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CHAPTER – I

INTRODUCTION


Textiles are indispensable part of human life. They are mainly to cover the human body for protection against all the adversities, says Kaplan (2001). Textiles, a generic term (from Latin ‘texere’, ‘to weave’). A textile is any type of material made from fibres or other extended linear materials such as thread or yarn. The production of textiles is an ancient craft, whose speed and scale of production has been altered almost beyond recognition by mass production and the introduction of modern manufacturing techniques, views Thomas (2006). 


Our knowledge of the early development in textile is very large because there are few written records. The record of man’s use of textiles dates back thousands of years before the birth of Christ. Textiles were first developed as a means for carrying food, as mats in shelters and later used as clothing. Man-made fibres came to entry only at the beginning of the twentieth century, denotes Mullick (2004). Textiles are developing into inter disciplinary high tech products. The traditional image of textiles is a low tech product. Now-a-days textiles are doing more functional in addition to their primary functions such as providing micro climate protection of modesty and improving the appearance. Such specially developed textiles have already found their way to the consumer market, remarks Kathirvelu (2009).


Most textile materials currently used in hospitals and hotels are conductive to cross infection or transmission of diseases caused by microorganisms. Also, all articles of apparel and home textiles are susceptible to problems of hygiene in normal daily use for example socks, sports-wear and working clothes as well as mattresses, floor coverings and shoe linings. Textiles for outdoor use are constantly exposed to the influence of microbes, says Khanna (2005). A variety of microorganisms like bacteria, fungi, algae and viruses come under this category. Various antimicrobial agents are being discovered day by day. Each of them has its own special characteristics and application. Moreover increasingly stringent environmental norms force us to move towards eco-friendly antimicrobial agents, denotes Shukla et al. (2008). Microorganisms create multiple problems to textiles including discolouration, stains and fibre damage, unpleasant odour and a slick, slimy feel. Besides, structure of the substrate and the chemical processes may induce growth of microbes. So it is necessary for antimicrobial finishes in textiles to avoid infections, control infestation and safeguard the textile product from deterioration, remarks Vyas et al. (2010).


Natural fibres have wide scope of application in the textile field’s particularly more friendly textiles. Natural fibres are the biodegradable fibres. Cotton is the most popular among the natural fibres and is admired by consumers in world over for its fascinating feel, comfort and versatility. Cotton is preferred for a wide range of application from apparel to home textiles and variety of specialized application. According to Mirani (1994), in India cotton has been given not only a royal status, but also been regarded as symbol of whiteness, purity and simplicity. Like the other plant fibres, cotton contains cellulose substance. But it is not produced by the plant as parts of its skeleton structure are the bast and leaf fibres. Cotton is attached to the seeds of plants of the mallow family. The fibre serves probably to accumulate moisture for germination of the seed. In fact, it is the backbone of basic foundation of the world’s textile trade and industry. 


Regenerated cellulosic fibre is a general term for manufactured fibres or yarns produced chemically from cellulose or with a cellulose base and for threads, strands, or fabrics made from cellulose content. It is composed of pure cellulose, the substance of which the cell walls of such woody plants are trees and cotton are largely comprised. These fibres are identified as regenerated cellulose fibres. The raw materials can be extruded is cellulose or cellulose base.


Modal is a bio-based fibre made by spinning reconstituted cellulose from Beech wood pulp. It is biodegradable and is about 50 per cent more hygroscopic, or water absorbent, per unit volume than cotton. It is designed to dye just like cotton and is colour fast when washed in warm water. Modal is essentially a variety of rayon, states Rastogi (2009). Modal fibres were initially developed in the 1930s for industrial uses in tyres, conveyor belts and hose pipes. Modal is currently called the new wonder fibre. This fibre combines the benefits of natural fibre and the fantastically soft fee of modern microforms. Modal has been providing feeling like “skin to skin”. They are also wear resistant and strong while maintaining a soft, silky feel. Modal fabric has softness, good drape and is comfortable for wearing. Modal fabric has good moisture regain and air permeability which is often considered better than cotton fabric. Modal fabric has level up surface, fine, smooth and velvet, which have the effect of natural silk. The garment maintains anticrease properties and has relatively easy care. Modal fibre contains an antibacterial agent that exhibits low solubility in water alkalies and acids, views Mahapatra (2007).


The newest invention on the fibre block is Lyocell. Like its relative rayon, lyocell is a cellulosic fibre. Dissolving wood pulp in a solution of amine oxide produces lyocell. The production process is environmentally safe. Tencel fibre can be used for many purposes, for example, casual wear and also for making elegant costumes and dresses. The garments made from tencel are easy care and comfortable to wear. The fibre can be spun and woven or normal machines for cellulosic fibres with some modification in the process, as it is a different type of fibre. Particular care is necessary during dyeing and finishing. Dry as well as wet strength are typical characteristics of tencel, says Achwal (2001). 


Many unconventional methods and techniques are tried in wet processing of textiles materials, very often to explore eco-friendly, alternative methods, water free processing, solvent assisted processing and low wet pick‑up processes have been tried to reduce the pollution load created in the wet processing. The plasma treatment, an eco-friendly alternate method, can be carried out on thin films, solids, natural fibres, man-made fibres and fabrics. Plasma technology is a surface sensitive method that allows selective modification in the nm-range. If a textile to be functionalized is placed in a reaction chamber with any gas and the plasma is ignited the generated particles interact with the surface of the textiles, remarks Mehta (2010). Plasma technology has been introduced to the textiles industry as well for such applications as removing sizings, adding functionality to the textile and modifying the surface properties of textile fibres, states Maurya (2010).


The term plasma was first used by Irving Langmuir in 1929, although this state was identified as early as 1879 by Sir William Crookes. Initially it was used in micro electronics and PCB industries. Since the early 1980s plasma has been in use for various finishing operations in textiles. Plasma is considered to be the fourth state of matter after solids, liquids and gases. It is an ionized gas comprised of a mixture of excited ions, molecules, electrons, neutrons, photons and free radicals. Plasma can also be defined as a collection of nearly an equal number of positive and negative charges which act collectively on the fabric surface. Different processes such as adsorption, desorption, etching, cleaning, surface activation, cross linking, deposition of a thin coating etc., can occur during treatment, conveys Saminathan et al. (2009). The types of gaseous matters used in the plasma processes appear to vary depending upon the effects targeted. Reactive gases, inert gases, water vapour and combination of these are used on all types of textile materials depending upon the applications. The combinations of the gases are used to achieve better process, performance and flexibility in the processing methods. In the medical front, plasma technique appears to be very much promising in obtaining biocompatible surfaces and also in sterilization process, denotes Saravanan and Nalankilli (2008).


Traditional medicinal systems, like the ayurveda and siddha, mention the use of plants in treatments of various human ailments. India has about 45,000 plant species and among them, several thousands have been claimed to possess medicinal properties. Over the past decade, substantial progress has been made in research on the natural products for the treatment of several dreaded diseases, like AIDS and cancer, opines Gupta and Laha (2007). Ayurvedic herbal products are creating a niche amongst the general population gradually and very rapidly they are taking hold of the position of chemical substances which have been in use majorly up till now. The fabrics dyed and finished with these may get curative therapeutic properties and become protective functional textile.


Busier lifestyles of modern society have prompted the demand for high performance fabrics. These days close fitted clothing are in trend and also there are some clothes which are often non-machine washable or have low temperature washing recommendation with less aggressive detergent. As a result of this, early odour development, fabric degradation and discoloration are observed in fabric which may be due to microbial infestation. It is well known that the natural fibres are more susceptible to microbial attack than synthetic fibres. So, in the textile and garment world, finishing plays a vital role for quality and value, says Srivastava (2010).


Some of the herbal compounds obtained from plants are well known from time immemorial as antimicrobial products. These plants and tree products are applied directly on skin or wounds as paste or incaution either for skin care or wound healing. These natural products are abundantly available in nature and are widely distributed. They are cheap and not processed and can be used as raw materials for required applications. Apart from dyeing, these medicinal products posses distinct odour for identification. These plant products are non irritant to skin and non toxic. There are various plants or certain parts of those plants whose intrinsic worth can be applied to the textiles, states Nagarajan (2009).


Psidium guajava (Guava) leaf family name is Myrtaceae. The scientific name is Psidium guajava. This tree is cultivated nearly all over India and is common in Bengal, denotes Nadkarni (2001). Since the 1950s, guavas – particularly the leaves – have been a subject for diverse research in chemical identity of their constituents, pharmacological properties and history in folk medicine. Most research, however, has been conducted on apple guava (Psidium guajava) with other species remaining undefined. From preliminary medical research in laboratory models, extracts from apple guava leaves or bark are implicated in therapeutic mechanisms against cancer, bacterial infections, inflammation and pain. Essential oils from guava leaves display anti-cancer activity in vitro. Guava leaves are used in folk medicine as a remedy for diarrhoea and as well as the bark, for their supposed antimicrobial properties and as an astringent. Guava leaves or bark are used in traditional treatments against diabetes. In Trinidad, a tea made form young leaves is used for diarrhoea,  dysentery and fever (www.wikipedia.org).


Considering the same qualities the investigator planned to study the “EFFECT OF ANTIMICROBIAL FINISH ON PLASMA TREATED COTTON, MODAL COTTON AND TENCEL COTTON FABRICS”. Hence the objectives of the study are to :

· select the eco-friendly cotton, modal and tencel yarn and convert into fabrics.

· select the natural antimicrobial herbal source namely Psidium guajava (Guava leaves).

· treat the fabrics with plasma application.

· apply antimicrobial finish to cotton, modal cotton and tencel cotton fabrics.

· compare the effect of finish on plasma treated and untreated fabrics. 

CHAPTER – II

REVIEW OF LITERATURE

​
The review of literature pertaining to the study “EFFECT OF ANTIMICROBIAL FINISH ON PLASMA TREATED COTTON, MODAL COTTON AND TENCEL COTTON FABRICS”.
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2.1
COTTON


Cotton the “white gold” is the most precious gift of nature to the mankind contributed by the genus “Gossypium”, states Mishra (2002). Cotton enjoys a unique position among textiles and is often referred to as the “king of fibres”, says Sekar (2001). Cotton belongs to the mallow family, or Malvaceae, which has representatives in nearly all parts of the world, but its species are most abundant in the tropics and in warm regions, remarks Brown (2002).


The cotton fibre comes from the fruit of the cotton plant which grows in tropical regions. It has lushy growth in clayey black soil and humid climate. The cotton fibre is known as “seed hair” since it is the fibrous fluffy material which comes from the seeds of the plant. The fluffy material covering the seed is also called “ball”, denotes Rastogi (2009).

Cotton enjoys an extremely positive image due to its naturalness and gentleness to the human skin, remarks Shriveleela (2004). The cotton industry provides largest number of jobs and livelihood opportunities in rural and urban people in the world. India is the second largest cotton textile manufacturing country in the world, denotes Swaminathan (2005). 

2.1.1
History of Cotton


Cotton, the most widely used fibre in the world has a long fascinating history. Scientists searching caves in Mexico found bits of cotton balls and pieces of cotton cloth that proved to be at least 7,000 years old. They also found that the cotton itself was much like that grown in America today. In the Indus River Valley in Pakistan, cotton was being grown, spun and woven into cloth 3,000 years B.C. At about the same time, natives of Egypt’s Nile Valley were making and wearing cotton clothing. Arab merchants brought cotton cloth to Europe about 800 A.D., says Thomas (2006).


According to Ajay (2007), there is evidence that cotton was cultivated in India, Pakistan, Mexico and Peru 5000 years ago. In these two widely separated parts of the world, cotton must have grown widely. Then people learned to cultivate cotton plants in their fields. Cotton has been cultivated for more than 5000 years and archeological finds indicates that cotton was gown and used for textile purpose in the Indus Valley well before 2100 B.C. The oldest known “cotton yarn” was produced in Mohanjo-Daro in Pakistan 3000 years ago, explains Kaplan (2002). The advent of man-made fibre is a serious challenge to the supremacy of cotton, which had held undisputed away over the textile world from time immemorial, says Kulkarani (1999).

2.1.2
Properties of Cotton


Cotton is defined as white fibrous substance covering seeds harvested from cotton plant. Each cotton fibre is a very interesting mass of cellulose formed by the interplay of natural forces. The cellulose of which cotton is made is a very tough and durable substance. The cotton fibre is associated with a number of other substances, notably waxes, pectic products and mineral substances. So it is always a first step in the art of dyeing and finishing to purify the cotton as completely as possible, explains Hall (2004).


Cellulose lacks significant acidic or basic properties but consists of a chain of linearly arranged biglucose units with ether bridge linkages. The side groups of these units are primary and secondary alcoholic hydroxyl groups which make the fibre hydrophilic. This property of cotton fibre is responsible for its dyeing, says Smith (2006).


Cotton is a staple fibre whose length varies from ½ inch to 2.5 inch. Cotton with short length is known as short staple and with long length long staple. Long staple is used for manufacturing fine quality cloth, short staple is used for rough quality cloth manufacturer, opines Sushma et al. (2005). 


Cotton loses strength in sunlight. It is soft but strong. Cotton is stronger when wet than dry, remarks Ladbury (1985). Cotton is inelastic. This is responsible for the wrinkling and the creasing of cotton garments. This in elasticity also prevents fibres from returning to their original position, sometimes resulting in “bagginess”. Cotton has good moisture absorbency, so is a comfortable fibre to wear. 


Cotton can be easily dyed with basic dyes and natural dyes. It have a swelling capacity regarding aqueous solution. It is resistance to moth and also non-allergic to body, explains Gienanat (2006). It absorbs perspiration quickly. It has good colour retention and also durable. It is biodegradable and breathable, views Asha (2007).

2.1.3
Uses of Cotton


According to Varinder (2004), cotton fabrics have been so well known and so extensively used throughout the world for hundreds of years that the spinning of the cotton fibre into yarn, the wearing of cotton fabric and many of the finishing processes used for cotton goods come first to mind and naturally serve as foremost examples in a study of fibre and fabric. Cotton has been of service to mankind for so long that is versatility is almost unlimited and new uses are constantly being discovered. It can be depended onto serve many purposes. Not only is cotton a textile in its own right, but some of its by products from the base for some of the man made textile fibres. Cotton can be woven or knitted. It can also be turned into flannel, corduroy, muslin, a variety of other fabrics used so universally that the American Cotton Council uses “the fabric of our lives” as a tag line (www.wisegeek.com).


It is exclusively used in apparel fabrics for men and women wears and household fabrics like bed sheets, towels, rugs and carpets. Cotton is blended with other man‑made fibres like polyester, viscose, acrylic etc. to be used for variety of purposes. It can also be used in industrial applications as tyre cords, bags, shoes and medical supplies and equipments, says Rakesh (2007).


Cotton is used to make denim, corduroy, seersucker and cotton twill. Socks, underwear and most T-shirts are made from cotton. Fabric also can be made from recycled or recovered cotton that otherwise would be thrown away during the spinning, weaving, or cutting process. In addition to the textile industry, cotton is in fishnets, coffee filters, tents, gunpowder, cotton paper and in book binding. The first Chinese paper was made of cotton fibre. Fire hoses were once made of cotton, explains Meenakshi (2009).


Cotton also finds special applications in medical and surgical products like hydrophilic fibres. Cotton (cotton wool), compress, gauze bandages, tampons or sanitary towels, cotton swap, gloves and caps, states Kothari (2000). 

2.2
MODAL


Modal is a kind of cellulose recovered fibre which produced by Austria Lenzing Company. It adopts the European Schneider Zelkova as the raw material, first make it into wood pulp and then spinning it and at last process it into the fibre. It is 10 per cent natural fibre, harmless to the human body, and can decompose naturally, green environmental protection (www.kongfi.com). Lenzing modal is a registered trademark of Lenzing AG. Modal is a cellulose fibre made by spinning reconstituted cellulose from beech trees (www.wikipedia.org). The fibre is manufactured according to a special viscose spinning process from high quality wood pulp. Fibres made of modal display a silky gloss, which produces a shine similar to mercerization when blended with cotton, a pleasant soft touch and drape and excellent wear properties. 


Modal is a 100 per cent biodegradable fabric. This fabric is bio-based, rather than other natural fibres (www.greenshaman.com). Modal is combined with modern microforms. It is commonly blended with cotton as the cross fibre is similar (www.holistic-interior-designs.com). It is about 50 per cent more hygroscopic, or water-absorbent, per unit volume than cotton. It is designed to dye just like cotton and is colour fast when washed in warm water (www.textiles.indianetzone.com). Modal fibre is replacing the cotton from its current dominant market. It is eco-friendly, 100 per cent biodegradable characteristics has made it accepted globally within a short period of time (www.modal.at). 

2.2.1
History of Modal


Lenzing started promoting modal in India only in the late 1990s, when economic liberalization became effective and import duties were brought down. Now the consumption in India is 4000 tonnes till 2007. Birla cellulose is offering Birmal Modal. Modal as defined by the International Bureau for the Standardization of man-made Fibres (BISFA) is a distinct viscose fibre genre, which has high wet modules and satisfies a minimum value of tenacity in the wet stage at five per cent elongation, says Mahapatra (2007). 


Polynosic or modal is a regenerated cellulosic fibre which, when wet, remain stronger and disaster less than either cuprammonium or viscose. Polynosic means many fibrils, whilst modal is derived from modulus. The International Organisation for Standardisation prefers the name modal, remarks Vilensky and Gohl (1999).

2.2.2
Properties of Modal


Modal acts like cotton, but it also has some significant advantages than cotton. Modal is also less likely to fade or to form pills as a result of friction. Its smoothness also makes hard water deposits less likely to adhere to the surface, so the fabric stays soft through repeated washings (www.wisegeek.com). Modal fabrics are very soft and smooth with the ability to absorb upto 50 per cent more water than cotton. Fabric made from modal drape well and do not pile like cotton. It dyes like cotton and colour fast when washed in warm water. Pure modal fabric looks best when ironed after washing. Blended modal fabrics are more wrinkle resistant (www.greenshaman.com). 


Modal fabric has wonderful hygroscopicity, air permeability and flamboyant colour. It causes no fibrillation (www.kongfi.com). Modal has greater stability than viscose. It can be mercerized and it is inexpensive, says Ladlury (1985). Unlike cotton, modal fabrics show more resistance to shrinkage. Reduced growth of bacteria when compared to cotton, if both stored for the same long period of time ; and doesn’t age like cotton. With all its properties, modal is considered best for exercising clothing and health suit. Modal posses lower elongation and higher wet modulus as it has high rate of polymerization. It has tendency to pile due to long fibres. This is more expensive than viscose rayon and cotton (www.resources.alibaba.com). 

2.2.3
Uses of Modal


Modal yarn is the best choice for the top grade knitting and machine weaving face fabrics. Because of its splendid air permeability it is become more and more useable in ladies’ suit, underwear, sportswear and household textiles fields (www.kongfi.com). Due to modals’ smooth soft qualities it is used extensively in bedding and sleepwear. Its tremendous absorbency also makes it ideal for use in towels (www.greenshaman.com). Modal can also be recycled into lesser worth products e.g. filling materials (www.holistic-interior-designs.com). Modal provides a feeling like a second skin. Lenzing modal and Lenzing modal MICRO are ideal for lingerie and night wear. Top quality knitted fabrics from Lenzing modal are blended with cotton, synthetics and elastene for sportswear. It has high performance, breathable, pleasant against the skin (www.abtexintl.net).


Modal is very soft and thus is popular for both clothing and household textiles. Used for table clothes and bed linen (beddings), bath robes, upholstery and in home furnishings. Used exclusively in knitwear markets having high-end apparel / non apparel products. Used for socks and stockings, as well as in technical applications such as Tyre cord, abrasive ground fabric, Rubber clothes and other coating supports (www.fibre2fashion.com). 

2.3
TENCEL


Lyocell, developed by Acordis Cellulose Fibres, is similar to modal in that it is produced from natural wood cellulose. The trade name for lyocell manufactured by Acordis is tencel. Lenzing Fibres, a major manufacturer of cellulose-based fibres also produces and markets lyocell under the trade name Lenzing lyocell. As in the case with other fibre produced from cellulose, lyocell is very absorbent allowing it to wick moisture away from the skin. The fabric breathes well and is comfortable (www.greenshaman.com). Tencel is a new man-made eco-fibre claimed to replace cotton, opines Chavan (2001).


Eco-friendly, lyocell is produced by a special process using a solvent spinning technique in which the dissolving agent is recycled, reducing environmental effluents, remarks Thomas (2006). The production process of tencel fibre has its origins in the cellulose of wood pulp in a process designed with the environment in mind. The trees used for tencel fibre yield about seven times more cellulose per hectare than cotton. The fibre is also completely biodegradable. It is now available in tencel denim, tencel linen, tencel stretch and much more, says Sadhwani (2002). 

2.3.1
History of Tencel


The first fabrics made with wood pulp were made as far back as the mid 19th century. They were not universally accepted or very profitable. At the end of the 19th century, a method for creating rayon out of wood cellulose became popular, and rayon became one of the first man-made fibres, as a silk substitute, and an inspiration to later produce lyocell. Success of rayon particularly in the later 20th century fueled interest in making other products from wood pulp (www.wiseeek.com). 


The tencel research programme began in the mid 70s. The pure research with the aim to produce staple fibres and filament yarn was taken up under the title “new cell” in 1976 by the American Enca Corp at the time, and Enka research in Obernburg / Germany. In 1987 Akzo granted a license to Lenzing (Austria) and to Courtaulds (UK) in 1990. Lenzing (Austria) gave the name lenzing lyocell. It took 16 years and an investment of US$ 500 million to develop this fibre and its unique manufacturing process in which virtually all the solvent used was recycled, views Sayed et al. (2002). 

2.3.2
Properties of Tencel


Lyocell shares many properties with other cellulosic fibres such as cotton, linen, ramie, and rayon. Some main characteristics of lyocell fibres are that it is soft, absorbent, very strong when wet or dry and resistant to wrinkles ; it can be machine or hand washed or dry cleaned, it drapes well and it can be dyed many colours, as well as simulating a variety of textures like swede, leather or silk, views Neelima (2009).


Like cotton, tencel fabric results in outstanding wear comfort. Fabrics produced from tencel are breathable and have high dimensional stability. Tencel fabric distinguish themselves by the specific property to fibrillate in wet state under impact of external mechanical effects. Fibrillation characteristics of tencel fibres makes possible the creation of entirely new handle. Due to special physical properties of the fibre during processing, a wide variety with novel effects like peach skin, silk touch and soft denim can be achieved for high grade fashion garments. Lyocell fabric as such or in blends are widely used in apparel and other fashion garments, explains Mistry et al. (2003). 


Fabric made from short tencel fibres has a feel very much like cotton. Longer tencel fibres give fabric a smooth, silky feel. These fabrics fall beautifully and can be used in elegant formal wear (www.ehow.com). The garments are often sold as good for travel because they pack light and retain their shape. Tencel also dries quickly, so drip-drying it may not take long (www.wisegeek.com). 

2.3.3
Uses of Tencel


Lyocell fibres have made a special impact on the worldwide textile market since their appearance. The trends in the field of textile fibres and the necessity of increasing the competitiveness of textile articles motivated an analysis of lyocell fibres’ potential for the garment sector and especially for fashion, views Hohberg (2006). Ninety per cent of lyocell is used in women’s wear. Its uses ranging from casual denim applications to tailored suits. A small percentage of lyocell is found in casual men’s wear such as golf shifts. Other uses of lyocell products include industrial textiles, special types of paper and non-wovens. Artificial leathers, filters, hygiene products and medical wipes are among the non-woven end uses. Industrial uses include protective suits in the work wear industry, coated fabrics, military fabrics, oil filters and ropes. Lyocell can also be found in upholstery fabrics and window treatments, says Ajay et al. (2007).


Tencel fabrics are used as technical fabrics in which high strength coupled with high absorption are required. Especially non-woven fabrics targeted primarily in hydro entangled, spun laid and wet-lay technologies. It is used in the manufacture of medical swabs and gauges, battery separation and coating substrates. Being biodegradable, it is used for making disposable clothing. It is the first fibre after cotton which can be used to create the authentic denim looks, describes Mukesh et al. (2002). 

2.4
WEAVING


The art of weaving or perhaps more correctly the art of “interlacing”, preceded that of spinning, remarks Barker (2009). The most widely used method of making fabric has always been weaving. Regardless of culture, woven fabric has been the foundation of making cloth for thousands of years. The Latin word ‘textile’ simply means the ‘weave’, says Greenberg et al. (2007).


Woven fabrics consist of two series of threads, warp and weft, interlaced at right angles to each other. The warp threads run the length of the fabric and the weft threads run across the width of the fabric, states Vidyasagar (2005). The right angle position of the yarns gives the cloth more firmness and rigidity than yarn arrangements in knits, braids or laces. Because of this structure, yarns can be raveled from adjacent sides. Woven fabrics are widely used and weaving is one of the oldest methods of making cloth. 


Weaving is done on a machine called a loom. The loom has undergone significant modifications, but the basic principles and operations remain the same, explains Hollen et al. (1993). The warps are held taut and in parallel order, typically by means of a loom, though some forms of weaving may use other methods. The loom is warped (or dressed) with the warp threads passing through heddles on two or more harnesses. The warp threads are moved up or down by the harnesses creating a space called the shed. The weft thread is wound onto spool called bobbins. The bobbins are placed in a shuttle which carries the weft thread through the shed. The raising / lowering sequence of warp threads gives rise to many possible weave structures. Both warp and weft can be visible in the final product, describes Parvathi (2007). 

2.4.1
Types of Weaving


The particular order of interlacing of warp and weft threads forms the weave. There are different methods of interlacing which give infinite variety of weaves. Two kinds of warp and weft intersections can be found in the woven fabric, depending on the mutual position of warp and weft threads at the point of intersection, i.e., warp over weft or weft over warp. Different combinations of these two kinds of intersections can form short or long floats of warp and weft threads, and can form different weaves, explains Singh (2004).


The two main categories of woven patterns are basic weave and complex or fancy weave. The basic weaves are plain weave, twill weave and sateen weave. All other patterns are either the variations of these basic patterns or a combination of them, says Nakamura (2000). More than two harnesses are required for advanced weaves, and as many as forty for fancy weaves. They are pile, double-cloth, gauze, swivel, lappet, dobby and jacquard, opines Langford et al. (2002). 

2.4.2
Plain Weave


The plain weave is sometimes referred to as the tabby, homespun, or taffeta weave. It is the simplest type of construction and is consequently inexpensive to produce. On the loom, the plain weave requires only two harnesses, states Corbman (1983). The plain weave is the simplest of the three basic weaves that can be made on a loom without any modification. It is formed by yarns at right angles passing alternately over and under each other. Each warp yarn interlaces with each filling yarn to form the maximum number of interlacings, says Saddler et al. (1993). Plain weave fabrics have no right or wrong side till they are not printed or given a finish. Plain weave fabrics tend to wrinkle readily and are less absorbent than other weaves. By using various fibres, novelty or bulk special effect can be provided to the plain weave fabric. Variations of plain weave are sib weave and basket weave, explains Meenakshi (2009).


Plain weave is the simplest of all weaves having a repeat size of 2. The range of application of this weave is wide. The plain weave has the following characteristics :

(i) It has the maximum number of binding points.
(ii) The threads interlace on alternate order of 1 up and 1 down.
(iii) The thread density is limited.
(iv) Cloth thickness and mass per unit area are limited.
(v) It produces a relatively stronger fabric that is obtained by any other simple combination of threads, excepting that a ‘gauze’ or ‘cross weaving’, remarks Gokarneshan (2009).
Plain weave finds extensive uses. It is used in cambric, muslin, blanket, canvas, dhothi, saree, shirting, suiting, etc., denotes Kadolph et al. (2002). 

2.4.3
Mixtures


Fabrics made from more than one type of fibre are known as a blend or a mixture, defines Clarkson et al. (2002). A mixture is when one fibre is spun into a yarn for the warp threads and a different fibre is spun to make the weft threads. The mixing occurs during the weaving process, opines Aldrich et al. (2007). Blends, mixtures and combinations produce fabrics with properties that are different from those obtained with one fibre only, reports Kadolph et al. (2009). Mixtures give an improved fabric performance. It reduce the costs by mixing a cheap fibre with a more expensive one and give different texture and colour effects, views McArthur et al. (2001). 

2.5
BASIC FINISHES


When the fabric comes out of the loom they do not appear attractive. While they are under process of spinning they get dirty. In order to clean them, improve their appearance, bring out their distinctive characteristics and prepare them for the market, they are made to undergo some additional processes after they have left the loom, explains Parvathi (2007). Fabric contains impurities which are natural to the fibre or it is oiled and many have oil stains. So it becomes necessary to give the preliminary treatments such as bleaching, scouring, desizing and singeing, states Gupta et al. (2005). Basic finishes are those finishes that increase the beauty and attractiveness of the cloth and cover the defects. They add weight, body or warmth, says Meenakshi (2009). Basic finishes are also called as preparatory finishes. Preparatory finishes are finishes that are added at the beginning of the textile production process, derives Colussy et al. (2007).

2.5.1
Scouring


According to Nakamura (2000), the process of removing the impurities and colour pigments, etc. contained in the fibres since its origin, the gluey material adhered during the spinning and weaving process, the trash and the oil etc. is called as scouring. The fabrics are immersed for appropriate time in hot water or hot liquid, having the usual soap and soda variety dissolved in it and then they are washed. Sometimes certain fabrics are given certain markings during weaving. These markings are also removed by scouring as washable dyes are used for marking. Cotton and man‑made fibres can be cleaned by soap ; detergent or other solutions containing soda, explains Saini et al. (2005). Scouring is generally done several times in finishing to wet out the fabric or to remove excess chemicals or soil. Wetted out fabrics are easier and more efficient to finish than dry fabrics, remarks Hall (2004).

2.5.2
Bleaching


According to Neelima (2009) bleaching is done to whiten the cloth which comes from the loom and is grayish brown in colour. Cotton, linen, silk and wool are bleached to make them pure white. Bleaching consists of a chemical reaction between a reagent (usually an oxidizing or reducing agent) that destroys the molecular bonds responsible for the pigmentation that is the source of the coloured or off-white, state of the fibres. It can be carried out at various points in the manufacturing process, from fibres to fabrics, denotes Kaplan (2008). 


The method using bleaching powder, hydrogen peroxide, sodium peroxide, potassium permanganate utilizes the oxidation effect of these. Whereas, the method using Sulfurous acid, soda or hydro-sulfite etc. utilizes the effect of reduction, explains Meenakshi (2009). These are chosen very carefully depending upon the fibre content as the same bleach is not suitable for all fabrics. Further, bleaches tend to damage the fabric, so it is done under controlled conditions of temperature and concentration. Finally thorough rinsing is essential to remove all traces of bleach, views Garg et al. (2005). 

2.6
PLASMA APPLICATION


Plasma was identified by Sir William Crookes as early as in 1879, however, “plasma” was applied to ionized gas only in 1929 by Irving Langmuir. Plasma is considered as the fourth state of matter, after solid, liquid and water, says Saravanan and Nalankilli (2007). A plasma distinguishes itself from the other states of matter because it contains charged particles, states Buyle (2009). According to Dev et al. (2006) plasma is defined as a partially or wholly ionized gas with an equal number of positively and negatively charged particles.


A gas becomes a plasma when the addition of heat or other energy causes a significant number of atoms to release some or all of their electrons. The remaining parts of those atoms are left with a positive charge, and the detached negative electrons are free to move about. Those atoms and the resulting electrically charged gas are said to be “ionized”. When enough atoms are ionized to significantly affect the electrical characteristics of the gas, it is a plasma, explains Hong Kong Productivity Council (2006). Plasma, as a very reactive material, can be used to modify the surface of a certain substrate (typically known as plasma activation or plasma modification), depositing chemical materials (plasma polymerization or plasma grafting) to impart some desired properties, and removing substances (plasma cleaning or plasma etching) which were previously deposited on the substrate, describes Sujatha (2009).


The technology can enhance the function of the textile and garment, such as crease-resistance, UV-protection and offer hydrophilic or hydrophobic properties, including water – oil – or stain – resistance, with excellent hand feel rapid drying and breathability features. The plasma process requires low chemical cost and its dry process is environmentally friendly, safe, cost-effective and can be applicable to a wide range of materials, denote Gorjanc et al. (2010). 

2.6.1
Principles of Plasma Application


According to Hocker (2009), plasma treatment is a surface treatment that modifies the textile surface without altering the bulk properties (tear resistance, flexibility, density) of the textile material.


Plasma technology is a surface –sensitive method that allows selective modification in the nm – range. By introducing energy into a gas, quasi-neutral plasma can be generated consisting of neutral particles, electrically charged particles and highly reactive radicals. If a textile to be functionalized is placed in a reaction chamber with any gas and the plasma is then ignited, the generated particles interact with the surface of the textile. In this way the surface is specifically structured, chemically functionalised or even coated with nm thin film depending on the type of gas and control of the process, remarks Desai (2008). The plasma atmosphere consist of free electrons, radicals, ions, UV-radiation and a lot of different excited particles in dependence of the used gas. Different reactive species in the plasma chamber interact with the substrate surface. Cleaning, modification or coating occur dependent of the used parameter, says Vohrer et al. (2009). 

2.6.2
Characteristics of Plasma Application


Plasma technology envelops and cleans the fibres of woven and nonwoven structures to significantly enhance their wettability, printability, dyeability and fibre capillarity (faster dye / ink uptake). Significant improvements in the ink adhesion, dyeing depth and colour fastness of textile webs, yarns and filaments have been achieved, along with the presterilization of various medical grade textiles, views Mahapatra (2010).


The classification systems of plasmas dwell on temperature, pressure, type of current used, type of gas used. In hot plasma, which is also known as equilibrium plasma, appreciable ionization takes place ; the ions and electrons are in thermal equilibrium and are operated at high pressure or atmospheric pressures. Non-equilibrium cold plasma is one, where only a small friction of atoms in a gas are ionized and the electrons reach a very high temperature, whereas the ionization remains at the ambient temperature. Cold plasmas are further categorized into glow discharge, corona discharge, RF discharge plasmas and are also known technological plasmas, explains Nalankilli and Saravanan (2008).


The percentage of initially present gaseous atoms or molecules that have been decomposed into charge carriers, i.e, degree of ionization, is one of the important factors in plasma technology in deciding the efficiency of process. The radicals generated inside the plasma region must be given the opportunity to move to the reaction place at the textile fibre surface. The path of radicals between the location of generation and reaction is limited by the distance between single fibres and gas particles, i.e., mean distance between gas particles, describes Kale et al. (2010).

2.6.3
Methodologies of Plasma Application


Plasma has been broadly classified into low pressure plasma and atmospheric pressure plasma. Atmospheric pressure plasma is further classified as Corona Discharge (CD), dielectric barrier discharge (DBD) and atmospheric pressure glow discharge (APGD), reports Muguntarajan et al. (2009).


There are different methodologies to induce the ionization of plasma gas for textile treatment. Glow discharge method, which plasma gas is produced at reduced pressure and assures the highest possible uniformity and flexibility of any plasma treatment. It is formed by applying a direct current, micro wave, low frequency (50 Hz) voltage over a pair or a series of electrodes. Alternatively, a vacuum glow discharge can be made by using micro wave (GHz) power supply, remarks Sujatha (2010).


Corona discharge method, which plasma gas is produced at atmospheric pressure by applying a low frequency or pulsed high voltage over an electrode pair, denotes Ho Kai-Chiu (2007).


Dielectric barrier discharge method, which plasma gas is produced by applying a pulsed voltage over an electrode pair of which at least one is covered by a dielectric material. Dielectric barrier discharge (DBD) is also called ‘silent’ and ‘atmospheric pressure glow’ discharges, says Samanta (2008).

2.6.4
Advantages of Plasma Application


The plasma treatment of polymeric material has a lot of benefits compared with classical wet chemistry finishing. It is applicable to all substrates suitable for vacuum processes, i.e., almost free choice of substrate materials. The consumption of chemicals is very low due to the physical process. The process is performed in a dry, closed system, and excels in high reliability and safety, environmentally friendly and it increases abrasion resistance, dyeing speed, remarks Vohrer (2001).


On polymers which are unable or very difficult to modify with wet chemicals, the surface properties can also easily be changed. Plasma treatment changes polymers to give them particular properties hollow fibres surface, aromatic fibres with consequent connection of functional group and makes fabrics antibacterial, linen fibres crease-resisting and it reduces loss of weight during washing, it replaces those proceedings that use chlorine, it sterilizes (sanitary – hospital) material using reduced content of chemical products, denotes Shishoo (2007).


According to Taylor and Francis (2007) the use of plasma can avoid the problems encountered in wet chemical treatments such as residual chemical in the effluent and selling of the substrate. Modification is fairly uniform over the whole surface. Also, different processes can run in the same unit and there is no limit to substrate geometrics. All these advantages makes it part of the future techniques for surface preparation and modification, opines Oehr (2006). 

2.7
FINISHING


A finish is anything that is done to fibre, yarn or fabric either before or after fabrication to change the appearance (what is seen), the hand (what is feel) or the performance (what the fabric does). All finishing adds to the cost of the end product and the time it takes to produce the item, states Stephens (2002). Finishing is done to a fabric after weaving or knitting. Finishes also help introduce variety and improve its serviceability and durability. Finishes basically are processes applied to fabrics to improve its properties and its end use. Finishing may be done in the mill where the fabric is manufactured or sent to special centers called “converters” or “finishing houses”.


The processes of finishing are many. Their suitability for a particular type of fabric is determined by the nature of the fibre, the type of yarns and weaves, remarks Yadav (2007). Finishing is not only what catches the eye, but the feel and touch that the treated material imparts. Buyers always expect a high degree of wearing comfort and finishing plays an important role in achieving that, says Sivakumar et al. (2008).

2.7.1
Classification of Finishing


Finishes are classified in several ways. It is classified as physical or mechanical and chemical finishes on the basis of techniques used. Permanent finish, durable finish, semi-durable finish, temporary finish on the basis of degree of performance. Generally it is classified as basic finishes and special or functional finishes, derives Mullik (2006).

2.7.2
Functional Finishes


Textiles have to be functional, easy care, attractive and practical. These requirements can be met by using modern finishing methods. The finish must last as long as the life of textile material with periodic washings and sterilizing. The finish must be compatible to human as well as for ecology, views Rekha et al. (2005). Functional finish improves the performance of the fabric by catering to a specific end use. Some examples are water repellent, crease resistant, mildew and moth resistant, fire proof finish, water proof finish, anti-microbial finish, etc. Functional finish is also known as special or aesthetic finish, states Neelima (2009). Many times functional finishes may or may not be able to be easily seen looking at the fabric. However, they serve a significant purpose in the overall performance or function of the fibre, yarn or fabric, opines Parvathi (2007).

2.8
MICROORGANISMS


A microbe or microorganism is an organism that is so small that it is microscopic (invisible to the naked eye). Microorganisms i.e., bacteria, fungi, mildew, mould and yeasts are found everywhere in nature, even in hostile environments. The human skin is usually crowded with innumerable microorganisms. A suitable temperature, moisture, dust and receptive surface provide perfect conditions for their growth (www.freewebs.com).


Bacteria are unicellular organisms, which can grow very fast under warm and moist conditions. Bacteria feed on a variety of food available from fabric and skin. They give out waste products, which result in odour and stain, remarks Srikanth (2010). Rakesh (2005) observes bacteria are produced by cell division which can occur every 20 minutes, in optimum conditions turning, a single bacterium into 8 million bacteria in as little as 8 hours. Further, sub divisions in the bacteria family are gram positive (Staphylococcus aureus), gram negative (E. coli), spore bearing or non-spore bearing type. Some specific types of bacteria are pathogenic and cause cross infection. Fungi, moulds or mildew are complex organisms with slow growth rate. They stain the fabric and deteriorate the performance properties of the fabrics. Fungi are active at a pH level of 6.5, explains Shanmugasundaram (2006). 


Algae are typical micro organisms, either fungal or bacterial. This can produce their food by photosynthesis. Hence they need continuous sources of water and sunlight to grow and develop darker stains on the fabrics. Dust mites are eight legged creatures that spoil household textiles such as blankets, bed linen, pillows, mattresses and carpets. They might feed on human skin cells and librated waste products can cause allergic reactions and respiratory disorders, explains Rahul (2009). With disturbance of the more or less balanced inter relationship between the organisms and host resistance, individual forms of microorganisms may overgrow and induce disease in the host’s tissues, says Gulve et al. (2010).

2.8.1
Effect of Microbes on Textile and Humans 


Although microbes can be useful in many ways, for example in brewing, baking and biotechnology, they can also be harmful to both textiles and humans. Different substances added to textiles, such as size, hand modifiers, antistats, thickeners, lubricants and dirt as well as grease, sweat and dead skin from the human body provide a great source of nourishment for microorganisms, views Tanveer (2010). Microbial infestation poses danger to both living and non-living matters. Obnoxious smell from the inner garments such as socks, spread of diseases, staining and degradation of textiles are some of the detrimental effects of bad microbes, remarks Krishnaveni et al. (2010).


The ideal growth conditions for microorganisms exist on the human body and for this reason clothing textiles are very prone to infestation by microbes. This applies to natural fibres as well as synthetic ones, and not only to clothing, but also home textiles such as bed linen, towels and carpets. Rapid increase in allergies are often provoked by microorganisms such as mould fungi. In addition to provoking allergies, such microorganisms can also directly cause diseases, derives Shroff (2001). 


According to Gupta et al. (2007) one of the most susceptible garments to microbial attack are the next to skin garments which remain close to skins secretions such as perspiration and secretions from axiallary and pelvic regions. The contaminated next to skin garments can cause infections like furuncles and boils. This problem cannot be eliminated by even most frequent washings, with the exception of washing at boiling temperature.

2.9
ANTIMICROBIAL FINISH


Textile products, which are made of natural, synthetic or blended fibres are sensitive to contamination by and growth of pathogenic microorganisms. The increasing consumer demand for hygienic products has dramatically increased antimicrobial substance use on textiles. Antimicrobial textile products vary in their effectiveness and durability depending on the type of fabric, the agent, and the finishing method used, says Pelin et al. (2010). According to Shanmugasundaram (2006), negative effect on the vitality of the microorganisms is generally referred to as antimicrobial. Antimicrobials are used to control bacteria, fungi, mould, mildew and algae. Their control reduces or eliminates the problems of deterioration, staining, odours and the healthconcerns that they cause, denotes Joshi (2010).


The antimicrobial agents can be applied to the textile substrates by exhaust, pad-dry-cure, coating, spray and foam techniques. The substances can also be applied by directly adding into the fibre spinning dope. It is claimed that the commercial agents can be applied online during the dyeing and finishing operations, explains Rajesh et al. (2010). The use of antimicrobial finishes and treatments within textiles can help to avoid or control cross infection, and by stopping microbial growth, can extend the lifetime of the product, opines Krishnaveni et al. (2010). The antimicrobial textiles can be classified into two categories, namely passive and active based on their activity against micro organisms. Passive materials do not contain any active substances but their surface structure (lotus effect) produces negative effect on the living conditions of micro organisms. Materials containing active antimicrobial substances act upon either in or on the cell, describes Ljiljana et al. (2010).

2.9.1
Type of Antimicrobial Finish


Antimicrobial finish inhibits action to kill the microorganisms.


According to Asimkumar (2008) antimicrobial finishes can be divided into two types namely,

(1) Impervious finishes, in which skin of resin provides an impervious barrier to the fungus or bacterium.

(2) Active finishes, which are effectively bactericidal or fungicidal. They can be subdivided into further 2 types : (a) Rot proofing agents for industrial uses requiring a cheap, leach-resistant material, which may or may not be coloured, (b) Sanitized type of finish used for apparel, where a much more efficient, non-toxic, durable but costly finishing chemical is used.


Antimicrobial agents are of two types. They are leaching and non-leaching types. Leaching type antimicrobials are diffused from the garment to come to contact with microbes. Products migrate off the substrates, forming a sphere of activity, and any microbes coming into the sphere are destroyed, remarks Srikanth (2010). Leachable antimicrobial agents are not chemically bonded with the fabric and can be removed by contact with moisture, says Sakthivel et al. (2010). Non-leaching type antimicrobials are bound to the product, allowing control of the microbes. Products do not migrate off the substrates and destroy the bacterial coming in contact with the treated surface. The microbes are not consuming the antimicrobial as they act on the cell membrane by mechanically destroying them. The finishing will be permanent and will remain functional throughout the life of the treated substrate, views Sampath (2003). 

2.9.2
Properties of Antimicrobial Finish


Antimicrobial finish maintains hygiene and freshness and stops bad odour from the surface of the fabric. Controls or eliminates microbial staining and improves life of the articles wherever it is applied. Improves hand of most of the fabric, eliminates the chances of disease transmission and is effective on any substrate like cellulose, synthetics as well as their blends and any surface other than textiles, explains Ganesan et al. (2008). Antimicrobial finishes add value to textiles and protect the wearer or user of a textile against bacteria, yeast, dermatophytic fungi and other related microorganisms for aesthetic, hygienic or medical purposes. It protect the textile against bio-deterioration caused by mould, mildew and rot producing fungi and protect the textile from insects and other pests for preservation of the fibre and / or protection of persons wearing clothing from insects and pests, says Bhaumik et al. (2007).

2.9.3
Requirements of Antimicrobial Finish


The antimicrobial finishing of textiles should be effective against a broad spectrum of bacterial and fungal species, but at the same time exhibit low toxicity to consumers. The finishing should be durable to laundering, dry cleaning and hot pressing. The finishing should not negatively effect the quality or appearance of the textile, reports Geo et al. (2008). According to Vishnu et al. (2010), finishing should preferably be compatible with textile chemical processes such as dyeing, be cost effective and not produce harmful substances to the manufacturer and the environment. It should not kill the resident flora of non pathogenic bacteria on skin of the wearer. 


Finishing should have acceptable moisture transport properties and should be easy to apply, denotes Gaurav (2005). Finish should be resistant to body fluids and to disinfections / sterilization (www.fibre2fashion.com). Finish should be effective in acid as well as alkaline media, have speedy action, have high penetrating power and be stable. It should not cause local irritation or sensitization and not interfere with healing, views Bernard (2008).

2.9.4
Necessity of Antimicrobial Finish


Antimicrobial treatment for textile materials is necessary to fulfil the following objectives :

1. To control microorganisms.

2. To reduce odour from perspiration, stains and other soil on textile material 

3. To reduce the risk of cross infection being carried by feet from ward to ward in hospital.

4. To control spread of disease and danger of infection following injury.

5. To control the deterioration of textiles particularly fabrics made from natural fibre caused by mildew, describes Gopalakrishnan (2006).

2.9.5
Benefits of Antimicrobial Finish


Antimicrobial is an agent that works against microbes. It can either inhibit their growth and reduce the undesired byproducts or kill them altogether, reports Rahul (2003). The use of antimicrobial finish improves the durability of the fabric by controlling growth of microbes, grants freshness to the fabrics and prevents skin diseases, says Avernita (2010).


According to Shroff (2001), hospital related infections are urgent health care issues. Medical textiles such as doctor’s and nurse’s uniforms, patients’ gowns, bedding sheets, wipers and covering materials have been shown to be the carriers of drug resistant micro organisms and are potential vehicles for disease transmission in hospitals. Antimicrobial materials which can prevent growth of microorganisms are important not only for medical textiles, but for use in hotels, for the transport industry and in biological research institutions. The use of antimicrobial finish in undergarments helps in preventing skin related diseases and urinary track infection, etc. It is also desirable for baby’s clothing as their thin skin is permeable and highly sensitive to microbes. As the internal intake of antibiotic for the infant is not desirable, the protective action should be given via the clothing, opines Ruma (2003). 


Besides the above application, antimicrobial finish is also used in hygienic use apparel, sportswear, home furnishings and upholstery, industrial fabrics, wet textiles, sized fabrics, textiles in museums and leisure wears (www.freewebs.com). Smart consumers prefer hygienic wear because they always think, “Prevention is better than cure” and this is the concept behind antimicrobial finish, highlights Srikanth (2010). 

2.10
NATURAL SOURCE


The idea of using medicinal plants for treatment is not new. Medicinal plants are still being used on a regular basis. There is a renewed interest, especially in developed countries, in using plants to treat humans, livestock and pets, conveys Tandon et al. (2004). Plants have been used for healing purpose and in treatment of various diseases from time immemorial. They are the source of some very potential drugs which play a vital role in human ailments to the extent that survival of human race depends on plants. India is considered to be a rich emporium of drug plants, mainly used in preventive and curative medicine, states Agarwal (2002). According to Purwar et al. (2009) it is estimated that there are 250,000 – 500,000 species of plants on earth. The World Health Organization estimates that about 80 per cent of people living in developing countries rely almost exclusively on traditional medicines for their primary health care needs, reports Trivedi (2007).


There are many natural / herbal products which show antimicrobial properties. Extracts from different parts of diverse species of plants like root, flower, leaves, seeds, etc. exhibit antimicrobial properties. Many of the plants contain compounds like phenolic, terpenoids, flavonoids, alkaloids, polypeptide, polyacetylenes, etc., which are acting as antimicrobial, explains Walunj et al. (2010). An innovative approach to make the cloth microbial resistant is to apply the plant extracts containing active substances. These natural anti microbial substances are not only eco-friendly but also from renewable sources, denotes Thilagavathi et al. (2008). Natural antimicrobial agents are non-toxic and non-allergenic and do not cause the problems of microbial resistance, derives Ankur et al. (2007).

2.10.1
Psidium guajava (Guava Leaves)

The guava is a perennial plant (shrubs and small trees) native to Mexico, Northern South America and Central America. There are about 100 species belonging in the myrtle family. They have green foliage, white flowers and fruits that are produced at the start of summer. At maturity, the guava tree can reach upto 25 feet high. Guava is an ever green growing wild in the torrid zone and subtropics (www.brighthub.com). The health benefits of guava includes treatment of diarrhea, dysentery, constipation, cough, cold, skin care, high blood pressure, weight loss and scurvy, etc. (www.organicfacts.net). The leaves of the guava tree are medicinal in nature. They yield an essential oil that has a pleasant odour and used in perfumery and confectionery industries. The powdered form of the bark and leaves has been found to be beneficial in treating wounds and sores (www.saching.com). Guava leaves are used for tea. Guava leaves, roots and fruits have also been used for the prevention and treatment of diarrhea and diabetes as a folk medicine and reportedly had an anti-mutagenic effect, says Aruna et al. (2002). Guava leaves have a high content of antioxidants. Antioxidants can help prevent and repair cell damage, thus slowing the ageing process. Guava leaves have an anti-allergic effect and can inhibit the release of histamine (www.elements4health.com). The decoction of guava leaves can be gargled to relieve tooth ache and boils on the gums, states Shankar (2000). Guavas can help improve skin texture and avoid skin problems. This is chiefly due to the abundance of astringents in its fruits and in leaves (www.orgnaicfacts.net). Controlling cholesterol and blood pressure, treating acne and hangovers, increasing sperm production and protecting the prostate are also said to be health benefits of guava leaves (www.brighthub.com). 

CHAPTER – III

EXPERIMENTAL PROCEDURE


Experimental procedure pertaining to the study “EFFECT OF ANTIMICROBIAL FINISH ON PLASMA TREATED COTTON, MODAL COTTON AND TENCEL COTTON FABRICS” under the following headings.

3.1
Selection of yarns


3.1.1
Conversion of yarns into fabric

3.2
Selection of fabric formation

3.3
Pretreatment of fabrics


3.3.1
Recipe for scouring


3.3.2
Recipe for bleaching

3.4
Treatment of fabrics with plasma application


3.4.1
Selection of gas


3.4.2
Parameters of plasma application

3.5
Selection of finishing


3.5.1
Collection and storage of natural source


3.5.2
Extraction of the natural source

3.6
Selection of binder

3.7
Optimization of antimicrobial finish


3.7.1
Concentration of herbal solution


3.7.2
Citric acid 


3.7.3
Time and temperature


3.7.4
pH level


3.7.5
Optimized parameters

3.8
Method of finishing

3.9
Evaluation of finished fabrics


3.9.1
Objective evaluation



3.9.1.1
Yarn evaluation




3.9.1.1.a.
Yarn appearance




3.9.1.1.b.
Yarn crimp




3.9.1.1.c.
Yarn tensile strength and elongation



3.9.1.2
Fabric evaluation




3.9.1.2.i
Physical property





3.9.1.2.i.a.
Fabric weight





3.9.1.2.i.b.
Fabric thickness





3.9.1.2.i.c.
Fabric count




3.9.1.2.ii.
Mechanical property





3.9.1.2.ii.a.
Fabric tensile strength and elongation





3.9.1.2.ii.b.
Fabric abrasion resistance




3.9.1.2.iii.
Comfort property





3.9.1.2.iii.a.
Fabric stiffness





3.9.1.2.iii.b.
Fabric crease recovery





3.9.1.2.iii.c.
Fabric air permeability




3.9.1.2.iv.
Absorbency property





3.9.1.2.iv.a.
Drop test 





3.9.1.2.iv.b.
Sinking test





3.9.1.2.iv.c.
Capillary test


3.9.2
Antimicrobial test (Qualitative Test)


3.9.2.1
Agar diffusion test



3.9.2.2
Parallel streak test

3.10
Nomenclature

3.11
Statistical analysis

3.1
SELECTION OF YARNS


Cotton (Plate – I) has cool, soft, comfortable properties, make the principal clothing fibre of the world. Its production is one of the major factors in the world prosperity and economic stability. This fibre absorbs and releases perspiration quickly, thus allowing the fabric to “breathe”. Cotton can stand high temperatures and takes dyes easily. It stands upto abrasion and wears well (www.fabrics.net). Cotton is machine washable, dry cleanable, has good absorbency, good strength, drapes well and easy to sew (www.swicofil.com).


Modal or polynosic (Plate – II) is a regenerated cellulosic fibre having high tenacity and high wet modulus. Modal is soft, smooth and breathes well. Its texture is similar to cotton or silk (www.wisegeek.com). Modal is friendly to skin and contamination free. It has high degree of brilliance / whiteness and is an excellent choice for sports and ladies wear. It is 100 per cent biodegradable, comfortable and easy to wash (www.en.wikipedia.org).


Tencel (Plate – III) gives exceptional performance compared to other cellulosic fibres. It is stronger than cotton both when wet and dry, states Burrow (2008). It is eco-friendly, durable, comfortable and absorbent. Tencel fabric has a beautiful lustre and a soft smooth drape. It is wrinkle resistant, dry cleanable, hand or machine washable and generally used in higher end garments (www.greenshaman.com).

3.1.1
Conversion of Yarns into Fabric


Modal and tencel yarn can withstand repeated washing and its properties holds better than cotton, the only disadvantage being expensive. Cotton is the most widely used fibre because of its inherent properties and is less expensive than other natural fibres. Hence the investigator planned to mix 40s count cotton with modal and tencel yarn. In the fabric formation, cotton yarn runs in the warp direction and tencel and modal yarns runs in the weft direction respectively. 

3.2
SELECTION OF FABRIC FORMATION


According to Greenberg et al. (2007), the construction of cloth will determine how a fabric is used and how it should be cared for. The name of the fabric is determined by the fabric structure. The most widely accepted definition for weaving is fabric that is formed by two yarns that interlace at right angles. Hence the investigator planned to select plain weave for fabrication (Plate – IV). Plain weave is the simplest form of interlacing the warp and weft yarns at right angles to each other. It is the strongest of all weaves since its threads are interlaced at the highest. Most woven goods are prepared in plain weave and plain weave fabrics are usually reversible, states Rastogi (2009). The plain weave is variously known as “calico” or “tabby” or “taffeta” weave, views Gokarneshan (2009). The selected cotton, modal and tencel yarns were woven with the following ratio 100 per cent cotton, 50 : 50 modal cotton and 50 : 50 tencel cotton for the study. 

3.3
PRETREATMENT OF FABRICS


Pretreatments are essential for successful finishing. They are applied before the final finishes are given as the fabric that come from the weaver contains impurities, views Garg et al. (2005). Pretreatment improves wettability of fabrics and therefore the quality. 

3.3.1
Recipe or Scouring


Weight of the fabric
-
1000 grams


Water
-
10 litres


Sodium carbonate
-
20 grams


Sodium hydroxide
-
20 grams


Wetting agent
-
few drops (monopol soap)


Temperature
-
80(C


Time
-
30 minutes


The selecte​d fabric was scoured in water bath containing water and the above chemicals and temperature was maintained at 80(C for 30 minutes. Then the fabric was taken out, rinsed thoroughly and dried in shade. The process was followed for all the fabrics. 

3.3.2
Recipe for Bleaching


Weight of the fabric
-
1000 grams


Water
-
10 litres


Sodium bicarbonate
-
20 grams


Hydrogen peroxide
-
20 grams


Wetting agent
-
few drops (monopol soap)


Temperature
-
80(C


The selected fabric was bleached in the bath containing water and the above chemicals and temperature was maintained at 80(C. Then the fabric was taken, rinsed thoroughly and dried in shade. The process was followed for all the fabrics. 

3.4
TREATMENT OF FABRICS WITH PLASMA APPLICATION


In face of high restriction in the control of chemical finishing on textile materials, plasma technology (Plate – V) has distinct merits due to its environmental friendly and better treatment results. Plasma only react with the fabric surface and will not affect the internal structure of the fibres. It can modify the surface properties of textile materials, deposit chemical materials (plasma polymerization) to add up functionality, or remove substances (plasma itching) from the textile materials. The applications on textiles include desizing of woven fabric, adding functionality and modification of surface properties of textile materials, reports Ho Kai-Chiu (2007). Different kinds of plasma gases provide additional and special functionality to textile materials such as UV protection, antibacteria, medical, bleaching and flame retardant properties.

3.4.1
Selection of Gas


Air, oxygen, argon, fluorine, helium, carbondioxide or their mixtures can be used as plasma medium. The process result is affected by the type of the gas used. Although the gas is the same, if the fibre type is different, the result will be different, says Sujatha (2009). The usage of oxygen plasma leads to the formation of the highly oxygenated functional surface. The oxygen plasma can modify the wettability of cotton and other cellulosic materials. It also alters the tensile properties and frictional behavior of the fabric, remarks Sudha et al. (2006). The plasma treated fabrics shows resistance to microbes. Due to these properties, the investigator selected oxygen plasma for the present study. 

3.4.2
Parameters of Plasma Application

TABLE – I

PARAMETERS OF PLASMA APPLICATION

	S.No.
	Criteria
	Parameter

	1.

2.

3.

4.

5.

6.
	Gas

Inter-electrode spacing

Plasma current

Plasma power

Exposure time

Pressure 
	Oxygen

3.5 cm

2.1 mA

600 W

2 minutes

1.5 x 10-1 mbar.


3.5
SELECTION OF FINISHING


According to Kannaian et al. (2008), a major factor that has stimulated interest in antimicrobial finishes using natural sources has been the current vogue that promotes natural and eco-friendly lifestyle. The consumers are now increasingly aware of the hygienic life style and there is a necessity and expectation for a wide range of textile products finished with antimicrobial properties. Botanical research shows that some plant species exhibit extraordinary antimicrobial properties, says Srivastava (2010).

3.5.1
Collection and Storage of Natural Source


Guava tree is an erect, woody shrub or small tree found in the tropical region and  cultivated  nearly  all  over  India,  denotes Nadkarni (2001). Guava leaves (Plate – VI) possess excellent medicinal properties. Guava leaves extracts can inhibit diarrhea caused by bacteria, including Salmonella spp., Staphylococcus aureus and Escherichia coli. A decoction of guava leaves can increase the secretion of digestive enzymes and also help halt vomiting. It has an anti-allergic effect and due to these properties, the investigator selected guava leaves for this study. The leaves were collected in and around the campus. The collected leaves were shadow dried for one week and then it was powdered and stored in a container box (Plate – VII).

3.5.2
Extraction of the Natural Source


Extraction refers to separating the desired material by physical or chemical means with the aid of a solvent. Active substances were extracted from the powder by ethanolic extraction method. Ethanol is an organic solvent manufactured from molasses by the fermentation in the presence of yeast. It is used as a solvent and also as a reactant, remarks Yadav (2008).


100 g of the Pisidium guajava leaves powder was dissolved in 500 ml of ethanol (analytical grade) for extraction. The mixture was allowed to stand for 24 hours. Then the mixture was distilled and evaporated carefully and the regulated water bath was maintained at the temperature of 80(C to yield deep green semi-solid extract (Plate – VIII).

3.6
SELECTION OF BINDER


The binder is a film forming agent made up of long chain macro molecules which when applied to the textile together with the pigments produces a three dimensionally linked network. The binder should be colourless, odourless, evenly thick, smooth and good adhesion, says Khoja et al. (2003). Citric acid is chiefly obtained from the lime and lemon fruits. It is developed from the limes by incipient fermentation. Filtering the product by powdered chalk, then neutralizing at the same time, the maker decomposes the insoluble calcium with sulphuric acid, forming white crystals, soluble in water with a keen acid taste, explains Murphy (2008). Citric acid serves  to  revive  and raise certain colours and also used to carry out pH adjustment as it destroys the effect of alkalies, describes Brannt (2000). It is a good cross linking 
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agent or binder and due to this reason the investigator selected citric acid (Plate – IX) for the study. 

3.7
OPTIMIZATION OF ANTIMICROBIAL FINISH

3.7.1
Concentration of Herbal Solution


100 ml of the selected herb was soaked in ethanol for three days. After three  days,  the  ethanol  was  evaporated  from  the  extraction  of   finishing agents. The various concentration of the herbal extract such as  50, 75 and 100 per cent was applied to the selected fabric and was subjected to antimicrobial activity. Based on the antimicrobial activity, 100 per cent herbal extraction was selected for the study. 

3.7.2
Citric Acid


Citric acid is considered as an important aspect in binding the herbs to the fabric in the finishing process. Thilagavathi et al. (2008) suggested that citric acid gives good result as a mordant. Investigator selected 100 per cent, extracted solution and 100 per cent concentrated citric acid in the ratio of 9 : 1 for the study.

3.7.3
Time and Temperature


Time and temperature was considered as an important aspect in curing the fabric for finishing process. Kannaian et al. (2008) suggested curing at 80(C for 15 minutes, which has given a satisfactory result. Hence 15 minutes and 80(C were considered as a optimum time and temperature for the study.

3.7.4
pH Level


The bacteria grow at neutral pH. However the growth of bacteria is hindered in acidic or alkaline pH, explains Nagarajan (2009). Hence pH 4.5 was selected for the present study.
3.7.5
Optimized Parameters

TABLE – II

OPTIMIZED PARAMETERS

	S.No.
	Criteria
	Pilot study
	Selected parameters

	1.

2.

3.

4.

5.
	Herbal solution

Citric acid

Time

Temperature

pH
	50, 75 and 100 per cent

9 : 1

15 minutes

80(C

4 – 8 
	100 per cent

9 : 1

15 minutes

80(C

4.5



From the Table – II, it is clear that the herbal extract solution was mixed with water and one per cent citric acid was added. The temperature was maintained at 80(C for 15 minutes with pH level 4.5. Thus the above parameters were selected for the study. 

3.8
METHOD OF FINISHING


The selected fabrics and the plasma treated fabrics were finished with the optimized solution. The extracted solution was poured inside the padding mangle (Plate – X) and the fabric was passed inside the machine for 15 minutes. The temperature was set at 80(C and the fabric was cured for 15 minutes for the good penetration of the finishing agents. Then the fabric was removed from the curing chamber, washing thoroughly and was dried under the shade.

3.9
EVALUATION OF FINISHED FABRICS


To evaluate the impact of the finish given on the plasma treated fabric samples and untreated fabric samples. The samples were evaluated subjectively and objectively.

3.9.1
Objective Evaluation


Objective evaluation includes laboratory tests like physical property, mechanical property, comfort property, absorbency and antimicrobial tests.
3.9.1.1   Yarn Evaluation

3.9.1.1.a.   Yarn Appearance


The appearance of a fabric depends on a large extend on the smoothness, cleanliness and general appearance of the yarns from which the fabric is made. Yarns can be examined by wrapping on a blackboard. The appearance of yarns is determined by visual comparison and the wraps should be equally spaced to avoid any optical illusion. The blackboards are examined under good lighting conditions. The yarn is wound using an instrument called Yarn Appearance Winder (Plate – XI). In order to examine the grade of the yarn, comparison is made with the standard boards. The American Society of Testing Materials (ASTM – USA) has a series of spun yarn appearance standards which are the photographs of different counts with the appearance classified into four grades as A, B, C, D.

3.9.1.1.b.   Yarn Crimp


Crimp contraction force provides information about the average contractibility of the yarn due to the crimp. The crimp tester (Plate – XII) is a device for measuring the crimp-free length of a piece of yarn. It consists of two clamps. The right hand clamp can be moved along the scale and it has an engraved line on it at which point the extended yarn length can be read. The left hand clamp is balanced on a pivot, with a pointer arm attached. On the pointer arm is a weight which can be moved along the arm to change the yarn tension, the said tension being indicated on a scale behind it. The yarn is placed in the clamps with each end a set distance into the clamp. As the weight is moved along the arm the clamp tries to rotate around the pivot, so applying a tension to the yarn, when a measurement is being made the movable clamp is slide along the scale until the pointer is brought opposite the fixed mark. At this point the tension in the yarn is then the value which was set on the scale. The length of the yarn is then read against the engraved line, explains Saville (2004). Based on this, five readings was noted and mean value was calculated. 

3.9.1.1.c.   Yarn Tensile Strength and Elongation


The tensile strength of a thread can be determined by using a tensile strength tester (Plate – XIII). It is measured as the weight to break it under tension, says Jewel (2005). The yarn was clamped between the upper and lower jaw. When the tester was started, the lower jaw moved downward, imposing the tension on the specimen. At a point, the strand breaks and the dial gives the breaking load of the specimen. The lower jaw moves over a scale with a pointer which gives the elongation of the specimen. Five readings were taken for each of the samples and the strength and elongation was calculated.

3.9.1.2   Fabric Evaluation

3.9.1.2.i.   Physical Property


It includes fabric weight, fabric thickness and fabric count.

3.9.1.2.i.a.   Fabric Weight


Fabric weight is the relative weight of the fabric and expressed as the weight of a particular size of piece, in grams per square meter or ounces per square yard.


The investigator cut the samples from original, finished and plasma treated finished fabrics by using a GSM cutter (Plate – XIV) and weighed the fabric using a digital weighing balance (Plate – XV). Five readings were noted for each and the individual mean was calculated. 

3.9.1.2.i.b.   Fabric Thickness


The thickness of a fabric is one of its basic properties giving information on its warmth, heaviness or stiffness in use. Thickness measurements are rarely used as they are very sensitive to the pressure used in the measurement. Fabric weight per unit area is used commercially as an indicator of thickness, reports Basu and Chellamal (2006).


The fabric thickness tester (Plate – XVI), a handy instrument was used to find the thickness of the samples. The fabric is kept between two plane parallel places and a known arbitrary pressure is applied between the plates and maintained. Then the distance between the plates is noted from the dial guage. Five readings were taken randomly and mean was calculated to find out the fabric thickness of original, finished and plasma treated finished fabrics.

3.9.1.2.i.c.   Fabric Count


The fabric count is the number of warp yarns per inch and the number of weft yarns per inch. In the woven fabric, the warp yarns are referred to as ends and weft yarns as picks. Therefore, a fabric is described in terms of “ends and picks”, reports Angappan and Gopalakrishnan (2002).


Pick glass / magnifying glass (Plate – XVII) was used to find out the fabric count of the samples. The glass was placed randomly at different places and the number of repeat was found by analyzing the weave. Five readings were taken and recorded for all the samples to find out there was any shrinkage or elongation during the finishing treatment. 

3.9.1.2.ii.   Mechanical Property


It includes fabric abrasion resistance, tensile strength and elongation.

3.9.1.2.ii.a.   Fabric Tensile Strength and Elongation


Strength of fabric is the essence of textile without which the value is nothing. The breaking strength is a measure of the resistance of the fabric to a tensile load or stress in either warp or weft direction.


The tensile strength of the fabric can be determined using the instrument Cloth Tensile Strength Tester (Plate – XVIII). It gives the measurement of the breaking strength as the resistance of the fabric to a tensile load or stress in either warp or weft direction and elongation as extent of deformation along the axis of a material under a tensile stress. Five samples were cut from the warp and weft directions. Each sample 10.5 inch in length and 1.5 inch in width. Lengthwise yarns from the sides of the strip were raveled out upto quarter inch from each strip. Each sample was kept perpendicular to the load. The load was applied and the readings were recorded in kilograms and elongation in inches as soon as the samples were broken. Five readings were taken for each sample and the mean strength and elongation was calculated.

3.9.1.2.ii.b.   Fabric Abrasion Resistance


Abrasion is one aspect of wear and is rubbing away of the component fibres and yarns of fabric. Abrasion may be classified as plane or flat abrasion, edge abrasion and flex abrasion, reveals Jewel (2005). Abrasion is the wearing away of any part of a material by rubbing against another surface.


The Martindale Abrasion Tester (Plate – XIX) is a useful instrument for determining the resistance to abrasion of all clothes. The severity of abrasion varies with the nature of the radant. Five samples were cut in random from each of the finished concentration using a template dimension. The initial weight of the sample was taken accurately using an electronic weighing balance. Then the sample was mounted on sample holders with 200 gms weight. The rubs were standardized to 34 revolutions. The samples were made to rub against the abrasive surface. After 34 revolutions the samples were removed and the final weight of each sample was found. The weight loss due to abrasion was calculated. The same procedure was repeated for all other samples. The mean value of the five readings for each of the sample was calculated. The loss in weight of each material was recorded separately to find out the abrasion resistance of the original, finished and plasma treated finished fabrics.
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	PLATE – XI
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	PLATE – XIII

SINGLE YARN STRENGTH TESTER
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	PLATE – XV

WEIGHING BALANCE
	PLATE – XVI

THICKNESS GAUGE

	[image: image18.png]



	[image: image19.png]




	PLATE – XVII

PICK GLASS
	PLATE – XVIII

TENSILE STRENGTH AND ELONGATION


3.9.1.2.iii.   Comfort Property


It includes fabric stiffness, crease recovery and air permeability.

3.9.1.2.iii.a.   Fabric Stiffness


Fabric stiffness indicates the resistance of the fabric to bending and it is a key factor in the study of handle and drape, describes Saville (2004).


Eureka Stiffness Tester (Plate – XX) was used to determine the stiffness in bending length, using a scale of 6 inches length and one inch width as template. Five samples were cut in the warp and weft directions. Each fabric sample was mounted on the platform along with the scale and was moved slowly until the fabric touches the edge of the platform and tip of the fabric coincide with the index line which was viewed in the mirror. The bending length was read from the scale mark opposite to the zero line on the side of the platform. Five readings were taken and mean was calculated to find out the fabric stiffness of original, finished and plasma treated finished fabrics. 

3.9.1.2.iii.b.   Fabric Crease Recovery


Creasing of a fabric results in the bending of constituent fibres. Crease recovery is measured quantitatively in terms of crease recovery angle, denotes BIS (2000).


Eureka Crease Recovery Tester (Plate – XXI) was used for the study. Five samples were cut in the warp and weft directions with a template, 2 inch long and 1 inch wide. The sample was folded using tweezers and the folded sample was placed on the lower plate of the loading device and the load was applied for 5 minutes. Then the sample was kept on the clamp of the instrument. As the sample recovered, the dial was rotated to keep the free edge of the specimen in line with the knife edge. The recovery angle in degrees was read on the dial. The same procedure was repeated for all the samples and the average recovery angle was calculated for the original, finished and plasma treated finished fabrics.

3.9.1.2.iii.c.   Fabric Air Permeability


Air permeability of a fabric is the volume of air measured in cubic cm passed per second through 1 sq.cm. for the fabric at the pressure of one cm. head of water, remarks Basu (2006).


The Air Permeability Tester (Plate – XXII) consists of a circular clamp to hold the specimen and a spring loaded clamp to press the specimen. While testing, the room atmospheric air was drawn through the specimen by means of a suction pump. The rate of air flow through the specimen was controlled by valves. The air flow was adjusted to desired pressure drop across the fabric which was indicated in draught gauge graduated from 0 – 25 mm. the rate of air flow was read from the rotameters. They were calibrated to indicate air flow in cubic centimeter per second (cc/sec) at 27(C and 760 nm of mercury. The area of the sample exposed to air was one inch diameter. From the readings of the rotameter air permeability was calculated using


Air permeability   =   
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The same procedure was repeated for all the samples and the mean was calculated. 

3.9.1.2.iv.   Absorbency Property


The wettability and absorbency of the samples are evaluated by drop test, sinking and capillary test.

3.9.1.2.iv.a.   Drop Test


The ability of a fibre to take up moisture is termed as absorbency. Wettability is the time taken in seconds for a drop of water to sink into the fabric. If any fabric takes more than 200 seconds to absorb water the fabric is considered as unwettable.


A  burette  filled  with  distilled  water  was  clamped  in   a  stand  (Plate – XXIII). The sample was mounted in an embroidery frame and was placed at the base of the stand. The distance between the sample and burette nozzle was kept constant. The nozzle of the burette was opened to allow a drop of water to fall on the sample. The stop watch was started simultaneously and it was stopped when the drop of water sank fully into the material and the time was noted. The same procedure was repeated for five times for the original, finished and plasma treated finished samples. Then the mean value was calculated and recorded to find out the absorbency of the fabrics.

3.9.1.2.iv.b.   Sinking Test


Sinking test (Plate – XXIV) involves a simple test of wettability of fabric. Five samples were cut into the size of 1 inch x 1 inch from each sample. A 100 ml beaker was filled with distilled water and few drops of wetting agent was added into the distilled water. The sample was dropped on the surface of water from a standard height. The stopwatch was started when the fabric struck the surface of water and stopped when the sample sunk below the water surface. The time required for the sample to sink was noted. The same procedure was repeated for five samples and the mean was calculated. Similarly the mean values of all other samples were calculated and the sinking time of each material was recorded separately to find the absorbency of the fabric.

3.9.1.2.iv.c.   Capillary Test


The capillary travel method (Plate – XXV) measures the rapidity of absorption. Five samples were cut into size of 11 inches length and 1 inch width from each sample. One end of the sample strip was pasted with a glass rod which was placed on heavy wooden blocks and the other end was allowed to immerse in a tray of distilled water. The rise of the water level in the strip was noted by keeping the length of the fabric as 5 cms constant. The same procedure was repeated for five samples and the mean was calculated. The capillary rise of each material was recorded carefully to find the absorbency of original, finished and plasma treated finished fabrics. 

3.9.2
Antimicrobial Test (Qualitative Test)


The effect of the extracts on the test organisms were studied by following agar diffusion and parallel streak methods. Two bacterial strains E. coli and Staphylococcus aureus and a fungal strain Candida sp. were used in this study.

3.9.2.1   Agar Diffusion Test


The pure culture of the isolated organism was inoculated onto the sterile Muller Hinton agar plates (4 mm thick) following pour plate method. Three top four colonies of similar colonies are transferred into 5 ml of the sterile brain heart infusion broth and incubated at 35(C for 2 to 3 hours. After the incubation, a sterile non-toxic cotton swab is dipped into the broth and soaked nicely and was swabbed on the entire surface of the media and ensured that the organism has spread throughout the surface of the medium. The plates were allowed to dry for 5 to 10 minutes. Using aseptic technique with the sterile forceps, finished and plasma treated finished fabric samples of size 20 mm in diameter is cut and placed onto the inoculated media, with approximate distance between the discs. The plates were then immediately incubated at 37(C for 24 hours. The diameter of the zones formed around the textile sample were measured in mm and recorded (Plate – XXVI).

3.9.2.2   Parallel Streak Test


Muller Hinton agar media was prepared and sterilized at 121(C at 15 lbs for 15 min. Onto this sterile media five parallel streaks of the respective test organisms were streaked. The fabric samples were cut to a size of 2 x 1 inch and placed perpendicular on the streaked lines. The plates were then incubated at 37(C or 24 hours. After the incubation, the zone formed around the fabric samples were measured in mm and recorded (Plate – XXVII). 

3.10
NOMENCLATURE


The nomenclature of samples is given below :



OC
- 
Original Cotton



FC
-
Finished Cotton



PFC
-
Plasma Finished Cotton



OMC
-
Original Modal Cotton



FMC
-
Finished Modal Cotton



PFMC
-
Plasma Finished Modal Cotton



OTC
-
Original Tencel Cotton



FTC
-
Finished Tencel Cotton



PFTC
-
Plasma Finished Tencel Cotton
3.11
STATISTICAL ANALYSIS


The results of the tests were analysed statistically by selecting appropriate tests. The difference between the samples and within the samples was analysed using ‘ANOVA’ test. This analysis will help in exact results arrived in this study. 
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	PLATE – XXIII
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	PLATE – XXV
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	PLATE – XXVI 

AGAR DIFFUSION TEST
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CHAPTER – IV

RESULTS AND DISCUSSION


The results of the study “EFFECT OF ANTIMICROBIAL FINISH ON PLASMA TREATED COTTON, MODAL COTTON AND TENCEL COTTON FABRICS” is discussed under the following headings :


4.1
Objective Evaluation



4.1.1
Tests for Yarn




4.1.1.1   Yarn Appearance




4.1.1.2   Yarn Crimp




4.1.1.3   Yarn Tensile Strength




4.1.1.4   Yarn Elongation



4.1.2
Tests for Physical Properties




4.1.2.1   Fabric Weight




4.1.2.2   Fabric Thickness




4.1.2.3   Fabric Count



4.1.3
Tests for Mechanical Properties 




4.1.3.1   Fabric Tensile Strength




4.1.3.2   Fabric Elongation




4.1.3.3   Fabric Abrasion Resistance



4.1.4
Tests for Comfort Properties




4.1.4.1   Fabric Stiffness




4.1.4.2   Fabric Crease Recovery




4.1.4.3   Fabric Air Permeability



4.1.5
Tests for Absorbency




4.1.5.1   Drop Test




4.1.5.2   Sinking Test




4.1.5.3   Capillary Test



4.1.6
Antimicrobial Tests

4.1
OBJECTIVE EVALUATION

4.1.1
Tests for Yarn


The results of yarn tests – yarn appearance, crimp, tensile strength and elongation are given below.

4.1.1.1   Yarn Appearance


The appearance of the yarn grade was noticed by using ASTM D2255, standard method. With regarding to 100 per cent cotton yarn, 87 per cent of judges rated grade B and 92 per cent of judges rated grade A or 100 per cent modal yarn and 100 per cent tencel yarn. Hence it could be concluded that modal yarn and tencel yarn has good appearance compared with cotton yarn which was slightly irregular.

TABLE – III
YARN APPEARANCE

	S.No.
	Samples
	Grade
	Appearance

	1.

2.

3.
	Cotton

Modal

Tencel
	B

A

A
	Slightly irregular

Good

Good 



Table – III reveals that the sample of cotton has the maximum yarn appearance of grade B. Modal has the maximum yarn appearance of grade A. Tencel has the maximum yarn appearance of grade A. Hence it could be concluded that modal yarn and tencel yarn has good appearance.

4.1.1.2   Yarn Crimp


Yarn crimp of the samples are presented in the Table – IV. 

TABLE – IV
ANALYSIS OF VARIANCE OF YARN CRIMP

	S.No.
	Samples
	Minimum value (cm)
	Maximum value (cm)
	Mean
	Standard deviation
	Coefficient of variation

	1.

2.

3.
	Cotton

Modal

Tencel
	26.5

26.5

26.4
	26.9

27.0

27.2
	26.64

26.68

26.74
	0.1673

0.1924

0.3209
	0.6281

0.7210

1.2002



From the Table – IV and Figure – I, it is clear that the minimum and maximum crimp of cotton yarn is 26.5 cm and 26.9 cm. The minimum and maximum crimp of modal yarn is 26.5 cm and 27 cm and for tencel yarn it is 26.4 cm and 27.2 cm respectively. Mean value of cotton, modal and tencel yarn shows 26.64 cm, 26.68 cm and 26.74 cm respectively. The standard deviation of cotton, modal and tencel yarn was 0.1673, 0.1924 and 0.3209 respectively. The co-efficient of variation of cotton, modal and tencel yarn was 0.6281, 0.7210 and 1.2002 respectively.


Hence it could be concluded that the crimp of tencel yarn had maximum when compared with the cotton and modal yarn. 
FIGURE - I
YARN CRIMP
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4.1.1.3   Yarn Tensile Strength


The  yarn  tensile  strength  of  the  samples  are presented in the Table – V.

TABLE – V
ANALYSIS OF VARIANCE OF YARN TENSILE STRENGTH
	S.No.
	Samples
	Minimum value (kg)
	Maximum value (kg)
	Mean
	Standard deviation
	Coefficient of variation

	1.

2.

3.
	Cotton

Modal

Tencel
	20

30

38
	27

36

41
	23.2

33.4

39.6
	2.8636

2.4083

1.1402
	12.3429

7.2105

12.8792


The Table – V and Figure – II shows that the minimum and maximum strength of cotton yarn of 20 kg and 27 kg. The minimum and maximum strength of modal yarn of 30 kg and 36 kg and for tencel yarn it is 38 kg and 41 kg respectively. The mean value of cotton, modal and tencel yarn shows 23.2 kg, 33.4 kg and 39.67 kg respectively. The standard deviation of cotton, modal and tencel yarn was 2.8636, 2.4083 and 1.1402 respectively. The coefficient of variation of cotton, modal and tencel yarn was 12.3429, 7.2105 and 2.8792 respectively.

Hence it could be concluded that cotton yarn has maximum strength when compared with the modal and tencel yarn. 
FIGURE – II 
YARN TENSILE STRENGTH
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4.1.1.4   Yarn Elongation

The yarn elongation of the samples are presented in the Table – VI.

TABLE – VI
ANALYSIS OF VARIANCE OF YARN ELONGATION
	S.No.
	Samples
	Minimum value (inch)
	Maximum value (inch)
	Mean
	Standard deviation
	Coefficient of variation

	1.

2.

3.
	Cotton

Modal

Tencel
	1.75

2.0

2.0
	2.25

2.50

2.50
	2.05

2.20

2.30
	0.2092

0.2092

0.2092
	9.5075

10.2032

9.0941



Table – VI and Figure – III, reveals that the minimum and maximum elongation of cotton yarn is 1.75 inches and 2.25 inches respectively. The minimum and maximum elongation of modal yarn and for tencel yarn it is 2 inches and 2.50 inches respectively. The mean value of cotton, modal and tencel yarn shows 2.05, 2.2 and 2.3 respectively. The standard deviation of cotton, modal and tencel yarn was 0.2092. The coefficient of variation of cotton, modal and tencel yarn was 10.2032, 9.5075 and 9.0941 respectively.


Hence it could be concluded that cotton yarn has maximum elongation than the modal and tencel yarn. 

FIGURE – III
YARN ELONGATION
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4.1.2
Tests for Physical Properties

4.1.2.1   Fabric Weight


The results of fabric weight is shown in the Table – VII.

TABLE – VII
ANALYSIS OF VARIANCE OF FABRIC WEIGHT

	S.No.
	Samples
	Mean weight (GSM)
	Loss or gain over original
	Percentage of loss or gain over original
	‘F’ ratio

	1.
	OC

FC

PFC
	1.208

1.2578

1.2854
	-

-0.0498

-0.0774
	-

4.12

6.40
	889.9324**

	2.
	OMC

FMC

PFMC
	1.272

1.2144

1.2414
	-

-0.0872

-0.1142
	-

7.73

10.13
	

	3.
	OTC

FTC

PFTC
	1.1148

1.1436

1.1810
	-

-0.0288

-0.0662
	-

2.58

5.93
	


** Significant at one per cent level.


The Table – VII and Figure – IV shows that the fabric weight have increased in finished sample of cotton, modal cotton and tencel cotton fabrics of about 4.12, 7.73 and 2.58 per cent respectively when compared to its original fabrics. And again the fabric weight have increased in plasma treated finished sample of cotton, modal cotton and tencel cotton fabrics of about 6.40, 10.13 and 5.93 per cent respectively when compared to its original fabrics. Statistically proved that there was a significant difference at one per cent level. Thus it could be concluded that the plasma treated finished modal cotton fabric shows maximum weight when compared with other samples. 
4.1.2.2   Fabric Thickness


The results of fabric thickness is presented in the Table – VIII.

TABLE – VIII 
ANALYSIS OF VARIANCE OF FABRIC THICKNESS
	S.No.
	Samples
	Mean thickness (mm)
	Loss or gain over original
	Percentage of loss or gain over original
	‘F’ ratio

	1.
	OC

FC

PFC
	0.278

0.300

0.284
	-

-0.02

-0.006
	-

7.19

2.15
	10.1774*

	2.
	OMC

FMC

PFMC
	0.266

0.282

0.268
	-

-0.016

-0.002
	-

6.01

0.75
	

	3.
	OTC

FTC

PFTC
	0.262

0.282

0.264
	-

-0.02

-0.002
	-

8.39

0.76
	


** Significant at five per cent level.


The Table – VIII and Figure – V shows that the fabric thickness have increased in finished sample of cotton, modal cotton and tencel cotton fabrics of about 7.19, 6.01 and 8.39 per cent respectively when compared to its original fabrics. The fabric thickness have increased in plasma treated finished sample of cotton, modal cotton and tencel cotton fabrics of about 2.15, 0.75 and 0.76 per cent respectively when compared to its original fabrics. From the table, it was clear that there was a significant different at five per cent level. Thus it could be concluded that the finished tencel cotton fabric shows maximum thickness when compared with other samples.
FIGURE – IV 
FABRIC WEIGHT
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FIGURE – V
FABRIC THICKNESS
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4.1.2.3.   Fabric Count


The results of fabric count in warp and weft directions are listed in the Tables – IX and X.

TABLE – IX
ANALYSIS OF VARIANCE OF FABRIC COUNT – WARP 
	S.No.
	Samples
	Mean value in ends per inch
	Loss or gain over original
	Percentage of loss or gain over original
	‘F’ ratio

	1.
	OC

FC

PFC
	107.6

119.2

113.2
	-

-11.6

-5.6
	-

10.78

5.20
	0.7057NS

	2.
	OMC

FMC

PFMC
	122.2

125.4

128.0
	-

-3.2

-5.8
	-

2.61

4.74
	

	3.
	OTC

FTC

PFTC
	103.04

121.0

121.8
	-

-17.6

-18.4
	-

17.02

17.79
	


NS – Not Significant

The above Table – IX and Figure – VI shows that the warp has increased in finished cotton, modal cotton and tencel cotton fabrics of about 10.78, 2.61 and 17.02 per cent respectively when compared with its original fabrics. The warp has also increased in plasma treated finished sample of cotton, modal cotton and tencel cotton fabrics of about 5.20, 4.74 and 17.79 per cent respectively when compared to its original fabrics. From the table, it confirmed that there was no significant difference between the existing samples. Hence it could be concluded that the plasma treated finished tencel cotton fabric has increased fabric count in warp direction when compared with other samples.
TABLE – X
ANALYSIS OF VARIANCE OF FABRIC COUNT – WEFT 
	S.No.
	Samples
	Mean value in ends per inch
	Loss or gain over original
	Percentage of loss or gain over original
	‘F’ ratio

	1.
	OC

FC

PFC
	79.4

85.4

79.8
	-

-6.0

-0.4
	-

7.55

0.50
	14.7641**

	2.
	OMC

FMC

PFMC
	75.0

80.6

79.2
	-

-5.6

-4.2
	-

7.46

5.60
	

	3.
	OTC

FTC

PFTC
	69.4

75.0

76.8
	-

-5.6

-7.4
	-

8.06

10.66
	


**  Significant at one per cent level.

The above Table – X and Figure – VII shows that the weft has increased in finished samples of cotton, modal cotton and tencel cotton fabrics of about 7.55, 7.46 and 8.06 per cent respectively when compared to its original fabrics. And again the weft has increased in plasma treated finished samples of cotton, modal cotton and tencel cotton fabrics of about 0.50, 5.6 and 10.66 per cent respectively when compared with its original fabrics. From the table, statistically proved that there was significant difference at one per cent level. Hence it could be concluded that the plasma treated finished tencel cotton has increased fabric count in weft direction when compared with other samples.
FIGURE – VI
FABRIC COUNT – WARP 
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FIGURE – VII
FABRIC COUNT – WEFT 
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4.1.3
Tests for Mechanical Properties

4.1.3.1   Fabric Tensile Strength


The results of fabric tensile strength in warp and weft directions are discussed in the Tables – XI and XII. 

TABLE – XI
ANALYSIS OF VARIANCE OF FABRIC TENSILE STRENGTH – WARP
	S.No.
	Samples
	Mean value (kg)
	Loss or gain over original
	Percentage of loss or gain over original
	‘F’ ratio

	1.
	OC

FC

PFC
	42.6

41.0

43.4
	-

1.6

-0.8
	-

3.75

1.87
	32.3370**

	2.
	OMC

FMC

PFMC
	59.0

51.8

63.2
	-

7.2

-4.2
	-

12.20

7.11
	

	3.
	OTC

FTC

PFTC
	55.4

43.8

57.0
	-

11.6

-1.6
	-

20.93

2.88
	


**  Significant at one per cent level.

The above Table – XI and Figure – VIII shows that the fabric tensile strength has decreased in finished samples of cotton, modal cotton and tencel cotton fabrics of about 3.75, 12.20 and 20.93 per cent respectively when compared to its original fabrics. Also the fabric strength has increased in plasma treated finished samples of cotton, modal cotton and tencel cotton fabrics of about 1.87, 7.11 and 2.88 per cent respectively when compared to its original fabrics. Significant difference at one per cent level. Hence it could be confirmed that the plasma treated finished modal cotton fabric has maximum strength when compared with other samples. 

TABLE – XII 
ANALYSIS OF VARIANCE OF FABRIC TENSILE STRENGTH – WEFT 
	S.No.
	Samples
	Mean value (kg)
	Loss or gain over original
	Percentage of loss or gain over original
	‘F’ ratio

	1.
	OC

FC

PFC
	28.0

31.0

29.4
	-

-2

-1.4
	-

7.14

5.0
	17.8496**

	2.
	OMC

FMC

PFMC
	22.0

23.4

23.8
	-

-1.4

-1.8
	-

6.36

8.18
	

	3.
	OTC

FTC

PFTC
	36.4

38.0

40.0
	-

-1.6

-3.6
	-

4.39

9.89
	


**  Significant at one per cent level.

The Table – XII and Figure – IX shows that the fabric strength has increased in finished sample of cotton, modal cotton and tencel cotton fabrics of about 7.14, 6.36 and 4.39 per cent respectively when compared to its original fabrics. Also the fabric strength has increased in plasma treated finished sample of cotton, modal cotton and tencel cotton fabrics of about 5, 8.18 and 9.89 per cent respectively when compared to its original fabrics. From the table, it was statistically proved that there was a significant difference at one per cent level. Hence the table shows that the plasma treated finished tencel cotton has maximum strength when compared to other samples. 

FIGURE – VIII
FABRIC TENSILE STRENGTH – WARP
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FIGURE  – IX
FABRIC TENSILE STRENGTH – WEFT 
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4.1.3.2   Fabric Elongation


The results of fabric elongation in warp and weft directions are listed in the Tables – XIII and XIV.

TABLE – XIII 
ANALYSIS OF VARIANCE OF FABRIC ELONGATION – WARP
	S.No.
	Samples
	Mean value (inches)
	Loss or gain over original
	Percentage of loss or gain over original
	‘F’ ratio

	1.
	OC

FC

PFC
	0.79

0.89

1.02
	-

-0.1

-0.23
	-

12.65

29.11
	9.0104*

	2.
	OMC

FMC

PFMC
	0.54

0.77

1.02
	-

-0.23

-0.48
	-

42.59

88.88
	

	3.
	OTC

FTC

PFTC
	0.60

0.99

0.77
	-

-0.39

-0.17
	-

65.00

28.33
	


*  Significant at five per cent level.

The Table – XIII and Figure – X shows that the fabric elongation has increased in finished sample of cotton, modal cotton and tencel cotton fabrics of about 12.65, 42.59 and 65 per cent respectively when compared to its original fabrics. And again has increased in plasma treated finished samples of cotton, modal cotton and tencel cotton fabrics of about 29.11, 88.88 and 28.33 per cent respectively when compared to its original fabrics. From the table, it was clear that there was a significant difference at five per cent level. Hence it could be concluded that the plasma treated finished modal cotton fabric has greater elongation when compared to other samples.

TABLE – XIV 
ANALYSIS OF VARIANCE OF FABRIC ELONGATION – WEFT
	S.No.
	Samples
	Mean value (inches)
	Loss or gain over original
	Percentage of loss or gain over original
	‘F’ ratio

	1.
	OC

FC

PFC
	1.44

1.32

1.74
	-

0.12

-0.3
	-

8.83

20.83
	14.8669**

	2.
	OMC

FMC

PFMC
	2.30

1.93

2.57
	-

0.37

-0.27
	-

6.08

11.73
	

	3.
	OTC

FTC

PFTC
	1.75

1.36

2.15
	-

0.39

-0.4
	-

22.28

22.85
	


**  Significant at one per cent level.

The Table – XIV and Figure – XI shows that the fabric elongation has decreased in finished sample of cotton, modal cotton and tencel cotton fabrics of about 8.33, 6.08 and 22.28 per cent respectively when compared to its original fabrics. The fabric elongation have increased in plasma treated finished sample of cotton, modal cotton and tencel cotton fabrics of about 20.83, 11.73 and 22.85 per cent respectively when compared to its original fabrics. Statistically proved that there was significant difference at one per cent level between the samples. Hence it could be concluded that the plasma treated finished tencel cotton fabric has greater elongation than the other samples.

FIGURE – X
FABRIC ELONGATION – WARP
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FIGURE – XI
FABRIC ELONGATION – WEFT
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4.1.3.3   Fabric Abrasion Resistance


The results of fabric abrasion resistance is shown in the Table – XV. 

TABLE – XV 
ANALYSIS OF VARIANCE OF FABRIC ABRASION RESISTANCE
	S.No.
	Samples
	Mean value (grams)
	Loss or gain over original
	Percentage of loss or gain over original
	‘F’ ratio

	1.
	OC

FC

PFC
	0.1728

0.1902

0.1894
	-

-0.0174

-0.016
	-

10.06

9.25
	390.5938**

	2.
	OMC

FMC

PFMC
	0.1462

0.1894

0.1910
	-

-0.043

-0.04
	-

29.41

30.09
	

	3.
	OTC

FTC

PFTC
	0.143

0.1744

0.177
	-

-0.031

-0.034
	-

21.67

23.77
	


**  Significant at one per cent level.

The Table – XV and Figure – XII shows that the abrasion resistance has increased in finished sample of cotton, modal cotton and tencel cotton fabrics of about 10.06, 29.41 and 21.67 per cent respectively when compared to its original fabrics. The abrasion resistance has also increased in plasma treated finished sample of cotton, modal cotton and tencel cotton fabrics of about 9.25, 30.09 and 23.77 per cent respectively when compared to its original fabrics. From the table, it was clear that there was a significant difference at one per cent level. Thus, it could be concluded that the plasma treated finished modal cotton fabric has maximum abrasion resistance when compared to other samples. 

FIGURE – XII
FABRIC ABRASION RESISTANCE
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4.1.4
Tests for Comfort Properties

4.1.4.1   Fabric Stiffness


The results of fabric stiffness in warp and weft directions are discussed in the Tables – XVI and XVII. 

TABLE – XVI 
ANALYSIS OF VARIANCE OF FABRIC STIFFNESS – WARP
	S.No.
	Samples
	Mean value (cm)
	Loss or gain over original
	Percentage of loss or gain over original
	‘F’ ratio

	1.
	OC

FC

PFC
	2.90

2.68

2.66
	-

0.22

0.24
	-

7.58

8.27
	5.1600NS

	2.
	OMC

FMC

PFMC
	2.76

2.68

2.66
	-

0.08

0.10
	-

2.89

3.62
	

	3.
	OTC

FTC

PFTC
	2.88

2.66

2.64
	-

0.22

0.24
	-

7.63

8.33
	


NS – Not Significant.

The Table – XVI and Figure – XIII shows that the fabric stiffness has decreased in finished sample of cotton, modal cotton and tencel cotton fabrics of about 7.58, 2.89 and 7.63 per cent respectively when compared with its original fabrics. The fabric stiffness also decreased in plasma treated finished sample of cotton, modal cotton and tencel cotton fabrics of about 8.27, 3.62 and 8.33 per cent respectively when compared to its original fabrics. From the table, it is clear that there was no significant difference between the samples. Thus it could be concluded that plasma treated finished tencel cotton fabric has minimum stiffness when compared to other samples.

TABLE – XVII 
ANALYSIS OF VARIANCE OF FABRIC STIFFNESS – WEFT
	S.No.
	Samples
	Mean value (cm)
	Loss or gain over original
	Percentage of loss or gain over original
	‘F’ ratio

	1.
	OC

FC

PFC
	1.90

1.94

1.98
	-

-0.04

-0.08
	-

2.10

4.21
	10.4855*

	2.
	OMC

FMC

PFMC
	1.84

2.02

2.10
	-

-0.18

-0.26
	-

9.78

14.13
	

	3.
	OTC

FTC

PFTC
	1.62

2.18

2.22
	-

-0.56

-0.60
	-

34.56

37.03
	


*  Significant at five per cent level.

The Table – XVII and Figure – XIV shows that the fabric stiffness has increased in finished sample of cotton, modal cotton and tencel cotton fabrics of about 2.10, 9.78 and 34.56 per cent respectively. The fabric stiffness has increased in plasma treated finished sample of cotton, modal cotton and tencel cotton fabrics of about 4.21, 14.13 and 37.03 per cent respectively. From the table, it was confirmed that there was significant difference at five per cent level. Hence it could be concluded that the plasma treated finished tencel cotton fabric had maximum stiffness when compared to other samples.

FIGURE – XIII
FABRIC STIFFNESS – WARP


[image: image42.png]Fabric stiffness (cm)

2.85 -
28 -
275
27 1
265 -
26 -
2.55 -

25 T T T T T T T T T T
O KL O O O O O O
FEL FEE® EEL

Samples




FIGURE – XIV 
FABRIC STIFFNESS – WEFT
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4.1.4.2   Fabric Crease Recovery


The results of fabric crease recovery in warp and weft directions are listed in the Tables – XVIII and XIX. 

TABLE – XVIII 
ANALYSIS OF VARIANCE OF FABRIC CREASE RECOVERY – WARP
	S.No.
	Samples
	Mean value (angle)
	Loss or gain over original
	Percentage of loss or gain over original
	‘F’ ratio

	1.
	OC

FC

PFC
	97.4

101.8

99.8
	-

-4.4

-2.4
	-

4.51

2.46
	32.2817**

	2.
	OMC

FMC

PFMC
	83.4

135.8

140.2
	-

-52.4

-56.8
	-

62.82

68.10
	

	3.
	OTC

FTC

PFTC
	88.8

94.0

90.8
	-

-5.2

-2.0
	-

5.85

2.25
	


**  Significant at one per cent level.

From the Table – XVIII and Figure – XV, it was clear that the crease recovery has increased in finished sample of cotton, modal cotton and tencel cotton fabrics of about 4.51, 62.82 and 5.85 per cent respectively. Again increased in plasma treated finished sample of cotton, modal cotton and tencel cotton fabrics of about 2.46, 68.10 and 2.25 per cent respectively when compared to its original fabrics. Statistically proved that there was significant difference at one per cent level. Thus it could be concluded that the plasma treated finished modal cotton fabric has maximum crease recovery when compared to other samples. 

TABLE – XIX
ANALYSIS OF VARIANCE OF FABRIC CREASE RECOVERY – WEFT
	S.No.
	Samples
	Mean value (angle)
	Loss or gain over original
	Percentage of loss or gain over original
	‘F’ ratio

	1.
	OC

FC

PFC
	88.8

93.2

96.0
	-

-4.4

-7.2
	-

4.95

8.10
	44.1922**

	2.
	OMC

FMC

PFMC
	80.4

131.2

129.4
	-

-50.8

-49.0
	-

63.18

60.94
	

	3.
	OTC

FTC

PFTC
	93.0

99.2

96.2
	-

-6.2

-3.2
	-

6.66

3.44
	


**  Significant at one per cent level.

The Table – XIX and Figure – XVI shows that the crease recovery had increased in finished sample of cotton, modal cotton and tencel cotton fabrics of about 4.95, 63.18 and 6.66 per cent respectively when compared to its original fabrics. Also increased in plasma treated finished cotton, modal cotton and tencel cotton fabrics of about 8.10, 60.94 and 3.44 per cent respectively when compared to its original fabrics. Statistically proved that there was significant difference at one per cent level. Thus it could be concluded that the finished modal cotton fabric has maximum crease recovery when compared to other samples.

FIGURE – XV
FABRIC CREASE RECOVERY – WARP
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FIGURE – XVI
FABRIC CREASE RECOVERY – WEFT

[image: image45.png]o o 9 9o o
© © ¥ «

140 -
120 -
100 -

(a]bue) A1anodal asesald ouqeq

O O O O O
S &S & e

F &g

Samples





4.1.4.3   Fabric Air Permeability


The results of fabric air permeability are shown in the Table – XX.

TABLE – XX 
ANALYSIS OF VARIANCE OF FABRIC AIR PERMEABILITY
	S.No.
	Samples
	Mean value 
	Loss or gain over original
	Percentage of loss or gain over original
	‘F’ ratio

	1.
	OC

FC

PFC
	9.2

10.0

10.2
	-

-0.8

-1.0
	-

8.69

10.86
	54.9979**

	2.
	OMC

FMC

PFMC
	8.0

8.2

8.4
	-

-0.2

-0.4
	-

2.5

5.0
	

	3.
	OTC

FTC

PFTC
	6.8

7.8

8.2
	-

-1.0

-1.4
	-

14.70

20.5
	


**  Significant at one per cent level.

The Table – XX and Figure – XVII shows that the air permeability has increased in finished sample of cotton, modal cotton and tencel cotton fabrics of about 8.69, 2.5 and 14.70 per cent respectively when compared to its original fabrics. Also increased in plasma treated finished samples of cotton, modal cotton and tencel cotton fabrics of about 10.86, 5 and 20.5 per cent respectively when compared to its original fabrics. From the table, it was clear than there was significant difference at one per cent level. Hence it could be concluded that the plasma treated finished tencel cotton fabric has maximum air permeability when compared to other samples.

4.1.5
Tests for Absorbency

4.1.5.1   Drop Test


The results of drop test are discussed below in the Table - XXI. 

TABLE – XXI
ANALYSIS OF VARIANCE OF DROP TEST
	S.No.
	Samples
	Mean value (seconds)
	Loss or gain over original
	Percentage of loss or gain over original
	‘F’ ratio

	1.
	OC

FC

PFC
	6.1

12.4

14.0
	-

-6.3

-7.9
	-

103.27

129.50
	425.7326**

	2.
	OMC

FMC

PFMC
	4.0

10.5

19.3
	-

-6.5

-15.3
	-

162.50

382.5
	

	3.
	OTC

FTC

PFTC
	4.6

12.2

13.6
	-

-7.6

-9.0
	-

165.21

195.65
	


**  Significant at one per cent level.

The Table – XXI and Figure – XVIII shows that the absorbency had increased in finished sample of cotton, modal cotton and tencel cotton fabrics of about 103.27, 162.5 and 165.21 per cent respectively. Absorbency had increased in plasma treated finished sample of cotton, modal cotton and tencel cotton fabrics of about 129.50, 382.5 and 195.65 per cent respectively when compared to its original fabrics. Statistically proved that there was a significant difference at one per cent level. Thus it could be concluded that the plasma treated finished modal cotton fabric has maximum absorbency when compared to other samples.

FIGURE – XVII
FABRIC AIR PERMEABILITY
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FIGURE – XVIII
DROP TEST
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4.1.5.2   Sinking Test


The results of sinking test are listed in the Tables – XXII. 

TABLE – XXII 
ANALYSIS OF VARIANCE OF SINKING TEST
	S.No.
	Samples
	Mean value (seconds)
	Loss or gain over original
	Percentage of loss or gain over original
	‘F’ ratio

	1.
	OC

FC

PFC
	5.1

8.0

6.5
	-

-2.9

-1.4
	-

56.86

27.45
	13.5364*

	2.
	OMC

FMC

PFMC
	18.7

22.5

20.0
	-

-3.8

-1.3
	-

20.32

6.95
	

	3.
	OTC

FTC

PFTC
	9.3

12.5

24.8
	-

-3.2

-15.5
	-

34.40

166.66
	


*  Significant at five per cent level.

The Table – XXII and Figure – XIX shows that the absorbency time had increased in finished sample of cotton, modal cotton and tencel cotton fabrics of about 56.86, 20.32 and 34.40 per cent respectively. Also increased in plasma treated finished sample of cotton, modal cotton and tencel cotton fabrics of about 27.45, 6.95 and 166.66 per cent respectively when compared to its original samples. Statistically proved that there was a significant difference at five per cent level. Thus it could be concluded that the plasma treated finished tencel cotton fabric has maximum absorbency when compared to other samples. 

4.1.5.3   Capillary Test


The results of capillary test are discussed in the Table – XXIII.

TABLE – XXIII 
ANALYSIS OF VARIANCE OF CAPILLARY TEST
	S.No.
	Samples
	Mean value (cm)
	Loss or gain over original
	Percentage of loss or gain over original
	‘F’ ratio

	1.
	OC

FC

PFC
	4.0

5.34

4.74
	-

-1.34

-0.74
	-

33.5

18.5
	62.5098**

	2.
	OMC

FMC

PFMC
	4.32

4.40

4.48
	-

-0.08

-0.16
	-

1.85

3.70
	

	3.
	OTC

FTC

PFTC
	2.38

3.64

5.04
	-

-1.66

-2.66
	-

52.94

111.76
	


**  Significant at one per cent level.

From Table – XXIII and Figure – XX, it was clear that the absorbency had increased in finished sample of cotton, modal cotton and tencel cotton fabrics of about 33.5, 1.85 and 52.94 per cent respectively when compared to its original fabrics. The absorbency had increased in plasma treated finished sample of cotton, modal cotton and tencel cotton fabrics of about 18.5, 3.70 and 111.76 per cent respectively when compared to its original fabrics. From the table, it was clear that there was a significant difference at one per cent level. Thus it could be concluded that the plasma treated finished tencel cotton fabric has maximum raise in absorbency when compared to other samples. 

FIGURE – XIX 
SINKING TEST
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FIGURE – XX 
CAPILLARY TEST
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4.1.6
Antimicrobial Tests


The results of the agar diffusion test and parallel streak test on finished and plasma  treated  finished  fabric  samples  are  presented  in  Table – XXIV and Figure – XXI.

TABLE – XXIV

ANTIMICROBIAL EFFECT ON FINISHED AND 
PLASMA TREATED FINISHED SAMPLES

	S.No.
	Fabric Samples
	Isolated Used (Zone size in millimeters)

	
	
	E. coli
	S. aureus
	Candida sp.

	1.

2.

3.

4.

5.

6.
	FC

FMC

FTC

PFC

PFMC

PFTC
	12

04

10

08

03

12
	12

09

14

07

10

14
	R

R

R

04

R

04


R – Resistant 
​
Table – XXIV and Figure – XXI  reveals that the finished fabric against the selected isolates of bacteria and fungi by following agar diffusion technique and parallel streak techniques, E. coli gave a maximum zone size of 12 mm against the FC and PFTC, whereas the FMC and PFMC samples gave a maximum zone of 04 and 03 mm respectively. FTC (10 mm) and PFC (08 mm) proves that the fabrics are moderately sensitive.


S. aureus yielded a maximum zone size of 14 mm against FTC and PFTC. The organism gave a zone size of 12 mm proving less sensitive than PFTC and FTC. PFC was found to have a least effect (07 mm) and was less effective than FMC and PFMC, showing 09 mm and 10 mm respectively.


The fungal isolate Candida sp. showed an insignificant sensitivity with 04 mm in PFC and PFTC. All other fabric samples were found to be resistant. 

FIGURE – XXI 
ANTIMICROBIAL EFFECT ON FINISHED AND 
PLASMA TREATED FINISHED SAMPLES
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CHAPTER – V

SUMMARY AND CONCLUSION


Clothing is one of the basic necessities of the mankind. Textiles and clothing should fulfill the functional, comfort, aesthetic, softy and ecological requirements. Textiles have always played a role in the evaluation of human culture by bringing at the front of both technological and unpleasant odour can arise from the acquisition of a variety of compounds produced in body fluids such as perspiration.


Based on properties like absorbency, biodegradability, high wet strength, non allergic, smoothness, softness and water retaining capacity 100 per cent cotton, modal and tencel yarns were selected. Then the selected yarns were converted into 100 per cent cotton fabric, modal cotton fabric (50 : 50) and tencel cotton fabric (50 : 50) respectively. The selected fabrics were pretreated for further finishing.


With increasing demand for textiles and apparel with advanced functionalities, the plasma treatment provides a dry and clean production process, low chemical treatment cost and high production quality finding a position in textile manufacturing. The technology serves as an alternative to traditional wet treatment process in giving textiles different functionalities. Different kinds of plasma gases provide special functionality to textile materials such as UV protection anti-bacteria, medical function, bleaching, flame retardancy, etc.


Microbial infestations possess danger to both living and non-living matters. Antimicrobial textiles with improved functionality find a variety of applications such as health and hygiene products, specially the garments worn close to the skin and several medical applications, such as infection control and carrier material. There is a great demand for antimicrobial textiles based on eco-friendly agents which help to reduce effectively the ill effects associated due to microbial growth on textile material. The herbal antimicrobial agents cannot contain any harmful pollutants and free from harmful chemicals. Hence the investigator selected guava leaves as natural source
and the present study was carried out to study the “EFFECT OF ANTIMICROBIAL FINISH ON PLASMA TREATED COTTON, MODAL COTTON AND TENCEL COTTON FABRICS” with the following objectives to :

· select the eco-friendly cotton, modal and tencel yarn and convert into fabrics.

· select the natural antimicrobial herbal source namely Psidium guajava (Guava leaves).

· treat the fabrics with plasma application.

· apply antimicrobial finish to cotton, modal cotton and tencel cotton fabrics.

· compare the effect of finish on plasma treated and untreated fabrics. 

The plasma treatment depends on the choice of working gas and plasma density and energy. Among various gases, the usage of oxygen plasma leads to the formation of the highly oxygenated functional surface. Hence oxygen gas was selected for the present study. Inter electrode spacing – 3.5 cm, plasma current – 2.1 mA, pressure – 1.5 x 10-1 mbar and time – 2 minutes of the parameters were selected.

The natural source does not adhere to the fabric directly and requires a binder. The easily available source like citric acid was selected as the binder. The selected herbal antimicrobial finishing agent (guava leaves) was extracted by ethanol extraction method. Based on optimization, pH value 5, temperature at 80(C and source concentration 100 per cent were selected for the present study. The selected fabrics were finished by using padding mangle. Then the original, finished and plasma treated finished fabrics were evaluated objectively.

EVALUATION OF SAMPLES


Evaluation of original, finished and plasma treated finished samples of cotton, modal cotton and tencel cotton were tested by objective evaluation such as yarn testing, fabric testing, physical, mechanical, comfort, absorbency properties and antimicrobial tests. The results of laboratory tests were analysed statistically. 

OBJECTIVE EVALUATION

· The yarn appearance of the cotton was graded as B by 87 per cent of judges and the modal and tencel yarn was graded A by 94 per cent of judges.

· The minimum crimp obtained by cotton was 26.5 cm and maximum crimp obtained by tencel was 27.2 cm. Statistically proved that the tencel yarn had better crimp than the cotton and modal yarn.

· The maximum strength obtained by cotton was 20 kg and maximum strength obtained by tencel was 41 kg. Statistically proved that the tencel yarn had better strength than the cotton and modal yarn.

· The minimum elongation obtained by cotton was 1.75 inch and maximum elongation obtained by modal was 2.50 inch. Statistically proved that the modal yarn had better elongation than the cotton and tencel yarn.

· The fabric weight of PFMC has maximum weight of 10.13 per cent when compared with the original fabrics. Statistically proved that there was a significant difference at one per cent level. 

· The fabric thickness of PFC had maximum thickness of 2.15 per cent when compared with the original fabrics. Statistically proved that there was a significant difference at five per cent level.

· The fabric count along warp in PFTC had maximum count of 17.79 per cent and fabric count along weft in PFTC had maximum count of 10.66 per cent respectively when compared with the original fabrics. Statistically proved that there was a no significant difference along the warp and there was a significant difference at one per cent level along the weft directions.

· The tensile strength of fabric along warp in PFMC had maximum strength of 7.11 per cent and tensile strength of fabric along weft in PFTC had maximum strength of 9.89 per cent respectively when compared with the original fabrics. Statistically proved that there was a significant difference at one per cent level.

· The fabric elongation along warp in PFMC had maximum elongation of 88.88 per cent and fabric elongation along weft in PFTC had maximum elongation of 22.85 per cent respectively when compared with the original fabrics. Statistically proved that there was a significant difference at five per cent level along the warp and at one per cent level along the weft directions respectively.

· The abrasion resistance of PFMC had maximum abrasion resistance of 30.09 per cent when compared with the original fabrics. Statistically proved that there was a significant difference at one per cent level.

· The fabric stiffness along warp in PFTC had maximum stiffness of 8.33 per cent and fabric stiffness along weft in PFTC had maximum stiffness of 37.03 per cent respectively when compared with the original fabrics. Statistically proved that there was no significant difference along the warp and there was a significant difference at one per cent level along the weft directions. 

· The crease recovery along warp in PFMC had maximum crease recovery of 68.10 per cent and crease recovery along weft in PFMC had maximum crease recovery of 60.94 per cent respectively when compared with the original fabrics. Statistically proved that there was a significant difference at one per cent level along the warp and weft directions.

· The air permeability of PFTC had maximum air permeability of 20.5 per cent when compared with the original fabrics. Statistically proved that there was a significant difference at one per cent level.

· The plasma treated finished samples had good absorbency as per the drop, sinking and capillary test. 

QUALITATIVE EVALUATION OF ANTIMICROBIAL FINISHED FABRICS


By AATCC 100 (Antibacterial) and AATCC 30 (Antifungal) norms, the microbial presence in the finished fabric was found using two methods :

a. Agar Diffusion Test

b. Parallel Streak Test

From the tests, it could be concluded that FC and PFTC showed a maximum effect than FTC and PFC. FMC and PFMC showed a least effect against E. coli, S. aureus gave a maximum and similar effect against FTC and PFTC. Less effect against PFC was observed. Fungal isolate Candida sp. showed a moderate effect on PFC and PFTC only. All other fabric samples were found to be resistant. 

CONCLUSION


From this study it was concluded that the plasma treated finished fabrics showed good antimicrobial effect. The natural antimicrobial finish shows good microbe resistant which are non-toxic, non-allergic, non-skin irritant and also eco-friendly when applied to the cotton, modal cotton and tencel cotton fabrics by evaluating them through Agar Diffusion test and Parallel Streak Test. The plasma treated finished samples increased in fabric weight, thickness, count, strength, elongation, abrasion resistance, crease recovery, air permeability and absorbency tests. The samples decreased in fabrics stiffness due to the reaction of plasma treatment on the fabrics. When compared with the finished cotton, modal cotton, tencel cotton and plasma treated finished cotton, modal cotton, tencel cotton fabrics, the plasma treated finished tencel cotton showed maximum antimicrobial effect. 

RECOMMENDATIONS

· Similar studies could be carried out on different varieties of regenerated cellulosic fibres.

· Comparative studies can be done with oxygen gas with other gas.

· Plasma treatment can be done with combination of two gases for better effect.

· Similar studies could be carried out on knitted fabrics. 
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ANTIMICROBIAL TEST CERTIFICATE
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CLASS : 11 M.Sc., (Textiles and Fashion Apparel)
NAME OF THE COLLEGE : Avinashilingam Deemed University for Women
NAME OF THE GUIDE : Mrs. R. Prabha

Asst. Professor.. Dept of Textiles & Clothing.

Title of the Project : “Effect of Antimicrobial Finish on Plasma

Treated Cotton, Modal Cotton and Tencel
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OBSERVATION AND RESULT

On exposure to the finished fabrics against the selected isolates of bacteria and
fungi by following agar diffusion technique and parallel streak techniques, E.coli gave a
maximum zone size of 12 mm against the FC and PFTC, whereas the FMC and PFMC
studies gave a maximum zone of 04 and 03 mm respectively. FTC (10mm) and PFC (08
mm) proves that the fabrics are moderately sensitive.

S. aureus yielded a maximum zone size of 14 mm against FTC and PFTC. The
organism gave a zone size of 12 mm proving less sensitive than PFTC and FTC. PFC is
found to have a least effect (07 mm), and is less effective than FMC and PFMC, showing
09 and 10 mm respectively.

The fungal isolate Candida sp showed an insignificant sensitivity with 04 mm in
PFC and PFTC. All other fabric samples were found to be resistant.

On a conclusion, FC and PFTC showed a maximum effect than FTC and PFC .
FMC and PFMC showed a least effect against E.coli. S. aureus gave a maximum and
similar effect against FTC and PFTC. Less effect against PFC was observed. Fungal
isolate Candida sp showed a moderate effect on PFC and PFTC only. All other fabric

samples were found to be resistant.
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DETAILS OF THE SELECTED MATERIAL

COTTON YARN

COUNT - 40S
COST PER kg - Rs. 280

ORIGINAL MODAL
COTTON

WEAVE - PLAIN WEAVE
WARP - COTTON
WEFT - MODAL
WIDTH - 34"

TENCEL YARN

COUNT - 408
COST PER kg - Rs. 350

ORIGINAL COTTON

WEAVE - PLAIN WEAVE
WIDTH - 34"

MODAL YARN

COUNT - 408
COST PER kg - Rs.325

ORIGINAL TENCEL
COTTON

WEAVE - PLAIN WEAVE
WARP - COTTON
WEFT - TENCEL

WIDTH - 34”
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DETAILS OF THE TREATED SAMPLES

FINISHED COTTON PLASMA TREATED
FINISHED COTTON

FINISHED MODAL PLASMA TREATED
COTTON FINISHED MODAL
COTTON

FINISHED TENCEL PLASMA TREATED
COTTON FINISHED TENCEL
COTTON
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Chart1

		OC

		FC

		PFT

		OMC

		FMC

		PFMC

		OTC

		FTC

		PFTC



Series 1

Samples

Fabric tensile strength (kg)

42.6

41

43.4

59
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63.2
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57



Sheet1

				Series 1		Series 2		Series 3

		OC		42.6		2.4		2

		FC		41		4.4		2

		PFT		43.4		1.8		3

						2.8		5

		OMC		59

		FMC		51.8

		PFMC		63.2

		OTC		55.4		1.272

		FTC		43.8		1.2144

		PFTC		57		1.2414
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Series 1

Samples

Fabric weight (GSM)

1.208

1.2578

1.2854

1.272

1.2144

1.2414

1.1148

1.1436

1.181



Sheet1

				Series 1		Series 2		Series 3

		OC		1.208		2.4		2

		FC		1.2578		4.4		2

		PFT		1.2854		1.8		3

						2.8		5

		OMC		1.272

		FMC		1.2144

		PFMC		1.2414

		OTC		1.1148		1.272

		FTC		1.1436		1.2144

		PFTC		1.181		1.2414
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Sheet1

				Minimum value		Maximum value		Series 3

		Cotton		20		27		2

		Modal		30		36		2

		Tencel		38		41		3

		Category 4		4.5		2.8		5

				To resize chart data range, drag lower right corner of range.
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		Cotton		Cotton

		Modal		Modal

		Tencel		Tencel



Minimum value

Maximum value

Samples

Yarn crimp (cm)

26.5

26.9

26.5

27

26.4

27.2



Sheet1

				Minimum value		Maximum value		Series 3

		Cotton		26.5		26.9		2

		Modal		26.5		27		2

		Tencel		26.4		27.2		3

		Category 4		4.5		2.8		5

				To resize chart data range, drag lower right corner of range.
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		Cotton		Cotton

		Modal		Modal

		Tencel		Tencel



Minimum value

Maximum value

Samples

Yarn elongation (inches)

1.75

2.25

2

2.5

2

2.5



Sheet1

				Minimum value		Maximum value		Series 3

		Cotton		1.75		2.25		2

		Modal		2		2.5		2

		Tencel		2		2.5		3

		Category 4		4.5		2.8		5

				To resize chart data range, drag lower right corner of range.
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Series 1
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Fabric count

107.6

119.2

113.2

122.2

125.4

128

103.04

121
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Sheet1

				Series 1		Series 2		Series 3

		OC		107.6		2.4		2

		FC		119.2		4.4		2

		PFT		113.2		1.8		3

						2.8		5

		OMC		122.2

		FMC		125.4

		PFMC		128

		OTC		103.04		1.272

		FTC		121		1.2144

		PFTC		121.8		1.2414
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0.278

0.3

0.284

0.266

0.282
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Sheet1

				Series 1		Series 2		Series 3

		OC		0.278		2.4		2

		FC		0.3		4.4		2

		PFT		0.284		1.8		3

						2.8		5

		OMC		0.266

		FMC		0.282

		PFMC		0.268

		OTC		0.262		1.272

		FTC		0.282		1.2144

		PFTC		0.264		1.2414






_1366444337.xls
Chart1

		OC

		FC

		PFT

		OMC

		FMC

		PFMC

		OTC

		FTC

		PFTC



Series 1

Samples

Fabric count

79.4

85.4
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Sheet1

				Series 1		Series 2		Series 3

		OC		79.4		2.4		2

		FC		85.4		4.4		2

		PFT		79.8		1.8		3

						2.8		5

		OMC		75

		FMC		80.6

		PFMC		79.2

		OTC		69.4		1.272

		FTC		75		1.2144

		PFTC		76.8		1.2414
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0.1728

0.1902
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0.143

0.1744

0.177



Sheet1

				Series 1		Series 2		Series 3

		OC		0.1728		2.4		2

		FC		0.1902		4.4		2

		PFT		0.1894		1.8		3

						2.8		5

		OMC		0.1462

		FMC		0.1894

		PFMC		0.191

		OTC		0.143		1.272

		FTC		0.1744		1.2144

		PFTC		0.177		1.2414
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Samples

Fabric elongation (inches)

0.79

0.89

1.02

0.54

0.77

1.02

0.6

0.99

0.77



Sheet1

				Series 1		Series 2		Series 3

		OC		0.79		2.4		2

		FC		0.89		4.4		2

		PFT		1.02		1.8		3

						2.8		5

		OMC		0.54

		FMC		0.77

		PFMC		1.02

		OTC		0.6		1.272

		FTC		0.99		1.2144

		PFTC		0.77		1.2414
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Fabric tensile strength (kg)

28
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Sheet1

				Series 1		Series 2		Series 3

		OC		28		2.4		2

		FC		31		4.4		2

		PFT		29.4		1.8		3

						2.8		5

		OMC		22

		FMC		23.4

		PFMC		23.8

		OTC		36.4		1.272

		FTC		38		1.2144

		PFTC		40		1.2414
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Series 1
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Fabric elongation (inches)

1.44

1.32

1.74

2.3

1.93

2.57

1.75

1.36

2.15



Sheet1

				Series 1		Series 2		Series 3

		OC		1.44		2.4		2

		FC		1.32		4.4		2

		PFT		1.74		1.8		3

						2.8		5

		OMC		2.3

		FMC		1.93

		PFMC		2.57

		OTC		1.75		1.272

		FTC		1.36		1.2144

		PFTC		2.15		1.2414
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Series 1
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Fabric crease recovery (angle)

88.8
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Sheet1

				Series 1		Series 2		Series 3

		OC		88.8		2.4		2

		FC		93.2		4.4		2

		PFT		96		1.8		3

						2.8		5

		OMC		80.4

		FMC		131.2

		PFMC		129.4

		OTC		93		1.272

		FTC		99.2		1.2144

		PFTC		96.2		1.2414
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Fabric stiffness (cm)

1.9

1.94
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1.84

2.02

2.1
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Sheet1

				Series 1		Series 2		Series 3

		OC		1.9		2.4		2

		FC		1.94		4.4		2

		PFT		1.98		1.8		3

						2.8		5

		OMC		1.84

		FMC		2.02

		PFMC		2.1

		OTC		1.62		1.272

		FTC		2.18		1.2144

		PFTC		2.22		1.2414
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Samples

Fabric stiffness (cm)

2.9

2.68
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Sheet1

				Series 1		Series 2		Series 3

		OC		2.9		2.4		2

		FC		2.68		4.4		2

		PFT		2.66		1.8		3

						2.8		5

		OMC		2.76

		FMC		2.68

		PFMC		2.66

		OTC		2.88		1.272

		FTC		2.66		1.2144

		PFTC		2.64		1.2414
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Fabric crease recovery (angle)

97.4
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83.4
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Sheet1

				Series 1		Series 2		Series 3

		OC		97.4		2.4		2

		FC		101.8		4.4		2

		PFT		99.8		1.8		3

						2.8		5

		OMC		83.4

		FMC		135.8

		PFMC		140.2

		OTC		88.8		1.272

		FTC		94		1.2144

		PFTC		90.8		1.2414
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6.1

12.4

14
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Sheet1

				Series 1		Series 2		Series 3

		OC		6.1		2.4		2

		FC		12.4		4.4		2

		PFT		14		1.8		3

						2.8		5

		OMC		4

		FMC		10.5

		PFMC		19.3

		OTC		4.6		1.272

		FTC		12.2		1.2144

		PFTC		13.6		1.2414
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Sheet1

				Series 1		Series 2		Series 3

		OC		9.2		2.4		2

		FC		10		4.4		2

		PFT		10.2		1.8		3

						2.8		5

		OMC		8

		FMC		8.2

		PFMC		8.4

		OTC		6.8		1.272

		FTC		7.8		1.2144

		PFTC		8.2		1.2414
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4

5.34

4.74
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4.4
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Sheet1

				Series 1		Series 2		Series 3

		OC		4		2.4		2

		FC		5.34		4.4		2

		PFT		4.74		1.8		3

						2.8		5

		OMC		4.32

		FMC		4.4

		PFMC		4.48

		OTC		2.38		1.272

		FTC		3.64		1.2144

		PFTC		5.04		1.2414






_1366444301.xls
Chart1

		OC

		FC

		PFT

		OMC

		FMC

		PFMC

		OTC

		FTC

		PFTC



Series 1

Samples
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5.1

8

6.5
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22.5

20

9.3
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Sheet1

				Series 1		Series 2		Series 3

		OC		5.1		2.4		2

		FC		8		4.4		2

		PFT		6.5		1.8		3

						2.8		5

		OMC		18.7

		FMC		22.5

		PFMC		20

		OTC		9.3		1.272

		FTC		12.5		1.2144

		PFTC		24.8		1.2414
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Sheet1

				E.coli		S. aureus		Candida sp.

		FC		12		12		-

		FMC		4		9		-

		FTC		10		14		-

		PFC		8		7		4

		PFMC		3		10		-

		PFTC		12		14		4

		OTC		9.3		1.272

		FTC		12.5		1.2144

		PFTC		24.8		1.2414






