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CHAPTER – I

INTRODUCTION


Textiles are developing into interdisciplinary high tech products. It has become an integral part of everyone’s life – it is associated with round the clock. These are used to envelop human body, thus protecting it from dust, sunlight, wind and other foreign matter present in the environment. Hence textiles in apparel has retained an important place in human life starting from historical era to today’s modern world. In the past, textiles were considered primarily for economical and functional point of view. But now some end users in particular demands on the safety of textiles for the health, says Saraf and Alat (2005). 


Cotton the “White gold” is the most precious gift of nature to the mankind contributed by the genus “gossypium” to cloth the people all over the world, suggest Mandoli et al. (1999).


Cotton the most popular amongst natural fibres, is admired by consumers all over the world for its fascinating feel, comfort and versatility whether alone or blended, states Malik (2007). It is popular because it is comfortable year around, quotes Sivaramakrishnan (2007). 


Cotton is the fabric for every home and is of the most widely produced textile fabric. India was the first country to use cotton. Therefore, cotton must have been produced in India as far back as even the fourth millennium and until today cotton fabric is being used widely in India, as pointed out by Deshwal and Khambra (2006). It is also known for its qualities like good strength, elasticity, heat connectively and high resistance to degradation by heat and is characterized by excellent properties like absorbency, comfort, drape, high wet strength, softness and water retaining capacity, insulating and non‑allergic properties, report by Geetha et al. (1998). Hence the investigator planned to study the project in cotton yarn.


Tencel (Lyocell) is the first new fibre before 30 years, and being made of wood pulp of cellulose, it is the first new natural fibre in a last longer than that. It is manufactured fibre, but it is not synthetic. It begins with cellulose which is processed with a non-toxic, recyclable dissolve agent, most of which is recycled back into the fibre manufacturing process. It can be woven in 100 per cent tencel fabrics, or blended with other fibres. Tencel is yarn dyed and absorb colours much better than most other fibres, and it is particularly striking in deep ones, taking on a jewel like appearance. It feels like silk and drapes, luxuriously, compare to cotton tencel wrinkles less, is softer, more absorbent, and much more resistant to ripping. Like other cellulosic fibre, it is breathable, absorbent and very comfortable to wear (www.srfabrics.com). Fabrics of tencel have exceptional strength and accept dyes readily, from pale pastels to rich jewel tones. They also resist wrinkling and shrinkage, and are often washable (www.heritage.yarn.com). Tencel is also called as “green” fibre, reveals Moghe and Khera (2005). 


According to Thomas (2006) woven fabrics are classified as to weave or structure according to the manner in which warp and weft cross each other.


Weaving is the process of interlacement between the warp and weft in a fabric according to a design mechanisms implies construction and interaction of the related parts of a machine. Weaving mechanisms, therefore denotes construction arrangement and working principles or interaction of a weaving machine and its component parts, in which a fabric can be manufactured. A weaving machine is technically term as a “loom”, says Banerjee (1999). 


“Bleaching for white” is carried out by treating the raw cotton successively with boiling lime-water, boiling caustic soda and cold dilute bleaching powder solution, with intermediate treatment with cold dilute acid and many washings, says Barker and Midgley (2007). 


Bleaching agent (bleaches) are chemicals which are used for discolouring the coloured fabrics into white, says Gupta et al. (2005). The bleaching step decolorizes the natural cotton pigments and removes any residual natural woody cotton trash components not completely removed during ginning, carding or scouring, says Roda (2008).


Finishing is one of the most ecologically or critical process. It involves a wide range of chemical part of textile production that is harmful to the environment. But recently two main trends in the industries have come up. The first includes the demand for improving quality product and production control, the second trend is simultaneous demand for more ecological and toxicologically beneficial process and products, state Jahagindar et al. (2001). The finishing is to add attractiveness or desirability to fabric. It also adds to change the cost of the end products, remarks Murphy (2000).


Repellents come under the class of insecticides. Insecticides are broadly classified into two types. They are contact insecticides and repellent insecticides. Repellents are substances that are mainly used to repel insects and pests rather than causing death. Several mosquito repellents are available today in the market of which DEET is safely used by an estimated 110 million people worldwide each year, states Gopalakrishnan (2007). 


Mosquito repellent textiles is one of the revolutionary ways in advance. The textiles field by providing the much needed features of driving away mosquitoes especially in the tropical areas. There are many chemicals available for achieving mosquito repellency on textiles. But most of the chemicals are banned by World Health Organisation (WHO) due to their harmfulness towards environment. Therefore, researchers have shifted their focus towards natural mosquito repellents compiled with the requirements of WHO (www.adsaleata.com).


Phyllanthus niruri grows throughout the hotter parts of India, ascending the hills upto 3000 feet. It grows along the bunds and ridges in cultivated fields. One of venereal disease, Gonorrhoea, can be controlled by Phyllanthus Niruri for excessive body heat, intestine ulcers, urinary tract infections, urinary stones and diabetes, it is a good remedy (www.ayurvedham.com). Medicinal plant like tulasi, neem, Phyllanthus niruri, vetiver root (Vetiveria zizanioides) are used for production control of mosquito (www.bigpatents.com). 


The vetiver grass (Vetiveria zizanioides) is generally described as a perennial graminoid. The vetiver grass is easily found in nurseries, garden stores and other plant dealers and distributors. It can be propagated by bare root, container, seed and sprigs. The vetiver grass has a long life span relative to most other plant species and a rapid growth rate. At maturity, the typical vetiver grass will reach upto 7 feet high, with a maximum height at 20 years of 0 inches. Vetiver grass has high tolerance to drought and restricted water conditions (www.gardenguides.com). Related to lemon grass, vetiver oil has medicinal properties (www.cms.jcv.com). Vetiveria grass is a fast growing grass that is non-invasive, very deep rooting, insect and vermin proof. The aromatic roots are used in pot-pourri and perfumes. The essential oil from the roots is used in perfumery (www.pfaf.org). Consider the above qualities and properties the investigator select the research work in this topic “NATURAL MOSQUITO REPELLENT FINISH ON WOVEN COTTON AND TENCEL COTTON FABRICS USING Phyllanthus Niruri AND Vetiveria zizanioides”. 

The specific objectives of this study are :

· to select the natural fabrics

· to select the natural mosquito repellents.

· to optimize the various parameters for finishing.

· to compare the effect of selected natural mosquito repellent finish on cotton and tencel cotton fabrics.

· to evaluate the unfinished and finished samples after wash, both subjectively and objectively. 
CHAPTER – II

REVIEW OF LITERATURE


The review of literature pertaining to the study “NATURAL MOSQUITO REPELLENT FINISH ON WOVEN COTTON AND TENCEL COTTON FABRICS USING Phyllanthus niruri and Vetiveria zizanioides”.
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2.1
COTTON

2.1.1
History 


Cotton cloth was used by the people of ancient China, Egypt, India, Mexico and Peru. In America, naturally coloured cotton was used extensively. Cotton was grown in the southern U.S. Colonies as soon as they were established. Throughout the 1600s and 1700s, cotton fibres were separated from cotton seeds by hand. During the time of rapidly expanding cotton production in the south, most U.S. fabrics were spun and woven in New England, says Kadolph (2002).


Cotton was first spun by machinery in England in 1730. The industrial revolution in England and the invention of the cotton gin in the U.S. paved the way for the important place cotton holds in the world today. Although cotton is the most common textile fibre now in use, it was the last natural fibre to attain commercial importance. Cotton textiles were found in the west indies and in south America by explorers in the 15th and 16th centuries, states Thomas (2006). 


More recent history shows that the earliest white settlers in the most southerly part of North America planted cotton and from that beginning has grown the vast raw-cotton industry of the United States, still the most advanced of cotton-producing countries, reveals Beazley (2002).

2.1.2
Properties


Cotton is a wonderfully versatile and globally important fibre that is used for a vast variety of fibre and food products, says Menezes (2007). It is popular because it is comfortable year around, point out by Sivaramakrishnan (2007). It is the most widely used textile fibre ; because of its inherent properties it has been able to hold an important position inspite of the advent of the regenerated synthetic man-made fibre, affirm Bhattacharya and Patel (2004). The major properties of cotton, which plays an important role in fibre length, length uniformity, strength, elongation, fineness and maturity, states Basu and Gotipamul (2003). Cotton has the excellent properties like absorbency, biodegradable, breatheable, drape, easily sterilized, high wet-strength, insulating properties, non-allergenic, renewable resource, softness and water retaining capacity, remark Gopalakrishnan and Aravindan (2005). The property of cotton to withstand severe treatment, especially during dyeing and finishing, quotes Barker and Midgley (2007). It is not affected by friction and is a good conductor of heat. It is highly resistant to sunlight, heat and alkalies but it is deteriorated by the action of acids and oxidizing agents such as hydrogen peroxide and chlorine bleaching compounds, states Hall (2004). The length is the most important property which decides the grade or quality of the raw cotton, express Nakamura (2000). Cotton cloth is cool and has a soft handle. It crease easily but it is also easy to iron. It is durable and has a good drape. It is absorbent and is slow to dry, says Furter et al. (2007).

2.1.3
End Uses


The major end uses for cotton fibre include apparel, home furnishings and other industrial uses (such as medical supplies). It is also used to make home furnishings, such as draperies or professional garments, speciality applications in medical and hygienic uses. Most notably, the fibre is used to manufacture hydrophile cotton (cotton wool), compress, gauze bandages, tampons or sanitary towels, and cotton swabs. In this field, the most suitable cotton variety in the species Gossypium herbaceum with short-staple thick fibres (www.ro.unctnd.org). It has many versatile intrinsic qualities that make it a fibre for all masses and occasions, remarks Narayanan (2005). Cotton upholstery fabrics are attractive and durable, comfortable, easy to spot clean and retain their appearance well, says Kadolph (2002). 

2.2
TENCEL


Tencel as “a cellulosic fibre” that is obtained from the organic solvent spinning process. It classifies the fibre as a subcategory of rayon, express Rastogi (2009). The development of tencel fibre has resulting in a new generation of natural fibres manufactured by eco-friendly process. It is the first new fibre after 30 years starting from wood pulp as a material. Tencel fibre can be used for many purpose, casual wear and also for making elegant costumes and dresses, says Achwal (2001). 


Tencel fabric results in outstanding wear comfort, fabrics produced from tencel are breathable and moisture absorbent and have high dimensional stability. Tencel fabrics distinguish themselves by the specific property to fibrillate in wet state under impart of external mechanical effects, reveals Sheth (2003). Tencel is a manufactured fibre, but it is not synthetic. It begins with cellulose which is processed with a non-toxic, recyclable dissolving agent, most of which is recycled back into the fibre manufacturing process. 


It can be woven in 100 per cent tencel fabrics or blended with other fibres like other natural fibres, tencel is naturally biodegradable (www.srfabrics.com). Tencel represents the latest generation of cellulose fibres and is the most flexible in terms of where it can be used in the various textile and non-woven application, states Taylor et al. (2009).

2.2.1
History


Tencel is lenzing fibres brand name for Lyocell. It is most typical environmental protection type fibre, is a kind of solvent type cellulose fibre developed by the British Acordis Company. It is called “Green fibre in 21st century” and won the international Green Environmental Protection Certificate (www.indiamart.com). It was first manufactured in 1987 by courtaulds fibres UK at their pilot plant. The only current manufacturer in the United States is lenzing. In, who market it under the trademarked brand name Tencel. It was introduced to consumers in 1991 and originally marketed as a type of rayon as pointed out by Rastogi (2009). 

2.2.2
Properties


Tencel is an eco-friendly regenerated cellulosic fibre and has all the natural properties this entails, including good moisture absorbency, comfort, luster and biodegradability with excellent colouration characteristics. It has high strength both in dry and wet conditions. The tencel fibre either alone or its blends, provides a remarkable variety of handle effects, allowing fabric finishes to demonstrate their skills.


“Good strength, low shrinkage, luxurious hand and drape, subtle luster and good dyeability are a few of the many advantages that tencel possesses”, affirms Samanta (2000). 


Tencel have exceptional strength. They also resist wrinkling and shrinkage and are often washable. It enhances their best attributes. Tencel’s high strength enables the production of finer count yarns – providing a finer, softer and less wrinkled fabric (www.heritageyarns.com). These outstanding properties have made the material so comfortable to wear and give a special touch. And it is known as the “Break through Fibre”, express Agrawal (2001). The combination of properties in the tencel fibre quite simply makes it ideal for children’s wear. Tencel wear resistant and ensure perfect easy-care properties (Asian Textile Journal, 2009). In blends, the natural qualities of tencel complement those of wool, cotton, linen, silk, polyester and nylon and their inherent properties (www.eartheasy.com).

2.2.3
End Uses


Tencel (Lyocell) not quite twice as expensive per pound as viscose rayon, is found in a variety of products, professional business wear, leotards, hosiery, casual wear, upholstery and window-treatment fabrics. It is used in blends with wool, cotton and other manufactured fibres. When strength and softness are required, it is used in conveyor belts. In a fibrillated form, tencel is used for filters, printers, blankets, speciality papers and medical dressings, reveals Kadolph (2002). Tencel used for apparel application and also used for technical or industrial applications, state Chavan and Patra (2004). It is used in technical fabrics in which high strength coupled with high absorption are required. It is used in especially non-woven fabrics targeted primarily in hydro entangled, spun laid and wet lay technologies. It is also used in battery separation and coating substrates, says Gohl and Vilonsey (2004). 

2.3
WEAVING


Weaving is the most widely used technique of fabric formation, especially where fabric strength is critical, says Gautam et al. (2007). Weaving is done on a loom which makes it possible to interlace the warp and filling threads according to prearranged plan or design. Art of weaving is an oldest and one of the most important in the textile industry. Today, people have need of fabric with a particular set of characteristics, reveals Singh (2007). Weaving is the process of making cloth, rugs, blankets and other products by crossing two sets of threads over and under each other.


Today weaving ranks as a major industry in many countries. Weaving is often completed on high speed looms. But weaving is not limited to cloth and textile products. Weaving plays an important part in the manufacture of screens, metal fences, and rubber tire cord, craft workers also use varied fibres to weave baskets and hats (www.42explore.com).

2.3.1
Classification of Weaving


Weave patterns can create varying degrees of durability in fabrics, adding to their usefulness and also to their appearance.

2.3.1.1   Classification of Weaves

Weaves
Basic Weave


Fancy Weave




Plain



   Pile




Twill



   Double cloth




Satin



   Gauze 








   Swivel








   Lappet








   Dobby








   Jacquard
The three basic weaves in common use for the majority of fabrics are plain, twill and satin with some variations. Important constructions are also obtained from the following weave pile, double cloth, gauze, swivel, lappet, dobby and jacquard, states Corbman (1984). 

2.3.2
Plain Weave


Plain weave is the simplest of all fabrics. The warp and weft are crossed over each other one by one alternatively up and down and they are interlaced, states Nakamura (2000). They relatively simple construction suits it to cheap fabrics, heavy yarns and printed designs, says Thomas (2006). It has the shortest repeat and the highest interlacing of any common weave, express Mahadevan (2006).


Plain weave resemble the process of darning. It comprise an alternate interlacing of the warp and filling yarn along the whole width of the fabric. It gives a wide scope for introducing variations in the fabrics like the use of yarns of many colours of different fibres of textured yarn. There will produce a large variety of fabrics. Plain weave is made interesting by printing and embossing. Plain weaving also allows the use of several different finishing processes to produce varieties and different styles in fabrics. It is the most serviceable of all weaves as fabrics with this weave are easy to wash, dry clean, wear well and are comparative in expensive, reveals Lam (2009). It is comparatively inexpensive, moreover, most of the durable fabrics are woven by this technique, states Gupta et al. (2005). 

2.4
FINISHING


‘Finish’ would mean modification of the fabric / fabric surface to meet certain desired needs / specifications, application of certain additives, softeners, stiffeners, resins, etc.


The term ‘finishing’ in the context of a textile process house encompasses several activities in its ambit. Finishing results are a cumulative effect of the various processes that the fabric undergoes right from the manufacturing stage of the fabric, reveals Sampath (2003). Finishing, the final step of chemical processing, is carried out to improve the aesthetic appeal of the ready to use product, it is not only what catches the eye, but the feel and touch that the treated material imparts, state Sundar and Kumar (2008). Finishing completes the fabric’s performance and gives it special functional properties including the final touch, say Schindler and Hauser (2004). 


Most fabrics are somewhat untouch and unsatisfactory as taken from the loom, in order to increase its commodity value, it is put through finishing process, affirms Barker (2007). 


In general, finishing is the last stage of treatment given to a textile material, states Rao (2008). Finishing are extremely versatile and some are very subtle, while others can alter the original state to unrecognizable, such as visual effect like ultra smooth, high gloss, lacquered, fluorescent, phosphorescent, holographic, foiled and one that reflects light, specify Braddock et al. (2005).


Finishing treatments depend on various factors such as the nature of the fibre, texture of the fabric, its physical properties, end-use of the material and so on.

2.4.1
Classification of Finishing


They are classified in two types 1) Basic finishing (or) wet processing and 2) functional finishing. They are also two chief groups 1) physical (or) mechanical finishing and 2) chemical finishing, says Naresh and Alat (2005).


The mechanical finishing are the cost effective means of value addition to finished fabric with limited investments, a wide range of products can be produced without generating effluent. The mechanical processes are carried out in tumble driers, calendars, compactors, raising, sweding and bushing machine, states Goyal and Prabhu (2007).


Chemical processes involve those processes that use the application of chemicals to the fabric. Finishes obtained by deposition of chemicals such as starch, China clay, oils, fats and waxes, synthetic resins, rubber latex, cellulose acetate, cellulose ethers, optical bleaching agents and so on, say Horrocks and Anand (2006).

2.4.2
Functional Finishes


Functional finishes represent the next generation of finishing industry, which make textile materials act by themselves. This means that they may keep us warm in cold environments or cool in hot environment are provide us with considerable convenience, support and even fun in our normal day-to-day activities (www.fibre2fashion.com). In functional finishes the fabric is imparted certain characteristics that give specific end requirements. Durable press, fire retardant, water repellent, water proof, biostat, thermal conductivity etc. are some of the finishes that contribute to the fabric additional, special functional features, express Sampath (2003).


Functional finishes like wrinkle resistant, mosquito repellent, antimicrobial, UV protection etc. kind of finishes have been introduced in a variety of combinations with other finishes in variety of substrates ranging from garments to home textiles to work wear, says Anil (2007). Gautam (2007) opines that technical performance and functional properties mean more than their aesthetic or decorative attributes. On the basis of the end-uses, many new terms have emerged including ‘function textiles’ and ‘speciality textiles’. Speciality textiles use some specific technologies in addition to the conventional technologies so that the product would add value to a specific attribute, remarks Gupta (2007).


Functional finishing is the process of finishing operation endowing the fabric with a particular appearance, surface texture (or) behavior characteristics, chemical processing of fabrics made its presence both nationally and internationally, says Parmer (2007). 

2.5
IMPACT OF MOSQUITOES


Mosquito and mosquita is a common insect in the family culicidae. Mosquitoes resemble crane flies and chironomid flies, with which they are sometimes confused by the casual observer. There are about 3,500 species of mosquitoes found throughout the world (www.wikipedia.com). The mosquito-borne diseases are mostly of the zoonotic variety. “Zoonotic” means a disease can be transmitted across multiple species (www.articopia.com). Mosquitoes are among the most common and widely distributed insects, express Yadav (2003). 


Few genera of mosquitoes are major vectors of human diseases such as malaria, filariasis and viral disease like Japanese encephalitis, dengue, dengue haemorrhagic fever, yellow fever, chikengunya etc., says Raghavendra et al. (2008). Mosquito control is becoming increasingly difficult because of the development of resistance in vectors to conventional insecticides, states Kalyanasundaram et al. (2003). The recently introduced west nile fever is caused by a virus and transmitted by a wide variety of mosquitoes, primarily species in the genus culex, that have fed on infected birds, reveals Triplehorn and Johnson (2005).


Control of mosquitoes has been principally provided by the use of synthetic insecticides. Some of the plant species may possess substances with a wide range of activities, like antifeedant, antioviposition, repellent and growth-regulating activity, says Kumar (2008). 

2.6
MOSQUITO REPELLENT FINISH


According to Beenard (2000) mosquito repellents may be one of the most effective tools for protecting human from vector borne disease, such as dengue hemorrhagic fever, malaria, encephalitis and filariasis as well as the nuisance caused by mosquitoes. In 1999, the conference of insect proof process was established and the method of the insect proof test and qualifying standard was decided, describes Nakamura and Basmatkar (2005).


Mosquitoes cause annoyance and spread human and animal disease. The task of managing and treating large areas by spraying insecticides for controlling these pests is uneconomical and undesirable from an environmental stand point. Application of insect repellent directly to the skin gives protection for only a few hours because of it lost by evaporation, abrasion and absorption.


The application of insect repellent to textiles is an alternative that provides long lasting protection, express Shroff (2001). Repellents are used rarely by the community to prevent mosquito bite. They contain synthetic or natural active substances of substantially varying effectiveness.

2.6.1
Types

2.6.1.1   Natural Mosquito Repellent


Medicinal plants like Tulasi, Neem, Notchi, Lemon grass, Citronella, Keelanalli (Phyllanthus niruri), Cinnamon, Eucalyptus, Vetiver roots (Vetiveria zizanioides), Turmeric are used for production of mosquito repellent (www.bigpatents.com). In order to avoid chemicals for repellent activity, effects were made to find out alternate eco-friendly sources, express Kumaravel and Kantha (2009). 


It is very easy to make your own natural mosquito repellent. These natural products will effectively repel mosquitoes, but they require more frequent reapplication and higher concentrations than DEET. Some of the natural repellents oils are, citronella oil, castor oil, rosemary oil, cedar oil, peppermit oil, clove oil, geranium oil etc. (www.fiber2fashion). The application of lemon citrus oil gave acceptable percentage biting protection against mosquito, says Oshaghi et al. (2003). The eucalyptus oil is acid and bitter and has a reputed astringent, thermogenic and insect repellent property. Neem seeds also posse’s good insecticidal property. The neem products and the biopesticides are eco-friendly and are widely used due to its wide range of action against many pests, reveals Prasad and Reshmi (2003). Menthoglycol is a natural insect repellent derived from lemon eucalyptus, which is a natural and renewable source, say Menezes and Choudhari (2007). 

2.6.1.2   Synthetic Mosquito Repellent


According to Koren et al. (2003) over the last 50 years, synthetic repellents such as dimethylpthalate (DMP), ethyl hexanediol (EHD) and diethyl-m-toluamide (DEET) have been developed. The later is still the most commonly used repellent worldwide, despite concerns over its possible toxicity to pregnant women and children. N, N-diethyl phenyl acetamide (DEPA) and N, N-diethyl-m-toluemide (DEET) are non-toxic, non-irritant, cosmetically acceptable, broad spectrum insect / mosquito repellents, express Shroff (2001).


In recent years new formulations have been developed, such as IR 3535 (ethyl 3-CN-buthylacetylaminopropionate) which has been approved in the U.S.A. for skin application (World Health Organization, 2001). 

2.6.2
Need


The distribution of mosquitoes has expanded from tropical region to northern latitudes, due to global warming and that leads to a spread in source of viral infection from mosquitoes. Especially, the west nile fever virus, which has infected many people around the world recently. The virus, bacteria and fungus are being arrived via wild birds imported as pets and via plane or boat in an infected mosquito. The population of mosquito are found to be enormous day by day. The need is for finishing textile products to protect against mosquito-transmitted viral infections such as malaria, pneumonic and other diseases, says Kumaravel and Kantha (2009). 


Society is now becoming more conscious of the needs to ensure that the environment is least affected new laws are being proposed and enforced. ‘Eco-labelling’ is the first step in this direction to improve the situation which was worsening over the years, reveal Bains et al. (2003). 

2.7
NATURAL / HERBAL MOSQUITO REPELLENT

2.7.1
Phyllanthus niruri


The world “Phyllanthus” derived from greek words phyllon means leaf and anthos means flower which can be understood as bearing of flowers on the leaves, states Purohit and Vyas (2005). An erect, branched, glabrous, shallow rooted, 20 – 95 cm high, annual herb, express Vardhana (2008). A small annual herb leaves are small, pale yellow in colour flowers are greenish yellow. It is a weed commonly found in different parts of India.

2.7.1.1   Uses


Fresh leaves are used for treatment of jaundice and intermittent fever. The plant possesses diuretic properties. It is useful in treating the disease of genitor-urinary tract. The plant is considered de-obstruent, diuretic, astringent and cooling. Whole plant is employed also in some forms of dropsy, gonorrhea, menorrhagia and other genitor-urinary affections. 


A bitter neutral substances named “phyllanthin” has been isolated from the plant. As a stomatic bitter it is useful in dyspepria. The plant is said to be useful in diabetes, reveals Singh and Panda (2005). The fresh root is used for the treatment of viral hepatitis, insects, etc. The plant is also used as a diuretic in oedema. It is also used to increase appetite and locally to relive inflammation, express Das et al. (2009). 

2.7.2
Vetiveria zizanioides


Vetiver grass (Vetiveria zizanioides) has been proclaimed by green field to be the right, indeed the only plant for long-term control of soil erosion and for promoting in situ moisture conservation. The grass is adapted to be a wide range of climatic and edaphic conditions. The vetiver grass has low maintenance and minimal space requirements. Vetiveria zizaniodes is generally non polatable to grazing animals and thus, can be established and maintained in free grazing areas without resorting to tencing or requiring a change in grazing habits, says Roberts (1993). 


It has been used in Ayurveda as an ingredient of medicine for more than 1000 years. In India vetiver oil is produced in Uttar Pradesh from wild grass, while in Tamil Nadu and Kerala the oil is produced from cultivated roots.


Vetiveria zizanioides is a perennial with rhizomatous roots with erect shoots, culms are stout, 2 m in length, in dense tufts and arise from base. Leaves are narrow, erect, keeled, glabrous, with scabrid margins. It grows luxuriantly under hot and humid environment.

2.7.2.1   Uses


Oil of vetiver is one of the most valuable and important raw material in perfumery. It is widely used in perfumes and cosmetics and for scenting soaps. It is indispensable in odours of the heavier, oriental type. The oil imparts a pleasant strong and very lasting note to composition, acting at the same time as a natural fixative. It blends well with the oils of sandalwood, patchouli and rose. The oil is also a source for the isolation of sesquiterpene alcohols (vetiverol etc.) which possess soft, smooth, odour and excellent fixative properties. Recently the roots have been finding increased use in electric room – coolers. Vetiver is a hardly crop and in resistant to disease and insect pests. These cause very little damage to the crop, reveals Shiva et al. (2002). In infusion roots considered refrigerant, febrifuge, diaphoretic stimulant, stomachic and emmenagogue, pulverized and made into a paste in water used as a cooling, external applications in fevers and swellings, says Vardhana (2008). 

2.8
END PRODUCT

2.8.1
Night Wear


Nightwear, also called “sleepwear”, “sleeping suit”, “night clothes”, or “night dress”, is clothing designed to be worn while sleeping. The style of night wear worn may vary with the seasons. Some styles or materials are selected to be visually appealing or erotic, sometimes in addition to their functional purpose of warmth (www.en.wikipedia.com). 


Night wear has become one of the hottest entity in the fashion industry and also one of the most sensation items to posses. Night wear comes in various elegant designs, styles and sizes. With the perfect blend of style and elegance there exists a vast range of night wear that are continuously making their own presence in the clothing industry. The categorization of these night wear leads to many different items which provide complete comfort while sleeping like nighties, night gown, night dresses, etc. popular among comfort conscious women, night dresses are designed stylishly, made up of different fabrics like cotton. These night dresses have been in use since many years which are capable of impressing absolutely by all the people (www.apparel.manufacturers.com). 
EXPERIMENTAL PROCEDURE


Experimental procedure pertaining to the study “NATURAL MOSQUITO REPELLENT FINISH ON WOVEN COTTON AND TENCEL COTTON FABRICS USING Phyllanthus niruri AND Vetiveria zizanioides”.

3.1
Selection of Yarn


3.2
Selection of Fabric Formation


3.3
Pre-Treatment of Woven Fabric



3.3.1
Desizing



3.3.2
Scouring



3.3.3
Bleaching


3.4
Selection of Finish


3.5
Collection and Storage of Natural Source


3.6
Extraction of Source


3.7
Selection of Binder


3.8
Optimizational Parameters



3.8.1
Optimization for Concentration of Source



3.8.2
Optimization of Temperature



3.8.3
Optimization of Time


3.9
Method of Finishing Process



3.9.1
Padding Mangle Method


3.10
Evaluation of Original and Finished Samples



3.10.1
Subjective Evaluation




3.10.1.1   Wearer Opinion




3.10.1.2   Visual Inspection



3.10.2
Objective Evaluation




3.10.2.1   Yarn Testing 





     3.10.2.1.1   Yarn Strength and Elongation





     3.10.2.1.2   Yarn Twist





     3.10.2.1.3   Yarn Appearance




3.10.2.2   Fabric Testing





     3.10.2.2.1   Physical Property

  3.10.2.2.1.1   Fabric Weight

  3.10.2.2.1.2   Fabric Thickness

  3.10.2.2.1.1   Fabric Count





     3.10.2.2.2   Mechanical Property

  3.10.2.2.2.1   Tensile Strength and

   Elongation

  3.10.2.2.2.2   Abrasion Resistance





     3.10.2.2.3   Comfort Property

  3.10.2.2.3.1   Drapability 

  3.10.2.2.3.2   Fabric Stiffness





     3.10.2.2.4   Absorbency Test

  3.10.2.2.4.1   Drop Test

  3.10.2.2.4.2   Sinking Test

  3.10.2.2.4.3   Wetting by Wicking


3.11
Mosquito Repellent Test



3.11.1
Cage Test



3.11.2
Cone Test


3.12
Wear Study 



3.12.1
Selection of Garment



3.12.2
Selection of Sample



3.12.3
Construction of the Selected Garments



3.12.4
Washing Procedure




3.12.4.1   Selection of Detergent




3.12.4.2   Selection of Water




3.12.4.3   Method of Washing 


3.13
Nomenclature


3.14
Statistical Analysis

3.1
SELECTION OF YARN


Cotton – cool, soft, comfortable is the principal clothing fibre of the world. Its production is one of the major factors in world, prosperity and economic stability, cotton ‘breathes’. It often blended with other fibres such as tencel, polyester, linen, wool to ‘blend’, the best properties of each fibre, reveals Peter (2006).


Tencel is an eco-friendly regenerated cellulosic fibre and has all the natural properties. It is the strongest of the man made staple cellulosic fibre, expresses Tom (2008). Tencel shows good thermal properties. It is highly stable at high temperature, says Jasuja (2008). Taking all these properties, the investigator selected cotton and tencel yarn for this study (Plate – I and II).

3.2
SELECTION OF FABRIC FORMATION


Weaving is the first major method of fabric construction. It is the process of interlacement between the warp and weft yarns in a fabric according to a design mechanisms implies construction and interaction of the related parts of a machine, says Banerjee (1999). The plain weave beyond reasonable doubt was first ever adapted to the loom in any time or place. It is the simplest of all in loom arrangement and operation, it requires minimum number of sheds, states Amsden (2003).


Hence, cotton yarn and tencel yarn were mixed in the ratio of 50 : 50 and pure 100 per cent cotton fabric was selected and used for the present study.

3.3
PRE-TREATMENT OF WOVEN FABRIC


The term ‘pre-treatment’ summarises all types of wet finishing processes like desizing, scouring, mercerizing, bleaching etc. of the fibres, fabric or yarn. The employed technique depend upon factors such as type of process, quality of materials and desired effects of the final products, says Smith (2006).


The aim of the preparatory process is improving the quality, by removing impurities and foreign matters thoroughly and uniformly from, the fabric and make the fabric suitable for follow up process, points out Anthappan et al. (2006) (Plate – III, IV and V).

3.3.1
Desizing


Desizing is the first step which enables the garment to properly receive subsequent chemical and mechanical treatments by removing the previously applied warp size and finishes, says Shroff (2002). The most popular method of removing starch is acid or enzyme desizing, reveals Prabhakaran and Rao (2003).

Receipe for Desizing


Fabric weight

:
1180 gms


Hydrochloric acid
:
Few drops


Water


:
20 litres


Temperature

:
60(C


Time


:
1 hour


The selected fabric was desized in a water bath containing few drops of hydrochloric acid and 20 litres of water, temperature was maintained at 60(C for 1 hour. Then the fabric was taken out and rinsed thoroughly.

3.3.2
Scouring


Scouring is a very important step in the operation, as it gives a fresh appearance and a good feel to the finished goods.

Receipe for Scouring


Fabric weight


:
1180 gms


Sodium hydroxide

:
10 gms


Sodium bicarbonate

:
10 gms


Wetting agent

:
Few drops


Water



:
20 litres


Temperature


:
80(C


Time



:
30 minutes
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	PLATE – I

COTTON YARN
	PLATE – II

TENCEL YARN
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	PLATE – III

WEAVING
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	PLATE – IV

COTTON FABRIC
	PLATE – V

TENCEL COTTON FABRIC



The desized fabric was scoured in the water bath containing by using the above chemicals, temperature was maintained at 80(C for 30 minutes. Then the fabric was taken out and rinsed thoroughly.

3.3.3
Bleaching


Bleaching is to impact perfect whiteness to the fabric by removing the natural colouring matter from the fabric, explains Pardeshi (2006). A perfect, full bleach is got by combined treatment with hydrogen peroxide and bleaching soda, states Tailfer (2008). 

Receipt for Bleaching


Fabric weight


:
1180 gms


Hydrogen peroxide

:
20 gms


Sodium silicate 

:
20 gms


Soda ash


:
10 gms


Water



:
20 litres


Wetting agent

:
Few drops

Temperature


:
80(C


The scoured fabric was bleached in the bath containing above mentioned chemicals, the temperature was maintained at 80(C. then the fabric was taken out and rinsed thoroughly. 

3.4
SELECTION OF FINISH


Textile finishing industry has been facing innumerable challenges which have intensified during the past decade, express Pardeshi and Manjrekar (2003). Chauduri (2001) opines that the problem of environmental pollution arising out of wet processing of textiles, is also a major threat to the Indian textile export due to poor awareness about eco specification prevailing in the western world. The concept of eco friendly textile, i.e., clean fabric has opened a new challenges to the industry. 


Mosquitoes have earned a worldwide reputation as torturers of man and animals and as disease carriers they have helped shape the world’s history, states Saxena (1996). Hence the investigator selected natural finish to get mosquito repellent on the selected fabrics. 

3.5
COLLECTION AND STORAGE OF NATURAL SOURCE


Phyllanthus niruri (Keelanalli) grows throughout the hotter parts of India, ascending the hills upto 3000 feet. It grows along the bunds and ridges in cultivated fields. The plant grows to a height of 15-60 cm. Fresh leaves are used for treatment of jaundice and intermittent fever.


Vetiveria zizanioides (Ventiver roots) is a perennial with rhizomatous roots with erect shoots, culms are stout, 2 m in length. It has been used in ayurveda as an ingredient of medicine for more than 1000 years. Vetiver is a hardy crop and is resistant to disease and insect pests. Medicinal plants like both Phyllanthus niruri (Keelanalli) and Vetiveria zizanioides (Vetiver roots) are used for production of mosquito repellent. 


The Phyllanthus niruri leaves (Keelanalli) (Plate – VI) and Vetiveria zizanioides (Vetiver roots) (Plate – VII) were collected from in and around Tirupur, Tamil Nadu. The collected Phyllanthus leaves and vetiver roots are washed thoroughly with soft water to remove the dust content. After rinsing thoroughly the leaves were wiped well with a clean cloth.


The collected leaves were dried under shade. After drying, the grinding was carried out to break down the leaves into fine powder by Thilagavathi et al. (2007). The powdered Phyllanthus niruri leaves and root of Vetiveria zizanioides were stored in air tight containers separately (Plate – VIII and IX).

3.6
EXTRACTION OF SOURCE


Extraction refers to separating the desired material by physical or chemical means with the aid of a solvent. The extraction of selected natural source can be carried out by various methods like aqueous, alkaline, acidic or alcoholic method. As water is said to be the “universal solvent”, says Kavitha et al. (2006). In the case of alkaline and acidic extractions, solution of any aklalies or acids are used. In alcoholic extraction, alcohols like ethanol or methanol are extensively used for extraction process (Plate – X).


According to Sreenivasa et al. (2007) alcoholic extraction using ethanol is more effective to extract the active ingredients of the natural sources. Thus the collected Phyllanthus niruri (Keelanalli) and Vetiveria zizanioides (Vetiver roots) were shade dried, ground into a fine powder and subjected to alcoholic extraction. The powder was soaked in absolute ethanol in the ratio 1 : 5 in a vessel and it was left closed for 24 hours so that the ethanol take the active components of the leaves. After 24 hours, the ethanol was let to evaporate and the residue gets settled at the bottom of the vessel. The extract or the slurry was then filtered and redissolved in alcohol to the determined concentration, states Amsamani et al. (2007).

3.7
SELECTION OF BINDER


The binder is a film forming agent made up of long chain macromolecules which when applied to the textile together with the pigments produces a three dimensionally linked network. The binder should be colourless, odourless, evenly thick, smooth and good adhesion, says Khoja et al. (2003). Citric acid is a good cross linking agent or binder in spite of its low cost, widespread availability and ecological acceptability, highlight Vikusiae et al. (2001) (Plate – XI).


Hence the investigator was selected citric acid as a binder. 

3.8
OPTIMIZATIONAL PARAMETERS

3.8.1
Optimization for Concentration of Source


To optimize the concentration of selected source, 100 per cent ethanol was used to extract the sources. 5” x 5” fabric sample of 100 per cent cotton and  tencel  cotton  were  treated  with  various concentration of each sources. 
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	PLATE – VI

Phyllanthus niruri LEAVES
	PLATE – VII

Vetiveria zizanioides ROOT

	HERBAL POWDER
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	PLATE – VIII

Phyllanthus niruri POWDER
	PLATE – IX

Vetiveria zizanioides POWDER
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	PLATE – X

EXTRACTION SOLUTION
	PLATE – XI

CITRIC ACID


The sources Phyllanthus niruri and Vetiveria zizanioides were mixed in the ratio such as 1 : 3, 2 : 2, 3 : 1. From the pilot study 2 : 2 ratio gives better results. Hence the investigator selected the concentration of 2 : 2 ratio for the finishing procedure.

3.8.2
Optimization of Temperature


To optimize the suitable temperature for the finish 5” x 5” fabric samples were treated with 2 : 2 ratio for 90 minutes in different temperature such as 60(C, 80(C and 100(C. 80(C which gives better finishing than the other temperature were given. Hence the investigator select the temperature at 80(C for the final finishing.

3.8.3
Optimization of Time


The fabric samples were treated with 2 : 2 ratio mixed sources and kept in different time intervals such as 30 mins, 60 min and 90 mins. 90 mins gives the better results than 30 and 60 minutes. Hence the investigator, select the time duration 90 minutes for the final study. 

Optimization Parameters

The optimized parameters are given in Table – I.

TABLE – I

OPTIMIZED PARAMETERS

	S.No.
	Name
	Concentration (%)
	Temperature ((C)
	Time (Minutes)

	1.
	Phyllanthus niruri (Keelanalli)
	50
	80(C
	90

	2.
	Vetiveria zizanioides (Vetiver roots)
	50
	80(C
	90



After optimization, the above parameters were selected. In the case of Phyllanthus niruri (Keelanalli) leaves 50 percent concentration was selected. The standardized temperature was 80(C and selected time was 90 minutes. In the case of Vetiveria zizanioides (Vetiver roots) 50 percent concentration was selected, the standardized temperature was 80(C and selected time was 90 minutes.

3.9
METHOD OF FINISHING PROCESS
3.9.1
Padding Mangle 


Application of finish by padding is more convenient and many of the problems related to exhaust techniques can be avoided primarily in padding stage. In padding technique, the fabric was passed through two iron rollers revolving at different speed in opposite direction, expresses Sampth (2003).


The ten metres of bleached cotton and tencel cotton fabric were finished with the optimized parameters. The extracted solution was poured inside the padding mangle the fabric was passed inside the machine for 30 minutes. Then cured inside the dry oven for 15 minutes at 80(C for the good penetration of the finishing agents. Then the fabric was removed from the curing chamber the fabric washed thoroughly and dried in shade (Plate – XII).

3.10
EVALUATION OF ORIGINAL AND FINISHED SAMPLES


The samples were evaluated both subjectively and objectively after finishing.

3.10.1
Subjective Evaluation

3.10.1.1   Wearer Opinion


The wearer’s opinion was collected using prepared questionnaire to get the above information.

3.10.1.2   Visual Inspection


The finished fabric was evaluated by visual inspection and that was conducted by 50 judges with textile knowledge. The finished samples were evaluated using a prepared proforma with the given which include the detail of general appearance, evenness of finishing, texture and lustre. 

3.10.2
Objective Evaluation


Objective evaluation includes laboratory tests like yarn testing, fabric mechanical property test, physical property, comfort property, absorbency and mosquito repellent test. 

3.10.2.1   Yarn Testing 

3.10.2.1.1   Yarn Strength and Elongation


Tensile strength of a thread of fabric is measured in Lea Strength Tester (Plate – XIII) as the weight to break it under tension, says Raul (2005). The untreated tencel and 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 is 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. 

3.10.2.1.2   Yarn Twist


The Eureka Twist Tester (Plate – XIV) was used for untwist-twist method. This method is based on the fact that yarns contract in length as the level of twist is increased. Therefore if the twist is subsequently removed, the yarn will increase in length reaching a maximum when all the twist is removed, the end of the yarn distant from the counter is attached to a pointer which is capable of magnifying its changes in length. In beginning of the test the yarn is placed under a suitable tension, either by a clip-in weight or by a weighted arm. The test procedure is to untwist the yarn until all its twist has been removed and then to continue twisting the yarn in the same direction until it returns to its original length. The basis of the method is the assumption that the amount of twist put in equal to the twist that has been removed, describes Saville (2004). Based on this procedure, experiment was carried out for ten items. The mean value for five readings was calculated.

3.10.2.1.3   Yarn Appearance


The appearance of a woven and knitted fabric depends to a large extent on the smoothness, cleanliness and general appearance of the yarn from which the fabric is manufactured. Instruments are available for the measurement of unevenness and for counting neps and other imperfections in yarns, but the values obtained from such tests are not easily integrated into an overall expression for actual fabric appearance. yarn appearance grading affords additional information which the manufacturer of woven or knitted goods, may, through experience, correlate with the experience to be expected in fabrics made from the yarns. Though in practice, for woven fabrics, other yarns will be interlaced the appearance may change the yarn appearance gives an idea about the fabric appearance, express Basu (2001).


Gradation of yarns are carried out by comparing the yarn with standard photographs, representing the appearance grades. For this, the yarn is wound on black boards. The grade is based on fuzziness, neppiness, unevenness, and visible foreign matter. Generally, the yarn is graded broadly into five grades, A, B, C, D and below D. The sample lying in between two grades may be graded as ‘lower grade +’ e.g., the yarn samples lying between ‘A’ and ‘B’ may be graded as B+ (Plate – XV).

3.10.2.2   Fabric Testing

3.10.2.2.1   Physical Property

3.10.2.2.1.1   Fabric Weight


Fabric weight is an important component for comparing the two similar fabric constructions. Saini (2004) describes fabric weight as the relative weight of the fabric and expressed as the weight of a particular size of piece such as grams per square meter. It is a device to cut circular specimen of 100 square cm of a fabric very accurately. It has four blades that cut the fabric when the hand wheel is rotated by applying slight pressure. Five samples were cut from the finished and unfinished samples which is 100th of a meter. Then the samples were weighed accurately using weighing balance.


The values are obtained directly from the readings on the balance. The value in grams multiplied by 100 straight away gives grams per square meter (GSM) of the fabric (Plate – XVI).

3.10.2.2.1.2   Fabric Thickness


Fabric thickness is defined as the distance between the upper and lower surface of the material measured under a standard pressure, using Shirley’s Thickness Tester (Plate – XVII) with an accuracy of 0.01 mm as explained by Stocker et al. (2005). The fabric was placed between the pressure foot and anvil, the reading was noted from the dial. 


The thickness tester had a broad anvil, upon which a pressure foot is pressure by spring. The dial indicated the thickness of the material in thousand of an inch between the anvil and the pressure foot. Each division of the dial read 0.01 mm. The sample were placed on the anvil without tension or creases and the pressure foot was lowered onto the sample by releasing the rising level very slowly and allowed it to rest upon the sample for two seconds at 2 kg pressure.
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The dial readings was recorded. The readings were taken from different parts of the same material and the mean value was calculated. Similarly mean value of five readings from the untreated and treated samples were calculated.

3.10.2.2.1.3   Fabric Count


The determination of fabric count measures the number of warp yarns per inch and number of weft yarns per inch, remarks Angappan (2002). The fabric count is the number of warp and weft yarns per unit distance. The fabric is kept without tension and is free from folds and wrinkles. The determination of the number of threads per inch may be made by counting glass (pick glass) (Plate – XVIII). The counting glass is a small magnifying glass in a stand over a square exactly one inch way. The number of threads in the field directly gives the number of threads per inch. This is the method generally used for fabric count. The number of ends and picks per inch were counted in 5 different places and recorded for the untreated and treated samples. 

3.10.2.2.2   Mechanical Property Test

3.10.2.2.2.1   Tensile Strength and Elongation


Breaking strength as a measure of the resistance of the fabric to a 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 – XIX) was used for the study. Five samples were cut from the warp and weft directions. Each sample was 12” in length and 2 1/2” in width. Length wise yarn from the sides of the strip were raveled out up to quarter inch from each strip so that 2” was maintained. 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 the readings was recorded in kilograms 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. 

3.10.2.2.2.2   Abrasion Resistance


Abrasion is the wearing a way of any part of a material by rubbing against another surface (ASTM, 2000). Abrasion is one of the major criteria to assess the durability of the fabric.


The Eureka Martindale Abrasion Resistance Tester (Plate – XX) was used to determine the fabric resistance to friction. The severity of abrasion varies with the nature of the radiant. Five samples were selected. The initial weight of the sample was taken accurately to the nearest of 0.001 gm using an electronic balance. Then the sample mounted on sample holder, sample holders with 200 grams weight was used for the purpose. The rubs were standardized to 12 revolution. The samples were made to rub against the abrasive surface. After 12 revolutions the samples were removed and the final weight of each samples was found out weight loss due to abrasion was calculated. The same procedure was repeated for all other samples was calculated. Similarly the mean value of the five readings for untreated and treated samples was calculated. The loss in weight of each material was recorded separately to find out the abrasion resistance of the untreated and treated samples. 

3.10.2.2.3   Comfort Property Test 

3.10.2.2.3.1   Drapability


Drape is one of the subjective performance characteristics of fabric that contributes to aesthetic appeal. Fabric drape is the extent to which a fabric will deform when it is allowed to hang under its own weight, describes ISI Hand Book (1982).


A circular specimen about 10 inche diameter is supported on a circular disk about 5 in diameter and the unsupported area drapes over the edge. If the specimen were say a 10 in gramophone record, no draping would occur and the area of projection from the periphery would equal the area of the record. With fabrics the material will assume some folded configuration and the shape of the projected area will not be circular but something like the shape, states Booth (1996) (Plate – XXI).


A value known as the drape coefficient, F is determined by considering areas, 


Let 


AD
=
The area of the specimen


Ad
=
The area of the supporting disk and


As
=
The actual projected area of the specimen


The drape co-efficient, F is the ratio of the projected area of the drape specimen to its undraped area, after deduction of the area of the supporting disk. Thus, 


F
=
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3.10.2.2.3.2   Fabric Stiffness 


Stiffness is the resistance to bending, describes Textile Committee (1993). Fabric stiffness indicates the resistance of the fabric to bending and it is a key factory in the study of handle and drape, remarks Angappan and Gopalakrishnan (2000).


A rectangular strip of fabric, 6” x 1”, is mounted on a horizontal platform in such a way that it overhangs, like a cantilever and bends downwards. From the length  ℓ  and the angle (  a number of values are determined. Each specimen is tested four times, at each end and again with the strip turned over. Mean value for the bending length in warp and weft direction can be calculated and if required, values for flexual rigidity and bending modulus. Five readings were taken and mean value were calculated to find out the fabric stiffness was tested for untreated and treated samples (Plate – XXII). 

3.10.2.2.4   Absorbency Test


The wettability and absorbency tests include,



Drop test



Sinking test and



Capillary rise test

3.10.2.2.4.1   Drop Test


The drop test is a count of number of drops required to penetrate through to the under scale of the fabric when all the drops fall on the same spot (AATCC Technical Manual, 2008).


A burette filled with distilled water was clamped in a stand. The stand was mounted in an embroidery frame and was placed at the base of the stand. The distance between the sample and the burette nozzle was kept constant. The nozzle of the burette was opened just to allow a drop of water to fall on the sample. The stop watch was started simultaneously and it was stopped when the drop of water fully sank into the material. The time taken for this was noted. The same procedures was carried out for the untreated and treated sample the mean value was calculated (Plate – XXIII).

3.10.2.2.4.2   Sinking Test


Sinking test is a simple test that helps to measure the wettability of fabric, says Booth (2005). Five samples were cut into the size 5 cm x 5 cm square from the untreated and treated samples. A 1000 ml beaker was filled with distilled water. The sample was dropped into the surface of the water from a standard height. The stop watch was started when the fabric struck the surface of fabric and stopped when the last corner sank below the water surface and the time required for the sample to sink was noted. The same procedures was repeated for five samples. The mean value was calculated for the above samples. Similarly the mean values of the untreated and treated samples were calculated and the sinking time of each material was recorded separately (Plate – XXIV).
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3.10.2.2.4.3   Capillary Rise Test


Booth (1996) pointed out that the capillary travel method measures the rapidity of absorption. Five samples were cut into sizes of 15 cm length and 2.5 cm width from the untreated and treated samples. One end of the sample strip was pasted with a glass rod which was placed on heavy wooden blocks and at the other end, two grams weight was attached to keep the sample straight. At the weighed end 2 cm of the sample was allowed to immerse in a tray of distilled water. The same rate of the water level in the sample was measured after 60 seconds. The same procedure was repeated for five samples from the same material and the mean value was calculated and the capillary rise of each material was recorded (Plate – XXV).

3.11
MOSQUITO REPELLENT TEST

3.11.1
Cage Test


Cage test are the quick and cost-effective way determines the mosquito-repelling qualities of treated materials.


A box of 30 x 30 x 30 cm made out of transparent glasses with 25(C + 2(C temperature and 60 to 70 per cent humidity was maintained. In the glass box the finished and unfinished fabric was placed. Release 20 mosquitoes in the box and allow it for 2 minutes. Note down the anti-mosquito effectiveness by counting the number of mosquitoes which will rest on the unfinished and finished samples during 2 minutes (Plate – XXVI).

3.11.2
Cone Test


Cone tests another method of found out the mosquito repellent of an insecticide treated textiles. The cone test was conducted with transparent nylon cone shaped filter. The unfinished and finished samples were spread on the table then the filter was kept upside down on the fabric. Then 20 mosquitoes were released in the filter for 2 minutes. The investigator note down number of mosquitoes resting on the fabric and that was noted down (Plate – XXVII).
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3.12
WEAR STUDY 

3.12.1
Selection of Garment


Adolescent girl’s night dress were selected and constructed by using the  mosquito  repellent  finished  cotton and tencel cotton woven fabrics (Plate – XXVIII and XXIX).

3.12.2
Selection of Sample


Sample for investigation methods is one in which some members of population were selected and studied intensively, explains Beck (1993). Gupta (2005) defines that a sample is that part of the universe which are selected for the purpose of investigation. The success of the study depends on the careful selection of the sample. 


Considering the above points investigator selected adolescent girls in the age group of 20 years for this study. Two samples from the age group were selected as a subject for wear study. 

3.12.3
Construction of the Selected Garments


Individual body measurement of adolescent girls were taken and constructed according to the instruction given in the Zarapkar (2004). Night wear was constructed for selected two samples.

3.12.4
Washing Procedure

3.12.4.1   Selection of Detergent


Detergent are often used in hard water and it has the tendency to remove the stains and dust on the fabric. Therefore surf excel was used for washing the finished samples.

3.12.4.2   Selection of Water


Water is the vehicle to remove the dust and impurities. Soft water has the tendency to remove the dust easily from the material. Hence the investigator selected the soft water for washing the finished samples.
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	PLATE – XXIX
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3.12.4.3   Method of Washing 


Finished samples were washed by hand, with the help of detergents and rinsed thoroughly using soft water. Rinsing was carried out until the last lather was removed. After 10 washes the finished samples were evaluated by subjective and objective method. 

3.13
NOMENCLATURE

Nomenclature  for  finished and unfinished samples are given in Table – II.

TABLE – II 

NOMENCLATURE

	Abbreviation
	Expansion

	UC

FC

UTC

FTC
	Unfinished cotton

Finished cotton

Unfinished tencel cotton

Finished tencel cotton


3.14
STATISTICAL ANALYSIS

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

IV.  RESULTS AND DISCUSSION


The results of the study “NATURAL MOSQUITO REPELLENT FINISH ON WOVEN COTTON AND TENCEL COTTON FABRICS USING Phyllanthus niruri AND Vetiveria zizanioides” is discussed under the following headings :


4.1
Subjective Evaluation



4.1.1
Wearer’s Opinion



4.1.2
Visual Inspection


4.2
Objective Evaluation



4.2.1
Yarn Testing




4.2.1.1   Yarn Strength and Elongation 




4.2.1.2   Yarn Twist




4.2.1.3   Yarn Appearance



4.2.2
Assessment of Physical Properties




4.2.2.1   Fabric Weight




4.2.2.2   Fabric Thickness




4.2.2.3   Fabric Count



4.2.3
Assessment of Mechanical Properties




4.2.3.1   Tensile Strength and Elongation




4.2.3.2   Abrasion Resistance



4.2.4
Assessment of Comfort Properties




4.2.4.1   Fabric Drape




4.2.4.2   Fabric Stiffness



4.2.5
Absorbency Tests




4.2.5.1   Drop Test




4.2.5.2   Sinking Test




4.2.5.3   Wetting by Wicking



4.2.6
Mosquito Repellency Test




4.2.6.1   Cage Test




4.2.6.2   Cone Test


4.3
Wash Durability

4.1
SUBJECTIVE EVALUATION

4.1.1
Wearer’s Opinion


The wearer’s showed more interest to wear mosquito repellent finished night dress. Regarding to wearer’s opinion the mosquitoes was not bite while wearing. These garments also gives freshness to the fabric due to herbal finish.

4.1.2
Visual Inspection


Visual inspection of unfinished and finished samples were compare and the results were rated (Appendix – III).

TABLE – III

VISUAL INSPECTION

	Rate scale in percentage
	UC
	FC
	UTC
	FTC

	General Appearance

a) Excellent

b) Good

c) Fair
	76

34

-
	80

15

5
	12

78

10
	85

10

5

	Texture

a) Soft 

b) Medium

c) Coarse
	50

40

10
	94

6

-
	70

25

5
	85

15

-

	Evenness of Finishing

a) Even

b) Partially Even

c) Uneven
	-

-

-
	92

8

-
	-

-

-
	95

5

-

	Lustre

a) High

b) Medium

c) Low
	20

80

-
	15

85

-
	24

76

-
	9

95

-



From the above Table – III, it is clear that the finished cotton sample was rated as excellent by 80 per cent of judges and finished tencel cotton was rated as excellent by 85 per cent of judges. Regarding texture FC was rated as soft by 94 per cent of judges, the sample FTC 85 per cent of judges rated as soft. In case of evenness of finished sample FC was rated as even by 92 per cent of judges. Regarding to FTC sample 95 per cent of judges rated as evenness in finish. The lustre of FC 80 per cent of judges rated as medium to the finished samples. Then the luster of the FTC sample was rated as medium by 95 per cent of judges.


As far as visual inspection concerned that cotton and tencel cotton fabric’s general appearance, texture, evenness in finishing. Lustre had highly rated after finishing than the grey and bleached fabric. 

4.2
OBJECTIVE EVALUATION

4.2.1
Yarn Testing

4.2.1.1   Yarn Strength and Elongation 


The yarn strength and elongation of cotton and tencel yarn are discussed below.

TABLE – IV

​YARN STRENGTH

	S.No.
	Sample
	Maximum
	Minimum
	Mean (kg)
	Standard Deviation
	Co-efficient of Variation (%)

	1.

2.
	Cotton

Tencel
	24

27
	19

25
	21

26
	0.89

1.92
	3.38

9.07



From the Table – IV and Figure – I, it is clear that the minimum and maximum strength of cotton 24 and 19 kg respectively and the minimum and maximum strength of tencel 27 and 25 kg respectively. The mean value of cotton and tencel 21 and 26. Standard deviation of the cotton and tencel yarn is 0.89 and 1.92 respectively. Co-efficient of variation of cotton yarn is 3.38 per cent and co-efficient of variation of tencel yarn 9.07 per cent.


Hence it could be concluded that the tencel yarn had better strength than the cotton yarn.

TABLE – V

​YARN ELONGATION

	S.No.
	Sample
	Maximum
	Minimum
	Mean (Inche)
	Standard Deviation
	Co-efficient of Variation (%)

	1.

2.
	Cotton

Tencel
	1.7

6.5
	1.6

15
	1.7

5.7
	0.03

2.3
	2.21

5.2



From the Table – V and Figure – II observed that the minimum and maximum elongation of cotton yarn 1.7 and 1.6 respectively. The mean elongation 1.7 inches. The minimum and maximum elongation of tencel yarn 6.5 and 15 and the mean elongation 5.7. Standard deviation of cotton and tencel yarn 0.03 and 2.3 respectively. With regard to co-efficient of variation of cotton and tencel yarn 2.21 and 5.2 respectively.


Hence it could be concluded that the elongation of tencel yarn is greater than the cotton yarn.

4.2.1.2   Yarn Twist


The yarn twist of cotton and tencel yarn are discussed below.

TABLE – VI

​YARN TWIST

	S.No.
	Sample
	Maximum
	Minimum
	Mean (kg)
	Standard Deviation
	Co-efficient of Variation (%)

	1.

2.
	Cotton

Tencel
	24.1

21.5
	19.5

18.6
	21.6

20.0
	1.7

1.1
	8.2

5.7



From the Table – VI and Figure – III, shows that the minimum and maximum twist of cotton yarn is 24.1 and 19.5 inch and in tencel yarn is 21.5 and 18.6 inch. Mean value of cotton and tencel yarn of about 21.6 and 20.0kg respectively. Standard deviation of both cotton and tencel yarn is 1.7 and 1.1 and co-efficient of variation for cotton yarn was 8.2 per cent and co‑efficient of variation of tencel yarn is 5.7 per cent.


Hence it was concluded that the cotton yarn had maximum twist than the tencel yarn. 

4.2.1.3   Yarn Appearance


Appearance of the cotton and tencel yarn noticed by the ASTM D2255 Standard Board. With regarding to cotton yarn 85 per cent of judges rated as grade B and 90 per cent of the judges rated as grade A for tencel yarn.

TABLE – VII

YARN APPEARANCE

	S.No.
	Yarn
	Grade
	Appearance

	1.

2.
	Cotton

Tencel
	A

B
	Good

Fair



From the above Table – VII and Figure – IV shows that the appearance of tencel yarn has good uniformity from inch to inch and good cover without excessive fuzziness when compared with cotton yarn. 

4.2.2
Assessment of Physical Properties

4.2.2.1   Fabric Weight


The fabric weight for the finished and unfinished samples of cotton and tencel cotton are discussed below.

TABLE – VIII

FABRIC WEIGHT

	S.No.
	Sample
	Mean (GSM)
	Gain / Loss over original
	Percentage gain / loss over original
	‘F’ Value

	1.

2.
	UC

FC
	126

131
	4.2
	3.3
	1479.2**

	3.

4.
	UTC

FTC
	94

96
	2.4
	2.5
	


**  Significant at one per cent level.

	
[image: image34.png]



	
[image: image35.png]




	FIGURE – I
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The above Table – VIII and Figure – V shows that the fabric weight have increased in finished sample of cotton and tencel cotton fabrics about 3.3 and 2.5 per cent respectively when compared to its unfinished bleached fabrics. From this table it was clear that there was a significant difference at one per cent level. Thus it could be concluded that the cotton finished samples have increase in fabric weight due to the deposit of the finishing agent than the tencel cotton fabric. 


4.2.2.2   Fabric Thickness


The fabric thickness for the finished and unfinished sample of cotton and tencel cotton are listed below.

TABLE – IX

FABRIC THICKNESS

	S.No.
	Sample
	Mean (mm)
	Gain / Loss over original
	Percentage gain / loss over original
	‘F’ Value

	1.

2.
	UC

FC
	0.26

0.28
	0.02
	6.0
	0.57NS

	3.

4.
	UTC

FTC
	0.24

0.27
	0.03
	1.21
	


NS – Not Significant

From the above Table – IX and Figure – VI shows the fabric thickness have increased in finished cotton and tencel cotton sample 6.0 and 12.1 per cent respectively. From the table it was clear that there was no significant difference at one and five per cent level. Thus it could be concluded that the tencel cotton finished fabric had increase in thickness than the cotton finished fabric. 
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FIGURE – V

FABRIC WEIGHT
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FIGURE – VI

FABRIC THICKNESS

4.2.2.3   Fabric Count


The fabric count for the finished and unfinished samples of cotton and tencel cotton are listed below.

TABLE – X

FABRIC COUNT – WARP

	S.No.
	Sample
	Mean
	Gain / Loss over original
	Percentage gain / loss over original
	‘F’ Value

	1.

2.
	UC

FC
	98

108
	9.4
	9.5
	4.14NS

	3.

4.
	UTC

FTC
	78

102
	24.2
	31.1
	


NS – Not Significant. 

The above Table – X and Figure – VII shows that warp have increased in finished cotton fabric of about 9.5 when compared with its unfinished bleached fabric. In tencel cotton fabric warp have increased in 31.1 when compared with its unfinished bleached fabric. From this table it confirmed that there was no significant difference at one and five per cent level. Hence it was concluded that the tencel cotton fabric had increase its fabric count (warp) than the cotton finished fabric. 

TABLE – XI

FABRIC COUNT – WEFT

	S.No.
	Sample
	Mean
	Gain / Loss over original
	Percentage gain / loss over original
	‘F’ Value

	1.

2.
	UC

FC
	84

74
	- 10.2
	- 12.0
	21.1**

	3.

4.
	UTC

FTC
	68

61
	- 6.6
	- 9.7
	


** Significant at one per cent level.
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FIGURE – VII

FABRIC COUNTS – WARP 
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FIGURE – VIII

FABRIC COUNTS – WEFT

The above Table – XI and Figure – VIII shows that weft have decreased in finished cotton fabric of about – 12.0 when compared with its unfinished bleached fabric. In tencel cotton fabric weft have decreased in finished sample of about – 9.7 when compare with its unfinished bleached fabric. Statistically confirmed that there was a significant difference at one per cent level. Thus it could be concluded that the found of the fabric was decreased in the both warp and weft direction because of the effect of the finishing agent. 

4.2.3
Assessment of Mechanical Properties

4.2.3.1   Tensile Strength and Elongation

(a)
Tensile Strength


The fabric strength for the unfinished and finished samples of cotton and tencel cotton are discussed below.

TABLE – XII

TENSILE STRENGTH – WARP

	S.No.
	Sample
	Mean (kg)
	Gain / Loss over original
	Percentage gain / loss over original
	‘F’ Value

	1.

2.
	UC

FC
	85

101
	16.0
	18.7
	71.7**

	3.

4.
	UTC

FTC
	43

52
	9.6
	22.4
	


** Significant at one per cent level.

The above Table – XII and Figure – IX shows that the strength of the fabric was increased in finished of both cotton and tencel cotton fabrics of about 18.7 and 22.4 per cent respectively. The finished tencel cotton warp have increased than the finished cotton. From the table it confirmed that there was a significant difference at one per cent level. Thus it could be concluded that the fabric strength was increased warp wise in tencel cotton fabric than the cotton fabric. 

TABLE – XIII

TENSILE STRENGTH – WEFT 

	S.No.
	Sample
	Mean (kg)
	Gain / Loss over original
	Percentage gain / loss over original
	‘F’ Value

	1.

2.
	UC

FC
	80

98
	18
	22.5
	6.95*

	3.

4.
	UTC

FTC
	41

52
	11.6
	28.4
	


*  Significant at five per cent level.

The above Table – XIII and Figure – X shows that the strength of the finished cotton and tencel cotton fabric of about 22.5 and 28.4 per cent respectively. When compare to finished cotton fabric, the tencel cotton fabric have increased strength in weft direction. Statistically confirmed that there was a significant difference at five per cent level. Thus it could be concluded that the fabric strength was increased weft wise in tencel cotton fabric than the cotton fabric.

(b)
Elongation

The fabric elongation for the unfinished and finished samples of cotton and tencel cotton are discussed below.

TABLE – XIV

ELONGATION – WARP

	S.No.
	Sample
	Mean (inches)
	Gain / Loss over original
	Percentage gain / loss over original
	‘F’ Value

	1.

2.
	UC

FC
	0.7

1.0
	0.4
	71.5
	10.4**

	3.

4.
	UTC

FTC
	0.7

0.6
	- 0.1
	- 16.2
	


** Significant at one per cent level.
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FIGURE – IX

TENSILE STRENGTH – WARP 
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FIGURE – X

TENSILE STRENGTH – WEFT


From the above Table – XIV and Figure – XI shows that the elongation of finished cotton sample have increased in warp of about 71.5 per cent and the finished tencel cotton fabric have decreased of about – 16.2 per cent. From the table it was clear that there was a significant difference at one per cent level. Thus it could be concluded that the elongation in warp wise had increased in cotton fabrics than the tencel cotton fabric.

TABLE – XV

ELONGATION – WEFT 

	S.No.
	Sample
	Mean (inches)
	Gain / Loss over original
	Percentage gain / loss over original
	‘F’ Value

	1.

2.
	UC

FC
	0.7

1
	0.47
	62.6
	0.55NS

	3.

4.
	UTC

FTC
	15.5

1
	- 14.4
	- 92.9
	


NS – Not Significant

The above Table – XV and Figure – XII shows that the elongation of finished cotton have increased in weft about 62.6 per cent and the finished tencel cotton have decreased about – 92.9 per cent respectively. Statistically confirmed that there was no significant difference at five and one per cent level. Thus it could be concluded that the weft wise elongation of finished cotton had increased than the tencel cotton fabric. 

4.2.3.2   Abrasion Resistance


The fabric abrasion for the unfinished and finished samples of cotton and tencel cotton are presented the listed tables.

TABLE – XVI

ABRASION RESISTANCE

	S.No.
	Sample
	Mean (gm)
	Gain / Loss over original
	Percentage gain / loss over original
	‘F’ Value

	1.

2.
	UC

FC
	2.71

2.26
	- 0.45
	- 16.41
	0.60NS

	3.

4.
	UTC

FTC
	2.12

2.75
	0.63
	29.43
	


NS – Not Significant
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FIGURE – XI

ELONGATION - WARP
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FIGURE – XII

ELONGATION - WEFT


The above Table – XVI and Figure – XIII shows that the finished cotton fabric have minimum abrasion resistance of about – 16.41 per cent and the tencel cotton fabric have maximum abrasion resistance of about 29.43 per cent. Statistics also confirms that there was no significant difference. Thus it could be concluded that the tencel cotton fabric had increased abrasion resistance than the cotton fabric. 

4.2.4
Assessment of Comfort Properties

4.2.4.1   Fabric Drape


The drapability of unfinished and finished samples of cotton and tencel cotton are presented in the listed below.

TABLE – XVII

FABRIC DRAPE

	S.No.
	Sample
	Mean co-efficient (%)
	Gain / Loss over original
	Percentage gain / loss over original
	‘F’ Value

	1.

2.
	UC

FC
	0.4

0.5
	0.10
	21.40
	30.3**

	3.

4.
	UTC

FTC
	0.5

0.4
	- 0.05
	 - 10.68
	


** Significant at one per cent level


The above Table – XVII and Figure – XIV represents the drapability of unfinished and finished fabrics. The higher mean value suggested that the higher is the drape of fabric. The cotton finished fabric have increase in drapability when compared to unfinished bleached fabric due to the reaction of the finishing agent. But in tencel cotton finished fabric the drape have decreased due to the reaction of finishing agent. From this table it was significant difference at one per cent level. Thus it could be concluded that fabric drapability was affected by the finish applied on the fabric. 
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FIGURE – XIII

ABRASION RESISTANCE
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FIGURE – XIV

FABRIC DRAPE

4.2.4.2   Fabric Stiffness

The fabric stiffness for the unfinished and finished samples of cotton and tencel cotton are listed below.

TABLE – XVIII

FABRIC STIFFNESS – WARP 

	S.No.
	Sample
	Mean (inches)
	Gain / Loss over original
	Percentage gain / loss over original
	‘F’ Value

	1.

2.
	UC

FC
	2.4

1.9
	- 0.45
	- 18.5
	3.36NS

	3.

4.
	UTC

FTC
	2.6

1.9
	- 0.77
	- 28.8
	


NS – Not Significant


The above Table – XVIII and Figure – XV shows that the fabric stiffness of the finished cotton and tencel cotton in the wrap shows – 18.5 and – 28.8 per cent loss respectively. From this table that there was no significant difference. Thus it could be concluded that the stiffness of the finished fabric had decreased in warp both cotton and tencel cotton fabric. 

TABLE – XIX

FABRIC STIFFNESS – WEFT

	S.No.
	Sample
	Mean (inches)
	Gain / Loss over original
	Percentage gain / loss over original
	‘F’ Value

	1.

2.
	UC

FC
	2.0

1.9
	- 0.10
	- 4.88
	4.26NS

	3.

4.
	UTC

FTC
	2.2

1.8
	- 0.42
	- 18.83
	


NS – Not Significant


The above Table – XIX and Figure – XVI shows that the fabric stiffness of the finished cotton and tencel cotton in the weft shows – 4.88 and – 18.83 per cent loss respectively. From this table that there was no significant difference at both one per cent and five per cent level. Thus it could be concluded that the stiffness of the finished fabric had decreased in weft both cotton and tencel cotton fabric.
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FIGURE – XV

FABRIC STIFFNESS - WARP
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FIGURE – XVI

FABRIC STIFFNESS – WEFT 

4.2.5
Absorbency Tests

4.2.5.1   Drop Test


The absorbency of the unfinished and finished samples of cotton and tencel cotton were observed by drop test are discussed below.

TABLE – XX

DROP TEST

	S.No.
	Sample
	Mean Absorbency (seconds)
	Gain / Loss over original
	Percentage gain / loss over original
	‘F’ Value

	1.

2.
	UC

FC
	70

66
	- 4.40
	- 6.29
	28.00**

	3.

4.
	UTC

FTC
	20

20
	0.00
	0.00
	


** Significant at one per cent level


From the above Table – XX and Figure – XVII shows that the absorbance have decrease in cotton finished fabric of about – 6.29 per cent when compare to unfinished bleached fabric. But in the tencel cotton finished fabric there is no changes when compared to unfinished bleached fabric. Statistically confirm that there was a significant difference at one per cent level. Thus it could be concluded that maximum absorbency was obtained in cotton fabric than the tencel cotton fabric due to reaction of the finish. 

4.2.5.2   Sinking Test


The absorbency of unfinished and finished samples of cotton and tencel cotton were observed by sinking test.

TABLE – XXII

SINKING TEST

	S.No.
	Sample
	Mean Absorbency (seconds)
	Gain / Loss over original
	Percentage gain / loss over original
	‘F’ Value

	1.

2.
	UC

FC
	10

12
	1.2
	11.54
	1.13NS

	3.

4.
	UTC

FTC
	12

10
	- 2.4
	- 20.0
	


NS – Not Significant
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FIGURE – XVII

DROP TEST
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FIGURE – XVIII

SINKING TEST


From the above Table – XXII and Figure – XVIII depicts that absorbency time is less in all treated samples over their original. The maximum absorbency of both finished cotton and tencel cotton fabric of about 11.54 and – 20.0 per cent respectively. Statistically proved that there was no significant difference. Thus it could be concluded that among all the samples cotton and tencel cotton finished sample have higher absorbency. 

4.2.5.3   Wetting by Wicking


The absorbency of unfinished and finished samples of cotton and tencel cotton by wicking test are discussed below.

TABLE – XXIII

WETTING BY WICKING

	S.No.
	Sample
	Mean Absorbency (cm)
	Gain / Loss over original
	Percentage gain / loss over original
	‘F’ Value

	1.

2.
	UC

FC
	9.5

2.8
	- 6.70
	- 70.5
	28.7**

	3.

4.
	UTC

FTC
	4.6

5.0
	0.42
	9.05
	


** Significant at one per cent level.


From the above Table – XXIII and Figure – XIX that the cotton finished fabric have maximum increase in absorbency of about – 70.5 when compare to untreated bleached fabric. But in tencel cotton finished fabric have less in absorbency when compared to unfinished bleached fabric. From this table that there was a significant difference at one per cent level. Thus it could be concluded that the cotton finished fabric was maximum raise in absorbency than the tencel cotton after finishing.

4.2.6
Mosquito Repellency Test

4.2.6.1   Cage Test


The mosquitoes inside the cage was not sat (even one time) on the finished samples of cotton and tencel cotton fabric because of the smell and reaction of finishes. The mosquitoes was sat on the unfinished sample of cotton and tencel cotton fabric because it was not having any finish. From this test, it could be concluded that there was a reaction after finish on the selected fabric.

4.2.6.2   Cone Test


The finished samples of cotton and tencel cotton fabric were not pricked by a single mosquito because of the smell of the finish. But in the unfinished sample of cotton and tencel cotton fabric was pricked by many mosquitoes. It was noted by many observations.

4.3
Wash Durability


Adolescent girls night dress was used for nearly 15 times and washed after every usage. Then the washed garment was evaluated for its mosquito repellency after 5, 10 and 15 times. After 5 wash the garment shows good mosquito repellency and its effect was reduced gradually by 10 and 15 washes (Figure – XX). 
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FIGURE – XIX

WETTING BY WICKING
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FIGURE – XX

WASH DURABILITY

V.  SUMMARY AND CONCLUSION


The textile sector is facing new challenges in the modern days and every technician is giving the best to face these challenges. The world that would lead us would be astonishingly hi-tech and materialistic. To ensure our security and safety from the future hazards, we need to equally develop the technology for our protection. Protective textiles are among one such smart application of smart technology in textiles. Protective textiles refers to those textiles products which have a functionality of giving production from something in some or the other sense. Mosquito repellent finished textiles are also a part of protective textiles which help in protection from the species that are prone to cause damage in some or the other manner.


Mosquitoes are among the most common and widely distributed insects. It has earned a worldwide reputation as torturers of man and animals, also disease carriers as they have helped shape the world’s history. Mosquitoes are classified as one of the deadliest pests known to man. The activity of mosquitoes is affected by climate, light and temperature.


Mosquito repellent textiles is one of the revolutionary ways to advance the textile field by providing the much needed features of driving away mosquitoes, especially in the tropical areas. It protects the human beings from the bite of mosquitoes and there by promising safety from the mosquito borne disease, such as malaria, dengue fever, chicken guina and filariasis. Taking all these into considerations the investigator decided to work on mosquito repellent using natural and herbal finishing agent on cotton and tencel cotton fabrics.


Hence the present study was carried out to study the “NATURAL MOSQUITO REPELLENT FINISH ON WOVEN COTTON AND TENCEL COTTON FABRICS USING Phyllanthus niruri AND Vetiveria zizanioides” with the following objectives :

· To select natural fabrics.

· To select the natural mosquito repellents.

· To optimize the various parameters for finishing.

· To compare the effect of selected natural mosquito repellent finish on cotton and tencel cotton fabrics.

· To evaluate the unfinished and finished samples after wash, both subjectively and objectively.


Based on the properties like absorbency, bio-degradable, non-toxic, high strength, non-allergic, cool and softness, 100 per cent cotton and tencel yarn were obtained from the local market and were converted into 100 per cent cotton fabric and tencel cotton fabric (50 : 50) respectively. 


Natural finishes have many advantages such as non-toxic, biodegradable, cost effective and availability. Phyllanthus niruri (Keelanalli) leaves and Vetiveria zizanioides (Vetiver roots) were selected as natural finishing agent. These natural finishing agent could not adhere into the fabric directly and require a binder. The easily available source like citric acid was selected as a binder. Extraction of herbal solution was done by ethanolic method.


The pilot study was conducted using two natural finishing agent to optimize the concentration, time and temperature. Several samples of bleached cotton and tencel cotton fabric were taken. The fabric was finished using a natural extract in different concentration, time and temperature. Then it was evaluated both subjectively and objectively and tested for mosquito repellency.


Based on the results of the pilot study, the selected natural sources were mixed and natural extracted in 50 : 50 proportion, temperature 80(C and time 90 minutes were taken. Then the finish was applied on the fabric by using padding mangle. The treated fabric was constructed into night dress for adolescent girls. The constructed dress were given to adolescent girls for wear study. The adolescents girls were asked to wear the night dress from 6 pm – 6 am for a period of one week. After every wear the garments were washed. 

EVALUATION OF SAMPLES


Evaluation of unfinished and finished sample of cotton and tencel cotton were made by subjective evaluation such as wearer’s opinion, visual inspection, objective evaluation such as yarn testing, fabric testing, mechanical, physical, comfort properties and mosquito repellency test. The results of laboratory tests were analysed statistically.

SUBJECTIVE EVALUATION


Visual inspection revealed that the finished samples of cotton and tencel cotton excellent in general appearance, texture, evenness of finishing and lustre.

OBJECTIVE EVALUATION

· The minimum and maximum strength of cotton yarn was 19 and 24 kg the strength of tencel yarn was 25 and 27 kg respectively. Statistically proved that the tencel yarn had better strength than the cotton yarn. 

· Elongation of cotton yarn ranged from 1.6 to 1.7 inch, whereas tencel yarn ranged from 6.5 to 15 inches. Statistically proved that the tencel yarn had better elongation than the cotton yarn. 

· The twist of cotton yarn ranged from 19.5 to 24.1 inch and tencel yarn from 18.6 to 21.5 inch. Statistically proved that the cotton yarn had more twist than the tencel yarn. 

· Eighty five per cent of the judges rated, the appearance of cotton yarn as fair whereas ninety per cent of them rated tencel yarn as good. Hence it was concluded that the appearance of tencel yarn had more uniformity than the cotton yarn. 

· The fabric weight of the FC and FTC fabrics have the maximum increase of about 3.3 and 2.5 per cent respectively. Statistically proved that there was a significant difference at one per cent level.

· The fabric thickness of the FC and FTC was increased by about 6.0 and 12.1 per cent when compared with UC and UTC fabrics. 

· Fabric count of the finished sample was increased in warp both in cotton and tencel cotton of about 9.5 and 31.1 and the finished samples were decreased in weft by 12.07 and 9.7 per cent when compared with UC and UTC fabrics. Statistically proved that the difference between the FC and FTC was significant at one per cent level. 

· Strength of the FC and FTC fabrics along warp showed increase upto 18.7 and 22.4 per cent respectively. In weft also the same increase was noted about 22.5 and 28.4 per cent when compared with UC and UTC fabrics. Statistically proved that the difference between the FC and FTC was significant at one per cent level. 

· Elongation of the FC fabric has increased in warp 71.5 per cent and FTC fabric has decreased by 16.2 per cent. Statistically proved that the difference between the FC and FTC was significant at one per cent level. 

· Abrasion resistance of the FC fabric has decreased  by 16.4 per cent and FTC has increased upto 29.4 per cent. 

· Drapability of the FC was increased upto 21.4 per cent and in FTC has decreased by 10.6 per cent when compared with UC and UTC fabrics. Statistically proved that the difference between the FC and FTC was significant at one per cent level. 

· Fabric stiffness of the FC and FTC has decreased in warp 18.5 and 28.8 per cent and in weft 4.88 and 18.8 per cent respectively. 

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

· From the cage test it was identified that the finished fabric of cotton and tencel cotton have good mosquito repellency.

· The cone test proved that the mosquito repellency property have increased in the finished samples of cotton and tencel cotton fabrics.

· The wash durability test result revealed that the finished fabrics of cotton and tencel cotton were more effective upto five washes when compared with the unwashed samples, due to the application of finish on the fabric using padding mangle. 

CONCLUSION


From this study it was concluded that Phyllanthus niruri and Vetiveria zizanioides were the natural and herbal finishing agent which were applied on the fabric using padding mangle which have given stability of finish on the fabric. The natural finishing agent were eco-friendly bio-degradable, non-toxic, non-irritant to the skin. It shows good repellent property when applied on the cotton and tencel cotton fabrics were evaluated by cage test, cone test and wear study. The value of fabric weight, fabric thickness, fabric count, strength, elongation, absorbency in both cotton and tencel cotton fabrics were increased. The values of fabric stiffness, drapability, abrasion resistance were decreased due to the finish applied on the fabric. The mosquito repellent of tencel cotton finished fabric showed greater repellency than the finished cotton.

RECOMMENDATION

· Further work can be done to increase the mosquito repellent effect, by using different natural herbal sources.

· To carry out the work on different varieties of regenerated cellulosic fibres.

· To select a source which gives both dyeing and mosquito repellent finishing such as chrysanthemum flower. 
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APPENDIX – III

VISUAL INSPECTION

	Rate scale in percentage
	UC
	FC
	UTC
	FTC

	General Appearance

d) Excellent

e) Good

f) Fair
	
	
	
	

	Texture

d) Soft

e) Medium

f) Coarse
	
	
	
	

	Evenness of Finishing

d) Even

e) Partially Even

f) Uneven
	
	
	
	

	Lustre

d) High

e) Medium

f) Low
	
	
	
	


APPENDIX – IV

QUESTIONNAIRE USED FOR WEARER’S OPINION 

ABOUT THE NATURAL MOSQUITO REPELLENT 

FINISHED NIGHT DRESS

1.
Name

:

2.
Age

:

3.
Educational Qualification
:

4.
Address
:

5.
Phone Number
:

6.
Are you comfortable with the natural mosquito repellent finished night dress ?
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   Highly satisfied
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   Satisfied
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  Moderate     
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   Poor

7.
Whether the natural mosquito repellents finish is durable ?
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   Yes


[image: image61.wmf]W

   No

8.
If, yes, mention the durability of the finish.
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   5 days
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   10 days
    
[image: image64.wmf]W

   15 days
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   20 days

9.
Do you have any mosquito bite while wearing this natural mosquito repellent finished night dress ?
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   Yes
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   No

10.
Do you have any odour while wearing this natural mosquito repellent finished night dress ?
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   Yes
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   No

11.
If yes, Give the type of odour.
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   Pleasant
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   Unpleasant

12.
Is there any colour deformation while wearing this finished night dress?
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   Yes
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   No

13.
Are you satisfied with the natural mosquito repellent finished night dress ?
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   Yes
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   No


































_1334099522.xls
Chart1

		UC

		FC

		UTC

		FTC



Series 1

Samples

Mean Fabric Stiffness (inches)

2

1.9

2.2

1.8



Sheet1

				Series 1		Series 2		Series 3

		UC		2		2.4		2

		FC		1.9		4.4		2

		UTC		2.2		1.8		3

		FTC		1.8		2.8		5

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






_1334099541.xls
Chart1

		UC

		FC

		UTC

		FTC



Series 1

Samples

Mean Fa bric Count

84

74

68

61



Sheet1

				Series 1		Series 2		Series 3

		UC		84		2.4		2

		FC		74		4.4		2

		UTC		68		1.8		3

		FTC		61		2.8		5

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






_1334099551.xls
Chart1

		Cotton

		Tencel



Series 1

Cotton (Grade B)
(85%)

Cotton(Grade A)
(90%)

0.85

0.9



Sheet1

				Series 1		Series 2		Series 3

		Cotton		85%		2.4		2

		Tencel		90%		4.4		2

		Category 3		3.5		1.8		3

		Category 4		4.5		2.8		5

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






_1334099555.xls
Chart1

		Cotton

		Tencel



Series 1

Cotton1.7

Tencel 5.7

1.7

5.7



Sheet1

				Series 1		Series 2		Series 3

		Cotton		1.7		2.4		2

		Tencel		5.7		4.4		2

		Category 3		3.5		1.8		3

		Category 4		4.5		2.8		5

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






_1334099558.xls
Chart1

		Cotton

		Tencel



Series 1

Cotton21

Tencel 26

21

26



Sheet1

				Series 1		Series 2		Series 3

		Cotton		21		2.4		2

		Tencel		26		4.4		2

		Category 3		3.5		1.8		3

		Category 4		4.5		2.8		5

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






_1334099553.xls
Chart1

		Cotton

		Tencel



Series 1

Cotton21.60

Tencel20

21.6

20



Sheet1

				Series 1		Series 2		Series 3

		Cotton		21.60		2.4		2

		Tencel		20		4.4		2

		Category 3		3.5		1.8		3

		Category 4		4.5		2.8		5

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






_1334099546.xls
Chart1

		UC

		FC

		UTC

		FTC



Series 1

Samples

Mean Fabric Thickness (mm)

0.26

0.28

0.24

0.27



Sheet1

				Series 1		Series 2		Series 3

		UC		0.26		2.4		2

		FC		0.28		4.4		2

		UTC		0.24		1.8		3

		FTC		0.27		2.8		5

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






_1334099548.xls
Chart1

		UC

		FC

		UTC

		FTC



Series 1

Samples

Mean Fabric Weight (GSM)

126

131

94

96



Sheet1

				Series 1		Series 2		Series 3

		UC		126		2.4		2

		FC		131		4.4		2

		UTC		94		1.8		3

		FTC		96		2.8		5

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






_1334099543.xls
Chart1

		UC

		FC

		UTC

		FTC



Series 1

Samples

Mean Fa bric Count

98

108

78

102



Sheet1

				Series 1		Series 2		Series 3

		UC		98		2.4		2

		FC		108		4.4		2

		UTC		78		1.8		3

		FTC		102		2.8		5

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






_1334099531.xls
Chart1

		UC

		FC

		UTC

		FTC



Series 1

Samples

Mean Elongation (inches)

0.7

1

15.5

1



Sheet1

				Series 1		Series 2		Series 3

		UC		0.7		2.4		2

		FC		1		4.4		2

		UTC		15.5		1.8		3

		FTC		1		2.8		5

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






_1334099536.xls
Chart1

		UC

		FC

		UTC

		FTC



Series 1

Samples

Mean Tensile Strength (kg)

80

98

41

52



Sheet1

				Series 1		Series 2		Series 3

		UC		80		2.4		2

		FC		98		4.4		2

		UTC		41		1.8		3

		FTC		52		2.8		5

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






_1334099539.xls
Chart1

		UC

		FC

		UTC

		FTC



Series 1

Samples

Mean Tensile Strength (kg)

85

101

43

52



Sheet1

				Series 1		Series 2		Series 3

		UC		85		2.4		2

		FC		101		4.4		2

		UTC		43		1.8		3

		FTC		52		2.8		5

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






_1334099534.xls
Chart1

		UC

		FC

		UTC

		FTC



Series 1

Samples

Mean Elongation (inches)

0.7

1

0.7

0.6



Sheet1

				Series 1		Series 2		Series 3

		UC		0.7		2.4		2

		FC		1		4.4		2

		UTC		0.7		1.8		3

		FTC		0.6		2.8		5

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






_1334099527.xls
Chart1

		UC

		FC

		UTC

		FTC



Series 1

Samples

Mean Co-efficient in percentage

0.4

0.5

0.5

0.4



Sheet1

				Series 1		Series 2		Series 3

		UC		0.4		2.4		2

		FC		0.5		4.4		2

		UTC		0.5		1.8		3

		FTC		0.4		2.8		5

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






_1334099529.xls
Chart1

		UC

		FC

		UTC

		FTC



Series 1

Samples

Mean Abrasion Resistance (gm)

2.71

2.26

2.12

2.75



Sheet1

				Series 1		Series 2		Series 3

		UC		2.71		2.4		2

		FC		2.26		4.4		2

		UTC		2.12		1.8		3

		FTC		2.75		2.8		5

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






_1334099524.xls
Chart1

		UC

		FC

		UTC

		FTC



Series 1

Samples

Mean Fabric Stiffness (inches)

2.4

1.9

2.6

1.9



Sheet1

				Series 1		Series 2		Series 3

		UC		2.4		2.4		2

		FC		1.9		4.4		2

		UTC		2.6		1.8		3

		FTC		1.9		2.8		5

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






_1334099433.unknown

_1334099441.unknown

_1334099512.xls
Chart1

		After  5 wash

		After 10 wash

		After 15 wash



Sales

5

10

15



Sheet1

				Sales

		After  5 wash		5

		After 10 wash		10

		After 15 wash		15

		4th Qtr		1.2

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






_1334099517.xls
Chart1

		UC

		FC

		UTC

		FTC



Series 1

Samples

Mean Absorbency in seconds

10

12

12

10



Sheet1

				Series 1		Series 2		Series 3

		UC		10		2.4		2

		FC		12		4.4		2

		UTC		12		1.8		3

		FTC		10		2.8		5

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






_1334099519.xls
Chart1

		UC

		FC

		UTC

		FTC



Series 1

Samples

Mean Absorbency in seconds

10

66

20

20



Sheet1

				Series 1		Series 2		Series 3

		UC		10		2.4		2

		FC		66		4.4		2

		UTC		20		1.8		3

		FTC		20		2.8		5

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






_1334099514.xls
Chart1

		UC

		FC

		UTC

		FTC



Series 1

Samples

Mean Absorbency in cm

9.5

2.8

4.6

5



Sheet1

				Series 1		Series 2		Series 3

		UC		9.5		2.4		2

		FC		2.8		4.4		2

		UTC		4.6		1.8		3

		FTC		5		2.8		5

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






_1334099443.unknown

_1334099445.unknown

_1334099447.unknown

_1334099448.unknown

_1334099446.unknown

_1334099444.unknown

_1334099442.unknown

_1334099437.unknown

_1334099439.unknown

_1334099440.unknown

_1334099438.unknown

_1334099435.unknown

_1334099436.unknown

_1334099434.unknown

_1334099429.unknown

_1334099431.unknown

_1334099432.unknown

_1334099430.unknown

_1334099238.unknown

_1334099239.unknown

_1334099237.unknown

