source for POF and the same POF embedded into textile tube 

are shown in Fig. 3. It is visible that POF in tube is producing higher side emission intensity.  
 

 
Fig. 3. Side illumination intensity of POF and POF in textile tube  

 
3.2 Line fibre light source for safety textiles  
Incorporation of side emitting POF into fibrous tube is useful for creation active safety textiles which provide 

sufficient side emission especially for POF with larger diameters. These structures can be used for typical 

applications. 
Examples of application of textile tubes with embedded POF for active visibility protective textiles are shown in 

Fig. 4. 
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Fig.4. Application of POF in textile tube – active visibility protective textiles 

 

4. Conclusion  

Illumination system with light emitting diode (LED) was created and used as light source. Prototypes for 
evaluation of side emitting optical fibre illumination intensity was developed and tested. The system of data 

treatment and evaluation of result was proposed and checked. Parameter for evaluation of quality of illumination 

system as illumination intensity on the fibre input was proposed. Parameters characterizing quality of optical 

fibres as mean attenuation rate and working length were defined. It was found that illumination intensity and 
mean attenuation rate are function of distance from light source. Method for calculation of their sensitivity was 

proposed. Despite of considerable variation in the mean attenuation rate (till 240 mm from light source for fibre 

"Grace-standard") it is clear that the incorporation of these fibres into active safety textiles will provide sufficient 
emissivity especially in larger diameter fibres. It is also supported by the working length of fibres, which reach 

values about 2 m. Results of this work should be used for incorporation of optical fibres into woven and knitting 

textiles. According to results of this work, it is suitable to use POF in straight state or with macro-bends for 
active visibility textiles. It is better to create fibres with textile cover from durability point of view.  
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Abstract: Textile and clothing sectors are the leading sectors of the Turkish economy and foreign trade. These 

two sectors are also the most critical sectors in Turkey in terms of contribution to the gross domestic product 
(GDP), employment and exports. Textile sector had a 12,754 billion USD export value which corresponds to 8 

% share in total Turkish export volume in 2013. The share of Turkey in world total textile export is around 3.5%. 

The target value for textile export in 2023 is 20 billion USD. According to social security institution statistics, 

there are 18.434 textile companies in Turkey with more than 441.357 employees. 
In recent years Turkish textile industry has grown rapidly and shifted from low value added commodities to high 

value added products both in fashion textiles and technical textiles. Advantages of Turkey in using advanced 

technology, richness in raw materials and geographical proximity to main markets, especially to EU market, 
contributed to market diversification for textile exports.  Approximately 75 % of textile        machinery are 

younger than 10 years. Existence of a well-developed textile finishing industry in Turkey makes also possible 

production and marketing of high value added, fashionable and high quality products. 

Meanwhile, technical textile production and product diversification is increasing in Turkey in parallel to the 
developments of world markets. Turkey has an adequate infrastructure in terms of new materials, current 

technology, know how and human sources to achieve development and growth in the technical textiles field. 

Turkey has shown great success in the technical textile production thanks to close cooperation between university-
industry and governmental institutions and increasing importance given to R&D. At the moment there are some 

governmental R & D funding systems in Turkey. The participation rate to EU framework programmes are also 

increasing. 
 

Keywords: Turkish textile, turkish technical textiles, turkish economy, technical textiles, textile exports. 

 

1. General features of turkish textile industry 

The Republic of Turkey, stretching from south-eastern Europe across the Anatolian peninsula in western Asia, 
has a very long textile manufacturing history. The past three decades have been a time of great change for 

Turkey as the country introduced a series of fundamental economic reforms. In the early 1980
s
, Turkey  initiated 

a series of economic liberalization policies that shifted the country to a market-based economy by abandoning 
protectionist import substitution policies and opening the economy to global trade. Today, Turkey remains one 

of the world's most important textile manufacturing countries.  Textiles and clothing are among the most 

important sectors of the Turkish economy and foreign trade. Accounting for about 7% of the GDP together, 
these two sectors are the core of Turkish economy in terms of GDP contribution, share in manufacturing, 

employment, investments and macroeconomic indicators. These sectors had a 18.3% share in total export 

volume in 2013. There are more than 52,000 textile and clothing companies in Turkey with more than 918,000 

employees. Turkey is one of the main actors in the world clothing industry. Turkey ranks 8th in world cotton 
production and 4th in world cotton consumption. Turkey also ranks 3

rd
 in organic cotton production after India 

and Syria. The Turkish clothing industry with a share of 3.4% is the 7th largest supplier in the world, and the 3rd 

largest supplier to the EU. It has a share of 4% in knitted clothing exports and it ranks 5th among the exporting 
countries. With a share of 2.8%, Turkey ranks 9

th
 among the woven clothing exporters in the world. The Turkish 

textile industry, which is listed in the world’s top ten exporters, is the 2
nd

 largest supplier to the EU. In more than 

30 years from 1980 to 2013, the production and export of the industry shifted from low value added 

commodities to high value added manufactured items and fashionable goods. With its qualified and educated 
human resources, design capacity, accumulation of know-how, investment in technology, dynamic and flexible 

production capacity, advanced sub industry in clothing sector, concern about quality, health and environment. 

The Turkish textile and clothing industry has a significant role in world trade with the capability to meet high 
standards, and can compete in international markets in terms of high quality and a wide range of products.  

There is a remarkable machinery capacity in the country and both textile and apparel industry use modern 

technologies in production. This makes also possible production and marketing of high value added, fashionable 
and quality products. The strong textile industry in Turkey also stimulated the development of the textile 
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   Table 1. Turkish textile & apparel sectors by 2013. 
 
 
 
 
 

 
 
 
 
 
 
 

 Source : Ministry of Economy                                                                          Fig.1. Textile & clothing export projection for 2023. 
                                                                                     Source : Ministry of Economy         

 

machinery industry. Nearly all the textile machinery used were imported until 1980’s when some local 

production of small and medium-sized low-tech machinery began. At present, the line of products manufactured 

by the companies varies substantially from highly automated equipment to basic models. Local producers are 
able to compete with foreign companies in most machinery categories. The majority of textile machinery 

manufacturers in Turkey range from small to mediumsized companies mainly located in Istanbul. The Turkish 

textile machinery manufacturers/exporters follow European and international standards and norms. It is 

obligatory to affix the “CE Mark” in the Turkish market. 
                                                                                                                                        

2. Strength of turkish textile industry                                                    Table 2. Turkish textile machinery export.                                                                                                                   

 High technology investments in machinery, equipment 

and buildings . Approximately 75 % of textile        

machinery are younger than 10 years. 

 Technically good equipped and modern production 

facilities. 

 Wide spread of products in cotton base and man-made 

fibres . 

 A good supply of raw material and investments for raw 

materials  

 Possibility to produce small lots  and to adjust to the 

shorter cycles of the apparel industry  

 Long lasting relations with customers  

 No entry barriers in the EU-market (customs-union) and 

free trade agreements with different countries                                              

 Still competitive price levels in value added goods      

 An increasing domestic market                                         

 Highly qualified and well educated human resources      Source: Ministry of Economy                                                                                                                                                                             

 Strong textile educational and research institutions, increasing R&D activities, closer cooperations 

between university-industry in recent years ( Currently there are 17 different universities in Turkey 

offering textile engineering education ) 

 A strategic geographical location, advantages in transportations  

 Compatible production with EU technical directives , paying more attention to environment and human 

health issues  

 Capability to produce fast fashion goods, just in-time production  
 

3. Weaknesses of turkish textile industry 

 Heavy export dependence 

 Limited "own" markets abroad 

 Cost competition with new developing countries 

 Limited growth potential in the main delivery markets 
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 Partly weak management structure 

 Productivity deficits in some areas 

 

4. Turkish textile foreign trade 

Figures 2 shows the increasing export values of Turkey between 2002 and 2013. The continuous increase trend  
can be seen here clearly. The same applies for the the textile & clothing industries which can be seen from figure 

3. Table 3 shows the positon of Turkey between leading textile exporting  and importing countries. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.Turkish total exports             Fig. 3.Turkish textile exports & imports  

 (Source:Ministry of Economy)     (Source:Ministry of Economy)                                                      

 

Table 3. Position of turkey in world’s textile        Table 4. Turkish technical textiles exports. 

              exports and imports. 
 

Source: Ministry of Economy                                                       Source: Ministry of Economy 

 

5. Future trends in turkish textile industry 

Under the current world situation, Turkish textile sector is aiming at to produce high value added, original and 

high quality products and to sell them at competitive prices. Additionally in parallel to the current trends in the 
world, Turkey has shown great success in the technical textile production thanks to close cooperation between 

university-industry and importance given to R&D. Of course, great experience of the country in textile 

production is one of the main advantages. 
Technical and functional textile segment of the textile industry is growing rapidly in the world markets and it is 

expected to gain more  importance in the coming  years. These  products are being used almost every field of our 

everyday lives. Agriculture, building technologies, geology, medical uses, ecology, packing industry, protective 
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and sportive clothing are the main fields where technical textiles are being used. Table 4 shows the main exports 

items of Turkey in the field of technical textiles.  

Meanwhile, technical textile production and product diversification is increasing in Turkey in parallel to the 
developments of world markets. Turkey has adequate infrastructure in terms of new materials, current 

technology, know -how and human sources to achieve development and growth in the technical textile field. 

Technical textile investments in Turkey can be considered as “new”, but it is known that many companies are 
active in different fields. For example, the followings may be considered as the most prominent fields and 

products: 

 Nonwoven fabrics and products, 

 Tyre cords  

 Special felts, 

 Filtration materials, 

 Products of automotive and packaging industries, 

 Military clothes and equipments, 

 Medical or antibacterial products, 

 Protective clothing like bullet-proof jackets or heat resistent    garments, 

 Easy-care and non-iron fabrics and garments, 

 Isolation  materials,  

 Multi functional fabrics  

 

Turkish producers of technical textiles are generally small and medium size companies  (around 170-180 
companies) .There are also some very large scale companies. These large scale companies are well known in the 

world markets. On the other hand, investments in the promising fields of technical textiles like nonwoven 

products and automotive textiles are increasing regularly.  
 

6. Conclusion 

Although there can be some  problems arising in the textile 
industry  in different time periods, the size and the character of this 

industry sector will allow it to survive for a long time in Turkey. 

This will be the reason of the dynamic structure of the companies 

and the great experience gained in a long period of textile 
production. The increasing export values and the new machinery 

investments are the main proof this forecast. According to the 

ITMF  statistics Turkey is still in the top 5 short staple spindles 
investors ( Fig. 4). There are  also some new investments in the  other       Fig. 4. Shipped short staple spindles in   

machine  categories.          2012       Source : ITMF                                   
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Abstract: In 2010, Asia accounted for nearly 84 percent of spandex output, with the American continent and 

Europe accounting for the rest. China with a capacity of 399,000 tons per annum accounted for nearly 70 percent 

of the global 575,000 tons per year spandex output.  

The North American market is the biggest consumer of spandex in the world with a share of 53 percent, 
followed by Latin America with 10 percent, with Europe, China and other countries making up for the rest of 

spandex consumption. Indian usage accounts for just 2 percent of global consumption. 

India’s Spandex Growth Drivers  

 India has been clocking 2
nd

 highest growth rate in GDP. 

 Use of, bare spandex yarn in knitting, core spun yarn, Air Covered Yarns (comprising of Polyester 

textured yarn, with spandex) in denim/  Formal suiting, shirting, intimate wear, casual wear, sports wear 

etc. 

 Robust growth in the organized retail segment & branded clothing. 

Above factors are leading to growth of spandex consumption @ 15% CAGR as compared to world’s expected 

growth of 7-8% per year. 

 

 

1. Introduction 

A new chapter unfolded in Indian Textile Industry with Indorama Industries Ltd, owned by Indorama 

Corporation, Singapore setting up a spandex yarn manufacturing unit under the brandname INVIYA in Baddi, 
Himachal Pradesh producing 5000 MT/annum since March 2012. Presently capacity expansion project is 

underway to achieve 11000 MT/annum by March 2016. 

 

2.  Advantages of Indorama INVIYA Spandex 

 Long Term Sustainable Business 

 No Currency fluctuation risk - as Spandex made locally available by IIL. 

 No loss of shelf life - reduced transit time. 

 Supply Various Products in one consignment. 

 Assured consistent quality supply.  

 In Time Door Delivery - Warehousing and distribution network all over India. 

 Extended product range – Extensive Research and Development. 

 Quick after sales service - by highly experienced and technically trained experts. 

 Protection against changes in Market/Fashion by avoiding extra stocking 

 

2. Applications  

2.1 Life style 

 Sportswear - Athletic, aerobic and exercise apparels 

 Swim wears 

 Bottom weight fabrics - Stretchable Jeans 

 Top weight shirting  & blouses  

 Under wear 

 Slacks & Leggings  

 Socks 

 Intimate garments - Shaped garments (bra cups) 
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2.2 Technical textile applications of Spandex 

 Diaper 

 Surgical hose 

 Cycling shorts 

 Rowing suit 

 Home Furnishing 

 Bed sheets 

 

3. Products in which spandex is used 

 Core spun yarn (CSY) 

 Air covered yarn (ACY) 

 Warp knitting (WK) 

 Circular knitting (CK) 

 

4. Conclusion 

 Spandex production needs to consume about 13 to 15 different types of raw materials and all of them 

are imported. And the import duty is 7.5% to 10%, except two, on which the Govt. was kind enough, to 

reduce it to NIL, in the last Budget. 

 There are other logistics, and financial cost, also this industry needs protection to make the dream 

come true of the Prime Minister as “Make in India”. 

 The Govt. should encourage Spandex yarn industry, to reduce the cost, being a intermediary product, 

for textiles, to increase the consumption, as well as the value addition by taking all possible appropriate 

steps. 

 Spandex yarn is becoming a very important raw material, as intermediary product, to produce all kind 

of textile items, and also gives lot of value addition in the textile products, for both domestic and 

exports. 

 The end use of Spandex in India has great potential for it’s use in various segments in textiles and 

textile industry should invest in plant and machinery, to make best use of it. 
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Abstract: It is arguable whether it is Edward Thorp or Steve Mann, both pioneers using carried on body 

hardware, to be called the father of wearable computing. Back in the 1960's Thorp developed a wearable device 

designed to predict the motion of roulette wheels, while Mann is known for using head mounted camera and eye 

level display for over 30 years. Both were seeking to augment the human memory, computation ability and 
connectivity. 

These three qualities are the foundations of wearable computing in these days utilizing sensors, PDAs, and 

wireless communication to allow for humans to monitor and record their activity during the day and to allow 
data retrieval either for professional work or personal use and entertainment. Location based applications have a 

huge economic potential matching a person's location and known needs and preferences with relevant 

commerce, while social communication over networks (i.e. facebook, twitter, etc.) will greatly benefit from 
being always connected. Privacy as perceived today will no longer exist when all our activity, location, footage, 

and communication will be broadcasted to our social circles, data suppliers and credit card providers. 

Today, hand held devices, bracelets, and belts account for most of the wearable systems in the market while head 

mounted displays such as "google glass" start to take their share in the market with new mobile applications 
emerging daily. However, most of the apparatuses available today lack something to make it a really wearable 

technology. While wearing our clothes we expect them to perform without special attention and with minimal 

discomfort, the same is expected from Wearable Technology. 
When the technology allowing these advantages will be implemented and embedded within a wearable garment 

in a non-obstructing manner, true wearable systems will be made. Wearable technology garments will take care 

of our thrive for instant satisfaction for continuous communication, data mining, social sharing and other online 

activities. These garments will have to be fashionable, cost effective, washable, and mendable. The Textile 
industry will have to open itself toward new materials and production methods to allow for electronics 

integration, new fashion which is focused on communicating information, new designers and new markets. The 

early adapters of the wearable revolution among the textile manufacturers will benefit from being the market's 
leaders and setting manufacturing standards for the whole industry. 

 

 

1. Introduction 

For nearly 50 years, ubiquitous computing was sought after by individuals such as Eduard Thorp and Steve 

Mann who literately mounted hardware on themselves in order to achieve augmentation of the human memory, 

computation and ability to connect with the surroundings. The rapid advancement of hardware development and 

miniaturizing, as well as the emergence of mobile phones, made personal hand held devices available for a 

reasonable price. With multiple mobile sensors at the palm of our hand such as camera, compass, microphone, 

proximity, light, laser distance detector and more, many software applications are written daily to take advance 

of all the data collected by these sensors. Miniaturizing the hardware paved the path for early research into 

wearable computing where electronics are either embedded into fabrics and clothes or fitted into devices that are 

worn (and not handheld) such as tiny screens on glasses, activity tracking bracelets, and other gadgets. Some of 

these apparatuses communicate wirelessly with a Smartphone or have their own connectivity with a data 

processing unit somewhere on the "cloud" and some collect data to be downloaded to a personal computer 

offline. 

Although the term wearable computing is used widely for more than a decade, and many small scale research 

projects were carried out through the years, we are still looking for the Wearable Technology Revolution. 

According to market analysts, the market for wearables is growing faster than the rest of the IT industry and will 

reach between 20 Billions USD and 60 Billions by the end of the decade.  
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2. State of the art 

Trying to review every single gadget on the market will be a little pretentious as new wearable developments are 

emerging daily. However, two main types of wearables can be defined today: gadgets worn on the body and 
textile garments with embedded electronics. The former account for the majority of devices available on the 

market as they take advantage of conservative electronics miniaturized to fit into reasonable sizes accepted by 

individuals to carry around all day. Activity recording bracelets are sold by many manufacturers such as 
Microsoft, apple, Samsung, Garmin and many others. These are designed in appealing visual appearance, light 

weight and can run off their internal batteries for a reasonable time of a few hours to a few days between 

recharging. Many companies invested in research for augmented reality glasses during the past ten years, Myvu, 
Mirage, Zise, and others had some kind of glasses that could project images on the device lance visible only to 

the wearer. Google Glasses broke into the market mainly due to Google's marketing force rather than technology 

breakthrough. The hesitant acceptance of Google glasses can be accounted for lack of content, over pricing and 

most probably, the social problem associated with individuals who don't look you in the eye but are glancing up 
at their personal screen. It will take longer than expected for the society to accept many individuals wearing 

devices that take some of their attention of their conversation partner while giving them an edge by enhancing 

the wearer with instant accessibility to information.  
Recently, Intel invested $24.8 million in Vuzix, a company that makes enterprise-grade smart glasses and in 

CES 2015 announced Curie, a button size processor specifically designed for wearable technology. 

 

 

   

Fig 1. Intel's Curie processor Fig. 2. Samsung Fit-Gear Fig 3. Sensoria Fitness Sports Bra 

   
   

   

Fig. 4. BagirIpod Jacket Fig. 5. Myvu Glasses Fig. 6. TZI input glove, WearIT@work 

 
Fig. 1-3 show some recent wearable technology for consumers and developers.  

Fig. 4-6 show development from 2006 through 2008. 

 
The other category of wearable technology is where the electronics and sensors are embedded into the textile 

fabric or even the textile itself. The Sensoria Fitness sport bra shown in Fig. 3 and the Input glove from Fig 6 are 

examples of this category. Bagir's Ipod Jacket also includes a soft switch embedded in the fabric and a solid 
plastic Ipod cradle is sewn into the inner pocket. 

Many research projects and manufacturing pilots were made with embedded electronics into the textile and few 

made it to be marketed. The later mainly include jackets with Ipod control and activity monitoring bras, shirts or 

chest-belts. Most of the major sports firms offer heart rate monitoring belts, some feature respiration monitoring 
as well. Some major running shoes offer pedometers embedded in the shoe sole with wireless communication to  

a Smartphone.  

Embedding electronics into the textile can be made by weaving or knitting conductive threads into the fabric.  
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These conductive threads can be textile fibres plated with silver or other conductive metal, or made of metallic 

wire, usually copper, coated with insulated enamel. Conductive polymer based yarns are also available, however 

their conductivity is limited and they can be used mainly as sensors and cannot carry significant current to power 
any device or actuator. 

The bare conductive textile yarns are used to transmit electric power within the fabric from place to place in 

order to connect electronics elements to each other. They can also be used as sensors, both by measuring 
difference in their electrical resistance when elongated and by closing a circuit. Being bare with no insulation 

makes these yarns vulnerable to wear and tear, to the elements and to washing. The metallic wire based yarns are 

more resistant to moisture but must be stripped in order to be electrically connected. Metalic wires are also more 

difficult to knit and weave. All types of conductive yarns can also be used as capacitive sensors by varying their 
electric charge when change in the dialectic field is occurred.  

Wearable Technologies which can withstand washing are one step closer thanks to a technology which integrates 

electronic micro devices into yarns. Researchers at Nottingham Trent’s Advanced Textiles Research Group have 
integrated the electronics into the fibre by embedding sensors, smaller than the size of a pinhead, into the heart 

of the yarn.A garment was formed using light emitting diodes (LEDs) to showcase the application of the 

technology, which they say could transform the manufacturing of smart and interactive textiles.A "smart bed" is 

offered on the American market which not only monitors the child movements and respiratory during the night, 
but allows for the parent to interact with the bed turning on lights under the bed to help their youngsters coop 

with the darkness.  Clothes with embedded LEDs  and controllers were shown already in 2006 by Philips 

Lumalive (Fig. 11) and recently made a comeback in the latest CES in Vegas (Fig. 9) . Was there a big progress 
in the last 8 years?  

 

 

3. Challenges to the textile industry 
 

Until these very days, most if not all of the commercially available smart textiles witch employ some embedded 

electronics are made by hand. Which means, the fabric is mostly machine made, with or without conductive 
yarns placed in desired positions.  All the electronic elements, i.e. sensors, processors, communication modules, 

battery holders etc. and in some cases the wires also, are manually sewn or glued in position and electrical 

connections are manually made one by one. This manufacturing technique can not allow for mass production on 
one hand and raise conflicts between textile style manufacturing and electronics style. If in the textile industry a 

3-5% tolerance is usually acceptable, the electronic industry will not tolerate such variations. The electronic  

   

Fig. 7. Electronics integrated into the yarn 
itself 

Fig. 8. conventional micro 

processor, used in wearables by 

model makers  

Fig. 9. Light emitting clothes with 

a message. CES 2015  

 

 
  

   

Fig. 10. Sleep number smart bed Fig. 11.  Lea Beauchly's stitched 

on controller, circuit and LEDs 

Fig. 12.  Philips lumalive 2006 
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manufacturers, expect very tight tolerance in measurements for their automatic machines.  

The textile manufacturers, who wish to take part in the wearable technology revolution, will have to be open 

minded for the needs of the electronics manufacturers, will have to adopt new manufacturing methods and 
procedures to ensure exact fit to the rigid demands electronics. Another challenge is the washing and drying of 

electronics and of the conductive yarns used within the fabric. Fashion and Textile Designers will have to be 

educated to take into consideration implementation and integration of electronics into the fabric and garment. 
New designs will emerge utilizing the ability to change the visual effects of the garments interactively.  

 

4. Conclusion 

Embedded electronics within the garments that will free our hands from holding and operating these 
communication systems, allowing for truly wearable computing are just over the corner. 

Many companies as well as research institutes are developing new wearable technology garments and gadgets 

daily. The acceptance of wearables will increase as more people will start using them, and questions like "How 
many gigabyte are in your shirt" will soon sound normal to us. Health care businesses and homeland security 

organizations will be the first adaptors of the technology as both will see quick return for their investments, and 

the general public will enjoy more mature technology and better designed garments to follow. 

 

 



                                                                Global Textile Congress, Bangkok, 13-15 Feb 2015 

 

Fibre electronic technology for wearables 

C. R. Cork, T. Dias, A. Rathnayake  and P. Lugoda, 

19 
  

Fibre Electronic Technology for Wearables 
C. R. Cork

1
, T. Dias

1
, A. Rathnayake

1 
and P. Lugoda

1
 

Advanced Textiles Research Group, School of Art and Design, Nottingham Trent University 

<colin.cork@ntu.ac.uk> 

 

Abstract: A novel method of producing electronic textiles is described where electronic functionality is 

achieved by incorporating semi-conductor chips into the core of textile yarns to create fibre electronics. This 
method ensures that the resultant textiles retain the desired textile characteristics of softness and flexibility and 

can be produced on conventional textile machinery with only minor modifications. Resin micro-pods are used to 

protect the active components to ensure that the resultant fabrics and garments can be machine washed and 

tumble dried. Examples are given of working prototypes that have been produced to demonstrate the technology.  
 

Keywords: Electronic textiles, wearable devices, wearable electronics. 

 

1. Introduction 
The first generation of electrical equipment containing valves was bulky and somewhat fragile. In the second 

generation, transistors were packaged in smaller more robust boxes which led to the development of radios, TVs 

and ultimately the mobile phone. Now the integration of electronics within textiles promised to produce a 

quantum leap in the production of wearable devices. In early electronic textiles pre-packaged equipment was 
inserted into pockets. Later functionality, was introduced by incorporating electrically conducting yarns into 

fabric structures. There is now the potential to fully encapsulate integrated circuit chips within the fibres of 

textile yarns to provide a robust, inexpensive, flexible platform for a host of functions. 
A United Kingdom government report

1
 stated the US market for Smart and Interactive Textiles was $70.9 

million in 2006, and rose at an average annual growth rate of approximately 40% to $391.7 million in 2012.  The 

US based Market Research Company, Markets&Markets, predicts that the total market revenue for Wearable 
Electronics is expected to reach over US$2 billion by 2018 growing at an estimated CAGR of 22%

2
. 

 

2. Materials and methods 

Minute semi-conductor chips are connected to conducting filaments and inserted into the core of textile yarns. 
The chips are typically less than 500 microns in diameter. Fig.1 shows a light-emitting diode (LED) chip 

pictured among grains of salt. 

 

 

Fig. 1. LED chip shown next to grains of salt. 

The chips are then encapsulated within a resin micro-pod that protects the chip and interconnects during use and 

when the resultant textile is machine washed and tumble dried. An example micro-pod is shown in Fig. 2. 

mailto:Colin.Cork@ntu.ac.uk
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Fig. 2. Micro-pod 

 

The technology can be used to produce a range of electronic textiles. There are numerous potential applications 
in areas such as retail, medicine, sports, fashion, defence, automotive and aerospace. The technology will lead to 

the integration of smart textiles into the internet of thing and ultimately clothing-based wearable computing. 

Clothing and other textile products will be able to sense, monitor, record changes in the surroundings and 

respond appropriately. The full integration of fully embedded RFID devices will enable textile items to be 
tracked through the supply chain and beyond. The market for fully embedded RFIDs is enormous with the 

potential to tag trillions of textile products. In addition to clothing, sensors in textile-based composites could 

provide lifetime monitoring of structures in the automotive and aerospace industries. 
Prototypes have been produced using the technology. For example Fig. 3 shows an illuminated top. The 

appearance of the fabric is the same on both sides as the electronics are fully embedded within the structure. 

 

Fig. 3. Illuminated Top 

Another application would be body temperature monitoring. Fig. 4 shows a temperature sensing armband with 

Bluetooth connectivity. 
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Fig. 4. Temperature sensing armband. 

 

3. Results and Discussion 
The electronic textiles produced using the new technology have been machine washed (Fig.5) and tumble dried 

and been shown to retain full functionality. The textiles retain the desired softness and flexibility and the 

embedded electronic components are not visible on either side of the resultant fabrics. 

 

Fig. 5. Electronic textiles after machine washing 

 

The next step is to produce a range of electronic textiles with greater functionality for a range of applications. In 

order to achieve this  the Advanced Textiles Research Group at Nottingham Trent University has teamed up with 
the University of Southampton to work towards the integration of bespoke electronics. 

 

4. Conclusions 
The new method of producing electronic textiles has been shown to produce functional electronic textiles with 

the desired characteristics and demonstrators have been produced. The technology offers the potential of a large 

number of applications in many fields with high growth potential. 
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Abstract: Textile and Garment (TAG) sector is a major sector globally. Since the initial stages of global 

industrialization, TAG sector has remained at the forefront in generating employment and adding significantly to 

manufacturing output and exports for countries. The current global garment market is estimated at approximately 
US$ 1.15 trillion which forms nearly 1.8% of the world GDP. Almost 75% of this market is concentrated in 

EU‐27, USA, China and Japan. From 2008 to 2013, the global textile and garment trade has grown at a CAGR of 

4%. (FICCI 2014 TAG). Africa in general and Ethiopia in particular, have a lot of potential for growth of textile 
and apparel industry owing to availability of land at low rates, availability of good quality power at reasonable 

rates, cheap labor and duty free market access to all major markets in the world under various bilateral and 

multi-lateral agreements like African Growth and Opportunity Act (AGOA) with USA and Everything But Arms  

(EBA) with European Union. Ethiopia is current textile and garment export hits more than $120 MN annually. 
Before five years, this was only $23 MN. Currently Ethiopia imports about $650 MN annually textile and 

garment products majorly from India and China. The main constraints of the sector are poor human resource 

development system, insufficient industrial inputs and infrastructure, lack of well-established investment and 
technology development, poor market diversification and development and inadequate institutional support. 

The government is undertaking construction of mega hydro-electric power generating dams, industrial zones, 

roads and rail ways in addition to tapping up further potential in cotton. It is expected that these measures will 
enable the TAG sector to achieve milestones for the bright future.  

 

 

1. Overview of textile and garment sector 

Textile and Garment (TAG) industry can be attributed as the first organized industry when it grew out of the 
industrial revolution in the 18

th
 Century. Countries like Britain, Italy, France, Japan, etc. had a thriving TAG 

industry during their initial phase of growth, which supported their economic growth. The same is true today for 

nations like Bangladesh, Vietnam and Cambodia. 
Since the output of TAG industry is a basic requirement for sustenance, the long term growth trend of industry 

had always been positive. However, production bases have kept shifting all along. Increase in manufacturing 

costs in developed countries, which were the main markets also, caused growth of TAG sector in Asian countries 

which had raw material advantage as well. Soon enough the manufacturing base spread to smaller nations, 
particularly those which got preferential access to major markets of USA, Europe and Japan. 

The Government of Ethiopia is pursuing Agriculture Development Led Industrialization (ADLI) strategy for 

development of the country. Textiles and clothing has been identified as one of the priority sectors for 
development with the objective of promoting exports.  

 

2. Macroeconomic indicators of Ethiopia 

 Second largest population in Africa with slightly over 80 million people. 

 Fourth largest economy and second fastest growing economy in Sub-Saharan Africa. 

 An average 11.2% annual GDP growth and 8.3% annual average real per capita growth over the last 

eight consecutive fiscal years. 

 Average annual export was 13.6% by GDP (nominal) and annual average export growth was 29% over 

the last seven consecutive years.  

 Industry contributes 13% to the GDP. 

 

3. Investment opportunities in textile and apparel manufacturing in Ethiopia 

 Textile manufacturing considered as number one priority sector by the governments industrial 

development strategy.  

 Close geographic proximity to the EU and Middle East markets. 

 Availability of some 2.6 million hectare of land and climate suitable for cotton cultivation, equivalent  
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to Pakistan the fourth largest cotton producer in the world, but only some 5 % utilized so far. 

 Huge potential for organic cotton cultivation.  

 Ethiopia, known as the water tower of Africa, provides one of the cheapest environmentally friendly 

hydroelectric power supplies in the world (5US cents/kwh). A very good source of energy for electric 

boilers in dyes-houses. 

 Cheap and easily trainable unskilled labor force (wages 35 USD for low level, 100 to 200 USD for 

supervisory and up to 1500 USD for managers per month), less than Africa’s average.  

 Skilled labor in the sector is increasing rapidly as a result of fast growing education and training 

institutions in textile technology; two institutes, a couple of textile engineering departments in different 

universities and a lot of TVET schools and private training institutions.   

 Growing FDI investments, locals also giving an eye to the sector. 

 Quota and duty free market access to the US and EU as markets. Also bilaterally to over 16 nations 

Including China, India, Turkey and Russia. 

 One of the largest domestic markets in Africa. 

 

4. Production capacity of Ethiopian textile and garment industry 

 
Table 1. National attainable textile production capacity 

Sr

No 

Sectors Unit of 

measur

ement  

 Yearly Production ( ‘000,000) AAGR

% 2009/10 2010/11 2011/12 2012/1

3 

2013/14 2014/15 

1 Ginning kg 114 173 173 173 229 229 17 

2 Spinning kg 35 41 53 83 88 88 22 

3 Weaving Meter  76 92 146 176 177 177 20 

4 knitting kg 27 28 30 31 43 43 11 

5 Knitted 

processing 

kg 27 27 36 46 57 57 

17 

Woven 
processing 

Meter  70 70 94 105 126 126 
13 

6 Woven 

garment 

Number  17 17 17 20 27 27 

11 

Knitted 
garment 

Number 
 

35 56 57 57 59 59 
13 

*Yearly production is for 300 days. 

 

5. Import and export 
Ethiopia current textile and garment export hits more than $120 MN annually. Before five years this was only 

$23 MN. The growth rate is more than 400%. Currently Ethiopia imports about $650 MN annually textile and 

garment products majorly from India and China. 

 

6. Main constraints of the Ethiopian textile and garments 

 Poor human resource development system and shortage of highly qualified human resource 

 Insufficient industrial inputs and infrastructure 

 Lack of well-established investment and technology development  

 Poor market diversification and development 

 Inadequate institutional support and enterprise development  

 

7. Future prospects 
Besides the current promising performance of the textile and garment sector the future of the sector is even more 

attractive because of:- 

 Generation of hydro electric power: Ethiopia is constructing a mega hydro electric power generating  
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dams. Only the Renaissance dam can produce 6000 MW. As we will have double capacity of  power  

generation from Gilgel Gibe hydro electric power III (~1600MW) by the coming year. This creates 

power stable supply with competitive price. The specific power cost rate is $0.06/kwh.   

 Un-tapped cotton potential: From land of 2.6 million hectare favorable for cotton growing not more 

5% is utilized.  

 Industrial zone: another striking measure taken by the Ethiopian government is constructing Industrial 

zone in different areas of the countries. For leasing of factory within the industrial zone the lease year 

is 60 years and $1.25/SQM per year, the lease payment will be renewed every five years. 

 Roads and rail ways: another big measure is constructing high ways and rail ways which networks the 

country to the port areas with shortest time. This also expected to be one of the pillars in booming FDI. 
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Abstract: The abaya is a black outer garment mandated to be worn by all women (especially Muslims) in Saudi 

Arabia when they are outside their homes. It is designed to cover the whole body and reveal only the face, feet 
and hands. The black abaya absorbs most of the heat from sunlight in a hot climate. Multiple layers of clothing 

worn underneath the abaya add more thermal stress. Hence, abaya tends to make the wearer very uncomfortable 

in hot environments. This paper summarises findings of abaya thermal comfort performance from recent 

publications by the authors. It first presents an overview of the types, variety and comfort of abayas through a 
survey in Saudi Arabia regarding the issues of thermal discomfort associated with the current type of abaya. It 

then reports results of objective evaluations of the thermal performance of abayas as well as their constituent 

woven and knitted fabrics. The results indicate that the abaya type, fabric structure, fibre composition, fabric 
weight and fabric thickness all greatly influence their thermal comfort performance. The fabric physical 

properties related to the heat transfer and moisture management of abayas were also evaluated with a female 

sweating thermal manikin. The outcome of the research confirms that the wearing of abayas causes discomfort in 

hot environments. 
 

Keywords: Abaya, clothing comfort, thermal manikin, muslim women dress. 

1. Introduction 

The basic requirements of mankind are clothing, food and housing and transportation, among which clothing is 

on the top of the list. Clothing provides a portable environment maintaining human body comfort. It also imparts 
aesthetic appeal and indicates the wearer’s character and identity. Religious dress is acknowledged as a means of 

visual communication that reflects the wearer’s beliefs in certain religious principles and practices. Many 

Islamic societies expect a girl to wear clothing covering her body, hair and neck once she attains physical 

maturity. 
Muslim women in the Arabian Gulf region show their modesty and deflect male attention by wearing abaya, an 

Islamic outfit that should be worn with a light and long veil/scarf wrapped in a way that completely covers the 

head, neck and hair. Statistics reveal that 49.7% of women in Saudi Arabia aged over 10 years (an estimated 9.5 
million females) wear the abaya [1]. The abaya signals that the wearer is a devout Muslim and there is a tacit 

cultural agreement that men should accord abaya-clad women respect and distance. 

Modern consumers aim for certain features of clothes that need to be ethical as well as comfortable. Comfort 
refers to physiological, psychological, and physical aspects of comfort and is a pleasant state of harmony 

between the body and the environment, freedom from discomfort. Clothing thermal comfort is an intimate 

environment maintained by the clothing through the heat interchange and moisture transfer processes between 

apparel and the outside environment in which the wearer is in. In view of the extreme climate in Saudi Arabia, 
with a summer daytime temperature occasionally exceeding 45°C, wearing an abaya can be uncomfortable. 
 

2. Thermal comfort issue of abaya in hot environment 

In hot environments, the garment should ideally be able to release heat from the body to the environment. The 

black abaya is considered the most conservative way for women to dress in the Arabian Gulf. However, black 
garment absorb more solar heat, adding heat stress in hot summer. A survey conducted by the authors revealed 

that the degree of discomfort depends on the type of the abaya fabric and design as well as the type of clothing 

worn underneath the abaya. Most abayas were made from woven fabrics that masked female body contours and 

synthetic fibres (polyester) were mainly used because they have high strength and resistance to stretching with 
low wrinkle and shrinkage and are easier to care for. The preferred abaya fabrics are of medium thickness, 

lightweight, dark shades, opaque and with a tightly woven structure. Such fabrics could slow heat dissipation 

from the body to the environment.  
Women wearing abayas with multilayers of clothing perspire a lot. Jeans or slacks with shirt were commonly 

worn underneath the abaya, though short sleeves or sleeveless dresses increased the comfort. Slacks provided the 

freedom of movement compared to other clothing such as skirts. Abaya forms a barrier to thermal comfort in hot 
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environment, and several layers of clothing underneath an abaya caused more heat stress in hot environment. 

This paper presents some results from recent thermal comfort studies on abaya fabrics and garments [2-8]. 

3. Properties of abaya fabrics 
Most of abaya fabrics are lightweight, medium thickness and opaque. Table 1 shows that abaya fabrics can have 

a wide range of properties. The average value of the fabric drape coefficient (DC) considered to be suitable for 
abayas is between the limp and medium fabric drapability. In other words, abaya fabrics should not be too 

drapeable to reveal body contours or too stiff to affect esthetical appearance or obstruct body movement. 

Comparing similar data for woven fabrics (Table 1), the preference was that most of the knitted abaya fabrics 

should be thicker and heavier, which may lead to thermal discomfort in hot weather. 
The high air permeability of abaya fabrics shown in Table 1 helps to remove heat from body in hot conditions. 

All the abaya fabrics studied in Table 1 had low resistance to moisture transfer and the overall moisture 

management capacity of theses fabrics ranged from poor to very good. Based on the Hohenstein Institute’s 
Comfort Rating System [9], the abaya fabrics are extremely breathable and comfortable at higher activity rate.  

An investigation was conducted to compare the suitability of knitted fabrics for abayas [7]. It was found that 

different knit structures such as interlock, single jersey and double jersey appear to be suitable for abayas and 
their performance is comparable to the woven fabrics (Table 1). However, knitted fabrics are normally not as 

dimensionally stable as woven fabrics and knitted abayas could reveal body contours. This could be avoided by 

using thicker fabrics with a heavier mass per unit area, which may cause thermal discomfort. 

The thermal resistance of fabric mainly depends on the resistance offered by the entrapped air within the fabric 
and the inherent thermal resistance of fibre content [10]. Air is known to be less heat conductive as compared 

with any textile fibre, so the amount of trapped air pockets very much influences the overall thermal resistance 

of abayas. Despite the favourable comfort performance of abaya fabrics, abaya still caused heat stress in hot 
conditions. 

Table 1. Abaya fabric properties [5,7]. 

W
o
v
en

 f
a
b

ri
cs

 

Fibre composition 100% polyester, polyester/ cotton, viscose/ polyester 

Weave structure 
Plain weave, 3/1 × 1/3 Mixed twill weave, Satin weave, 

Crepe weave 

Blend ratio Various 

Fabric thickness (mm) 0.17-0.63 

Fabric weight (g/m
2
) 81-215 

Cover factor 20.8-27.5 

Drape coefficient (%) 26-51 

Air permeability 

(ml/cm/s) at 50Pa 
48-85 

Thermal resistance (m
2
. ° C/ W) 0.0005-0.013 

Water vapour resistance (m
2
 Pa/ W) 0.67-2.05 

Overall moisture management capacity 0.00-0.74 

K
n

it
te

d
 f

a
b

ri
cs

 

Fibre composition 
100% nylon, 50/50 wool/nylon, 96/4 polyester/elastane, 

65/35 polyester/cotton, 100% wool 

Knit structure Interlock, Single jersey, Double jersey 

Blend ratio Various 

Fabric thickness (mm) 0.5-1.15 

Fabric weight (g/m
2
) 127-349 

Cover factor (mm tex) 0.95-1.78 

Drape coefficient (%) 20-50 

Air permeability 

(ml/cm/s) at 50Pa 
16-85 

Thermal resistance (m
2
. ° C/ W) 0.03-0.034 

Water vapour resistance (m
2
 Pa/ W) 1.8-5.0 

Overall moisture management capacity 0.00-0.75 
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4. Thermal comfort performance of abaya garments 

A female sweating thermal manikin dressed with daily wear clothing and one of three abaya designs (Figure 1) 

was used to determine the physical values related to the heat transfer and moisture management properties. The 
study [3,4] concluded that among the types of abaya design evaluated, the abaya worn on the head offered 

slightly higher thermal and evaporative resistance than those worn from the shoulder with tight or loose sleeves. 

In addition, abaya combinations in woven fabric could be slightly more comfortable than knitted abaya 
combinations, although the abaya itself contributes heavily to thermal stress in hot weather. These results 

highlight the importance of the air trapped in the microclimate between the body and garments on thermal 

comfort properties. 

 

Fig. 1. The female thermal manikin with: a) underwear; b) underwear, long sleeve shirt & skirt; c) underwear, 
long sleeve shirt & slacks; d) abaya worn from shoulder with tight sleeves & scarf; e) abaya worn from shoulder 

with loose sleeves & scarf; and f) abaya worn from top of the head with tight sleeves & scarf. 

 
Fig. 2 shows examples of the effect of wearing abaya over the daily wear clothing. The heat loss through the 

daily wear clothing and abaya combination was much lower than that through only the daily wear clothing, in 

particular in the head and torso areas. The low heat loss in the head area is because of the contributions provided 

by the scarf component and the air layer between the skin and the scarf. The scarf was wrapped in two layers 
around the head while there was no scarf in the daily wear clothing. The torso was covered with more layers 

(abaya and scarf), resulting in higher thermal insulation than the daily wear clothing only, and hence reduced 

heat loss. The multilayers of fabric in the chest area create high thermal resistance and hence more heat stress. 
It is clear from Figure 2 that the woven abayas had similar, if not lower, insulation than the knitted abayas. This 

could be because the woven abaya fabrics were lightweight and thinner which results in a slightly lower thermal 

resistance value than knitted abaya fabrics. Nevertheless, the knitted abaya fabrics tended to insulate more heat 

than the woven fabrics. In terms of design, thermal resistance of the abaya worn on head is significantly higher 
than that worn from the shoulder with tight sleeves or lose sleeves [2], because the former has three layers, two 

from the scarf and the third one from the abaya worn on head. Due to the multiple layers of scarf and abaya, heat 

stress in the neck area of the body is predominant. 
Abaya hangs from the shoulders, and this might block the air ventilation between the garment and the body. In 

addition to covering the female convex body geometry, the abaya was shaped to fit loosely in the chest area, 

which creates more air gaps, resulting in higher thermal insulation. It is certain that wearing an abaya as an outer 
layer reduces heat loss from the body and can lead to discomfort in hot environments. 

When fabrics are made into clothing, the air gaps between the skin and clothing influence the heat transfer more 

than the intrinsic thermal insulation of the fabrics. Therefore, the fabric selection for abayas appears less 

important than abaya design. However, sometimes when the weather is very hot, women wearing sleeveless tops 
should feel more comfortable in the abaya because abayas are sometimes worn next to skin and should be able to 

transfer moisture to the outside environment as well. Nevertheless, an abaya is a barrier to thermal comfort in hot 

environment. 

 

5. Conclusion 

The abaya fabrics were mainly woven structures and made from polyester and its blends. Though the current 
abaya fabrics may have good properties as comfortable textile material, this does not imply that abaya garments 

will be thermally comfortable in hot climates. Wearing an abaya with multilayers of clothing creates problems of 

a b c d e f 
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feeling uncomfortable in many circumstances. The skirt ensemble of daily wear clothing had higher thermal and 

evaporative resistance than the slacks ensemble in the stationary standing mode of manikin testing. Irrespective 

of the type of abaya, the thermal resistance in the abaya combinations were higher than for the daily wear 
clothing ensemble by itself. An abaya is a barrier to thermal comfort in hot environments. 
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Fig. 2. Dry heat losses (w/m
2
) of daily wear clothing with and without abaya of different designs in the 

stationary mode [4]. 
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"The illiterate of this century will not be those who cannot read and write, but those who cannot learn, unlearn, 

and relearn." 

- Alvin Toffler 

It's a VUCA world where the time-tested formulas for success in the corporate world are fast-changing (Bennett 

& Lemoine, 2014). Environmental degradation (WWF, 2010), the economic breakdown (IMF, 2011), as well as 

the crippling social order (Welford, 2013) are issues which have collectively raised an alarming call in all 

spheres of corporate activity. Concepts such as globalization, triple bottom line, more for less for more, 
disruptive innovation, sustainability, technological revolution, social responsibility, ethical governance and so on 

are defining the rising trend for inclusive growth and holistic development for not just the business but also for 

all its stakeholders across the value chain. 

Success in today’s corporate world which is driven by accelerated globalization, fast changing technologies, 

demanding clients and unpredictable socio-economic-political situations demands competent business leaders to 
look within, look around and look beyond while being tomorrow-ready today. While on one hand, the corporate 

leaders of today will need to have extreme local sensitivity and take cognizance of the impact of their actions on 

the stakeholders, on the other hand they will also need to have a global mindset encouraging innovation and 

design thinking to succeed in an open and dynamic changing corporate environment.  

The leaders of tomorrow will have to possess innovative mindsets that look beyond the obvious, creative ‘out-of-

the-box‘ ideas and a design thinking attitude to turn them into sustainable solutions for the benefit of the self, 
organization and the society. To be able to identify and hit moving targets, any company needs to have a 

completely different skill set as compared to not-so-old times. Corporations need managers who are multi-

disciplinary flexible, cross functional and holistic in their thinking, while also being observant and intuitive in 
their approach to problems, and those who can amplify roles of oneself as a marketing professional, operations 

professional, a finance manager and a people manager, all rolled into one.  

Against this backdrop, success in the present dynamic global business environment calls for the need for a 
fundamental change in executive management education (Rowe, 2004) which can respond to the emerging 

unarticulated needs and realities with new and sustainable approaches. An inventive pedagogy in business 

management techniques which encourages an innovative and design thinking mindset coupled with a 
multidisciplinary learning approach can strengthen the foundations for creating effective and efficient 

management professionals. As Johansson (2004) has alluded, “operating within a field will generate ideas along 

a particular direction, but when you step into an intersection, you can combine concepts between multiple fields 
and generate ideas that leaf in new directions”. Thus, an integrated disciplinary learning approach to 

management education which synergises innovation, design thinking and general management holistically and 

sensitive to the socio-cultural context will groom students and transform them from being management graduates 

into competent industry-ready corporate professionals. 
 

Sensing the opportunity for a new paradigm shift in management education, WeSchool has pioneered to offer 

various transformative post graduate business management programs which weave innovation and design 
thinking into mainstream management through integrated project-based learning. WeSchool attaches significant 

attention to innovation in the pedagogy and curriculum design with unique concepts like  ‘Integrative Manager’ 

wherein multidisciplinary concepts are taught through team teaching to nurture ‘T- shaped’ Professionals of the 

future who have the depth of domain knowledge and the width of overall perspective and sensitivity to the 
organization and community and an underlying guiding philosophy of AAA, an acronym for “Acquisition, 

Application and Assimilation of knowledge”. With this new outlook in administering globally –benchmarked 

inventive management education, Welingkar Institute of Management transformed its identity from a B-School 
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to a WeSchool offering programs with a unique blend of management competencies, design thinking and 

innovation to nurture business graduates with a holistic view to manage business, environment and social 

responsibility towards stakeholders. Through various flagship events coupled with multi-disciplinary 
management programs WeSchool has chosen to create a new environment where ‘design thinking’ and business 

management are woven together to create a new ‘integrated disciplinary approach to innovation and design 

management’. 

 
In February 2014, we hosted INTER-DESIGN Mumbai; a global event organized under the aegis of ICSID 

(International Council of Societies of Industrial Design). WeSchool is the only B-School to host this global 
congregation of the best designers in the world (all the previous editions have been held by Design Schools 

across the world). The theme for this event was “Humanizing the Metropolis”. WeSchool's firm rooted belief 

that innovation and design thinking will recalibrate the rules of corporate and social performance, led to "The 
MIT Media Lab: WeSchool Design innovation Workshop 2014" six day design innovation workshop with 

Massachusetts Institute of Technology (MIT Media Labs), USA which saw a confluence of over 200 students, 

30 researchers from MIT Media Lab, USA leading to an output of over 80 innovative prototypes. 

 
As Roger Martin, Dean at Rotman School of Management at University of Ontario has said, “..we are on the 

cusp of a design revolution in business, and as a result, today’s business people don’t need to understand 

designers better, they need to become designers” (Dunne & Martin, 2006). Design contributes to bringing an 
intuitionary approach to management practices which goes beyond basic number crunching and analytical 

reasoning and adopts the latent influence of visualization and communication through rapid prototyping which 

aids the holistic decision-making process (Utterback et al., 2006). Design thinking integrated into business 
education develops holistic thinking and can help managers look at a business strategically beyond the typical 

silos of Marketing, Finance, HR and Operations. It enables them to develop a deeply empathetic approach 

emerging from an in-depth stakeholder analysis leading to better and profitable solutions. 

As Tim Brown, MD & CEO –IDEO has alluded, “I believe that design thinking has much to offer a business 

world in which most management ideas and best practices are freely available to be copied and exploited. 

Leaders now look to innovation as a principal source of differentiation and competitive advantage; they would 
do well to incorporate design thinking into all phases of the process” (Brown, 2008). 

Given the competition for jobs, graduates need every advantage they can get when it comes not only to having 
the right business management education, but also leadership skills which hiring organizations seek the most for 

better performance and profitability across the triple bottom-line. Young business professionals globally are 

faced with one of the worst job markets in decades. With global youth unemployment rate being over 13% 

(International Labour Organization, 2014), this problem is aggravated in developing countries where as many as 
two-thirds of young graduates are still under-utilized.  

In consonance with this global context, in India as well there exists a similar industry-oriented skills gap 
observed in young professionals. A recent Wall Street Journal article (Anand, 2013), “India Graduates Millions, 

but Too Few are Fit to Hire,” reports that corporate executives believe that B-schools in India focus on rote 
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learning more than critical thinking skills. Similarly, in a study conducted in 2010 of 303 employers, the 

Federation of Indian Chambers of Commerce and Industry (2011) found that a majority of graduates lacked the 

soft skills necessary for leadership. So the question arises that what can a Business School do to help equip 
business graduates with both the necessary skills for employment and the growth mind-set needed to be leaders 

of change?  

In August 2012, under the Leadership Beyond Boundaries initiative, the Global Citizen Leadership (GCL) 

program was launched at WeSchool in association with the world renowned Centre for Creative Leadership 

(CCL®) and the Design Impact (DI). This co-designed initiative is aimed at transforming the students of the 2 

Year Full-Time PGDM program into Global Citizen Leaders, leading the betterment of self, organization and 
society.  

The program aims to build student competency in interpersonal skills, self-awareness, and innovation and gives 
them the opportunity to apply the learning to real-life social challenges. With a view of providing holistic student 

growth and development, this voluntary-run and mandatory program is integrated into the regular PDGM 

curriculum as a credit course to boost the Emotional Quotient (EQ) in addition to the Intelligence Quotient (IQ). 
It aims at enabling students to be leaders who are not just Business Managers but also global citizens with 

empathy towards the stakeholders. This cutting-edge transformative program focuses on democratizing 

leadership development and is a multi-phase program spread over 6 months wherein students are guided by 

Faculty mentor interventions, on a weekly basis. 

The GCL program uses the Leadership Beyond Boundaries framework that correlates greater social impact with 

increased personal development. At WeSchool, the GCL program is promoted for multi-disciplinary or cross-
sector groups who learn about the innovation processes of collecting insights, identifying opportunity spaces, 

generating ideas, testing prototypes, and creating pitches while collaborating and working together on economic, 

social and environmental change projects.At the foundation, the focus is on helping individuals build self-clarity 
and motivation. A second level is building interpersonal skills to work effectively with others. A third layer is 

about preparing young people to bring about positive change in their organizations and community using the 

levers of innovation and leadership. 

 
The GCL includes a continuous four step process of lead self, collaborate, innovate and social action which is 
run over a six month duration and is delivered through a combination of theoretical class room sessions, 

supported by  practical immersion into creating some  product / service / or solution that addresses real life 

issues or needs.  

Three theoretical interventions are given: 

 The first one at the course commencement, addresses “self awareness”, and “connecting with others” on the 

one hand, and “observations leading to developing a sense of empathy” on the other. 

 The second one after a period of about three months touches upon “personal development” and “leading & 

learning together” on the one hand and “how to prototype to convert insights into action” on the other. 

 The third and concluding intervention after another two months, deals with “looking back & looking ahead” 

along with “making the case & integrating impact” on the project. 



                                                                Global Textile Congress, Bangkok, 13-15 Feb 2015 

 

Nurturing global citizen leaders groomed in business design thinking 

Prof. Samir Karkhanis  

33 
  

 

The students from WeSchool's niche programs like Healthcare, Retail, Business Design and Rural Management 

teamed with their counterparts from PGDM & PGDM E–Biz programs get involved in a detailed exercise of: 

      a. Stakeholder mapping 

      b. Gathering observations and insights  

      c. Prototyping and finally 

      d. Arriving at solutions which address “opportunity statement” and are commercially feasible 
 

Alluding to the exceptional impact the program has created in nurturing WeSchool management graduates as 

Global Citizen Leaders groomed in innovation and design thinking, Prof. (Dr.) Uday Salunkhe, Group 

Director, WeSchool says, “Democratizing leadership education is the call of the day …The world needs leaders 

who are comfortable with ambiguity and are open to experimentation. Leadership is, therefore, for everyone. 

Addressing the world’s most pressing problems requires leadership education to be imparted at all levels, not 
merely at the top of our most powerful corporate and academic institutions, but also at the ground level, in far-

flung villages and poor urban slums.” 

One example of a GCL project initiated by the PGDM Retail Management students presents a unique reflection 
of their hands-on learning experience in integrating the needs of society as expressed by industry with innovation 

based solutions in the retail spaces of our country. Under the GCL project title of “Opportunities for Developing 

Vocational Training Programs in Retail” the students performed a primary research by interviewing retail 
executives and visiting stores in the organized and unorganized sector to gather insights required to identify 

opportunities. They then arrived at the opportunity space of providing retail training to the students of 

government schools and colleges and targeting economically weaker sections of the society. This was followed 
by developing a marketing plan to promote the idea among these weaker sections. 

The WeSchool students suggested that TRRAIN should tie up with more retailers which would help in 

recruitment of participants. Simultaneously, the students recommended tie-ups with donors which would help in 
raising funds for these programs and the break-even is estimated to be achieved in nearly 2.5 to 3 years, with a 

minimum donation of 1.5 lakh per year.    

Emphasizing the impact of the GCL program on the PGDM Retail Management students, Ms. Ameesha Prabhu, 

CEO, TRRAIN (Trust for Retailers & Retail Associates of India) says, “The GCL project by the students of 

WeSchool, brings out the true potential & the power to play a part in shaping India & eventually the world, 
rather than just being shaped by it, both as an individual & a team. This is a tremendous way for students to get 

hands-on experience in creating sustainable solutions for either Business or Not for Profit entities. It encourages 

lateral thinking, innovation and business like pragmatic approach to various challenges a business faces”.  

Source: http://www.ccl.org/leadership/pdf/aboutCCL/WeSchool.pdf 
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Hiren Shah 

PGDM- Retail Management 

 

 

 

        

 

 

 

 

“The Global Citizen Leadership Program truly challenges the basic beliefs and 

premises to encourage self-innovation, in order to be creative and inspires design 
thinking approach to innovation led solutions which benefits not just business 

profitability but are rooted in serving the needs of stakeholders at large.  I think this one-

of-its-kind WeSchool experience has given me faith in my creative abilities and 

confidence of transforming difficult challenges faced in business and society into 
opportunities for design innovation, which are beneficial to all. “ 

 

 

Similarly, the overall transformation awarded by the GCL program has observed the WeSchool management 

graduates to be: 

• Self & socially aware individuals, able to work courageously & collaboratively to take on boundary 

spanning challenges 

• Competent professionals who can transform organizations while transforming themselves through the 

synergy of innovation and design thinking in business 
• Continual & agile learners who are able to step into new environments & empathize with multiple 

perspectives 

• Global citizens who seek to transform the world from a positive & collaborative mindset 
• Thought practitioners not confined by local paradigms when developing solutions 
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Conclusion 

With the growing awareness of ecological and economic interdependence, the young managers and 

entrepreneurs stepping into the arena of turbulent global work space need to learn to look beyond the narrow 
career goals to take on the mantle of responsible leaders who are able to steer the organizational profitability and 

performance across the triple bottom-line in a sustainable manner. Technical competence is very important for 

these emerging workers, but it’s not enough. To be effective in achieving sustained impact for themselves and 
their organizations, these young management professionals will need to consider proven and cutting-edge skills 

associated with leadership, innovation and design thinking to create a sustainable impact in the dynamic global 

business environment of today.  

Nurturing design thinking and innovation competencies are at the core of the Welingkar philosophy and 

WeSchool’s pioneering programs coupled with the Global Citizen Leadership Program (GCL) provides 

leadership and innovation knowledge along with an opportunity to learn and practice multi-disciplinary skills in 
a real-life context to holistically transform and lead betterment of self, organization and society.  

Bibliography 

Anand, G., (2013): “India Graduates Millions, but Too Few Are Fit to Hire”, Wall Street Journal, 11 April 2011 

Baumol, W. J., (2002): The Free-Market Innovation Machine: Analyzing the Growth Miracle of Capitalism, Princeton, 

U.S.A.: Princeton University Press.  

Bennett, N. and Lemoine, G. J., (2014): “What a difference a word makes: Understanding threats to performance in a  

VUCA world”, Business Horizons, February 2014, 57(3), pp. 311-317 

Bessant, J., Lamming, R., Noke, H., and Phillips, W., (2005): “Managing innovation beyond the steady state”, 

Technovation, December 2005, 25(12), pp. 1366 – 1376. 

Brown, T., (2008): “Design Thinking”, Harvard Business Review, June 2008  

Chowdhury, K., (2011): “Young India lacks soft skills: Survey”, India Today, 10 April, 2011 

Dunne, D. and Martin, R., (2006): “Design Thinking and How It Will Change Management Education: An Interview and 

Discussion”, Academy of Management Learning & Education, 5(4), pp. 512-523 

International Labor Organization (ILO), (2014): Global Employment Trends 2014-Weak economic recovery does not 

extend to jobs, ILO, [online], Available at: <http://www.ilo.org/global/research/global-reports/global-employment-    

trends/2014/WCMS_233931/lang--en/index.htm> [Accessed on 29 January 2015]  

Rowe, A. J., (2004): Creative Intelligence. Singapore: Pearson Education 

Utterback, J. M., Verdin, B. A., Alvarez, E., Ekman, S., Sandersson, Walsh, S., Tether, B. and Verganti, R., (2006):  

Design-inspired innovation, Singapore: World Scientific Publishing 

Welford, R., (2013): Corporate Environmental Management 3: Towards Sustainable Development, New York, U.S.A.:  

Earthscan 

 

 

 



                                                                Global Textile Congress, Bangkok, 13-15 Feb 2015 

 

The exciting role of narrow fabrics in the technical textile branch 

Dr.-Eng. habil. Roland R. Seidl
 

  36 
 

The Exciting Role of Narrow Fabrics in the Technical Textile Branch 
Dr.-Eng. habil. Roland R. Seidl

 

Jakob Müller Institute of Narrow Fabrics, Schulstrasse 14, 5070 Frick, Switzerland 

<r.seidl@mueller-frick.com> 

 
Abstract: In the past, narrow fabrics like tapes, ribbons, straps etc. were used primarily for apparel, home 

textiles and decorative purposes. Unlike other textile production processes, the narrow fabric technology was 
used at an early stage for technical or industrial applications. The rope was probably one of the first “technical 

textiles” in mankind. Already the Egyptians used a weighted rope tied to a stick to make ropes for Pyramid 

construction. A revolutionary method has been developed in order to produce ropes on a modified narrow 
needle-weaving machine. Modifications comprise the weaving reed, the temple bar as well as the take-up 

motion. Different woven structures have been applied in order to produce ropes with specific force-elongation 

behaviour as well as thicknesses. Hook-and-loop fasteners consist of two components: typically, two linear 
fabric strips (or, alternatively, round "dots" or squares) which are attached to the opposing surfaces to be 

fastened. 

 

Keywords: Narrow fabrics, rope weaving, hook-and-loop fastener, digital printing, zipper. 

 

1. Introduction 
In the past, narrow fabrics like tapes, ribbons, straps etc. were used primarily for apparel, home textiles and 

decorative purposes. Well know are applications such as elastic tapes for men’s underwear, bra straps, button 

hole tapes etc. for garments, curtain tapes and vertical window blinds for the home textile branch as well as gift 
ribbons, tartan tapes etc.  

 

2. Materials and methods 

2.1 Rope and narrow fabric weaving 

Everyday life without ropes, cord and string has become unimaginable. The immense range of applications for 

these items extends from clothing, sport and leisure, to the construction industry, farming, horticulture and the 
use of rope-like home textiles, etc. 

To date, ropes have been produced exclusively on braiding machines. However, using the NC2M and the new 

NH2M 53 narrow fabric needle looms, ropes and twine, etc. can be woven either with, or without, cores. "M" 

stands for "MultiSphere" technology from Jakob Müller AG. 
As compared to the braiding process, this technology facilitates the more economic manufacture of ropes and 

twine with similar and enhanced mechanical characteristics. This new technology is based on proven narrow 

fabric needle loom technology. Narrow fabric needle looms for the weaving of ropes differ from conventional 
machines with regard to the reed, the fabric guide and weave take-off. A holding device is used for precise fabric 

guidance, Constant take-off pressure provided by large take-off rollers and multiple winding. Various weave 

patterns can be employed. These allow the fulfilment of requirements relating to rope-like structures with 
specific stress-strain and surface characteristics (Fig. 1). 

 

 
Fig. 1. Core-sheath rope with a diameter of 11 mm, external structure (left), core-sheath close-up (centre), 
internal structure (right) 

mailto:r.seidl@mueller-frick.com
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This new technology is characterised by high productivity and low production costs, considerably longer, knot-

free, woven items due to the extended yarn lengths available on bobbins/warp beams as compared to those from 

braiding bobbins, longer running times without bobbin changes as compared to braiding, as well as excellent 
mechanical characteristics as compared to braided structures.  

In combination with the Y2 technology - using a Y-shaped weaving reed - new structures can be reached (Fig. 

2). Fields of application are fibre reinforcements for composites, sports equipment etc.  
 

 

Fig. 2. Narrow wide tape with rope-like connecting piece 

 
2.2 Buffer and tear-off belts 

For working in big heights, safety belts are compulsory. By means of narrow fabric technology, these 

kinds of belt or harnesses can be woven in one piece. Such a safety belt comprises of an accordion-like 

part and a tear-off part (Fig. 3).  

 

 
 

Fig. 3a. Accordion-like belt with cushion effect Fig. 3b. Safety belt with tear-off part 

2.3 Hook and loop fastener 

The first component features tiny hooks; the second features even smaller and "hairier" loops. The hook-and-
loop fastener was conceived in 1941 by Swiss engineer, George de Mestral, and there are new and exciting 

applications. The idea came to him one day after returning from a hunting trip with his dog in the Alps. He took 

a close look at the burrs (seeds) of burdock that kept sticking to his clothes and his dog's fur. He examined them 
under a microscope, and noted their hundreds of "hooks" that caught on anything with a loop, such as clothing, 

animal fur, or hair.
 
Mechanizing the process of weaving the hooks took eight years, and it took another year to 

create the loom that trimmed the loops after weaving them. In all, it took ten years to create a mechanized 
process that worked. He submitted his idea for patent in Switzerland in 1951 and the patent was granted in 1955. 

Today new applications can be seen. Fig 4 shows a fireproof fastening system, combining plush made of Meta-

Aramid NOMEX
®
 with an LOI value of 38 % and high-grade steel, Ø 0.1 mm.  

http://en.wikipedia.org/wiki/Engineer
http://en.wikipedia.org/wiki/George_de_Mestral
http://en.wikipedia.org/wiki/Alps
http://en.wikipedia.org/wiki/Burr_(fruit)
http://en.wikipedia.org/wiki/Burdock
http://en.wikipedia.org/wiki/Patent
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Fig. 4. Fireproof hook and loop fastener 

  
2.4 Digital printing on technical narrow fabrics 
Some thirty billion square metres of textiles are printed annually, 217 million of which are produced using 

digital printing, even though this process is still in its infancy. However, as the FESPA 2013 in London and the 

FESPA Eurasien 2014 in Istanbul clearly demonstrated, digital printing is on the march!  
Following the successful introduction of the MÜPRINT MDP2, a digital printer for non-elastic narrow fabrics 

and belts, the MÜPRINT MDP2 E for the printing of elastic narrow as well as technical fabrics has recently been 

launched onto the market. Like its predecessor, the MÜPRINT MDP2 E has a piezoelectric printing head that 

operates in line with the drop-on-demand principle.  
Water-based, sublimation inks are used for ink jet printing in the usual four basic colours cyan, magenta, yellow 

and black. The shortest possible route from the printing head to fixing is of significance for the printing quality 

and this is provided by the compact design of the MÜPRINT MDP2 E.  
Narrow fabrics may be printed in various dimensions up to an overall width of 400 mm. The total number of 

tapes that can be printed at the same time is dependent upon their widths. However, the MÜPRINT MDP2 E is 

the only machine to offer the simultaneous printing of fabrics with differing widths.  
The MÜPRINT MDP2 E prints, dries and fixes the narrow fabrics in a single working process. The printing 

speed can be adjusted in line with the application of the narrow fabric. Polyester textiles are employed as a 

substrate and weaves, warp knits or nonwoven narrow fabrics can all be printed. In addition, multilayer products 

using various materials can be processed when the surface to be printed consists of polyester. Above all, such 
narrow fabrics are used in those underwear areas where polyamide is still utilised for skin protection, while the 

visible side is made from polyester.  

 
 

 

 

Fig. 5. Digital printing machine for technical fabrics including coating unit (left), printed zipper chains (right) 
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Printed elastic narrow and technical fabrics are used in an extensive range of areas. These include bands for ski 

goggles, bracers, underwear, tampons and bandaging materials for the medical sector. Apart from the tapes, 

which can also be printed by means of traditional technologies, new product ideas are in demand. Owing to 
contactless printing technology, it is possible to print high-quality velvet and velour narrow fabrics without 

crushing the pile threads. Moreover, using a special device for the MÜPRINT MDP2 E complete zips, the so-

called “chain”, can be printed directly as a new feature (Fig. 5). Such products open up fresh product design 
possibilities for clothing designers.  

 
5. Conclusion 
Narrow fabrics are two or three dimensional textile fabrics with a limited width not more than 360 mm in the 

case of a needle loom, not more than 800 mm in the case of a crochet knitting machine and not more that 1000 

mm in the case of a label loom and are designed to fulfil special functions. Industrial textiles are becoming 
increasingly important in a whole range of applications. This development applies equally to the field of narrow 

fabrics. Apart from the classical sectors of ready-to-wear clothing and household textiles, the area of industrial 

textiles is gaining in strategic importance for many companies because of the potential of both existing and 

future markets. 
For over 125 years the Swiss enterprise Jakob Müller AG has been developing innovative technology for the 

ribbon and narrow fabric industry and is today the global market leader. Jakob Müller AG’s product portfolio 

covers all the equipment needs of the ribbon and narrow fabric manufacturing industry - a single source from 
yarn warping, through to final weaving and label manufacture as well as crocheting with its partner COMEZ 

International. 
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Abstract: As per the recent study, it is observed that defence forces worldwide are spending more than US $ 

1600 Bn every year for their procurement programmes, maintenance and various other requirements. This is a 

very huge sum which makes defence forces worldwide prime buyers of wide range of products. Textile for 
defence forces is a very small part of overall budget of above mentioned figures of US $ 1600 Bn. Estimates 

indicate that textile for defence forces may have approx. 3% to 5% share of the above mentioned budgets which 

makes it more than US $ 50 Bn. It is very difficult to ascertain exact figures as information is not freely available 
and various defence forces are very secretive about parting their figures. Similarly manufactures are also not 

providing exact figures because of their non-disclosure agreements. 

Defence forces require vast varieties of fabrics for various applications, which are widely purchased by air force, 

army, navy, coastal guards and marines, etc. However, the fundamental requirement for all the fabrics required 
by defence forces includes personal protective equipments for military personnel required during non-combat, 

combat and emergency operations, critical survival situations, military uniforms such as camouflage fabrics and 

specific performance requirements related to use in better field, tanks, aircrafts, underwater including high 
hazards and extreme temperature. Recent example indicate US navy forces used very special uniforms made out 

of specific camouflage fabrics during the operations to kill Osama in Pakistan. The United States Armed Forces 

Defence Supply Center- Philadelphia purchasing division for the Department of Defence estimates that over 
8,000 different textile items are purchased annually for use by the U.S. military, and this figure actually rises to 

over 30,000 line items when individual sizes are factored into the item mix. 

 

Keywords: Defence textiles, camouflage, product development. 

  
1. Introduction 

Among the most demanding customers of textile materials in the world are the members of our fighting forces, 

and army personnel are among those with the critical requirements. Personal protective equipment for military 
personnel is needed during non-combat, combat & emergency survival operation.  

As per the recent study it is observed that Defence Forces worldwide are spending more than 1600 billion USD 

every year for their procurement programmes, maintenance and various other requirements.  This is a very huge 

sum which makes Defence Forces worldwide prime buyers of a wide range of products. 
Defence Forces requires very vast varieties of fabrics for various applications widely purchased by air-force, 

army, navy, coastal guards, and marines, etc.  However, the fundamental requirement for all the fabrics required 

by defence forces includes personal protective equipments for military personnel’s required during non-combat, 
combat and emergency operations, critical survival situations, military uniforms such as camouflage fabrics and 

specific performance requirements related to use in better field, tanks, aircrafts, underwater including high 

hazards and extreme temperature. The primary areas of protection under all environmental conditions include 

ballistics, chemical/biological, detection through odour, noise and visual enhancing devices, flame and thermal, 
insects and microorganisms. The secondary areas of protection includes the high resistance to sun, resistance to 

mildew, withstand static propensity in numerous applications, be water repellent, have excellent durability to 

resist abrasion, tears and breaks, meet air permeability requirements that vary according to the end use [1]. 

 

1.1 Main item required by the armed forces  

 Camouflaged combat and flight uniforms  

 Helmets 

 Flak jackets 

 Aircraft fuel cells 

 Sandbags 

 Tents and shelters 

 Sheets 

mailto:lionsinha@gmail.com
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 Blankets and hospital supplies 

 Airplane panels 

 Ammunition bags/pouches 

 Fabric for bullet-proof vests/helmets 

 Chemical protective suits 

 Rafts  

 Parachutes and parachute harnesses, etc. 

 

1.2 Fibres used for defence textiles 

 Teflon Fibre 

 Polyester Fibre 

 Nylon 6,6 

 Kevlar 

 

2. Camouflage and camouflage fabrics 

Camouflage is predominantly a military form of protection against external threats. The basic philosophy is 

based upon the premise that if the enemy cannot detect a target, then that target is effectively protected, and 
casualties are avoided.  

Camouflage fabric is utilized for concealing personnel or equipment from enemies. It gives a unique effect to the 

personnel or equipment by making them appear as a part of the natural surroundings. It can also be used for 

concealing arms and ammunition by disguising or protective colouring [2]. 

 

2.1 History 

The colour red was the uniform colour adopted by the first permanent regiment of the British Army, the Yeoman 
of the Guard, the Beefeaters, during the ruling of Henry VIII. In 1645 this colour was adopted when the first 

permanent army was raised. Red was used in order to hide blood stains. Rather, every army adopted certain 

colours as their national colours. French soldiers tended to wear blue; Russians wore green; British wore red. 
It was not until the late 1800s that a Khaki uniform was issued, the British Army finally realizes that drab 

coloured uniforms provided better camouflage. Once again, tactics continued to lag behind during the First 

World War convinced authorities that there was a requirement to seek cover and remain hidden as opposed to 

standing up in battle formations. 
Camouflage fabrics have been existed for more than 75 years and have become very popular since 1990 after the 

operations desert storm in Middle East by US Forces with NATO Alliances. Today, most the armed forces, 

including army, navy, air force and Para military forces are using camouflage fabrics [3]. 
 

2.2 Applications 

 Uniforms for officers and soldiers in defence forces 

 Making armoured vehicles and other equipments untraceable 

 Covering airplanes, guns and boats  

 Creating deceptions 

 Tents for living and storage purposes 

2.3 Various types of camouflage fabrics  

 Apparel grade 

 Canvas grade 

 Protective grade  

 Chemically treated (such as Anti Fungal, Anti Bacterial etc) 

2.4 Technical specifications of the camouflage fabric based on their end use 

 Apparel use 

Fabrics are made with blends of polyester 65% and cotton 35%. Count ranges can be 2/20s, 2/32s, 2/40s 

and sometimes 2/60s also. Camouflage fabrics used in the Middle East also has specifications 2/80s, 
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100% polyester in warp and 20s carded and 20s combed in weft. This particular fabric used in borders 

and deserts where dust is very high. 

 Armoured vehicles coverage and heavy use 

Aircraft coverage camouflage fabrics are of 100% texturized polyester yarn fabrics. Camouflage fabric 
is used for covering guns etc are made of very heavy cotton yarn such as 2/10 and heavily treated 

 Civilian use 

Camouflage fabrics are becoming very popular for furnishing fabrics and civilian applications such as 

heavy jackets, cargo pants and shorts. The designs are however different. 

2.5 Price 

Current prices of camouflage fabrics are ranging from 4.50 USD per meter to 7.50 USD per meter depending 

upon the construction and delivery time of the fabrics. 
Price depends on following factors: 

 Weight of the fabrics 

 Design  

 Complexity of utility 

 End use  

 Finish – Anti-fungal, Anti-bacterial, etc. 

 

2.6 Global market 
As the fabric increased the safety factor of individual solider and the nature of the fabric improve the comfort 

level and also the roughness. 

It is anticipated that the total worldwide requirement of camouflage fabrics is more than 350 million meters 
annually. Approximately 35 million soldiers worldwide are using camouflage fabrics which includes army, air 

force, navy, Marines, Coastal Guards, paramilitary forces, etc. [4] Major manufacturers of camouflage fabrics 

are:  

 South Korea  

 China  

 Brazil  

 Mexico  

 Indonesia  

 Turkey, etc.  

Camouflage fabric is very sensitive products and armed forces are very concern and sensitive while deciding 
their suppliers and its location like many of them do not prefer to buy from countries like Mexico.  

 

2.7 Marketing strategies 
Camouflage fabric marketing takes time as all the defence forces have their own methods of establishing 

compliances & due diligence on suppliers and their locations which cannot be compromised. Appointments are 

also not walk through and it requires contact building using all possible channels. However, once accepted, they 
do not change suppliers unless and until they have strong reasons such as political situation etc. 

 

2.8 Opportunities in Indian market 

Since India is not manufacturing camouflage fabrics in large numbers. There are big opportunities for Indian 
Companies mainly because of following reasons: 

 Domestic availability of raw materials such as Polyester, Cotton etc. 

 Availability of skilled, technical manpower 

 Reliable delivery commitment 

 Technical training and education facility locally available. 

 High standards of technical education 

 Availability of large businesses with resources to create huge capacity plants.  

 Thorough and in-depth understanding of International Business requirements  

 Sense of Commitments extremely strong. 
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Fig. 1. Various patterns of camouflage fabrics 

 

3. Conclusion 
With the growing awareness of the protective clothing for the military personnel there is increasing demand of 

camouflage fabrics. Indian textile industries have the best opportunities in manufacturing the camouflage fabrics. 

Now it is the time to focus on the development of camouflage fabrics along with the good quality assurance.  
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Abstract: This paper investigates the potential offered by the advanced materials sector, fibre reinforced 

composites in particular, to the textile industry. Fibre-to-preform manufacturing part of the composites industry 

is labour-intensive and shares the tools and techniques derived from the textile industry. Indian textile industry 

could potentially benefit from creating the composites supply chain based on glass and carbon fibres as well as 

natural fibres. 

Keywords: Fibre reinforced composites, carbon fibre, automotive, aerospace. 

1. Introduction 

History often repeats itself. Indian textiles were traded in ancient times with China and Indonesia, as well as with 

the Roman world and subsequently with the Arab traders. But India was to become the greatest exporter of 

textiles the world had ever known, with the trade reaching its height in the 18th and 19th centuries [1]. Large-

scale production of textiles eventually shifted to Europe with the advent of steam power and invention of textile 

machinery during the industrial revolution; development of synthetic dyes, and the development of man-made 

fibres in the 20
th
 century.  Indian textile industry employs around 35 million people, second largest employer 

after the farming sector; contributes around 14% to the industrial output, 4% to the GDP and 17% to the 

country’s export earnings [2].  While these Figures are impressive, global share of the Indian textile production 

is only around 4%.  In order to reach anywhere close to the dominant position that the Indian textile industry 

held in the 18
th
 and 19

th
 centuries, it should move up the value-chain and develop non-apparel segments for 

domestic as well as export markets.  Technical textiles offer significant opportunities for growth; currently worth 

$14 billion per annum and expected to grow at 10% per annum.  Additionally, India is about to embark on a 

major infrastructure investment in the next decade and this investment could potentially act as a driver for 

additional growth in the technical textiles sector. This paper aims to highlight the potential offered by advanced 

composite materials to the textile industry.   

While the twentieth century innovations were created around bulk metals and plastics, twenty-first century 

clearly belongs to fibrous materials; fibres are the primary load-bearing materials in advanced fibre-reinforced 

composites, often referred to as composites.  Advanced composites are used in satellites, launch vehicles, 

military/civil airframes, racing cars, marine structures, bridges and passenger cars. Boeing 787 and Airbus A350 
are two of the most recent twin-isle aircrafts made with carbon fibre composites. BMW has recently introduced 

carbon fibre passenger cars (i series) and, in order to meet the price target, developed their own lower cost 

carbon fibre supply chain. Structural lightweighting has become a priority for the aerospace, automotive and 
general transportation sectors in order to reduce the fuel costs and the carbon footprint.  Composites supply chain 

shares a significant proportion of ‘tools and techniques’ from the textile industry.  Carbon fibres are processed 

from acrylic fibres in several stages of oxidisation and graphitisation; unwinding from a creel, winding on 

suitable bobbins, warping, sizing, weaving and stitching are some of the techniques derived from the textile 
industry.  Indian Textile Industry, employing millions of textile workers, has remained primarily apparel 

orientated. At the same time, High Value Manufacturing sector is looking to reduce the cost-base, and hence 

there is a tremendous potential for the textile industry to engage with  the HVM sector and develop its high-tech 
and highly profitable supply chain. Developing low-cost fibres and processing techniques would no doubt 

stimulate the manufacturing sector in India and beyond. 

2. Composites industry 

Global composites industry is currently around $70 billion per annum in value and 8.7 million metric tons in 

weight; similar figure for India are $0.8  billion and 200,000 tons, but growing at 10 -25% per annum.    
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Table 1. Indian composites market by sector [3] 

Sector 2006 2007 2008 2009 2010 

Wind energy 15,790 20,270 25,960 33,200 42,460 

Industrial 26,000 29,100 32,590 36,510 40,920 

Railways 8,000 9,600 11,520 13,820 16,590 

Automobile 20,690 22,670 24,900 26,300 28,100 

Oil & Gas 1,500 1,600 1,700 1,800 1,900 

Building and Construction 35,000 39,500 44,650 48,9200 55,400 

Marine 1,000 1,400 1,800 2,300 3,000 

Total 107,980 124,140 143,120 162,850 188,370 

 
Availability of relatively large volume of fibres and resins is a prerequisite for stimulating growth of existing 

players as well as encouraging new start-ups in this area. For example, there is a global shortage of acrylic fibres, 

PAN fibres and carbon fibres.  There is a huge potential to develop fibres, both natural and manmade.  Natural 

fibres may also be used as precursors to low-cost carbon fibres.     
In addition to infrastructure, transportation sector (automotive, railways, trucks) could potentially provide a huge 

market for composites; if some-how the low-cost production base of the textile industry could be exploited.  

 

Fig.1. BMW i-series car chassis. Courtesy SGL [4] 

3. Creating composites supply chain 

In addition to adding fibre capacity, textile industry could potentially create a huge ‘preforming’ capacity 

especially for the automotive industry.  Hybrid fabrics, consisting of carbon, glass (or natural) fibres combined 
with thermoplastic fibres may be woven on conventional looms, with adequate protection of the electrical motors 

and controllers from carbon fibre dust.  Conventional looms may be modified to produce complex 3D preforms 

(T sections, box sections, sandwich structures etc) in addition to 2D broadcloth.   These fabrics and preforms 

may be cut into required shapes using dedicated tooling (blank cutters) for high volume or flexible CNC cutting 
tables for low-volume applications.  Subsequent preforming step is somewhat similar to garment making-up by 

joining various pieces into a 3D artefact. Joining may be achieved by variety of techniques including stitching 

(Fig 2), tufting, ultrasonic welding processes.  Fabric panels may be assembled in a 2D plane, similar to garment 
making-up and subsequently draped on a mould surface for achieving the 3D shape. Alternately, individual 
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fabric panels are moulded into 3D shapes and subsequently assembled on a 3D mould surface. This latter process 

is somewhat similar to spot welding of a metallic car body.     

 

 

Fig. 2. stitching of sandwich panels (University of Manchester) 

In fact, a textile factory can supply a fully assembled 3D fibre preforms, incorporating required fasteners and 

metal inserts to composites moulder for one shot resin infusion. This approach would have a three-way benefit:  

a) textile/apparel industry can access higher value technical textiles market  b) composites industry can benefit 

from the lower-cost structure of the textile industry  and c) automotive industry can overcome the current cost 

barriers in lightweighting cars. Carbon fibre body is 40% lighter than aluminum body and 60% lighter than steel 

body.   Semi-assembled preforms may be flat-packed for the export market.   
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Abstract: In the present study, separation of jute nanofibres from waste jute fibres of textile industry was carried 
out using high energy planetary ball milling in wet condition. The presence of water during wet milling found to 

prevent increase in temperature of the mill and consequent sticking of jute nanofibres on the milling surfaces. At 

the end of three hours of wet milling, size of jute nanofibres was observed around 50 nm. The nanofibres were 
subsequently incorporated under 1 wt %, 5 wt % and 10 wt % loading into Poly lactic acid (PLA) to prepare 

biodegradable composite films by solution casting. The maximum improvement in mechanical properties were 

observed in case of 5 wt % nanocomposite films where Young’s modulus was increased to 3.3 GPa from 1.04 
GPa and storage modulus was increased to 9 GPa from 3 GPa as compared to neat PLA film. In addition, the 

validation of Young’s modulus with theoretical models revealed good agreement with experimental results up to 

5 wt % loading.  

 
Keywords:  High energy ball milling, particle size distribution, jute nanofibres, green composites. 

 

1. Introduction 

In this research work, waste jute fibres were collected from textile industry as an inexpensive source of cellulose 
nanofibres. In order to remove non-cellulosic contents available in form of hemicellulose (8–19 wt. %), lignin 

(2–5 wt. %) and waxy substances, these fibres were sequentially treated with alkali and bleaching was carried 

out before wet pulverisation in the ball mill. The jute nano fibres (JNFs) thus obtained, were later incorporated 
with 1 wt %, 5 wt % and 10 wt % loading in PLA matrix [1,2]. The improvements in mechanical properties were 

investigated from the morphology and crystallization behaviour of PLA composite films. In order to have the 

basic understanding of the stiffening, strengthening and toughening properties of JNF in PLA matrix, the critical 

evaluation of experimental results with theoretical models was performed. There exists no research work in 
literature on wet milling of jute to obtain nanofibres and investigation of their possible reinforcement potentials 

in PLA matrix [3,4]. 

 

2.  Materials and Methods 

2.1 Materials 

Jute fibre waste was obtained from India. The fibres were measured to have a density of 1.58 g/cm
3
, modulus of 

20 GPa, tensile strength of 440 MPa and elongation of 2%. Poly lactic acid (PLA) was obtained from 
NatureWorks LLC, USA. The PLA has a density of 1.25 g/cm

3
and the average molecular weight (Mw) of 

200,000. Chloroform, which was used as the solvent was obtained from Thermofisher Czech Republic. 

 

2.2 Wet milling of jute fibres and characterisation of size 

Chemical pre-treatment of waste jute fibres was carried out sequentially with 4% sodium hydroxide (NaOH) at 

80°C for 1 hour and with 7 g/l sodium hypochlorite (NaOCl) at room temperature for 2 hours under pH 10-11. 
Subsequently the fibres were antichlor treated with 0.1% sodium sulphite at 50°C for 20 min and transferred into 

the ball mill for pulverisation in the medium of distilled water.  

High-energy planetary ball mill of Fritsch pulverisette 7 was used with sintered corundum container of 80 ml 

capacity and zirconia balls of 3 mm diameter. The ball mill was loaded with ball to material ratio (BMR) of 10:1. 
The rotational speed of the disc was kept at 850 rpm with reverse rotation of containers. At the end of wet 

milling, JNF were separated from water by centrifugation at 4000 rpm with simultaneous transfer in solvent 

isopropanol to avoid hornification. The solvent isopropanol helped to dry JNF without clustering. 
Particle size distribution of JNF was studied after each hour of milling on Malvern zetasizer nano series based on 

dynamic light scattering (DLS) principle of brownian motion of particles. Deionized water was used as 

dispersion medium and it was ultrasonicated for 5 min with bandelin ultrasonic probe before characterisation. 
Refractive index of 1.52 was used to calculate particle size of milled jute fibres. In addition, morphologies of wet 
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milled jute particles were observed on field emission scanning electron microscope (FESEM) of Zeiss at 5kV 

accelerated voltage. 0.01 g of jute particles were dispersed in 100 ml acetone and then a drop of the dispersed 

solution was placed on aluminium foil and gold coated after drying.  
 

2.3 Preparation PLA/JNF composite films 

PLA/JNF composite films with 1, 5 and 10% filler content were prepared by mixing the calculated amount of 
JNF with 5% PLA in chloroform solution using a magnetic stirrer. The stirring was performed at room 

temperature for 3 hours. The composite mixture was further ultrasonicated for 10 min on Bandelin Ultrasonic 

probe mixer with 50-horn power. The final mixtures were then cast on a Teflon sheet. The films were kept at 

room temperature for 2 days until they were completely dried and then removed from the Teflon sheet. Neat 
PLA film was also prepared without addition of jute nanofibres as reference sample for comparison purpose. 

 

2.4 Testing of PLA/JNF composite films 

2.4.1 Differential scanning calorimetry (DSC)  

The melting and crystallization behaviour of the neat and composite films were investigated on DSC 6 Perkin 

Elmer instrument using Pyris software under nitrogen atmosphere with sample weight of 7 mg. The sample was 

heated from 25°C to 200°C at a rate of 5°C/min. The crystallinity (%) of the PLA was estimated from the 
enthalpy for PLA content in the nanocomposites, using the ratio between the heat of fusion of the material under 

investigation and the heat of fusion of an infinite crystal of same material as given in Eq.(1) 

 

  %100% 0  HwHityCrystallin  (1) 

 

Where H is heat of melting of sample, 
0H is heat of melting of 100 % crystalline PLA i.e. 93 J/g and w is 

mass fraction of PLA in nanocomposite. 

 

2.4.2 Dynamic mechanical analysis (DMA)  
Dynamic mechanical properties of the nanocomposite films were tested on DMA DX04T RMI instrument, 

Czech Republic in tensile mode. The measurements were carried out at constant frequency of 1 Hz, strain 

amplitude of 0.05%, temperature range of 35–100°C, heating rate of 5°C/min and gap distance of 30 mm. The 

samples were prepared by cutting strips from the films with a width of 10 mm. Four samples were used to 
characterize each material. 

 

3. Results and discussions 

3.1. Characterisation of JNF after wet milling  

In a previous work [15], the advantages of milling jute fibres in the wet condition over dry condition have been 

discussed. The presence of water in milling process was found to prevent the increase in temperature of mill and 
consequent sticking of material on milling surfaces. This helped to maintain the consistency and homogeneity of 

milling action on every individual fibre for prolonged time to provide narrower size distribution. The average   
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size of jute fibres reached to 443 nm from DLS measurement and the particle size distribution changed from 

multimodal nature to unimodal nature after three hours of wet milling as shown in Figure 1. In addition to DLS, 

the shape and size of jute particles were investigated by FESEM images. The shape of jute particles was 
observed in the form of nanofibres with certain aspect ratio having diameter around 50 nm and length around 5 

µm as shown in Figure 2. It was also possible to see few particles without aspect ratio which might be 

considered as agglomerates of hundreds of individual jute nanofibres. 
 

3.2 DSC of PLA/JNF composites 

Tg and Tm values of PLA increased with the increased loading of JNF. The maximum improvement was observed 

in case of 10 wt% of JNF where Tg was increased from 42
o
C to 49

o
C and Tm was increased from 147

o
C to 153

o
C 

as compared to the neat PLA film. The higher values of Tg were attributed to the delay in polymer relaxation due 

to restriction in chain mobility caused by presence of nanofibres. On the other hand, the increased value of Tm 

can be attributed to the formation of bigger crystals. Moreover, the widening of melting peak with subsequent 
splitting into two peaks with increase in loading of nanofibres indicated development of more heterogeneous and 

robust crystalline morphology of PLA. The increase in crystallinity of PLA after addition of JNF was confirmed 

from the increase in heat of melting values. The wider peak of crystallisation temperature for nanocomposite 

films indicated enhanced crystallisation rate of PLA molecules in presence of JNFs due to their nucleating 
ability. The same kind of behaviour was reported previously in PLA matrix.  
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 Fig.  3. DSC thermogram of jute nanocomposites Fig.  4. Dynamic mechaical analysis of jute 
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3.3 Dynamic mechanical analysis (DMA) of PLA/JNF composites 

The load bearing capacity of PLA after addition of JNFs was studied from the storage modulus results shown in 

the Figure 4. The maximum improvement was observed in case of 5 wt% nanocomposite where storage modulus 

was increased from 3 GPa to 9 GPa at 35
o
C. This increase in storage modulus values is attributed to the higher 

stiffness of JNFs during the transfer of stress from the matrix to nanofibres. However with further increase in 

loadings of JNFs to 10 wt %, considerable decrease in the storage modulus to 5 GPa was reported due to poor 

dispersion and agglomerations of nanofibres.  
With the increase in temperature, the storage modulus of neat PLA dropped at faster rate than PLA composites. 

The significant drop in storage modulus of neat PLA at 60
o
C is due to the softening of matrix and easier 

movement of PLA chains. The relatively smaller drop in case of composites is attributed to the presence of JNFs, 

which restricts the motion of PLA chains above 60
o
C.  

The ratio of loss modulus to storage modulus is defined as mechanical loss factor or tan delta. The damping 

properties of the material result in a balance between the elastic phase and viscous phase in a polymeric 

structure. Figure 5 shows that the tan delta peak of PLA was positively shifted with increased content of JNFs in 
composites. The shift of 5

o
C, 12

o
C and 15

o
C was reported in case of 1wt%, 5 wt% and 10 wt% composites 

respectively. The positive increments in shift of tan delta are attributed to the increased surface area of 

interaction between the matrix and nanofibres which restricts the segmental mobility of the matrix chains around 
them.  
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4. Conclusion 

The pulverization of jute fibres by high energy wet milling process was found to be simple, economic and 

environment friendly approach for separation of nanofibres. The diameter of nanofibres reached to 50 nm after 3 

hours of wet milling. This technique has a very good scope on industrial scale for refinement of large amount of 

waste fibres generated in the textile industry. 
When jute nanofibres were incorporated in PLA matrix for preparation of green composite materials, the 

maximum improvements in mechanical properties were observed in case of 5 wt % nanocomposite films. The 

improvements in properties are attributed to the increased interaction of nanofibres along with increased 
crystallinity of PLA in the composite. However, the deterioration in properties at 10 wt % loading of jute 

nanofibres is attributed to the nonhomogeneous stress transfer from matrix to fillers due to poor dispersion and 

agglomerations of nanofibres at higher filler loading.  
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Abstract: Consumer awareness over the damage caused by the UV light and microbes has increased the demand 

for the protective clothings. Conventional finishing methods of this type have certain limitations such as poor 

durability, non ecofriendly, etc. The need for durable, cost-effective, non-toxic and efficient antibacterial and 
UV protective finishes has been always there and the textile industry is searching for alternative solutions. 

Recent developments in nanoparticle technologies offer useful solutions to these problems. The use of 

nanotechnology allows textiles to become multifunctional and produce fabrics with special functions, including 
antibacterial, UV protection, easy-clean, water and stain repellent, anti-odour, etc. 

In this study, Cerium oxide nano particles were insitu grown on Silica sol coated cotton fabric via reaction 

between cerium nitrate hexahydrate and hexamethylenetetramine through low temperature hydrothermal 
method. The cotton fabric was uniformly covered with approximately 60-90 nm cerium oxide particles. The 

fabric had an excellent UV blocking property with UV protection factor values over 50. Also, fabric retains the 

excellent UV blocking property even after 30 washing cycles. Techniques such as SEM, XRD and FTIR were 

employed to determine the phase and morphology of final nanoparticles grown on cotton fabric. Antibacterial 
efficacy of treated fabric against S. aureus and E.coli was also determined. The results showed that cerium oxide 

nanoparticles coated cotton fabric have good antibacterial property till 20 wash cycles. 

 
Keywords: Nanoparticles, cerium oxide, hydrothermal method. 

 

1. Introduction 

Cotton is the most commonly used textile fibre by the denizens of this country. UV and antibacterial protection 
is particularly important for children and for the people who spend a lot of time outdoors in their line of work, 

such as construction workers, road workers, etc. 

In order to prevent the UV radiation from reaching the bulk of the polymer or from penetrating the coating and 

reaching a UV sensitive substrate such as human skin, organic and inorganic UV absorbers have been used in 
textiles for about 15 years. Most of the commercially based absorbers are the derivatives of o-

hydroxybenzophenones, o-hydroxyphenyl benztriazols, o-hydroxyphenyltriazines [1]. Antibacterial agents 

which are used commercially based on the quaternary ammonium compounds, triclosan, silver, etc [2]. 
The advent of nanotechnology has spurred significant developments and innovations in this field of textile 

technology. By using nanotechnology, there have been developments of several fabric treatments to achieve 

certain enhanced fabric attributes [3]. Peng et al. [4] studied the antibacterial and UV-resistant properties of 

cotton fabrics treated with titanium hydrosol. Yadav et al. [5] prepared zinc oxide nanoparticles by wet chemical 
method to impart the UV absorption property to cotton. Shen et al. [6] prepared the superhydrophobic and UV 

blocking cotton fabric using cerium oxide sol and dodecafluoroheptyl-propyl-trimethoxylsilane. Inbakumar et al. 

[7] reported the method for effective antibacterial cotton fabric by insitu growth of silver nanoparticles onto the 
polymer grafted cotton. 

In this paper, we report the in-situ growth of cerium oxide on silica sol coated cotton fabrics via low temperature 

hydrothermal method. The UV protection and antibacterial efficacy of the cotton fabric was also studied. 
 

2. Materials  

A bleached and mercerised 100% cotton fabric having 160 GSM weight was used for the study.  All chemicals 

(Cerium nitrate hexahydrate, Tetraethoxysilane, Hexamethylene tetramine and Ethanol) used were of laboratory 
grade. 

 

3. Experimental methods 
3.1In-situ deposition of CeO2 on cotton 

The silica sol was prepared based on the method reported by Mao et al.
8
Briefly, an amount of 10 ml 

tetraethoxysilane (TEOS) was added to 15 ml ethanol and the mixture was vigorously stirred at 25°C for 30 min. 
Hydrochloric acid (HCl) was added drop wise to the TEOS ethanol solution, and then the reaction mixture was  
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stirred at 25°C for 2 h. After aging the mixture at 30°C for one day, silica sol was obtained. 

An amount of 65 g of silica sol was dissolved in 1 l of deionized water to make 65 g/l silica sol. The cotton 

fabric sample was immersed in 65 g/l of silica sol and then padded with two dips and two nips with 2 Kg/cm
2
 

pressure using an automatic padder. After air-dried, the cotton fabric was fully rinsed in the deionized water to 

remove the residues and dried at 80°C for 2.5 h. The silica sol coated cotton fabrics were immersed to a solution 

of 0.01 M hexamethylenetetramine and 0.02 M cerium nitrate hexahydrate. The temperature of the reaction 
system was raised to 80°C at the rate of 3°C/min and then maintained at 80°C for 2.5 h. After rinsed with 

deionized water to remove any residual salt and dried with an ironer, the cotton fabrics were treated in hot 

deionized water at 100
0
C for 3 h. 

 

3.2 Characterization of finished fabric 

The  synthesized composites  were characterised by SEM,XRD and FTIR.Ultraviolet protection factor (UPF) of 

both finished and unfinished dry cotton fabrics was recorded and calculated  using Cary UV 100         Scan 
/Varian/EL06063086 spectrophotometer according to the AS/NZS test method 4399-1996.The quantitative 

assessment of antibacterial activity of the finished fabric was done by using AATCC Test Method 100-2004.The 

durability to laundering of multifunctional properties was measured using washing conditions as per ISO 105-

CO6-1M test methods. The one wash of standard method is equivalent to five home launderings. 

 

4. Result and Discussion 

4.1 Scanning Electron Microscopy (SEM) 
SEM investigations were carried out to investigate changes in the topography after coating with CeO2 nano 

particles. The corresponding SEM micrographs are shown in Figure 1. The woven cotton fabrics consist of 

cotton fibres having very smooth surfaces [Fig. (a)]. In the micrograph in case of fabrics treated with CeO2 on 
silica sol coated cotton fabric, there is uniform distribution appearing  are visible on the surface of the CeO2 nano 

particles and also there is little agglomerations appearing with increasing the particle size as observed in [Fig. 

(b)]. The particle morphology and size of CeO2 were not uniform on the cotton surface. The sphere-shaped CeO2 

particles had diameters in the range of 60 nm to 90 nm as observed in higher resolution micrograph [Fig. (c)]. 

                         

(a)                 (b)                                                             (c)           

Fig.1. SEM images of (a) Untreated cotton fabric; (b) Treated cotton fabric with silica sol and CeO2; (c) Treated 

cotton fabric with silica sol and CeO2  at higher magnification. 

4.2 XRD analysis 

Fig. 2 shows the XRD patterns of (a) Untreated cotton fabric, and (b) cotton fabric treated with CeO2. Compared 

to curve a for the untreated cotton sample, three new weak peaks are observed at 2θ in the range of 25°−60° in 
the curve b, which are attributed to the diffraction peaks of the (111), (220), and (311) planes of CeO2 with cubic 

structure[9]. No characteristic peaks were observed for the other impurities such as Ce2O3. 

 

 
Fig. 2. XRD patterns of (a) Untreated cotton fabric, and (b) Cotton fabric treated with CeO2 
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4.3 FTIR analysis 

Fig. 3 shows the FTIR patterns of cotton fabric treated with CeO2.The absorption band around 3404 cm
−1

 is 

attributed to the stretching mode of water, C−H stretching absorption around 2800−3000 cm
−1

. The complex 
bands observed at about 1639, 1425 and 1319 cm

-1
 are due to unwanted residues in the sample. The band at 894 

cm
-1

 is a metal–oxygen bond which corresponds to Ce−O stretching due to the introduction of CeO2 particles.
10

 

These results confirm chemically that the as described the treatments were successfully done.  

 
Fig. 3. FTIR spectra of cotton fabric treated with CeO2 

 

4.4 UV protective properties 
From Table 1 it can be seen that after CeO2 treatment the UV transmittance value of the cotton sample decreases. 

Mainly because the formed nanoscaled cerium oxide particles strongly absorb and reflect the ultraviolet rays, 

and the UPF value increases from 19 to 92 accordingly, which reaches the highest level (50+) of AS/NZS test 
method 4399-1996.It can be seen from the data the after washing there is the increase in the UPF factor 

compared to the before washing sample. These slight changes could be explained by an important factor which 

affects the transmission of UV radiation through the finished fabrics. This factor is the Laundering conditions of 

the garments: Shrinkage, pilling, the use of optical brightening agents in detergent formulation, temperature, 
time, etc. are factors that influence the UV radiation transmission of textile products. As the washing cycles 

enhanced the UPF increased as UV transmission level decreased. As mentioned above, there could be better 

dispersion of CeO2 nanoparticles during washing and placement in the matrix blocking it well for transmission of 
UV. Shrinkage, pilling will also block UV. Final effect is increase in UPF. Overall effect of UV protection as 

seen in this set of experiments was quite promising since even after 30 washing cycles the UPF level was 

“excellent”, above 50 UPF. 
Table 1. UV protection property of CeO2 treated cotton 

Sample Mean 

UPF 

value 

tUVA tUVB UPF ratings 

Untreated cotton fabric 19 8.732 3.962 15 Good 

CeO2 treated UV Protective 

cotton fabric before washing 
92 4.013 0.592 50+ Excellent 

CeO2 treated UV Protective 

cotton fabric after 5 washing 

cycles 

164 2.677 0.294 50+ Excellent 

CeO2 treated UV Protective 

cotton fabric after 10 

washing cycles 

203 2.299 0.235 50+ Excellent 

CeO2 treated UV Protective 

cotton fabric after 20 

washing cycles 

207 2.23 0.238 50+ Excellent 

CeO2 treated  UV Protective 

cotton fabric after 30 

washing cycles 

244 2.002 0.196 50+ Excellent 

tUVA*- Transmission of UVA,  tUVB*- Transmission of UVB. 
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4.5 Antibacterial property of CeO2 treated cotton 

Table 2 shows the bacterial reduction rate of cotton 83% for the fabric treated with CeO2 against both           S. 

aureus and E.coli. As expected, no reduction of the bacteria S. aureus and E.coli was found in case of the 
untreated fabrics. It is to be noted that although before washing the level of bacterial reduction was higher, after 

washing for 5, 10, 20 washing cycles, the level of bacterial reduction decreased. However, even after 20 washes 

bacterial reduction of 52% in case of S. aureus and 47% in case of E.coli was quite promising one. 

 

Table 2. Antibacterial property of CeO2 treated cotton 

Sample Reduction in bacterial colonies (%) 

  S. aureus E. coli 

  Before 

wash  
After 5 

wash 
After 

10 

wash 

After 

20 

wash 

Before 

wash     
After 5 

wash 
After 

10 

wash 

After 

20 

wash  

Untreated 

cotton 
0% 0% 

Treated 
cotton 

83% 77% 68% 52% 88% 75% 62% 47% 

 

5. Conclusion 
Cotton fabric treated with cerium oxide shows excellent antibacterial and UV protection. SEM micrographs 

clearly show presence of spherical shaped cerium nano particles of range 60-90 nm. Overall effect of UV 

protection as seen in this set of experiments was quite promising since even after 30 washing cycles, the UPF 

level was “excellent”, i:e above 50 UPF. This clearly indicates the promising potential of application of cerium 
oxide nano material on cotton fabric in order to obtained UV protective clothing which is quite durable to 

washing. Also in addition 83-88% reduction in bacteria observed initially was found to be even after 20 washes 

bacterial reduction of 52% in case of S. aureus and 47% in case of E.coli which was quite promising one. 
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Abstract: ITMA, ever since its inception in 1951 and organised every 4th year, offers a great opportunity to 
witness the latest developments in the textile machinery covering fibre production, spinning, weaving, wet 

processes and in many other fields. ITMA 2015, is not now far and is being held at Milan from 12-19 November, 

2015. The author of this paper had the opportunity to attend all the ITMAs ever since 1987 and witnessed in 
details  the "new" developments in weaving  the machinery manufacturers had exhibited.  In the 20th century , 

there have been some "Revolutionary Inventions and some Incremental Developments" in the different types of  

weaving machines As the time has advanced, the nature and magnitude of revolutionary developments has 

decreased whereas of incremental developments  increased.  
The above trend cast's a question - Has the saturation point been reached of incorporating any further significant 

radical or incremental developments  in the weaving machinery? Will there be something "REALLY NEW" in 

weaving to witness at ITMA in November 2015. 
 The author has summarised developments (including revolutionary / incremental) in the weaving machines as 

shown  at ITMAs 1975- 2011 and will present his critical views i.e. horoscope  of the future development .  

 
Keywords: Rapier looms, water-jet looms air-jet looms, multiphase looms, incremental developments, weft 

insertion rates, loom speeds, loom widths, Dornier loom, Tsudakoma water- jet loom , loom design 

 

1. Introduction 

Most experts make market forecasts and those who get them anywhere near right usually  make a great song and 
dance about it . Those who get them wrong usually keep quite. Friends, I am not sure which of the two 

categories I will be classified.  

Most of you will agree that the best way to forecast the future developments in weaving  will be to focus in detail 
on the pace of major radical innovations that have taken place in weaving  in the past few decades.  

With this approach in mind the author have surveyed the history of revolutionary  innovations in the weaving 

machinery i.e. the methods of weft insertion right from the period when the fly shuttle was invented. 19th 

century was the turning point into revolutionary developments in weaving  i.e. methods of weft insertion.  

 

Summary of innovations of  the methods of weft insertion on the weaving machine 

 
1733   Invention of fly shuttle 

RAPIER LOOMS 

1844   invention of rapier loom - patent taken. 
1870   Rigid rapier loom invented and perfected in 1899. 

1922  Flexible rapier loom developed, patent taken in 1925. 

  Inspite of the above inventions, the rapier weaving did not become  

                           commercial  for  few decades.  
1950-60 Rapier weaving took commercial form 

 PROJECTILE LOOMS 

1930  Birth of Projectile loom. 
1946   Prototype model designed. 

1952   Commercial model made. 

A commercial model 85 " wide running with WIR of 600 m/min designed and for the first time exhibited at 
ITMA 1955.  

AIR -JET LOOMS 

1914  Concept of Air -jet pioneered. 

1927  1st Demonstration of Air-jet loom on 50 cm wide loom. 
1947   Swedish Patent taken. 

1950   Czechoslovakia Patent taken. 
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1953  Commercial Penetration took place. 

1975   Most significant breakthrough  aimed to achieve  : 

                          1- Increased speed and widths.  2. Greater patterning possibilities.  
                          3 More electronic controls. 

WATER-JET LOOMS 

1955  1st Water-jet loom demonstrated. 
1958  Nissan developed a model. 

1979  Investa developed a model. 

1987  Tsudakoma developed a model. 

MULTIPHASE  WEAVING 
1971              1

st
  Multiphase loom commercially demonstrated.  

 

The above information reminds  us that 4 striking inventions in the different  methods of weft insertion took 
place in nearly 5-6 decades in the 20th century.  However, from commercial aspects, the real breakthrough in 

utilising the above  shuttle-less weft insertion methods has been achieved in the last about  40 years or so  

Apart from the above inventions, in  the last few decades,  all sectors of the textile industry including  weaving , 

has been revolutionalised  by some  radical and  incremental developments achieved  as a result of  engineering 
break  through, automation of processes, introduction of computer technology,  CAD /CAM systems,  

electronics,  microprocessors, information technology and their application in the production of woven fabrics. 

The use of electronics and microprocessors has primarily offered considerable number of incremental 
developments  and  improvements in the loom's design etc  in each class of shuttle-less loom  resulting in 

automation of some of the  functions .  Some of these functions are included in the basic  loom design where as 

some are optional and can be incorporated only  if desired by the fabric manufacturers.   
The development of the these functions, mainly by the increasing use of microprocessors and computers-control  

have significantly helped increases in speeds, weft insertion rates, improved fabric quality, fabric widths, design 

capability, machine reliability, efficiency and economic aspects  well beyond levels prevailing only a few 

decades ago. Without their incorporation in any class of shuttle-less looms, what has been achieved at present 
would not have been possible.Two other functions in which use of microprocessors have been used are the 

Automatic  Cloth Doffing  and  Automatic Package Supply System. 

 

The Future Expectations ? 

Having witnessed the inventions and incremental developments that have happened in the last few  decades and 

exhibited regularly at various ITMAS ever since 1951, it is but natural that one would tend to think : 
Shall we see in the future to come : 

(a)  any revolutionary invention(s) in terms of a  NEW METHOD  of weft insertion ?  

(b)  any significant further increases in the weft insertion rates , loom speeds and the loom widths.? 

(b)  any significant  INCREMENTAL DEVELOPMENTS / NEW  LOOM  DESIGN  FEATURES ? 
(c)  How the weaving technology and the future of the textile industry will look like? 

 

In order to throw some light on the above questions and make some personal predictions the author has very 
carefully examined and analysed the inventions and the incremental developments made in the last few decades 

and exhibited at various ITMA's along with their impact on the weft insertion rates, loom speeds, loom widths 

and economic aspects etc  

In the last 40 - 50 years no new invention of weft insertion has been demonstrated with a view to commercial 
utilisation. In 1959 - 74 Prof. J J Vincent from UMIST, Manchester  carried out extensive research into inertial 

weft insertion in which the weft was given a high velocity while out- side the warp. Although he was granted a 

patent in 1963 and patents on similar lines were granted in other countries however , the idea did not achieve any 
commercial success. (Fig 1 ) . The author predicts that though not in the near future but in a decade or two, 

probably another method of weft insertion could be invented or even the one advocated by Prof. Vincent could 

be further explored.  
It was for the first time at ITMA 1995 when two leading weaving machinery manufacturers exhibited completely 

new loom designs, employing air-jet weft insertion.  The first one was Sulzer Ruti Multi-Linear Shed Air-Jet 

loom M8300.The machine has no traditional healds, and a non-reciprocating beat up, inserts weft by main jet 
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and back up jets on four channels simultaneously on a 12 channel rotating drum.   The weft is inserted 

continuously on three or four channels at 23m/sec and weft insertion rates of 4830 m/min were shown.. The 

machine is capable of producing single and medium weight plain constructions up to a maximum of 30 ends/cm 
warp setting. For reasons best known to the manufacturers it was not shown at ITMA 2007 and 2011.  At the 

moment multiphase weaving technology has some limitations. However, in author's views  multiphase loom's 

could be in the process of further developments in their design to accept different yarns and weave setts of 
fabrics which at present are not practical. If not at this Itma, this  technology might come back at ITMA 2019. 

The other new loom design exhibited for the first time was Somet MACH 3 double air jet loom, weaving fabric 

in vertical direction on both sides of the loom.( Fig 1)  The prototype loom exhibited was weaving bed sheeting, 

322 cm wide (2 widths) at weft insertion rates of 3,860 m/min.  The design concept from some economics point 
of views looked very promising but unfortunately it did not become a commercial model.  May be in few years 

time this technology is exhibited again at ITMA's on an air-jet or even a rapier loom.  

Water -jet looms - their Future ?  

Although, water jet looms at one time were offering the highest weft insertion rates, but from ITMA 1983 

onwards, there was not much difference in the weft insertion rates of water-jet and air-jet loom and the air-jet 
ability to take different yarns also improved dramatically, thereby taking some share of the water-jet looms 

market. The number of exhibitors showing water jet looms at ITMA's dwindled sharply to the extent that at 

ITMA 2003 and 2007 no water-jet loom was exhibited. 

However, at ITMA 2011 Tsudakoma, for the first time in the history of ITMA's exhibited their unique water-jet 
loom running  at a weft insertion rates of 1425 m / min and integrated with Gross Positive Electronic Jacquard 

with 3 colours, pick-at- will, with a twin pump that enlarges the readability range. (Fig 1) Lot of interest was 

shown by those who attended the show. The author believes that water-jet technology hopefully will come back 
again at ITMA 2015 with improved flexibility in terms of type of yarns it could weave. At the moment, it has a 

restricted field of application to hydrophobic yarns. Its penetration into the world market can be improved only if 

it can accept single spun yarns which normally are sized. Manufacturers are well aware that a breakthrough 

permitting, processing of spun warp yarn on water jet loom would be a bonanza. The author has a feeling that 
sooner or later, the manufacturers of size materials ( starch ) would be successful in developing a suitable starch 

product that could well be applied on to spun warp yarns to protect them to absorb water during  weaving and 

afterwards can be washed away during the normal finishing operation i.e. desizing.    

 

Dornier  Air - jet Stitch Weaving Machine :  

Dornier from Germany at ITMA 2011 showed their latest new invention AIR-JET and RAPIER STITCH-
WEAVING machine specially developed for fabrics with stitch design and allows the diagonal alignment of 

warps for technical textiles in technically modified type as an Open-Reed-Weaving Technology. (Fig 1). It is 

believed, at ITMA 2015 this latest only 4 years old invention will bounce back with further improvements in its 

design. 

 

Further Advances in Weft Insertion Rates ? 

Generally speaking, whenever the performance of any loom is considered, its weft insertion rates,  speed and 
reed width are the main considerations and are taken as the yard stick with regard to the potential supremacy of 

the loom. This approach theoretically may not be the right one, but the fact is, it is given priority. Tables 1,2,3, 

show the  weft insertion rates, loom speeds and the loom widths that were exhibited at ITMA's 1971 - 2011. The 
figures show the advances in each case  as a result of radical and incremental developments incorporated in the 

weaving machines. Going through the figures  it can be seen that over the last few years, various forms of 

shuttle-less weaving machines on the whole have reached a level of maturity in weft insertion rates and speeds.  

The author predicts hardly any future spectacular  increases in weft insertion rates and the loom speeds in the 
case of the Rapier, Air-jet and Projectile looms. However, there could be some improvements in loom widths to 

meet the specific needs of producing some special technical fabrics etc. 

Also shown in Table 4 are the number of weaving machinery exhibitors and the number of looms that were 
shown in working condition in each class of shuttle-less looms at ITMA's 1983- 2011.  As can be observed from 

the ITMA years,  the number of exhibitors and the looms shown  have on the whole  gone down for some very 

technical reasons best known to the manufacturers. It could be because of the costs or some reserved reasons. 
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Further Incremental Developments 

On the above subject, the author has summarised in Tables 5,6,7, a long list of nearly 86 incremental 
developments and improvements in the looms design that had been shown at various  ITMAs.  

Going through the long list, the author again feels that such incremental developments have also reached to their 

almost saturation limits. 
Although, the author strongly feels that Incremental developments / Improvements in loom design etc will 

continue in the direction of ultimate automation and economic aspects, however, in his opinion at ITMA 2015 

the loom manufacturers may not be able show a good number of significant "Incremental Developments", when 

compared to their numbers shown at previous ITMA's. Equally, It is strongly predicted that there could be 
further improvements in some of the existing incremental developments and the loom designs that were shown at 

previous ITMA's.   

 

Other issues requiring attention ? 

In author's opinion the issues  which are likely to receive further serious attention from the loom manufacturers 

from developments and economics point of views  and be shown at ITMA in 2015  and the times to come, will 

be the Energy, Loom's Structural Design, Waste Reduction , Lower Maintenance Costs, Noise Reduction , 
Sustainability  and Flexibility. 

Although the above  issues have not escaped the attention of the loom manufacturers, ( when power consumption 

appears to have been optimised )  considering the maturity levels which shuttle-less looms have reached from a 
technological point of view,  energy and loom design would still be the areas in which manufacturers should be 

putting their efforts to reduce the cost of energy utilisation if they are to compete successfully.  By and large,  

much of the weaving will be carried out in developing countries where power consumption requirements do 
represent a critical parameter. Added to this, in countries where energy costs are rising sharply, it will be 

necessary to search for ways to reduce energy requirements to their maturity levels. 

World production of fabric is generally divided into three main groups: 

(a)   Standard fabrics with one colour weft, simple weaves and medium or long warps 
(b)   Fashion fabrics characterised by a variety of yarns and colours both in warp and weft, weave     

        complexities and short or medium warp lengths; 

(c)   Industrial, technical and high performance fabrics. 
Although standard fabrics are being produced on projectile, rapier and air-jet looms it is in the second group for 

producing fashion fabrics, that air-jet weaving still has its limitations and the bulk of world fashion fabric 

production is being carried out on rapier looms. High fashion fabric manufacturers tend to acquire looms which 
are more flexible and versatile even at the cost of paying the price of loss in productivity when compared to air-

jet looms. 

Given the pace at which air-jet technology has made progress, there is a strong possibility that a commercial 8-

colours air-jet loom, if not at  ITMA 2015,  will eventually be available. Thus from a design and versatility point 
of view, to a large extent, it will be at par with the rapier loom. If this happens, air-jet weaving, with its high 

speed, and enhanced flexibility and design potential would naturally capture many of the rapier technology 

applications. Jet looms in wider widths than available at present could also be available. 

 

Loom's Structural Designs 

In so far the future loom's structural  designs are concerned, it is believed  that the loom components including 

the shedding mechanisms i.e. tappets, dobbies and  jacquards would sooner or later will be designed from new 
materials / alloys not available at present but hopefully will become available . A typical example is the 

Composite Material Sley used in one of the air-jet loom from VUTS-Liberec. This sley offer high rigidity, well 

balanced and lower weight. Noise-damping, energy-reducing materials, such as carbon fibre-based resins, would 
be commonly used. The number of components, along with the overall dimensions and weight of machines 

would be reduced. Developments in loom structural design would also lead to a reduction in maintenance costs 

and hopefully in the  manufacturing costs of the weaving machines.      
 

Loom Settings ?  

Of the many factors which control the performance of any loom, yarn quality contributes a major part.  Even a  
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good quality of yarn will not be able to withstand abnormal loom settings such as warp tension, shed geometry 

and loom speed. In such circumstances warp/weft breakage increases thus lowering production and affecting the 

fabric quality. It therefore implies that a relation exists between yarn quality, warp/weft breakages and the loom 
settings. At present, this relationship is largely monitored by trial and error and experience. However, it is 

expected that in the next decade or so  some  loom manufacturers would be able to offer looms which  would 

automatically monitor, control and reset settings such as warp or weft tension, shed geometry and loom speed , 
should the number of  warp/weft  breakages  exceed the ideal number. Certain yarn properties, fabric sett and 

other information would be fed to the loom microprocessor to automatically adjust the settings best suited for the 

fabric to be woven.  

Will there be something new to see in weaving at ITMA 2015?  
Those who get the opportunity to visit ITMA are directly asked the question "what did they see something new 

at the exhibition", by their colleagues who do not attend the show. The answer to the above question of  

course depends on individuals i.e. experts  in the sense how critically they look at the exhibition. There is no 
straight forward  answer . However, if the same question was put few decades ago, yes, the visitor to the ITMA 

would have found the answer easily for the reasons there were many new interesting  developments happening  

during that time which in author's personnel opinion are not happening now. 

However, the author strongly feels that ITMA  launched in 1951 is still  indeed the world’s largest exhibition for 
textile machines and accessories and is regarded as the Olympics of the textile machinery . The show bring 

together manufacturers and exporters of the textile industry who  demonstrate most up-to-date technology along 

with exclusive solutions for the whole textile-making process. It has certainly become a vital meeting place for 
buyers and sellers from all over the world. Although  in  earlier ITMA's  it was mainly dominated by the 

machinery manufacturers but in authors opinion this has not been the case since the last few ITMA's. The 

number of weaving machinery  manufacturers  and the machines they used to exhibit has over the years gone 
down for the reasons best known to the  manufacturers only. However, there has been an interesting increases in 

number of exhibitors  representing  as  Fabric Importers , Distributors and whole salers, Garment Exporters and 

Manufacturers, Buying houses and Buying Agents, Fashion Designers and Merchandiser.  

Whatever may be the composition of the various exhibitors, the author strongly feels that on the whole ITMA  
exhibition certainly offers  some if not many " new technologies or  developments"  to  professionals in different 

fields of textiles. It is expected that whereas there will be few new developments to look at, however, some of 

the developments  in the weaving related fields at ITMA possibly would represent further developments  that 
were shown at the previous ITMA 's.  But for those who go to attend ITMA to see revolutionary new 

technologies, some may end in disappointment. For many visitors the overall impression of visit to ITMA is one 

of expansion, evolution and development of previously introduced themes / technologies. 
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List of Tables 
Table  1. Maximum  weft  insertion  rates   ( m / min )  exhibited  at  ITMA's  1971  - 2011 

ITMA year   71 75 79 83 87 91 95 99 03 07 011  

Shuttle loom               372 425 500 600 

Flexible  480 560 700 930 1211 1242 1452 1505 1694 1628 1490 

Rigid rapier 450 475 550 745 810 770 - 1300 - - - 

Projectile  890 950 1000 1000 1100 1200 1430 1400 1300 1400 1260 

Air-jet             720 870 1200 1700 2055 2550 2600 3222 2500 2900 3034 

Water - jet    750 1400 1400 1700 1980 2600 2500 2700   x x 1425 * 

Multiphase  1500 1650 1700 2150 - - 3894
S
 6088

S
 4775

S
 x x 

         4118
S 

   S       Sulzer air-jet MS 8300       

   x      Not  Shown             *  3 colours with Jacquard  

 

Table   2. Maximum  speeds  (ppm)  shown  at ITMA's  from  1991  -  2011 

ITMA YEAR   91 95 99 03 07 011    

RAPIER LOOMS  550 550 820 720 750 810 

AIR-JET LOOMS    1,500 1,500 1,800 1,025 1,800 2,011 

 WATER-JE   1,700 2,000    1,600      x x 750 
*
 

PROJECTILE   350 400 360 370 400 240 

MULTIPHASE      - 2,050
S
 3,230

S
  2824

S
 x x 

      2430
S
      

 S  Sulzer Air -jet MS 8300 *  With Jacquard, 3 colours , pick-at-will 

Table  3. Maximum  fabric  widths (cm)   shown  at ITMA's  from  1991  -  2011 

ITMA YEAR  91 95 99 03 07 011      

RAPIER LOOMS 335 356 350 304 354 520   

AIR-JET LOOMS 344 370 420 533 335 331 

WATER JET   232 172 210        x x 190
 
*  

PROJECTILE  340 358 388 351 2X187 526  

MULTIPHASE(CM)  190
S
 188

S
 169

S
  x x 

     169
S
                                      

 

x   not shown    *  With Jacquard, 3 colours, pick-at-will 

S   Sulzer Air-jet MS 8300 

     

Table   4. No  of exhibitors and looms shown at ITMA's 1981 -2011 

Itma Year   83 87 91 95 99 03 07 011 

Rapier looms mfrs  13 11 14 7 11 9 8 6 

No looms shown  22 75 57 48 62 28 34 21 

Projectile looms mfrs  2 1 1 1 1 1 1 1 

No of looms shown  7 5 8 5 5 2 1 1 

Air-jet looms mfrs  11 10 12 8 10 - 8 6 

No of looms shown  30 41 59 41 49  28 17 

Water-jet looms mfrs 3 4 3 2 2 x x 1 

No of looms shown  5 9 5 5 5 x x 1 

No Multiphase looms mfrs 2 2 - 1 1 1 - -  

No of looms shown  - 3 - 1 2 1 x x 

     x not shown 
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Table 5. List of some incremenal developments  in rapier and air - jet looms shown at ITMA's 1991 - 2011 by 

different loom manufacturers 

      ITMA  YEAR               1991     95 99 03 07     011 

1 APF AUTOMATIC  PICK FINDING  X X X X X X 

2 APC AUTO PICK REMOVAL  X X X X X X 

3 AFF AUTO FILLING FEEDER  X X X X X X 

4 ACD  AUTO CLOTH DOFFER  X X X X X X 

5 ASP  AUTO STOP MARK  PREVENTER X X X X            X           X 

6 ASL SHED LEVELING   X X X X X X 

7 ETU ELECTRONIC TAKE UP  X X X X X X 

8 ELO  ELECTGRONIC LET OFF  X X X X X X 

9 ELD END LOCATING DEVICE  X X X X X X 

10 ECS ELECTRONIC COLOR SELECTOR X X X X X X 

11 SCI SPEED CONTROL INVERTER  X X X X X X 

12 AFR AUTO FILLING BREAK REPAIR X X X X X X 

13 APC AUTO PICK CONTROL  X X X X X X 

14 EWB     ELECTRONIC WEFT BREAK   X X X X X 

15 PFT PROGRAMMABLE WEFT TENSIONER X X X X X 

16         AWFR  AUTO WEFT FAULT REMOVER  X X X X 

17 QSC QUICK STYLE CHANGE   X X X X X 

18 ATC      AUTO TIMING CONTROL , AIR-JET  X X X X X 

19 ATC AUTO TENSIONER COMPENSATOR  X X X X X 

20 APM     AUTO PACKAGE MONITOR   X X X X X 

21 AFDC  AUTO FILLING DENSITY CHANGE  X X X X X 

22 AFR     AUTO FILLING BREAK REPAIR   X X X X 

23` PHCD  PILE HEIGHT CHANGING DEVICE    X X X 

24  AIR       TUCKER       X X X 

25       AIG AIR GUIDE SYSTEM FOR RAPIER      X 

26 FTS FREE TRANSFER SYSTEM       X 

27 EWS ELECTRONIC WEFT SELECTOR      X 

28 EWC ELECTRONIC WEFT CONTROLED WEFT CUTTER    X 

29  PTE PILE TENSION EQUILISER       X 

30 EFT ELECTRONIC FILLING TENSIONER      X

  

31 DWC DIRECT WARP CONTROL       X 

32 AFC AUTO FLOW CONTROLLERS       X 

33 STS NEW FILLING STOP SENSOR       X            

34         DWG   DYNAMIC WARP GUIDE                                                                                                  

  X     

X        incremental  developments   exhibited  at  itma year 

 

Table  6. Incremental  developments  /  new design  improvemetns  in rapier looms  claimed by the loom 
manufacturers 

1 Light Weight Gripper Heads for Coarse / Fine yarns    

Reduce friction on yarn and weft breakages. 

2  New Tape and Rapier System Designed 

Cover wider range of yarns and ensures low yarn loading, reduce stress of warp and provide gentle acceleration. 

3 Electronically controlled loom drive ( SUMO MOTOR ) 

Provide variable speed change even when loom is running, save in energy by 10 %. 

4 Electronic Leno Device.  

Reduces  weft yarn waste 

5 Improved Shed Geometry. 
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Reduce strain on warp as such low breakage rate. 

6 Multi weft insertion in the same shed. 

Offers increased production. 

7 Auto Lubrication. 

Reduces maintenance and man power costs. 

8 Air Guide System 
The rapier rods glide contact free on an aerostatic support 

Reduce maintenance cost and work load and improves efficiency. 

9 Twist - free Double Insertion 

The technology allows simultaneously weft insertion of more than two weft yarns. Ideal for weaving screen 
fabrics. 

10 Redesigned Sley Complete New Back-rest 

Increases speed and versatility, reduction in vibrations, improve drive capacity,  
reduces maintenance cost and spare parts. 

11 New SK Transfer 

Engineered for high speed and less wear, offers great durability. The insertion rapier, with its tip close to the reed 

eliminates warp floats and increases insertion efficiency. 

12 Free Transfer System (FTS) 

Offers a race board configuration with no guiding elements in the shed. Most ideal for delicate , multifilament 

and low twist yarns. 

13 Mobile multifunctional Axis Control 

The new mobile warp change key pad significantly facilitates the warp change. 

14 The New Quick Set Tuck-in Unit 
Allows economical production of label selvedges for tucked depth of up to 8 mm. 

15 New Electronic Color Selector Motor Technology 

Allows weft insertion to low strength yarns as well as heavy yarns with high tension, with reduced yarn tension 

peaks thus reducing yarn breaks. 

16 `The New Motorized Selvedge & Leno Device and Rotary Cutter 

The programmable weft cutter allow the user to configure the optimum textile settings specific to unique yarns 

and weaves. 

 

Table 7. Incremental  developments  /  new  design  features  in air -jet looms claimed by different  loom  

manufacturers  at  ITMA'S 

 

1 Air Wave-  Automatic adjustment of air pressure in Relay Nozzles-In air-jet weaving TWO-THIRD 

of energy cost is related to the compressed air. The AIRWAVE feature has a combined feature of unique relay 

nozzle tank set up and the fully electronic pressure regulators. The pressure in the central tank is automatically 
adjusted for the relay nozzles for the lowest possible air consumption. 

2 Picanol Ecofill - 

 Consists of a pneumatically controlled double clamp and a weft scissors arranged at the beat up position. It 
offers a TWO COLOUR - AT WILL  facility. It claims to save 45,000 Euros a year in material when weaving 

special expensive yarns - para-amide. 

3 Picanol Cordless System     

Significantly reduces the weft waste - estimated to be worth 300 Euros per machine per year. Its functions are set 
and controlled by the central microprocessor 

4 New Prewinder to Reduce and Stablise Friction 

Allow weaker and critical yarns to weave successfully and reduce air consumption 
5 Knot Extractor Remove bobbin transfer knot when weaving special fabric i.e. Air Bag 

6 Air Tucker   

Does not limit machine speed 

7 Optimised Valves, Tubes & Air Tanks- Redesigned Programmable Filling Tensioner (PFT)i.e. 

Weft Brake Constant Air Flow Monitoring    

Reduce pressure drop, air consumption and cost per pick , reduce strain  on weft yarn, results in low weft  
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breakages 

 8 Loom Drive - Electronically controlled by SUMO Motor - variable speed even when loom is 

running   
 Less maintenance, saving in energy by about 10 %, no clutch, brake, belt, fly wheel. 

9 New Air Index Tester 

Simulate the insertion of weft yarn and helps in optimising loom settings 

10 Easy Leno System 

Eliminates traditional special shedding devices, shafts, and simplify Leno Weaving 

11 Adaptive Relay Valve Drive (ARVD) & Piano Cutting Device ( PCD)  

Reduces air consumption up to 30 % 

12 Electronic Pressure Control  ( EPR) 

Can be monitored by Central Computer thus yielding a saving of 10 % on air .consumption. 

13 New Auto Speed Drive 
Increases production output up to 7 % . 

14 New Argos Filling Detector on reed 

Reduces vibrations significantly. 

15 Newly designed 3rd Back- rest 
Significantly helps to weave Heavy Fabrics. 

16 DIRECT WARP CONTROL - (DWC)  

Warp tension is kept to a minimum and minimises the variations in warp tension leading to reduction in warp 
breaks.   

17 SYNRO DRIVE - Main drive  

Offers production increases up to 25 % compared to current standards. 

18 TANDOM PLUS  Nozzles 

Offers reduction of air consumption up to 26 % 

19 Duo Color waste saving device 

Reduces waste by 50 % compared to existing technology. 

20 Positive Filling Thread Clamp (PWCP 

Allow weaving of patterns with large repeats 

21 Positively controlled Back Rest 
Reduces tension peaks in warp yarn resulting 

22 Electronically Controlled Leno Selvedge 

Offers easier control , Minimum yarn loss, Few Breakages. 

23 Electronic Servo Control System, Triple Weft Sensor Flexible Insertion System. 

Offers low tension on weft yarns, Precise Weft Monitoring, Automatic switching of Air Pressure depending on 

quality of yarn being woven simultaneously. Regulates pressure for all main and tendom nozzles thus raising the 

machine automation level. 

24 Electronically controlled loop formation on Terry Loom. 

Allows pile height control from one pick group to another, can create unique wave form design, two pile heights 

in both warp and weft direction 

25 New Single- hole relay nozzles. 

 Provides reduction in air consumption. 

26 STS -New Filling Stop Sensor. 

Provides highest functional and quality reliability . 

27 Newly Design Solenoid Valve. 

Energy saving, air consumption reduced by 10 % 

28 New Loom Structure. 
Offers reduction in noise and vibration by 35 % 

29 Programmable Speed Control (PSC). 

Up to 8 kinds of loom rpm can be independently set and speed is automatically adjusted to the optimum for each 
kind of yarn there by increasing the productivity. The rpm is changed within ONE PICK. 

30 Electronic Shedding System (ESS). 

Claimed as the first in the world, allows high speeds with maximum of 16 shafts, fabric constructions can be  
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changed immediately. 

31 Twin Auxiliary Main Nozzles. 

Enhances weft insertion stably of thick yarns using a lower air pressure. 

32 Weft Braking System. 

Reduces the peak tensions that occurs at the end of weft insertion in order to prevent weft breakages. 

33 Twin Nozzle Valve. 
This helps  reduction in air consumption by 10 %. 

34 Improved Electronic -Let off and Take- up. 

Offers easier access during operation and maintenance . Pick density can be changed through the Navigation 

Board without changing the gears etc.  

35 Active Weft Control & Real Time Controller 

Depending on weft yarn and machine width reduces the air consumption by 10-40 % 

36 Newly Designed Sley Drive. 
Offers higher speeds  and reduces vibrations to the extent that if need not be anchored to the floor. 
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Abstract: Hand and drape are two aesthetic fabric properties that have received much attention in textile testing 

and evaluation. Fabric hand is an individual’s response to touch when fabrics are held in the hand. A number of 

hand descriptors have been used to describe this response: smooth, rough, stiff, soft and others. Despite their 
importance, these properties are among the hardest to measure, and few standard methods have been developed 

for determining them. A number of separate fabric mechanical properties, or constituent elements, contribute to 

the overall evaluation of hand. AATCC, in its evaluation procedure for subjective evaluation of hand, lists four 
physical attributes as hand elements: compression, bending, shearing and surface properties.  

Two instrumental systems that have been currently developed to determine these physical properties are the 

KES-FB and the FAST system [1,2]. However, both systems have limited success commercially because they 
are: 1) redundancy and complexity of measured fabric mechanical properties data and colinearity in regression 

analysis; 2) Non-independence of fabric mechanical property measurements. In both testing systems, they rely 

on the multiple linear regression technique to correlate the mechanical measurements data to subjective fabric 

hand evaluation from industrial experts. They are time consuming, expensive and results have low repeatability 
and possible bias due to cultural difference [3] 

In this research, a new method called PhabrOmeter system is used to quantity the human tactile sensory 

perception. The principle of PhabrOmeter system is insertion/extraction of a piece of circular fabric through a 
nozzle. Fabric deformation during extraction from the nozzle includes: compression, bending, biaxial extension 

and friction. Weighted Euclidean Distance is used to measure objectively the fabric Relatively Hand Value 

(RHV) between the measured fabric and a designated reference fabric. This method is found to be very useful in 
ranking or preference for fabric handle, to verify of a new fabric product by comparing new and old fabric 

fingerprints. 

In this paper, fabric objective hand evaluation is done by PhabrOmeter system on warp knit intimate fabric. They 

are marquisette, Powernet, Tricot, Locknit, Laid-in lace fabrics and their fabric weight range from 47-200 g/m
2
. 

Both subjective hand evaluation and objective measurement were done. Initial findings showed that fabric 

smoothness and softness were correlated with fabric hands for these ten intimate fabric. PhabrOmeter system 

provides a simple, direct measurement for fabric hands and provides a single, unique, scientific method to 
communicate across the textile and apparel supply chain.  

 

Keywords: Fabric hand, knitted fabric, objective measurement, warp knitted fabric. 

 

1. Introduction 
Textile objective measurement is concerned with characterizing textile materials in accordance with their 

physical and mechanical properties. The mechanical properties of fabrics under low stress are of primary 

importance because they are similar to those created during manufacture and wear. This is an important 

consideration because ready-to-wear garments are unlikely to be subjected to heavy loads or to vigourous 
bending and shear moments, or to be compressed under high pressure.  

The main criterion therefore is that quantifying fabrics by means of their mechanical properties under low stress 

would provide quantitative classification and specification of textile materials. This should enable clothing 
manufacturers to anticipate problems and textile producers to make better products and also to monitor their 

processes under rigid specifications. This development is in line with Quick Response and Just-In-Time 

principles, which must be undertaken by industry in order to stay competitive in the marketplace. 
The most general method of measuring fabric mechanical properties involves a complete fabric deformation-

recovery cycle for tensile, shear, bending and lateral compression properties. In all cases, the deformation-

recovery cycle is accompanied by a significant energy loss or hysteresis.  

From the viewpoint of fabric objective measurement technology, it is possible to measure either the entire 
deformation-recovery behavior, as is the case for the KESF set of instruments, or alternatively to measure what 

amounts to a single point on the deformation curve which forms the basis of Fabric Assurance by Simple Testing 

(FAST) set of instruments. The former approach is preferable for research and development work whilst the  
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latter approach has the advantage of simplicity and is preferable for routine testing purposes. 

However, both systems have limited success commercially because they are: 1) redundancy and complexity of 

measured fabric mechanical properties data and colinearity in regression analysis; 2) Non-independence of fabric 
mechanical property measurements. In both testing systems, they rely on the multiple linear regression technique 

to correlate the mechanical measurements data to subjective fabric hand evaluation from industrial experts. They 

are time consuming, expensive and results have low repeatability and possible bias due to cultural difference [3]. 
In this research, a new method called PhabrOmeter system is used to quantity the human tactile sensory 

perception. The principle of PhabrOmeter system is insertion/extraction of a piece of circular fabric through a 

nozzle. Fabric deformation during extraction from the nozzle includes: compression, bending, biaxial extension 

and friction. Weighted Euclidean Distance is used to measure objectively the fabric Relatively Hand Value 
(RHV) between the measured fabric and a designated reference fabric. This method is found to be very useful in 

ranking or preference for fabric handle, to verify of a new fabric product by comparing new and old fabric 

fingerprints. 
 

2. Materials and Methods 

In this paper, PhabrOmeter system is used to investigate the fabric hands of ten warp knit fabrics. The fabric 

specification and construction of these intimate fabrics are shown in Table 1. As these fabrics are worn next-to-
skin, the features of fabric hands are particular important in this study. 

 

Table 1. Ten warp knitted fabrics for Intimate Apparel 
Fabric ID Structure Knitting Method Classification Content Thickness, mm Weight, g/m

2
 

1 Marquisette 

Warp Knitted 

Intimate stabilizer Nylon 0.203 51 

2 Powernet 

Intimate Fabric 

Nylon/Spandex 0.320 114 

3 Powernet Polyester/Spandex 0.200 47 

4 Tricot Nylon/Spandex 0.310 98 

5 Tricot Nylon/Spandex 0.463 259 

6 Single Jersey Weft Knitted Nylon/Spandex 0.343 177 

7 Locknit 

Warp Knitted 

Polyester 0.333 131 

8 Tricot Swimsuit Fabric Viscose Rayon/Spandex 0.590 199 

9 Laid-in Lace 
Intimate Decoration 

Nylon 0.250-0.430 57 

10 Laid-in Lace Nylon/Spandex 0.373-0.720 133 

 

3. Results and Discussions 

These ten warp knitted fabrics had been evaluated by 1) subjective hand assessment based on HESC standard; 2) 

Objective Measurements by KES-F system and 3) newly developed PhabroMeter System.  Results are shown in 
Figs 2-5 

Fig. 1 showed the results obtained by subjective hand evaluation by 1) sight only and 2) sight and touch together. 

Both methods obtained similar results and therefore, the measurement from this project was done by sight and 
tough together as it was the simplest and most used method in textile industry. 

 

Table. 2. Subjective Hand Assessment by HESC Standard 
Condition for 

Evaluation 

Fabric Attributes Subjective Rating Scale 

A: Touch Only Primary Hand 
Value 

Softness 0 
No 

Feeling 

1 
The 

Weakest 

… 5 
 

Medium 

… 10 
The 

Strongest 
Smoothness 

Stiffness 

Total Hand Value 0 1 2 3 4 5 

Not 
Useful 

Poor Fair Average Good Excellent 

 

 

B: Sight and Touch 
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Fig. 1. Subjective Evaluation by Sight only (top) and Sight and Touch together (bottom) 

 
 

Table 3. Stepwise regression obtained by sight and touch method. 

Model Equations R
2
 P value 

1 -0.81+0.56 Softness .918 .000 

2 0.36 + 0.372 Softness + 0.119 Smoothness .968 .000 

 

Results obtained by PhabroMeter System are shown in Fig. 2 for these ten warp knitted fabrics. A fabric finger 
print can easily be found from this PhabroMeter System for fabric stiffness, softness and smoothness.  
 

 
Fig. 2. Fabric Finger Print from PhabroMeter System. 

 

4. Conclusions 

The subjective hand assessment showed that THV is directly related to fabric softness and smoothness, R
2
>0.9, 

which is highly significant. Evaluation criteria can be “touch” only or “touch and sight” together. Fabric 
objective measurement by KES-F showed that THV is directly related to fabric softness and smoothness and 

indirectly related to fabric stiffness. The newly developed PhabroMeter showed a good correlation between 

subjective assessment of fabric softness to the fabric measurement. PhabrOmeter provides a simple and direct 
comparison between two fabric samples by fabric fingerprint. 
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Abstract: Air vortex is a relatively a new Technology. It is not popular in India but winning acceptance in South 

East Asia, Korea and Japan. Ring Spinning is established, labour intensive and further development / innovation 
have been frozen. Rayon was spun in Vortex whereas now Rayon Polyester, Polyester Cotton, Cotton, CVC, 

Acrylic and blends are spun. It is able to spin up to 50s and at slower speeds 60s yarn. The speeds are 400 m/min 

against 170 in Ring and 250 in OE. It eliminates Simplex, Auto Conar and Comber (to certain extent). It is fully 

automatic, less labour intensive and consumes low power. Rieter have developed their models whereas Murata is 
the market leader with first entry advantage. MVS yarns have special attributes like low hairiness, excellent 

moisture management, better yarn appearance, low lint shedding, high dye absorption and better performance in 

mechanical processing due to absence of high splicing. MVS Fabrics are low pilling, low spirality, sharp printing 
with clean surface. MVS garments have smart appearance and most suitable for work wear which need frequent 

washing. It is a green technology, consuming 30% lower power against ring spinning. However MVS fabrics are 

not soft due to low hairiness. Bending modulus is also high. However its advantages outweigh these two draw 

backs which can be addressed by softening and tumbling. The trend proves that it will substitute ring spinning in 
medium counts. However, ring spinning may continue for Fine and Specialty products. 

 

 Keywords: Murata vortex technology, lopil, low pilling, low hairiness, low pilling. 

1.  Introduction  

Murata, Japan has introduced an innovative textile spinning technology known as “Murata Air Vortex – (MVS)” 

which is gaining acceptance in South East, Korea and China. Fabrics and garments made out of Vortex yarns 
have low hairiness, have very special attributes and the cost of production is much lower than comparable Ring 

products. The Technology though not mature now, it is able to extend the entire range of raw materials and 

covers count ranges from 20s to 60s. Highest productivity due to high delivery speeds of 400 m/min.  

Rotor spinning has already replaced ring-frames in coarse counts. Vortex is now capable of offering medium 
counts and will ultimately replace ring-frames in medium count range. Fine count usage may reduce drastically 

as it is not sustainable. Climate change concerns will soon make garment labelling (carbon foot prints) 

mandatory with energy and water consumption per garment details. This will force fine counts to occupy a very 
small, insignificant segment. 

Lucky Spinning Co., Ltd is a pioneer in MVS yarns and continues to be the single largest MVS spinner under 

one roof in the world and have branded MVS yarns as ‘Lopil’. MVS fabrics are most suitable for workwear.  

 

Table1. Lucky spinning co. Ltd. production capacity ‐ yarns 

Vortex Spinning 4,400 Positions 1,650 

Ring Spinning 44,256 Spindles 900 

OE Spinning 6,760 Rotors 1800 

Total 4350   (Tons/ Month) 

 

2. Rotor spinning technology 

Rotor spinning technology has successfully, separated the twisting mechanism and winding mechanism avoiding 
the rotation of the high yarn mass (on the spindle) at high speeds which is energy intensive. However, there is no 

positive control on fibres inside the rotor and hence the finer counts are not practically possible and the increase 

in rotor diameter makes it impractical for finer counts. It cannot process many of the manmade fibres like 
Polyester, Acrylic and other dope dyed fibres at reasonable productivity/speeds. Air Vortex spinning has 

delivery speed 450 mpm v/s 17mpm in ring spg. Heat dissipation from drafting zone, rubber, mechanical, 

electrical & electronic components. The drafting zone has been completely re‐designed and strengthened – total  
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Table 2. Cost economics for fabric and garment makers 

Spinning System Ring Lopil 

Count (Ne) 30 30 

Clearer cuts/100km 70 8 

Cop joints/100km with 50 grams cop weight 39 0 

Other joints/100km 5 2 

Total joints/100km 114 10 

Joints/Kg 58 5 

Garments/kg 4 4 

Joints/Garment 14.5 1.3 

Garment rejection% with 0.1% of joints are defective 1.4% 0.12% 

Cost/Garment US$ 5 US$ 5 

Loss per Garment (with 50% recovery) USC 5.0 USC0.5 

 

 

1.a. Lopil yarn 

  

1.b. Ring yarn 

    

1.c. OE yarn 

Fig. 1. Comparison of yarn structures 

control over the fibres is achieved. Twisting and winding process have been separated. Avoids simplex and auto 
cone winding process thus increasing the eff. Yarn geometry is approaching ring yarn.  All leading ends of fibres 

are tucked into the core of the yarn structure. It saves 30% energy per Kg of yarn. 

Design of Air Conditioning System (air washer/SAD/RAD) needs some radical thinking as it demands 

air‐conditioning – not only humidification. Quality of power should be excellent (Voltage/Frequency). 

Un‐interrupted power supply is a must. Quality & consistency of compressed air, moisture, oil and dust free. 

Vortex spinning system is completely working with compressed air. This system demands absolutely good  
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quality air which is only possible with suitable compressors from specific manufacturers. 

 

4. Features of LOPIL yarn 

 Low hairiness – Hollow geometry yarn structure. 

 Excellent resistance to pilling and abrasion of garments. 

 Very low lint shedding. 

 Durable garments.  

 Moisture – Quick wicking/Faster spreading. 

 Good dye uptake – Long lasting shades. 

 Better yarn appearance – good and clean looking. 

 Sharp printing images – clean fabric surface without fuzz. 

 Green technology 

 

 

Fig. 2. Features of Lopil fibres 

 

 

Fig. 2. High pilling resistance 
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5. Conclusion 

 Air-vortex technology is on the way to replace ring spinning in medium counts like OE has replaced ring in 

coarse counts. Ring spinning will continue to be strong in fine counts and specialty products like slubs, core 
spun, elastane core etc. Indian textile industry has to wake up and start modernizing the ageing ring spinning 

industry with vortex spinning for medium counts. However the quality and cost of energy in India have to 

improve as vortex needs un-interrupted good quality power. Air vortex may need air conditioning apart from 
humidity control which has to be addressed. In the meanwhile Indian garment industry is denied air vortex yarns 

due to unreasonable import duty and hence is loosing out to Bangladesh, China and south east Asian countries. 

Hence, India should reduce the import duties for special yarns like air vortex which are not spun in India in large 

quantities. 
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Abstract: The very textile environment is globalized and as the standard of living is improving, per capita fibre 

consumption is also increasing which brings before the textile industry a new opportunity. There are a number of 
challenges the top-level management has to face while running a textile industry. On the broader scale these 

challenges can be categorized as manpower related, energy issues, technology concerns, quality management 

systems, design of organization structure, planning process, raw material sourcing, marketing management, 
working capital management, environmental compliance and employment practice.  

Manpower retention training and motivation as well as meeting the gap between the requirement of manpower 

and availability of the same, their health and safety, improvement of workers' productivity, etc. are the issues a 

higher-level management has to tackle in the industry. Incase of energy, electrical power is not available in 
quantity and quality and also expensive. The company is forced to go for electric power generation or for captive 

power plant. In case of technology one needs to decide the extent of automation to ensure international 

competitive quality and also be able to deliver the goods in quantity. The consumption of energy required to run 
such technologies has to be also least. The quality management system should be as comprehensive as possible 

taking into consideration the control over process parameters, process flow and quality assurance. The paper 

discusses all such challenges being  faced at the Industrial level by the management   

 

Keywords: Management, marketing, sourcing. 

 
1. Introduction 

Globalized textile environment and rise in the standard of living has lead to increased per capita fibre 
consumption. This gives new opportunity for the textile industry, however it comes  with numerous challenges 

related to labour, energy, technology, quality management systems, design of organization structure, planning 

process, raw material sourcing, marketing management, working capital management, environmental 
compliance and employment practice.  

 

2. Issues related to textile industry 

2.1 Manpower 

Textile industry is an labour intensive industry and steps taken to develop skilled manpower is very essential. 

Manpower should be available locally and bridging the shortfall  with immigrant workers. The factory 

environment should be conducive by ensuring the needs and labour are met.  

2.2 Energy  

Availability of energy i.e electric energy, fuel etc  in sufficient quantum at  International competitive price is 
very essential to maintain the productivity of the factory. The sole objective  is to ensure overall unit cost of 

energy is minimal by achieving  energy efficienc 

2.3 Technology 

Selection of right technology is done with the purpose of minimizing fixed asset cost per unit of output. This is 

achieved by keeping degree of automation to maximize labor productivity. Present manufacturing equipment 

design with IT interface enables generation of MIS online for manufacturing. To ensure internationally 
competitive quality level with minimum efforts, by using technology which has minimum level of equipment 

breakdown and component failure. Thus giving Low recurring repairs and maintenance cost 

 

2.4 Quality management system 

The quality management system must be total and comprehensive covering : 

 Ultimate quality level of finished products 

 Quality parameter of raw material 

 Process flow 
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 Process parameter 

 Process control 

 Quality assurance 

 Standard operating procedure 

 Periodic monitoring of quality parameters level from raw material, process and finished product    

stages  

 Periodic audit of quality management system 

 

2.5 Design of organization structure 
The most difficult task is to design the right organization structure for the business. One of the best process, 

designed for the organized structure is achieved by placing each major product under a Business Head. The role 

of business head is to manage the business from raw material selection, manufacturing plan including product 
selection, sales and marketing, product group profitability, inventory control and funds engaged in business 

related to the product. 

2.6 Planning process 
The first stage of planning involves preparation of the Annual Budget for the company covering all product 

groups Business Heads, manufacturing Head and Managers and Finance Managers should be fully involved in 

drawing up the product mix, production quantum, cost budget and product deltas. The budget should simulate 
cost movements, raw material cost, manufacturing cost and most likely deltas achievable for the product mix and 

distribution pattern of the product. The budget gives the guideline of production quantum and business margins. 

 

2.7 Raw material sourcing    
This is one of the critical functions for the business determining the overall profitability. The art of buying is to 

buy consistent quantity from both domestic and overseas sources to minimize the cost of fibre purchased. 

Consistent purchase month after month enables the company to ensure raw material supply at the lowest possible 
price without causing any disturbance in the manufacturing. With sourcing from multiple sources, raw materials 

inventories could be  maintained at bare minimum level reducing the cost of carrying. In case of synthetic fibres, 

it is essential to fix a set of suppliers domestic and overseas. Most synthetic fibre suppliers fix price for fibre on a 
monthly basis. There is little risk in purchase of synthetic fibres. When it comes to procurement of cotton, it is  a 

complex affair.  

The procurement of cotton must follow a laid out company policy in  regard to quantum of forward commitment 
that could be entered into. Historically textile companies had taken forward position ranging from 90 days to 180 

days consumption of which physical stocks could be in the region of 45 days, in transit inventory in the region of 

30 days and the remaining as on order to be delivered in the future month. 

2.8 Marketing  
Business policy with respect to sales i.e proportion of export and domestic sale should be drafted. Based on 

market condition, the swing between domestic to export and export to domestic should be decided on a quarterly 
consistency of supply to customers. 

In case of exports, proper geographic distribution of product should be made and taking care that no particular 

region or country should be over supplied. Sale to individual customer should not exceed 5% of the product 
group turnover. Contribution of individual products should be monitored and the overall contribution of the mix 

should be maximized. 

Pricing of products in both domestic and export market should be managed in such a way that the business 

should not become a candidate for anti dumping investigation by any of the importing country. Attention must 
be paid to take full advantage of free trade arrangements. The quality of product should be maintained 

consistently at all times. The business must offer products with features acceptable to its buyer in a given market. 

The business must demonstrate to its customers as reliable supplier in regard to quality and service. The business 
must secure regular feedback about its product performance from customers. 

The business should make all efforts to become the most preferred supplier for its customers. The pricing policy 

must demonstrate the businesses” seriousness to be a fair supplier under varying market 
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2.9 Working capital management 

The most important factor in business is to have adequate working capital financing to run the business 

smoothly. The business must endeavor to maximize highest possible ratio of annual sales to working capital 

through minimum inventory of raw materials & finished products, and resort to sight payment rather than 

prolonged payment periods. 

The forward sale of products should be in such a manner that the business carries literally no unsold inventories.  

The forward cover of orders should be in right quantum so that it is neither excessive nor inadequate and also has 

a firm price of raw material required for forward order cover. The lower the working capital finance involved, 

the lesser would be the interest burden for the business. 

 

2.10 Environmental compliance  
The quality of effluent discharged and quality of emission should meet the national standards. 

 

2.11 Employment practice 

To make “place of work” a “place of joy”. The wages, perquisites and working conditions should meet the 

national standard.  
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Abstract: The concept of Sustainable development of the business is explained and requirement of coherence 

between three bottom lines (TBL) of measuring the success of business-financial, social and environmental, is 
emphasized .The alarming situation of the world in terms of limited resources and GHG emission is brought to 

the focus which is a key factor for driving sustainability agenda. Then follows the description on importance of 

creating value for stake holders and the role to be played by the business enterprises in order to attain 

sustainability. Subsequently the urgent need to change the mindset of the people to exploit the weak ones in the 
textile value chain is emphasized. The organization needs to orient its HRD policies and governance and commit 

strongly to ethical business practices as success of Sustainability which makes a strong business case exclusively 

depends on extent to which its management is committed to Ethics. 

 

Keywords: Sustainability, ethical commitment, innovation. 

 

1. Introduction 

The concept of Sustainability needs to be first understood, since many a time’s sustainability is taken as if 
“something longer lasting”. However, in truest sense it’s not the longevity of the operation, but more so, it is a 

balanced and coherent operation which takes place without the expense of the society or surrounding 

environment. The UN World Commission on Environment and Development (1987), terms sustainability as the, 
“...development that meets the needs of the present without compromising the ability of future generations to 

meet their own needs”. 

There was a time when success of business used to be measured only in terms of swelling profits the balance-
sheet of the company showed to the shareholders. Infact “generating the profit” was considered as only the sole 

purpose of business and thus many of our practices in the business, could be questioned when it comes to looking 

at the corporate social responsibility/commitment or environmental protection is concerned. Over the years, the 

business success has come to the measurement of three bottom lines: Financial, Social and Environmental and in 
all these three aspects, a successful business organization is expected to do well. However, it has been found that 

the companies consider social compliance and environmental compliance more as a burden on them and hence, in 

order to follow the legislative norms and comply with the laws, majority of them are found to do an eye wash- 
many a times called green wash (Fig.1), where in very little is done of the relevance on these two fronts. 

Naturally, the integrated sustainability- as shown in the Fig. 2 remains elusive. 

 
 

 

 

 
 

 

  
 

     

 

                  Fig.1. Green Wash                              Fig.2. Sustainability measurement scheme              
  

The rare natural resources are dwindling at the shocking levels [1]. The global social order, is crumbling and we 

also witnessed financial crisis after crisis, subsequent to the Great Depression [2].The world is witnessing earth-
shattering exploitation of our non-renewable resources, climate change and its alarming effects, as well as, the 

growing Carbon Footprint leading to distressing consequences, such as water scarcity, declining natural capital 

and crop cultivation, hunger, rising costal risks, decreasing global forest areas and so on [1]. Due to the “business 
as usual” practices of the companies, the society and the environment are paying the cost. It is time before it is 
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too late, that this transformation from a culture of unfettered consumerism to a culture of sustainability has gained 

momentum which further brings us to the topic of responsible production and responsible consumption. 

 
UN Global Compact calls the business leaders of the world to follow certain basic principles of responsible 

business practices which include 10 basic principles talking about respecting human rights, taking care of labour, 

Environment, following anti-bribery code of conduct, best business practices in governance, etc. 
Having adversely impacted by the after effects of all these unbridled production activities of the business houses, 

the modern consumer, is increasingly shifting attention to measuring prosperity, through the Ecological Footprint 

[3], the Genuine Saving Estimate [4], Human Development Index [5] and the Ethical Reputation Index in addition 

to the SENSEX – the stock exchange indices of the corporates. 
Can we prosper as an organization when our surrounding society is in abject poverty? Our environment is totally 

exploited? It’s not possible, as Bill Gates puts it. Our children’s future the very existence is in danger.  

Having realized the importance of “sustainability” one cannot underestimate financial performance, which can be 
bettered only if the operations of the corporates are lean, cost competitive, visionary, strategic and innovative. 

2. Creating Value for Stake holders through Sustainability 

Sustainability encompasses not only shareholders’ financial gains, but it should be concerned about all the stake- 

holders. It should include social commitment-welfare of their workers and their future growth, community and 
their needs in terms of health, education and primary needs like water and sanitation. It should take care of 

environment around it and see that water and air pollution is avoided and it does not burden the planet with 

increased Carbon footprints. It should create truly Sustainable Value model as shown in Fig. 3, 

 

 
 
 
 
 
 
 
 
 

Fig.3. Hart and Milstein’s model 
Merely having the best of technology and thus possessing certifications like ISO 9001-2000 for consistent quality, 

Social Accountability Certification like SA8000, Environment Compliance as depicted in ISO 14000-2001 and 

Occupational Health &Safety Assessment System OHSAS 18001- 2007 do not guarantee that the Enterprise is 
going to be sustainable. We need to do beyond all this what is required to comply with the law. Sustainability 

permeates through the core values and commitments and thus it has to be reflected in all the sub activities of the 

business: it’s purchase and raw material handling policy, finance, operations, human resource development, 
R&D, PR, Brand image building, compliance with laws of the land, marketing and customer satisfaction, after 

sales and way how their goods are finally disposed off, etc. 

As suggested by this model business has to look within (internally) and also external climate in which it operates. 

It has to look for consolidation of the business for the present and plan for the future growth.  
 

2.1 Today, what companies should do to strengthen them internally, 

The company has to put in place best of technology so that it can reduce the waste, make its operations lean, and 
achieves cost- effectiveness while maintaining international quality standards. Recycling of water, energy 

conservation and use of renewable energy are additional measures, it has to adopt. 

 

2.2 Today what companies should do to strengthen its image in external society? 

The company has to manage its reputation, build its image and establish legitimacy of operation, with good 
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rapport with the community. This is possible if transparency and genuine commitment to society, to the law of the 

land, to all the bodies involved in taxation, etc. displayed by the company. 

 

2.3 Tomorrow, keeping future growth in mind, what companies should do to strengthen itself internally for 

building capacity? 

The company has to build-in core competence and nurture valuable talent giving them opportunities to grow. It is 
only then such a loyal talent committed to innovation and constantly encourage to try new things may be able to 

come up with the products based on disruptive technology.  

2.4 Tomorrow, to achieve high future growth, what companies should do externally in response to 

macroeconomics and market? 
Finally market can only grow substantially if the products brought out by the company are innovative and can 

attract the mass market existing at the Bottom OF Pyramid. Hence, the innovative products should be cost 

effective to enable the population in the third world countries to enjoy its benefits. 

3. Sustainability drives innovation and makes business sense 

The manufacturing processes of textiles and garments have to be not only ecofriendly but also free from 

exploitation of labour. The supply chain should not be also brought under unnecessary pressure of cost reduction 

imposed due to improving profitability. End of the day, this agenda of sustainability can be effectively 
implemented, if Brands are ready to chip-in little more their slice of profitability, in favour of all the players down 

the supply chain. Only then, the system will be dynamic, strengthened and truly sustainable. 

4. Sustainability makes business sense and not a burden to carry on. 
Sustainability in the value chain through green chemistry is infact something which makes business sense and it 

offers one, a competitive edge if the company emphasizes on innovation and R&D. The measures like eco-

friendly processing with energy and water efficient processes, minimization of waste generation, recovery of 
various chemicals and heat, adapting to the substitutes which are bio- degradable, conforming to standards and 

legislations and getting accredited with eco-labels are some of the steps today’s enterprise has to undertake, and 

this will surely enhance their acceptability among the customers and profitability, 

 The modern consumer depending upon the type of functional garment would like to see one or more properties 

such as water repellent, oil and stain repellent, self cleaning, UV protecting, antibacterial, aroma and fragrant, 
mosquito repellent, flame retardant, wrinkle resistant, etc. Surely, most of these finishes makes use of 

Nanotechnology and provide a great drive for innovation. It is this innovation which in turn boosts the 

competitive edge to the company. 
 

 Use of Biotechnology and enzymes in textile processing, application of plasma in surface modification of 

textiles, use of ultrasonic energy in colouration, use of supercritical CO2 in waterless dyeing, etc. are a few 

more breakthroughs in process intensification as well as alternative sources of energy. The product based on 
these technologies further improves the competitiveness of the company and all this is found to be triggered 

due to the inevitable need to make our operation sustainable. 

 

 5. Ethical commitment and Sustainability 
With this forgoing discussion, the main question arises, “Is sustainability a choice or inevitable path for all of us 

to follow at least to secure a future for our children?” We cannot rob their future for our benefits since it is not 

absolutely worth and thus, this planet has to be cared for. Caring for People and Planet along with profit will not 
be sustainable unless there is a strong commitment of the management and mainly the promoters as well as all the 

stake holders. There is an equal responsibility on the consumers to encourage goods which are manufactured with 

sustainability at the core. However, social accountability and commitment to respect environment cannot sustain 

without the ethical commitment of the top management and readiness to make use of transparent and fair business 
practices.  

So the main issue is ethical commitment which stems from one’s internal drive, having roots into individual’s 
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belief system. We must acknowledge that we are, “One World and One People” and have right to coexist being 

inter connected. In absence of commitment to ethics, both social welfare as well as environmental protection will 

be always discounted, at any convenient opportunity. We as enlightened individuals should abolish all kinds of 
prejudices of language, race and religion and believe in global citizenship. To be successful in our profession and 

to become positive contributor to the betterment of society, we need to accept the concept of equal opportunities 

to all and gender equality. Our very family structure will be strengthen when our commitment to ethics grows and 
to the same extent the darkness of corruption will disappear. Those who care for this World and its future, such 

responsible businesses have to lead by example. Only then we can flourish. As Bill Gates puts it “Businesses 

cannot flourish in the midst of abject poverty” and hence along with these measures, corporate philanthropy is 

also another dimension of sustainability. Good governance and no room for any exploitation or bribery are some 
of the features of an enterprise which can vouch for sustainable business operations. Such business activities will 

create positive value and generate true wealth for the prosperity of mankind. 

6. Conclusions 
Sustainability is not a one time subject. A lot of awareness needs to be created from various forums / conferences 

etc. It has to be the core principle of functioning of any enterprise. Newer values such as “One World – One 

People and One Planet” that demand acceptance of interconnectedness and co- existence of economies for 

collective prosperity aimed at maximizing human happiness, will eventually emerge. Only the ethically 
committed corporate firms will achieve a “win- win” situation for all the stakeholders. The business conscious of 

their Brand image will have to sincerely aspire to be the change- agent of society, economy and the environment 

by following in letters and spirit, the words of Mahatma Gandhi, “Be the change you want to see in the world.” 
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Abstract: Sustainability is defined by Brundtland as “….development that meets the needs of the present 

without compromising the ability of future generations to meet their own needs”. An evaluation of the current 

‘pulse of the planet’ which consists of nature’s core business of creating diversity, abundance and continuance 
yields a bleak future. It suggests limited supplies of natural resources that pose an obstacle to future world 

economic growth. This paper makes an assessment of a sustainable future for textiles based on economic, social, 

and environmental dimensions. Both strategic and tactical remedies for the textile value chain are provided. The 
collective actions suggested will not ensure success but rather provide a framework for a better and safer planet. 
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1. Introduction 

 Humanity is passing thru tumultuous times particularly as it relates to our relationship with the entity we hold so 

dear – Mother Earth. Earth is unable to provide resources at the rate we are consuming them. Indeed, what we 

are doing now cannot go on. We live today by borrowing from the future. The living planet report makes clear 
that more than 30 years ago the world moved beyond the point it could support its population sustainably. Since 

then, the population has continued to grow at an “explosive rate” (Fig. 1), and each person consumes more. 

Textile consumption is about 10 kg fibre per year per person [1]. Global resource depletion scales with the 
population and with per-capita consumption. So today, humanity burns through the resources of 1.5 Earths in a 

year; thus it takes the planet a year and a half to regenerate what we use annually. Stated differently, we are 

destroying in an “instant” what has taken millennia to evolve. Future generations will ask, and justifiably so, 
“How did we let it happen?”  

 

 
Fig. 1. Global population growth over the last 2000 years with doubling times marked 

 

To combat the situation, sustainability has become the battle cry.  It is an increasingly popular catchphrase and a 

movement which congers up the complete spectrum of emotions from euphoria to depression.  We know the 

narrative: ecosystems in decline, species loss, water scarcity, climate chaos, spread of diseases coupled with the 
resultant social and economic turmoil. However, it simultaneously provide the warm feeling that comes with 

being green, earth friendly, natural, and ethical. Several authors have tried to define sustainability, the most 

popular of which - was coined in 1987 by the United Nations' World Commission on Environment and 
Development – the Bruntland Commission.  In their definition sustainability means "meeting the needs of the 

present without compromising the ability of future generations to meet their own needs”.  A more inclusive 

definition is provided by The American Institute of Architects.  They envisioned sustainability as  “the enduring 
prosperity of all living things.” 
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So what is the role of textile and apparel industries in this debate? It operates on a global basis and is considered 

as one of the major product groups in world trade of manufactured goods as suggested by the World Trade 

Organization. To become sustainable, the industry needs a dramatic change at all levels starting with design, 
production, marketing, sales and promotion. With a focus on growth and profits it is now time to change that 

model and include global citizenship competencies to counter the problems around the world. The future of 

textiles and apparel, much like other industries, is facing problems of limits to natural resources, global warming, 
sustainability issues, and social and political upheaval [2].  

The narrative that currently frames this industry, and perhaps others, is summed up in a few simple words – 

“Why is enough for mankind never enough?” Hold that thought and we will have an answer by the time we 

reach the end of this article. 
 

2. Planetary pulse 

The growth oriented society we live in is now out of control and destroying the bases of life itself. The 
globalized political economy, driven by its need to accelerate growth and measuring success by its rate of 

growth, is what systems theorists call a 'runaway' and chaotic system. It is, in effect, a suicide economy. We're 

all part of it. What are the intrinsic components of this non-sustainability? 

 

2.1  The great unravelling 

Human history marches on and continues to unfold its 0.15 million year story of dazzling creativity. The genius 

of mankind has overcome numerous apparently insurmountable problems thru this journey to meet its needs. The 
agricultural revolution, which took centuries, accomplished the basic task of providing food for ever increasing 

number of inhabitants. The Industrial Revolution provided higher standards of living to a large group of people. 

Now we confront another quandary; we are destroying the planet that provided us all of what we have today [3]. 
This is reflected in: 

 Ecosystem decline 

 Habitat loss 

 Species extinction 

 Human body burden and chemical stressors of various types and quantity 

 

2.2 The great warming 

The atmosphere has a natural supply of "greenhouse gases." It captures heat and keeps the surface of the Earth 
warm enough for us to live on. Without the greenhouse effect, the planet would be an uninhabitable, frozen 

wasteland. 

Before the Industrial Revolution, the amount of carbon dioxide (CO2) and other greenhouse gases released into 
the atmosphere was in a rough balance with what was absorbed in natural sinks. For example, plants take in CO2 

when they grow in spring and summer, and release it back to the atmosphere when they decay and die in fall and 

winter. In the Industrial Age, in the mid-1700s, human activity took off and people started emitting large 
amounts of greenhouse gases. Fossil fuels were burned more and more to run our cars, trucks, factories, planes 

and power plants, adding to the natural supply of greenhouse gases. The gases—which can stay in the 

atmosphere for centuries—are building up in the Earth’s atmosphere and, in effect, creating an extra-thick heat 

blanket around the Earth. The result is that the globe has heated up by about one degree Fahrenheit over the past 
century—and it has heated up more intensely over the past two decades. 

 

2.3 The great inequities 
The current North-South disparity in economic development is extreme while the gap associated with access to 

resources and information is narrowing. International equity—defined as the ratio of average income in non-

OECD to OECD nations—was 0.13 in 2005. A study by the World Institute for Development Economics 
Research at United Nations reports that the richest 1% of adults alone owned 40% of global assets in the year 

2000, and that the richest 10% of adults accounted for 85% of the world total. The bottom half of the world adult 

population owned barely 1% of global wealth.  

 

3. Major sustainability frameworks 

No one is suggesting that we cease all human activity, i.e. that we stop extracting all materials from the earth,  
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stop producing all human-made substances and must never disturb a natural landscape, to reverse the current 

negative trend associated with human survival. The problem is not that we mine and use heavy metals, use 

chemicals and compounds produced by society, or disrupt natural processes. It is, rather, that our industrial and 
economic systems have developed so that environmentally damaging practices like these will continue to grow 

indefinitely, having greater and greater impacts over time. As long as our impacts were small relative to the 

capacity of the planet to handle them, the big picture wasn't so scary. But because we are systematically 
increasing these impacts, they are now large and getting larger. As a result, we are at the point where there aren't 

"plenty of fish in the sea". This is the trouble. These systematic increases cannot be sustained on a finite planet. 

There are many thoughtful minds that have postulated a variety of viable alternatives to our current activities. 

Some of these are: 

 The ecological footprint 

 The natural step 

 Natural capitalism 

 Industrial ecology 

 Cradle-to-Cradle  

 Biomimetics 

 Zero Emissions Research and Initiatives (ZERI) 

 

4. Strategic vectors of sustainability  

Traditionally we have emphasized economic development above all else in our pursuit to achieve prosperity. All 
indicators now suggest this to be short sighted for long term welfare of humanity – either we pay now or we pay 

later. There is no “free lunch.”  As an example, too often in the past, costs of dealing with wastes, effluents and 

emissions are not accounted for as costs of products, but instead pushed off onto the environment for people 
living near the exposure sites to pay later (much later)  These costs include increased health risks, polluted air, 

polluted water, and polluted land. We only consider the lowest cost per unit produced instead of cost per unit 

consumed which initiates more waste in the name of profits. One basic analytical approach is to view this 

process as an interaction among three systems: the environmental (and other resource) system, the economic 
system, and the social system [4]. These then form the strategic vectors of sustainability (Fig. 2). 

 

 
Fig. 2. Dimensions of sustainability 

 

Hence 'real' improvement (economic development) cannot occur in the world unless the strategies which are 

being formulated and implemented are environmentally sustainable over the long-term. In addition they must be 
consistent with social values and institutions, and encourage 'grassroots' participation in the development 

process. Thus “there will be no sustained development or meaningful growth without a clear commitment at the 

same time to preserve the environment and promote the rational use of resources”. Similarly, to be socially and 
culturally sustainable, “development must be gauged by the values [which] a society itself or some member 

thereof, deems to be requisite for its health and welfare.” Thus we must not see environmental, social and 

economic challenges as separate and competing but rather as an interconnected whole. 

Environmental sustainability is the process of making sure current processes of interaction with the environment 
are pursued with the idea of keeping the environment as pristine as naturally possible based on ideal-seeking 

behaviour. Thus, environmental sustainability demands that society designs activities to meet human needs while 

http://en.wikipedia.org/w/index.php?title=Ideal-seeking_behavior&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Ideal-seeking_behavior&action=edit&redlink=1
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indefinitely preserving the life support systems of the planet. This, for example, entails using water sustainably, 

only utilizing renewable energy, and sustainable material supplies (e.g. harvesting wood from forests at a rate 

that maintains the biomass and biodiversity). 
 

5. The role of textile in sustainability 

Textile as a sector of economic activity is not unique in its contribution to non-sustainability. Along with the rest 
of the world, it too is rapidly heading towards a precipice: an environmental, social, and political disaster that we 

can all see unfolding before our eyes. What will happen when we run out of resources? By the middle of the 

century, we will have 10 billion people competing for finite resources from clean water to energy to food. So 

what are the textile specific issues and some logical solutions we should consider? Let us consider a limited 
number of components to understand the patterns of non-sustainability in textiles [5]. 

 Control of growth of greenhouse gases  

 Safeguard water quality 

 Efficient energy utilization 

 Biodiversity protection and desertification prevention 

 Waste product management 

 

6. Moving into the future – a summary 
Sustainability is not about reaching a destination but rather a direction. There is no endpoint which, when 

reached, we can declare victory. We can always make our planet, through responsible care, a better and a safer 

place for all life forms. This can only be achieved through a collective mindset where we see environmental, 
social, and economic challenges not as separate and competing but rather as an interconnected whole. Instead of 

keeping score as a gross cash flow we must think of the whole system balance sheet. We must not consider profit 

making as an economy outside of nature but one where all is integrated with nature. Industrial processes must 

shift from linear (open loop) systems, in which resource and capital investments move through the system to 
become waste, to a closed loop system where wastes can become inputs for new processes driven not by fossil 

fuels but by alternate energy sources. This thinking by very nature is rooted not in our current mentality of short 

term thinking but by looking long term for the developments that do not compromise the ability of future 
generation to meet their own needs. 

So what answer is there to the question raised earlier “Why is enough for mankind never enough?” 

 “There is enough in this world for ever man’s needs, but there is not enough in this world for every man’s 

greed.” – Mahatma Gandhi 
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Abstract: Traditionally modules within Higher Education are taught as discrete subjects. This has advantages 

since it enables students to develop knowledge and skills specific to each individual elements of the subject 

discipline. The expectation is that students will integrate and make sense of all the discrete elements. Whilst this 
is the ideal scenario, in practice often the first opportunity to integrate the various elements with a project occurs 

at final year. The purpose of the model presented was to integrate sections of the curriculum previously taught as 

separate entities into a single element at second year, using a blended learning approach to combine theory and 
practice. Thus, providing the opportunity for student to synthesize the knowledge obtained in various elements 

of their studies and develop an understanding of emerging/new technologies much earlier within their studies. 

The model differs from others: firstly by utilising fully integrated team teaching, engaging a diverse range of 

subject experts to enable network beyond the programme team, reinforcing research informed teaching and the 
teaching/learning nexus. Secondly active learning was employed as a means of challenging the learner, thus 

developing life/subject skills through establishing systematic connections of the different elements of their 

learning. Finally, through peer-support and networking, knowledge was exchanged (knowledge transfer) 
between students as they progressed through the development stages. This paper presents a successful model of 

blended learning which integrates research, technology, design and practical skills underpinned by the advanced 

study of textiles which is essential to any clothing curriculum. 

Keywords: Curriculum design, performance materials, product development, active learning.   

1. Introduction 
This paper presents a model for integrating the study of advanced product development using performance 
materials into the curriculum for clothing technology students. The model presented has been delivered 
successfully at level 5 (National Framework for Higher Education Qualifications) over a period of four 
consecutive years as part of the wider Clothing Design and Technology curriculum. It has demonstrated that it is 
a sustainable method for integrating knowledge from different disciplines including material science, design, 
pattern construction, seam engineering and garment technology into a single unit for learning. This paper 
presents a case study for the first year of implementation which is based upon tutor reflection from observations, 
formative feedback from the learners (questionnaires) and discussion of the product development from one 
action set (team of students). The discussion presented provides strong arguments to support the model’s value 
in terms of academic learning, teaching and the wider skill development. The results of the study present a strong 
case for utilising this model to facilitate an integrated approach to learning within advanced product 
development and the study of performance materials for undergraduate mainstream clothing students, which may 
have wider applications in the HE sector. 

2. Performance clothing 

The global market for performance clothing in particular the category which focuses on sports applications has 

increased dramatically in the last decade, recent predictions expect this market to reach $126.30 billion by 2015 
[1]. The growth in this market is largely driven by sociological factors including: participation in active sports 

and outdoor pursuits as individuals aspire to healthier lifestyles and increase leisure time to pursue these 

activities [1-4]. Numerous reports have identified women’s sport/outdoor apparel as an emerging sector of 
importance [1-4]. This has led to a demand for stylish, versatile and functional sports apparel with a blurring of 

the traditional boundaries of fashion, sports, functional and performance apparel. Functional and performance 

materials are now mainstream in this category of apparel and therefore it is essential for clothing students to have 
both a detailed understanding of the performance characteristics of the materials and knowledge regarding how 

to utilise them within clothing applications to maximise aesthetics without losing functionality. 

3. Methodology 

The model presented (Fig. 1) is based the principle of action learning which supports the development of  

learner’s academic and generic learning skills. This is achieved through the development of technical  
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competencies (knowledge and understanding); the expansion of life skills (key and professional skills); the 

advancement of high order cognitive skills (analysis, synthesis and evaluate); and, the appreciation of 

metacognitive strategies (learning how to learn and reflection) [5,6]. It includes a strong element of teamwork to 
enable the learners to co-construct knowledge, through both application (through an integrated approach to 

advanced product development) and reflection (peer support).  The unit was delivered over a period of 24 weeks 

for 48 hours. It was split into two parts, firstly knowledge acquisition (12 weeks of research), and secondly 
knowledge application (12 weeks). Initially students were split into teams of 8/9 students (n=66). A brief was 

presented which involved designing a high-tech range of clothing for a specific outdoor pursuit. During the 

initial 12 weeks the student groups were supported through a series of guest lectures which focused broadly 

around four core areas, design, market analysis, technology, and clothing realisation. Each student researched 
into an individual element of the range which when consolidated would represent the most cutting edge selection 

of garments for the selected outdoor pursuit, the research report was individual and specific to each individual 

garment/product design, however, the data collection was a team effort. The second part of the project enabled 
the student to discuss, debate and decide on one garment to further develop. A vast range of high-tech material 

were available to the students, four specialists lecturers (supported by a technical team) were available for 

second block of 12 weeks to enable the group to construct seams, test materials, develop patterns and engineer 

specific elements of the garments. Each student team was further sub-divided into 4 to enable all the testing to be 
completed simultaneously. Every third week the teams would re-form to share their results, thus impacting and 

refining their decisions on a regularly basis to ensure the garment/concept they developed/produced was fit-for-

purpose. 

Phase 1 Knowledge Acquisition Phase 2 Knowledge Applications Knowledge Desemination
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Fig. 1. Active learning model for integrating learning advanced materials 

4. Case study – results and discussion  
The case presented in the paper constitutes one team’s product development portfolio. The selected outdoor 

pursuit was hill walking and the garment for further development was a waterproof outer shell lady’s jacket. The 

team selected a series of waterproof, breathable materials (from their research during the first term) to test the 

material physical properties and sewability (advanced joining methods). Two areas of the garment concept were 
selected for further development (Fig 2), the hood (shape, visibility, fit), and the pit-vent. The group worked 

together to progress through the stages of development, at time receiving conflicting information: material that 

performed well in the textile testing did not necessary join together with ease. Therefore, the team had to 
negotiate whether to use a material that had a lower performance to allow the desired fit/aesthetics to be achieve 
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or whether to modify the design to optimise the desired performance material. Over a series of 16 hours in the 

labs and cutting room the selected team was able to develop aspects of the garment and confidently conduct a 

presentation to articulate their results and justify their decisions, all teams kept a reflective log of activities. 

 

Fig. 2. Case study level 5 (2007-2008) 

5. Learner feedback 

Formative learner feedback was gathered at two points during the 24 weeks delivery, at the end of the first and 

second terms. The response rates were generally low (however, this is not uncommon for 1
st
 and 2

nd
 year unit 

evaluations in HE) 22% for term 1 and 52% at term 2. 88.3% of the respondents agreed (A) or strongly agreed 

(SA) that the unit progressed at a pace they could cope with and the contents of the lectures/seminars were 

clearly explained (77% A/SA), they also acknowledged that they were clearly informed regarding how the unit 
would be assessed (76% A/SA). In terms of the teaching over 80% A/SA that the teaching team was well 

prepared, had good subject knowledge, easy to approach outside class, provided effective resources for learning 

and were effective teachers. Overall the learners were satisfied with the quality of the unit (73% A/SA). This is 

supported by the external examiner comments: it was reported that the students were very enthusiastic about the 
unit. 

6. Discussion 

During the first term it became apparent the value of a guest lecture programme, not only did this reinforce the 
research teaching nexus, it provided a wider network internally and externally for the students. The guest 

lecturers opened up research areas that had not previously been considered – clothing comfort, advanced 

materials, innovative joining methods, and functional design. The blended learning approach also had a number 
of benefits, there was a noticeable increase in research as the groups shared resources information, which 

enabled the students to have access to a wider range of information this had clear benefits in terms of raising 

attainment. Through combining theory and practice using an action learning model, the quality of the student’s 

investigation skills increased dramatically. The average attainment for the unit at the end of term one was 62%, 
by the end of second term this had risen to 70% (excluding the five non-submissions) at level 5 this clearly 

demonstrated the impact on the students learning. Further to this knowledge transfer was demonstrated not only 

by the quality of the research, but the advancement of professional skills including peer assisted learning, critical 
analysis, communication, negotiation and presentation skills. There was a strong sense of belonging as groups 

transpired into effective teams with a shared sense of vision and drive. Through extensive dialogue teams made 

informed choices regarding materials and seam engineering based on quantitative analysis, leading to a deeper 

understanding of performance materials generally and how they are used in advanced products, many teams 
furthered their learning by applying primary data techniques to obtain information from consumers, industry 

experts and commercial samples. The extent this model had on learning should not be underestimated, it brought 

together staff from different area to engage with students simultaneously in dialogue. There are a number of 
challenges which should be noted. The value of an academic lead to synthesise on a weekly level is required, this 

integrates the guest lectures seamlessly (which may otherwise have seemed somewhat independent), this 

however places demands on resources. During the second term the value of getting all the four experts together 
with the whole group had enormous benefits to learning and knowledge transfer, the excellent feedback received 

for teaching illustrated the value placed on this by the learners. Whilst it is acknowledged that some students 

experienced challenges in team working, it should be noted that this is an essential skill required for the global 

apparel industry; and as advances are made in material science and more technical innovations become available, 
students will be required to be able to transfer skills within multidisciplinary teams. The students co-constructed 
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knowledge with their peers, lecturers, and technical staff, this project enabled all involved to challenge the 

boundaries of knowledge and understanding and thus presents a sustainable model for learning.    

7. Conclusion 
This project in no way suggests that in apparel based subjects we should abandon the current model of having 

discrete specialist units which provide the foundation for specific skill development. It is merely suggesting that 

opportunity should be created within the curriculum at all levels for some element of true integration which 
brings together not only the academic learning aspects, but the opportunity for wider skill development and the 

opportunity to network with staff from different areas simultaneously. This model of learning offers a true 

integrated approach to learning, embedding staff research and has the potential to open new research 

opportunities as students are working at the cutting edge of their field within advanced product development.   
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1. Introduction 

The paper discusses the issue of how people and organization need each other. The changing paradigm of the 

present business atmosphere has characteristics like: The consumer economy drives business realities and the 

lifetime employment has become a theory of the past. We have demographic advantage. The present work Life 

Cycle time is crashing. The aspirations of young workforce are very high. 

More women are getting into workplace. Mergers and acquisitions is becoming a way of life. Global workforce 

is also taken into account. Implications of changing paradigm are as follows: People have choices. People are 

mobile and their commitment is short term. 

People demand much more. Newer models of employment are coming into force and there is also challenge of 

diversity. There are four fundamental forces that are fuelling the war for getting right people. 

There are four fundamental forces that are fuelling the war for getting right people. 

• The irreversible shift from Industrial age is taking place to the Information age. 

• The demand for high calibre managerial talent is getting intensified. 

• The reality of doing more with less is becoming evident. 

• The growing propensity for better prospects is making people to switch from one company to another. 

 

2. Supply concerns of human capital 

The median age of Asian population is around 24 years. On account of shortage of experienced resources, 

companies are employing relatively inexperienced resources. The number of workers under 30 in the new 

economy sectors is estimated at around 83%. Organizations operate on thin middle and senior management layer 

on account of poor availability of  resources in the age group of 30+. Supply shortage at middle & senior 

management is unrealistically pushing up price of jobs. 

3. Textile industry 

Textile industry is not a preferred choice at the campus as it has a perception of old age industry. The 

management being more entrepreneur led rather than professional management , which has traditional mindset 

and is majorly unorganized. The major challenges faced by textile industry are: 

• Skill gap 

• Labour shortages and cost 
• Technology  

• Lack of new thinking  

• Adaptability 

• Infrastructure  
• Compliance   

 

4. “RETENTION” the biggest challenge 

Retention of employees is a major challenges and management should take actions in meeting employees 

expectations in terms of monetary and non-monetary techniques. 

Hewitt Associates Study, found that employees look for a unique combination of the following factors 

• The belief that one works for a great company 

• Exciting work 

• Meaningful opportunities 

• Career and personal development 

mailto:m.sanjay@rgf-india.com
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• Work/life balance 

 

5. Non-monetary retention suggestions 

Institutionalize a value system conducive to Retention 

• Demonstrate respect for employees 

• Appreciate employees contribution to organizational success 

• Nurture & celebrate organization traditions 

• Involve employees in decisions concerning their job & overall  direction of company. Generate a  

      sense of ownership 

• Align vision & mission to employees aspirations 

• Communicate openly & vigorously. Help employees to see  & appreciate the bigger picture 

• Connect people to work that motivates & inspires 

• Create Partnership, squash status barriers, share good & the bad 

• Promote culture supportive of innovation, risk-taking, creativity 

• Develop a one-to-one approach without losing the group focus 

• Put in place an effective predictive mechanism to gauge comfort, commitment & contentment level  

      in the organization 

• Create an environment of emotional bonding 

• Emancipate Action, allow for failure, reduce bureaucracy 

• Build an ethical [passing tests of probity & integrity] & responsible [to the environment/planet]    

      organization. 

• Organizations will attract  quality talent by offering a unique employee value proposition 

• HR will be challenged not only by external market forces but also internally by employees   

      themselves 

• If we want high quality talent, we need to offer them high quality opportunities.  If not, they will go  

      to our competitors. 

 

6. The essence of human  capital 

• The key HR challenge in the years to come will be  our ability to leverage human capital.   

• To create a sense of meaning and purpose in our enterprise.  

• To recognize that every individual has a SOUL. 

 

7. Conclusion 

The answer to talent retention lies in understanding why Employees Stay in an Organization are due to pride 

factor, confidence factor, Emotional factor, Trust factor and Fit factors. However the challenge is to put in place 

strategies & actions which sustains & strengthens above-listed characteristics of an organization. 
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Abstract: In the field of Textile and Clothing, Radio Frequency Identification (RFID), which is one of the most 

promising technological innovations, is used in manufacturing, inventory control, warehousing, distribution, 

logistics, automatic object tracking and supply chain management. RFID technology can improve the potential 
benefits of supply chain management through reduction of inventory losses, increase of the efficiency, increase 

in the speed of processes and improvement of information accuracy. Although the technology existed for several 

years, the technological challenges and cost issues are the major hurdles for the widespread use of RFID.  In this 
paper, the authors have addressed the key challenges faced by RFID, disadvantages and future directions of the 

technology.   

 

Keywords: RFID, fashion, textiles, supply chain management, inventory, retail. 

 
1. Introduction 

The rapid pace at which the technological innovations are being introduced in the world poses a potential 

challenge to the retailer, supplier and enterprises. In the field of Information Technology (IT) there is a rapid 
growth in the last 30 years [1-3]. One of the most promising technological innovations in IT is Radio frequency 

identification (RFID) [4-6]. The RFID technology was evolved in 1945 as an espionage tool invented by Leon 

Theremin for the Soviet Government [7, 8]. At that time it was mainly used by the military. The progress in 
microchip design, antenna technology and radio spread spectrum pushed it in to various applications like supply 

chain management, retail, automatic toll collection by tunnel companies, animal tracking, ski lift access, tracking 

library books, theft prevention, vehicle immobilizer systems, railway rolling stock identification, movement 
tracking, security, healthcare, printing, textiles and clothing. RFID can make the companies more competitive by 

changing the related processes in supply chain, manufacturing and retailing. 

Although several RFID research publications till date focused on various applications of RFID, there is a dearth 

of review of the literature on the application and challenges of RFID in textile and clothing business. Hence, an 
attempt has been made in this paper to review various challenges faced by the technology and the future 

directions.  

  

2. Advantages of RFID 

Barcode systems, although used for product information, inventory control, have some drawbacks as compared 

to RFID [9, 10]. The amount of information stored in a barcode is very less as compared to RFID. RFID can 

store up to 1000 bytes of data. An RFID is specific to each item, whereas the barcode is not. Barcode needs 
human interaction for proper operation. It requires time-of-sight access to an optical scanner for the product 

related information. The barcode is to be replaced if the information it contains needs modification, but in RFID 

it can be modified at stages of the supply chain by the interaction between the microchip and the reader software.  
The barcode system is less accurate as compared to RFID.   

 

3. Challenges faced by RFID system 
Although RFID technology has already been applied effectively, have certain technological barriers that still 

need to be overcome to optimize its application. These lacunas are high investment, lack of security and privacy, 

and some related to the technology of RFID [11-13]. 

 

3.1 Cost 

Although there is a great potential of RFID in the local logistics sector, the major drawback is the cost of the 

RFID tag is higher as compared to barcode system [12, 14]. So industrial leaders are concerned about the return 
on investment and net profit by investing the extra cost in to the existing system. The cost depends on the 

volume of usage. The lowest cost tags available on the market are as low as 7.2 cents each in volumes of 10 

million units or more.  The average cost of a RFID tag is around 30 to 40 cents if the volume is not sufficiently 
large but the cost is only 4 cents for a barcode.  The companies like Wall-mart, Benetton, and Prada are trying to 
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still reduce the price. After the price is reduced all the retailers and manufacturers can implement the technology. 

Apart from the initial cost, there is cost involved in maintenance and up keeping of the system. But RFID tags 

will completely replace the barcode system in future.   
The use of RFID in supermarkets is worthwhile because the transactions speed in supermarket should be fast and 

prompt to reduce the queuing time whereas in fashion industry the purchase is not in bulk so transaction speed is 

not very relevant in fashion industry. So the cost of using RFID tags for economical/low-priced clothes will 
impact significantly on the final cost of the garment. But where quick scanning is required in case of larger 

purchases and promptly replenishing merchandise, the use of RFID is very important and trustworthy.  

 

3.2 Security and privacy 
 The security and privacy of the RFID against unauthorized readers is in debate from the very beginning [15-17]. 

There is a great challenge to the consumer privacy. The consumers using the product with RFID tags can be 

traced easily. The RFID tag broadcasts the ID serial number or the Electronic Product Code (EPC) to the nearby 
reader. There is a very high chance of privacy violations. The size of the dress a woman wants can be publicly 

readable by any nearby scanner. Due to this problem the cloth retailer Benetton has planned to withdraw the use 

of RFID tags in its apparel products. CASPIAN (Consumers against Supermarket Policy Invasion and 

Numbering) group, based in US has claimed that RFID tags embedded in items can track the consumers creating 
unwanted surveillance and an invasion of privacy.  

Many security measures have been proposed for RFID in various literatures to overcome the above problem [16, 

18]. The simplest is the “Kill Tag” approach in which the tag is electronically deactivated after the item is being 
sold out. The tag also can be removed physically from the product before they are placed on the hand of the 

consumers. The other approaches are Cryptographic approach, Hash Function approach, Faraday Cage approach, 

Randomized Hash Lock, backward channel XORing, Active Jamming approach, Regulation approach etc.  

 

3.3 RFID attacks 

Tag damage: the RFID tags can be damaged by attackers or due to the improper handling of the material. This 

attack in turn can prevent the data communication with the reader.  
Fake tags: The attackers may replace the original tags with fake ones, which will prevent the data transfer or 

provide fake information to t the reader. 

Security attacks: the attackers can break the security algorithm used in the RFID system or modify the message 
in the reader.  

 

3.4 Compatibility 
A lot of time and money is needed to set up the RFID systems, which may not be economical for many 

companies. Furthermore, RFID may not be compatible with some existing technologies and even if it can be 

integrated with existing system the expectancy of 100% data accuracy is still a matter of concern [19, 20]. This 

becomes more important when the suppliers and buyers have to deal with their overseas counterparts. Some 
companies are afraid of using the RFID technology as the high investment may be replaced by some other 

technologies as the technological advancements in near future may bring better technologies than RFID. 

 

3.5  Technology 

 As the RFID is based on the concept of Radio Frequency, it can be interfered with other radio transmissions, 

metals, liquids etc. [11, 21, 22]. The degree of interference depends upon the frequency of the tag and the usage 

environment, which may lead to inaccurate reading. For example the use of RFID readers to read the price tags 
of purchased merchandise at the checkout counters may be interfered by radio waves from other merchandise. In 

addition, the merchandise are made in different countries and may be packed with different material.   

 

3.6 Lack of standardization 

RFID is at the infancy stage and there are many hurdles ahead of it. There are many versions of RFID that 

operate at different frequencies and need different software and readers. So the need is to be agreed upon one or 
group of frequencies to have interoperability between the manufacturers, retailers and distributors. Currently, 

two organisations: EPC global and International Standards Organization (ISO) are working to standardize the 

use of RFID in UHF spectrum [11]. Although, standards such as EPC class 1 G2 protocol and ISO 18000-6 are  
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being released, both the standards are yet not finalised and lack compatibility with each other [23].   

     

4. Future trend of RFID 
Although several challenges are present for the adoption of RFID, they can be overcome with the technical 

developments. Similar to other emerging technologies, RFID will become a reality in many fields over time. 

Research and development can help in mitigating the associated problems with the use of RFID. The 
technological issues such as 100% reliability can be achieved by: (1) installing multiple antennas with different 

orientations per reader, (2) customizing the tag and antenna design for each material type and (3) installing 

multiple readers to increase readability of the tags. Reading multiple tags simultaneously is possible by the use 

of binary search technique. Repetition of reading the tags can be avoided by putting the tags already read into 
sleep mode. Research and development will help in maximizing the antenna power pattern and the chances of 

successful reading. 

For successful application of RFID, existing research should focus on a host of disciplines, such as electronic 
engineering, information systems, computer science, and business strategy. Prior to the research and 

development, it is vital to determine the principal concerns of RFID, whether technological, application related, 

or security related. Maintaining security of the RFID tags is a challenging job. The improvement in information 

technology and design of smart RFID tags can help to overcome this challenge. 
 

5. Conclusion 

The use of RFID systems in textile and clothing sector is rapidly increasing. In future almost all the 
manufacturers, distributors and retailers in textile business will be using the RFID system. Although, RFID 

systems cannot completely replace the barcode technology, due to higher cost but the accuracy, speed and the 

return on investment is high in RFID system. RFID system is a promising technology, which will become 
ubiquitous in the future helping organizations to solve problems in supply chain management, security, personal 

identification and object tracking. Important technical challenges still need to be resolved for fully successful 

operation of RFID. It will take some years may be a decade or so, before the full benefits of RFID technology is 

realized. We will increasingly see how RFID technology can extend the ability of computers in combination 
with internet to sense and respond to the physical world. In future, RFID will make computing an unobtrusive, 

intuitive part of everyday life, as refreshing as a walk through the nature.  
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Abstract: Building a 3D yarn's geometric configuration is key to build the 3D structure of fabric. The paper 
concentrates on modelling a 3D yarn based on NURBS (Non-Uniform Rational B-Spline) curve technique. 18 

control points are used to design the cross-sections of the 3D yarn by quadratic B-spline curve. Cross-section of 

round, elliptical, race-track, lens and other shape can be designed automatically. The shape preserve quasi 

uniform cubic B-spline curve is applied to fit the central line of the yarn by a series of control points. By using 
different cross-sections along the central line, a fancy yarn can also be modelled. In order to imitate a 

photorealistic twist effect, 1D, 2D and 3D texture are mapped on the surface of the 3D yarn. The imitated 

pictures indicates the method is effective. 

 
Keywords: Yarn, 3D modeling, NURBS, twist effect. 

 

1.  Background 

Building a realistic 3D fabric structure attracts the researchers' attention recently. How to model a 3D yarn 
geometric configuration is the base of building the structure of the fabrics. Many methods related to the 3D 

yarn's model were proposed[1-6]. However, all the methods mentioned just design a smooth yarn, some details 

such as texture or twist effect cannot be reflected. Since NUBRS [7]（Non-Uniform Rational B-Spline 

curve）is the most popular tool to design a 3D geometrical object, the target of the study is to model a 3D 

uneven yarn with twist effect. It is also expected that the model must be flexible enough to build the yarn with 
non-uniform diameters or cross-sections and meet all the needs that not only be able to suit all the cross-sections 

available at present, but also to the ones may be proposed in future. 

 

2. Principle 
B-spline curve was firstly introduced by Schoenberg. Many equivalent definitions of B-spline curve are 

proposed. According to De Boor-Cox, a pth-degree B-spline curve is defined by 
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 or (0,0,...,0,1,2,3,..,n-1,n,n,...,n). 0 and n repeat 

p+1 times in the knot vector . 

A 3D object can be modeled as a surface according to Computer Graphics. 2 sets of curves are modeled in two 
directions to control the shape of the surface as shown in Figure 1. The surface of the yarn can be regarded as a 

NURBS surface which is controlled by a grid consists of many controlling points. In one direction, a series of 

cross-sections are controlled by those points while the central line of the line is determined by the same points in 
another direction. 

                            
 Fig. 1 B-spline surface patches    Fig. 2   Designing of a single yarn (a: a yarn in a 3D structure    

and a 3D cylinder.               b:the cross-sections and the central line of the yarn, c: control grids for yarn surface ) 

According to the Peirce's theory [8] on woven structure, the yarn can be described by the shape of the cross-

sections and the central line. The idea can be extended to knitted fabrics and braided fabrics. Figure 2 shows an 
idea to design a single yarn in a woven fabric based on the conditions that the theoretical diameter of the yarn, 

central line of the path determined by a sequence of the key control points, the shape of the cross-sections at 

each key points and twist number of the yarn are given. All the calculating and the rendering of the graphs are 
fulfilled by MSVC and OpenGL[9]. 

mailto:zty_zzti@126.com
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3.  Cross-section 

In the study, the cross-sections of the yarn is designed by quasi-uniform quadric B-spline curve given a sequence 

of control points Pi (i=0,1,2,…,n).A segment of quadric B-spline curve can be determined by 3 consecutive 
control points as shown in Figure 3. Point P(t) on the curve can be calculated by 
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Fig. 3.  A quadric B-spline curve     Fig. 4. the principle of controlling the shape of the cross-section  

                                                                     by an octagon with 10 control points 

When using quasi-uniform quadratic B-spline curve (belongs to NURBS) by 3 sequent control points P0,P1 and 

P2, the designed curve must interpolate the two middle points P(0) and P(1) of the two segment lines P0P1 and 
P1P2. Meanwhile, the two segment lines (P0P1 and P1P2) connecting the first two control points and the last two 

control points must be tangent to the curve at the two middle points (P(0), P(1)) as shown in Fig. 3 . 

In Perice's theory[9-11], the cross-section of the yarn can be described as circle, ellipse, race-track, lens or other 
shape, all those figures can be easily expressed or fitted by quasi-uniform quadratic B-spline curve. Figure 4 

demonstrates how to design cross-section of the yarn. Supposing Pi(i=0,1,...,9) are the control points of the cross-

section, P0 and P8 overlap and P1 overlaps P9. If P0,P1,...P7 are distributed at the vertexes of a regular octagon, 
the a circular is nearly formed. If Pi (i=0,1,4,5) move to Pi', then an ellipse will be formed. If the points move 

forward to Pi", then a race-track shape cross-section is formed. The ratio a/b,c/a and more parameters can be 

used to control the shape of the cross-sections. A more precise control can be carried out by a 16-polygon with 

18 control points as shown in Figure 5,where a circle, an ellipse, a round rectangle, a lens, and a flat base ellipse 
cross-section are demonstrated. More combination of shape mentioned above can also be designed based on the 

principle. 

         
  a: ellipse        b: race-track      c: round rectangle     d: lens        e: flat base ellipse 

Fig.  5.  Different shape of the cross-section designed by quadric spline curve  

             (the points in the figure are the control points, which may not on the curve) 

 

4. Central line 

If a cubic B-spline curve is required to pass through a sequence of key points, all the control points of the curve 
can be determined by reversal of interpolation by linear system. However, the method is not robust since a tiny 

change of the control points may result in a big change of the curve shape. In order to obtain a stable and 

desirable curve, a shape preserving cubic B-spline curve is preferred here. The principle is well explained as in 

Figure 6. If three consecutive control points Qi,Pi+1and Qi+1 are collinear, and Pi+1 is the midpoint of the line 
segment QiQi+1, then the line segment QiQi+1 will tangent to B-spline curve at point Pi+1, that is to say, the curve 

will interpolate or pass through Pi+1. Thus, if a B-spline curve is expected to interpolate a series of key points, 

just let all the key points be the control points while insert 1 control point in front of and behind each points 
respectively requiring the condition that each original key control point is the midpoint of the newly inserted 

control points. Meanwhile, the tangent line of curve at the interpolated point is defined as the direction of its 

neighboring points before and after, then all the final control points are calculated automatically. Figure 6  shows 
that a cubic B-spline curve with control points Pi,Pi+1,Pi+2,.. is required to pass through the point Pi+1 , then Qi 
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and Qi+1 are required to be calculated at first. In order to make a control grid to design the yarn surface, the 

cross-sections corresponding to the new inserted control points Qi and Qi+1 have to be auto-generated according 

to the given control points Pi,Pi+1,Pi+2, a linear interpolated method is used to calculate the control points of the 
new cross-section according to the cross-sections that had been determined. Figure 12 shows how to insert the 

control points according to the given interpolated points. 

  
Qi+1

Pi+1

Qi

Pi+2

Pi

Cross-section has 

been detemined

Cross-section has 

been detemined

Cross-section has 

been detemined

Cross-section 

to  auto-generateCross-section 

to  auto-generate

                                      
Fig.6. Principle for designing the shape preserve curve                    Fig.7 a. 1D texture   b. 2D texture 

 

5. Twist effect 

1D and 2D texture can be mapped on the surface of yarn to simulate the twist of yarn as shown in Figure 7. For 
1D texture mapping, parallel lines are drawn on the surface of the yarn. The slop of the lines are dependent on 

the twist angle of the yarn. Since the lines are uniformly distributed, the twist effect will be worsen when the 

yarn is enlarged. If a 2D texture mapping technology is applied, an image or a picture scanned from the real yarn 
is mapped on the surface of the 3D yarn to reflect the twist and even hairiness. Obviously, it is more realistic but 

requires numerous pictures to imitate different twist effects for actual application. 

Another improvement is applying a bumping texture to acquire 3D twist effect. By adding random disturbance 

(or troughs and ridges) on the contour of the cross-section of the yarn, the surface of the 3D yarn will appear 
bright and shade effect according to Computer Graphics. When transforming the troughs and ridges at different 

sections, the twist effect will appear. If a trough or a ridge is deliberately discarded at random, the migration 

effect of fibers in the structure of the yarn is imitated. The principle is explained in Figure 8 and Figure 9. Figure 
10 shows an imitated 3D twist yarn with race-track cross-section. 
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Q41
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Fig. 8 Adding random disturbance     Fig. 9.  Assembling            Fig. 10.  Yarn with      Fig. 11. Yarns in a woven 

on the contour of cross-section                   the cross-sections     race-track cross-section              structure 

             
6. Application and Discussions 

Woven fabrics, knitted fabrics or braided fabrics comprise of many yarns. If the configuration of every single 

yarn in the fabric is determined, the 3D structure of the yarn is determined and model. Figure 11 demonstrates 

some 3D figures of the woven structure. One interesting thing is to model folded yarn or fancy yarn by single 
yarn, which is similar to model the whole fabric if every component single yarn is determined. Figure 12 shows 

how two single yarns are combined to form a folded yarn. Figure 13(a) shows a folded yarn in 3D space, Figure 

13(b) shows an imitated single yarn with 3D twist effect which is in fact comprised of many single yarns, and 
Figure 13(c) shows a fancy yarn which is designed by using many different cross-sections. From all the pictures, 

it is concluded that NURBS is an effective tool to design a 3D yarn. 

  
Fig. 12    a 2-ply 3D yarn                            Fig. 13.  3D yarn with many variations 

(a): with 3D twist effect  

(b): the central line of one component single yarn 
 (red point: the control point;  blue point: the inserted and auto-calculated control point)   
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7. Conclusions 

The paper introduces a basic method to model a 3D yarn. The outline of the yarn is controlled by NURBS 

surface which is in turn determined by cross-sections and central line. The cross-section of the yarn is designed 
by quasi-uniform quadratic B-spline curve while the central line is designed by shape preserving cubic B-spline 

curve. Some fancy yarn with various cross-section in a same yarn such as slub yarn or knep can be designed by 

the method. More realistic yarn can also be designed by mapping 1D,2D or 3D texture on the surface of the yarn. 
If each yarn in a textile assembly is designed or determined, then a folded yarn, or woven structure, knitted 

structure and braided structure can be modeled as well. 
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Abstract: Almost 80% of global merchandise trade, by volume, is effected by sea-freight; because of reasonable 

cost, convenience, familiarity, availability & reliability. Shipping & port services are vital to trade 
competitiveness of developed & developing countries.  

However, maritime transport business is facing complex environment involving persistent downward risks & 

challenges. Some of the aspects mainly affecting seaborne trade are slow down in world economy, recession in 
European Union, weaker economies in developing countries like China & India and continued negative effect of 

2008-09 crises in global trade. Furthermore, sea-freight rates have remained low & volatile due to oversupply of 

vessels & competition. It is seen that many times sea freight rates are even lower than operating costs of shipping 

companies. Some other factors also make shipping business uncertain & unsettling. 
In emerging opportunities in ocean freight transport business, there are many favourable /optimistic trends 

balancing business operations. The opportunities include, deeper regional integration, South–South cooperation, 

new trading partners & growing trade with cooperation agreements, technology & efficient transport , 
development of new production centers in lower value added & labour intensive sector, growing world 

population & rise in middle class consuming category , new sea routes like Panama Canal & Arctic routes, new 

developing country banks ((BRICS) to finance transport infrastructure etc. There are some other aspects which 
can become opportunities to shipping business. 

The paper is an attempt to highlight challenges & opportunities in Ocean freight trade. 

 

 

1. Introduction 
This is an era of globalisation, i.e. international business. This has vitally important aspect of cross border trade 

of merchandise. The trade involves transport of goods, from one country to the other. The transport for export or 

import of goods can be effected by sea freight or air freight or by road lines. 
It is known that seafreight is the most commonly used mode of transport by the international business 

community, generally because of reasonable cost, convenience, availability, familiarity & reliability. Almost 

80% of global merchandise trade, by volume, is effected by sea freight & handled by ports worldwide. 

Therefore, trade competitiveness of all countries developed & developing countries alike & landlocked countries 
depends heavily on effective access to international shipping services & port networks.  

It is necessary to analyse the general performance of seaborne transport and trade, which is depending upon 

various factors relating to the world economy and global conditions, in recent times. 
As regards specific trends, in both years of 2011 & 2012 the world seaborne trade increased by 4.3% by volume, 

compared to previous years. Furthermore, the trade appears to be encouraging by domestic demand in China, 

intra – Asian exchanges of merchandise & South – South¹ trade. 

In spite of above global shipping trends, sea freight transport is facing new & complex environment, involving 
both challenges and opportunities.  

 

2. Challenges Facing Seaborne Trade 
In order to review ocean borne trade & prevailing challenges faced by it, many evolving trends which affect 

international shipping business need to be considered. These aspects tend to make the trade vulnerable to 

downside risks & uncertainty, and are as follows – 

 The global economy slowed down. In the years 2011, 2012 & 2013 world G.D.P. increases show 2.8%, 

2.2% & 2.1%, indicating declining trends. This could simultaneously decline import demands of both 

developing & developed countries. 

 The problems of recession in European Union & fragile recovery in U.S. economy are increasingly 

affecting exports of developing countries. 

  Economies turning weaker in larger developing countries like China & India, which has effects on 

developing & low income regions.                                
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 There appears to be continued negative effect of 2008 & 2009 crises on global demand, finance & trade; 

on shipping loads. The volume of world merchandise trade in exports/imports both declined by about 13% 

in 2009, than previous year.     

 There is a rise of South & shift of economic influence away from traditional centers of growth. 

 
The above are related to world economy. There are other developments which prove to be challenging to ocean 

freight transportation, as given below – 

 Structural shifts in global production patterns in many fields like engineering, automobiles, textile 

garments & others have taken place. This is by way of new production values, international supply chain, 
subsidiaries collaborations, joint ventures, buy back systems etc. 

 The sea freight rates have remained low & volatile in various cargo carriers for containers, liquids & dry 

bulk. Due to available oversupply & new shipbuilding in the industry, many times freight rates are lower 

than operating costs. This could be the result of competition & also rise in fuel prices. In any case, 

competitive sea freight rates offered by shipping companies are affecting the economy of ocean freight 
transport trade.  

 The manufacturing cost of vessels (for given capacity) are high. Average vessel of 6500 - 120000 TEUs² 

capacity may cost around U.S. $ 75 - 105 million in general. The payback periods of the products are 

longer approx. 8 – 8.5 years. Moreover, costs towards operations, maintenance, and spares have 
increased. 

 As regards energy costs, the fuel costs account for 50-60% of total operating expenses. These are   

increasing continuously. The fuel used is a type of diesel. European Brent price determines bunker fuel 

charges. Average cargo vessel with 9500 TEUs capacity may require about 125 tons of fuel per day, for 
standard sailing schedule. 

 Changes in comparative advantages & mineral resource endowments, in particular, oil & gas, have 

affected the trade. 

 Demographic changes show that there is an increase in ageing population in developed countries, and also 

seen is fast growing population of younger age groups, in developing and poor countries. This has resulted 

in some changes in global production, consumption and subsequent movements of related merchandise. 

 Arrival of container megaships & other transport related technological advances have also made changes 

in business.  

 Effects of shipping transport on climate changes also need to be reviewed. The cargo carrying vessels are 

often recognised as sustainable, energy efficient & relatively environmentally friendly. However, shipping 

is still a considerable source of green house emissions. The vast amount (approx 9%) of emissions 
containing carbon dioxide & sulphur from ships has significant climate changes. Other environmental 

problems include vessel oil spills, ballast water disposal, air pollution, dredging, vessel scrapping & waste 

disposal at sea etc. The natural hazards also can be added here. 

 Freight Forwarders – They are generally booking bulk business and are negotiating hard with shipping 

companies. In many incidences, freight forwarders or N.V.O.C.Cs³ are offering lower freight rates than 

shipping companies. 

 Land locked countries have a lack of terminal access to sea, resulting in remoteness & isolation from 

world markets. This also affects sea freight transports mainly for minerals, ores, coal, etc. in general, due 

to operational difficulties, long distances, inadequate & costly transport services.   
For ocean freight transportation business, there are emerging trends turning to opportunities, that may encourage 

the cargo shipping trade.  

 

3. Developments turning into opportunities for sea freight trade 

 There appears deeper integration & South–South cooperation. 

 Growing diversification of sources of supply enabled by technology & efficient transportation may be 

supporting sea freight business.   

 Technological Developments – There are new types of eco ships coming into services. These are fuel 

efficient, eco friendly technologically superior models, for betterment of seaborne trade. 

 As mentioned earlier, fuel charges form major operating costs for shipping companies. In order to make  
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substantial savings in the fuel consumption, slow steaming technique is used for operating the ships. 

Marine engine manufacturer Wartsila calculates that fuel consumption can be reduced by 59% by 

reducing the cargo ship speed from 27 knots to 18 knots. This will reduce fuel consumption drastically, 
will benefit shipping companies , at the cost of additional days sailing. Net effects of slow steaming 

methods are certainly contributing to big savings in fuel cost.  

 Emerging new trading partners & access to new markets facilitated by growing trade & cooperation 

agreements. 

 Countries like China going towards higher value added products thus involving other developing countries 

like Africa, S.E. Asia, in lower value added & labour intensive sectors. This could result in diverting & 

also enhancement of sea freight trade. 

 Growth of global demand for merchandise due to growing world population & rise in middle class 

consumption category. 

 The opportunities for efficient sea freight transports also could increase due to Panama Canal⁴ expansion 

& new Arctic sea routes. 

 Proposal to establish developing country banks like proposed (BRICS BANK) with the potential source to 

finance to meet significant needs of investments in transport infrastructure. 

 In the context of difficult conditions in cargo shipping, many private equity firms have seized the 

opportunity created by tight credit markets & historically low ship values to invest in ships & shipping 

companies. Between 2011 & 2012 , private equity funds have financed around 22 shipping transactions 

with total value above the level of U.S. $ 6.4 billion. The participation of private equity funds appears 
fundamental for growth of the industry. And the new sources of capital to support the trade is welcomed 

by the sector.  

   Liner Conference is an agreement between two or more shipping companies to provide scheduled cargo or 

passenger services on particular trade route, under uniform rates and common terms.  The conference 

system & practices in shipping companies is continuing. This facilitates exporter /importers to get vessels 
to any destination, without delays & at reasonable costs. 

   Land locked countries exports & imports are posing difficulties in ocean freight transport, as mentioned 

earlier. However, by ‘Almaty Programme of Action’⁵ there are positive initiatives to make transit 

transport systems with proposed transit belt system. The ocean freight transport of minerals, ores, coal & 

other products will enhance with ‘Almaty Programme of Action’.  

   Mineral Resources – There are unexplored sources of minerals in some countries in the world. Anosy 

region in Madagascar has untapped area for minerals, ilmenite, hard rock ( with gemstones , sapphire & 

tourmaline). Similarly, Kenya may be becoming new petrol wealth & Tanzania’s Geita territory is to be 

explored for mining . Therefore, mineral resources is another considered to be an opportunity for seaborne 
trade , in near future. It is relevant to mention that  3.5 billion people belong to oil / gas / mineral rich 

countries in the world. Africa possesses 30% world mineral resources , 10%  oil  &  8% gas.   

 

4. Notes 
1. South-South Trade  –  South refers to regions / countries in lower side of the globe , these countries are other 

than North U.S.A. , Canada , W. Europe , Advanced E. Asia. The latter form Global North, which has 1/4
th
 of 

world population & controls 4/5
th
 of world income. Global south is with 3/4

th
 of population & 1/5 of world 

income. 

2. T.E.Us. – The cargo carrying capacity of vessels is denoted by TEUs. One TEU is Twenty Feet Equivalent, 

i.e.  one container of 20' X 8' X 8' size. Similarly Forty Feet Equivalent is FEU unit. 
3. N.V.O.C.Cs. – They are non vessel owners & cargo carriers. They do not own vessel nor containers. They 

book max cargo with shipping companies. 

4. Panama Canal Expansion  – Panama Canal is century old, connecting Atlantic & Pacific oceans. This is 

modified / expanded to 77 kms length. This connects 160 countries, reaches 1700 ports. Today up to 13,500 
TEUs capacity vessels can be passed. 

5. Arctic Routes – In two months of the year, there is no ice in some regions  of Arctic & vessels can use the  

routes.  
6. Almaty Programme of Action  –  Almaty is a city in Kazakhstan , where convention was held by world bank  
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& others. The results of the programme may be observed by 2014 or 2015. 

 

5. References  :  
[1] UNCTAD  Report on Maritime Transport – 2013 and many more 
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Abstract: In the present work, bio-waste chitosan was used in finishing formulation for cotton fabric, along with 

DMDHEU and other chemicals, imparting multiple performance characteristics such as wrinkle free, 

antibacterial and flame retardant properties. The finished fabrics were evaluated for various textile properties as 
well as functional properties like crease recovery angle, antibacterial activity and flame retardancy. The finished 

fabric showed excellent crease recovery, antibacterial property and flame retardancy which were retained to a 

moderate extent even after 20 washes. Besides formaldehyde scavenging action, chitosan clearly showed its 
positive role in imparting multifunctional properties to cotton. 

 

Keywords: Shrimp shells, chitosan, cotton, multifunctional finishing. 

1. Introduction 
Chitosan is a functional, linear polymer that can be derived by the partial deacetylation of chitin. It is the most 

abundant natural polysaccharide on the earth after cellulose and can be obtained from the exoskeleton of marine 

crustaceans, such as crabs, lobsters, shrimps and krill. Application of chitosan in textiles has been explored by 
researchers [1-8]. Cellulosic fibres and especially cotton are still the most important kinds of fibre, because of 

their numerous advantages. However lack of functional properties like wrinkle resistance, bacterial resistance, 

flame retardancy restricts its application in functional product [9,10]. 
In the present work, bio-waste chitosan was utilized in multifunctional finishing formulation of cotton fabric 

along with dimethylol dihydroxy ethylene urea (DMDHEU). The multifunctional properties imparted by 

finishing such as improved crease recovery, antibacterial property and flame retardancy were analyzed. Since 
durability of such finishes is always a criterion, the durability of the finishes to washing was also studied. The 

role of chitosan in finishing formulation as antibacterial agent, flame retardant agent in presence of phosphorous 

compounds and scavenger for the released formaldehyde was explored.  

2. Materials and methods 

Shrimp shells waste was obtained from local fish market to extract chitosan. Bleached cotton fabric (GSM 

122.95) was obtained from Century Mills Ltd., DMDHEU was supplied by Clariant India Limited. Bacterial 
strains were obtained from Haffkins Research Institute, Mumbai. All other chemicals used were of laboratory 

grade and were supplied by SD fine chemicals. 

The detailed method of extraction of chitosan and characterization was reported in our earlier publication [11]. 
Chitosan (mol. wt. 124999.8, degree of deacetylation, 89.06%, nitrogen content, 7.1%) so obtained was utilized 

for finishing treatment of cotton. The finishing recipes were varied with different combinations of DMDHEU, 

MgCl2, Diammonium hydrogen phosphate (DAHP), chitosan, acrylic acid, boric acid etc [12]. The cotton fabric 

was padded using required chemicals as per recipes with 75± 1% expression, dried at 80
0
C for 4 min and cured 

at 150
0
C for 5 min. 

The finished fabric was characterized using FTIR and TGA analysis and then evaluated for properties like tensile 

strength, tearing strength, bending length, whiteness index. The fabrics were then analysed for functional 
properties like crease recovery angle (CRA), antibacterial property (AATCC-100), and flame retardancy. Effect 

of chitosan on formaldehyde release (ISO 14184-II) was also tested. The durability to laundering of 

multifunctional properties was measured using washing conditions as per ISO 105-CO6-1M test methods [13-

15] 

3. Results and Discussion 

3.1 Characterization of cotton 
The multifunctional finished cotton showed the introduction of peak at 3240cm

-1
 which may be due to the 

introduction of NH2 groups of chitosan. The peak area under –OH group was reduced significantly which may  

be due to the crosslinking of –OH groups and the phosphorylation due to presence of DAHP. 

 



                                                                Global Textile Congress, Bangkok, 13-15 Feb 2015 

 

Development of multifunctional cotton  

Javed Sheikh and M. D Teli  

104 
  

  

     Fig.1. FTIR of unfinished and finished cotton           Fig.2. TGA of unfinished and finished cotton 

The weight loss results clearly indicated the lowering of decomposition temperature of finished fabric which 
supports one of the mechanisms which is responsible for flame retardancy. The final weight loss was lower in 

case of finished fabric which indicates the higher ash formation.  

3.2 Properties of finished cotton fabric  

The standard wrinkle free recipe using DMDHEU (100gpl) showed increase in CRA of cotton  from 105
0
 to 

235
0
 representing crosslinking of hydroxyl groups of cotton. The finished sample showed tensile strength 

retention of 63.2%, increased stiffness, decreased whiteness, etc. Chitosan solution in acrylic acid was further 
added to optimum wrinkle free finishing recipe. With increase in concentration of chitosan (5-20gpl), the CRA 

was slightly reduced. This may be because of chitosan acting as barrier reducing accessibility of hydroxyl groups 

of cellulose for crosslinking. The yellowness of the fabric however increased with the increase in concentration 
of chitosan, which may be attributed to increased amount of N in chitosan film formed on the cotton. The tensile 

strength increased marginally with increase in chitosan concentration. However, formaldehyde release reduced 

by 61.37% . The formaldehyde scavenging action of chitosan has been already reported earlier [16]. NH2 groups 
of chitosan can act as formaldehyde scavenger and bind the release. Increase in acrylic acid, keeping chitosan 

concentration constant, resulted in increase of CRA, but decrease in tensile strength indicating the contribution 

of acrylic acid in crosslinking. The excess of free acrylic acid can get polymerized at elevated temperatures of 

curing leading to deposition of polyacrylic acid on the cotton which can also contribute to crease recovery angle. 
The yellowness of the fabric increased with increase in concentration of acrylic acid.  

Subsequently DAHP was added as flame retardant finish in the earlier optimized recipe 1 (DMDHEU-100gpl, 

MgCl2- 10gpl, chitosan-10gpl, acrylic acid-20gpl). The increase in concentration of DAHP from 20gpl to 60gpl 
resulted in increase in LOI values; however, further increase did not add to the increase in this property. The LOI 

values of cotton increased from 18 to 24 which clearly indicate the flame retardancy of finished fabric. The TGA 

data also showed reduction in decomposition temperature of the finished material. The DAHP at elevated 
temperature results in release of phosphoric acid which might cause the phosphorylation of cotton and also, 

chitosan film formed can also get phosphorylted resulting in combined synergism of N-P for the flame 

retardancy. Another nitrogen source present was DMDHEU that can also add to the synergism in flame 

retardancy. The antibacterial activity remained unaffected with the finished fabric showing excellent reduction of 
colonies of both gram positive and gram negative bacteria. 

Boric acid is considered to be a good flame retardant and also can be employed as antibacterial agent in 

finishing. The increase in LOI value compared to the untreated or control sample was of the order 10. The 
formaldehyde release increased slightly with this addition of boric acid. The optimum recipe 2 (DMDHEU-

100gpl, MgCl2-10gpl, chitosan-10gpl, acrylic acid-20gpl, DAHP-60gpl) showed higher CRA, decreased tensile 

strength retention (55.06% compared to untreated sample and 87.38% compared to standard DMDHEU recipe), 

slightly increased yellowness and increased stiffness as far as textile properties were concerned. As far as 
functional properties are concerned, it showed higher CRA, excellent antibacterial properties against gram 

positive and gram negative bacteria and enhanced flame retardancy although slightly higher formaldehyde 

release. 
The optimum recipe 2 was varied with respect to DMDHEU concentration keeping all the other ingradients 

same. The results indicate the increase in CRA with increase in concentration of DMDHEU. There was slight 

increase in bending length, decrease in tensile strength retention and whiteness index. While LOI values almost 
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remained unchanged, there was increase in and formaldehyde release. However the properties displayed by using 

standard DMDHEU recipe (DMDHEU-100gpl and MgCl2-10gpl), can be obtained even at lower concentration 

of DMDHEU (50% lower). The release of formaldehyde can also be reduced using such approach. This 
approach assisted in giving in addition to wrinkle free finishing, antibacterial and flame retardant properties to 

the cotton fabric. 

3.3 Antibacterial activity of finished fabrics 

Chitosan and boric acid are the two basic components used in finishing formulations as antibacterial agents. The 

effect of chitosan concentration on antibacterial activity of finished fabrics was studied. The antibacterial activity 

increased with increase in chitosan concentration from 5gpl to 10gpl; however, further increase did not show 
significant increase in antibacterial properties. This is quite obvious since the antibacterial activity of chitosan is 

because of its cationic nature and the availability of cations increase with increase in chitosan concentration. The 

finished fabrics showed excellent antibacterial activity against both S. aureus and E. coli bacteria. As 
antibacterial activity was almost levelled off for 10gpl chitosan concentration, it was taken as optimum 

concentration for further additions.
 
In order to further improve the antibacterial activity, boric acid (which also 

helps in improving flame retardancy) was added to the formulations containing DMDHEU, MgCl2, Chitosan, 
acrylic acid and DAHP.  The antibacterial activity was enhanced after addition of boric acid into finishing 

recipe, clearly indicating the antibacterial action of boric acid. The antibacterial activity was improved with 

increase in concentration of boric acid till 40 gpl reaching 100% bacterial reduction for both S. aureus and E. 

coli bacteria. 
 

3.4 Washing durability of functional properties 

Results in Table 1 indicate the effect of washing on the functional properties of multifunctional cotton 
(DMDHEU-50gpl, MgCl2, chitosan-10gpl, acrylic acid-20gpl, DAHP-60gpl, boric acid-40gpl).  

Table 1. Washing durability of Multifunctional Cotton 

No. of 

Washes 

 

CRA
$
 Bacterial reduction

$
 (%) 

 

LOI
$
 

S. aureus              E. coli 
 

0 240 100 100 27 

5 210 92.35 84.79 23 

10 200 90.93 80.04 22 
20 190 76.12 70.53 21 

30 182 75.87 59.60 20 

50 164 65.89 51.51 20 
$ represents average value of  three determinations

 

The CRA values were found to be decreasing with the subsequent washing reaching the value of 190
0
 after 20 

washes and 164
0
 after 50 washes. The values were found to be still much higher than that of the untreated cotton. 

As far as antibacterial property is concerned, it was found to be decreasing with subsequent washes reaching 

76.12% reduction after 20 washes for S. aureus and 70.53% for E.coli. The antibacterial properties exhibited 

were due to chitosan and boric acid. The washing durability of chitosan film and the entrapment of boric acid, 
cumulatively decide the washing durability of antibacterial properties. Since the chitosan films possess good 

resistance against washing in alkaline medium, the antibacterial properties were displayed till 20 washes. The 

LOI values were also found to be decreasing with the subsequent washes, indicating decrease in flame 
retardancy, reaching the value of 21 after 20 washes. The sample showed slow burning compared to that of 

untreated sample and hence can be considered as semidurable kind of multifunctional finish on cotton. 

4. Conclusion 
Bio-waste chitosan was successfully utilized for the application as an additive in multifunctional finishing of 

cotton. The finished fabric showed excellent functional properties which were durable till 20 washes. Chitosan 

addition in the recipes clearly indicated the role of the same as formaldehyde scavenger. Addition of boric acid 
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was also justified as it resulted in increased crease recovery angle, antibacterial efficacy and flame retardancy of 

the finished cotton. The inherent disadvantages of cotton fabrics can be countered using such kind of 

multifunctional finishing formulation, which results in value addition. 
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Abstract: In recent years, environmental concerns have enhanced the interest and awareness for use of natural, 

low impact fibres. Eri silk, which is a product of tribal of North Eastern India, has immense potential for its 
utilization in apparel industry and as home textiles. The present study aims to present the journey of this poor 

man’s silk from cottage industry stage with products of limited utility suitable only to provide warmth during 

winter season to villagers to high end fashion products for global market. This success story of eri silk in north 
east of India was made possible by an industry called ‘Fabric Plus’ to meet the growing demands of consumers 

for environment-friendly fibres also is ensuring a sustainable future. ‘Fabric Plus’ creates livelihoods in rural 

Assam and North-east India by supporting the production of high-quality Eri silk products. 

The industry began its journey in the year 2003 with just 3 direct employees, today ‘Fabric Plus’ is a team of 400 
direct members, impacting more than 25000 families, majority of which are women in rural area. Fine eri silk 

spun yarns are woven into fabric to produce diversified products employing a vast range of local tribal woven 

designs. Today, the industry produces eri silk fibre, yarn, fabric, made-ups for fashion and home fashion industry 
across the globe. Diversified products made with blends of eri silk with other sustainable fibres with desirable 

physical properties have attained wide acceptance from the local and global consumers.   

It has become an example of creating livelihood from locally reared silk which is good not only to be used as a 

sustainable and low impact textiles but also as a high protein content food supplement. Such model is replicable 
if not in the developed countries but certainly in the developing Far-east Asian countries. 

 

Key words: Low impact, sustainable, diversified products, food supplement. 

 

1. Introduction 

Eri silk is obtained from multi-voltine silk worms called Philosamia ricini and Philosomia Cynthia. The name 

‘Eri’ is derived from an Assamese word “Era” the castor plant on which the silk worm feeds on.  It is found in 
North East India and some countries of Far East Asia. The Northeastern state of Assam alone produces 98% of 

the total eri silk produced in India. Eri silk also serves as the most skin friendly, warm, natural, eco-friendly, low 

impact textiles to man- kind. Eri-culture is a cottage industry among the majority of the tribal communities in 

North east India, who use it to rear eri silk mainly to consume the pupa, which is a rich source of protein. Eri silk 
cocoons cannot be reeled because the cocoons are collected only after the moth emerges out, leaving a hole in 

the cocoon, that breaks the continuity of the silk filament. The cocoons are therefore subjected to spinning either 

by hand (tuckli) / spinning wheel.  
Products made out of coarse hand spun eri silk yarns were mostly of thick / coarse quality fabric suitable for 

limited usage, for example shawls and kurtas. Major problem of eri silk industry was lack of improved method 

of spinning, limited end products and lack of awareness among the buyers. The traditional method of production 
led to low cost effectiveness, inconsistent quality & production standards, limited scope for product 

diversification, limited scope to increase capacity with limited earning potential,  there was no job creation, no 

new entrepreneurs, thus  eri silk industry was not attractive to the new generation.  

Today, with the use of appropriate technology, the Eri silk Spinning and handloom weaving industry, ‘Fabric 
plus’ spins eri silk yarn as fine as Nm 210, that enables higher value-addition to the indigenous raw material, 

products and services; increase in output, jobs and wages; which is not possible by using traditional practices. 

The approach has also resulted in disinclination towards social unrest.  
Since, ‘Fabric plus’ has revolutionized the face of eri silk not only in North east India, but in the entire country,   

it was felt necessary to conduct an in-depth study to bring forward the activities of the company, where 60 to 

70% of the stake holders are women. 

 

2. Objectives of the study 

 To identify the challenges faced by eri silk rearers and spinners; 

 To examine the corporate objectives of ‘Fabric Plus’ with regards to promoting eri silk and the strategies  

mailto:neera_204@hotmail.com
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 with regards to addressing social responsibility and environmental issues; 

 To explore the innovative mode of product development and product diversification; 

 To study its approach towards sustainable development. 

 

3. Methodology 

The study was conducted in two phases. In the first phase, a study was carried out to understand the overall trend 
of the eri silk sector in Assam in terms of utilization of cocoons, end products made with hand spun eri silk yarn. 

The tribal communities, for whom eri-culture is a cottage industry, were visited and unstructured interviews 

were held to obtain information regarding the productivity and utilization of hand eri silk yarn and the problems 
faced by them. The eri silk spinning and weaving factory ‘Fabric Plus’ was visited to understand functioning of 

the spinning and weaving units, approach towards promotion and sustainable development of eri silk.  

 

4. Results and discussion 

4.1   Eri silk utilization among the tribal communities 

Tribal communities such as Karbi, Mishings, Tiwa were visited during the course of the study; it was found that 

eri-culture is widely prevalent among these tribes. This is due to the easy availability of the castor leaves on 
which eri silk worm feeds.  

 

 
 

 

However, majority of them still uses the age old method of hand spinning, using a device called ‘takli’, leading 
to only 25 to 100 gm production per day, subject to fineness of the yarn. They have not commercialized the 

craft to great extent. Since, hand spun yarns are of coarse count ranging from Nm 10 to Nm 60, the end product 

is limited to men or women’s shawl, for use during the winter season. The eri shawl is a cultural symbol among 

many tribal communities. 

 

4.2   Current eri silk sector 

Total eri cocoons production and utilization pattern: As per Central Silk Board, the total Eri production in 
India is 3116 MT per year (Data Source: Central Silk Board). North eastern region of India alone produces 98% 

of total India’s production. In the entire North-eastern region of India, the traditional hand spinning utilizes 

estimated 50 MT of eri cocoons; the existing 2 eri spinning mills consumes about 150 MT; which means the 
entire balance quantity is being sold outside the region or country for blending with other types of silk, 

primarily mulberry.   

 

4.3  Functioning of ‘Fabric Plus’ 
The ‘Fabric plus’ business model harnesses culture and technology to get maximum value addition to the 

indigenous raw material and thereby creating job opportunities in the rural areas of North-east India. The entire 

value chain consists of silk rearers, cocoon collecting and supplying agents, factory employees, including 
spinners and handloom weavers, contract weavers, yarn dealers, wholesalers, retailers and consumers. The 

industry was established in the year 2003 as a merchant exporter and through backward integration, it has 

become a registered manufacturing and exporting industry. The industry sources raw material from the entire  
North-east of India, either by direct purchase from the rearers or through agents.  

Fig. 1. Traditional mode of spinning eri silk yarn 



                                                                Global Textile Congress, Bangkok, 13-15 Feb 2015 

 

 ‘Eri silk’ journey towards sustainability - a case study 

Neera Barooah
 
and  Ela  Dedhia  

109 
  

The operational structure of the industry consists of the following: 

 Silk fibre preparation, which includes sorting of cocoon, degumming, bleaching, opening, combing, 

drawing, and roving; 
 Spinning; 

 Post spinning, consisting, coning, twisting, gassing, reeling; 

 Weaving; 
 Finishing, quality checking and packing. 

The spinning machines consist of a Japanese technology with a combination of Circular combing and worsted 

spinning system. It produces about 100 MT yarns per year with sales turnover of 16 Cr (2013-2014). The 

weaving unit has 60 modified handlooms with Jacquard / Dobby / Draw-boy attachment, and weaves about 
100,000 m

2
 per year. 

The weaving unit uses spun silk yarn, silk blended yarns (with wool/linen/ramie/bamboo/pineapple) and weaves 

diversified products; the product range consist of traditional shawls,  stoles, saree, Mekhela Chadar, neck tie, 
home furnishing, fashion fabric like eri denim, eri chiffon, muga chiffon etc. The eri woven fabrics are also 

digitally printed or tie-dyed with natural dyes. The total value addition fron silk cocoon stage to fabric/made-up 

stage is about 500%. The quality of woven fabric ranges from 30 to 300 GSM. 

The workforce of the spinning and weaving unit comprises of 300 women and 200 men.    
Besides the products,’ Fabric Plus’, being a fully integrated silk manufacturing company of the North-east India, 

provides in-plant training to spinners, hand-loom weavers, fashion designers and textile students from the entire 

country. Its skill development team continuously imparts training to all levels of people in the industry. ‘Fabric 
Plus’s sericulture and weaving network touches more than 25000 families  across  the region,  embracing the  

principles of fair  trade and rejecting child  labour,  thus, providing  economic  development  with an eco-

friendly  and  sustainable  product,  based on the potential strength of   ASSAM  SILK. 
As stated by the senior management of the company, establishing industrial work culture in the interior villages 

of Assam, changing unorganized raw material market to an organized market, popularizing eri silk as the most 

low impact textiles are some of the external & internal challenges that the company is in the process of 

mitigating. 
 

  

Fig. 2. Women operator on the spinning 

machine 

 

Fig. 3. Women operator on the spinning 

machine 

 

  

Fig. 4.  Weaver on the handloom Fig. 5 Woven products 

The industry received ‘Best exporters Award’ from the North-east’ 2013-14, by Handloom Export Promotion 

Council, Ministry of Textiles, Government of India. 
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5. Conclusion  

 Use of appropriate technology has enabled ‘Fabric Plus’ to add value to the  indigenous raw material, products 
and services; increase in output, jobs and wages; which would not have possible by using traditional practices. 

The industry has enabled 10,000 handloom weavers to earn better livelihood by providing weaver friendly 

yarns. 33,000 lives have been positively impacted in the entire value chain since 2003, by using only 3% of 
available raw material in the region. Fabric Plus’s future plan is to expand, diversify and impact more 

livelihoods in the rural North-east, while creating a sustainable business through eri silk. Such model is 

replicable by organized castor farming, professionalized eri culture with a combination of spinning and weaving 

in developed and developing countries for improving standard of living.  
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Abstract: Increasing environmental awareness throughout the world has triggered a paradigm shift towards 

designing such materials, which are compatible with the environment. The use of natural fibres provides a 
positive environmental benefit with respect to disposability and raw material utilization. It has been established 

that the final mechanical properties of a composite are dependent on the magnitude of the strength of the bond 

between the fibre and matrix. As such, the poor adhesion that exists between the fibres and resins prevents 
Natural Fibre Reinforced Composites (NFRCs) from having commercially useful structural properties. This 

study investigated how lignin as a compatibiliser influences the composites mechanical properties in jute fibre 

reinforced epoxy composites. Composites with fibre mass proportions of 10%, 20% and 30% were produced by 
compression moulding. Jute/Epoxy composites with and without lignin content were manufactured. For 

individual fibre proportion composites were prepare at four different % level of lignin on weight of resin 0%, 

1.5%, 2.5%, and 5.5%. The composites were tested for tensile strength, tensile modulus, flexural strength, 

flexural modulus and impact strength. The addition of lignin in composites of epoxy resin and jute fibre 
reinforcement seems to be beneficial towards improving the impact, tensile and flexural strength, although the 

latter two also showed a decrease when excessive lignin was added. This is attributed to the lignin particles 

preventing complete resin infusion across the jute mat which subsequently reduces the mechanical properties.  

 

Keywords : Natural fibres, Jute, epoxy, lignin, compatibiliser, composite.  

 

1. Introduction 
Increasing environmental awareness throughout the world has triggered a paradigm shift towards designing such 

materials, which are compatible with the environment. The use of natural fibres provides a positive 

environmental benefit with respect to disposability and raw material utilization. However, the problems with 
natural fibres are: low and variable strength, poor resistance to weather and poor wettability with various 

polymeric matrices which makes natural fibres less desirable than synthetic fibres as reinforcing material. 

Experimental and theoretical studies on composites over the past decade have shown that control on fibre-matrix 

interfacial bond strength is a critical factor to achieve the best mechanical properties of the resultant composite 
materials. The natural fibre composites can be very cost effective material. 

 

2. Methodology 

2.1 Materials 

The material classified in this project is Jute fibre non-woven mats as a reinforcement and epoxy resin as a 

matrix and lignin as a compatibiliser. Jute fibre, 1 to 2 m long and 20 to 70 µm diameter are obtained from the 

local source. These fibres are rinsed in detergent to remove dirt sticking to the fibre and dried at room 
temperature for a week. Tensile testing of fibre is carried out on an Instron testing machine at crosshead speed of 

0.2 mm/min. The diameter of fibre specimens is measured, using an optical stereomicroscope with a graduated 

eye piece, at five different places along the gauge length and average cross sectional area is calculated by 
assuming that the fibres are cylindrical in shape. A total of 20 fibres are tested in tension. The specifications for 

fibres are given in table 1. 

Table 1. Physical and mechanical properties of Jute fibre 

Sr. No. Properties Jute Fibre 

1 Diameter (µm) 18-70 

2 Density (g/cc) 1.43 

3 Tensile Strength (MPa) 300-570 

4 Tensile Modulus (GPa) 3.058 

5 Elongation at break(%) 5.50 

 

Lignin used as a compatibiliser is in solfonated form which is soluble in water and it is biodegradable.  

mailto:aniketgajbhiyetex@gmail.com
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2.2 Fabrication of composites 

Compression moulding machine was used to prepare a composite sample. This method is easy to work and to 

prepare a samples, this machine have an automatic compression unit. For preparing samples, the non woven 
sheet of fibres which was cut in 20cm×20cm dimension was put in two layers and epoxy resin was sandwiched 

between these two layers for varied fibre volume. For preparation of matrix the required amount of lignin 

(compatibiliser) ( i.e.1.5, 2.5, 5.5 for each combination of reinforcement and matrix ) was dissolved in an matrix 
i.e. epoxy resin. Mould size used for the work was 200mmx200mmx4mm. Samples were covered with the metal 

sheet of same size of mould and then placed in the two jaws of compression moulding machine where pressure 

of upto 5 ton was applied for 12 hr.  

 
Table 2. Plan for preparation of composites from jute fibre using lignin as an compatibiliser 

 

 

 

 

 

 

 

 

 

3. Result and discussion 

Table 3. Mechanical Properties of Jute Fibre with Epoxy by varying the Lignin content 

Fibre 

volume 

(%) 

Epoxy 

Volume 

(%) 

Lignin 

content       

(%) 

Tensile                     

strength      

(MPa) 

Tensile 

modulus 

(MPa) 

Elongation 

at break 

(%) 

Flexural                     

strength      

(MPa) 

Flexural 

modulus 

(MPa) 

Impact 

strength      

(kJ/m
2
) 

10 90 

0 22.63 4161.18 5.35 59.22 3661.39 10 

1.5 21.59 3311.16 6 70 4475.67 10.32 

2.5 33.71 5321.39 6.53 80.12 5844.3 12.55 

5.5 23.37 4503.1 7 55.49 3112.27 13.43 

20 80 

0 20.18 4543.11 6 61.43 3891.96 11.43 

1.5 19.33 2741.12 6.12 69.55 5006.9 12.31 

2.5 31.72 6693 6.83 84.18 4389.1 14.67 

5.5 21.37 3742.53 7.59 57.23 3912.2 11.23 

30 70 

0 18.23 5964.23 5.12 66.69 3053.2 12.89 

1.5 17.99 3005.42 5.96 73.96 3999.7 14.65 

2.5 29.58 5942.17 6 89.36 4253.9 16.9 

5.5 19.77 4006.91 7.12 60.53 3053.5 13 

 

3.1 Tensile strength 

The results for the tensile test show that 2.5% w/w lignin is the optimum amount for improving the properties of 
the final part. The Tensile modulus increased from 4161.18 MPa at 0% w/w to 5592.39 at 2.5% w/w and the 

Ultimate Tensile Strength (UTS) increased from 22.63 MPa to 33.71 MPa for the same addition of lignin in case 

of jute fibre reinforced composites. A further increase to 5% w/w lignin content caused a reduction in Tensile 

modulus and Tensile Strength, most likely caused by the large volume of lignin particles preventing complete 
wetting out of the fibre reinforcement. This would also explain the brittle nature of the composite, given that the 

strain at failure is on average 27% higher for composites containing 2.5% w/w lignin than 5% w/w lignin. 

There are some interesting changes when lignin is added at a 1% w/w level. The ductility of the composite is 
increased compared with both 0% w/w and 2.5% w/w lignin content. However, the tensile strength is reduced 

indicating there is a politicizing effect of the lignin at that level.  There is an increased in flexibility but reduced 

strength and stiffness. This can be attributed to a combination of the interfacial effect between the lignin and the 

jute fibres and an effect related to the increased viscosity of the resin causing incomplete infusion of the 
composite part. 

Fibre volume  Jute fibre reinforced composites 

Jute volume 

(%) 

Epoxy resin volume 

(%) 
00 00 100 

10 10 90 

20 20 80 

30 30 70 
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Fig. 1. Tensile Strength of Jute Fibre with Epoxy by varying the Lignin content 

 

   
Fig. 2. Tensile Modulus of Jute Fibre with Epoxy by varying the Lignin content 

 

3.2 Flexural test  

An increase in strength was also observed when the composites were tested for their flexural stress properties. 
The maximum flexure stress was observed at 2.5% w/w with a value of 80 MPa for jute, which was an increase 

on the composites made with no lignin content. There is an increase in both strength and ductility for both the 

1.5% w/w and the 2.5% w/w composites, indicating good mixing and infusion. The composites containing 5.5% 
w/w lignin have retained the ductility of the composites with smaller amounts of added lignin, but the strength is 

decreased to below that of the 0% w/w composite; 55.49 MPa compared with 59.22 MPa. Poor mixing due to the 

increased viscosity would also account for this drop in strength producing brittle failure. 

   
Fig. 3. Flexural Strength of Jute Fibre with Epoxy by varying the Lignin content 

 

   
Fig. 4. Flexural Modulus of Jute Fibre with Epoxy by varying the Lignin content 

 
The flexural modulus showed a similar pattern although the peak was observed at 1.5 % w/w lignin content 

instead of 2.5% w/w. The flexural modulus of composites with lignin contents of both 1.5 % w/w (4475.6 MPa 

for jute) and 2.5% w/w (5844.3 MPa for jute) showed an improvement on the composite made with no lignin 
added (3661.39 MPa for jute), again highlighting the beneficial properties of lignin in natural fibre composites. 

The addition of 5.5 % w/w lignin proved to be damaging to the composite properties again as it resulted in a 

drop in modulus to 3112.27 MPa, a value below that of the composite compare to no lignin content. 

 

3.3 Impact Strength  

Comparison of the impact properties of the fabricated composites using the Izod impact test showed that there is  



                                                                Global Textile Congress, Bangkok, 13-15 Feb 2015 

 

Use of lignin as a compatibiliser in jute reinforcement with epoxy matrix composites 
Arvind L Bhongade,  Aniket K Gajbhiye and S P Borkar 

 

                                                                                                                                                                          114 
  

an increase in toughness as more lignin was added to the part, with no lignin added the Izod impact strength was 

10 kJ/m
2 
for jute fibre reinforced composite, which increased to 12.3 kJ/ m

2
 for jute when 1.5 % w/w lignin was 

added. Addition of a further 1.5% w/w showed very little improvement giving a value of 12.55 KJ/m
2
 for jute 

fibre reinforced composites for impact strength. However, increasing the lignin content to 5.0% w/w showed a 

significant rise in the impact strength of the composite upto 13 kJ/m
2
 for jute fibre reinforced composites for 

10% fibre volume.  
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Fig. 5. Impact Strength of Jute Fibre with Epoxy by varying the Lignin content 

 

4. Conclusion 
1] In this research work, a scenario of successful utilization of kraft lignin, which is a waste product of 

paper industry with natural fibre reinforcement, was revealed. The mechanical properties of jute fibre 

reinforced composite containing lignin as a compatibiliser were studied.    
2] The addition of lignin to jute reinforced epoxy composite shown to be beneficial towards improving the 

impact, tensile and flexural strength, although the latter two also showed a decrease when excessive 

lignin was added. This is attributed to the lignin particles preventing complete resin infusion across the 

jute mat, which subsequently reduces the physical properties.  
3] Similarly the composite made from an epoxy resin and jute fibre reinforcement with varying amount of 

added lignin shows that the addition of lignin upto some extent is beneficial for the mechanical 

properties of composite that the amount above 1.5 % w/w and below 5.5 % w/w if it exceed the limit of 
5.5 it drops the mechanical properties. 

4] This method of adding lignin to composites has advantages over previous methods of fibre surface 

modification for improving fibre matrix interface, as it eliminates the need for costly and wasteful 
chemical processing, either to the natural fibre mat or the lignin itself to solubilize it in the resin matrix. 
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Abstract: The problem of oil pollution occurs due to effluent from the oil refineries and spillage during oil 

transportation by surface transport or sea routes. Not only this spilled oil pollutes the surrounding, but it also 

pollutes the water bodies, rivers and sea, posing a threat to the flora and fauna. In the present work abundantly 
available lignocellulosic fibre like jute is studied, since it is of secondary nature (not directly used for apparels) 

and thus remain to be under-utilized. Their hydroxyl groups which impart them the hydrophilicity have been 

converted into hydrophobic group by chemical modification such as esterification. The characterization of the 
product so modified was done by FT-IR, TGA and SEM analysis. Acid value of the modified fibre was also 

evaluated. Studies indicate that a simple squeezing operation was sufficient to remove most of the oil sorbed by 

the fibres.  

 
Keywords: Jute, nonwoven, fatty acid, esterification, acid value, oil sorbent. 

 

1. Introduction 

Oil is a major source of ground water contamination and ocean pollution. The vast majority of this oil enters the 
ocean from oil spills on ships that transport petroleum or from manufacturing operations on land. However oil 

can also seep into the ocean naturally from cracks in the sea floor [1]. Oil well and oil tanker accidents at sea 

account for a small portion of ocean oil pollution, yet the lasting effects of these accidental spills can be 

disastrous [2]. Oil spill also cause strong odor that can be felt miles away and also there is excessive growth of 
green algae which alters the color of sea and landscape. Removal of oil by sorption technique has been observed 

to be one of the most effective techniques for complete removal of spilled oil under ambient conditions. Various 

sorbents such as exfoliated micas, chalk powder, ekoperl, straw, sawdust, foams of polyurethane or polyether, 
fibres of nylon, polyethylene etc. have been studied for this purpose. However, the treatment of water containing 

oil pollutants by these sorbents is expensive because of the high costs of most of the sorbent materials [3]. This 

has prompted academic and industrial interests in developing methods for marine oil spill recovery using natural 
materials. 

The utilization of biomass has gained an increased importance due to threats of limited petroleum availability 

and concerns about the environmental pollution. Eco friendly, renewable and biodegradable materials prepared 

by using lignocellulosic fibres of plant origin have become the most required material in the present time.  
Jute is one of such lignocellulosic, low-cost, multicellular, fibre produced in large quantities every year in south 

and Southeast Asia, especially in India and neighboring Bangladesh. It consists of α-cellulose, hemicellulose, 

lignin, pectin’s and waxes. The former two components are hydrophilic and the latter ones are hydrophobic [4]. 
These properties can be modified chemically using fatty acids. The hydroxyl groups attached to cellulose, lignin 

and hemicellulose are responsible for its hydrophilicity. 

This paper highlights the use of Oleic acid to change the surface characteristic of a nonwoven jute fabric and 
hence increase the hydrophobicity of the nonwoven fabric. 

 

Jute-OH + C17H33COOH                        Jute-OCOC17H33 + H2O 

 

2. Materials and Methods 

Jute nonwoven fabric was obtained from BTRA (Mumbai, India). Oleic acid, Sulfuric acid and all other 

chemicals were purchased from S.D Fine Chemicals Mumbai India. Crude oil used for the testing purpose was 
supplied by HPCL. 

 

2.1. Preparation of Fatty Acid-Grafted Jute nonwoven 

Fatty acid grafted jute nonwoven fabric was prepared by method reported from Banerjee, 2006 [5]. The amount 
of grafted fatty acid was estimated by weight percent gain (WPG) as follows. 
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2.2. Oil sorption capacity 

Oil sorption capacity was determined by using method reported in literature [6]. 

 

2.3. Recovery of sorbed oil and reusability of sorbents 

In order to examine the reusability of these sorbents, method described by Choi and Moreau [7] was followed. 

 

3. Chemical characterization 
The IR spectrum of original and fatty acid modified non woven fabric was recorded using FTIR 

spectrophotometer using ATR sampling technique. Thermal gravimetric analysis (TGA) of the fabric was carried 

out by regular method. The thermograms of samples were recorded on Shimadzu 60H DTG machine using 
aluminum pan between temperature range 30-550

o
C and under the inert atmosphere of N2 at a flow rate of 

50ml/min. SEM analysis of the morphology of dried and modified sample was carried out using scanning 

electron microscope. 

 

3.1. Acid Value 

The acid value is the number of milligrams of sodium hydroxide necessary to neutralize the free acids in 1 gram 

of sample. In order to examine the Acid value of the modified sample, method described by Williams 1966, was 
followed. 

 
Where, 
N= number of milliliters of 0.1 N alkali required 

W= weight of fabric taken in grams 

 

4. Results and discussion 
Results, in Table 1 show the effect of various parameters on WPG and on oil absorbency of the final product. 

 

Table 1. Effect of different parameters of fatty acid modification on oil absorption 

Sr. No. 

 
Time 

(hrs) 

Temperature 

(
o
C) 

Conc. Of 

Oleic 

Acid 

(owf)% 

WPG 

(%) 

Oil 

absorption 

(g of oil/g 

of fibre) 

1. Effect of Time 
     

A 1 65 100 12.67 13.94 
B 3 65 100 19.13 18.33 

C 5 65 100 19.15 18.33 

2. Effect of Temperature 

     A 3 55 100 16.28 16.45 
B 3 65 100 19.13 18.33 

C 3 75 100 19.01 18.28 

3. Effect of Conc. of Oleic Acid 
     A 3 65 50 12.7 12.78 

B 3 65 100 19.13 18.33 

C 3 65 150 19.12 18.40 
*Oil absorption of unmodified non woven fabric=8.63g/g 

 

4.1. Effect of time on WPG 

Results with respect to effect of reaction time on WPG are shown in Table 1. There was increase in the WPG as 
the reaction time increased from 1 to 3h. This initial increase was due to the condensation reaction of greater 

number of fatty acid molecules with those of hydroxyl groups of the jute fibre. After 3h, the percentage grafting  
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did not increase appreciably, even though time was increased to 5h.  

 

4.2. Effect of temperature on WPG 
It was observed that while initial increase in temperature from 55°C to 65°C, brought about increase in WPG, 

beyond this temperature no significant increase in WPG was observed. Also the oil sorption capacity of the jute 

nonwoven fabric at 65
o
C was significantly higher. 

 

4.3. Effect of Concentration of Oleic Acid on grafting 

The results from Table 1 indicate that when concentration of oleic acid was varied from 50%, 100% and 150% 

on the weight of fibre, the extent of acylation increased with increasing concentration of Oleic acid. 

 

4.4. FT-IR Analysis 
Clear evidence of esterification reaction is observed by the emergence of a new ester carbonyl band at 1737cm

-1 

in Fig. 2 which is absent in Fig. 1. The decrease in the intensity of the broad band at about 3300 to 3400cm
-1

 in 

Fig. 2 is assigned to the cellulose O-H vibration which is absent modified jute nonwoven. 

 
4.5. Thermal analysis 

Fig. 3 shows the thermograms of raw and modified nonwoven fabric. The results clearly indicate that the 
modified sample showed more or less the same thermal stability as unmodified fibre. 

 

Fig.3 TGA of raw and fatty acid modified jute nonwoven fabric 

4.6. SEM analysis 

The Fig. 4a indicates that the untreated fibre surface is smooth where as Fig. 4b indicates the internal ‘channels’ 

in the fibre being open up and at the same time became straighter and confer greater rigidity upon the fibre. It is  
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for this reason oleophilicity of the treated fibre increases. Increased thickness, roughening of surface and micro 

pores developed during modification seen in the fatty acid modified jute fibre. 

 

4.7. Oil absorption 

Modified jute fabric was tested for its oil sorption capacity and it was found that modified optimized sample 

showed significant increase in oil absorbency. The capacity of oil sorption at room temperature of the modified 
samples was 18.33 g/g (refer Table 1) which in general, increased with the increment of WPG. 

 

4.8. Reusability of sorbents 

The results in Table 2 indicate that the fatty acid modified jute fabric shows higher oil uptake in the first cycle 
and then its sorption capacity decreased significantly in the subsequent cycles. Thus the capacity of oil sorption 

decreased from 18.33 g/g to 12.95g/g in the third cycle as show in Table 2. 

 
Table 2. Reusability of Fatty acid modified Jute fabric 

 Oil sorbed,  

g of oil/g of fabric 

(%) 

Residual oil in fibre  

g of oil/g of fabric 

(%) 

First  cycle 18.33 4.89 

Second cycle 15.27 4.10 

Third cycle 12.95 3.67 

    

5. Conclusion 

The jute nonwoven fabric has been modified successfully with fatty acid to replace the hydroxyl groups of the 
cellulose of jute fibres. The reaction parameters like time, temperature and concentration of Oleic acid were 

optimized and maximum WPG obtained was 19.13% and oil sorption capacity of the optimized modified sample 

was 18.33 g/g. FTIR and SEM confirmed the modification brought out in the jute fibre by reaction with oleic 

acid. It was also possible to reuse the modified jute nonwoven fabric for oil sorption at least 3 times. Hence a 
low cost, high capacity, effective oil sorbent which is easy to desorb oil can be obtained by modifying jute 

nonwoven fabric. 
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Abstract:  Green-composites are materials composed of biological fibres and a bio-degradable type of plastic: 

PLA. Green-composites are the new quest of research as eco-friendliness concept is growing all over the world. 

In the present work Green composites of natural fibre betel nut (Areca catechu) & Coir were prepared and their 
comparative performance was evaluated. The Products were evaluated for tensile strength, flexural rigidity and 

impact strength. The results of this study showed that extrusion and hot press molding process could be used to 

produce betel nut short fibre composite the good mechanical properties. Betel nut fibres have commercial 
benefits. The material can be utilized as ideal candidate for various technical applications. They can be used in 

automobiles, railways, aerospace, military application, building and construction industries packaging consumer 

product etc. It can be beneficial and a great source of income generation for development of rural areas. 
 

Key Words: Green composite, betel nut, areca catechu, mechanical properties, technical applications. 

 

1. Introduction 

1.1 Betel Nut Fibre: - Application of natural fibres in the composite has 
greatly increased due to qualities such as lignocelluloses, renewable and 

biodegradability. The search continue for new, cheaper, and sustainable 

source of fibres that can replace or compete with fibres such as cotton, 
jute, flex, ramie, polyolefin, polyesters, polyamide, and polyacrylics in 

terms of economic viability and eco-friendly  properties. In the recent 

past, agro-based waste products have been utilized as natural sources to 

obtained natural fibre suitable for agrotech protective clothing betel nut 
(areca catechu) fruits are cover with a shell and the shell of each betel nut fruits produces nearly 2.50-2.75 g of 

fibres. It is estimated that approximately 1,300,000 metre / year fibres may be available in India. It is reported 

that nonwoven fabrics manufactures from betel nut short fibre (Bn) possess excellent dyeing behavior and 
virtually can be an excellent substitute for conventional synthetic nets. The fabrics have good drape, strength & 

good air permeability. In addition, betel nut fibre is biodegradable and zero cost row material. Furthermore, this 

fibre has high potential in the field of home furnishing and decorative product sector. 

Agro-based resources, also referred to as lignocelluloses, are resources that contain cellulose, hemicelluloses, 
and lignin. Lignocelluloses include wood, agricultural residues, water plants, grasses, and other plant substances. 

Fibre technology, high performance adhesives, and fibre surface modification utilized natural fibres in the 

fabrication of structural lignocellulosic composites and reported that these natural fibres-reinforced composites 
possess better chemical resistance, electrical resistance, good thermal and acoustic insulating properties, and 

high resistance to fracture. The areca empty fruit fibre is composed of 35 - 65% hemicelluloses, 13-26% lignin, 

pectin, and protopectin. The average filament length of the areca fibre is 4 cm.  
Few researchers have studied the areca fibre-reinforced compo- sites and found to have a good flexural strength 

and adhesion tensile properties. Also, reported that areca composites would be very promising material for 

packing and other general structural applications with a moderate duration as they shown excellent resistance 

moisture to absorption when compared to wood based particle boards. Areca fibre can also be used for making 
value added items like thick boards, fluffy cushions, non-woven fabrics, thermal insulators, etc. Thus, the use of 

unmanaged areca husk as a structural material requires a detailed study of physical, chemical and thermal 

characteristics. One of the most important issues is the degradation behavior of the composites exposed to 
environmental conditions such as humidity, sunlight or microorganisms. Also, the poor resistance of the fibres to 

water absorption can have undesirable effects on the mechanical properties and the dimensional stability of the 

composites [1] 

 

1.2 Coir Fibre: - Coir fibre is obtained from husk of coconut & composed of highly lignified form of cellulose. 

All coir fibre falls into two distinctly different categories viz. white coir and brown coir. The differences 

between two categories are due to the conditions of husk used, the method of extraction, and the physical 

mailto:mandalsudipto007@gmail.com
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properties as well as in the uses. This review article discusses about the physical 

& the chemical properties of coir fibre and the current status of coir fibre are 

brought out. Coir fibre is obtained from the outer layer of the fruit of coconut 
tree (cocos nucifera L). This outer layer is called the coconut husk and this husk 

(exocarp) of the coconut consists of  a smooth water proof outer skin epicarp & 

fibrous zone (mesocarp). The mesocarp comprises of strands of fibro vascular 
bundles of an embedded in a non fibrous paranchymatous “corky” connective 

tissue usually referred to as pith; which ultimately becomes coir dust. The 

representative image of cross sectional view of cellulose (cellulose lignin complex), which accounts for its color, 

harshness and relative brittleness in comparison with the pure cellulose fibre. The bulk of the ground tissue of 
the husk. On the other hand, is made up of pectin and hemicelluloses i.e. pectin and hemi cellulose act as a 

spongy binding material that bind the large fibre cells together to make up y=the husk. Coconut coir is in great 

demand unaccounted of natural resilience, durability, resistance to dampness and other functional properties.  

 

2. Experiment Details 

2.1 Materials: a) Epoxy was available in our department and if required can be sourced from Leo Chemo Plast 

Pvt Ltd, B/126, Ghatkopar Industrial Estate, Off Lbs Marg, Ghatkopar West, Behind R City Mall, Mumbai –86. 
b) Fibre was extracted from the dried betel nut outer shell, which were collected from the local market at 

Village-Madanpur, District- Nodia, West Bengal.  

 

2.2 Methods: 

2.2.1 Sample Preparation:- Selected areca fruit husks were used to study. Raw material betel nut fruits are 

found in abundant in particular state of alibough. The betel nut fruit have to be crushed first in order to remove 
seeds. Then the crushed betel nut is further proceed for rinsing them in NaOH treatment. 

 

2.2.2 Alkali treatment:- For extracting the fibres are obtain were then treated with NaOH  for 24 hours and then 

the fibres are heated for 50° C for easy extraction this was done to remove the foreign matters on the fibre and to 
enhance and adhesion characteristics between fibres. Fibres were then takeout from solution and rinsed with 

fresh water to remove NaOH solution and fibre are separated manually. Finally they are leaned and allowed for 

effective drying in sunlight. 

 

2.2.3 Forming of Web:- a) For Betel Nut Fibre:- After opening of the fibre extracted betel nut then the dried 

fibre allowed to pas to the miniature carding machine. Where they are opened, the fibres are pass to the machine 
two times because at first time only the removal of the dust and foreign materials are done with improper 

opening and second time the fibres get well separated and open. Then the extracted fibres which are well opened 

of betel nut as well as coir are feed to nonwoven machine where they further get cleaned and formed a web. 

b) For Coir Fibre:- The coir extracted time is also allowed to pass the miniature carding machine. For proper 
separation of fibres it is also allowed to pass twice similarly as the betel nut fibre. 

1. The web is form of betel nut fibre. 

2. The web is formed of coir fibre. 
3. The web is formed of betel nut (Bn) + coir (blend) of 20:80 ratio. 

 c) For Blend:- The fibre of blend is betel nut and coir and ratio of blend is 20:80 where 20% of coir and 80% of 

betel nut. The fibre according to ratio the ratio is feed to the machine and web is prepared. 

 
2.2.4 Preparation of Composites:- Fibre configuration and volume fraction are two important factors that affect 

the properties of the composite. In this work, the randomly distributed fibres are reinforced with epoxy resin in 

two different weight proportions (20 wt. %, and 80 wt. %) to prepare the composites. First, the mould is 
polishedand then a mould-releasing agent (Polyvinyl alcohol) applied on the surface is used to facilitate easy 

removal of the composite from the mold after curing.  The low temperature curing epoxy resin LY556 and 

corresponding hardener (HY951) are mixed in a ratio of 10:1 by weight as recommended. The mixing is done 
thoroughly before the mixture filled into the mould of 180 x 180 x 2 mm size and pressed in a hydraulic press at 

the room temperature and a pressure of 80-90MPa for 3 hour is applied before it is removed from the mould. 
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Then, this cast is post-cured in the laboratory at standard atmosphere for different hours to study the effect of 

post curing time on mechanical properties.    

 
 

 

 
 

 

 

 
 

 

 

3.Characterization: Mechanical testing  

3.1 Tensile strength: The tensile tests were performed in an 
Instron testing machine at a cross head speed of 5mm/min 

according to ASTM D3039-76. The values were taken from 

an average of at least 5 specimens.        

 
3.2 Impact strength: The impact strength of the notched 

specimens was determined using rectangular species of 

64×12.7×3.2mm3 according to ASTM D256. The impact test 
was carried out at room temperature and the impact energy 

was reported in Joules per meter. The values were taken for 

an average of at least 5 specimens.  

 

3.3 Flexural properties: Flexural tests were performed with rectangular samples according to ASTM D-790 

using an Instron testing machine, fitted with a three –point bending fixture at a cross head speed of 2mm/min. 

The dimensions of the samples were 100x10x5mm3. [2] 

 

4. Results and discussion 

4.1 Tensile Testing: - This test method is designed to produce through thickness failure data for structural 
design and analysis, quality assurance, and research & development. Factors that influence the through thickness 

tensile strength, and should therefore be reported, include the following: material & fabric reinforcement, 

conditioning, environment of testing, specimen alignment, testing speed, time at temp., void content & volume 

reinforcement content. The Results for the tensile strength are shown in Table 1. 
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4.2 Impact strength testing:- To determine strength degradation, the post impact panel can be subjected to a 

static load. Compressive strength is particularly susceptible to local material degradation. The Results for the 
impact strength are shown in Table 2 

 

4.3 Flexural strength test:- Flexural strength is defined as the maximum stress in the outermost fibre. This is 
calculated at the surface of the specimen on the convex or tension side. Flexural modulus is calculated from the 

slope of the stress vs. deflection curve. If the curve has no linear region, a secant line is fitted to the curve to 

determine slope.  A flexural test produces tensile stress in the convex side of the specimen and compression 

stress in the concave side. This creates an area of shear stress along the midline. To ensure the primary failure 
comes from tensile or compression stress the shear stress must be minimized. This is done by controlling the 

span to depth ratio. The Results for the Flexural strength or Rigidity are shown in Table 3. 

 

5. Conclusion 

The results of this study showed that extrusion and hot press molding process could be used to produce betel nut 

short fibre composite the good mechanical properties.    Betel nut fibres have commercial benefits.   Betel nut 
fibre can be exploited commercially for production of furnishing fabrics, textiles etc. by blending with cotton 

viscose and polyesters. They can be used in automobiles, railways, aerospace, military application, building and 

construction industries packaging consumer product etc. Attention should be paid to develop essay and effective 

processing method.for this material to make them more amenable to industrial application. The present work 
demonstrates that betel nut fibres can be used as excellent reinforcing material for low cost composite. 
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Abstract: Eri silk is the only non mulberry variety which is obtained without killing the silkworms and hence 

also known as “Ahmisa silk.” Sericin gum, the outer layer of silk filament makes the silk harsh and stiff, 

masking its natural lustre.  Degumming may be carried out by treating silk with alkalis, acids, enzymes or even 

with water under pressure at high temperature. The traditional soap-soda ash method gives better removal of 
sericin, but it is accompanied by significant strength loss. The degumming with hydrogen peroxide – soda ash 

gives identical results with lower strength loss. In the present work, a novel technique of using ionic liquids has 

been employed for degumming. 
Ionic liquids (ILs) refer to organic salts with melting point at or below the room temperature. They  possess 

excellent properties such as non volatility, non flammability, high thermal stability, low melting point, high 

solubility in many organic and inorganic substances as well as easy recyclability making it environmentally 
benign solvent/catalyst. Different ILs have been explored for application as catalysts in various organic 

syntheses, in electrochemistry, separation chemistry, polymerization and extraction, and as bio catalysts.  

The ionic liquid 1-Butyl-3-Methylimidazolium Chloride [BMIM]Cl has been synthesised in the laboratory and 

used for degumming of silk. Degumming parameters such as IL concentration, treatment temperature and 
treatment time were optimized by using Box and Behnken response surface design with independent variables 

and three levels of each variable. 

Results were compared with hydrogen peroxide - soda ash treatment. The process efficiency was evaluated in 
term of degumming rate, absorbency and loss of tensile strength. The dyeing performance of variously 

degummed eri silk with acid dye was also investigated. The results showed that with IL concentration of 1.25%, 

60 
o
C and 75 minutes, the sericin removal was 6.75% with negligible strength loss, as against H2O2 method 

giving 4.90% weight loss and significant strength loss. The dyeing depths were comparable and the fastness 

properties were similar. 

 

Key words: Eri silk, degumming, H2O2 – soda ash, ionic liquid, [BMIM]Cl 

 

1. Introduction  

Silk is composed of two major proteins, fibroin and sericin, of which fibroin is the fibrous portion, present as a 

delicate twin thread linked by peptide bonds. It is enveloped by successive sticky layers of sericin that help in the 

formation of a cocoon. Sericin or silk glue is a globular protein, consisting of 18 amino acids (Takasu et al., 
2002b), with strong polar side groups such as hydroxyl, carboxyl and amino (Zhang, 2002). Its high 

hydrophilicity arises from the high content of serine and aspartic acid, approximately 33.4% and 16.7% of 

sericin, respectively (Tsubouchi et al., 2005). 
During degumming, cleavage of peptide bonds of sericin takes place by the hydrolysis of sericin and it is carried 

out by treating silk with alkalis, acids, enzymes or even with water under pressure at high temperature. Although 

degumming of silk is carried out traditionally by soap-soda ash method that gives better removal of sericin, it is 
accompanied by large strength loss. The degumming with hydrogen peroxide – soda ash method gives almost 

similar sericin removal while giving less strength loss. Ionic liquid refers to an organic salt with melting point at 

or below the room temperature. It has excellent properties such as non volatility, non flammability, high thermal 

stability, low melting point, high solubility in many organic and inorganic substances as well as easy 
recyclability. Ionic liquids are explored for applications as catalysts in organic synthesis, bio catalysts, in 

electrochemistry, separation chemistry, polymerisation and extraction, etc. (Kantouch A et al 2013). The present 

work reports the comparison of the results on degumming of eri silk by hydrogen peroxide – soda ash method 
and by using the ionic liquid [BMIM] Cl.  

 

2. Materials and methods  
The plain woven Eri silk fabric was procured from Jharcraft Silk Textiles and Handicraft Development Corp. 

Ltd, Mumbai. Eri silk fabric with 86 × 52 yarns/cm, twisted ply yarn in warp and weft (GSM of 86 g/m
2
). All the 

chemicals were of Laboratory Reagent grade. The enzyme, namely papain used was supplied by Rossari Biotech 

mailto:shwetavyas1182@gmail.com
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Pvt. Ltd., India. Ionic liquid (IL) pure form [BMIM] Cl was synthesized in laboratory using Analytical Grade 

chemicals procured from S. D. Fine Chem Pvt Ltd, Mumbai. 

Silk fabric was cut into 15 × 15 cm size sample and conditioned at 65% RH and 27°C for 24 hr. Degumming 
was carried out at a liquor ratio 40 by using ionic liquid (IL) and the reaction parameters such as IL 

concentration, treatment temperature and treatment time were optimized by response surface methodology 

(RSM).  All the degummed samples were washed thoroughly, dried, conditioned and weighed prior to testing. 
The results were compared with conventional degumming in water at 90°C for 2 hr. 

 

Table 1. Various degumming techniques and treatment agents and their coding  

Treatment 

Code 

Treatment 

Techniques/agents 
pH 

Treatment conditions 

N  U   M  

Temp 

(°C) 

Time 

(min) 
 

Temp 

(°C) 

Time 

(min) 
 

Temp 

(°C) 

Time 

(min) 

N 

 

Conventional 
- - - 

 
- - 

 
- - 

U Ultrasonic - - -  - -  - - 

M Microwave - - -  - -  - - 

A Boiling water - 90 120  60 30  70 5 

B 5 g/l Soda ash 10.5 90 120  60 30  70 5 

C 

2 g/l H2O2 (50%) 

+1g/l Soda ash 
9.6 80 120 

 
60 30 

 
70 5 

D 5 g/l Papain 6.7 60 120  60 30  70 5 

E 12.5 g/l[BMIM]Cl 6.5 60 75  60 30  70 5 

 

3. Result and Discussion  

Effect of different degumming treatments on physical parameters of Eri silk 

 
Fig.1. Effect of different degumming treatments on physical properties of eri silk 

a. Weight loss b. Absorbency c. Tensile strength loss d. Elongation 
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Degumming is an important treatment for achieving uniform absorbency necessary for further value addition 

through colouration. Figure 1 shows the results on all four important parameters of silk namely, weight loss due 

to sericin removal (Fig. 1a), absorbency in the terms of time required to absorb a water drop (Fig. 1b). The loss 
in strength (Fig. 1c) and elongation at break (Fig. 1d) on treating eri silk fabric with different chemical agents 

and three different techniques as given in Table 1. 

Weight loss is an important parameter, which generally decides improvement in absorbency. Also it is desirable 
to have least strength loss. Taking these factors into consideration and comparing results obtained by 

conventional technique of degumming (N) it may be concluded that the treatment C (H2O2 + soda ash) gives 

better results. 

When the results of different techniques are compared, the maximum level of any desirable parameter was 
achieved by microwave technique (M). The sonication (U) gave results intermediate to conventional and 

microwave techniques. Further, the conventional treatment (N) requires 2 hr time at 90°C whereas for sonication 

the conditions were 30 minutes at 60°C. Microwave technique gave identical results on weight loss with time as 
low as 5 minutes and temperature 70°C. Sonication supplies energy through cavitation in the treatment bath and  

hence it is useful even in heterogeneous processes of textile wet processing, like silk degumming. In the 

conventional processing of fabric, a large amount of energy is consumed. Microwave heating, as an alternative 

to conventional heating technique, has been proved more rapid, uniform, and efficient. Microwave effects result 
from material-wave interactions and, due to the dipolar polarization phenomenon, the greater the polarity of a 

molecule the more pronounced will be the microwave effect as far as the rise in temperature is considered ( 

R.Shah et al., 2012) . 
The present paper also reports the novelty of using ionic liquid (treatment E) in aqueous medium as a substitute 

to other conventional reagents. Ionic liquids are known to environmentally friendly and easy to synthesize. They 

find use in a large number of applications including synthesis and extraction. The degumming process is 
achieved through extraction of sericin from silk material and hence it was thought to use aqueous solution of 1-

Butyl-3 methylomidazolium [BMIM] Cl. A small concentration of (12.5g/l owm) of [BMIM]Cl was used at the 

optimized temperature of 60°C for 75 min to get degumming results similar to the conventional technique by 

treatment C indicates that  results were excellent in term of all desired properties. The added advantage of using 
IL was that the strength loss was much lower when compared to other chemical reagents. The comparison of all 

these results prove that the ecofriendly treatment of using small quantity of ionic liquid for degumming under 

microwave technique is a promising alternative to conventional chemical reagents. A further advantage is 
accrued by recyclability of IL which makes the process cost effective. Our experiments showed that the same IL 

solution, after filtration and replenishing, could be reused up to 3 cycles with identical weight loss. 

The whiteness of silk fabric degummed with hydrogen peroxide + soda ash increased significantly than those 
degummed with other agents. This is because the treatment with hydrogen peroxide in alkaline medium caused 

both degumming and bleaching. The dye uptake was also found to increase increases after removal of silk 

sericin. The dye uptake increased significantly after degumming with [BMIM]Cl treatment, which was similar to 

other treatments in all respects. 
 

Table 2. Effect of various degumming treatments on whiteness index and dye exhaustion of Eri silk  

Chemical 

Treatment 

Whiteness Index Dye Exhaustion (%) 

C U M C U M 

- 40.51 - - 86.84 - - 

A 32.23 33.41 27.71 94.94 91.20 94.94 

B 19.01 22.10 27.94 94.24 93.31 93.24 

C 51.69 51.00 51.55 95.37 94.21 95.73 

D 30.55 35.45 31.97 91.23 91.77 92.23 

E 34.76 34.89 35.12 95.21 97.05 96.55 

 

The colour fastness to washing, rubbing, light and perspiration of the dyed samples was evaluated after 
degumming process. The washing fastness was observed in the range of 3-4. Dry rubbing fastness, light fastness 

and perspiration fastness in the range of 4-5. There was no significant change in fastness properties with any 

reagent including after degumming treatment [BMIM]Cl.   
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4. Conclusion  

Eri silk fabric was degummed with various chemical agents by Conventional, Ultrasonic and Microwave 

techniques. Degumming with 1-Butyl-3-methylimidazolium chloride [BMIM]Cl has been proved to be novelty 
of chemical reagent with advantages of being environmentally benign in  nontoxicity and recyclability. Thus, 

degumming with [BMIM]Cl (12.5 g/l) at 60°C for 75 min gave weight loss of 7.79% while that with hydrogen 

peroxide (2g/l) and soda ash (1g/l) for 120 min at 90°C gave lower weight loss of 4.90% . At the same time, 
[BMIM]Cl  treatment  showed better strength retention thereby proving [BMIM]Cl  as an effective silk 

degumming agent. The treatment under microwave enhanced efficiency of all processes.  
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Abstract: In recent times, the demand for the functional textiles  i.e.  fabrics used for specific purposes other 

than apparel has increased substantially. Unlike conventional textiles used traditionally for clothing or 

furnishing, technical textiles are used basically on account of their specific physical and functional properties 
and mostly by other user industries. Depending on the product characteristics, functional requirements and end-

use applications, the highly diversified range of technical textile products has been grouped into 12 categories 

viz. Agrotech, Buildtech, Clothtech, Geotech, Hometech, Indutech, Meditech, Mobiltech, Oekotech, Packtech, 

Protech, Sporttech. The range and diversity of raw materials, processes, production and applications of technical 
textiles is mind boggling. There are more than 200 products classified as technical textiles and its application 

areas are increasing day by day, on account of technological innovations taking place in fibres, materials and 

processes in different parts of the world. Thus the requirement of the fabrics differ depending on the area of 
application. In this paper, we have segregated the required characteristics and quality parameters of woven 

fabrics depending upon the areas of their application. 
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1. Introduction 

In recent times, the demand for the functional textiles i.e fabrics used for specific purposes other than apparel has 
increased substantially. Unlike conventional textiles used traditionally for clothing or furnishing, technical 

textiles are used basically on account of their specific physical and functional properties and mostly by other 

user industries. Depending on the product characteristics, functional requirements and end-use applications, the 
highly diversified range of technical textile products has been grouped into 12 categories viz. Agrotech, 

Buildtech, Clothtech, Geotech, Hometech, Indutech, Meditech, Mobiltech, Oekotech, Packtech, Protech, 

Sporttech. The range and diversity of raw materials, processes, production and applications of technical textiles 
is mind boggling. There are more than 200 products classified as technical textiles and its application areas are 

increasing day by day, on account of technological innovations taking place in fibres, materials and processes in 

different parts of the world. Thus the requirement of the fabrics differ depending on the area of application.  

While selecting a woven fabric for functional purposes, a number of design parameters may be considered viz.  
yarn weight, thread density (ends/inch, picks/inch), weave pattern and fabric finish. The yarn weight, combined 

with thread density (ends/inch, picks/inch) determines the strength, weight and thickness of the fabric. Basic 

weaving concepts are utilized in the manufacture of functional fabrics. The technology, however, may be 
advanced to incorporate specialized precision equipment to meet the exacting demands of modern industry. 

Almost any weave can be woven; however, for industrial purposes due to their specific requirements, weaves 

contributing to the performance of the fabric are of importance. 

2. Materials and methods 

Depending on the product/applications in different segments of Technical Textiles, the study & segregation of 

woven fabrics made from different high performance fibres for particular application would be interesting. In 
this paper, we have segregated the required characteristics and quality parameters of woven fabrics made from 

different fibres for specific application. 

2.1 Woven fabrics made from PP   
Polypropylene (PP) is highly resistant to most acids and alkalis. It is resistant to most organic solvents below 

176°F (80°C). Its use at high temperatures depends on conditions in addition to heat, but as a rule, PP may be 
used at temperatures ranging from 200 to 300° F (93°C to 149°C) if not stressed. Thus, PP products can be 

sterilized in an autoclave. Also they can be molded in various shapes, sheets, and tubes and is therefore used in 

variety of technical fabrics. 

Woven PP fabrics finds its use in mulches, woven polypropylene bags [2,3], industrial tapes [4], vermibed, 
agricultural and architectural shadenets, industrial tapes, etc.  
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2.2  Woven fabrics made from HDPE 

Tarpaulin Fabrics: High density polyethylene (HDPE) woven fabrics are largely used as Tarpaulin Fabrics due 

to its high tensile strength, low elongations, dimensional stability and wear resistance. The fabric may be flat 
woven or circular loom woven with GSM ranging from 60 -300. These fabrics are waterproof and U/V resistant, 

long-lasting, sturdy & possesses super strength, can act as an all weather protection, are light-weight. They may 

be laminated or non laminated as per requirement.   

  
 

Fig. 1. Application of mulch 
fabric 

Fig. 2. Application of tarpaulin fabrics
 

2.3 Woven fabrics made from glass fibres   
Fibre glass fabrics are used in a wide range of industrial applications. High strength, dimensional stability, 

design flexibility and excellent electrical properties are some of the characteristics that ensure optimum 

performance and economy with this highly engineered material. Fibre glass is strong, durable, chemically 

resistant and non-hygroscopic in nature. Fibre glass fabrics coated with chemistry such as epoxy, silicone, 
rubber, Teflon and neoprene, as well as reinforcing mica products, provide the long term durability and 

reliability needed in insulating high voltage generators, transformers, switches and cables. Strength retention at 

high temperatures, corrosion and fire resistance, and ease of handling make fibre glass fabrics an important 
material for thermal insulation. High strength, dimensional stability, temperature resistance and excellent 

electrical properties provide the basis for use as the prime reinforcement in high pressure laminates for printed 

circuit boards. Fabric structures such as tennis courts, sports centres and football stadiums use coated fibre glass 
fabrics as an economical way to encapsulate space. 

       

Fig. 3: Glass fabrics
 

Fig. 4: Woven carbon fabric
 

 

2.4 Woven fabrics made from carbon fibres   
Carbon Fabrics [6] are woven from 1K, 3K, 6K, 12K, in any weave required. Carbon fibre is a material 

consisting of extremely thin fibres about 0.005–0.010 mm in diameter. The carbon atoms inside the fibres are 
bonded together in microscopic crystals. This fabric can be used for interior furnishings, protective clothing or as 

industrial applications for packing and gaskets. 

The characteristics of Carbon fabric [8] include: 

 High tensile strength, High Young's modulus, Carbon content > 99%, Suitability for reinforcement, 

Electrical conductivity, Fibre sizing adapted to end matrix 
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3. Results and discussion 

Requirements for some of the woven fabrics and the parameters assessed are highlighted as below: 

 
3.1 Mulches 

 Moisture and heat transportation behavior of the fabric should be studied. 

 Amount of light allowed to pass through should also be measured. It should be ideally zero not allowing 

any weeds to get light for development. 

 
3.2 Industrial tapes 

 GSM, structural variation in the fabric and the coating layer. 

 

3.3 Tarpaulin fabrics  

 Durability & strength. 

3.4 Technical tapes made of fibreglass 

 It should not irritate the skin, be harmless to health and should have excellent chemical resistance 

properties. 

 

3.5 Carbon fibre fabrics 

 To maximize strength properties for carbon part, use of an epoxy like will produce hard, reinforced 

parts—even complex shapes. The epoxy should not be used to produce flexible, or soft, materials. 
 

4. Conclusion 
In most of the applications, the most commonly used weave is found to be Plain weave. However, different 

weaves can be used depending upon the end use applications as highlighted below:  

Plain : Gives good fabric stability but is generally the least pliable 

Hopsack/basket : It is more pliable, flatter and stronger than the plain weave, but is not comparatively 

stable 

Leno : Used where relatively low numbers of yarns are involved 

Satinette : It is more pliable than the plain weave and is easier to conform to curved surfaces 
typical in reinforced plastics 

8 thread Sateen : It is a very pliable weave and is used for forming over curved surfaces 

Twill weave : More pliable than the plain weave and has better drapability while maintaining more 

fabric stability than a four or eight harness satin weave 
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Abstract: The high rate of growth of nonwoven fabrics has led to their increased use in fields where traditional 

woven fabrics reigned supreme a few years back. Several of these fabrics are chiefly single use disposable 
hygiene products. These products require good antibacterial properties for their effectiveness. Consumers too are 

today sensitive to the use of ingredients which are natural and skin friendly as well as display socially 

responsible behaviour in purchasing products which do not harm the environment. Therefore it is imperative to 
develop more eco-friendly antibacterial agents extracted from plants.  Many plants have been recognised as 

medicinal and have also exhibited good antimicrobial activity. The paper discusses the use of four such plant 

derivatives Phyllanthus emblica (Amla), Terminalia chebula (Harda), Ocimum sanctum (Tulsi leaf) and Punica 

granatum (Pomogranate rind) on cotton needle punched nonwoven fabrics. The antibacterial activity of the 

treated nonwoven fabrics were examined as per AATCC methods for both gram positive bacteria 
Staphylococcus aureus and Gram negative bacteria Escherichia coli. The selected extracts showed good anti- 

bacterial activities.  

Key words: Antibacterial, eco-friendly, nonwoven.  

1. Introduction 

Nonwoven materials are engineered fabrics produced by bonding the constituent fibres together by mechanical, 
thermal or chemical means [1]. Because of their low energy consumption, high productivity and environmentally 

friendly processes, the market of the nonwoven products is poised to grow rapidly and reach 9.3 million tons in 

2015[2].  
Mechanically bonded nonwovens are pliable and porous planar products made by fibres reinforced to the 

original system by extraneous bonding[3]. A common method of producing mechanical nonwovens is needle 

punching. Today these porous needle – punched nonwoven structures plays a significant role in the hygiene 

industry. This role is effective due to the nonlinear or nonuniform structure which creates an effective barrier 
fabric. However there mere presence as barriers can be enhanced with the use of antibacterial agents. These 

agents could work in two ways to reduce microbial growth. The  fabric could be treated with an antimicrobial 

finish that will kill the microorganisms on the fabric surface (bacteriocide) or it could cause reduction in 
microorganism reproduction (bacteriostatic) and thus inhibit its transmission [4]. Cotton is a fibre of choice for 

several users when it comes to hygiene products. Its use in nonwoven fabrics provides a larger surface area, 

better wettability and greater absorbancy, simultaneously also producing more scope for bacterial growth in the 

fabrics voids and cells. Thus several users prefer an external antimicrobial finish for cotton based hygiene 
products. 

A number of chemicals have been employed to impart antimicrobial activity to textile materials. These 

chemicals include inorganic salts, organometallics, iodophors (substances that slowly release iodine), phenols 
and thiophenols, antibiotics, heterocyclics with anionic groups, nitro compounds, ureas, formaldehyde 

derivatives, and amines [5]. Many of these chemicals, however, are toxic to humans and are difficult to degrade 

within the environment. The textile industry continues to search for eco-friendly processes as substitutes for 
these toxic textile chemicals.  

Plant-based products representing the major group of natural antimicrobial agents, consist of substances such as 

phenols (simple phenols, phenolic acids, quinines, flavonoids, flavones, tannins and cumarines), terpenoids, 

essential oils, alkaloids, lectines, polypeptides and polyacetylenes [6]. These components show, not only 
antimicrobial, but also antioxidant properties. The chief composition of tannic acid and gallic acid extracted 

from most of these plants are powerful astringents. The different mechanism proposed so far to explain tannin 

antimicrobial activity include inhibition of extracellular microbial enzymes, deprivation of substrate required for 
microbial growth or direct action on microbial metabolism through inhibition of oxidative phosphorylation [7]. 

The paper studies the use of four plant based derivatives which show considerable antibacterial properties. These 

plant products contain phenols and tannins which are effective antibacterial agents themselves. They are 
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Phyllanthus emblica (Amla), Terminalia chebula (Harda), Ocimum sanctum (Tulsi leaf) and Punica granatum 

(Pomogranate rind). Phyllanthus embelica is one of the most frequently used Ayurvedic herbs also used as an 

efficient mordant due to its high levels of tannin. The dominant active constituents are a group of tannins derived 

from gallic and ellagic acids, along with Rutin a phenolic compound, which is supported by various common 
tannoids (small tannin-like molecules) together creating an effective blend of antibacterial and anti oxidative 

properties [8].  

Terminalia chebula, is called the King of medicine in Tibet and the dried ripe fruits have been traditionally used 

for their antioxidant, free radical scavenging and anti-carcinogenic activities. It has strong antibacterial 

activity due to presence of gallic acid and its ethyl ester, ethanedioic acid and ellagic acid. It 

thermostability of its bioactive compounds have also been recorded [9].  
Ocimum sanctum is also commonly known as Holy Basil, it is known to posses significant anti inflammatory, 

antipyretic, analgesic and antimicrobial properties [10]. The presence of  caryophyllene, phytol and germacrene 

belonging to the terpenes category are reported as good antibacterial compounds making it a broad spectrum 
antimicrobial agent [11].  

Punica granatum (rind), has been used traditionally as an natural dye due to its high tannin content. Its 

bacteriocidal and bacteriostatic properties is due to the presence of hydrolysable tannins and polyphenolics 
specifically punicalagin and gallagic acid along with ellagitannin punicalagin a substance responsible for high 

antimicrobial activity [12].  
 

2. Materials and methods 

2.1 Fabric used 

Cotton needle punched nonwoven fabric of 200 gsm was sourced from Tata Mills, Mumbai.  

 

2.2 Collection of plant materials  

The fresh matured leaves of O. sanctum were sourced from the local market and dried in the shade, prior to 

grinding them into a fine powder. The dried powders of T. chebula, P. granatum and P. emblica were procured 

from Sheetal Ayurvedic, Mumbai. All chemicals used were laboratory grade. 
 

2.3 Plant extract preparation and dyeing   

Aqueous extraction method was used to prepare a 1% stock solution of the dyes. In this method, an aqueous 
solution of each dye powder (10 g in 100 ml distilled water) was refluxed at the temperature range of 80 - 85

0 
C  

for 1 hour followed by filtration through a nylon fabric (60 mesh). The filtrate was centrifuged at 3000 rpm for 

15 minutes. This stock solution was used at different concentrations (20% and 40%) to pad dye the fabric 

samples with a double dip process. A 1:30 material to liquor ratio was maintained. It was further steamed at 80
0 

and cured at 120
0
. 

 

2.4 Microbial analysis 
For microbial analysis two bacterial stains were procured from National Chemical Laboratory, Pune, India. All 

the tested strains were maintained in nutrient agar slants at 4°C.  

Type strain (i) Staphyloccous. aureus  is a reference strain bacterium, Gram – positive coccus, airborne 

pathogen, frequently carried in nasopharyngeal cavity, and causese intrahospital infections [13]. 
Type strain (ii) Escherichia coli is a reference strain, bacterium Gram-negative rod, with considerable resistance 

to biocides.  

 

2.5 Determination of antibacterial activities on dyed fabrics 

The antibacterial effectiveness of fabrics treated by plant extracts was carried out by standard test method 

AATCC Test Method 100-2004 (AATCC technical manual, 2007). The fabric samples were sterilized in an 
autoclave followed by exposure to UV light prior to testing.  

The fresh culture of E.coli and S. aureus were inoculated to sterilized broth. Test and control fabrics were 

inoculated with suspension of microorganisms. Concentration of colony forming units were enumerated at time 

zero and after a defined contact incubation period of 24 hours.  
The reduction in number of bacterial colonies formed was estimated by using following equation,  
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R = 100( B-A) 

             B  

where,  
R = % reduction in bacterial count;  

A = the number of bacterial colonies recovered from the inoculated treated test specimen swatches in the 

jar incubated for 24 hour contact period;  
B = the number of bacterial colonies recovered from the inoculated treated test specimen swatches in the 

jar immediately after inoculation (at “0” contact time). 

3. Results and discussion 

Table 1. Effect of Phyllanthus emblica, Terminalia chebula, Ocimum sanctum and Punica granatum 

(20%) on antibacterial properties of fabric 

Plant Extract Percentage Bacterial Reduction 

S. aureus E.coli 

20% 40% 20% 40% 

Phyllanthus emblica 58.69% 80.19% 61% 86.6% 

Terminalia chebula 64.65 % 76.74 % 75.10 % 89.37 % 

Ocimum sanctum 86.89% 92.61% 97.80% 94.5 % 

Punica granatum 71.13% 87.89% 86.94% 87.10  

 

3.1 Antibacterial activity of plant extracts 

The antibacterial activities of samples dyed with 20% and 40% concentration of plant extract are given in Table 
No.1. The untreated nonwoven cotton fabric showed negligible antibacterial properties against both S. aureus 

and E. coli. The fabric dyed with P. emblica, T. chebula, O. sanctum and P. granatum showed significant 

antibacterial activities ( in the range of 60-94%) indicating the inherent nature of these dyes in preventing 

bacterial growth. These results are also supported in the literature [14, 15]. Among the samples tested against 

gram positive bacteria S. aureus fabrics dyed with 20% concentration of the extract of O. sanctum showed 

minimum colony forming units (86.89%)  followed by P. granatum (71.13%), T. chebula (64.65%) and P. 

emblica (58.69%).  The presence of  the terpenes category of antibacterial compounds could be the reason for the 

high readings offered by the sample treated with O. sanctum.   

However on the increase of dye concentration to 40% P. emblica showed the maximum increase in inhibition 

(80.19% from 68.69%) followed by  T. chebula (76.74 %), O. sanctum (92.61%) and P. granatum (87.89%)  in 

that order. This dramatic inhibition of colony forming units in P. emblica samples could be due to the impact of  

tannins and   phenolic compounds, supported by various common tannoids (small tannin-like molecules) 

together creating an effective blend at higher dye concentrations.  
The samples dyed with 20% concentration of plant extract and tested with the gram negative bacterium E.coli 

showed the minimum colony forming units in O. sanctum (97.80%) followed by P. granatum (86.94%), T. 

chebula (75.10 %) and P. emblica (61%).  However on increasing the concentration to 40% it was observed that 

the impact of O. sanctum had decreased to (94.5 %) indicating that its optimum levels were obtained at 20% 

concentration and increase of dye would not benefit antibacterial activity. This was followed by P. granatum 
which had also almost reached an equilibrium at (87.10 %). This could be due to presence of  hydrolysable 

tannins and polyphenols along with ellagitannin punicalagin found chiefly in pomegranate extract and the reason 

for the consistently good readings of decreasing colony forming units for both S.aureus as well as E.coli.  
Similar to studies on S.aureus significant increase in inhibition levels were observed in P. emblica and T. 

chebula with the increase in dye concentration.  

4. Conclusion 

The results of the plant extract on cotton nonwoven fabrics is encouraging based on the assumption that 

minimum 75% reduction in bacterial count is an acceptable limit. The results further reveal that antibacterial 

potency of the bioactive compounds was not affected when extracted in boiling water indicating that all the 
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above studied plant material contains thermo stable bioactive compounds. Their antimicrobial activity is related 

with chemical structure of the dye sample and further phytochemical research is needed to determine the effect 

of dye structure on inhibition of bacterial growth. The above studied plant extracts are recognised as easily 
biodegradable, pose minimum environmental hazards, have no adverse side effects and are easily available at 

affordable prices [16]. They could be further studied as plant- based antibacterial options in nonwoven barrier 

fabrics.  
All of the plants selected were based on Indigenous traditional knowledge and future bioprospecting, could be 

done provided proper precautionary measures are considered for sustainability, conservation and value based 

selection of use pattern.  
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Abstract : This research reports the various compound shades obtained from using the mixture of natural dyes 

namely Marigold and Sappanwood in the dye bath. Marigold flower which is a rich source of lutein, a cartenoids 

containing yellow pigment and Sappanwood is used to make red inks and paints. Compound shades were 
obtained on cotton and silk using combinations of marigold and sappanwood dyes using alum and ferrous 

sulphate as mordants. The L, a* and b* values of the dyed samples were studied using computer colour matching 

software. The results indicate an increase in the K/S values as the proportion of madder was increased at the cost 
of sappanwood. The fastness properties of the dyed samples were found to be quite satisfactory. 

 

Keywords : Extraction, marigold, sappanwood, alum, ferrous sulphate, compound shades, cotton, silk, K/S 

values. 

 

1. Introduction  

Marigold or Calendula officinalis is a plant in the genus Calendula of the family Asteraceae. Marigold is widely 

cultivated and can be grown easily in sunny locations in most kinds of soils. [5] The main colour giving 
components present in marigold are flavonoids and carotenoid. Lutein (carotenoid) is the constituent used as a 

yellow colour pigment for dyeing of fabrics. Structure of [6] Marigold is also been proved to be giving 

antimicrobial property. [2, 3]. Sappan-wood (Caesalpiniasappan L), also known as East India redwood, comes 
from a tree that has both ornamental and medicinal properties. The principle colouring component present in 

Sappanwood is brazilin. [7] Brazilin is an organic compound with chemical formula C16H14O5, has been used 

since the Middle Ages to dye fabric, and to make paints and inks as well. Structure of brazilin is shown in Figure 

2. Apart from being used as a dye, Sappanwood can also be used for its medicinal abilities as an antibacterial and 
for its anticoagulant properties. [8] 

 

Fig.1. Lutein (Carotenoid)  Fig. 2. Brazilin 

2. Materials and Methods 

2.1. Materials 

Marigold, Sappanwood were supplied by Adiv Pure Naturals in powdered form. Substrates used were 100% 

cotton (70GSM) and 100% silk (50GSM). Alum and Ferrous Sulphate were used as mordants. 
 

2.2. Methods 

2.2.1. Preparation of Mordant Solution  

A stock solution of alum 5 % was made by dissolving 5 gm of mordant powder in 100 ml water. A stock 
solution of ferrous sulphate 1% was made by dissolving 1 gm of mordant powder in 100 ml water. Solution was 

filtered and used for mordanting the fabric. 

 

2.2.2. Extraction of Dye  

A 5 % stock solution of the dye was prepared by boiling 5 g of dry dye powder in 100 ml of water for 60 min. 

The extract was filtered twice using nylon cloth and used for dyeing.  
 

2.2.3. Preparation of Dye Solution 

A dye solution having 20% shade is prepared by mixing sappanwood extract either with marigold or in the  
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following dye ratios.  

Table 1. Dye Ratios for compound shade 

 

 

 

 

2.2.4. Mordanting and dyeing  

The mordanting of Cotton fabric was carried out in Rota dyer machine (Rota Dyer machine, Rossari
® 

Labtech, 
Mumbai) keeping the material to liquor ratio of 1:30. The fabric is introduced into the mordant solution (alum: 

20% owf; ferrous sulphate: 5% OWF) at room temperature and the temperature was gradually raised to 90
o
C. 

The mordanting was continued at this temperature for 60 mins. After mordanting, the fabrics were squeezed and 
dyed with the mixed dye solution for four different ratios as mentioned above. The dyeing was continued at 90

o
C 

for 1 hour. After dyeing, the fabrics were squeezed and washed with cold water.In order to ensure better pick up 

of the dye, retarding agent is required for fabric samples mordanted with Ferrous Sulphate mordant. 1 % (OWF) 
of tartaric acid was added in the dye bath along with the dye prior to the dyeing process. 

Similarly, silk fabrics were introduced into the mordanting solution at room temperature and the temperature was 

gradually raised to 60
o
C. The mordanting was continued at this temperature for 30 mins. After mordanting, the 

fabrics were squeezed and dyed with the mixed dye solution for four different ratios as mentioned above. The 
dyeing was continued at 60

o
C for 1 hour. After dyeing, the fabrics were squeezed and washed with cold water. 

 

3. Testing and Analysis 

3.1.  Colour Value by Reflectance Method 

The dyed samples were evaluated for the depth of colour by reflectance method using 10degree observer. The 

absorbance of the dyed samples was measured on Rayscan Spectrascan 5100+ equipped with reflectance 

accessories. The K/S values were determined using expression; 

 
Where, R is the reflectance at complete opacity; K is the Absorption coefficient & S is the Scattering coefficient. 

The dyed fabrics were simultaneously evaluated in terms of CIELAB colour space (L*, a* and b*) values using 

the Rayscan Spectrascan 5100+. In general, the higher the K/S value, the higher the depth of the colour on the 
fabric. L* corresponds to the brightness (100- white, 0- black), a* corresponds to the red–green coordinate 

(positive- red, negative -green) and b* corresponds to the yellow–blue coordinate (positive -yellow, negative -

blue). As a whole, a combination of these entire co-ordinates enables one to understand the tonal variations. 
 

3.2.  Evaluation of Wash Fastness  

Evaluation of colour fastness to washing was carried out using 105 C06 II method. A solution containing 5gpl 

non- ionic soap solution (Auxipon NP) was used as the washing liquor. The samples were treated for 40 min at 
50

o
C using material to liquor ratio of 1:50 in the Laundrometer. After rinsing and drying, the change in colour of 

the sample and staining on the adjustcent material were evaluated standard grey scales. 

Rating 1–5: where 1 – Poor, 2 – Fair, 3 – Good, 4 – Very Good, 5 – Excellent. 
 

3.3.  Evaluation of Light Fastness 

Dyed fabric was tested for colour fastness to light according to BS 6001/UK/TN. The light fastness was 

determined using artificial illumination with Xenon arc light source, Q-Sun Xenon Testing Chamber with black 
standard temperature 65 

0
C with relative humidity of the air in the testing chamber as 40% and daylight filter, 

wavelength, 420 nm. The samples were compared with the standard scale of blue wool. Ratings 1–8: where 1 – 

Poor, 2 – Fair, 3 – Moderate, 4 – Good, 5 – Better, 6 – Very Good, 7 – Best, 8 – Excellent 

 

4. Results and Discussion 
The data of Colour values of Cotton and silk samples treated with alum and ferrous sulphate mordants first and 
then dyed using combination of marigold and sappanwood dyes are given in Table 2, 3, 4 and 5 along with their 

wash and light fastness ratings. Figure 3,4,5,6 illustrate the graphical representation of the same data. Data  

Dye Dye ratio 

Marigold 100 70 50 30 0 

Sappanwood 0 30 50 70 100 
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Table 2. Effect of varying dye proportions on colour values of cotton samples mordanted with 20%alum and 

their wash and light fastness ratings 

Sr. 

No. 
Dye Ratio (%) L* a* b* K/S 

Fastness Ratings 

Change in 

Colour 

 Marigold Sappanwood  Wash Light 

1 100 0 65.50 1.02 41.25 6.31 3 6 

2 70 30 59.63 4.54 35.10 3.75 4 6 

3 50 50 54.01 9.45 29.19 3.36 3 6 

4 30 70 47.63 12.90 22.49 2.53 4 6 

5 0 100 34.57 17.48 7.14 1.45 4 6 

 
Table 3. Effect of Varying Dye Proportions on Colour Values of Silk samples mordanted with 20% Alum and 

their wash and light fastness ratings  

Sr. 

No. 
Dye Ratio (%) L* a* b* K/S 

Fastness Ratings 

Change in 

Colour 

 Marigold Sappanwood  Wash Light 

1 100 0 71.69 -1.48 50.20 8.10 4 5 

2 70 30 62.94 11.63 41.94 7.11 4 5 

3 50 50 57.39 19.34 36.51 5.34 4 5 

4 30 70 50.02 27.01 29.01 4.68 4 5 

5 0 100 37.25 35.14 14.80 2.53 4 5 

 

 
         Fig. 3. K/S Plots for Dyed Cotton Samples              Fig. 4. K/S Plots for Dyed Silk Samples 

 

Table 4. Effect of varying dye proportions on colour values of cotton mordanted with 5% feso4  and their wash 

and light fastness ratings: 

Sr. 

No. 
Dye Ratio (%) L* a* b* K/S 

Fastness Ratings 

Change in 

Colour 

 Marigold Sappanwood  Wash Light 

1 100 0 56.35 -0.18 17.17 4.34 4 5 

2 70 30 54.31 1.51 16.12 3.29 4 5 

3 50 50 52.80 2.02 14.78 3.24 4 5 

4 30 70 49.27 2.9 12.01 2.54 4 5 

5 0 100 44.56 4.54 8.85 1.39 4 5 
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shows that there is a decrease in the K/S values as the concentration of sappanwood is increased at the cost of 

marigold in all the cases irrespective of the use of mordant i.e. alum or ferrous sulphate on cotton and silk. Pure 

marigold (100:0) and pure sappanwood (0:100) shade gave maximum and minimum K/S values, respectively. 
Results show that as the proportion of sappanwood which is inherently more red increases, the a* values 

progressively increase, while b* values decrease and hence intense red is observed and giving brighter shade. As 

far as wash and light fastness are concerned, they were found to be moderate to good. 

 

Table 5. Effect of varying dye proportions on colour values of silk samples mordanted with 5% feso4 and their 

wash and light fastness ratings: 

Sr. 

No. 
Dye Ratio (%) L* a* b* K/S 

Fastness Ratings 

Change in 

Colour 

 Marigold Sappanwood  Wash Light 

1 100 0 38.56 0.64 17.67 11.86 4 5 

2 70 30 38.22 1.12 17.41 9.04 4 5 

3 50 50 38.49 1.87 18.04 7.96 4 5 

4 30 70 38.26 3.43 17.99 6.30 4 5 

5 0 100 32.58 8.25 13.22 2.83 4 5 

  

     
 Fig. 5. K/S plots for dyed cotton samples              Fig. 6. K/S plots for dyed silk samples 

 

4. Conclusion  

In the present study, attempt has been made to obtain various compound shades by mixing two natural dyes such 
as Marigold and Sappanwood using alum and ferrous sulphate as mordants on cotton and silk fabrics. The 

various colour shades of reddish pink and orange, grey and greyish brown were obtained and described in terms 

of colour values and they were also subjected for wash and light fastness. Results achieved were satisfactory. 

Thus the study clearly indicates that a wide range of shade gamut can be obtained by dyeing the compound 
shades of natural dyes. Further studies can be taken up with the use of natural mordants to dye compound shades 

of natural dyes on various natural fibres. 
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Abstract: The present paper studies the effect of nanoclays (NC) on structure formation of polyblend fibres. 

Polyblend fibres were formed by melt blending polypropylene (PP) with 5 % polytrimethylene terapthalate 
(PTT), and NC in varying concentration of 0.25%, 0.50%, 0.75% and 1%. The polyblend fibres formed were 

subjected to structural property evaluation by performing thermal analysis, tensile testing and dyeability studies. 

The optimum level of blending was predicted keeping in view of tenacity and thermal stability of melt blend 

fibres. The melt blend fibres showed 22 % increase in disperse dyeability with the 1% NC additions and the 
dyeings were quite fast to washing. 

Keywords:- Polypropylene, polytrimethylene terephthalate, nanoclays, dyeability. 

1. Introduction 

Polypropylene (PP) fibres have huge application in Technical Textiles due its low density, high strength, low 

cost and ease of processing. However, PP fibres are very difficult to dye due its highly compact structure and 
absence of polar groups. In order to make PP dyeable, polyblend fibres are formed by melt blending PP with 

addition of low concentration of dyeable polymers such as polyester thus altering chemical and physical 

structure of fibres rendering them disperse dyeable. Among polyester, polytrimethylene terapthalate (PTT) gives 

better dyeability and can be processed at much lower temperature [1].  
The polyblend fibres formed shows excellent disperse dyeability while affecting the tensile properties and 

thermal stability of the fibres. The main reason for reduced tensile properties and thermal stability is due to the 

incompatible blends formed. In order overcome these challenges, researchers have used compatibilizer such as 
maleic anhydride grafted polypropylene which enhances the compatibility between blends and is found to be 

effective in enhancing mechanical properties, however enhancing thermal stability still remains a challenge [2]. 

Recently nanoclays (NC) have been studied for their compatibilizing effects. The very presence of NC enhances 
mechanical properties and thermal properties of the structure [3].   

In the present work, the effect of NC on PP and PTT based polyblend fibres has been studied. For this purpose, 

polymer blends of varying additive concentration as shown in Table 1 were melt extruded in twin-screw extruder 

and were subsequently melt-spun into fibres and drawn at an optimized draw ratio. The fibres were characterized 
for changes in internal structure with respect to its disperse dyeability.  

Table 1. Polyblend fibres denotation and their compositions. 
 

 

 

 

 

2. Materials and methods 

PP (Repol H350FG) having MFI 35 were supplied by Reliance Industries Ltd, India. PTT having 0.93 IV were 

supplied by Futura Polymers, India. NC (Closite 15A) were given in kind by Southern Clay Products, USA. 
Disperse dye Dianix Blue ER was obtained from Dystar India Pvt. Ltd. 

PP, PTT and NC were meltblended in Twin-screw extruder, the compounded chips were then meltspun into 

fibres using laboratory Melt-spinning machine. The extruded filaments were guided to the godget, and were 
subsequently taken over to the draw rollers and given optimized Draw Ratio.  The spun fibres were subjected to 

disperse dyeing for 3% shade. The dyed samples were then subjected to reduction clearing followed by 

neutralization with acetic acid solution and thorough washing with water. 

The thermal analysis of fibres were evaluated using differential scanning calorimetry (Shimadzu, Japan) and  

Sr. 

No. 

Denotations 

(PP_PTT_NC) 

Composition 

(% by weight) 

PP PTT NC 

1 95_5_0 95 5 0 

2 95_5_0.25 95 5 0.25 

3 95_5_0.50 95 5 0.50 

4 95_5_0.75 95 5 0.75 

5 95_5_1 95 5 1.00 
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thermogravimetric analysis using DTG-60H thermogravimetric analyzer (Shimadzu, Japan). Analysis of 

mechanical properties of fibre was carried out by measuring tensile properties on Tinius Olsen machine as per 

ISO 5079 test method. 
The dyed samples were evaluated for colour depth in terms of Kubelka Munk function (K/S), using computer 

colour-matching system (Spectra Flash SF 300, Datacolor International, USA) [4].  

Kubelka Munk function (K/S) is given by: 

   where: R is reflectance at complete opacity 

K is the absorption coefficient 

S is scattering coefficient 

 The dyed samples were evaluated for their washing fastness tests as per ISO 3 standard test methods and color 
fastness to light was evaluated as per BS 1006 test method.  

 

3. Results and discussion 

3.1 Thermal behaviour of polyblend fibres 

Results of DSC study as seen from Table 2 shows that  NC has effects on the crystallinity of polyblend fibres. 

With the presence of NC, the PTT melting peak became visible showcasing its improved crystallization. Then 

increase in NC additions shifted the PTT melting peak to higher temperature thus becoming increasingly 

dominant. While PP melting peak shifted to slightly lower temperature thus showcasing that crystallization was 

slightly hindered with NC additions. This behaviour can be attributed to the fact that NC as they act as 

nucleating agents thus assisting in crystal formation however the crystal growth is hindered [5] thus resulting in 

fibres with slightly reduced crystallinity.   

Table 2. DSC analysis of polyblend fibres 

 

 

 

 

 

 

 

 

 
 

3.2 Thermal stability 

The effect of NC on thermal stability can be seen in Fig. 1. The presence of NC has shifted the thermal 

decomposition of fibres to higher temperature thus increasing the thermal stability of the fibres. This increase 
can be attributed to the inherent nature of nanoclays to act as heat barrier. Thus NC has a positive influence in 

enhancing the thermal stability of polyblend fibres. 

 

 

 

 

 

 
 

 

Fig. 1. Thermogravimetric analysis of    Fig. 2. The effect of NC content on  
polyblend fibres       tensile properties of polyblend fibres 

Fibre Melting Peak 

(
0
C) 

Crystallinity 

(%) 

(PP)  (PTT)  

95_5 166.66 - 60.37 

95_5_0.25 166.38 224.27 57.95 

95_5_0.50 166.21 224.63 56.33 

95_5_0.75 165.86 225.08 55.76 

95_5_1 165.72 225.82 55.37 
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3.3 Tensile properties 

Results shown in Fig. 2 indicate that addition of NC has improved the tensile properties of polyblend fibres a 
positive impact on the tensile properties of the fibre. The tenacity of the fibres increased gradually with increase 

in NC addition. Thus the presence of rigid NC exfoliated structure in the polyblend fibre even in a low 

concentration of 1% leads to13% increase in tensile properties.  

 

3.4 Dyeability 

The disperse dyeability of the polyblend fibres for 3% shade are shown in Fig. 2. NC has improved the 

dyeability of the fibres and it increased with the increase in NC content. The increase in dyeability is due to 
reduced fibre crystallinity and slightly polar NC layers which lead to increased surfaces for dye adsorption. 

These changes in internal structure of the polyblend thus resulted in 22% increase in disperse dyeability. 

       
 

 

 

 
 

 

 
 

 

 
 

 

Fig. 3. Disperse dyeability of polyblend fibres 

 

4. Conclusion 

NC has a significant influence on the structure formation of polyblend fibre. The presence of NC leads to fibre 

structure with improved thermal stability, tensile properties and disperse dyeability. Thermal analysis of blend 
fibres showed that the addition of NC enhanced thermal degradation temperature of polyblend fibres. NC also 

assisted in enhancement of dye uptake by showing 22% increase in dyeability for 1 % NC addition with very 

good wash and light fastness properties. 
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Abstract: Finishing of textiles has gained a lot of importance as it enhances the aesthetic and functional 
properties of the textile substrate. The customer is becoming well aware and cautious about health and hygiene. 

The demand for mosquito repellent, flame retardant and water repellent finished fabric has increased.  In this 

research an attempt has been made to develop multifunctional finish with focus on mosquito repellency using 
natural plant source with synergistic effect on other finishes. For ecofriendly mosquito repellency, Couropita 

Guianensis leaves were extracted using water under reflux. The extract is then applied on the fabric and tested 

for mosquito repellency. Multifunctional finishing was done in two parts using ecofriendly products and 
commercially available products. The finishing application was done using two different methods, drip-air dry 

and pad-dry-cure (PDC). The finished fabric was assessed using spray test for water repellency, limiting oxygen 

index for flame retardancy and mosquito repellence test for mosquito repellency. Application of such 

multifunctional finished fabric can be useful for various purposes such as clothing, in curtains, military uses, for 
tent and awnings. 

 

Keywords: Multifunctional finishing, mosquito repellent, flame retardant, water repellent,  couropita guianensis 
leaves, pad-dry-cure, drip-air dry. 

 

1. Introduction 

Higher value added textiles are important not only from new technical applications point of view but also for 
“traditional” uses. In order to produce such textiles, multifunctional finishing is essential. Multifunctional 

finishing means a number of finishes with different functionality are effectively applied onto the textiles to 

impart desired performance. Now-a-days, consumer demands for textile products with higher performances even 

in traditional clothing and home textile areas [1]. Textiles were traditionally considered as low technology 
domain as their primary functions are protection of modesty, providing microclimate and good look. There is an 

increased demand to produce high-performance fabrics combining multiple properties such as flame retardancy, 

hydrophilicity/hydrophobicity, antibacterial, UV resistance, etc. Functional properties can be defined as all the 
effects that are beyond the pure aesthetic and decorative functions. With the intensification of global 

competition, textile manufacturing companies from developed countries are competing for a significant share of 

the global market by developing new technologies or new products. Companies are trying to differentiate their 

products with specific and special functions [2]. Multiple functions are often required, leading to what we can 
call multifunctional textiles [1]. 

Flammability of textiles is a critical aspect for the safety of consumers. Protection from unsafe apparel is one of 

the areas where flame retardancy is important [3]. Water-repellent finishing is the oldest repellent finish. The 
purpose of this finish is to prevent drops of water from spreading on the surface. The drops should stay on the 

surface and easily drip off [4]. Hydrophobic cotton fabrics are in great demand in a variety of functional 

applications including outdoor gear, rainwear, stain resistant products, and bandages. Water-repellent agent on 
hydrophilic fabrics such as cotton could prevent drops of water from spreading on the surface [5]. Mosquito 

repellent textiles are one of the revolutionary ways to advance the textile field by providing the much-needed 

features of driving away mosquitoes, especially in the tropical areas. It protects the human beings from the bite 

of mosquitoes and thereby promising safety from the mosquito-borne diseases, such as malaria, dengue fever 
(DF), Nile fever, dengue hemorrhagic fever (DHF), chicken gunia and filariasis which are serious public health 

problems in tropical regions, especially in Africa and Asia. These diseases are transmitted to human beings 

through mosquito [6].    
Couroupita Guianensis is also called as “Cannonball tree” or “Sal tree” or “Ayauma tree”. The tree has spread  

widely all over the world. The tree has enormous medicinal values since most of the parts like leaves, flower, 

fruit and stem are used as medicine to cure various diseases. In this study also an attempt has been made to 
develop Mosquito repellency finish using natural herbs. 

In this research work, the finishes that were applied are flame retardant, mosquito repellent and water repellent. 

These finishes are those which are now-a-days demanded by consumers due to the awareness of health care and 

mailto:geetal.mahajan@gmail.com
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known risk management ability of fabric from flame, water, mosquitoes and microbes. Flame, water, mosquitoes 

and microorganisms are four factors which a common man comes across inevitably in his daily life and hence 

there is a need for the fabrics to be multifunctional with such repellent finishes.  

2. Materials and Methods 

2.1. Materials 
Ready for Dyeing (RFD) 100% cotton fabric with a plain weave having a count of 40s and GSM of 240 was 

procured from Arvind Mills, Gujarat. Couroupita Guianensis leaves were obtained from natural source. 

Commercial water repellent and mosquito repellent were supplied by Rossari Biotech Ltd and Sarex Chemicals 

Ltd respectively. All the other chemicals used were of laboratory grade and purchased from S.D. Fine Chemicals 
ltd.  

 

2.2. Methods 

2.2.1. Extraction of Couropita Guianensis leaves  
The leaves were taken from Couropita Guianensis plant, air dried and then fine powder was made. The fine 

powder was further used for extraction using different solvents. The extraction was carried out in a round bottom 
flask placed in a heating mantle and equipped with soxhlet apparatus and water condenser. The extraction was 

done for 3 hours. 

2.2.2 Method of application 
Finishing was done by two methods:- 

a. Dip dry method: Dipping the fabric in the finishing bath, squeezing and then air drying. 

b. Pad-dry-cure method: In the second method finishing was done using padding method. Padding was carried 
out at room    temperature. Fabric was padded by 2 dip 2 nip method with 70% pick up, dried at 100- 110oC for 

2-3mins and cured at 150
o
C for 4-5 min.  

 

3. Testing and analysis 

ASTM D7348 standard test method was used for evaluation LOI. AATCC Test Method 22-2005(Spray Test) 

was used for determining water Repellency. Mosquito Repellency is calculated by USDA laboratory method 

which simulates the natural conditions of exposure. 

4. Results and discussion 

The extraction of the leaves was done using different solvent systems. Ethanol, methanol, their 50:50 
combinations and water was used for extraction, but neither ethanolic, methanolic extract nor their mixture gave 

repellency to mosquito, but it was found that the water boiled extract gave 100% mosquito repellency. The 

extract made using water as a solvent was applied to the fabric by two different combinations. Firstly, the fabric 
was finished with water boiled extract in presence of the soda and glauber’s salt, which gave 100% mosquito 

repellency. Second application was done using synthetic mordant, which gave only 70% repellency for 

mosquitoes. The justification to the above results could be that in water extract the compounds responsible for  

 
Table 1. Effect of Multifunctional finishing (one bath) on Spray test, LOI and Mosquito repellency on Cotton 

and Polyester/Cotton blend Fabric 

Sample Borax 

(gpl)  
Boric 

Acid (gpl)  
Mosquito 

Repellent 

(gpl)  

Water 

repellent 

(gpl)  

Spray test 

Rating 
LOI (vol. 

%)  

Mosquito 

repellency 

(%)  

1 70 30 50 0 0 36 80 

2 70 30 50 40 0 36 80 

3 70 30 50 80 0 36 80 

4 70 30 100 0 0 36 100 

5* 70 30 100 0 0 29 100 
*Polyester/ Cotton blended fabric 

mosquito repellence were present in the extract unlike in alcoholic extract. The leaf extracts showed the presence 

of alkaloids, phenolics, flavonoids, saponins and tannins in the leaves as reported in earlier literature [7]. The  
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fabric treated with aqueous extract was tested by USDA method. 

Combinations of finishes were applied on cotton fabric. The concentrations of water repellent and mosquito 

repellent were varied keeping flame retardant concentration constant. From Table 1 it can be seen that keeping 
the concentration of flame retardants and mosquito repellent constant, concentration of water repellent agent was 

varied from 0 to 80gpl. It was found that no effect of water repellent agent was seen in the mixture as the spray 

test ratings obtained were “0” on cotton fabric. 
The concentration of mosquito repellent agent was varied keeping the other finishing agents constant as seen 

from Table 1 and it can be observed that with increase in concentration the mosquito repellency of the fabric 

increased. The optimised composition was applied on polyester cotton blend also and it gave very good results.  

The plausible reason for flame retardancy is that, it forms an insulating layer around the fabric at temperatures 
below the pyrolysis temperature. When the fabric gets exposed to flame, the low melting compounds release 

water vapour and produce a foamed glassy surface on the fabric, insulating the fabric from the applied heat and 

oxygen. The mosquito repellent finish obtained was due to presence of the compound Permethrin which repels 
the mosquito. The possible mechanism could be that the repellent acts on the sense of smell and this has the 

effect of keeping insects away without them touching a surface processed with the repellent agent, called 

transpiration repelling. Thus it was possible to obtain a multifunctional fabric by one bath technique.  

 

5. Conclusion 

Significant results were achieved when fabric was treated in one bath to achieve multifunctional finishing. LOI 

value of 36 and mosquito repellency of 100% was achieved on cotton fabric whereas the results obtained for 
polyester/cotton blend fabric were LOI of 25 and mosquito repellency of 100%.  

The extraction done using water under reflux, gave excellent results for mosquito repellency. Thus, the extract 

obtained using water as a solvent can be used for finishing textile fabric to impart mosquito repellency. It can 
also be called as an ecofriendly and economical source of finish to impart mosquito repellency to the fabrics.  
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Abstract: Silk fabric was plasma treated in an indigenously developed atmospheric pressure plasma reactor in 

presence of helium/nitrogen (He/N2) mixture. The samples were plasma treated for different time spans of 1-10 
min with a constant as well as varying nitrogen flow rates in the range of 33.3 to 225 mL/min keeping the 

constant helium (He) flow rate at 450 mL/min. The effect of plasma treatment time and N2 gas flow rates on 

water wicking, surface physical and chemical properties along with dyeing rate were investigated in details. The 

plasma treated sample showed increase in amino groups causing faster exhaustion of anionic acid dye molecules 
even at lower temperature. Plasma treated silk fabric was possible to dye at 40ºC temperature, which is 

conventionally dyed at 90ºC. Due to the more dye exhaustion, plasma treated sample showed deeper shade. 

Physical and chemical properties of the samples were analyzed using SEM, EDX and secondary ion mass 
spectrometer (SIMS). It was found that water took only 408 s and 309 s to travel up to 6 cm height in the 4 min 

and 10 min plasma treated samples respectively, compared to 696s  in the untreated (control) sample. EDX 

analysis showed presence of 3.2% more nitrogen (N) in the plasma treated sample.  

 
Key words: Atmospheric plasma, surface modification, nitrogen flow rate, dyeing. 

 

1. Introduction 

Chemical wet processing of textiles is important to improve the aesthetic and functional value of textile. 
Approximately, 100 litres of water is used to process 1 kg of textile, which is finally discharged as an effluent 

contaminated with unutilized dyes, pigments, and other hazardous to non-hazardous chemicals. Due to the more 

environmental awareness, textile industries are now slowly moving towards the implementation of water-less 
(dry) or low water based processing technologies, such as digital printing, spray & foam finishing and plasma 

processing. Plasma, an ionized gas, can be used for nano-scale surface engineering of polymeric and textile 

substrate without using water as a processing medium. Among the various available natural fibres, silk is the 

second important natural fibre next to cotton for textile applications and it is also referred to as “queen of fibres”. 
Due to its special texture, lustre, soft feel, and comfort properties it is being used as a sari, tie, dress material and 

other apparel applications for more than last 5000 years. 

Silk is conventionally dyed at 80-100 ºC using mostly acid dyes. This traditional dyeing process is energy and 
time intensive in addition with consumption of large quantity of water. Plasma treatment can only modify the 

surface of the fibres without altering the bulk properties [1-4]. After plasma treatment, as the surface of the silk 

became rougher, coefficient of friction was found to increase. After 30 min at lower pressure (60 Pa) plasma 
treatment in oxygen (O2), nitrogen (N2) and hydrogen (H2), the coefficient of friction of the treated fabric 

increased to 0.7-0.8 in from 0.22 of the untreated fabric [5]. After plasma treatment in O2 atmosphere slight 

flutes were observed on the treated silk and also fibrillar units were more evident in treated fibre [6].  In this 

study an attempt has been made to reduce the dyeing temperature of silk from 90ºC to 40ºC for the plasma 
treated silk fabric in the presence of helium-nitrogen (He-N2) gases.  
 

2. Material and Methods  

2.1 Materials and plasma treatment 

The 100% mulberry plain woven bleached silk fabric having an areal density of 40 g/m
2
 was used for plasma 

treatment. Acid dye (Acid Blue 221) was supplied by DyStar India Pvt. Ltd. The sample was plasma treated in 

the presence of helium-nitrogen (He-N2) gases in an indigenously developed atmospheric pressure plasma 

reactor. The samples were plasma treated for different time spans of 1-10 min with a constant as well as varying 

nitrogen flow rates in the range of 33.3 to 225 mL/min keeping the constant helium (He) flow rate at 450 
mL/min. 

2.2 Water wicking properties 
Wicking in the untreated and plasma treated samples was measured by capillary method. The sample size was 

kept at 8 cm × 2 cm and the time was measured for the water to rise to particular height. 
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2.3 Determination of dye bath exhaustion and K/S value                          
The plasma treated silk fabrics were dyed at 2% shade using acid dye in acidic condition (pH 4.5) with a 
material to liquid ratio of 1:40 at 40

 
ºC. Dyebath exhaustion was measured by sampling the dyebath solution 

before and after dyeing. Concentration of dye solution was measured in Perkin-Elmer Lambda 25 UV-vis 

spectrophotometer. Colour depth of the samples was evaluated measuring the K/S values using SpectraScan 
5100+ spectrophotometer at λmax of 650 nm. 

 

2.4 Scanning electron microscope (SEM) Analysis         

The surface morphology of the untreated and plasma treated silk fabrics were analyzed using scanning electron 
microscope, Model - Philips-XL30 at a magnification of 1200 X. 

2.5 Energy dispersive X-ray (EDX) analysis 
The surface chemistry untreated and plasma treated samples in terms of element present, their percentage and 

ratio were analyzed using Field Emission Gun Scanning Electron Microscope (FEG-SEM). 

2.6 Secondary ion mass spectrometer (SIMS) analysis 

Surface chemical composition in terms of molecules present and their distribution in the untreated and plasma 

treated mulberry silk samples were analyzed using time of flight secondary ion mass spectrometer (ToF-SIMS), 

Model PHI TRIFT V nano TOF using gallium as a primary ion source.  

3. Results and Discussion 

3.1 Water wicking tests 
Water wicking rate in the plasma treated fabric increased significantly compared to that of the untreated fabric, 

when the either plasma treatment time as shown in Fig. 1(a) and N2 flow rate increased as shown in Fig. 1(b). 

Water took only 428s in the 60s plasma treated sample to travel up to 6 cm height, whereas untreated sample 
took 696s.With increasing plasma treatment time, sample became more hydrophilic as a result of this water 

wicking time drastically reduced. In the 10 min plasma treated sample, wicking time for 6 cm travel was as low 

as 309 s. Similar trend was also observed when samples were plasma treated in different flow rates of nitrogen. 

When the N2 flow rate was increased from 33.3 ml/min to 50 ml/min, as reflected in the decrease in wicking 
time from 424s to 408 s, respectively to travel equal height of 6 cm and compared to 696 s taken by the untreated 

sample. Beyond 50 ml/min gas flow rate, wicking rate in the 4 min plasma treated sample did not improve 

distinctly, as the curves get overlapped. In the plasma treated sample, there was enhanced capillary action due to 
formation of which might have enhanced the wicking rate. Plasma treatment possibly also removes the surface 

fatty layer from the surface of silk,
 
thus making the fabric more accessible to water and dye molecules.  

                            
(a)                                                             (b) 

Fig. 1. Wicking time in the untreated and plasma treated silk with different time and N2 gas flow. 
  

3.2 Scanning electron microscope (SEM) characterization  
It is well known that plasma treatment can cause surface etching due to the high energy bombardment of ions, 

electron and UV light. Therefore, the changes of the surface morphology were studied under SEM. It can be seen 

from Fig. 2(a) that untreated sample has a smooth surface morphology and its triangular shape structure is also 
visible. On the other hand, after plasma treatment for 4 min, surface became rougher and longitudinal fibriller 

and striations along with longitudinal flutes and small pits are also visible in Fig. 2(b). The increase in surface 

roughness might have helped in increasing in surface area and capillary formation (capillary action). These two 
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phenomena might have cumulatively helped in enhancing water absorbency, wicking and dye exhaustion 

(discussed later). 

       
                                               (a)                                                          (b)  

Fig. 2. SEM micrographs of the (a) untreated and (b) plasma treated silk fabrics 

 

3.3 Energy dispersive X-ray spectroscopy (EDX) analysis 

Surface chemistry of the untreated and 4 min He/N2 plasma treated silk fabric was also analyzed under EDX to 
study the change in atomic percentage. In the untreated sample, the nitrogen percentage is 33.4% and it increased 

to 36.6%. The incorporation of more amount of nitrogen in the plasma treated sample might have helped in 

formation of more amine and amide groups during the plasma treatment in the presence of nitrogen gas.  

 

3.4 Secondary Ion Mass Spectrometry (SIMS) 

Time of flight secondary ion mass spectrometer (ToF-SIMS) was also used to analyze the surface chemistry of 
the silk fabric treated with plasma at 2 nm level. It can be seen from chemical images (molecular image) that 

OH
−
/CH

− 
ratio is 0.88 in the untreated sample and it significantly increased to 2.22. Similar, result was also 

observed for O
−
/C

−. 
. Due to the formation of more amine and amide groups there was an increase in the 

NH
−
/CH

− 
ratio from 0.04 to 0.11 in the untreated to plasma treated samples, respectively. 

 

3.5 Dyeing of silk fabric 

In our study, dyeing was carried out at ambient temperature (40ºC) without of usage of salt for the plasma 
treared silk fabric in the presence of He(450mL/min) and N2(50mL/min) gas for 4min. Fig. 3(a) shows the dye 

exhaustion percentage in the untreated and plasma treated samples. It is clearly visible that in the plasma treated 

sample, dye exhaustion is profoundly more right from beginning of dyeing cycle. After 80 min dyeing, the 
maximum dye taken up (saturation dye uptake) was 94% in the plasma treated sample as compared to only 69% 

in the untreated sample; this corresponds to 36% more dye exhaustion in the plasma treated sample. It can also 

be seen from the Fig. 3(a)  that compared to untreated sample, similar amount of dye exhaustion (69%) is 

possible by the plasma treated sample within 15 min. This will help to reduce dyeing cycle time by 75 min. 
Similar trend is also visible for the K/S value as shown in Fig.3(b). This is because dye exhaustion and the K/S 

are complementary phenomena. As a result of this, plasma treated sample showed deeper shade as compared to 

that of untreated sample. The K/S value after 80 min of dyeing was 3.7 in the plasma treated sample as compared 
to only 2.8 in the untreated sample (32% increase). The increase in acid dye uptake was possible due to the 

chemical changes, such as introduction of more number of amine groups (–NH2)  as confirmed by EDX and  

 

    
(a)                                                                       (b) 

Fig. 3. Dye exhaustion % and K/S value in the untreated and plasma treated silk fabrics at 40
 
ºC 
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SIMS analysis and physical changes, such as increase in surface roughness due to the plasma etching and 

removal of hydrophobic fatty layer from the surface. As more amount of dye gets adsorbed by the plasma treated 

fabrics, sample showed higher K/S value.  As more amount of dye was adsorbed in the fibre structure, sample 
showed high K/S value. 

 

4. Conclusions 
Silk fabric was plasma treated in indigenously developed atmospheric pressure helium-nitrogen plasma. After 

the plasma treatment there was change in physical as well as chemical properties of silk. Due to these surface 

changes water absorbency time and wicking improved significantly. As the sample became more hydrophilic 

upon plasma treatment due to the generation of polar groups, dye bath exhaustion in case of the plasma treated 
sample was increased by 36% and the K/S by 32%. Plasma treatment in nitrogen atmosphere helped in formation 

of more amine groups in silk fibroin, which acts as a dye site for more dye exhaustion by electrostatic attraction. 

After plasma treatment surface of silk fibre became rougher due to the plasma etching. It was interesting to note 
that dyeing time could be reduced by 75 min and dyeing was possible to carry out even at 40 ºC compared to 90-

100 ºC required in conventional method. SEM images showed the presence of micro pits and striations on the 

surface of the plasma treated fibres. Due to increase in amine and amide groups in addition with increase in 

surface roughness, the rate of acid dye exhaustion profoundly increased in case of the plasma treated samples as 
compared to that of untreated sample. Hence, it can be concluded that atmospheric pressure He-N2 plasma 

treatment can be used for low temperature dyeing of silk fabric at a lower cost.  
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Abstract: Polyethylene terephthalate (PET) fibre is most widely used in the textile industry. Surface 

modification of PET fibres by NaOH solution is a process of weight reduction giving smooth surface with 
decrease in fibre diameter through hydrolytic scission of ester linkages of the polyester chains on the fibre 

surface. In order to enhance the effect, various chemicals like amines are added in catalytic amounts so as to 

conserve the alkali, time and temperature of the reaction. 
In this work, PET fabric was treated with aqueous as well as methanolic NaOH solutions with different catalysts 

like an ionic liquid, 1-Butyl-3-methylimidazolium Chloride [BMIM]Cl, and a quaternary ammonium compound, 

cetyl trimethyl ammonium bromide (CTAB). The process parameters were optimized for desired weight 

reduction. The results were evaluated in terms of the loss in weight and SEM of the samples. 
The results indicate that the surface modification of PET fabric using ionic liquid or quaternary ammonium salt 

as additive to NaOH improve the feel of fabric, by decreasing treatment temperature and time as compared to 

conventional method. 
 
Keywords: Polyester fabric, weight reduction, NaOH, ionic liquid, quaternary ammonium salt. 

 
1. Introduction 

The process of surface modification of PET fibres by NaOH solution is a process of weight reduction; a well-
established process patented in 1958 and still a common finishing operation [1]. It is well-known that the 

reaction between an aqueous solution of sodium hydroxide and polyester is a hydrolysis reaction and it takes 

place at the electron-deficient carbonyl carbons of PET, which attacked by hydroxyl ions. Surface modification 
of PET is known to be achieved by chemical reagents such as alkalis, salts, acids and amines [2].

 

The reaction of aqueous sodium hydroxide with PET is topochemical and hence limited to the fibre surface. In 

other words, sodium hydroxide is unable to affect the PET fibre core. This conclusion has been based on reasons 

such as retaining the same fibre cross-sectional form and moisture regain or the observation of no change in 
tenacity after hydrolysis [3].

 

Ionic liquids (ILs), also known as molten salts, consist of organic cations and organic/inorganic anions. ILs are 

class of salts which are liquid below 100 °C whereas salts that are liquid at or below room temperature (i.e. 25 
ºC) are known as room temperature ionic liquids (RTILs). ILs are environmental friendly solvent and catalyst, 

Because of their adjustable physical and chemical properties, ILs got broad attention of scholars from various 

fields such as synthesis, catalysis, separation, and electrochemistry [4,5].
 

The present paper reports the results of ionic liquid and quaternary ammonium salt as an additive on to the 

treatment of PET fabric samples with aqueous as well as methanolic sodium hydroxide solutions in terms of 

their weight loss of fabric. 

 
2. Materials and methods 

2.1 Substrate 
Polyester fabric with 142 × 47 yarns/cm, twisted ply yarn in warp direction with GSM of 1.24 was used in the 

present work. 

 

2.2 Chemicals 

Sodium hydroxide, methanol, butyl chloride, 1-methyl imidazole and all other chemicals were of laboratory 

reagent grade. Cetyl trimethyl ammonium bromide procured from S.D. fine chemicals. Both ionic liquid and 
CTAB were used as catalyst in NaOH solution. 

 

2.3 Conventional aqueous NaOH treatment 

About 0.6 g of PET fabric samples were treated with 20% (w/v) aqueous sodium hydroxide solution. The 
treatments were carried out at 30 to 60 °C for 10 to 60 min. The treated samples were immediately washed with  

mailto:musale.rakesh86@gmail.com
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water for removal of the alkali. 

 

2.4 Conventional methanolic NaOH treatment 
Sodium hydroxide was dissolved in methanol to prepare 5% (w/v) solution. The treatments were carried out at  

30 °C for 5 to 60 min. The treated samples were immediately washed with water for removal of the alkali. 

 

2.5 Synthesis of [BMIM]Cl ionic liquid 

A round bottom flask was charged with 1-methylimidazole (1 mmol) and butyl chloride (1.2 mmol) and refluxed 

at 120 °C for 12 h under nitrogen atmosphere. The progress of reaction was monitored by TLC. After 

completion of the reaction, it was cooled to room temperature and excess butyl chloride was removed under 
reduced pressure to give 1-butyl-3-imidazolium chloride [BMIM]Cl. 

 

2.6 Treatment with 5% catalyst (IL/QAS) as an additive to 20% aqueous NaOH 
About 0.6 g of PET fabric samples were treated with 5% (w/w) catalyst as an additive in 20% aq. sodium hydroxide 

solution in an open beaker, keeping the liquor ratio 100. The treatments were carried out at temperature 30 °C for 5 

to 60 min. The treated samples were immediately washed thoroughly with water for removal of alkali. The samples 

were finally air dried. 

 

2.7 Treatment with 5% catalyst (IL/QAS) as an additive to 5% methanolic NaOH 

 About 0.6 g of PET fabric samples were treated with 5% (w/w) catalyst as an additive in 5% methanolic NaOH 
solution in an open beaker, keeping the liquor ratio 100. The treatments were carried out at temperature 30 °C 

for 5 to 20 min. and after that thorough washing and drying. 

 

2.8 Measurement of weight loss 

The control and the treated PET samples was dried in an oven at 110 °C for 2 hr and then cooled at room 

temperature. The dry weight of the sample was obtained accurately. The percentage weight loss was determined 

according to following the formula. 
 

Table 1. Effect of 0% aqueous NaOH on weight loss of polyester fabric by various catalyst. 

Temp. °C Time, min 
 Wt. Loss, %  

Conventional QAS [BMIM]Cl 

30 10 0.26 0.46 0.56 

 20 0.37 0.81 0.93 

 30 0.48 1.03 1.32 

 45 0.58 1.21 1.44 

 60 0.89 1.59 1.67 

40 10 0.30 0.64 0.97 

 20 0.49 1.06 1.65 

 30 0.83 1.70 2.15 

 45 1.52 3.84 4.13 

 60 2.15 4.91 5.78 

50 10 0.48 0.97 1.30 

 20 0.95 1.99 2.24 

 30 1.05 2.17 3.12 

 45 2.20 4.77 5.33 

 60 3.12 6.62 7.45 

60 10 0.98 2.00 6.31 

 20 2.45 5.41 14.25 

 30 4.08 8.11 23.54 

 45 6.35 13.30 - 

 60 11.13 28.69 - 
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      (1) 

where w1 and w2 are the weights of the before and after treatment, respectively. 

 

3. Results and Discussion 
The process of alkaline weight reduction of PET, mainly in the form of fabric, has gained considerable 

commercial importance because of a number of advantages associated with the process. Our earlier studies on 

PET fibres involved the use of aqueous as well as alcoholic solutions of caustic soda for this purpose.  

Table 1 gives the data on the effect of 20% (w/v) aqueous sodium hydroxide solution and 5% catalyst as an 
additive in the reaction on the weight loss of the PET fabric samples. Conventional method of alkali treatment on 

PET fabric sample gives less weight loss as compared to the added catalyst in the solution. It may be observed 

that under identical conditions of alkali treatment, the effect of catalyst on PET fabric was much higher than that 
by conventional method. Thus, at 60°C and for 30 min treatment time, a weight loss of 4.08% was observed for 

the conventional method as compared to the effect of added catalyst in alkali solution as 8.11 and 23.54% for 

quaternary ammonium salt and [BMIM]Cl respectively. 
Table 2 gives the data on the effect of 5% (w/v) methanolic NaOH solution and 5% catalyst as an additive in the 

reaction on the weight loss of the PET fabric samples. Conventional method of methanolic alkali treatment on 

PET fabric sample was form to be less severe as compared to the effect of added catalyst in the solution. It may 

be observed that under identical conditions of alkali treatment, the effect of catalyst on PET fabric was much 
higher than that by conventional method. Thus, at 30°C and for 20 min treatment time, a weight loss of 7.31% 

was observed for the conventional method as compared to added catalyst in alkali solution as 18.54 and 20.43% 

for quaternary ammonium salt and [BMIM]Cl, respectively. 

 

Table 2.  Effect of 5% methanolic NaOH on weight loss of polyester fabric by various catalysts. 

Temp. °C Time, min 
 Wt. Loss, %  

conventional QAS [BMIM]Cl 

30 5 1.57 3.67 4.67 

 10 3.23 8.43 9.10 

 20 7.31 18.54 20.43 

 
Sodium hydroxide forms different hydrates with water depending on its concentration in the aqueous solution. A 

number of water molecules surround a sodium hydroxide molecule in such hydrate and its size decreases with 

increase in the concentration of sodium hydroxide. 
The solubility of sodium hydroxide in methanol is less as compared to water. The smaller size of the solvated 

sodium hydroxide molecules in methanol (much smaller than the hydrates) and lesser repellence of those 

solutions from polyester due to less polarity perhaps may be responsible in providing them more easy access to 

the fibre surface leading to increased weight loss of polyesters. 
 

4. Conclusion 

The weight loss of PET fabric in aqueous NaOH is less as compared to methanolic NaOH due to higher polarity 
of the former solution. Less polar solutions of alkali are more effective in hydrolyzing polyester fibres 

topochemically. [BMIM]Cl is more effective in aqueous and methanolic NaOH solution for weight loss of PET 

fabric than quaternary ammonium salt. Addition of [BMIM]Cl increased the weight loss in methanolic NaOH 
than in aqueous NaOH solution. The addition also allows decrease in the concentration of NaOH, temperature 

and time for reaction to improve weight loss of fabric. 
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Abstract: In this study aroma finish was imparted to cotton fabric by treating them with lemon grass oil micro 

capsules through the pad dry cure technique. Lemongrass oil microcapsules were prepared by the complex 
coacervation technique and applied on the fabric. The wash durability of aroma finished fabric was tested and 

the presence of microcapsules was analysed through scanning electron microscopy. The wash fastness of fabric 

finished by oil microcapsules and pad dry cure technique were tested against the fabric finished by exhaust 
method and it was revealed that the wash fastness was highly increased in fabric treated with oil microcapsules 

as compared to the exhaust method.  

 

Keywords: Aroma finish, microencapsulation, textile finishing, wash durability. 

1. Introduction 

Garments act as second skin so they are the excellent media to transfer wellness effect. The addition of 

fragrances to textiles has been carried out for many years in the form of fabric conditioners in the wash and 
tumble drying process but the effect was short lived. To achieve durable aroma finish on textiles has been a long 

time dream for textile chemists. As fragrances are volatile so they evaporate away and do not stay for long 

periods and are not resistant to wash. Therefore microencapsulation was found to be a solution to this problem. 
Microencapsulation can effectively control the release rate of fragrance compounds and essential oils as required 

which ensures the storage life of volatile substance [1] 

Microencapsulation is a technique to prepare microcapsules, small particles that contain an active agent or core 

material surrounded by coating or shell of limited permeability [2]. Microencapsulation is an innovation wherein 
active material is enveloped in a coating or capsule which protects it from external environment. The aroma 

capsule is a kind of container that provides both space for storing a certain amount of aromatic matter and a 

protective shield from the effects of sunlight, moisture and oxygen. Release of aroma is by diffusion of the 
fragrance through the capsule wall and rupture of the capsules [3].  These capsules can be applied to fabric 

through simple pad-dry sequence. During wear, simple mechanical rubbing of fabric gradually ruptures the 

membrane releasing active ingredient as moisturising or deodorising effects. 

The wellness business is proactive. People voluntarily become consumers to feel fresh, to reduce the effects of 
odour and to alleviate there moods. Aroma textiles offer a new challenge and field is wide open to innovation. It 

is believed that these textiles will become a fashion in the near future. This will not only provide deodorising 

effect but also act as mood alleviators. It will benefit the agriculture sector as it will ensure increased cultivation 
of aromatic plants and enhanced rate of essential oil extraction. Aroma finish will add value to cotton so the 

cultivation, production and export of cotton will also boost. 

 

2. Materials and Methods 

Cotton Fabric 200 thread count was sourced from local market of Haryana. Essential oils were purchased from 

Fine fragrances, Mumbai. 

Selection of essential oil: For this study an exhaustive list of various essential oils was prepared out of which 
four oils were chosen on the basis of availability and cost. Out of four one essential oil was selected on the basis 

of choice of aroma with the help of a self structured preferential choice. 

Preparation of Fabric: The cotton fabric was desized, bleached and scoured to make it ready for treatment. 
Application of Lemongrass oil by Exhaust Method: Cotton the fabric finished by exhaustion method with 5-7% 

binder ST which is used as cross-linking agent. The fabrics were kept immersed in the solution containing 5-

10% lemongrass oil, (ML ratio – 1: 10) for 20-30 minutes at 40ºC in water bath. After finishing, the fabrics were 
removed, squeezed and dried at 100ºC in the oven for 5 minutes and then cured at 120 ºC for 2 minutes. [4] 

Preparation of lemongrass oil microcapsules: Complex coacervation technique was used to prepare 

microcapsules. 12 g of gelatin was dissolved in warm water and  stirred at high speed for 10 minutes. 4 g of core 

material was added to the solution at 40ºC. 12 g of gum acacia was dissolved in water separately. and was added 
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to the gelatin solution and the temperature of the solution was maintained at 40ºC. The pH of the solution was 

decreased to 4.5. The solution was stirred at high speed for 20 minutes and the temperature was lowered to 5ºC 

for gel formation. The pH was increased to 8.5 to form microcapsules. 1 ml of alcoholic formalin (17 percent) 
was added to the formed capsules for stabilization. 

The resultant precipitate obtained was analyzed under inverted microscope to ensure the formation of 

microcapsules. [5] 
Application of Microcapsules on Fabric: The cotton fabric sample was immersed in the padding solution with 

110-120 expression using pneumatic padding mangle, squeezed and cured at 80-85ºC for few minutes. [6] 

Assessment of Finished Fabrics for Wash Durability: Wash durability test was carried out as per the 

recommendation of IS: 3361-1979 (ISI handbook of textile testing, 1982e) in a ‘laundrometer’ using 5gpl of 
soap and M:L ratio 1:50 for 45 minutes at 50 ± 2º C. After removing fabric specimen from laundrometer after 5, 

10, 15, 20, 25 and 30 wash cycles it was rinsed twice in cold water and then in running tap water for 10 min and 

squeezed. The finished specimen was dried in air at a temperature not exceeding 60 ºC. 
SEM analysis of treated and washed fabrics: Scanning electron microscope was used to ensure the presence of 

microcapsules in the treated samples and samples after different number of washing. The treated fabric samples 

of 10 mm diameter were mounted on the circular metallic sample holder and samples were analyzed at a 

magnification of 1200 x and images were captured. 
Retention of aroma after wash: The treated samples and washed samples were evaluated against aroma retention 

by 20 experts through survey technique using olfactory analysis. The aroma assessment was based on Lewis’s 

procedure [7]. A portion of each fabric was removed after 5, 10, 15, 20, 25 and 30 wash cycles, tested for the 
presence of fragrance by the experts. To detect odour, a specimen was put on a desk and the expert used a 

fingernail to scratch “X” on the specimen to rupture some capsules and smell the swatch. The size of “X” was 

about 3x3 cm. The responses were recorded as ‘Yes’ or ‘No’. If the aroma was judged to be present by majority 
of experts, the condition was noted as passing.  

 

3. Results and discussion 

3.1 Selection of oil 
The survey revealed that Lemongrass oil was the most preferred essential oil therefore it was used for further 

experimental work. 

 
Table 1. Preferences of the respondents for essential oil for microencapsulation 

 

 

 

 

 

 

 

 

3.2 Microcapsule formation 
 The precipitate obtained through complex coercervation technique was analysed under inverted microscope and 

it was observed that several spherical shaped microcapsules were formed.  

 

 

 

 

 

Fig.1. Microcapsules analysed under inverted Microscope 

Essential oil Aroma Rank 

(WMS)  

Basil oil 3 II 

Lemongrass oil 3.48 I 

Orange oil 3.04 III 

Tea Tree oil 2.52 III 
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3.3 Wash fastness of treated fabric 

The olfactory analysis results of the washed samples revealed that the fabric treated through exhaust method 

retained fragrance only till 10 washes while the fabric treated through the oil microcapsules retained fragrance 
till 30 washes. 

 

Table 2. Retention of aroma after wash in fabrics treated by exhaust and oil microencapsules 

 

 
Fig. 2. Retention of aroma after wash in fabrics treated by exhaust and oil microencapsules 

 

3.4 Intensity of aroma after wash 
 The treated and washed samples were got evaluated against intensity of aroma by 20 respondents on a 5 point 

scale and it showed that the intensity of aroma is strong during the first few washes and then it decreases 

gradually, but faint aroma is present even after 30 washes in the fabric treated with oil microcapsules while the 

fabrics treated by exhaust method retaines faint aroma only till 10 washes. 
 

Table 3. Intensity of aroma after wash in fabrics treated by exhaust and oil microencapsules 

 

 

 
 

 

 
 

 

 

Wash cycles Unwashed 5 10 15 20 25 30 

Retention of aroma 

(exhaust) 

20   (100) 15 

(75) 

2 

(10) 

0 0 0 0 

Retention of aroma 

(microencapsulated)F(%) 

20   (100) 20 
(100) 

20 
(100) 

19 

(95) 

17 

(85) 

15 

(75) 

4 

(20) 

Wash cycles Intensity of aroma(WMS) 

Microencapsulated Exhaust 

Unwashed 4.35 4.2 

5 4.2 2.5 

10 3.7 1.2 

15 2.95 0 

20 2.5 0 

25 2.3 0 

30 1.2 0 
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Fig 3. Intensity of aroma after wash in fabrics treated by exhaust and oil microencapsules 

3.5 SEM analysis of microencapsulted fabrics 

 The SEM anaylsis of Microencapsulted fabric depicts the presence of too many microcapsules the treated fabric 
and few microcapsules can be seen in the fabric with 30 washes. As the number of washes increases the number 

of microcapsules on fabric decreases. 

  

        Fig. 4. SEM analysis of cotton fabric treated with lemongrass microcapsules 

4. Conclusion 

Spherical shaped stable microcapsules can be prepared with complex cacervation technique. The wash durability 
results revealed that the fabrics treated with exhaust method retained aroma only till 10 washes while the ones 

treated with oil microcapsuled retained aroma till 30 washes. However the intensity of aroma decreased wit the 

increase in number of washes and faint aroma was present in the microcapsules treated fabric after 30 washes. 

SEM analysis of the microencapsulate fabric also revealed the presence of large number of microcapsules in the 
treated fabric and the number gradually decreased with the increase in the number of wash cycles. 
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Abstract: Nowadays people are becoming cautious because of the toxic nature of synthetic dyes and synthetic 

fibres right from their raw material production to processing. Thus, there is an increasing demand for products 

from natural sources that use natural fibres and natural dyes. Banana fibres are basically obtained from waste 
stalk of banana pseudo stem. Natural dyes are obtained from vegetables, insects and minerals. Here, in this study 

an attempt has been made to dye banana fibres with natural dyes like marigold, lac, madder and onion with the 

help of alum as a mordant. The results indicate that the banana fibres can be dyed with these natural dyes and 
dye uptake increases with increase in percentage shade. The dyed samples showed all round good wash and light 

fastness properties. The results indicate good potential for coloration of banana fibres with natural resources.  

 

Keywords: Banana fibres, marigold, lac, madder, onion, wash fastness, light fastness. 

 

1. Introduction 

Textile materials are colored to obtain the desired look, appearance and value addition. In ancient times textile 
materials were colored by colours derived from natural sources only. But due to invention of synthetic dyestuffs 

which have advantages over natural dyes like cost factor, color yield; manufactures/ processes shifted towards 

synthetic dyestuffs. Today we are moving towards sustainable processing so by keeping in mind environmental 
concerns, natural dyes are getting more importance since their production does not require any hazardous 

chemical reactions to occur, which is the problem with synthetic dyestuffs, giving more eco-friendly processing 

of natural dyes on natural fibres. 

Natural fibres are also environmentally friendly since they are biodegradable and non toxic. Banana fibre is a 
cellulosic fibre obtained from pseudo stem of banana plant. Banana fibre is a bast fibre obtained from waste stalk 

of banana plant. The outer sheath is tightly covered by layers of fibre. The fibre is located primarily adjacent to 

the outer surface of the sheath and can be peeled- off in ribbons of strips [1]. 
Natural dyes are basically dyes or colorants derived from natural sources like plants, insects and minerals. India 

has a rich biodiversity so wide range of natural coloring raw material is available in India.  

Marigold is an ornamental plant. Marigold is a major source of cartenoids and Lutein. Marigold flowers which 
are yellow to orange are a rich source of Lutein, a cartenoid pigment [2]. 

 
 

Fig. 1. Structure of lutein 

Lac is the scarlet resinuous secretion of a number of species of lac insects, of which the most commonly 

cultivated species is Kerria lacca. Lac dye is based on anthraquinoid type of structure and composed of laccaic 
acid and erthrolaccin. Laccaic is water soluble compound whereas erythrolaccin is water insoluble compound 

[3]. 

 
Fig. 2. Strucure of laccaic acid 
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Madder is natural dyestuff known to us from ancient times. Ideal colour was said to come from plants 18 to 28 

months old that had been grown in calcareous soil, which is full of lime and typically chalky. Dye is obtained 

from roots  of the plant.. Indian madder is anthraquinone based red dye. The most impportant colorants in  
madder are the anthraquinones, alizarin, purpuroxanthin, rubiadin, manjistin, purpurin, pseduopurpurin [4].  

 
 

Fig. 3. Structure of Alizarin 

 

The dried outer skin of onions can be used for colouring natural textile fibres. So outer skin of onion which is 

generally thhrown away as waste can be used to extract dye. Onions contain phenolics and flavonoids they have 
potential anti-cholesterol, anticancer and antioxidant porperties. Onions peels are rich in tannis which nhave 

good affinity  on textile. Quercetol is the coloring matter in onion peels[5]. 

 

Fig. 4. Strucutre of Quercetol 

 

2. Materials and Methods 

2.1  Materials 
Banana fibres were provided by Central Institute for Research on Cotton Technology, Mumbai. Madder and Lac 

were provided by Adiv pure natural in powder form. Marigold flowes and onion skin were provided by Adiv 

pure natural.Alum used as the mordant and was of laboratory grade purchased from S. D Fine Chemicals Ltd.  

 

2.2  Methods 

2.2.1  Dissolution of Mordant 
A stock solution of alum(20%) was made by dissolving 20g of alum in 100 ml of water. Solution was filtered 

and used for mordanting of fibres. 

 

2.2.2  Extraction of Dye 
Marigold, lac, madder, onion are taken in fine powder form. A 10% stock solution was prepared by taking 10g 

of powder separately of each dye in separate  round bottom flask. Solution was heated upto boil in heating 

mentor under reflux condition for 1 hour. After 1 hour solution was filtered and  made to original volume, and 
used as 10% stock solution for dyeing. 

 

2.2.3 Mordanting and dyeing processes 
The mordanting of banana fibres were carried out in Rota dyer(Rota Dyer machine, Rossari Labtech, Mumbai) 

keeping the material to liquor ratio of 1:30. The fabric was introduced into the mordant solution at room 

temperature and the temperature was gradually raised to 85
0
C. The mordanting was continued at this temperature 

for 1 hour.After mordanting, the fibres were squzeed and dyed with lac and marigold dye extract separately for 
three diffent shades 10%, 20% and 30%. The dyeing was continued at 85

0
C for 1 hour.After dyeing, the fibres 

were squzeed and washed with cold water. 

 



                                                                Global Textile Congress, Bangkok, 13-15 Feb 2015 

 

Dyeing of banana fibre with marigold, lac, madder and onion Dyes 

M. D. Teli, Sanket P. Valia and Jignesh S. Mahajan  

158 
  

3. Testing and Analysis 

3.1 Colour value by reflectance method 

The dyed samples were evaluated for the depth of colour by reflectance method using 10degree observer. The  
absorbance of the dyed samples was measured on RayscanSpectrascan 5100+ equipped with reflectance  

accessories. The K/S values were determined using expression; 

 
Where, R is the reflectance at complete opacity; K is the Absorption coefficient & S is the Scattering coefficient. 
The dyed fabrics were simultaneously evaluated in terms of CIELAB colour space (L*, a* and b*) values using 

the RayscanSpectrascan 5100+. In general, the higher the K/S value, the higher the depth of the colour on the 

fabric. L* corresponds to the brightness (100- white, 0- black), a* corresponds to the red–green coordinate 
(positive- red, negative -green) and b* corresponds to the yellow–blue coordinate (positive -yellow, negative -

blue). As a whole, a combination of these entire co-ordinates enables one to understand the tonal variations. 

 

3.2 Evaluation of Wash fastness  

Evaluation of colour fastness to washing was carried out using ISO 105 C03 method. A solution containing 5 g/l 

soap and 2gpl soda solution was used as the washing liquor for synthetic dyes dyed samples and only 5g/l soap 

solution was used as the washing liquor for natural dyes. The samples were treated for 1hour at 60 
0
C. After 

rinsing and drying, the K/S values of these samples are determined and compared with K/S values original 

samples ratting is given. (Rating 1–5, where 1 – poor, 2 – fair, 3 – good, 4 – very good and 5 – excellent). 

 

3.3 Evaluation of Light Fastness 

 The light fastness was determined using artificial illumination with Tungsten lamp in light Fastness Tester. 

Samples are attached on black cardboard and kept for 17 hours. After that K/S values are find out and compared 
with K/S vales of standard samples and given ratings to light fat samples. (Rating 1–8, where 1 – poor, 2 – fair, 3 

–moderate, 4 – good, 5 – better, 6 – very good, 7 – best and 8 –excellent). 

 

4. Results and Discussion 
 The dyeing of alum mordanted banana fibres using natural dyes like marigold, lac, madder, and onion was 

attempted and these results are summarized in Tables 1-4. 

The results in Tables 1 to 4, represent that of the bleached alum mordanted banana fibres are dyed with natural 
marigold dye, lac dye, madder dye, onion dye with three different percent shades namely 10%, 20% and 30%. 

The results indicate that with the increase in percentage shade the K/S values increase and with increase in the 

percent shade there is an increase in the K/S values showing that the dye has affinity for fibre.  

 From results in Tables 1 to 4, it can be clearly seen that washing fastness varied in range of 3 to 4 (good to very 
good). This shows that the dye-mordant fibre interaction is good. Also from these tables the overall light fastness 

varied in the range of 5 to 7 (better to best) for all dyes. This shows that the dyes are stable to photo degradation.   

In terms of CIELAB colour space L* values indicates lightness or brightness. Higher  L* values bright  is colour.   
The a* values indicates redness or greenness  and b* values indicates yellowness or blueness. Positive a* values 

means reddish is a colour negative values means greenish is the colour. Positive b* values means yellowish is 

the colour negative values means bluish is the colour.  

 

Table. 1.  K/S and fastness values of bleached and mordanted (Alum 20%) banana fibres dyed with Marigold 

dye 

Sr. No. Shade (%) K/S L* a* b* 

Fastness 

Colour Change 

Wash Light 

1 10 8.77 54.26 10.85 47.76 3 6 

2 20 13.63 60.52 9.47 54.54 3 7 

3 30 17.14 62.12 7.77 55.12 3 6 
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Table 2. K/S and fastness values of bleached and mordanted (Alum 20%) banana fibres dyed with Lac dye 

Sr. No. Shade (%) K/S L* a* b* 

Fastness 

Colour Change 

Wash Light 

1 10 10.36 25.62 24.86 -1.04 3 5 

2 20 17.08 24.93 22.00 -0.30 4 5 

3 30 19.27 24.55 20.45 0.86 4 5 

 

Table 3. K/S and fastness values of bleached and mordanted (Alum 20%) banana fibres dyed with Madder dye 

Sr. No. Shade (%) K/S L* a* b* 

Fastness 

Colour Change 

Wash Light 

1 10 1.76 37.91 26.32 25.88 3 7 

2 20 2.70 37.01 30.13   26.92 4 7 

3 30 3.24 36.87 32.86 27.73 4 8 

 

Table 4. K/S and fastness values of bleached and mordanted (Alum 20%) banana fibres dyed with Onion dye 

Sr. No. Shade (%) K/S L* a* b* 

Fastness 

Colour Change 

Wash Light 

1 10 4.55 80.36 -0.78 35.96 4 7 

2 20 5.73 81.28 -1.01   37.37 4 7 

3 30 10.24 80.17 0.15 38.65 4 7 

 

From Table 1 for marigold dye both a* and b* values are positive but b* values are much higher than a* values 

indicating reddish-yellow colour on banana fibre. From Table 2 for lac dye a* values are positive and b* values 

are near to zero indicating red colour on banana fibre. From Table 3 for madder dye both a* and b* values are 
positive indicating reddish-yellow colour on banana fibre. From Table 4 for onion dye a* values are negative or 

near to zero and b* values are positive greenish-yellow indicating yellowish with slightly red colour on banana 

fibre.  

 

5. Conclusion 

Dyeing of banana fibres was successfully carried out using marigold, lac, madder, onion dyes. The dyed fibres 
showed good colour strength. The dye uptake on banana fibres increased with increase in percentage shade. The 

dyed banana samples showed satisfactory fastness properties. Hence, banana fibres can be dyed using natural 

dyes.  
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Abstract: Craft and design, in Indian context, is extremely complex and multifaceted. It has a huge impact on 

livelihood of the huge population of millions of traditional craftsmen. It has a link with the past and with the 

future. Under the pressures of an evolving society and changing commercial and technological needs, these 
traditional patterns and symbols are also undergoing change. A cultural product can be thought of as an artefact 

produced by and for a specific cultural group.  

The  paper discusses different approaches of designers, non profit non government organizations and 

craftspersons in traditional printing cultures like ajrakh, in an attempt to survive in the commercial space. The 
paper highlights ajrakh printing clusters, with an approach towards revival and sustenance. A printing cluster in 

Dhamadka Kutch, a western state in India, had a tradition of printing traditional textiles for the local population 

which had become confined to their production of ajrakh fabrics, lungis, turbans, sarees, etc. over the years. The 
other example is of Ajrakhpur, in Kutch, India a more recently developed cluster, post-earthquake 2001, formed 

by migrated traditional block printers from Dhamadka who have adapted to changes much faster due to their 

proximity to the town Bhuj which is well connected by road, rail and air and is also visited by tourists from all 
over the world. The printer communities have moved on to producing products for the urban global market, yet 

have retained their cultural identity. In recent times, input by developmental agencies and individuals have 

freshly invigorated the scenario by reviving interest in a traditional product by playing around with motifs, 

colour combinations and experimentation with layouts and raw material and to a great extent product 
development. Rannotsav encourages the inflow of tourist from all parts of India and the world creating a new 

beginning for locals of Kutch including the crafts persons in the international niche markets. 

 
Keywords: traditional textile, block printing, ajrakh, iconography, sustenance. 

 

1. Introduction 

1.1 International Trade: Arabic, Chinese and European sources of information mention and discuss the western 

part of India as the chief source of exotic and beautiful textiles. Tome Pires, the Portuguese observer mentions 
about Indian textile trade and how Cambay (Gujarat), was the main port in the trade route that began from the 

Mediterranean to the South-East Asia and beyond. Barnes (1997) dealt with the printed trade textiles from 

Gujarat exported, to Indonesia, including many from the Ajrakh category.  

 

1.2 Antiquity: There are few evidences to determine the presence of block printing technology as early as the 

fifth century BC. and the more recent excavations at Fustat and Quesir-al- Qadim in Egypt seem to be the 
earliest known examples of printed Indian fabric, produced probably in Kutch or Rajasthan of Western India. A 

textile, which is as modern and used by the contemporary people living in Kutch is also as ancient as the 

fragments, which have been dated back to the 15th century AD. while a few have been dated to 11th century 

AD., is an amazing example of an ancient tradition continuing to the present day. 

 

1.3 Clusters & Craftsmen: Kutch has been a center of printing and resist dyeing for centuries. The combination 

of the two techniques is seen in Ajrakh, traditionally a blue and red dyed and printed cotton cloth that is found in 
Kutch: most notably in Dhamadka, Khavda and recently in Ajrakhpur. Ajrakh is dominated by professional 

craftsmen of the Khatri community, who carry out the various stages of preparation, printing and dyeing of the 

cloth. (Dedhia E & Hundekar M, 2008).  
 

1.4 Traditional Uses:  Lotika Vardarajan (1983) has noted that it was customary to present male members  of a 

marriage party specially the bridegroom in Kutch with new Ajrakh cloth. Edwards (2011) states that Ajrakh is 

worn exclusively by Muslims cattle herders of Banni in the north of the district. Ajrakh is attributed with 
protective properties against harsh environment of Banni and is believed to be auspicious. 

 

mailto:elamanojdedhia@yahoo.com


                                                                Global Textile Congress, Bangkok, 13-15 Feb 2015 

 

Role of designers in creating niche markets for traditional textiles - changing iconography of traditional 

indian resist block printing, ajrakh 

Dr. Ela Manoj Dedhia      161 
  

 
 

1.5 Motifs, Style & Colour: Coarse cotton was used for the base with a fairly bold depiction of pattern usually 

done against a coloured background. An Ajrakh may be printed on one side or on both called ‘bepasi’ where the 
design must match up on both sides so that the cloth is completely double sided. The designs are restricted to a 

range of geometrical patterns based on squares, with stars, circles and ellipses arranged symmetrically within 

them (refer Fig. 1) . A small number of designs based on rectangles rather than squares are seen as non-
traditional and are worn by groups other than Muslim men. The traditional colouring of Ajrakh is deep blue and  

red, with a small amount of white and black. In recent years, the use of white has become more prominent within 

some of the designs; a feature sometimes associated more with western Rajasthan than Kutch or Sindh. Ajrakh 

never features floral or naturalistic designs. Ajrakhs in Sindh are usually distinguished by the pattern on the 
central field and the configuration of the side borders. Noorejehan Belgrami (1998) describes “Azrakh” as a 

textile with dominant hues of rich crimson and deep indigo a name derived from ‘Azrak’, which means blue in 

Arabic and Persian. The Harappa and Mohenjo-Daro (2500 -1500 BC) site excavations revealed a terracotta bust 
of a King Priest wearing an Ajrakh shawl and the trefoil motif kakkar (cloud) pattern embroidered or printed. 

(Bilgrami, 1998).  

 

1.6 Technique: These cloths were printed in a labour intensive and complex sequence that involved both resist 
and mordant techniques. Although synthetic blue and red dyes are now usually used in place of natural indigo 

and madder, the processes followed are still the traditional ones. Stages preliminary to actually printing the cloth 

include: the lengthy preparation of iron and alum mordants for the vegetable colour to be taken on the cloth; the 
preparation of resists which ensure that unwanted parts of the cloth are not dyed; the bleaching and softening of 

the cloth by means of a cow dung bath; and immersion of the cloth in a myrobalan solution to aid mordanting. 

The printing can then be carried out. As the indigo is dyed before the alizarine red, resists are first printed onto 
the cloth (on both sides if necessary) and the cloth is then immersed in the indigo vat (today synthetic indigo is 

almost universally used). After rinsing, the cloth is boiled in alizarine red dye, the mordants for which had 

already been applied in combination with the resist. The final stages include rinsing and further bleaching by 

dung of the white areas, for three days before final washing and drying take place. (Dedhia & Hundekar 2008). 

 

1.7 Iconography and Ornamentation: The evolution of the Ajrakh textile tradition to the present day has been 

influenced by various factors and has faced many challenges along its journey; urbanization and mechanization 
being the most important amongst them. These need examining and preserving to understand the reasons of the 

ornament to have survived for centuries. 

 
1.8 New opportunities: Over the years, this craft has seen many changes, but has risen to the challenge and 

embraced new opportunities along the way. The craft saw the adoption of synthetic dyes in 1950’s and the 

resurgence of vegetable dyes in 1975 as two major milestones, addition of colours like green, yellow and brown. 

Buch (2008). Another study in 2008 conducted by Dedhia & Hundeker documented the traditional process of 
Ajrakh, giving an insight into the details of the complex and lengthy process that was practiced  by very few. 

They have documented the changes made over the years in the dyeing process as well as the printing material, 

which has been attributed to the market demand, and costing of the Ajrakh. However, according to them, the 
motifs and subsequent blocks continue to be traditional. The researchers experimented with substituting some 

ingredients used in the ancient printing process which was currently completely out of use and created a 

modification of Traditional Ajrakh Production method using natural dyes for the dyeing of cotton. The method is 

Fig. 1.  Ajrakh- Block Printing 
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today followed for production by few craftsmen who had moved away from traditional recipes but who were 

open to experimentation back again with traditional recipes. They also created a range of textiles by printing the 

traditional Ajrakh motifs on different base fabrics. Explorations to modify the existing and develop new Ajrakh 
motifs were also attempted, using the grid pattern, which is the base for all Ajrakh motifs. New placements of 

traditional motifs was attempted to make the fabric less busy and more in tune with modern tastes. It was further 

observed that since traditionally same motifs and patterns were used for both bed linen and dress material, a new 
range of motifs and patterns were developed for contemporary dress material, following the given grid pattern 

system. The entire research presents the craft in all its dimensions and documents some of the changes that have 

been brought about in the design and processes with the advent of technology. 

 
1.9 Change and its factors: The social structure of India in the last hundred years has seen a rapid 

transformation. The mushrooming of concrete townships and building of roads, the introduction of machines, the 

breakdown of caste barriers, the communication of the urban to the rural communities through radio, cinema, 
theatre, television and internet has led to a rapid breakdown of norms that had directed craft traditions. The 

breakdown of the link between the creative impulse and the livelihood is because of extensive mechanization in 

all fields. (Dedhia & Hundekar, 2008). Along with rampant mechanization, introduction of the designer to the 

field of crafts, which is not an original concept in India, has only further destroyed the craftsman’s natural 
response towards good form. (Jayakar, 1956). At the same time a number of positive changes in the 70’s and 

80’s brought about an impetus in design and technique. Government and non-government bodies worked 

towards revival of skills, technical support, material support, market linkages and design intervention. These 
efforts motivated the crafts persons and brought about a positive change. Many entrepreneurs, brands and 

designers began to research and work with these traditions and innovated products, modified colours and designs 

of traditional textile crafts to suit contemporary tastes and to keep the tradition textile alive.  
 

1.10 Objectives: The objectives of the study were to study the history of printed textiles of Kutch and their trade 

to the world, to document the motifs and patterns that were used, to study and understand the factors that 

influence the development of the motif vocabulary in traditional Ajrakh as well as to study the changes in motifs 
and patterns made by designers and craftspersons. 

 

2. Methodology 
A qualitative approach was used to study the evolution of the motif vocabulary of Ajrakh focusing on the crafts 

persons experience and description of life situations, design process, evolution, creativity, influences etc. Case 

studies of Ajrakh printers, block makers, and designers were conducted using in-depth interview schedules and 
observations to explore their personal experiences. Several non-profit organizations that have been instrumental 

in creating alternative markets for them were studied in terms of products their designs, patterns and layouts. To 

study and analyze the motifs of Ajrakh, an interpretive research method was used which involves verbal 

descriptions of a particular aspect. The role of the designer in reinterpreting the Ajrakh tradition for the domestic 
and global market was examined and comparison of the traditional motifs of Ajrakh with new motifs in terms of 

their inspiration, symbolism and use was carried out. It involved documenting motifs and designs. Purposive 

sampling method was used from the three main areas namely Dhamadka, Khavda and Ajrakhpur. Demographic 
details were documented. Information related to traditional designs and changes undergone over the years with 

respect to motifs, layouts and processes and training received for the same was documented as text, photographs 

and videos. Designers and Experts associated to various organizations were interviewed to understand their 

interest and contribution to the Ajrakh technique and style. 
 

3. Results & discussions 

Indian craftsmen who printed these textiles were extremely talented in imbibing foreign influences and making 
patterns that appeared extremely spontaneous and appropriate to the end use.  

Motif vocabulary of Traditional & Contemporary Ajrakh: For traditional products like lungi and chaddar 

the traditional motifs continue to be used. For new products mostly one or a combination of a few traditional 
motifs, patterns and colours are used on it giving the textile product a feel of Ajrakh. Ancestral craftsperson’s, 

learnt this craft at a very early age from their father and forefathers and it became a part of their psyche, thus 

contributing to safeguard the tradition and preserving its ornamentation style and motif vocabulary for the future 
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while others are open to experimentation. Nurturing this craft and furthering it by initiating the next generation 

in it is their greatest contribution. However, in the last 65 years due to several factors, the style has changed to 

largely being innovation driven and conventional parameters have been broken down. Interaction with 
researchers, artists and designers has expanded their outlook and working on different orders and markets has 

expanded their business. Innovation of ideas, responding to client requirements and networking to tap Indian and 

International markets can be considered their contribution to the growth and development of this craft. 
Experiments with experts included use of different raw materials and processes. The year 2014 has witnessed a 

shift from blocks to screens by few of them in a pursuit to increase production manifold and thus to earn better 

livelihoods. Few young craftsmen have diversified the technique and motif vocabulary of Ajrakh, because of 

education in design. Organizations provided livelihood to the craftspersons by working with them to create new 
colour ways and design layouts suited to their end products and by selling Ajrakh textile since many years in 

alternative markets in the form of sarees, kurtis, dupattas, stoles, jackets, bags, home furnishings and yardage 

with no modifications in the traditional designs, also by setting up museums. Some deal with common issues 
affecting craftsmen, creating awareness, showcasing the crafts to city consumers through exhibitions, sale and 

workshops for better livelihood. Block makers are the key stakeholders in the block printing business.  

Factors responsible for the evolution of the Ajrakh tradition are educational level of craftspersons, 

interaction with textile researchers and designers and exposure to earlier traditions through books and samples, 
intervention of various organizations, participation in national and international fairs and exhibitions, direct 

interaction with National and International consumers and training workshops at various institutes. Access to 

technology and transport has also affected the change.The traditional Ajrakh had a typical layout and product 
types, however, in the new products created by the craftsmen for the modern customer, this convention is not 

followed. New motifs, patterns and layouts have evolved today. 

 

4. Conclusions 

The printed textiles from the region of Kutch have come a long way from the time that they were first 

manufactured and exported from India. There has been considerable change and development in the raw 

materials, processes, substrates, tools, ornamentation and motifs, of the Ajrakh textiles. The motif vocabulary 
has been distinctly enriched by the amalgamation of influences of religion, ethnic groups and cultures on one 

hand but on the other, is affected to change due to the specific market and end use of the products. The centuries 

of interaction with cultures and economies of the world through textile trade, made textile the messengers of 
cultures, traditions, technologies and aesthetics through motifs, designs and colour. The recent intrusions of 

tourism and commercial markets have influenced both the technical and aesthetic traits of Ajrakh textiles. Unlike 

earlier times the newer generations of rural users and the urban consumers do not share the meaning of the motif 
and colour symbolism anymore and a new meaning based only on the aesthetics is taking its place. The evolved 

Ajrakh can be referred to as an Ajrakh related print and not traditional Ajrakh and the major change has been the 

method of printing and design layout. The modern layouts are incorporating different kinds of borders and 

motifs. As brands and organizations have become associated with the Ajrakh tradition, many designers have 
created new motifs and patterns. The setting up of village Ajrakhpur named after the craft and motivation of 

younger craftsmen with design education opportunities are few endeavors worth mentioning. Annual festival 

Rannotsav initiated in 2009 by the present Hon. Prime Minister Narendra Modi who was Chief Minister of 
Gujarat at that time brought in a revolution of tourists to Kutch from all parts of India and the world creating a 

new beginning for locals of Kutch including the craftsmen. E retailing is also bringing huge demands from the 

global niche markets thus making new beginnings in the history of Ajrakh.  
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Abstract: The process where waste products are converted into new materials of better quality and a higher 

environmental value is UPCYCLING i.e. remaking of textile materials to something new of greater value. 
Upcycling is necessary as a substitute for producing new things to meet the increasing demands being a greener 

way of recycling. Moreover, by making use of already existing materials the consumption of new raw materials 

for new products is reduced which can result in a reduction of energy usage, air pollution, water pollution and 
CO2 emissions hence making it an incremental step towards achieving zero waste.  Upcycling projects involve 

creative ways of using old products and materials by using pre-consumer or post-consumer waste or a 

combination of the two. Upcycling brings hope and a possible solution to environmental dilemmas as reimaging 

and reusing have minimal after effects. This paper investigated the upcycling of various textile materials from 
the waste and unused fabrics by revamping and creating new products. Twelve different products were upcycled 

from waste and unused materials by giving various treatments to them like washing, stripping, bleaching, 

dyeing, printing etc converting them into fashionable products. Upcycling of textile waste truly is the next 
frontier in environmentally responsible clothing and many other products. 

 

Keywords: Upcycling, CO2 emissions, recycling, zero waste. 

 

1. Introduction 
Upcycling is a process where waste or useless products are converted into new materials or products of equal or 

better quality or a higher environmental value [1]. The goal of upcycling is to prevent the wasting of potentially 

useful materials by making use of the existing ones. Supporters of the environmentally friendly practice of 
upcycling claim that developing countries have been upcycling for years, re-using packaging and old clothing in 

new ways, although more concerned about their own need than the environment. Now upcycling is taking off in 

developed countries as well, reflecting an increase in interest for eco-friendly products. 
Recycling   requires energy and resources to gather, sort and process the waste only to make something less out 

of it [2]. Hence, upcycling is an even greener way of recycling, and better environmentally. Moreover, by 

making use of already existing materials the consumption of new raw materials for new products is reduced 

which can result in a reduction of energy usage, air pollution, water pollution and CO2 emissions. Zero waste is 
a philosophy that encourages the re- use of materials where any trash sent to landfills is minimal. It is seen as an 

ultimate goal, and it means an end to recycling. Upcycling is an incremental step towards achieving zero waste.   

 Today, products are designed with “built-in obsolescence” to only last for a short time. The purpose of this is to 
allow or even to encourage the customer to get rid of it as soon as possible and buy a new item. This is common 

in the fashion industry. People choosing to deal with upcycling instead join the implementation of strategy of 

change, towards the concept cradle to cradle [3]. A key step in the cradle to cradle practice is consequently 
upcycling where a closed-loop cycle arises from the theoretical possibility of producing an unlimited number of 

products from the same resources. 

Upcycling brand uses textile waste as a resource to create new products, green jobs and good growth. As it is a 

profit-driven enterprise there is naturally money to be made by selling the products on to their customers. Cost 
reductions and marketing benefits are other advantages that can be attained when selling upcycled products. The 

vendors also promote sustainable innovation and education within the company and to customers. These 

elements help the vendor to build brand value through differentiation and sustainability orientation.  

2. Method 

Twelve different textile materials were upcycled by giving them various treatments:- 

2.1 Washing  

All the fabrics to be upcycled were given a thorough alkaline soap wash. The garments were washed in garment 

dyeing machine @ 60 
0
C for 1 hour. After washing the garments were dried. 
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2.2 Stripping  

 Required amount of water is taken into the machine, garment is loaded and run for 5-10 mins at room 

temperature. 

 Caustic was added at room temperature for 5 mins and run for 10 mins. 

 Temperature is increased to 110 
o
C and run for 40 mins. 

 Cool at 80
0
C and inject hydrose for 5 mins. 

 Temperature is increased to 110 
0
C and run for 10 mins. 

 Run for 30 mins and cool at 80
0
C. 

 Rinse for sometime,  then give a cold wash and then dry. 
 

2.3 Bleaching  

 H2O2 bleaching: 

 Weigh the samples. 

  Take the required amount of Na-silicate (1.5 GPL) and Na-hydroxide (1GPL). 

 Add samples in the above solution and keep it in the water bath till the required temperature is attained. 

 After the required temperature (80-85ºC) is attained, add the measured quantity of hydrogen peroxide 

bleach to the water bath. 

 Keep the above solution in the water bath for about 1 hour at the constant temperature of 80-85ºC. 

 After an hour, take out the samples and wash them thoroughly and Dry the samples. 
 

2.4 Dyeing 

Dyeing was carried out using various dyes such as direct dyes, reactive dyes, vat dyes and natural dyes [4]. 
 

2.5 Printing  

Types of printing used were block printing and screen printing [5]. 

3. Results 

 

Sr. 

No. 

Initial  

Material 

Final 

Product 

Method Before After 

1. 

 

 

 
 

Waste pieces of 

fabrics. 

Carpet Long rope made from pieces 

and then pleated & stitched. 

   
2. 

 
 

 

 

 

 

 

Faded Dupatta.  Scarf  Stripped duppatta was tie 

and dyed using natural dyes 
– turmeric & sapanwood. 

  

3 Waste Garment Bag Waste Garment converted to 

bag by stitching and then 

reactive printing. 
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Sr. 

No. 

Initial  

Material 

Final 

Product 

Method Before  After 

4 Waste faded 

Jeans 

Handbag Jeans were upcycled 

to a handbag by 

stiching it. 

      

 

 
 

 

5 Waste Cotton 
Fabric  

Printed 
Handkerchief 

Screen Printing with 
Reactive dye.  

  
6 Waste Duppatta Scarf Waste Dupatta was 

Indigo dyed and was 

cut into scarf. 

  
7 Cotton Fabric Table cloth Cotton fabric tie and 

died with direct dyes 

and printed with 

Reactive dyes 

  

8 

 

Faded Jeans Upcycled 

Jeans 

Overdyed with 

Indigo Vat dye 

  
9 Off white Tshirt Dyed T-shirt Off white T-shirt was 

madder dyed. 
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Sr. 

No. 

Initial  

Material 

Final 

Product 

Method Before  After 

10 Waste Tshirt Upcycled T-

shirt 

T-shirt was bleached. 

  
11 Waste Tshirt Upcycled 

Tshirt 

T-shirt was printed 

with Reactive dyes. 

  
12 Waste Cotton 

Fabric 

 

Handkerchief 

Waste cotton fabric 

bleached and the 
printed with Reactive 

dye. 

  
 

4. Conclusion 

It’s tough to say if upcycling textile waste will be the next frontier. It’s definitely a necessary step in closing the 

loop on textile manufacturing. The concept of taking waste and reimagining, reusing and reinventing it is a new-

fangled idea as the materials are free and in frightening abundance, the aftereffects on the environment are 
minimal or none and consumers gain the satisfaction of buying and using something potentially wasteful in a 

new and thrilling context – again and again .So if it takes turning all of this excess material into cool, hip and 

fashionable products to get people to wake up to these facts, then yes, textile waste truly is the next frontier in 
environmentally responsible clothing and many other products!  
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Abstract: The demand for readymade garments is increasing globally day by day due to rapid change in fashion. 

The Indian readymade garment industry is facing severe competition not only from the neighbouring countries 

but also from the units within the country. Competitive forces are intensifying and running the industry is 

becoming very difficult as the margin for profits is very low. The lean manufacturing strategy will equip the 
industry to survive in this challenging environment as its main objective is to eliminate waste and non-value 

added activities at every production or service process while providing utmost satisfaction to the customer in 

terms of quality of goods, as well as social and environmental concerns. Lean systems are highly flexible to 
customer requirements. Thus, lean is all about doing more work with less man power.                                                        

Keywords: Non-value added activities, continuous improvement, productivity, low cycle time, quality products. 

1. Introduction 
The readymade garment industry is known for having one of the very complex manufacturing processes and 

therefore the scope for generation of wasteful activities is huge. In lean manufacturing, the value of a product is 

defined solely on basis of what the customer actually requires and is willing to pay for. Production operations 
can be grouped into the following three types of activities: 

Value – added activities: Activities, which transform the material into exact product that the customer requires. 

Example: embroidery on the fabric of skirt. 
Necessary non value-added activities: Activities that do not add value from the perspective of the customer but 

are necessary for making the product unless the existing supply or production process is radically changed. 

Example: Marker making before cutting of fabric. 

Non- value added activities: Activities which are not required for transforming the materials into the product that 
the customer wants. Example: Inline and end line quality inspection in sewing line. 

Waste elimination is one of the most effective ways of increasing the profitability in any business. To eliminate 

waste, it is important to understand the type of waste and its existence. While products significantly differ 
between factories, the typical wastes found in manufacturing environments are quite similar. For each waste, 

there is a strategy to reduce or eliminate its effect on a company’s economics, thereby improving overall 

performance and quality. The seven universal wastes are: 

 Overproduction 

 Waiting periods 

 Transportation logistics 

 Inappropriate processing 

 Unnecessary inventory 

 Unnecessary movements of pieces 

 Defects in fabric/ garment quality [1,2] 

Lean Manufacturing is the contemporary practice in readymade garment sector to achieve higher productivity 

and efficiency either by eliminating or reducing the seven types of universal wastes. Keeping in view the vital 

role of lean manufacturing in the apparel sector and since not much has been documented so far lean 

manufacturing practices in Delhi-NCR, the study Lean Manufacturing Practices in Garment Manufacturing 
Units: An Appraisal was undertaken.  

2. Materials and methods 
In order to fulfill the objectives, field study technique was employed. Personal visits were made to the selected 

garment manufacturing units to get detailed information on the working of the major departments and the 

various activities that are being carried out in these units.  The data was collected taking into consideration the 
various innovations made by the units in order to improve their efficiency and productivity. The study was 

mailto:nautiyal.akanksha07@gmail.com
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conducted in three phases. In Phase I, the information was collected on the concepts, tools and principles of lean 

manufacturing. The primary data was collected through interviewing the departmental officials of various 

garment manufacturing units. The secondary data was collected from various published sources. For further 
study, two garment manufacturing units (GMU’s) were selected which were exporting woven ladies garments. 

The units were coded as Company A and Company B. 

In Phase II, the activities of the store, cutting, sewing and finishing departments of these GMU’s were studied in 
details. The tools that were used in this phase were interview schedule, observation technique and time study. 

The process implementation and effectiveness of lean manufacturing in each individual department was assessed 

through a comparative analysis. 

In Phase III of study, the information obtained was disseminated to two non-lean compliant units through half-
day workshops to abreast the management with the concept of lean manufacturing and advantages of its 

implementation.   

 

3. Results and discussion 

The results of phase I revealed that lean manufacturing is the simplification of work due to which the flow of 

work becomes systematic and hence easier. There is also reduction or total elimination of non-value added 

activities so that there is increase in the productivity. Such activities are reworking, unnecessary transportation, 
waiting periods, inappropriate processing etc.  The results of lean manufacturing can only be achieved through 

team work. It was apparent from information collected that the common  tools of lean manufacturing are JIT, 

automation, TPM, jidoka, kaizen, kanban, poka-yoke, 5S,  SMED, mixed production line, multi-skilled workers, 
inspection at each station, low cost automation and U shaped lines/cells. It was observed that 5S and kaizen were 

the most commonly used tools in the various departments of GMUs practicing lean manufacturing. In lean 

management continuous flow of garment pieces was maintained in the activities. The Work In Progress (WIP) 
was controlled in the lines and more work was done with the limited workforce. Proper implementation of lean 

manufacturing tools helped in optimum utilization of man, machine and space. Also, the efficiency of company 

increased, manufacturing cost was reduced and the company had better business opportunities. These were some 

of the advantages that were being experienced by the different companies following lean manufacturing 
practices. The prominent differences observed in lean and traditional management during the study were as 

follows:  

Table 1. Comparison of lean and traditional management 

             Lean management                 Traditional management 

 Cycle times are in hours and days 

 Inventory levels are based on one -piece flow 

 Stations are set up by product flow 
 Quality is tested at each station 

 Workers are empowered for identifying 

improvements 

 Manufacturing schedule flexibility is high and easy 

to adjust 

 Cycle times are in weeks and months 
 Inventory levels are based on large 

   batches 

 Stations are set up by department function 

 Quality check is done through random sampling 

 Workers have little or no input 

 Manufacturing schedule is rigid and hard to 

adjust 

 

Phase II focused on the detailed collection of information on the implementation of lean manufacturing in 

apparel sector. An extensive study was carried out in the departments of two selected units. Both, Company A 
and company B were implementing lean manufacturing under the guidance of consultancy groups. 

In Company A the lean manufacturing project was implemented in store, cutting, sewing and finishing 

departments. 5S was the governing tool in the factory. With the implementation of 5S, the cleanliness in the 
company increased and less time was needed by the workers in finding the raw materials and tools for operation. 

Improvements were seen in the working culture of employees and the available space was properly utilized. 

Balanced flow of work in the sewing lines was seen when the traditional sewing lines (PBS) were changed to 

modular sewing lines (Note- 3 out of 15 lines were changed from PBS to modular lines). The number of 
operators in the PBS and modular lines was 33 and 11 respectively. All the operators in modular lines were multi 

skilled. Processes and activities were standardized to ensure the concept of Right First Time by the workers. 

Decrease in throughput time and Work In Progress in the sewing lines was observed which proved as savings for 
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the company. The savings was in terms of the money that was blocked as un-finished goods in the line. The 

workers of these modular lines were multi-skilled, highly motivated and were enthusiastic for their work. A 

finishing line was started on the same floor adjacent to a PBS sewing line to avoid the waste of excess 
transportation.  Under Bed trimmers were provided for improving the method of cutting loose threads during the 

finishing of garments. Special tables which had mesh over them were employed in the cutting of extra threads so 

that the cut threads directly fell in the container below it. The results are summarized in the following tables: 

Table 2. Comparison of ticketing 

 

          Sewing line             Before              After 
Line A     22     8 

Line B     13     5 

Line C     11     4 
Line D     18     14 

Tickets used/Garment (Approx.)           64/4=16                       

 
Table 3. Comparison of Required Workers 

 

        Activity                 Before                    After            

Layering (Manual)    03     02  
Sewing       40     12  

 

Table 4. Comparison of efficiency 

 

   Activity      Progressive Bundle System            Modular 

   Sewing     85.12%              146.03% 

In Company B, the implementation of lean manufacturing elements/tools was done in cutting, sewing, finishing 
and maintenance departments. However, the major application was seen in the sewing and maintenance 

departments. Kaizen and TPM were the common governing tools. In sewing department, the production was 

carried out through traditional PBS. Pitch diagrams and supermarket were used for balancing of the sewing lines 
and hence pull system was maintained within the lines. It was seen that the breakdown time of machines and 

defects (DHU%) got reduced. Change in the working attitude was seen among supervisors and workers of the 

line. Visual management in the department was done through display boards which mentioned details about the 
various steps in producing a quality garment and mock cards describing the operations over the machines of 

operators. Maintenance boards were displayed in the maintenance department. Visual management played a vital 

role in supervising and controlling the workflow in the company. Through the implementation of lean 

manufacturing practices the capacity, efficiency and productivity of the company increased significantly. 
Overtime made by the workers was also reduced to 20%. 

Phase III involved dissemination of the information that was compiled from the analysis of data in lean 

manufacturing companies. A half day workshop was conducted in selected two non- lean manufacturing 
complaint GMUs using a power point presentation which covered the following aspects:  

 Concept, principles and tools of lean manufacturing,  

 Findings of the studies conducted in two lean compliant units 

 Relevant video clippings and photographs supporting the data 

 Advantages experienced by the companies 

 Analysis of the response obtained through the workshop revealed that these companies also 

faced similar problems of non-value added activities in their assembly line. Although the 

presentation focused on the study that was conducted in selected departments, the participants 

from sampling and merchandising departments were also able to understand the importance of 

lean manufacturing and appreciated its scope of implementation in their departments.  
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4. Conclusion 

From the overall assessment of the two lean compliant companies it was revealed that it takes time to experience 

appreciable positive results after implementation of lean manufacturing practices. Apart from changing the 
method of working, it is also necessary to change the attitude and thinking of management, supervisors and 

workers. Without lean thinking it is not possible for a company to be benefited by lean manufacturing. Hence, 

the various advantages apparel sector can derive from Lean Manufacturing is the production of quality garments, 
happy and satisfied employees, reduction in wastage of raw materials, higher generation of capital and thus 

increased contribution to country’s economy. 

5. References 
[1] Parthasarathi, V., Lean Rationale for Textiles, Colourage, July 2009, 39.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
[2] Shields M.R., Industry Clothing Construction Methods, Fairchild books, 2010, pp xivii-xiviii. 

[3] Saxena J. P., Production and Operations Management, 2nd edition, Tata McGraw-Hill Education Private             

      Limited, India, pp 509-521. 

[4] Gupta A., Lean Manufacturing – An Analysis, 2007, 6-37. 

[5] Dennis Pascal foreword by John Shook, Lean Production Simplified: A plain language Guide to The World’s  

     most Powerful Production System, 2nd Edition, Productivity Press, New York, 2007,  pp 13 - 106.  

 



                                                                Global Textile Congress, Bangkok, 13-15 Feb 2015 

 

Production of absorbent material by modifying unconventional polysaccharides 

M. D. Teli and A. Mallick  

172 
  

Production of Absorbent Material by Modifying Unconventional Polysaccharides 
M. D. Teli

1
 and A. Mallick

1 

1Department of Fibres and Textile Processing Technology, Institute of Chemical Technology, Mumbai - 400019, India 

<aranyamallick@gmail.com> 

 

Abstract: Production of absorbent materials by grafting polysaccharides with ethylenically unsaturated 

monomers is a well established process as the products, thus produced become biodegradable. A novel absorbent 
hydrogel material based on tamarind kernel powder (TKP) has been prepared via graft copolymerization and 

crosslinking of acrylamide (AAm) and itaconic acid (IA) monomers using methylenebisacrylamide (MBA) as 

the crosslinking agent and potassium persulfate (KPS) as an initiator. Evidence of grafting was obtained by 
comparison of FTIR spectra of the initial substrates and the modified product. A new absorption band at 1608 

cm
-1

 in the FT – IR spectrum confirmed the presence of carboxylate group which resulted due to itaconic acid in 

the product. Absorbency of the products increased fairly after treatment with alkali at higher temperature. The 
final products thus obtained showed enhanced absorbency in normal water. 

 

Keywords: Grafting, tamarind kernel powder, acryamide, itaconic acid. 

 

1. Introduction: 
Natural polymers of high molecular weight have drawn much attention because of their various practical 

applications. They are very often tailored by modifications to develop functional properties such as solubility 

and enhanced absorbency. An extensive research work has been carried out on synthesized graft copolymer of 
polyacrylamide and polysaccharides to improve their properties [1,2]. Polysaccharide based absorbent hydrogels 

(SHs) have emerged as promising substitutes; they are nontoxic biopolymer, abundant in nature, usually 

available at low cost, and intrinsically biodegradable and biocompatible [3].  

Tamarind kernel polysaccharide (TKP) is derived from the seeds of the tree Tamarindus indica. Tamarind is a 
commercially important tree that grows abundantly in the dry tracts of central and south Indian states and also in 

other south East Asian countries[4]. Tamarind seed is a byproduct of the tamarind pulp industries[5]. Tamarind 

kernel polysaccharide (TKP) is found to be extensively used as a sizing material in the textile industry as well as 
in the food industry. It can also be used as an adhesive in bookbinding, cardboard manufacture and plywood 

industry, and in sizing and weighting compositions in the leather industry[6]. The sizing properties of TKP are 

due to the presence of a polysaccharide (called jellose). The jellose is also much used in confectionery, 
especially in the United States, and some European countries. Use of white TKP in three food products, jelly, 

fortified bread and biscuit has also been also detailed [7]. It is a branched polysaccharide with a main chain of -

d-(1,4)linked glucopyranosyl units and it can spread in water easily and change to mucilaginous liquid when 

heated up, as an acid and thermal resistant solution. 
Highly swelling polymers, i.e., superabsorbent hydrogels, are hydrophilic, three-dimensional networks that can 

absorb water in amounts from 10% up to thousands of times their dry weight. They are widely used in various 

applications such as hygienic products, foods,  cosmetics, and agriculture. This accounts for the increase in the 
worldwide production of superabsorbent polymers (SAPs) from 6000 tons in 1983 to 450000 tons in 1996. 

Nowadays, the worldwide production of SAPs is more than one million tons in year. Hence, the synthesis and 

characterization of superabsorbent hydrogels is the main goal of several research groups in the world.[8] 
The present paper discusses work on application of tamarind kernel polysaccharides as a base material for 

synthesis of super absorbent polymer as an unconventional natural source of carbohydrate polymer. 

 

2. Materials and Methods 

2.1 Materials 
Itaconic acid, acrylamide, potassium per sulfate, ethanol were supplied by S.D. Fine Chemical Pvt. Ltd. TKP 

was supplied by Satguru Industries, Mumbai and other chemicals used were of laboratory grade. Itaconic acid 
was partially neutralized with sodium hydroxide before using in reaction. 

 

2.2 Methods 

2.2.1 Grafting 
 The reaction was carried out in a round bottom flask equipped with overhead stirrer and a nitrogen inlet. To  
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control the reaction temperature, the flask was placed in a thermostated water bath. Acrylamide grafted TKP 

(AM-g-TKP) copolymer was prepared by using solution polymerization reaction by dissolving TKP and 

monomers (mixture of acrylamide and itaconic acid) of 10 gm in 1:1ratio in 100 ml of water in presence of a 
cross-linker (MBA) of the reaction mixture and redox initiating system potassium persulfate (KPS) and 

N,N,N’,N’- tetramethylethylenediamine (TMEDA) in required amount. Polymerization reaction was carried out 

at 30
0
C for 120 min. Insoluble product so formed was washed with distilled water to remove the unreacted 

monomer, oligomers, cross-linking agent, the initiator, the soluble and extractable polymer and other impurities. 

Then the product was washed with ethanol to remove water and then dried in oven at 50
0
C to reach a constant 

weight. 

 

2.2.2 Water absorbency 

The dry sample of starch (0.2 g) was immersed in water for 24 h to reach absorption equilibrium. The fully 

swollen hydrogel was separated from the unabsorbed water with a 65-mesh screen and thereafter, the hydrogel 
was weighed. The relative water absorbency was calculated as follows. 

 
Wherein, M1 and M2 are weights of dry sample and of fully swollen hydrogel, respectively. 

 

2.2.3 Saponification 

Saponification was carried out by taking 1 g of dried sample in 100 ml of 0.1 N NaOH solution and keeping it at 

80
0
C for 90 min. It was then cooled to room temperature and washed with water till pH 7 was obtained. It was 

dried, ground and stored in air tight packets. Its swelling capacity was tested in the same way as described 

earlier.  

 

2.2.4 FTIR Analysis 

 The IR spectra of original and various samples were recorded using FTIR spectrophotometer (Shimadzu 8400s, 

Japan) using ATR sampling technique by recording 45 scan in %T mode in the range of 4000–650cm
−1

. 

 

3. Results and Discussion: 

Tamarind kernel polysaccharide has been utilized for producing absorbent materials as per the reaction system 

mentioned earlier. For the initial reaction, following parameters were chosen; TKP to monomer ratio 1:1, 99:1 of 
acrylamide to itaconic acid ratio, 2 h time, initiator concentration 1% on the weight of TKP and crosslinker 

MBA concentration 0.05% of the reaction mixture.  

 

3.1 Evidence of grafting of monomers onto TKP backbone 
It has been already said that the itaconic acid has been neutralized prior to utilizing it in the reaction. The 

incorporation of carboxylate groups in the product is visible in FT-IR analysis. Clearly visible band at 1608 cm
-1 

is proving the presence of carboxylate group in the product. In the FTIR graph, peak for N-H stretching vibration 
at 3204 cm

-1
 and 1659 cm

-1
 for N-H bending vibration confirming the introduction of –NH2 group onto TKP 

backbone. 

 

 
Fig. 1. FT-IR analysis of unmodified and modified TKP 
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Table 1. Effect of different parameters of reaction on water absorbency. 

Sr. 

No. 

  

 

TKP: 

Monomer 

(AAm & 

IA) 

Ratio(w/w) 
 

Tim

e 
(mi

n) 
 

AAm: 

IA 

Initiator 

Concn. 

(%) 

Conc. of 

Cross 

linker 

(%) 

Polymer 

Yield 
(%) 

 

Water Absorbency 

ofAM-g-TKP  in   

(g/g) 

 
 

       Unsaponified Saponified 
 

1.  1:1 120 100:0 1 0.05 50 33 68 

2.  1:1 120 99:1 1 0.05 50 31 65 

3.  1:1 120 98:2 1 0.05 48 32 61 

4.  1:1 120 97:3 1 0.05 48 32 62 
5.  1:1 120 96:4 1 0.05 37 28 52 

6.  1:1 120 95:5 1 0.05 20 21 42 

         
7.  1:0.5 120 97:3 1 0.05 20 18 35 

8.  1:1 120 97:3 1 0.05 48 32 62 

9.  1:1.5 120 97:3 1 0.05 59 38 92 
         

10.  1:1.5 90 97:3 1 0.05 35 32 52 

11.  1:1.5 120 97:3 1 0.05 59 38 92 

12.  1:1.5 150 97:3 1 0.05 59 40 93 
         

13.  1:1.5 120 97:3 0.5 0.05 53 32 71 

14.  1:1.5 120 97:3 1 0.05 59 38 92 
15.  1:1.5 120 97:3 1.5 0.05 58 36 86 

         

16.  1:1.5 120 97:3 1 0.05 59 38 92 

17.  1:1.5 120 97:3 1 0.1 70 48 141 
18.  1:1.5 120 97:3 1 0.15 71 32 115 

 

It has been seen from the experiments (Table 1) that with increase in itaconic acid concentration the absorbency 
of the product remains almost constant till 3%. However, beyond this concentration, the absorbency starts 

reducing and it is observed during experiments, beyond 10% of concentration of itaconic acid, the gel does not 

form. Therefore, for the rest of the reaction, 3% of total monomer concentration was taken. When the ratio of 

starch to monomer was varied, it was found that with increase in monomer concentration the absorbency 
increased significantly. This is expected as with increase in monomers, number of hydrophilic groups increase. 

However, in order to keep the product’s biodegradable nature the ratio of TKP to monomer was not increased 

beyond 1:1.5. In the next set of experiments, reactions were carried out for 90 min, 120 min and 150 min 
separately. It has been seen that after 120 min of reaction, no further increase in polymer yield was seen and so 

was reflected in the absorbency of the product. Optimized concentration of initiator was found to be 1% on the 

weight of TKP. Increase in concentration of crosslinking agent in the reaction upto 0.1% (w/w) of total weight of 
monomers and TKP, increased the water absorbency. This may be attributed to the fact that addition of 

crosslinking agent increase the interpolymeric chain bonding and thus more water is retained within the three 

dimensional structure of polymer. This augmentation in absorbency may be also due to the fact that the cross 

linking agent make the homopolymers of the monomers also retain water along with the grafted biopolymers by 
crosslinking them together. Further increase in MBA concentration made the hydrogels quite brittle and thus 

although the polymer yield increased to some extent, the absorbency reduced significantly. Hence, optimized 

conditions of reaction were selected as TKP to monomer ratio 1:1.5, 97:3 of acrylamide: itaconic acid ratio, 2 h 
time, initiator concentration 1% on the weight of TKP and crosslinker MBA concentration 0.1% of the reaction 

mixture. 

It has been seen that after saponification absorbency increases. On saponification, –COOH groups convert into –
COONa groups whereas –CONH2 groups are converted into first –COOH groups and then –COONa groups. The 

amounts of these hydrophilic groups inturn govern the extent of water absorbency of the product. The optimum  
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parameters for saponification were found to be 0.1 N NaOH solution, 80
0
C and 80 min. 

 

Table 2. Effects of various parameters of saponification 

Sr. No.  Effect of NaOH  

Conc. (N)  

Time  

(min)  

Temp (
0
C).  Water Absorbency of (g/g)  

Saponified Samples 

A  0.1  60  80  106 

B  0.1  80  80  141 

C  0.1  120  80  92 
     

A  0.1  80  60  112 
B  0.1  80  80  141 

C  0.1  80  100  96 

     

A  0.05  80  80  92 

B  0.10  80  80  141 
C  0.15  80  80  78 

 

 

4. Conclusion: 
The aim of this research was to produce a biomaterial based absorbent material using TKP as a backbone and 

also utilizing itaconic acid for two reasons;  

1. To  introduce anionic groups on to product, 
2. The biodegradability of itaconic acid which can make the product more ecofriendly. 

The results show that TKP can be successfully utilized for producing biopolymer based absorbent product which 

can retain upto 141 g/g of normal water.  
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Abstract: Although printing of labels can be done using accustomed reactive and other varities of artificial dyes, 

environmental issues and comfort of consumers are vital as per sustainable ideology. The demand for natural 

products incorporating natural ingredients is increasing. Conceiving over this idea, in the current study, printing 

of cotton fabric was carried out using combination of tannin based natural mordant and ferrous sulphate as a dye. 
Printing paste was made using extracted tannin mordant from harda (Myrobalan fruits ), hydrated ferrous 

sulphate (FeSO4) and tamarind kernel powder (TKP) as a thickener. For using screen printing method, screen of 

required label was specially made and then screen printing was carried out. The printed fabric was evaluated for 
fastness properties. As compared to synthetic dyes where harmful effects of either toxic degraded products or 

non biodegradable nature are unavoidable, this technique is elegent. The use of thickener is also maintained 

natural with the use TKP which makes the printing economical and thereby following wholesome green 
methodology. Thus results clearly indicated the advantage of harda and FeSO4 as a black dye for obtaining 

ecofriendly label prints. 

 

Keywords: Sceen printing, harda, tamarind kernal powder (tkp), natural dye, mordant, labels. 

 

1. Introduction 
Garment manufacturers are required by law to have a fabric care label attached to each garment. Care labels 

have essential information that will help you care for your garments in the best way possible. It is as follows: 

 Type of fabric – every garment must specify how much of each fibre is used in the total construction of 

your garment, when more than 5% is present.  Sometimes garments will show cotton spandex blends; that 

specify 95% cotton and 5% spandex. 

 Care Instructions – every manufacturer must provide at least one method of cleaning for each garment.  

Many labels will also warn about things that could potentially harm your garment. 

 Care labels will also have the size, where it is made, a style number and an RN number listed on the 

label. 

 The most important information on a care label is the care instructions, it is recommended to leave this 

label attached to the garment. 
A labels on a garment plays a vital role thereby making authenticity of the product supplier very lucid. But these 

labels are mostly printed by synthetic dyes. Problem with these dyes is they cause irritation and iching on the 

body. Thus if there is any substitute for this we can avoid this and can present garment considering consumers’ 

comfort [1-5]. 
Thus encompassing this issue there can be a alternative that can lead us to the require goal. This alternative is 

making use of natural mordants and natural dyes instead of synthetic [6,11-13]. The same process is followed in 

this project to introduce everyone to newer technique of printing of labels using natural dye. Although printing 
comfort of consumers are vital as per sustainable ideology. The demand for natural products incorporating 

natural ingredients is increasing. Conceiving over this idea, in the current study, printing of cotton fabric was 

carried out using combination of tannin based natural mordant extracted from harda and ferrous sulphate as a 
dye [6]. 

Here we make use of harda and ferrous sulphate, both are mordants, but still we can get natural dye out of it. 

Thus we have tried our best to make some sustainable development in the field of textile care labelling.   

 
2. Materials and methods  

2.1 Materials 

Harda powder was supplied by Adiv Pure natural, Mumbai. Cotton fabric of 70 GSM was purchased from 
market. All chemicals used were of laboratory grade. Tamarind seeds were purchased from local market. Screen 

used for label print was specially ordered and made from Allied Sales Corporation, Dadar. 

 

2.2 Methods 
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2.2.1 Extraction of harda (myrobalan) 

The 10% stock solution was prepared by boiling 10gm of dry powder in 100ml of water for 60 minutes. The 

extract was filtered and used for making dye solution for print paste. 

 

2.2.2 Extraction of Ferrous sulphate (FeSO4.7H2O) 

The 10% stock solution of mordant FeSO4 was made by dissolving 10gm of powder in 100ml of water. 

 

2.2.3 Preparation of Tamarind kernel powder (TKP) 

The tamarind seed were dried in a hot oven at 100°C for 30 min. and the seed coats were manually removed 

from the seeds. The white kernal obtained from tamarind seeds were utilized for producing TKP. It was found 
that it consist of 35% husk and 65% white kernal powder which is used for further research. 

2.2.4 Preparation of thickening agent 

5% TKP Paste was prepared by sprinkling the 7gm of dry powder in 140ml of cold water under constant stirring 
and is allowed to stand for few hours to attain full swelling of the thickening particles. This is used for further 

making of printing paste [9]. 

 

2.2.5 Preparation of printing paste 
Firstly filtered harda solution was mixed with the well dissolved stock solution of ferrous sulphate to get black 

dye. Printing paste was put in order by mixing prepared TKP thickening paste. The mixture is constanly boiled 

to get still viscous solution.  

 

2.2.6 Screen Printing on Cotton Fabric 

White cotton fabric (70 GSM) was selected for the project. Printing was carried using usual methodology by the 
use of prepared printing paste. The printed samples were air dried in open and then fixed by ironing them 

uniformly [8]. 

 

2.2.7 Analysis of printed fabrics 

2.2.7.1 Wash fastness test 

A specimen of the textile to be tested, with the adjacent fabric attached is subjected to washing under specified 

conditions. The extent of any change in color and that of the staining of the adjacent fabric are assessed and the 
rating is expressed in fastness numbers. This type of test typically simulates domestic washing machines or 

commercial laundering. This helps to ascertain whether a fabric is likely to bleed when washed and the risk of 

staining other clothes within the washing cycle. The sample fabric is assessed to determine the level of colour 
fastness. In the test, change in color of the textile and also staining of color on the adjacent fabric are assessed.  

A 10 x 4 cm swatch of the coloured fabric is taken and is sandwiched between two adjacent fabrics and stitched, 

the sample and the adjacent fabric are washed together.  

Evaluation of color fastness to washing was carried out using ISO II methods. A solution containing 5 gpl soap 
solution was used as the washing liquor. The cotton samples were treated for 45 min at 50°C using material to 

liquor ratio of 1:50 in rota machine. After rinsing and drying, the change in color of the sample and staining on 

the undyed samples was evaluated on the respective standard scales (rating 1:5; where 1: poor; 2: fair; 3: good; 
4: very good and 5: excellent) [7,10]. 

 

2.2.7.2 Rubbing fastness test 

Evaluation of colour fastness to rubbing (Dry and Wet) was carried out by using “croak-meter” with ten strokes 
of rubbing. 

 

3. Results and discussion 
Screen of label was chosen considering presence of alphabets, numbers, and design, which is a must for any 

label decided by the manufacturer in textile industry. Thus label appropriate to the requirement.   

This project concerns the feasibility of obtaining deep, black shades for labels on cotton fabric using tannic 
acid[C6H2(OH)3COOH],  and iron(II) sulphate. The combination of tannins with iron salts has enjoyed varied 

applications over many centuries, such as the use of tannic acid and iron sulphate in the preparation of iron gall 

inks and, in the context of the work described herein, the use of copperas (FeSO4·7H2O) in conjunction with 
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tannins to produce greyish-brown shades on cotton, silk and wool, which has been practised since medieval 

times. 

Thus pertaining to this idea we made printing paste of tannin based natural mordant harda and cross-linking it 
with ferrous sulphate we obtained the black dye. Hydrolysis of the extract of harda releases tannic acid, which 

yields a darker black dye on combination with FeSO4. Consider tannic acid as T
-1
, therefore C6H2(OH)3 

COOC6H2(OH)2COO
-1

 is T
-1
. This anion can combine with ferrous iron to form complexes of the type TFe

+1
 or 

T2Fe. Tannic acid complexes with ferric iron may consist of large highly coloured molecules that behave as 

colloids. The well-known black material produced by mixing tannic acid and ferric iron solutions is a ferric 

complex [15]. 

A well-prepared dye was of darker shade of an intense purplish black colour. The resulting printing of label 
would adhere firmly to the cotton fabric and could not be erased by rubbing or washing. By mixing tannin with 

iron sulphate, a water-soluble ferrous tannate complex is formed. Because of its solubility, the dye is able to 

penetrate the fabric surface, making it difficult to erase. When exposed to oxygen a ferric tannate pigment is 
formed. This complex is not water-soluble, contributing to its permanence as a dye. Sharp and efficient print was 

observed; hence prove the role of tannin based mordant to produce effective label prints. The results of prints are 

clearly shown at end of this project.  

The wash fastness was evaluated according to the ISO method 2 and rubbing fastness was measured using crock 
meter. Then the samples were scaled according to standard scales used. The results for wash and rubbing 

fastness were satisfactory and are summarized in following Table -3. 

Table 1. Summary of fastness testing 

Printing of labels 

(No. of times) 

Wash Fastness 

(Colour change) 

Rubbing Fastness 

Dry Rubbing Wet Rubbing 

1 2 4/5 2 

2 2 4/5 2 

3 2 4/5 2 

 

Actually, visual analysis of samples easily matches with the scales mentioned. Thus we can say that print has 

excellent dry rubbing fastness where as fair wet rubbing fastness. The wash fastness is also fair. The samples are 
attached at the end for further clarification. 

 

4. Concluding remark 

Most of the natural dyes/ colours are eco-safe, except a few. Some of the natural colours are not only eco-safe,  
but also has added value for its medicinal effects on skin and are more than skin friendly. Textile dyers must 

know the chemistry of these natural colours and its added advantages of medicinal; values. Use of suitable 

binary or tertiary mixtures of similar or compatible natural dyes for colouring natural eco-friendly textiles in 
variety of soothing / uncommon shades with eco-friendly mordants and finishing agents are the most desirable 

product of the customers for future. The non-reproducibility and poor colour fastness etc, have been partly 

solved by many researchers’ continuous efforts in this endeavour. So, a textile dyer must know the effects of 
variability for extraction, mordanting and dyeing and should follow only the standardized recipe for selection 

fibre-mordant natural dye system to get reproducible colour yield and colour matching besides to follow 

different eco-friendly ways to improve colour fastness to a possible extent. 

In this project it is explained that not only dyeing but also printing can be possible using natural dye. In today’s 
scenario it is required that every thing should be feasible to our environment. Hence in this we completely 

abided with sustainability and proved that the black printing ink can be made out of natural mordant i.e harda 

and FeSO4 with use of natural thickening agent i.e. Tamarind kernel powder (TKP). 
The proof of demonstration of this concept can open door for further research to its development and 

commercialisation for large scale label printing of cotton. 
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Abstract: Today, fashion is taking two important highways, exploring the past and creating futuristic technology 
oriented iconic experiences. Fashion changes are rapid including, fast fashion concepts to slow fashion 

endorsements by brands worldwide. Fashion forecasting has become more categorically specific and futuristic in 

approach. Fashion itself has become an idiosyncratic reflective tool for modern societies and change can be 
witnessed all around. This research paper explores the upcoming changes witnessed in the way trends and 

forecasts are presented today with focus on futuristic aspects and new voices related to future global fashion 

trends. Various upcoming trends have been analyzed from various trends and forecasting services and key 
journals promoting and expressing fashion trends and aspirations. Global Fashion trends have been considered 

by looking at fashion from three key perspectives: essential, desirable and futuristic.    

Key words: Future, global fashion trends, new voices, essential, desirable, futuristic. 

1. Introduction 

Trends and forecast services are spread worldwide through a global online network today. There are various key 

players, important mergers have taken place and subtle overlaps between region specific trends and colour 
palettes to market driven needs. In the present scenario, the important question is to look at the trends, its origins 

and transformations in a contextual manner to today’s world’s requirement. Factors such as, globalization, 

digital revolution, socio-cultural changes, production advancement technology up-gradations are creating fashion 
as a more decentralized and democratic system which is a key factor in determining and representing trend 

business among companies. The key role of the fashion forecast services is considered to offer producers and 

retailers with precise data related to colour, style and materials the consumers will demand in a particular season 

in approximately one or two years in advance. (G. Julia, 2012) It has also been noted that a variety of diversified 
trends can coexist at the same time due to broadening in categorization of fashion as per emerging markets, 

technological advancements and consumer bespoke fashion for region specific requirements. (Cho & Lee, 2005)  

2.  Methodology 

The forecasting services has emerged in past 2 to 3 decades as a radical design tool, however experts keep 

analyzing and looking into the sustainable future of this concept as the world began to defragment itself into 
diversified markets and season overlaps. In order to pursue this research question, various research papers, 

online articles, books and news resources have been explored for literature review. Further popular websites, 

such as WGSN, Stylesight, Pantone Inc, Pinterest, Patternank, WGSN+Stylesight, Vogye, Style.com and 

Trendstop have been explored taking references from Year 2014/15 reports to the reports for future 2016/2017. 

3.  Historical references  

The colour forecasting initially begun in 1930’s however it could not be considered as a complete forecast as it 
contained few colour cards not specifically used as a design tool. From the early 1900’s the fashion industry 

started following the fashion and colour forecasting inspired from the famous haute couture designers such as 

Chanel, Givenchy and Dior. (J.A. King, 2011)  
In late 1920’s an American visual merchandizer Tobe Coller Davies developed her style reports aiming at 

American departmental stores, named as “The Tobe Report”. The major names in area of colour forecasting , to 

name a few here are …French – Promostyl,  Britain - Perclers and Nelly Rodi, United States of America - 

Deryck Healy International (DHI), The International Colour Authority (ICA),  Design Intelligence and Nigel 
French and IM report (J.A. King, 2011) 

During 1980’s and 2000’s the UK apparel industry has gone through its own setbacks and as a result the 

forecasting companies also went out of business, which started looking up later. However due to the 
advancement in technology and user-friendliness, the hard books has been popularly replaced by the online 

subscription of the colour and forecast services worldwide creating a new arena in the fashion and colour 

forecasting business since 2000.   
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4. Accurate Forecast predictions and cycles 

Marks and Spencers used their own method for colour forecasting and process based on visits to international 

shows, fair, seminars on colours and trend books purchase.  An overall analysis for collected data provided 
accurate information viable for business decisions.  Such comparative analysis of a range of forecasting 

information noticeably lets users to filter a diverse range of information in order to develop trends which are apt 

for every particular market, thus confirming the resulting data/trends information is almost reliable.  
The cycle occurs and reoccurs with new shades and absolutely new colours as described in . 

The colour forecasting agencies not only provide colour palettes, they provide a complete analysis of colour 

groups, significance of colour palette, proportions of colours, accent colours, colour groups, colour codes as well 

the larger colour groups. One of the examples referred below is from the latest AW-17 forecast colour analysis 
representing the groups of colours categorized as, winter pastels, elevated neutrals, and bright, secondary bright, 

classic darks. 

 

 
Fig. 1. Ref: WGSN.com, Colour analysis AW-16-17   Fig. 2. Ref: J.A. King, 2011, Chapter 9 

 
  

5. Key trend services 

Diversified services are provided by the trend and forecasting online services, a few of the services are listed 

below: 

 Trend forecasting services as primary services  

 Access to large online libraries of, for example, catwalk images, street style etc. 

 Market intelligence and consumer attitudes 

 Research reports specific to client/market/season etc. 

 Design tools (such as storyboards, colour palette makers, design workshops/tutorials and design and 

copyright free artwork libraries)  

 Bespoke services as per client’s requirement such as, webinars, trend and design workshops etc. 

 

6. The new voices in trend and forecasting 
Today there are many online information providers such as WGSN – Wonder Global Style Network, and its 

recent merger with Stylesight provides information not just about the colour forecast but also a wide variety of 

product specific categorical information across the globe. 
Few of the recent developments are: 

 Region specific forecast: The trends for colour palette today are categorically available for USA, Europe 

and China.  The information has been well sought after for specific apparel category and home such as 

active wear, denim, intimate, swimwear, active wear, junior and home furnishings and interiors. 

 Futuristic study and analysis reports: In the recent years Stylesight came up with special futuristic 

column providing special reports on futuristic visions about, socio-cultural changes, scientific perspective 
towards the transforming world and exploring the relationship between human, craft and technology. The 

research reports are also presented as foresight today providing overall information about the future 

directions beyond design. 

Introduction of 
New Colour 

Popular colours 
with new shades 

to suit the AW 
& 

Introduction of 
new colours 

Popular colours 
continue with 

newer shades to 
suit the needs of 

the Season 
Introduction of 

new colours 

Spring Summer  Autumn Winter Spring Summer 

Season 1  Season 2 Season 3 

Core colors continue with no or minimal change 
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 Mergers and expansions: After WGSN and Stylesight merger one can access maximum information at 

one consolidated online destination for trend spotting in fashion/interiors/product packaging/runway 

reports etc. 

 Colour specialization: Pantone Inc. has come up with web services specifically for the colour 

forecasting. Every year Pantone releases one key colour titled as “The colour of the year” and the colour 
trend reports. Specialization in key colour services such as colour consultancy and colour workshops etc. 

are an integral part of Pantone colour Institute. 

 Specialized Forecast categories: There are several groups who work with specific category of trend and 

forecast such as pattern bank, who specifically deals with print and pattern related forecast services and 
offer cost effective solutions for trend and design inspiration.  

 Online Design Libraries: Design and image libraries are ready references and provide copyright free 

images are artworks available in raster and vector ready to be downloaded and used by the users. The 

design libraries also provide design tool kit such as digital brushes, trims and colour editor to be used by 

designers for digital design process. Trend links have proven themselves to be a very useful design tool 
for searching a specific key trend through various reports. (http://www.wgsn.com/search/design_library, 

http://www.wgsn.com/content/trendlink#/) 

 Interconnecting all: Apart from fashion for apparel and home, accessories organization including hand 

bags, belts and jewelry has taken trend and forecast in a very positive manner; trends studies have helped 
the brands connecting the links and information throughout the range plan for the season for the multi-

brand and multi-product design organization such as Adorn insight specializing in jewelry trends 

(https://www.adorninsight.com/landing/). (Victoria Gomelsky, 2014) 

 Options and offers:  There are various options available today even for the startup organizations who 

cannot afford expensive subscriptions, choose the services among the wide choices available online 

including free services through different websites and trend blogs. (Hines T, 2013) 

The trend and forecast business shows promising growth and cost options available for services are wide- 

ranging from 265 $ per month from Trend spot and as minimal as 150$ per report from Pattern bank.  
(www.patternbank.com and www.trendspot.com) The cost criterion for WGSN +Stylesight is the highest one 

available and remains the top service provider in the area of Trend and forecast online agency being the foremost 

showing growth (Emma Barnett, 2011) 
    

7. Discussion and conclusion 

Thus collectively it can be understood here that, Information and technologies together has facilitated the fashion 

forecasting to the industry in a significant manner. As the textile and fashion industry faces a time oriented 
competition system making the forecast as key design tool for success of textile mills, apparel manufacturer and 

retailors worldwide. These categories can be divided into three sub categories as follows: 

 Essential: Trends have become an essential design tool and no design or fashion houses begin their 

season’s collection without a thorough research on trends. Essential categories or colours have become an 
integral part of every online trend report. 

 Desirable: As the technology advances, people preferences and lifestyles change, cultural shifts take place 

and regional influences grow strong; desirable aspects become the focal point for new design 

development. Each trend report conveys some desirable features/materials/colours as key aspects. Such as 
accent colours and accent materials/techniques/finishes/styles. 

 Futuristic: Recently online forecasting agencies have focused a lot on the stories for futurism addressing 

bigger stories in global change. A global expert panel from Think tank foresees the future vision and 

comes up with unique trend reports related to future visions and the foresight.  
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Abstract: In present work, influence of parameters like yarn structure, weave, pattern used in weft direction and 

effect of stainless steel filament fineness has been investigated on EMI shielding effectiveness of the metal 

composite fabrics. Two-sets of core and wrap spun yarns were prepared using stainless steel filaments having 
diameter 0.05 mm and 0.06 mm in the core and polyester/viscose(65/35) in the sheath. These yarns were then 

woven into a variety of structures. The electromagnetic shielding effectiveness (EMSE) of these fabrics was 

determined using a coaxial transmission set-up, in the frequency range of 100 MHz to 1500 MHz and results 

were statistically analyzed. It has been observed that coarser stainless steel filaments and plain weave fabrics 
results in improvement in EMSE of these fabrics, particularly in lower frequency range. 

 

Keywords: Spinning, electromagnetic shielding, conductive yarns. 

 
1. Introduction 
The growth of the electronic industry and the widespread use of electronic equipments in communications, 

automations, space, computations, biomedicine and other purposes have led to many electromagnetic 

interference (EMI) problems as systems operate in close proximity. The fast development of sophisticated 
electronic devices and applications has brought with it a growing interest in electromagnetic wave-absorbing 

materials. Many commercial and military applications, such as data transmission, telecommunications, and 

satellite broadcasting, as well as radars and diagnostic systems, wireless network systems and detection systems 

utilize and emit electromagnetic waves[1-2]. The electricity is used everywhere and exposure to electromagnetic 
fields of extremely low frequency (50 Hz – 60 Hz) is unavoidable in our daily life [3]. Many devices contribute 

to exposure such as cell phones with frequencies of 900 and 1800MHz, microwave ovens of 2450 MHz,  

FM/AM radiobroadcasts of 30-300 MHz and 300-3000 KHz respectively [2].   
Electromagnetic radiation can induce currents in external circuit elements that happen to be within effective 

range. Electromagnetic shielding material is one that attenuates radiated electromagnetic energy [2]. It is 

increasingly needed to protect devices from interference problems and to avoid dangerous effects on human 
health due to electromagnetic radiation. Several shielding applications require solutions that textiles can suitably 

fulfill [4].  

Among the various solutions offered, conventional rigid metal enclosures for EM shielding are expensive 

besides imposing weight penalty. Molded polymer composites with metal or non metal conducting fillers in the 
form of powder, granule, fibres are light weight but less flexible. Metallic mesh, gasket, metal coated tapes are 

produced by weaving, knitting or nonwoven process to cater desired EM shielding application. Recent past has 

witnessed many research works related to employing textile products and textile-based composite materials due 
to their versatility and conformability [5-6]. Many research papers concerned with influence of different 

spinning factors and blend ratio on EMSE of textile based composite have been reported [7-8]. However, rare 

references are available on the combined influence of yarn and fabric structural parameters on EM shielding 
effectiveness of such fabrics. Therefore, the aim of this work is to investigate various possibilities of using steel 

filament with the textile fibres for producing EM shielding fabrics with textile feel. The new textile material will 

be suitable for shielding home electronics and electrical appliances. 

 

2. Materials and methods 

Two sets of yarns of 78.33 tex and 65.50 tex were prepared for each of core and wrap spun yarns using stainless 

steel filament in core and polyester-viscose (65/35) blend in the sheath. The core spun yarns were prepared on 
ring frame and wrap spun yarns on hollow spindle spinning. 

These yarns were separately woven as fillings into plain and 2/1 twill fabrics on a sample loom. The sett of 

fabrics was kept constant at18 epc and 12 ppc for both the yarn counts i.e.78.33 tex and 65.5 tex for each core 

and wrap yarns. Normal ring yarn polyester-viscose (65/35) R40/2 tex was used in the warp for 78.33 tex yarn 
and R33/2 tex was used for 65.5 tex yarn. The detailed experimental plan and fabric sample coding have been 

mentioned in Table 1. 
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Table 1. Experimental plan and fabric sample code 

 

Sample 

Code 

Yarn 

type 
 

STEEL 

FILAMENT 

DIAMETER, 

MM 

Ends per 

cm 
 

Picks 

per cm 

Weave 

 

Pattern used in weft direction 

A1 CS 0.06 18 12 Twill All threads of conductive yarn 

A2 CS 0.06 18 12 Twill 

 

1 thread of conductive yarn and 1 

thread of 65/35 P/VR40/2 tex yarn 

A3 CS 0.06 18 12 Plain All threads of conductive yarn 

A4 CS 0.06 18 12 Plain 1 thread of conductive yarn and 1 

thread of 65/35 P/V R40/2 tex yarn 

B1 WS 0.06 18 12 Twill All threads of conductive yarn 

B2 WS 0.06 18 12 Twill 1 thread of conductive yarn and 1 
thread of 65/35 P/V R40/2 tex yarn 

B3 WS 0.06 18 12 Plain All threads of conductive yarn 

B4 WS 0.06 18 12 Plain 1 thread of conductive yarn and 1 
thread of 65/35 P/V R40/2 tex yarn 

C1 CS 0.05 18 12 Twill All threads of conductive yarn 

C2 CS 0.05 18 12 Twill 1 thread of conductive yarn and 1 

thread of 65/35 P/V R33/2 tex yarn 

C3 CS 0.05 18 12 Plain All threads of conductive yarn 

C4 CS 0.05 18 12 Plain 1 thread of conductive yarn and 1 
thread of 65/35 P/V 33  R33/2 tex 

yarn 

D1 WS 0.05 18 12 Twill All threads of conductive yarn 

D2 WS 0.05 18 12 Twill 1 thread of conductive yarn and 1 
thread of 65/35 P/V R33/2 tex yarn 

D3 WS 0.05 18 12 Plain All threads of conductive yarn 

D4 WS 0.05 18 12 Plain 1 thread of conductive yarn and 1 

thread of 65/35 P/V R33/2 tex yarn 

E1 NS ─ 18 12 Twill All threads of normal P/V yarn  

CS- core spun yarn, WS –wrap spun yarn and NS- normal ring spun yarn   

2.1 Test Method 
The shielding effectiveness was measured according to ASTM D4935 using the coaxial transmission line 

method. This standard determined the shielding effectiveness of the fabric using the insertion-loss principle. Five 

readings of EMSE values for each sample were measured in the frequency range of 100 – 1500 MHz. 

3. Results and discussion 

3.1. Effect of weave on electromagnetic shielding effectiveness 
The variations in EMSE with variations in weave have been graphically represented in Fig.1. It can be observed 

that there is steep decrease in shielding effectiveness up to 300MHz and afterward it decreases slowly with a 

little improvement in the range 300-500 MHz for both plain and twill weave fabric samples. Higher shielding 

effectiveness results were obtained in lower frequency range. This result is expected to be caused by smaller 
wavelength at higher frequencies. The highest shielding effectiveness result was observed as 87.6 dB at100 MHz 

and as 20.85 dB at 1500MHz with the sample having plain weave (A3). Further it is evident that, the 

electromagnetic shielding effectiveness (EMSE) results changes with the weaves of the woven fabrics. Plain 
weave fabrics show better EMSE which could be attributed to increased interlacements of warp and weft 

threads, resulting in reduced contact resistance. Hence, the best EM shielding effectiveness result is observed for 

plain weave. The similar trend was found for the samples made from 0.05mm stainless steel filament.  
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3.2 Effect of stainless steel filament fineness on electromagnetic shielding effectiveness 
The effect of stainless steel filament fineness on EMSE has been shown in Fig.2, which depicts such variations 

in EMSE at various frequencies for core spun yarns made from stainless steel filament having different 
diameters. It is evident from the Fig.2 that, with an increase in the stainless steel filament diameter, a general 

increase in shielding effectiveness is observed. The improved EM shielding effectiveness is expected to be 

caused by greater absorption of the radiation with coarser filament. Again higher shielding effectiveness results 
were obtained in lower frequency range, expected to be caused by higher wavelength in smaller frequencies. The 

highest shielding effectiveness results were obtained as 75.3 dB at 100 MHz and as 19.8 dB at 1500 MHz for the 

fabrics woven from 65.5 tex wrap spun yarn (B3). The similar trend was found for the samples made from 

conductive core spun yarns.  

  

Fig. 1. Effect of Weave on Electromagnetic       Fig. 2. Effect of stainless steel filament fineness on   

            Shielding Effectiveness    electromagnetic shielding effectiveness 

Fig. 3. Effect of yarn structure on electromagnetic      Fig. 4. Effect of pattern used in weft direction on 

            shielding effectiveness                             electromagnetic shielding effectiveness 

3.3 Effect of yarn structure on electromagnetic shielding effectiveness 
To study the effect of yarn structure on electromagnetic shielding effectiveness, fabric sample C1 (which is 

made of core spun yarn) and D1 (which is made of wrap spun yarn) have been compared and graphically shown 
in Fig.3. As it is analyzed, no major difference in EMSE is found due to yarn structures. Analyzing the yarn 

structure type in wrapped yarn, the spun yarn cover the stainless steel filament along a helical line and in the 

core yarn, the stainless steel filament lies in the inner region of the spun yarn. Average shielding effectiveness of 

24 dB is observed with both of the yarn structures. EMSE of these fabric increases with increasing incident 
frequency and then decline after a peak. The highest shielding effectiveness results were obtained at frequency 

range (100-600 MHz) for both samples. So it can be concluded that there is no change in EMSE value of fabric 

samples with yarn structure.  

3.4 Effect of presence of conductive filament and pattern used in weft direction on electromagnetic 

shielding effectiveness of the woven fabric   
The effect of presence of conductive filament and pattern used in weft direction were studied using sample A1 

(which is of twill weave containing 100% conductive yarn in weft direction), A2 (which is of twill weave 

containing 50% conductive yarn in weft direction) and E1 (which is of twill weave containing no conductive 
yarn in weft). As it can be observed from Fig.4, sample A1 displayed highest shielding effectiveness values. The 

shielding effectiveness values of the fabric sample (E1) produced with normal P/V blended yarns was found to 

be quite low in the range of 0-6 dB. It can be said that no shielding function against electromagnetic waves was 
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obtained with the normal regular fabrics. This emphasizes the importance of conductive material inclusion in the 

yarn. The highest shielding effectiveness results according to weft pattern were obtained as 56.86 dB at 100MHz 

and as 13.2 dB at 1500MHz. It is evident that increase in amount of conductive material content per square 
meter of the fabric provides the better shielding. It is found that with the increase in amount of conductive 

material in weft direction, EMSE results differ until 1000 MHz. Beyond 1000MHz, no important distinction is 

observed on the EMSE results of the fabrics.  

4. Conclusion 

 Fabrics with conductive yarns in their structure have significantly higher EMSE than fabrics made with non 

conductive yarns. Further, 50%reduction in contents of conductive yarn in the weft pattern results in 25.33% 
decrease in shielding effectiveness. 

 Use of coarser conductive steel filament yarns in the core, significantly improves the electromagnetic 

shielding effectiveness of metal composite fabrics. As steel filament diameter increases from 0.05mm to 

0.06mm, the electromagnetic shielding effectiveness increases by 27.12%. 

 Fabrics woven with plain weave structure exhibit on an average, 18.5% higher EMSE values in comparison 

to equivalent fabrics having twill weave structure.  

 Shielding effectiveness of metal composite fabrics is dependent upon frequency of electromagnetic waves 

and in general, maximum shielding effectiveness is observed within lower frequency range. 
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