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I.  INTRODUCTION


Textiles have such an important bearing on our daily lives that everyone needs to know something about textiles. From earliest times, people have used textiles of various types for covering, warmth, personal adornment and even to display personal wealth. Textiles are still used for these purposes and everyone is an ultimate consumer, denotes Corbman (1983).


Textiles, a generic term (from Latin texere, ‘to weave’) originally applied to woven fabrics, but now also applied to natural and synthetic filaments, yarns and threads as well as to the woven, knitted, felted, tufted, braided, bonded, knotted and embroidered fabrics made from them. 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, says Thomas (2006).


Cotton is the backbone of the world’s textiles trade. Many of our every day textile fabrics are made from cotton ; fabrics that are hard wearing and capable of infinite variety of weave and colour, describes Cook (1993). Cotton is one of the most commonly abundant natural fiber having many advantageous textile related properties. In a tropical country like Indian, cotton is most desirable for making apparels because of its easy availability, comfort, excellent heat conductivity and hygroscopic nature, remarks Samanta et al. (2003). It conducts moisture away from the body and permits the cooler temperature outside to reach the body. So it is cool for summer, states Rastogi (2009).


Cotton 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 fabrics like polyester, viscose, acrylic etc. to be used for variety of purposes, states Jindal et al. (2007).


Modal fabric is a man made 100 per cent regenerated cellulosic fibre, made out of pure wooden chips from the beech tree and it combined with modern microforms. The fibre is processed from the wood pulp, then spinning and processing the reconstituted beech tree into cellulose fibre (www.holistic-interior-designs.com).


The handle and appearance of the fibre is somewhat similar to a good quality of mercerized cotton. Modal is the registered trade mark of Lenzing AG an Austrian company specializing in textile and fibres. Particularly natural fibres made from cellulose. Lenzing modal has been providing pure softners next to skin for more than 40 years – a record no other fibre can equal. Lenzing modal is particularly well suited to blends with cotton since both fibres have similar properties. The fibre cross-section of lenzing modal is similar to that of cotton ensuring that lenzing modal is an optimum blending partner. In particular, the dyeing performance of lenzing modal emulates that of cotton. It is like perfect partnership. The properties of both of these fibres – lenzing modal and cotton are very similar, says Mahapatra (2007). 


Tencel is a man-made fabric derived from wood pulp. It is often described as a man-made silk equivalent and is a tough fabric, describes Rastogi (2009). It is lenzing fibres brand name for Lyocell. Tencel heralds the beginning of new age in fibre technology, reveals Sahu (2006).


Jindal describes, Lyocell’s success is greatly contributed to its many positive properties. Lyocell, dry or wet is stronger than cotton and rayon. Its dry strength is comparable to that of some polyester. Other qualities of lyocell include excellent drape, stability, dyeability and hand. Many apparel fabrics containing lyocell can be machine-washed. However, some garments may require dry cleaning because of their construction methods or finishes.


Tencel is fibrillar in structure and resembles cotton even more closely than modal fibres in its behaviour under stress and capacity for absorbing liquid water. Because of the close similarity between the stress – strain curves of tencel and cotton. It can contribute to the strength of the blended yarn even to low blend levels. An interesting feature of tencel is that the conversion of fibre strength to yarn strength is considerably higher than for other cellulosic fibre types. It improves the performance of blends with cotton by enhancing strength, lustre, yarn regularity, spinning and wear performance, reveals Shilpa (2007).


Weaving is the process of manufacturing a fabric. It consists of two serious 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, defines Vidyasagar (2005). Fabrics are classified as to weave or structure according to the manner in which warp and weft cross each other. The three fundamental weaves, of which others are variations are the plain, twill and satin, explains Thomas (2006).


The plain weave is variously known as “calico” or “tabby” weave. It is simplest of all weaves, states Gokarneshan (2009). It is used in cambric, muslin, blanket, canvas, dhothi, saree, shirting, suiting, etc.


Some preliminary treatments are essential for successful finishing. These are applied before the final finishes are given as the yarn or fabric that come from the spinning, weaving or knitting is in a very bad condition. It contains impurities which are natural to the fibre or it is oiled and may have stains. So it becomes necessary to give these treatments, points out Gupta (2005). The main impurities in textile materials which have to be removed during scouring and bleaching comprise starches, fatty and oil substances, gums and mineral impurities. In addition, the natural colouring matters present in fibres must be destroyed when the finished material is to be left a pure white or to be coloured in bright clear shades. Most of the impurities and colouring matters being easily removed by chemical bleaching, states Hall (2004). 


The plasma treatment, an eco-friendly alternate method can be carry out into improving the preparatory process in spinning, fabric preparation, dyeing and finishing of cotton, wool, silk and most of the man-made fibres, says Mehta (2010). The plasma is an ionized gas with equal density of positive and negative charges which exist over an extremely wide range of temperature and pressure. The plasma consists of free electrons, ions, radicals, UV-radiation and other particles depending upon the gas used. the plasma gas particles etch on the fabric surface in nano scale, so as to modify the functional properties of the fabric, explain Ashwini et al. (2006).


Plasma technology offers an alternate way to impart similar functional finishes to textiles such as improves water absorbency, dyeability, water repellency, flame-proof, anti-microbial properties, describe Muguntharajan et al. (2009).


The human body generates sweat during various conditions of activity / leading to sensory excitation and thermal excitation. The bacterial contamination of sweat results into smell which can generate from various parts of the body like armpit, forearm, back arm, fore head, etc., says Naresh et al. (2007).


Bacteria are unicellular organisms, which can grow very fast under warm and moist conditions. It can be divided into two groups. Gram positive and gram negative, describes Srikanth (2010). Anti bacterial textiles continue to increase in popularity as demand for fresh smelling, skin friendly and high performance fabric. This finished fabric can minimize the transfer of microorganisms on to the wearer by creating a physical barrier, explain Amsamani and Krishnaveni (2007).


The natural anti-bacterial compounds are used in an eco-friendly way. The environment of friendly compounds having good degree of durability with expected level of performance in antibacterial finishing, point out Teli et al. (2006).


Achyranthes aspera Linn. (prickly chaff flower leaves) are used as antiseptic, antihelmintic etc. (www.allayurveda.com). The antibacterial activity of alcoholic, aqueous and ethanolic extracts of leaves of Achyranthus aspera against E. coli and S. aureus, says Zafer (2000).

The objectives of the Study are to :

· Select the eco-friendly fabrics namely cotton, modal-cotton and tencel‑cotton. 

· Select the antibacterial natural source (prickly chaff flower leaves).

· Treat the fabrics with plasma application.

· Apply the antibacterial finish on the fabrics.

· Compare the effect of finish on plasma treated and untreated fabrics. 
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2.1
COTTON


Cotton, genus gossipium, a member of the mallow family, is the world’s most abundant fibre. Cotton is defined as white fibrous substance covering seeds harvested from cotton plant. It is classified as natural, cellulose, seed, mono-cellular, staple fibre, states Jindal (2007).


Accounting for 40 per cent of global fibre consumption, cotton is preferred for a world wide range of application, from apparel to home textiles and variety of specialized application, states Malik (2007).

2.1.1
History of Cotton


The English word “cotton” came from the Arabic word “Qutun” or “Kutun”. When the cotton fibre was first woven into cloth is not known, but the time evidently antedates history. The first reference in literature to cotton, so far as is known at present, is to be found in a Hindu Rig-Veda hymn. The hymn was written 15 centuries before Christ mentions, “Threads in the loom”, showing that cotton was already being used in weaving, denotes Brown (2002). 


Gokarneshan (2003) opines that now cotton is the world’s leading textile fibre about 35 million hectares of land’s used for cotton cultivation globally.

2.1.2
Properties of Cotton


Cotton fibres are very strong as compared to other natural fibres. The strength increases on wetting upto 25 per cent than when it is dry, explain Gupta et al. (2005). Mostly cotton fibres have 8.5 per cent of the moisture but it has ability to absorb 15 – 20 per cent of the moisture. Due to this property it takes time while drying. It is a good conductor of heat, because it allows the body’s heat to radiate out and body’s temperature will be staple (i.e.) normal temperature, reports Kimmel (2006).


It is easy to dye and print. The classes of dye which may be used to colour cotton are azoic, direct, reactive, sulphur and vat dyes and all bleaches can be safely used on white cotton, states Mullick (2005). 

2.1.3
Uses of Cotton


Cotton 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, view Jindal (2007). The biggest cotton users in this category are medical suppliers, industrial thread and tarpaulins (www.cotton.org).


Unspun and raw cotton finds it uses in mattresses, upholsteries for stuffing purposes, remarks Kumar (2002). In addition to the textile industry, cotton is in fishnets, coffee filters, tents, gun powder, cotton paper and in book binding. The first Chinese paper was made of cotton fibre. Fire hoses were once made of cotton, denotes Rao (2001). Cotton also used to make yarn used in crochet and knitting. Fabric also can be made from recycled or recovered cotton, denotes Sekar (2001). 

2.2
MODAL


Modal is a 100 per cent bio-degradable fabric made from the spun reconstituted cellulose of beech trees. Lenzing modal is a registered trademark of Lenzing AG, an American company specializing in Textiles and Fibres, particularly natural fibres made from cellulose (www.wikipedia.com). Modal fibres are defined in International Standard ISO 206 : 999 (E) as high wet modulus, high breaking strength, regenerated cellulose fibres produced by using viscose rayon and regeneration bath compositions which allows greater molecular orientation during stretch and coagulation of the fibres (www.fibre2fashion.com).

2.2.2
History of Modal


During the first world war, with shortage of raw material, viscose rayon manufacturers discovered that it was possible not only to produce filament fibres but also by cutting the fibres into short staples, to create a substitute over cotton. The viscose rayon staple fibres thus continued to be recognized as substitute for cotton until the second world war (www.alibaba.com). 


Modal fibres’ staple versions were initially developed in 1930s for industrial textiles (in tyres, conveyor belts and hose pipes) and for blending with rapidly growing synthetics (www.holistic-interior-designs.com). Modal has gained a lot of popularity in the developed world during the last three decades with the consumption expected to touch 40,000 tonnes this year. Lenzing started promoting modal in India only in the late 1990s, when economic liberalization effective and import duties were brought down. Now the consumption in India is 4,000 tonnes till 2007, explains Mahapatra (2007).

2.2.3
Production of Modal


The manufacturing of modal is similar to that of viscose rayon except slight modification in one or two steps.


The wood pulp is steeped in an aqueous solution of sodium hydroxide 17 per cent causing fibres to swell and converting cellulose to sodium cellulosate is called alkcell slurry. Then the slurry is pressed to remove excess soda from it.


Then it is opened to facilitate the penetration of oxygen and carbon disulfide. After this, it is mercerized, for increased strength and lustre. Mercerized alkcell reacts with carbon disulfide vapour, under vaccum, to form sodium cellulose xanthate. Xanthate is dissolved in dilute sodium hydroxide solution to give final composition in terms of percentage cellulose and soda in viscose rayon.


The impurities present in the substantial must be removed prior to spinning to prevent blockage of spinner holes. Very high modulus and tenacity is achieved when cellulose is spun from liquid crystalline solution.


In modal process, coagulation and stretch occur together. Unlike viscose rayon filaments in the bath are stretched 3 times their spun length before regeneration, thus forming a structure with fibrillar texture. After the treatment modal fabric is given a clean, soft and glossy peach touch finish, explains Verma (2005). 

2.2.4
Properties of Modal


Modal is currently called the new wonder fibre. This fibre combines the benefits of natural fibre and the fantastically soft feel of modern micro forms. It has more hygroscopic or water absorbent, per unit volume than cotton. Modal fibres are dimensionally stable and do not shrink or get pulled out of shape when wet. Modal fabric has softness, good drape and is comfortable for wearing. It is a good material and has good moisture regain and air permeability, states Mahapatra (2007).


The effect of the finished modal garment maintains anti-crease properties and has relatively easy care. It remains soft and lustrous after several washes. Textile made from modal do not fibrillate, or pill and are resistant to shrinkage and fading, says Sidgwick (1985).


It has the appearance of silk, lustre, sheen, gloss and holds the colour when machine washed in warm water. It can be repeatedly washed and holds soft and smooth characteristics. And resistant to mineral build-up, when washed again and again, example lime from hard water. The fabrics are harmless to human and animals as 100 per cent natural (www.alibaba.com).

2.2.5
Uses of Modal

Lenzing modal is the perfect fibre for fabrics worn next to the skin for day and night, sports and active wear. Among the areas of application which have found favour are knit wear and woven, inner and outer garments. In home textiles, it is used for a variety of terry-cloth products.

In US, pure modal has being used in household linens such as towels, bath robs and bed sheets. It is also the main textiles used in manufacturing of panties, sleep wear, casual line and clothing lines. The fibres have found a wide variety of uses in clothing, outer wear and household furnishings (www.textiles.indianetzone. com). 

Lenzing modal is used for soft flowing tops and lingerie ; exclusively in knit wear markets having high-end apparel / non apparel products. And also used for socks and stockings as well as in technical applications, such as fire cord, abrasive ground fabric, rubber cloths and other coating supports (www.fibre2fashion.com). 

2.3
TENCEL


Tencel is one such lyocell fibre and like viscose is made from wood pulp, states Sarah (2008). It is a bio degradable fabric and is becoming increasingly popular as an eco-friendly alternative to fabrics such as polyester, nylon and cotton, views Cole (2002). It is often described as a man made silk equivalent and is a tough fabric which is blended with other fabrics, eg., cotton, says Rastogi (2009). Tencel fibres have made a special impact on the world wide textile market since their appearance (www.organicclothing.blogs.com). 

2.3.1
History of Tencel


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 Crop at the time, and Enka research in Obenburg / Germany. In 1987 Akzo granted a license to Lenzing (Austria) and to courtaulds (UK) in 1990. Lenzing (Austria) gave the name Lenzing Lyocell, says Sayad et al. (2002).


It was first produced on a commercial scale in 1992 at mobile, Alabama (USA).

2.3.2
Production of Tencel


The most common commercial man‑made cellulosic fibres, produced from wood pulp is viscose. Tencel lyocell is also made from wood-pulp, opines Sheth et al. (2003). A Eucalyptus tree is used for the production of tencel. Eucalyptus is a tree, which grows very quickly. So called “wood farms” for industrial use. There is no artificial irrigation (or) manipulation and no pesticides are used, expresses Age (2007).


Lyocell fibre is a solvent spun. It is made up of cellulose and derived from plant sources like wood pulp. The wood pulp is first dissolved at 90 to 120(C under normal pressure in a solvent NMMO (N-methyl morpholine N-oxide) to form viscose solution. It is then filtered and extruded by means of fine jet into water bath. Here the regeneration of cellulose takes place resulting in the formation of fibre. It is finally washed and dried. 


The solvent used in this process is then purified and concentrated for further use. The recovery of the solvent is around 99.5 per cent, describes Pratap (2002). 

2.3.3
Properties of Tencel


Tencel is the strongest of all the cellulosic fibres. It has a high degree of orientation and crystallinity. The cellulose crystals are highly parallel in longitudinal direction of fibre. This fibre has a smooth uniform surface and a circular cross-section. Tencel structure is not a collapsed structure like that of cotton, describes Singh (2002).


Tencel exhibits excellent handle properties because they are soft and lustrous. They show good drape and fluidity. And this fibres are highly stable at high temperature. Tencel is inert to most of the organic solvents. However, it degrades in the presence of hot dilute or cold concentrated mineral acid, explains Sayad (2002).


This fibre can be blended equally well with cotton, polyester and other fibres and the fibre is completely biodegradable. It is now available few in tencel denim, tencel linen, tencel stretch and much more, describes Sadhwani (2002).


Fabrics produced from tencel are breathable and moisture absorbent and have high dimensional stability, expresses Sheth (2003). Longer tencel fibres give fabric a smooth, silky feel (www.ehow.com). 

2.3.4
Uses of Tencel


Currently tencel is more expensive to produce than cotton or rayon. Staple fibres are used in apparel items such as denim, underwear and casual wear clothing, even in both towels, views Rastogi (2009). 


Tencel fibres give fabric a smooth, silky feel. These fabrics fall beautifully and can be used in elegant formal wear (www.ehow.com). It used to make wet wipe. Medical swabs and gauges. Battery separation and coating substrates. Being bio-degradable, it is used for making disposable clothing. It is the first fibre after cotton which can be used to create the authentic denim looks, states Pradap (2002).


Industrial uses of tencel are conveyor belts, filters, printers, blankets carbon shields, speciality papers and medical dressing, says Samantha (2000). 

2.4
WEAVING


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 year. The Latin word ‘textile’ simply means to weave, describes Colussy et al. (2007).


The interlacing pattern of the warp and weft is known as the weave. The unit of weave construction is an intersection of warp thread and weft thread, defines Singh (2004).

2.4.1
Classification of Weaving


Woven fabrics fall into two main categories – a basic weave and a complex or fancy weave. Basic weaves have unlimited varieties of patterns but there are three basic varieties, such as plain weave, twill weave and sateen weave, reveals Nakamura (2000).


The fancy weave is the fourth basic weave that can be made on the simple loom. Some of the variations of fancy weave are pile weave, jacquard weave, dobby weave, leno weave and ornamental weave. 


These weaves are produced to make more detail patterns and provide them rich and diverse effects, says Greenberry (2007).

2.4.2
Plain Weave


The plain weave is the simplest of the three basic weaves. In this weave the threads interlace in alternate order. i.e., the first warp thread overlaps the first weft thread and passes under the second weft thread, and the second warp thread passes under the first weft thread and overlaps the second one and so on, opines Singh (2004).


Plain weave requires only a two-harness loom and is the least expensive weave to produce. It is described as a 1/1 weave read as one harness up and one harness down, which describes the position of the harness when forming the shed, reveals Kadolph (1993).


The plain weave is produced in a variety of forms and texture, possessing totally different characteristics, which adapt it for specific purposes, says Gokarneshan (2009). 

2.4.3
Mixture


A mixture is when one fibre is spun into a yarn for the warp threads, and a different fibre is spun to make weft threads. The mixing occurs during the weaving process, defines Cornell (2002). Mixture is done to improve the quality of the fabric and reduce the cost of the fabric, says Mullick (2006).


Fabrics made of 100 per cent modal and mixture of modal / cotton are now being used in India for a variety of products. It is particularly well suited with cotton since both yarns have similar properties. And cotton, modal improves the yarn regularity and helps to attain a better fabric surface, describes Veena (2007).


Tencel can be created into high quality fabrics both in pure form and in mixture with other yarn. The end product is something, which is not just desirable but also performs well, expresses Nair (2003). Tencel improves the performance of mixture with cotton by enhancing, strength, lustre, yarn regularity, wear performance, remark Charan et al. (2007). 

2.5
BASIC FINISHES


Some preliminary treatments are essential for finishing. These are applied before the final finishes are given as the yarn or fabric that come from the spinning, weaving or knitting are in a very bad condition. It contains impurities which are natural to the fibre or it is oiled and may have dirt and stains. So it becomes necessary to give these treatments. These are bleaching, scouring, desizing and singeing, say Gupta et al. (2005). These finishing process varies a lot according to the fabric variety.

2.5.1
Scouring


The purpose of process is to remove any sizing, dirt, oil or other substances that may have adhered to the fibres in the processing of the yarns or in the manufacture of the cloth, denotes Smith (2006). Common scouring chemicals are soaps or detergents. 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, points out Kadolph (1993). 


Cotton and man-made fibres can be cleaned by soap, detergent or other solution containing soda. Scour baths usually contains alkalies, antistatic agents, lubricants, detergents and emulsifiers, states Nakamura (2000).

2.5.2
Bleaching


Process to whiten cotton, wool and some synthetic fibres by treatment in solutions containing hydrogen peroxide, chlorine dioxide, hydrochloride, sodium perporate etc., defines Mullick (2006). Bleaching can damage the fabric, so it is done under controlled conditions of temperature and concentration. The same bleach cannot be used for all fibres. Final rinsing is essential to remove all traces of bleach. Hydrogen peroxide is a universal bleach, reports Neelima (2009).


The bleaching method consist of theoretical oxidation method and reduction method. The method using bleaching powder hydrogen peroxide, sodium peroxide, potassium permanganate, utilizes the oxidation effect of these. Whereas, the method of using sulfurous acid, soda or hydrosulfite utilizes the effect of reduction, explains Mishra (2000). 

2.6
PLASMA APPLICATION


The plasma technology has been widely investigated in areas like semi conductors, tool making, general plastics and film industries. Use of plasma technology for textiles was started with low pressure plasma. Low pressure plasma techniques have been used for textile and polymer surface, polymer modifications by reveal researchers state Kale and Palaskar (2010).


Irving Langmuir first used the term ‘plasma’ in 1926 to describe the inner region of an electrical discharge. Later, the definition was broadened to define a state of matter in which a significant number of atoms and / or molecules are electrically charged or ionized, reveals Allan et al. (2002). Due to increasing requirements on the finishing of textile fabrics, use of technical textiles with synthetic fibres, as well as the market and society demand for textiles that have been processed by environmentally sound methods, new innovative production techniques are demanded. In this field, the plasma technology shows distinct advantages because it is environmentally friendly, reports Vohrer (2009).


Plasma modification of textiles saves large quantity of water, chemicals and electrical energy which is made possible since the plasma process does not produce large volume of waste or toxic by products, remarks Desai (2008). Modification of textile surface by plasma treatment offers a lot of benefits and overcomes the drawback of the classical wet chemical finishing, views Kale (2010).

2.6.1
Principles of Plasma


Plasma is often called the “fourth state of matter”, the other three being solid, liquid and gas, states Buyle (2009). The physical definition of a “plasma” is an ionized gas with an essentially equal density of positive and negative charges. It can exist over an extremely wide range of temperature and pressure, define Oehr et al. (2009).


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 functionalized or even coated with nm-thin film depending on the type of gas and control of the process, explains Desai (2008).


The plasma atmosphere consists of three 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 occurs dependent of the used parameter, states Samanta (2006).

Further more, the plasma process can be carried out in different manners.

· The substrate can be treated directly in the plasma zone.

· The substrates can be positioned outside the plasma ; this process is called remote process.

· The substrate can be activated in the plasma followed by a subsequent grafting.

· The substrate can be treated with a polymer solution or gas which will be fixed or polymerized by a subsequent plasma treatment, explains Sujatha (2010). 

2.6.2
Characteristics of Plasma


The classification systems of plasma dwell on temperature, pressure, type of current used and type of gas used. The two broad categories, on the basis of temperature of plasma include hot plasma and cold plasma, express Saravanan and Nalankilli (2008). 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, points out Shisoo (2007).


Non equilibrium cold plasma is one, where only a small fraction of atoms in a gas are ionized and the electrons reach a very high temperature, whereas the ionization remains at the ambient temperature, reveals Sudha (2000). The energetic ions and UV radiation of cold plasma can break the covalent bonds of gaseous molecules, polymers and etch the surface of the textile materials, denote Durai et al. (2008).


The common applications of cold plasma includes plasma enhanced chemical vapour deposition (CVD), plasma polymerization, surface treatment and make the molecules of surface layers activated. 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, states Hocker (2009).


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, views Vohrer (2001).


The applied pressure value must be matched to the characteristic structure of the textile material to be plasma treated. In the low pressure regions (P < 1 Mbar), the mean free path in the gas phase exceeds the typical distances in textile materials and the very low pressure causes a relatively low radical concentration per unit volume, remarks Buyle (2009). In the pressure range P > 100 mbar, especially at atmospheric pressure, the mean free path in the gas phase is much lower than textile distances, points out Mehta (2010).

2.6.3
Methodology of Plasma


There are different methodologies to induce the ionization of plasma gas for textile treatment. Plasma has been broadly classified into low pressure plasma and atmospheric pressure plasma. Atmospheric pressure plasma is further classified as atmospheric pressure glow discharge (APGD), corono discharge (CD), dielectric barrier discharge (DBD), reveals Saminathan (2009).


Low pressure plasma is one of the oldest types of cold plasma. It is produced in a vacuum vessel having reduced pressure in the range of 10-2 to 10-3 mbar, created by a vacuum pump, says Muguntharajan (2009). The gas to be ionized is supplied into the vacuum vessel, between two electrodes connected to a high voltage (0.4 – 0.8 KV) and high frequency electro-magnetic field (40 KHz – 2.45 GHz) and gets ionized, denotes Samanta (2006). A specific characteristic of a plasma is the visible glow discharge with colours ranging from blue-white to dark purple depending on the type of gas. The high reactive particles react with the surface of the substrate. The advantage of this plasma is that it is a well controlled and reproducible technique, points out Palaskar (2010). And also the low pressure plasma technology is such an alternative where on a dry, environmental friendly and cost-efficient way the surface is modified on microscopic level. This without manual operations or the use of chemical products, report Dev et al. (2000).


Atmospheric pressure plasma is used in a variety of material processes. There are a number of forms glow discharge, corono discharge, dielectric barrier discharge, denotes Mahapatra (2010). The advantages of atmospheric pressure plasma are continuous treatment can be given and it is cost effective process, express Jassal et al. (2006). 

2.6.4
Advantages of Plasma


The plasma application has lots of benefit when compared to classical wet chemistry finishing. It is applicable to all substrates suitable for vacuum processes (i.e.) almost free choice of substrate materials, denote Volrer and Oehr (2009). Optimization of surface properties of materials without alteration of bulk characteristics. And the consumption of chemicals is very low due to the physical process, says Kale (2010). 


On polymers, which are unable or very difficult to modify with wet chemicals, the surface properties can also easily be changed. The process is performed in a dry, closed system and excels in high reliability and safety, explain Neelakandan et al. (2000).


Plasma treatment gives anti felting, anti shrinking, anti dirty, hydrophilic to polypropylene bonded fibre fabrics, liquid repellent capacity to awning materials, oil repellent capacity, functionality to polyester fibres to better their dyeing. In shortens times of dye fixation, gives better solidity of printing pigments in polyester, says Mehta (2010).


Moreover, it is applicable for different kinds of textile treatment to generate more novel products to satisfy customer’s need and requirements. It is also a simple process that could be easily automated and maintain good parameter control, report Sudha et al. (2000). 

2.7
FINISHING

The name textile finishing covers an extremely wide range of activities, which are performed on textiles before they reach the final customer. All finishing processes are designed to increase the attractiveness or serviceability of the textile product, views Parvathi (2007). It is one of the most ecologically critical processes. It involves a wide range of chemical part of textile production that is harmful to the environment, remark Jahagirdar et al. (2001). This is the last step in the textile wet processing chain and is obviously performed on dyed / printed textile materials, denote Shah and Maheswari (2006).

2.7.1
Classification of Finishing


Finishes are classified in several ways.

1. On basis of techniques used.

(i) Physical or mechanical

(ii) Chemical 

2. Basic finishes and special finishes.

3. On basis of degree of performance

(i) Permanent finish

(ii) Durable finish 

(iii) Semi-durable finish

(iv) Temporary finish

4. Aesthetic and functional finish, denotes Mullick (2006).

Physical or mechanical finishes causing some physical changes in the fabric. Some mechanical devices such as rollers, brushes, needles, plates, perforated cylinders, etc. are used during finishing. Chemical finishes involve a chemical reaction or treatment of the fabric by alkalies, acids, bleaches, resins, etc., states Murphy (2000).

Basic finishes are applied to almost all fabrics to improve their appearance. Special finishes are applied, when we need to prepare the fabric for special purpose or end use, denotes Gokum (2007).

A permanent finish generally involves a chemical process that changes the fibre structure. So that it will not alter subsequently. A durable finish may last throughout the life of the fabric. A semi durable finish will last through several launderings or dry cleaning. A temporary finish will be removed or substantially reduced when the fabric is washed, reveal Sivakumar and Bhavani (2005). 

The aesthetic finishes affect the appearance of the fabric only, example dyeing, printing but the functional finish also improves the performance by catering to a specific and use of crease resistant, water repellent and antimicrobial finish, reports Parvathi (2007).

2.7.2
Special Finishes


Special finishes are combination of chemical and mechanical finishes. These finishes are mainly applied or performed on textiles to improve the properties of fabric / fibres as per end use, denote Rekha et al. (2005).


According to Goyal and Deshpande (2006) the highlights of the finishes that in addition to aesthetic values in terms of appearance handle and feel additional technological properties as per the requirement of the consumer are called speciality finishes. Some of the special finishes that are gaining popularity are the following : wrinkle resistant finish, anti-microbial finish and flame retardant finish. 

2.8
BACTERIA


Bacteria are simple unicellular organisms. They thrive on moisture and warmth of the body. To classify bacteria on the basis of their morphology is extremely difficult. Generally bacteria are very small and has simple shapes. It can be divided into two groups : gram positive and gram negative, says Srikanth (2010).

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. They give lot of waste products which can result in odours emitted and staining, describe Deepti and Ankur (2007). The human skin supports to growth of bacteria because of its metabolic side product, such as acidic, basic perspiration, and urine, denotes Orhan (2007). 

2.8.1
Causes of Bacteria


Bacteria creates some easily identified problems like, 

· Bad odour

· Discolouration, unsightliness or staining of the fabric

· A slick slimy handle

· Loss of functional properties like elasticity and tensile strength

· Decrease in the life of the textiles, especially cotton.

Apart from their effects on textiles, bacteria can be a source of many problems to human beings, ranging from simple unpleasant odour to physical irrigation, allergy, toxic responses, infection and diseases. An unpleasant odour results when, among other things, human perspiration is converted by bacteria into foul-smelling substances such as aldehydes, amines, ammonia, sulphides, aromatics, lactones and fatty acids (www.freewebs.com). 

2.9
ANTIBACTERIAL FINISH


An antibacterial is one that has been chemically treated to kill, or suppress the growth of harmful microorganisms. The demand for antibacterial finishes in the textile industry continues to rise as new products and applications are introduced. Consumers identify antibacterial textiles with cleanliness and protection against microorganisms and have come to expect it in new textile products, says Sathianarayanan et al. (2010).


Antibacterial agents can be integrated into the fibres directly or can be applied to textile surfaces by conventional textile finishing process, states Ureyen (2010). The use of natural products such as chitosan and natural dyes for antimicrobial finishing of textile material has been widely reported. Other natural herbal products, such as Aloe vera, tea tree oil, eucalyptus oil and tulsi leaf extracts can also be used for this purpose. There is a vast source of medicinal plants with active antimicrobial ingredients, views Joshi et al. (2009).

2.9.1
Types of Antimicrobial Finish

The antimicrobials are of two types, namely leaching and non-leaching type. The leaching type antimicrobial is not chemically bonded with the fabrics and can be removed by contact with moisture. The mechanism involved in this type is to poison the microorganisms. There include their negative effects since, they can contact the skin and affect the normal skin. Bacteria, cross the skin barrier and cause rashes and other skin irritations. It is effective for single use and loses its effectiveness on subsequent washing, expresses Shukla and Sundar (2008).


The non-leaching types of antimicrobial agents are chemically bound to the surface of the textile materials and thus do not lose their effectiveness by becoming depleted nor they cause harm to anything other than microorganisms. These agents do not lose their effectiveness even on repeated laundering, states Chakraborty (2010).

2.9.2
Properties of Antibacterial Finish


Antibacterial finish properties are to control the infestation by the microbes and to arrest metabolism in microbes and to protect textiles from staining discolouration and quality deterioration and prevents the odour formation, state Ramachandran et al. (2004). This finish should prevent the transfer and spread of disease promote, says Achwal et al. (2003).


Antibacterial finish should not be toxic to the human body and should be compatible with other finishes, remarks Parthiban (2006). This finish maintains hygiene and freshness and it control or eliminates microbial staining to stop skin irritation, explain Menezes et al. (2004). It eliminates the chances of disease transformation and it is effective on any substance like cellulose, synthetics as well as their blends and any surface other than textiles, points out Srivastava (2010). 

2.9.3
Requirements of Antibacterial Finish


The growth of microbes is rapid. The bacteria population for example, doubles every 20 to 30 minutes under ideal conditions. Therefore antibacterial finishes must be quick acting to be effective, views Shukla and Sundar (2008).


Antibacterial treatment for textile material is necessary to fulfill the following objectives.

· To avoid cross infection by pathogenic microorganisms

· To control the infestation by microbes

· To arrest metabolism in microbes in order to reduce the formation odour.

· To safeguard the textile product from staining, discolouration and quality deterioration (www.articleonramp.com).

2.9.4
Benefits of Antibacterial Finish


Antibacterial finishes add value to the product for both the producer and the consumer in the following ways.

· Protection of the raw material from decay or degradation. 

· Control of staining caused by microbial growth.

· Added freshness to the fabrics and the wearer.

· Elimination of smells created by microorganism

· Increased life period of the fabric because of control of the growth of microbes.

· Improvement in the handle for most of the fabrics.

· No irritation of the skin and no physiologic impact to human health (www.freewebs.com).

The application of the finish is now extended to textile fibres with bult-in-antimicrobial properties will also serve he purpose alone or in blends with other fibres. Bioactive fibres is a modified form of the finish, which includes chemotherapeutics in their structure i.e., synthetic drugs of bactericidal and fungicidal qualities. These fibres are not only used in medicine and health prophylaxis applications but also for manufacturing textile products of daily use and technical textiles (www.fibre2fashion.com). 

2.10
NATURAL SOURCE


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. Since the medicinal plants are the backbone of the traditional medicine. This means that 3300 million people in the under developed countries utilize medicinal plants on a regular basis, remarks Pravin (2007).


The following are the reasons for using natural source.

· Many people believe that plants are less toxic and safer than manufactured drugs.

· Many people believe that plants are more natural than manufactured drugs.

· Medicinal plants often are more accessible than manufactured drugs, says Manisha (2004).

2.10.1
Achyranthes aspera Linn.


Family
:
Amaranthaceae


Indian name
:
Prickly chaff flower (English) ; Laf Jira (Hindi) ; Uttaraanne (Kannada) ; Kadaladi (Malayalam) ; Naaurivi (Tamil) ; Uttareeni (Telugu)


It is about 0.3 m to 0.9 m high, stems erect, pubescent, swollen at the nodes, leaves opposite, short-petioled, margins undulate ; flowers numerous, urticle oblong, cylindrical, enclosed in the hardened perianth, brown seeds oblong ovoid, describes Ahmad (2010).


Achyranthes aspera has been used as medicine from ancient times for treating a large number of diseases. Different parts of the plant used for the different ways, state Narayan et al. (2003).


These leaves are used as antiseptic, anthihelmintic etc. (www.allayurveda.com). Antibacterial activity of prickly chaff flower leaves against both the gram positive and gram negative bacteria. Antibacterial activity of alcoholic and aqueous extracts of leaf of Achyranthes aspera against E. coli and S. aureus, explains Zafar (2000). 
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3.1
SELECTION OF YARN


Cotton, cool, soft, comfortable fabric. Its production is one of the major factors in world prosperity and economic stability consumers now often request 100 per cent. Permanent finishes also added to the all cotton fabric gave a wash and wear property to cotton, says Thomas (2006). Cotton conducts moisture away from the body and permits the cooler temperature outside to reach the body. So it is cool for summer. Cotton yarns are strong and fabrics made from them are durable, states Meenakshi (2009).


Today modal is widely used in clothing as a replacement for cotton. It may be used on its own or in a blend with cotton, wool and synthetic fibres. It is very soft and thus is popular for both clothing and household textiles, reveals Verma (2005). 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).


The newest invention on the fibre block is Tencel. It is biodegradable fibre. The production process is environmentally friendly. The non toxic solvents used to dissolve the wood pulp are recycled. Other qualities of Tencel include excellent drape, stability, dyeability and hand. Although lyocell can have all the glory to itself. It is the spinning process with other fibres that enhances their qualities, describes Jindal (2007).


The term ‘blending’ is used by the yarn manufacturer to describe specifically the sequence of processes required to convert two or more kinds of staple fibres into a single yarn composed of an intimate mixture of the component fibres. Blending of tencel and cotton contribute more strength to the yarn even to low blend levels. And it also enhances lustre yarn regularity, spinning and wear performance. Lenzing modal is particularly well suited to blends with cotton since both fibres have similar properties. Hence the investigator selected 100 per cent cotton, 50 / 50 tencel cotton and 50 / 50 modal cotton for this study (Plate – I).

3.2
SELECTION OF FABRIC FORMATION


The most widely used method of making fabric has always been weaving, states Kathleen et al. (2007) (Plate – II). The fabric forming process contributes to the fabric’s appearance and texture, performance and cost. Woven fabrics generally two or more sets of yarns are interlaced at right angles to each other. Many different interlacing patterns give interest to the fabric, reports Kadoph et al. (1993). Fabric is comprised of a series of vertical yarns and interlaced horizontal yarns. Yarns placed on the loom in a vertical fashion are called the warp yarns. The rows of weft yarns are transported or placed across the warp yarns, horizontally by using a device called a ‘shuttle’. These series of horizontal yarns are referred to as the filling or weft yarns. 


Plain weave is the simplest weave. In this weave the threads interlace in alternate order. i.e., the first warp thread overlaps the first weft thread and passes under the second weft thread, and the second wrap thread passes under the first weft thread and overlaps the second one and so on, explains Singh (2004). It is the strongest of all weaves since its threads are interlaced the highest.


The selected yarn 100 per cent cotton was warped in the loom and passed through heddles on two harnesses. The warp threads were moved up and down by the harnesses creating a space called shed. For the weft thread again 100 per cent cotton yarns were wound onto spools called bobbins. The bobbins were placed in a shuttle which carries the weft thread through the shed. The raising / lowering sequence of warp threads gives simplest plain weave structure. This procedure about 2 kilograms at in 100 per cent cotton, plain weave fabric was woven. Later, 100 per cent tencel and then 100 per cent modal were wound onto bobbins to weave 50 / 50 tencel cotton and 50 / 50 modal cotton, plain weave fabric respectively. The above mentioned process was followed the fabric structure. 

3.3
PRETREATMENT OF WOVEN FABRICS


Pre treatment improves wettability of fibres. There by facilitates uniform dyeing and finishing of fabric and the aim of preparatory process is the first step towards quality. This removes the temporary starch present in the fabric.


Scouring is an important operation by which natural impurities (greases, waxes, fats, etc.) and acquired impurities from the fabric are removed, reports NIIR Board (2004).


Bleaching is an operation to remove the coloured impurities from textile fibres and brightening the fabric. Oxygen bleaches are commonly used method. It can be safely used for all fabrics. Hence the following recipe were adopted for scouring and bleaching of selected cotton, modal cotton and tencel cotton fabrics.

3.3.1
Recipe for Scouring


Weight of the fabric
-
1000 grams


Water
-
10 litres


Sodium carbonate
-
20 grams 


Sodium hydroxide
-
30 grams


Wetting agent
-
few drops


The selected fabric was scoured in a bath contained ten litres of water, 20 grams of sodium carbonate and 30 grams of sodium hydroxide and few drops of wetting agent along with the fabric and boiled for one hour. The fabric was taken and then rinsed thoroughly in running water and dried in the shade. The process was followed for modal cotton and tencel cotton fabrics.

3.3.2
Recipe for Bleaching


Weight of the fabric
-
1000 grams


Distilled water

-
10 litres


Sodium bicarbonate
-
30 grams


Hydrogen peroxide
-
30 grams


The selected fabric was bleached in a bath contained ten litres of distilled water, 30 grams of sodium bicarbonate and 30 grams of hydrogen peroxide along with the fabric boiled it for one hour. The fabric then taken and rinsed thoroughly in running water and dried in the shade. The process was followed for modal cotton and tencel cotton fabrics.

3.4
TREATMENT OF FABRIC WITH PLASMA APPLICATION


The plasma technology can enhance the function of the textile and garment, such as crease resistance, UV protection and offer hydrophilic or hydrophobic properties, including antibacterial activity, stain resistance, with excellent hand feel, rapid drying and breathability features, remarks Vohrer (2009).


Buyle (2004) reveals that the plasma treatment provides a dry and clean production process, low chemical treatment cost and high production quality. It can serve as an alternate traditional wet treatment process is giving textiles different functionalities. 


According to Sujatha (2010) plasma treatment is an alternative to wet chemical fabric treatment and pretreatment processes, which tend to alter fabric mechanical properties and are environmentally hazardous. Hence the investigator decided to treat the fabric with plasma application (Plate – III). 

3.4.1
Selection of Gas


Plasma is an ionized gas with equal density of positive and negative charges which exist over an extremely wide range of temperature and pressure. The plasma gas particles etch on the fabric surface in nano scale so as to modify the functional properties of the fabric (Muguntharajan, 2009).


There are many gases used in plasma process. By varying the process of parameters such as the type of gas, time and pressure, different finishes can be obtained. Each gases provides different results to the fabric for example oxygen gas generous greater changes in fibres and increase vertical wicking especially in cellulosic fibres. Hence the investigator selected oxygen gas for plasma application in the selected cellulosic fabrics. 

3.4.2
Parameters of Plasma Application

TABLE – I

DETAILS ABOUT THE PARAMETERS OF PLASMA APPLICATION

	S.No.
	Criteria
	Parameters

	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 10-2 mbar



From the table it is clear that the plasma application was done using oxygen with inter-electrode spacing of 3.5 cm. the plasma current and power used were 2.1 mA and 600 W respectively. The exposure time was 2 minutes with pressure of 1.5 x 10-1 mbar. Thus the above parameters were used in this study. 

3.5
SELECTION OF HERBAL ANTIBACTERIAL FINISHING AGENT


Health and hygiene are the primary requirements for human beings to live comfortably and work with maximum efficiency. To protect the mankind from pathogens and to avoid cross infection a special finish like antibacterial finish has become necessary, quotes Thilagavathi et al. (2007).


Duke (2005) reveals that several plants that are used throughout the world as antibacterial agent. These plants contain varying amount of several antibacterial although environmental conditions cause the context of volatile oils in plants to vary greatly. Hence the investigator selected prickly chaff flower leaves as natural antibacterial finishing agent.

TABLE – II

DETAILS ABOUT THE HERBAL PLANT SELECTED

	S.No.
	Name
	Scientific name
	Family
	Part used

	1.
	Prickly chaff flower
	Acharanthes aspera Linn.
	Amaranthaceae
	Leaves


3.5.1
Achyranthes aspera Linn. (Princkly chaff flower)


Achyranthes aspera Linn. (Plate – IV) has been used as medicine from ancient times for treating a large number of diseases, views Narayan et al. (2003). Antibacterial activity of ethanolic leaves extracts of Achyranthes aspera acts against both the gram positive (E. coli) and gram negative (S. aureus) bacteria, denotes Zafar (2000). Hence the investigator selected Achyranthes aspera as antibacterial finishing agent for the study. 

3.6
EXTRACTION OF HERBAL FINISHING AGENT


The prickly chaff flower leaves were collected and dried in the shadow. After drying, the leaves were make into powder form (Plate – V). Extraction refers to separating the desired material by physical or chemical means with the aid of a solvent.


The powdered plant material was extracted with ethanol by adding 20 g of herbal powder in 100 ml of ethanol for 24 hours to separate the alkaloids (Plate – VI). After that the extraction was filtered through filter paper to exclude the sediment. Then filtrate was kept in a beaker on water bath at 45(C until the ethanol got evaporated. 

3.7
SELECTION OF BINDER


The binder is a film forming agent made up of long chain micro molecules which when applied to the textile together with the pigment produces a three dimensionally linked network. The binder should be colourless, odourless, evenly thick, smooth and good adhesion.


It is developed from the lime and lemon 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 and with a keen acid taste, explains Murphy (2008). Citric acid (Plate – VII) serves to revive and raise certain colours and also used to carry out pH adjustment as it destroys the effect of alkalies. It is a good cross linking agent or binder and due to this reason the investigator selected citric acid for the study. 

3.8
OPTIMIZATION OF ANTIBACTERIAL FINISH


In order to find out the maximum efficiency, the selected natural finishing agents were finished on the fabric at various concentration, time, temperature and pH level.
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	PLATE – VI

HERBAL ETHANOLIC SOLUTION
	PLATE – VII

BINDER – CITRIC ACID


3.8.1
Concentration


Prickly chaff flower leaves extraction was taken in different concentrations like 3, 5 and 7 per cent was used to find out the extract concentration of the finish.

3.8.2
Time


The fabric samples were padded with different concentration, temperature and various time periods like 3, 5, 10 minutes of optimization time to finish the herbal sources into the fabrics.

3.8.3
Temperature



Various temperatures like 40, 50 and 60(C were set for treating the fabric after selecting the effective concentration. 

3.8.4
Selection of pH Level


The pH was taken as neutral. Then all the samples were subjected to antibacterial test. The investigator assessed the tested samples visually for the number of bacteria’s invaded on the sample arrived at the optimum parameters.

3.8.5
Optimized Parameters

TABLE – III

OPTIMIZED PARAMETERS OF HERBAL FINISHING AGENT

	Source
	Concentration (%)
	Time (minutes)
	Temperature ((C)

	Prickly chaff flower leaves
	5
	5
	50



After optimization the above parameters were selected. The fabric was treated with 5 per cent concentration of plant extract at 50(C and time selected was 5 minutes. 

3.9
PROCEDURE FOR FINISHING THE FABRIC 


Sampath (2003) remarks that the methods of wet application of finishes on fabric are mostly either by exhaustion techniques or by padding mangle method. Application of finishing by padding is more convenient and many of the problems in the exhaust technique can be avoided primarily in padding stage.


Kumar (2006) suggests that the durability of the finishing can be enhanced when the herbal extracts were applied on fabric directly by pad-dry-cure method. In padding techniques the fabric was passed through two main rollers revolving at different speed in opposite direction.


Hence the investigator selected padding mangle technique. The fabric was immersed in the prepared antibacterial solution in the ratio of 1 : 20 of material liquor ratio for three times with the binder in the ratio of 9 : 1 for the effective penetration into the fabric. Then the fabric was passed through the padding mangle (Plate – VIII) between the rollers for uniform application of the solution. Then dried the fabric in the open air under shade at room temperature and cured in over at 80(C – 100(C for two minutes for cotton, modal cotton and tencel cotton for permanent impregnation. 

3.10
EVALUATION OF FINISHED FABRICS


The samples were evaluated objectively after finishing.

3.10.1
Objective Evaluation


All the tests were carried out in the standard atmosphere of 65 + 2(C relative humidity and 27 + 2(C temperature after being conditioned the plasma treated and untreated fabric for 24 hours before testing. The objective evaluations performed for yarn and fabric are given.

3.10.1.1   Yarn Evaluation


The original yarns were evaluated by the following tests. 

a.
Yarn Appearance


In order to the evenness of the yarn, the yarn was wound on the black board having the dimension of 9 ½ inch x 5 ½ inch approximately with the correct spacing between the threads. The yarn was wound with sufficient tension to hold the yarn in its place on the board and also evenly. This was done using an instrument yarn appearance winder (Plate – IX). Then the grade of the yarn comparison was made with the standard board. The American Society of Testing Material D 2255, grading spun yarns for appearance, which are the photographs of different counts with the appearance classified into four grades A, B, C and D and the yarns were graded according to the appearance and recorded.

b.
Yarn Crimp


This method is to determination of the correct tension of warp and weft yarns. In  this  method  crimp  of  the  yarn was determined using Shirley Crimp Tester (Plate – X). The yarn sample was raveled from the fabrics and one end was carefully inserted in the clamp. Then the movable jaw was set to a length of the sample yarn and the length was noted. The other end of the yarn was inserted into it. 


The movable jaw was moved slowly to the right until the index marks on the balancing head of the frame are in line. Then the length o the yarn corresponding to the red mark on the movable grip was noted from the base scale. Then the crimp was calculated. 

c.
Yarn Tensile Strength and Elongation


Tensile strength of a thread of fabric is measured in Lea Strength Tester (Plate – XI) as the weight to beak it under tension. The original cotton, modal cotton and tencel cotton yarn was taken and clamped between the upper clamp and lower clamp when the machine was started. The lower jaw traversed downward imposing the tension on the specimen and thereby pulling the upper clamp and in its turn will make the pendulum to more over the quadrant scale. When the specimen ruptures the pendulum arm is retained in the position of pendulum arm give the breaking load of the specimen. Then the tenacity was calculated using the formula.


Tenacity in g / tex
=
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The elongation is also measured by nothing down the relative position of the upper clamp.


Elongation (%)
=
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The reading were noted and analysed. 

3.10.1.2   Fabric Evaluation


The samples were evaluated by the following tests. 

1.
Physical Property Test

a.
Fabric Weight


The method of obtaining weight per unit area is implicit in the title that means one has to weigh a known area and divide the weight by the area, says Jewel (2005).


The woven fabric was laid on the table and sample were cut using GSM cutter (Plate – XII) at five different places with the help of the electronic balance (Plate – XIII) all the samples were weighed and the results were recorded accurately to the nearer 0.001 mg then mean weight was calculated. 

b.
Fabric Thickness


It is defined as the distance between the upper and lower surface of the material   measured  under  a  standard  pressure  using  the  thickness  gauge (Plate – XIV) with an accuracy of 0.01 mm, as explained by Stocer et al. (2005). It has two parts anvil and the pressure foot, which worked under a lever stirring action. On the top dial indicated the thickness of the sample in thousand of an inch. Each division on the dial reads 0.01 mm. the lever was pressed and the sample was placed in between the anvil and the pressure foot, the lever was then released slowly and pressure the sample. The dial indicated the thickness of the sample, readings were noted and mean was calculated. 

c.
Fabric Count


Fabric count is the number of picks and ends per unit area which can be obtained by counting the number of picks and ends per unit length.


The counting glass is a small magnifying glass (Plate – XV) in a stand over a square exactly one inch away. The fabric was held without tension and was free from folds and wrinkles. The number of threads in the field directly gives the number of threads per inch. Then the average number of picks and ends were calculated. 
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2.
Mechanical Property Test

a.
Fabric Tensile Strength and Elongation


Breaking strength as a measure of the resistance of the fabric to tensile load or stress in either warp and weft direction. Elongation measures the extent of deformation along the axis of a material under a tensile stress.


Eureka Brand Tensile Strength Tester (Plate – XVI) was used for the study. Five samples were cut from the warp and weft directions. Each sample was 12” in length and 2 ½” in width. Length wise yarn from the side of the strip were revaled out upto quarter inch. Each sample was then clamped between the jaws. Care was taken to see that the sample was perpendicular to the load. The load was applied and elongation in inches as well as centimeters were noted as soon as the sample were broken. Five readings were taken for each of the samples and the mean strength and elongation was found out to the strength loss or gain in the fabric before and after finishing. 

b.
Abrasion Resistance


Abrasion is just one aspect of wear and is the rubbing away of the component fibres and yarns of the fabric, denotes Basu (2006).


The Martindale Abrasion Tester (Plate – XVII) was used to measure the abrasion resistance of the fabric. The machine consists of a top plate supported by three pillars on the top of each pillar is a ball caster. These ball casters allow the plates to slide easily in the horizontal plane. Four samples of 38 mm diameter were cut and fixed on the sample holders. The sample holders were able to move vertically in the clamp bushes. Because of this movement the cloth was rubbed against the cloth surface in harmonic pattern. At one stage the movement was changed to circular and then the ellipse. The end point was determined by loss in weight of the sample for known cycles. Then the loss in weight was plotted against the number of cycles and graph was analysed. 

3.
Comfort Property Test

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 (Angappan, 2002).


Shirley Stiffness Tester (Plate – XVIII) was used to measure the fabric stiffness by the cantilever principle. The stiffness tester consists of a platform, having a smooth low friction, flat surface such as polished metal or plastic. The platform is supported by two side pieces made of plastic. A mirror is attached to the instrument to enable the operator to view both index lines from a convenient position.


A rectangular strip of fabric 6” x 1” was mounted on a horizontal platform in such a way that it over hangs like a cantilever and bends downwards. From the length ℓ and the angle ( a number of values were determined. Each specimen was tested 5 times. Then the mean value for the bending length in warp and weft direction were calculated. Five readings were taken and mean value was calculated to find out the fabric stiffness. 

b.
Crease Recovery


The creasing of textile material is a complex effect involving tensile, flexing, compressive and torsional stresses. The resistance to creasing should be distinguishes from the ability to recover from the creases already formed in the fabric. The resistance to creasing can be obtained by increasing the elastic modulus, says Angappan (2002).


Shirley Crease Recovery Tester (Plate – XIX) was used to measure the crease recovery of the fabric. The instrument was leveled with the help of the leveling screws and spirit level. The sample were cut from the fabric with a template 2” long and 1” wide. It was folded gently end to end with its edges in one like. The folded specimen was placed on the lower plate of the loading device and the load was applied gently. The load was removed after 5 minutes. Then the sample was transferred to the clamp of the instrument. For this one limb of the specimen was hold in the tweezers and the other limb was placed in the clamp. As the specimen recovers, the dial was rotated to keep of the time period (5 min.) allowed for recovery. The recovery angle in degree was read on the dial. The above procedure was repeated for 5 times in both the warp and weft way. And the average recovery angles was calculated. 

c.
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 a pressure of one cm. head of water.


The Air Permeability Tester (Plate – XX) consists of a circular clamp to hold the specimen and a spring loaded clamp to press the specimen white testing, the room atmospheric air was drawn through the specimen by means of a suction pump. The rate of 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 indicated air flow in cubic centimeter per second at 27(C and 760 mm of mercury. The areas of the sample exposed to air was one inch diameter. From the reading rotameter air permeability was calculated using,


Air permeability   =   
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Then the mean were calculated and analysed. 

4.
Absorbency Test

a.
Drop Test


Absorbency is defined as the propensity of a material to take in and retain liquor ; usually water in the pores and interstices of material AATCC Technical Manual (2008). Wettability is defined as the time in second for a drop of water to sink into the fabric, defines Saville (1999).


A burette filled with distilled water was clamped in a stand. The sample was mounted in an embroidery frame and was placed at the base of the stand (Plate – XXI). The distance between the sample and burette nozzle was kept constant. The nozzle of the burette was opened just to also a drop of water to fall on the sample. The stop watch was started simultaneously and it was stopped when the drop of water fully absorbed by the material. The time taken for this was noted. The same procedure was repeated for ten times for all the sample and the mean value was calculated and noted. 
b.
Sinking Test

Sinking test is a simple test that helps to measure the wettability of fabric. In this method, conditioned sample was cut into a number and equal size squares of 1” x 1” and a 100 ml beaker was filled with distilled water. The sample was dropped on the surface of the water from  standard height (Plate – XXII). The stop watch was started when the fabric struck the surface of water and stopped when the last corner sank below the water surface. The test was carried out for all the samples for ten times and the mean time for sinking was recorded for all the sample. 

c.
Wetting By Wicking


The ability of the fabric to absorb water, especially by a ‘wicking’ or capillary action, may be observed by timing the rate at which water climbs up a narrow strip of fabric suspended vertically with its lower and dipping into the water.


The samples were taken with the size of 12 cm length and 2.5 cm width. The fabric was hung down vertically from one end and with was hung from the other end to keep the sample straight (Plate – XXIII). The fabric was immersed in the water till the height of 2 cm. The rise of the water lever in the strip was measured after 60 seconds. The same procedure was repeated for ten samples of treated and original fabrics. The rise in water level in the fabric was noted down and the mean value for the treated fabric and original fabric were calculated. 

3.11
ANTIBACTERIAL TEST

Samples Used


Extraction of prickly chaff flower leaves was prepared and used in this study.

Fabric Samples Selected


Fabric samples of cotton, modal cotton, tencel cotton were used. Both the finished and plasma treated finished samples were employed in the study.

Organisms Used


Two bacterial strains E. coli and Staphylococcus aureus were isolated from the patients admitted in a local hospital and were used in this study.
Identification of the Organism

The clinical isolates used in this study are subjected to biochemical tests like Indole Production Test, Methyl Red Test, Voges Proskauer Test, Citrate Utilization Test, Nitrate Test, Hydrogen Sulphide Production Test, Oxidase Test, (Tests were performed based upon the organism isolated) etc. Also the colonies are subjected to sugar fermentation tests (TSI test) and incubated at 37(C for 24 hours. Further, certain confirmatory tests are performed to confirm the identification of the isolated organisms.


The effect of the extracts on the test organism were studied by following Agar diffusion and Parallel streak methods.

3.11.1
Agar Diffusion Test 

The pure culture of the isolated organism was inoculated onto the Sterile Muller Hinton agar plates (4 mm thick) followed pour plate method. Three to 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 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 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 – XXIV). 

3.11.2
Parallel Streak Test


Muller Hinton agar media was prepared and sterilized at 121(C at 15 lbs for 15 mins. Onto this sterile media five parallel streaks of the respective test organism were streaked. The textile sample were cut to a size of 2 x 1 inch was cut and placed perpendicular on the streaked lines. The plates were then incubated at 37(C for 24 hours. After the incubation, the zone formed around the fabric sample was measured (Plate – XXV). 
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3.12
NOMENCLATURE


Nomenclature for original, finished and plasma treated finished samples are given in Table – IV.

TABLE – IV
NOMENCLATURE

	Abbreviation
	Expansion

	OC
	Original Cotton

	FC
	Finished Cotton

	PFC
	Plasma treated Finished Cotton

	OMC
	Original Modal Cotton

	FMC
	Finished Modal Cotton

	PFMC
	Plasma treated Finished Modal Cotton

	OTC
	Original Tencel Cotton

	FTC
	Finished Tencel Cotton

	PFTC
	Plasma treated finished Tencel Cotton


3.13
STATISTICAL ANALYSIS


The results of the tests were analyzed statistically by selecting appropriate tests. The difference between the samples and within the samples were analysed using “ANOVA” test. The analysis reveals the exact results of each study. 
IV. RESULTS AND DISCUSSION


4.1
Objective evaluation



4.1.1
Yarn evaluation




4.1.1.1
Yarn appearance




4.1.1.2
Yarn crimp




4.1.1.3
Yarn tensile strength and elongation



4.1.2
Fabric evaluation




4.1.2.1
Physical property test





a.
Fabric weight





b.
Fabric thickness





c.
Fabric count




4.1.2.2
Mechanical property test





a.
Fabric tensile strength and elongation





b.
Abrasion resistance




4.1.2.3
Comfort property test





a.
Fabric stiffness





b.
Crease recovery





c.
Air permeability




4.1.2.4
Absorbency test





a.
Drop test





b.
Sinking test





c.
Wetting by wicing


4.2
Antibacterial test

4.1
OBJECTIVE EVALUATION

4.1.1
Yarn Evaluation

4.1.1.1   Yarn Appearance


Appearance of the cotton, modal and tencel yarn noticed by the ASTM D2255 standard board with regarding to cotton yarn 85 per cent of judges rated as Grade B 92 per cent of the judges rated as Grade A and 92 per cent of judges rated as Grade B.
TABLE – V 
YARN APPEARANCE

	S.No.
	Yarn
	Grade
	Appearance

	1.

2.

3.
	Cotton

Modal cotton

Tencel cotton
	B

A

A
	Fair

Good

Good 



From the Table – V shows that the appearance of modal cotton and tencel cotton have good uniformity from inch to inch and good cover without excessive fuzziness when compared with cotton yarn. 

4.1.1.2   Yarn Crimp


The results of yarn crimp of cotton, modal and tencel are discussed in the Table – VI. 

TABLE – VI 
YARN CRIMP

	S.No.
	Samples
	Minimum value (cm)
	Maximum value (cm)
	Mean
	Standard deviation
	Co-efficient variation (%)

	1.

2.

3.
	Cotton

Modal

Tencel
	25.8

26.2

26.3
	26.8

26.4

27.4
	26.28

26.28

26.90
	0.420

0.356

0.406
	1.510

1.328

1.600



The Table – VI and Figure – I shows that the minimum and maximum value of crimp for cotton 25.8 cm and 26.8 cm respectively, for modal 26.2 cm and 26.4 cm and for tencel 26.3 cm and 27.4 cm. The mean value of cotton, modal and tencel are 26.28, 26.28 and 26.9. The standard deviation of these yarns are 0.420, 0.356 and 0.406. The co-efficient of variation for cotton, modal and tencel yarns are 1.510, 1.328 and 1.600 per cent respectively. Hence it could be concluded that the tencel yarn has maximum crimp when compared with cotton and modal yarn. 

FIGURE – I
YARN CRIMP
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4.1.1.3   Yarn Tensile Strength and Elongation

Yarn Tensile Strength


The results of strength of the cotton, modal cotton and tencel cotton yarns are given in the Table – VII.
TABLE – VII

YARN TENSILE STRENGTH

	S.No.
	Samples
	Minimum value (kg)
	Maximum value (kg)
	Mean
	Standard deviation
	Co-efficient variation (%)

	1.

2.

3.
	Cotton

Modal

Tencel
	19

29

37
	28

31

40
	23.40

32.38

39.81
	3.507

3.049

1.140
	2.96

9.35

14.98


​
The Table – VII and Figure – II shows that the minimum and maximum strength of cotton 19 kg and 28 kg respectively. The minimum and maximum strength of modal 29 kg and 31 kg respectively and the minimum and maximum strength of tencel 37 kg and 40 kg respectively. The mean value of cotton, modal and tencel are 23.4, 32.38 and 39.81. The standard deviation of cotton, modal and tencel are 3.507, 3.049 and 1.140. and the co‑efficient of variation for these yarns are 2.96, 9.35 and 14.98. Hence it could be concluded that the Tencel yarn has more strength than the cotton and modal yarn.
FIGURE – II
YARN TENSILE STRENGTH
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Yarn Elongation


The results of elongation of cotton, modal and tencel yarn are given in the Table – VIII. 

TABLE – VIII
YARN ELONGATION
	S.No.
	Samples
	Minimum value (inch)
	Maximum value (inch)
	Mean
	Standard deviation
	Co-efficient variation (%)

	1.

2.

3.
	Cotton

Modal

Tencel
	1.50

2.00

1.75
	2.75

2.25

2.75
	2.15

2.00

2.00
	0.518

0.209

0.394
	18.00

9.50

24.11



The Table – VIII and Figure – III shows that the minimum and maximum value of cotton 1.50 inch and 2.75 inch respectively. The minimum and maximum value of modal 2 inch and 2.25 inch respectively. And the minimum and maximum value of tencel 1.75 inch and 2.75 inch. The mean value of cotton, modal and tencel are 2.15, 2 and 2 respectively. The standard deviation of cotton, modal and tencel are 0.518, 0.209 and 0.394. The co‑efficient of variation of these yarns are 18, 9.5 and 24.11. Hence it could be concluded that the Tencel yarn has more elongation when compared with cotton and modal yarn. 
FIGURE – III​
YARN ELONGATION
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4.1.2
Fabric Evaluation

4.1.2.1   Physical Property Test

a.
Fabric Weight


The results of fabric weight of the original, finished and plasma treated finished  samples  of  cotton, modal  cotton  and  tencel  cotton  are given in the Table – IX.

TABLE – IX
FABRIC WEIGHT

	S.No.
	Samples
	Mean value (g)
	Loss or gain over original
	Percentage of loss or gain over original
	‘F’ value

	1.
	OC

FC

PFC
	1.169

1.257

1.258
	-

-0.088

-0.089
	-

7.52

7.61
	37.4129**

	2.
	OMC

FMC

PFMC
	1.124

1.210

1.244
	-

-0.086

-0.12
	-

7.65

10.67
	

	3.
	OTC

FTC

PFTC
	1.117

1.149

1.183
	-

-0.032

-0.066
	-

2.86

5.90
	


** Significant at one per cent level.


The Table – IX and Figure – IV shows that fabric weight of finished samples of cotton, modal cotton and tencel cotton increased by 7.52, 7.65 and 2.86 per cent respectively. Again, the weight increased in plasma treated finished samples of cotton, modal cotton and tencel cotton of about 7.61, 10.67 and 5.90 per cent respectively. Hence it could be concluded that the plasma treated finished modal cotton has maximum weight when compared with other samples.


Statistical analysis also proved the significant difference at one per cent level. 

b.
Fabric Thickness


The results of fabric thickness for the originals, finished and plasma treated finished samples of cotton, modal cotton and tencel cotton are given in the Table – X. 

TABLE – X
FABRIC THICKNESS
	S.No.
	Samples
	Mean value (g)
	Loss or gain over original
	Percentage of loss or gain over original
	‘F’ value

	1.
	OC

FC

PFC
	0.26

0.27

0.31
	-

-0.01

-0.05
	-

3.84

19.23
	9.1256*

	2.
	OMC

FMC

PFMC
	0.26

0.28

0.29
	-

-0.02

-0.03
	-

7.69

11.53
	

	3.
	OTC

FTC

PFTC
	0.26

0.27

0.28
	-

-0.1

-0.02
	-

3.84

7.69
	


* Significant at five per cent level.


The Table – X and Figure – 5 shows that the thickness of finished samples of cotton, modal cotton and tencel cotton increased by 3.84, 7.69, 3.84 per cent respectively when compared with original sample. And the thickness again increased in plasma treated finished samples of cotton, modal cotton and tencel cotton of about 19.23, 11.53 and 7.69 per cent respectively. Hence it could be concluded that the plasma treated finished cotton sample has maximum thickness when compared with the other samples. Statistical analysis also proved the significant difference at five per cent level. 
FIGURE – IV
FABRIC WEIGHT
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FIGURE – V
FABRIC THICKNESS
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c.
Fabric Count
Fabric Count in Warp Direction


The results of fabric count in warp direction for the original, finished and plasma treated finished samples of cotton, modal cotton and tencel cotton are discussed below. 

TABLE – XI
FABRIC COUNT IN WARP DIRECTION
	S.No.
	Samples
	Mean count (inch)
	Loss or gain over original
	Percentage of loss or gain over original
	‘F’ value

	1.
	OC

FC

PFC
	113

121

127
	-

-8

-10
	-

7.07

8.84
	50.2435**

	2.
	OMC

FMC

PFMC
	122

124

126
	-

-2

-4
	-

1.63

3.27
	

	3.
	OTC

FTC

PFTC
	104

118

121
	-

-14

-17
	-

13.46

16.34
	


**  Significant at one per cent level.


The Table – XI and Figure – VI shows that the number of warp in finished cotton, modal cotton and tencel cotton have increased upto 7.07, 1.63 and 13.46 respectively when compared with original samples. And again the number of warp has increased in plasma treated finished samples of cotton, modal cotton and tencel cotton of about 8.84, 3.27 and 16.34 respectively. Hence it could be concluded that the plasma treated finished tencel cotton sample has maximum number of warp when compared with other samples. Statistical analysis also confirmed the significant difference at one per cent level.

Fabric Count in Weft Direction


The results of fabric count in weft direction for the originals, finished and plasma treated finished samples are discussed below.

TABLE – XII
FABRIC COUNT IN WEFT DIRECTION
	S.No.
	Samples
	Mean count (inch)
	Loss or gain over original
	Percentage of loss or gain over original
	‘F’ value

	1.
	OC

FC

PFC
	86

91

92
	-

-5

-6
	-

5.81

6.97
	43.2369**

	2.
	OMC

FMC

PFMC
	83

94

101
	-

-11

-18
	-

13.25

21.68
	

	3.
	OTC

FTC

PFTC
	66

68

72
	-

-2

-4
	-

3.03

6.06
	


** Significant at one per cent level.


The Table – XII and Figure – VII shows that the number of weft in finished cotton, modal cotton and tencel cotton has increased about 5.81, 13.25 and 3.03 per cent respectively. Again the number of weft has increased in plasma treated finished cotton, modal cotton and tencel cotton sample upto 6.97, 21.68 and 6.06. Hence it could be concluded that plasma treated finished modal cotton has maximum number of weft per inch when compared with the other samples.


Statistical analysis also proved the significant difference at one per cent level. 
​FIGURE – VI
FABRIC COUNT IN WARP DIRECTION
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FIGURE – VII
FABRIC COUNT IN WEFT DIRECTION
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4.1.2.2   Mechanical Property Test

a.
Fabric tensile strength and elongation

Fabric Tensile Strength in Warp Direction


The results of tensile strength in warp direction for the original, finished and plasma treated finished samples are given in Table – XIII.

TABLE – XIII
FABRIC TENSILE STRENGTH IN WARP DIRECTION
	S.No.
	Samples
	Mean value (kg)
	Loss or gain over original
	Percentage of loss or gain over original
	‘F’ value

	1.
	OC

FC

PFC
	46.8

51.4

59.4
	-

-4.6

-12.6
	-

9.82

26.72
	9.3102*

	2.
	OMC

FMC

PFMC
	54.6

55.4

60.4
	-

-0.8

-5.8
	-

0.01

0.10
	

	3.
	OTC

FTC

PFTC
	55.6

56.6

57.8
	-

-1

-2,2
	-

1.79

3.95
	


* Significant at five per cent level.


The Table – XIII and Figure – VIII shows that the tensile strength in warp direction for finished samples of cotton, modal cotton and tencel cotton has increased of about 9.82, 0.01 and 1.79 per cent respectively. Again the fabric tensile strength has increased in plasma treated finished sample of about 26.72, 0.10 and 3.95 respectively. Hence it could be concluded that plasma treated finished cotton fabric has maximum strength when compared with the other samples.


Statistical analysis also proved the significant difference at five per cent level.

Fabric Tensile Strength in Weft Direction


The results of tensile strength in weft direction for the original, finished and plasma treated finished samples are given in Table – XIV.

TABLE – XIV
FABRIC TENSILE STRENGTH IN WEFT DIRECTION
	S.No.
	Samples
	Mean value (kg)
	Loss or gain over original
	Percentage of loss or gain over original
	‘F’ value

	1.
	OC

FC

PFC
	29.0

35.2

37.2
	-

-6.2

-8.2
	-

21.37

28.27
	8.0661*

	2.
	OMC

FMC

PFMC
	24.2

34.2

36.2
	-

-10

-12
	-

41.32

49.58
	

	3.
	OTC

FTC

PFTC
	35.8

36.7

39.6
	-

-0.9

-3.8
	-

2.51

10.61
	


* Significant at five per cent level.


The Table – XIV and Figure – IX shows that the tensile strength in weft direction for finished samples of cotton, modal cotton and tencel cotton has increased of about 21.37, 41.32 and 2.51 per cent respectively. Again, the tensile strength has increased in plasma treated finished samples of cotton, modal cotton and tencel cotton of about 28.27, 49.58 and 10.61 per cent respectively. Hence it could be concluded that plasma treated finished modal cotton has maximum strength when compared with the other samples.


Statistical analysis also proved the significant difference at five per cent level. 

FIGURE – VIII
FABRIC TENSILE STRENGTH IN WARP DIRECTION
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FIGURE – IX
FABRIC TENSILE STRENGTH IN WEFT DIRECTION
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Fabric Elongation in Warp Direction


The results of fabric elongation for the original, finished and plasma treated finished samples are given in Table – XV.

TABLE – XV
FABRIC ELONGATION IN WARP DIRECTION
	S.No.
	Samples
	Mean value (inch)
	Loss or gain over original
	Percentage of loss or gain over original
	‘F’ value

	1.
	OC

FC

PFC
	0.80

0.82

1.16
	-

-0.02

-0.36
	-

2.5

45.0
	27.6409**

	2.
	OMC

FMC

PFMC
	0.64

0.67

0.96
	-

-0.03

-0.32
	-

4.68

50.0
	

	3.
	OTC

FTC

PFTC
	0.61

1.33

1.77
	-

-0.72

-1.16
	-

5.75

48.0
	


** Significant at one per cent level.


The Table – XV and Figure – X shows that the elongation in warp direction for finished sample of cotton, modal cotton and tencel cotton has increased of about 2.5, 4.68 and 5.75 per cent respectively. Again the elongation has been increased in plasma treated finished samples of cotton, modal cotton and tencel cotton of about 45, 50 and 48 per cent respectively. Hence it could be concluded that the plasma treated finished modal cotton has maximum elongation when compared with other samples.


Statistical analysis also proved the significance difference at one per cent level. 

Fabric Elongation in Weft Direction


The results of fabric elongation in weft direction for the samples of original, finished, plasma treated finished are given below.

TABLE – XVI
FABRIC ELONGATION IN WEFT DIRECTION
	S.No.
	Samples
	Mean value (inch)
	Loss or gain over original
	Percentage of loss or gain over original
	‘F’ value

	1.
	OC

FC

PFC
	1.74

1.80

1.82
	-

-0.06

-0.08
	-

3.44

4.59
	44.3883**

	2.
	OMC

FMC

PFMC
	2.55

2.70

3.10
	-

-0.15

-0.55
	-

5.88

21.56
	

	3.
	OTC

FTC

PFTC
	1.9

2.0

2.82
	-

-0.1

-0.92
	-

5.26

48.42
	


** Significant at one per cent level.


The Table – XVI and Figure – XI shows that the elongation in weft direction for the finished samples of cotton, modal cotton, tencel cotton has increased of about 3.44, 5.88 and 5.26 per cent respectively. Again elongation has been increased in plasma treated finished samples of cotton, modal cotton and tencel cotton samples of about 4.59, 21.56 and 48.52 per cent respectively. Hence it could be concluded that the plasma treated finished tencel cotton has maximum elongation when compared with the other samples.


Statistical analysis also proved the significant difference at one per cent level. 

FIGURE – X
FABRIC ELONGATION IN WARP DIRECTION
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FIGURE – XI
FABRIC ELONGATION IN WEFT DIRECTION
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b.
Abrasion Resistance


The results of fabric abrasion resistance of the original, finished and plasma treated finished samples are given in the Table – XVII.

TABLE – XVII
ABRASION RESISTANCE
	S.No.
	Samples
	Mean value (g)
	Loss or gain over original
	Percentage of loss or gain over original
	‘F’ value

	1.
	OC

FC

PFC
	0.172

0.192

0.195
	-

-0.02

-0.023
	-

11.62

13.37
	331.0869**

	2.
	OMC

FMC

PFMC
	0.146

0.189

0.192
	-

-0.043

-0.046
	-

29.45

31.50
	

	3.
	OTC

FTC

PFTC
	0.143

0.175

0.176
	-

-0.82

-0.33
	-

22.37

25.07
	


** Significant at one per cent level.


The Table – XVII and Figure – XII shows that the abrasion resistance of the finished samples have increased of about 11.62, 29.45 and 22.37 per cent respectively. Again the abrasion resistance have been increased in plasma treated finished fabric of about 13.37, 31.50 and 25.07 per cent respectively. Hence it could be concluded that the plasma treated finished modal cotton has maximum abrasion resistance when compare with the other sample. 


Statistical analysis also proved the significant difference at one per cent level. 

FIGURE – XII
ABRASION RESISTANCE
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4.1.2.3   Comfort Property Test

a.
Fabric Stiffness

Fabric Stiffness in Warp Direction


The result of fabric stiffness in warp direction for the original, finished, plasma treated finished samples are given in Table – XVIII.

TABLE – XVIII
FABRIC STIFFNESS IN WARP DIRECTION
	S.No.
	Samples
	Mean value (cm)
	Loss or gain over original
	Percentage of loss or gain over original
	‘F’ value

	1.
	OC

FC

PFC
	2.92

2.64

2.62
	-

0.28

0.30
	-

9.58

10.27
	8.5209**

	2.
	OMC

FMC

PFMC
	2.82

2.72

2.68
	-

0.1

0.14
	-

3.54

4.96
	

	3.
	OTC

FTC

PFTC
	2.98

2.68

2.64
	-

0.3

0.34
	-

10.06

11.40
	


* Significant at five per cent level.


The Table – XVIII and Figure – XIII shows that the fabric stiffness in warp direction of finished sample cotton, modal cotton and tencel cotton has decreased of about 9.58, 3.54 and 10.06 per cent respectively. Again the stiffness has been decreased in plasma treated finished samples of cotton, modal cotton and tencel cotton of about 10.27, 4.96, 11.40 per cent respectively. Hence it could be concluded that the plasma treated finished tencel cotton has least stiffness when compared with the other samples. 


Statistical analysis also proved the difference at five per cent level. 

Fabric Stiffness in Weft Direction


The results of fabric stiffness in weft direction for the original, finished and plasma treated finished samples are given in the Table – XIX.

TABLE – XIX
FABRIC STIFFNESS IN WEFT DIRECTION
	S.No.
	Samples
	Mean value (cm)
	Loss or gain over original
	Percentage of loss or gain over original
	‘F’ value

	1.
	OC

FC

PFC
	1.9

1.6

1.5
	-

0.3

0.4
	-

15.78

21.05
	2.6815NS

	2.
	OMC

FMC

PFMC
	2.04

2.02

1.98
	-

0.02

0.06
	-

0.98

2.94
	

	3.
	OTC

FTC

PFTC
	1.78

1.62

1.56
	-

0.16

0.22
	-

10.06

11.40
	


NS – Not Significant.


The Table – XIX and Figure – XIV shows that the stiffness in weft direction of finished samples of cotton, modal cotton and tencel cotton has decreased about 15.78, 0.98 and 10.06 per cent respectively. Again the fabric stiffness has been decreased in plasma treated finished samples of cotton, modal cotton and tencel cotton of about 21.05, 2.94 and 11.40 per cent respectively. Hence it could be concluded that the plasma treated finished cotton has least stiffness when compared with the other samples.


Statistical analysis also proved that there was no significant difference.

FIGURE – XIII
FABRIC STIFFNESS IN WARP DIRECTION 
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FIGURE – XIV
FABRIC STIFFNESS IN WEFT DIRECTION 
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b.
Crease Recovery

Crease Recovery in Warp Direction


The results of crease recovery in warp direction for the original, finished and plasma treated finished samples are discussed below.

TABLE – XX
CREASE RECOVERY IN WARP DIRECTION
	S.No.
	Samples
	Mean value (angle)
	Loss or gain over original
	Percentage of loss or gain over original
	‘F’ value

	1.
	OC

FC

PFC
	97.4

101.8

102.6
	-

-4.4

-5.2
	-

4.51

5.3
	28.5553**

	2.
	OMC

FMC

PFMC
	83.4

135.8

137.0
	-

-52.4

-53.6
	-

62.82

64.26
	

	3.
	OTC

FTC

PFTC
	88.8

94.0

96.8
	-

-5.2

-8.0
	-

5.85

9.00
	


** Significant at one per cent level.


The Table – XX and Figure – XV shows that the crease recovery in warp direction of finished samples, cotton, modal cotton and tencel cotton has increased of about 4.51, 62.82 and 5.85 per cent respectively. Again the crease recovery has increased in plasma treated finished samples of cotton, modal cotton and tencel cotton samples of about 5.3, 64.26 and 9 per cent respectively. Hence it could be concluded that the plasma treated modal cotton has maximum crease recovery when compared with the other samples. 


Statistical analysis also proved the significant difference at one per cent level.

Crease Recovery in Weft Direction


The results of crease recovery in weft direction for the original, finished, plasma finished samples are given in Table – XXI.

TABLE – XXI
CREASE RECOVERY IN WEFT DIRECTION
	S.No.
	Samples
	Mean value (angle)
	Loss or gain over original
	Percentage of loss or gain over original
	‘F’ value

	1.
	OC

FC

PFC
	88.8

93.2

100.6
	-

-4.4

-11.8
	-

4.95

13.28
	47.4883**

	2.
	OMC

FMC

PFMC
	80.4

90.5

100.4
	-

-10.1

-20.0
	-

12.5

24.87
	

	3.
	OTC

FTC

PFTC
	93.0

98.8

99.2
	-

-5.8

-6.2
	-

6.2

6.6
	


** Significant at one per cent level.


The Table – XXI and Figure – XVI shows that the crease recovery in weft direction has increased in finished cotton, modal cotton and tencel cotton samples of about 4.95, 12.5 and 6.2 per cent respectively. Again the crease recovery has increased in plasma treated finished samples of cotton, modal cotton and tencel cotton of about 13.28, 24.87 and 6.6 per cent respectively. Hence it could be concluded that the plasma treated modal cotton has maximum crease recovery when compared with the other samples. 


Statistical analysis also proved the significant difference at one per cent level. 

FIGURE – XV
CREASE RECOVERY IN WARP DIRECTION
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FIGURE – XVI
CREASE RECOVERY IN WEFT DIRECTION
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c.
Air Permeability


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

TABLE – XXII
AIR PERMEABILITY
	S.No.
	Samples
	Mean value
	Loss or gain over original
	Percentage of loss or gain over original
	‘F’ value

	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
	-

14.7

20.5
	


** Significant at one per cent level.


The Table – XXII and Figure – XVII shows that the air permeability has increased in finished sample of cotton, modal cotton and tencel cotton samples of about 8.69, 2.5 and 14.70 per cent respectively when compared to its original samples. Also it 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 samples. Hence it could be concluded that the plasma treated finished tencel cotton fabric has maximum air permeability when compared with the other samples.


Statistical analysis also proved the significant difference at one per cent level. 

4.1.2.4   Absorbency Test

a.
Drop Test


The absorbency results of the original, finished and plasma treated finished samples are described in Table – XXIII.

TABLE – XXIII
DROP TEST
	S.No.
	Samples
	Mean absorbency (seconds)
	Loss or gain over original
	Percentage of loss or gain over original
	‘F’ value

	1.
	OC

FC

PFC
	27.34

18.67

13.12
	-

8.67

14.22
	-

31.71

52.01
	133.6487**

	2.
	OMC

FMC

PFMC
	17.00

8.84

7.47
	-

8.16

9.53
	-

48

56
	

	3.
	OTC

FTC

PFTC
	5.52

3.85

8.16
	-

1.67

-2.64
	-

30.25

47.82
	


** Significant at one per cent level.


The Table – XXIII and Figure – XVIII shows that the absorbency has increased in finished cotton, modal cotton and tencel cotton samples of about 31.71, 48 and 30.25 per cent respectively. And also the absorbency has increased in plasma treated finished cotton, modal cotton and tencel cotton samples of about 52.01, 56 and 47.82 per cent respectively. Hence it could be concluded that the plasma treated finished modal cotton has maximum absorbency when compared with the other samples.


Statistical analysis also proved the significant difference at one per cent level. 

FIGURE – XVII
AIR PERMEABILITY
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FIGURE – XVIII
DROP TEST
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b.
Sinking Test


The following Table – XXIV and Figure – XIX, shows the absorbency of original, finished and plasma treated finished sample by sinking test method. 

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

	1.
	OC

FC

PFC
	23.74

7.9

4.8
	-

15.84

18.94
	-

66.72

79.78
	87.9533**

	2.
	OMC

FMC

PFMC
	29.44

12.01

7.00
	-

10.43

15.44
	-

46.47

68.80
	

	3.
	OTC

FTC

PFTC
	20.22

14.60

12.20
	-

5.62

8.02
	-

27.79

39.66
	


** Significant at one per cent level.


The Table – XXIV and Figure – XIX shows that the absorbency time were less in finished fabrics of cotton, modal cotton and tencel cotton of about 66.72, 46.47 and 27.79 per cent respectively. The absorbency time was again decreased in plasma treated finished cotton, modal cotton and tencel cotton of about 79.78, 68.80 and 39.66 per cent respectively. Hence it could be concluded that the plasma treated finished cotton has greater absorbency when compared with the other samples.


Statistical analysis also proved the significant difference at one per cent level. 

c.
Wetting by Wicking


The following Table – XXV shows the results of absorbency for the original, finished and plasma treated finished sample by wicking test.

TABLE – XXV
WETTING BY WICKING
	S.No.
	Samples
	Mean value (cm)
	Loss or gain over original
	Percentage of loss or gain over original
	‘F’ value

	1.
	OC

FC

PFC
	4.1

5.28

5.5
	-

-1.18

-1.4
	-

28.78

34.14
	236.4766**

	2.
	OMC

FMC

PFMC
	4.3

4.4

4.9
	-

-0.1

-0.6
	-

2.32

13.95
	

	3.
	OTC

FTC

PFTC
	2.54

5.18

5.50
	-

-2.64

-2.96
	-

65.55

67.62
	


** Significant at one per cent level.


The Table – XXV and Figure – XX shows the absorbency of finished cotton, modal cotton and tencel cotton increased by 28.78, 2.32 and 65.55 per cent respectively. And also the absorbency has increased in plasma treated finished cotton, modal cotton and tencel cotton of about 34.14, 13.95 and concluded that the plasma treated finished cotton has more absorbency when compared with the other samples. Statistical analysis also proved the significance difference at one per cent level.

FIGURE – XIX
SINKING TEST
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FIGURE – XX
WETTING BY WICKING


[image: image51.png]Wetting by wicking (cm)
w

0 — —_—
O & © O © & O O
F C K o & &

O
A)
QQ

Samples





4.2
ANTIBACTERIAL TEST (QUALITATIVE EVALUATION)


The results of antibacterial effect on both the finished and plasma treated finished samples are discussed here.
TABLE – XXVI

ANTIBACTERIAL EFFECT ON FINISHED AND 
PLASMA TREATED FINISHED SAMPLES

	Fabric samples
	Isolates used (Zone of inhibition in mm)

	
	E. coli
	S. aureus

	FC

FMC

FTC

PFC

PFMC

PFTC
	02

03

02

02

06

04
	13

06

04

07

10

14



The Table – XXVI and Figure – XXI shows that the isolate E. coli against PFMC gave a maximum zone of 06 mm. The minimum zone size of 02 mm was seen against FC, FTC and PFC, proving least effect. PFTC showed a moderate effect with 04 mm size.


The organism S. aureus was found to have a maximum effect in PFTC giving a zone of 14 mm which was narrowly similar to FC of zone size 13 mm. PFMC gave a intermediate effect with 10 mm whereas FMC and PFC was found to have more or less a similar effect with marginal difference of 01 mm. 
FIGURE – XXI
ANTIBACTERIAL EFFECT ON FINISHED AND 

PLASMA TREATED FINISHED SAMPLES
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V.  SUMMARY AND CONCLUSION


The summary pertaining to the study entitled “EVALUATING THE EFFECT OF ANTIBACTERIAL FINISH ON PLASMA TREATED CELLULOSIC FABRICS” are discussed here.


Textiles and clothing have been enormously important throughout human history. They are mainly to cover the human body for protection against all the adversities. Textile products are being most essential for human being and now its development is toward value addition function. 


The textile industry is facing enormous challenges today. The highly competitive market, ever-changing customer demands, cost reduction, value addition and strict environmental of rules force organizations to try emerging technologies. Due to these reasons, new innovative techniques are demanded. In this field, the plasma technology shows distinct advantages because it is environmentally friendly, and even surface properties of inert material can be changed easily. 


With increasing demand for textiles and apparel with advanced functionalities, the plasma treatment, provides a dry and clean product process, low chemical treatment cost, and high production quality in textile manufacturing. And it is also hoped that the technology can serve as an alternative to traditional wet treatment process in giving textiles different functionalities, such as water-and stain-resistance, wettability and improving the absorbency properties.


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 antibacterial properties. Antibacterial textile is one that has been chemically treated to suppress the growth of harmful microorganism.


The demand for antibacterial finishes in the textile industry continues to rise as new product and applications are introduced. Consumers identify antibacterial textiles with cleanliness and protection against microorganisms and have come to expect it in new textile products. Taking all these considerations the investigator decided to work on antibacterial finishes using natural finishing agent on plasma treated cotton, modal cotton and tencel cotton fabrics. Owing to its properties like absorbency, bio-degradability, high strength, non allergic, non toxic, softness, cool and water retaining capacity, 100 per cent cotton, 50 / 50 mixtured modal cotton and tencel cotton fabric were selected. 


Natural finishing agent comprises of those substances that are obtained from plants and animals. It has many advantages such as non-toxic, non‑irritant, bio-degradable, cost effective, easy availability, etc. prickly chaff flower leaves was selected as natural finishing agent. The extraction process was done by using ethanol and citric acid was used as a binder.


The pilot study was conducted that the samples of cotton, modal cotton and tencel cotton were treated with the plasma application, using oxygen gas. Then the herbal finishing agent was optimized and applied on these samples using padding mangle technique. Then it was evaluated objectively. The objective test included that the physical, mechanical, comfort, absorbency property test and antibacterial tests.


Hence the present study was carried out “EVALUATING THE EFFECT OF ANTIBACTERIAL FINISH ON PLASMA TREATED CELLULOSIC FABRICS” with the following objectives of the study are to :

· Select the eco-friendly fabrics namely cotton, modal cotton and tencel cotton.

· Select the antibacterial natural source (prickly chaff flower leaves)

· Treat the fabrics with plasma application.

· Apply the antibacterial finish on the fabrics 

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

FINDINGS OF THE STUDY


Evaluation of original, finished and plasma treated finished samples of cotton, modal cotton and tencel cotton were done by objective evaluation such as physical, mechanical, comfort, absorbency and antibacterial tests. The results of laboratory tests were analyzed statistically. 

OBJECTIVE EVALUATION

· The appearance of the cotton yarn was graded as B by 85 per cent of the judges. Then the modal and tencel yarn was graded as A by 92 per cent of the judges.

· The minimum crimp obtained by cotton was 25.8 cm and maximum of 27.4 cm in tencel yarn. Statistically proved that tencel yarn had maximum crimp than the cotton and modal yarn.

· The minimum strength obtained by cotton was 19 kg and maximum of 40 kg in tencel yarn. Statistically proved that the tencel yarn had maximum strength than cotton and modal yarn.

· The minimum elongation obtained by cotton was 1.50 cm and maximum of 2.75 cm in tencel yarn. Statistically proved that the tencel yarn had maximum elongation than the cotton and modal yarn.

· The fabric weight of plasma treated finished modal cotton had maximum weight of 10.67 per cent, when compared with all the other samples. Statistically proved that there was a significant difference at one per cent level.

· The fabric thickness of plasma treated finished cotton had maximum thickness of 19.23 per cent when compared with all the other samples. Statistically proved that there was a significant difference at five per cent level. 

· The fabric count in warp direction of plasma treated tencel cotton had maximum count of 16.34 per cent when compared with all the other samples. Statistically proved that there was a significant difference at one per cent level.

· The fabric count in weft direction of plasma treated finished modal cotton had maximum count of 21.68 per cent when compared with all the other samples. Statistically proved that there was a significant difference at one per cent level.

· Tensile strength of fabric in wrap direction of plasma treated finished cotton had maximum strength of 26.92 per cent when compared with all the other samples. Statistically proved that there was a significant difference at five per cent level.

· Tensile strength of fabric in weft direction of plasma treated finished modal cotton had maximum strength of 49.58 per cent when compared with all the other sample. Statistically proved that there was a significant difference at five per cent level.

· Fabric elongation in warp direction of plasma treated finished modal cotton had maximum elongation of 50 per cent when compared with all the other samples. Statistically proved that there was a significant difference at one per cent level.

· Fabric elongation in weft direction of plasma treated finished tencel cotton had maximum elongation of 48.42 per cent when compared with all the other samples. Statistically proved that there was a significant difference at one per cent level.

· Abrasion resistance of plasma treated finished modal cotton had maximum abrasion resistance of 31.50 per cent when compared with all the other samples. Statistically proved that there was a significant difference at one per cent level.

· Fabric stiffness in warp direction of plasma treated finished tencel cotton had maximum stiffness of 11.40 per cent when compared with all the other samples. Statistically proved that there was a significant difference at five per cent level.

· Fabric stiffness in weft direction of plasma treated finished cotton had maximum stiffness of about 21.05 per cent when compared with all the other samples. Statistically proved that there was no significant difference.

· Crease recovery in wrap direction of plasma treated finished modal cotton had maximum crease recovery of 64.26 per cent when compared with all the other samples. Statistically proved that there was a significant difference at one per cent level. 

· Crease recovery in weft direction of plasma treated finished modal cotton had maximum crease recovery of 24.87 per cent when compared with all the other samples. Statistically proved that there was a significant difference at one per cent level.

· Air permeability of plasma treated finished tencel cotton had maximum air permeability of 20.5 per cent when compared with all the other samples. Statistically proved that there was a significant difference at one per cent level. 

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

Qualitative Evaluation of Antibacterial Finished Fabrics


By AATCC 100 norms, the bacterial presence in the finished and plasma treated finished fabrics were found using two tests.

· Agar diffusion test

· Parallel streak test

From the test it could be concluded that, PFMC was found to be more effective than PFTC. PFC was found to have the least effect which may be considered as resistant by E. coli. PFTC showed a maximum effect than FC. FTC showed the least effect. 

CONCLUSION


From this study it was concluded that plasma treated finished samples of cotton, modal cotton and tencel cotton showed best antibacterial activity when compared with other samples. The natural finishing agent of prickly chaff flower leaves extracts was given to the samples. It was non-toxic, non‑irritant to the skin and eco-friendly. There was also increased in the values of physical, mechanical, comfort and absorbency tests, due to the reaction of finishes and the plasma application. Among all the plasma treated finished samples, the plasma treated modal cotton showed greater antibacterial effect against E. coli and plasma treated tencel cotton showed greater antibacterial effect against S. aureus. 

RECOMMENDATIONS

· Similar studies could be carried out using difference types of gases in plasma application.

· The recent techniques like micro encapsulation would make the finishing process to be still more effective.

· The same studies could be carried out on different fabrics.

· Various end product could be produced like inner wear and sportswear etc. 
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The organism S. aureus was found to have a maximum effect in PFTC giving a
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intermediate effect with 10 mm whereas FMC and PFC was found to have more or less a
similar effect with a marginal difference of 01 mm.
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DETAILS OF THE SELECTED MATERIAL

COTTON YARN

COUNT - 408
COST PER kg - Rs. 280

ORIGINAL MODAL
COTTON

WEAVE - PLAIN WEAVE
WARP - COTTON
WEFT — MODAL
WIDTH - 34”

TENCEL YARN

COUNT - 40S
COST PER kg — Rs. 350

ORIGINAL COTTON

WEAVE - PLAIN WEAVE
WIDTH - 34”

MODAL YARN

COUNT - 40S
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
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Chart1

		OC

		FC

		PFC

		OMC

		FMC

		PFMC

		OTC

		FTC

		PFTC



Minimum value

Samples

Fabric tensile strength (kg)

46.8

51.4

59.4

54.6

55.4

60.4

55.6

56.6

57.8



Sheet1

				Minimum value		Maximum value		Series 3

		OC		46.8		26.8		2

		FC		51.4		26.4		2

		PFC		59.4		27.4		3

						2.8		5

		OMC		54.6

		FMC		55.4

		PFMC		60.4

		OTC		55.6

		FTC		56.6

		PFTC		57.8
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Chart1

		OC

		FC

		PFC

		OMC

		FMC

		PFMC

		OTC

		FTC

		PFTC



Minimum value

Samples

Fabric weight (g)

1.169

1.257

1.258

1.124

1.21

1.244

1.117

1.149

1.183



Sheet1

				Minimum value		Maximum value		Series 3

		OC		1.169		26.8		2

		FC		1.257		26.4		2

		PFC		1.258		27.4		3

						2.8		5

		OMC		1.124

		FMC		1.21

		PFMC		1.244

		OTC		1.117

		FTC		1.149

		PFTC		1.183
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		Cotton		Cotton

		Modal		Modal

		Tencel		Tencel



Minimum value

Maximum value

Samples

Yarm tensile strength (kg)

19

28

29

31

37

40



Sheet1

				Minimum value		Maximum value		Series 3

		Cotton		19		28		2

		Modal		29		31		2

		Tencel		37		40		3

		Category 4		4.5		2.8		5

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






_1366442896.xls
Chart1

		Cotton		Cotton

		Modal		Modal

		Tencel		Tencel



Minimum value

Maximum value

Samples

Yarm crimp vlaue (cm)

25.8

26.8

26.2

26.4

26.3

27.4



Sheet1

				Minimum value		Maximum value		Series 3

		Cotton		25.8		26.8		2

		Modal		26.2		26.4		2

		Tencel		26.3		27.4		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

Yarm elongation (inch)

1.5

2.75

2

2.25

1.75

2.75



Sheet1

				Minimum value		Maximum value		Series 3

		Cotton		1.5		2.75		2

		Modal		2		2.25		2

		Tencel		1.75		2.75		3

		Category 4		4.5		2.8		5

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

		OMC

		FMC

		PFMC

		OTC

		FTC

		PFTC



Minimum value

Samples

Fabric count

113

121

127

122

124

126

104

118

121



Sheet1

				Minimum value		Maximum value		Series 3

		OC		113		26.8		2

		FC		121		26.4		2

		PFC		127		27.4		3

						2.8		5

		OMC		122

		FMC		124

		PFMC		126

		OTC		104

		FTC		118

		PFTC		121






_1366442884.xls
Chart1

		OC

		FC

		PFC
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		PFMC

		OTC

		FTC

		PFTC



Minimum value

Samples

Fabric thickness (mm)

0.26

0.27

0.31

0.26

0.28

0.29

0.26

0.27

0.28



Sheet1

				Minimum value		Maximum value		Series 3

		OC		0.26		26.8		2

		FC		0.27		26.4		2

		PFC		0.31		27.4		3

						2.8		5

		OMC		0.26

		FMC		0.28

		PFMC		0.29

		OTC		0.26

		FTC		0.27

		PFTC		0.28
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		FC

		PFC

		OMC

		FMC

		PFMC

		OTC

		FTC

		PFTC



Minimum value

Samples

Fabric count

86

91

92

83

94

101

66

68

72



Sheet1

				Minimum value		Maximum value		Series 3

		OC		86		26.8		2

		FC		91		26.4		2

		PFC		92		27.4		3

						2.8		5

		OMC		83

		FMC		94

		PFMC		101

		OTC		66

		FTC		68

		PFTC		72
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		OMC

		FMC

		PFMC

		OTC

		FTC

		PFTC



Minimum value

Samples

Abrasion resistance (g)

0.172

0.192

0.195

0.146

0.189

0.192

0.143

0.175

0.176



Sheet1

				Minimum value		Maximum value		Series 3

		OC		0.172		26.8		2

		FC		0.192		26.4		2

		PFC		0.195		27.4		3

						2.8		5

		OMC		0.146

		FMC		0.189

		PFMC		0.192

		OTC		0.143

		FTC		0.175

		PFTC		0.176
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		FC

		PFC

		OMC

		FMC

		PFMC

		OTC

		FTC

		PFTC



Minimum value

Samples

Fabric elongation (inch)

0.8

0.82

1.16

0.64

0.67

0.96

0.61

1.33

1.77



Sheet1

				Minimum value		Maximum value		Series 3

		OC		0.8		26.8		2

		FC		0.82		26.4		2

		PFC		1.16		27.4		3

						2.8		5

		OMC		0.64

		FMC		0.67

		PFMC		0.96

		OTC		0.61

		FTC		1.33

		PFTC		1.77
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		OC

		FC

		PFC

		OMC

		FMC

		PFMC

		OTC

		FTC

		PFTC



Minimum value

Samples

Fabric tensile strength (kg)

29

35.2

37.2

24.2

34.2

36.2

35.8

36.7

39.6



Sheet1

				Minimum value		Maximum value		Series 3

		OC		29		26.8		2

		FC		35.2		26.4		2

		PFC		37.2		27.4		3

						2.8		5

		OMC		24.2

		FMC		34.2

		PFMC		36.2

		OTC		35.8

		FTC		36.7

		PFTC		39.6
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		PFC

		OMC

		FMC

		PFMC

		OTC

		FTC

		PFTC



Minimum value

Samples

Fabric elongation (inch)

1.74

1.8

1.82

2.55

2.7

3.1

1.9

2

2.82



Sheet1

				Minimum value		Maximum value		Series 3

		OC		1.74		26.8		2

		FC		1.8		26.4		2

		PFC		1.82		27.4		3

						2.8		5

		OMC		2.55

		FMC		2.7

		PFMC		3.1

		OTC		1.9

		FTC		2

		PFTC		2.82
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Chart1

		OC

		FC

		PFC

		OMC

		FMC

		PFMC

		OTC

		FTC

		PFTC



Minimum value

Samples

Crease recovery (angle)

88.8

93.2

100.6

80.4

90.5

100.4

93

98.8

99.2



Sheet1

				Minimum value		Maximum value		Series 3

		OC		88.8		26.8		2

		FC		93.2		26.4		2

		PFC		100.6		27.4		3

						2.8		5

		OMC		80.4

		FMC		90.5

		PFMC		100.4

		OTC		93

		FTC		98.8

		PFTC		99.2
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Chart1

		OC

		FC

		PFC

		OMC

		FMC

		PFMC

		OTC

		FTC

		PFTC



Minimum value

Samples

Fabric stiffness (cm)

1.9

1.6

1.5

2.04

2.02

1.98

1.78

1.62

1.56



Sheet1

				Minimum value		Maximum value		Series 3

		OC		1.9		26.8		2

		FC		1.6		26.4		2

		PFC		1.5		27.4		3

						2.8		5

		OMC		2.04

		FMC		2.02

		PFMC		1.98

		OTC		1.78

		FTC		1.62

		PFTC		1.56
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Chart1

		OC

		FC

		PFC

		OMC

		FMC

		PFMC

		OTC

		FTC

		PFTC



Minimum value

Samples

Fabric stiffness (cm)

2.92

2.64

2.62

2.82

2.72

2.68

2.98

2.68

2.64



Sheet1

				Minimum value		Maximum value		Series 3

		OC		2.92		26.8		2

		FC		2.64		26.4		2

		PFC		2.62		27.4		3

						2.8		5

		OMC		2.82

		FMC		2.72

		PFMC		2.68

		OTC		2.98

		FTC		2.68

		PFTC		2.64
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Chart1

		OC

		FC

		PFC

		OMC

		FMC

		PFMC

		OTC

		FTC

		PFTC



Minimum value

Samples

Crease recovery (angle)

97.4

101.8

102.6

83.4

135.8

137

88.8

94

96.8



Sheet1

				Minimum value		Maximum value		Series 3

		OC		97.4		26.8		2

		FC		101.8		26.4		2

		PFC		102.6		27.4		3

						2.8		5

		OMC		83.4

		FMC		135.8

		PFMC		137

		OTC		88.8

		FTC		94

		PFTC		96.8






_1366442836.xls
Chart1

		OC

		FC

		PFC

		OMC

		FMC

		PFMC

		OTC

		FTC

		PFTC



Minimum value

Samples

Wetting by wicking (cm)

4.1

5.28

5.5

4.3

4.4

4.9

2.54

5.18

5.5



Sheet1

				Minimum value		Maximum value		Series 3

		OC		4.1		26.8		2

		FC		5.28		26.4		2

		PFC		5.5		27.4		3

						2.8		5

		OMC		4.3

		FMC		4.4

		PFMC		4.9

		OTC		2.54

		FTC		5.18

		PFTC		5.5
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Chart1

		OC

		FC

		PFC

		OMC

		FMC

		PFMC

		OTC

		FTC

		PFTC



Minimum value

Samples

Absorbency (seconds)

27.34

18.67

13.12

17

8.84

7.47

5.52

3.85

8.16



Sheet1

				Minimum value		Maximum value		Series 3

		OC		27.34		26.8		2

		FC		18.67		26.4		2

		PFC		13.12		27.4		3

						2.8		5

		OMC		17

		FMC		8.84

		PFMC		7.47

		OTC		5.52

		FTC		3.85

		PFTC		8.16
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Chart1

		OC

		FC

		PFC

		OMC

		FMC

		PFMC

		OTC

		FTC

		PFTC



Minimum value

Samples

Air permeability

9.2

10

10.2

8

8.2

8.4

6.8

7.8

8.2



Sheet1

				Minimum value		Maximum value		Series 3

		OC		9.2		26.8		2

		FC		10		26.4		2

		PFC		10.2		27.4		3

						2.8		5

		OMC		8

		FMC		8.2

		PFMC		8.4

		OTC		6.8

		FTC		7.8

		PFTC		8.2
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Chart1

		OC

		FC

		PFC

		OMC

		FMC

		PFMC

		OTC

		FTC

		PFTC



Minimum value

Samples

Sinking (seconds)

27.34

7.9

4.8

29.44

12.01

7

20.22

14.6

12.2



Sheet1

				Minimum value		Maximum value		Series 3

		OC		27.34		26.8		2

		FC		7.9		26.4		2

		PFC		4.8		27.4		3

						2.8		5

		OMC		29.44

		FMC		12.01

		PFMC		7

		OTC		20.22

		FTC		14.6

		PFTC		12.2
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Chart1

		FC		FC

		FMC		FMC

		FTC		FTC

		PFC		PFC

		PFMC		PFMC

		PFTC		PFTC



E.coli

S. aureus

Samples

Zone of inhibition (mm)

2

13

3

6

2

4

2

7

6

10

4

14



Sheet1

				E.coli		S. aureus		Series 3

		FC		2		13		2

		FMC		3		6		2

		FTC		2		4		3

								5

		PFC		2		7

		PFMC		6		10

		PFTC		4		14

		OTC		0.143

		FTC		0.175

		PFTC		0.176
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