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1.  INTRODUCTION


‘Clothes makes the man’ is an old saying which we accept as a truism. Today the importance of clothing is recognized everywhere from the richest to the poor, from inhabitants of large cities to inhabitants of remote areas and in all age groups, says Kulshrestha and Kashyap (2007).


Textiles have been manufactured using various technologies since time immemorial. Innovation in textiles have become the order of the day and newer technologies are cropping up paving way for newer applications in textiles, says Sudha et al. (2006). Health and hygiene are the primary requirements for human beings to live comfortably and work with maximum efficiency, states Thilagavathi et al. (2007).


Cotton, the “King of natural fibres” is still reigning the apparel industry inspite of developments in synthetic fibres, describes Saraf and Alat (2005). Cotton is one of the major crops cultivated in India. Cotton is distinguished by its good absorption of fluids, biodegradability, breathing activity, drapability, easily sterilized, heat resistant, high wet strength, insulating properties non‑allergic, non-irritant, renewable resources, softness and water retention capacity, reveals Halcombe (2005). Cotton cloth will reduce the heat and increase the energy level of a person, says Raji (2008).


More and more textile researchers, producers and manufacturers are looking for biodegradable and sustainable fibers as an effective way of reducing the impact that textile have on the environment. The green minded consumers are looking for eco-friendly hygiene products. Thus the emphasis of textile industry has shifted to new and exciting developments in fibre technology and their application exploring newer fields. The minor natural fibres are being discovered by the researchers have been utilized for producing speciality textiles, remarks Teli and Prabhu (2006).


Bamboo-the natural, green and eco-friendly new-type textile material of the 21st century. Bamboo is the fastest growing woody plant on this planet. Bamboo textiles have many fantastic properties that when combined make a truly amazing fabric. It is breathable and cool, has a nice luster, extremely soft, fast water absorption performance and anti-bacterial. It successfully avoids pilling and shrinkage problems, says Devi et al. (2007). Thus bamboo fibres are the newest thing to hit the textile arena, reports Gomathi and Manoharan (2009). It is known as “breathing eco-fibre” and “queen of fibre” – New Cloth Market (2009).


Blending enables technicians to combine fibres so that the good qualities are emphasized and poor qualities are minimized. Thus today blending is done mainly to improve functional properties, to facilitate process, to add bulk and warmth to combine appearance and performance, reports Ola and Pant (2000) and Kaplan (2002).


Knitting is the second most frequently used method of fabric construction, the first being weaving. In recent years, the knitted fabrics are much in demand due to their snug fitting, stretchability, easy care, soft handle and wrinkle resistant quality, says Sangwan and Khambra (2006). 

In the modern day, the image of textile is changing from its conventional function to its special functions, state Kathirvelu et al. (2009). Over the years the focus on textile garments have shifted from general to specific applications. Today customers demands more value for money through different level of comfort, durability and functionality, says Sampath (2003). In apparels, finishing are widely used to add value to garments through effects varying from various feels such as soft, supple, dry feel, bouncy feel, to add the functionality and durability of the garment such as water-oil repellent finish, wrinkle-free finish and fragrant finish, reports Prasad (2007). 


Fragrance finish is a type of speciality finish, it means the process which enhance the value of the product by adding some incentives to it (www.fibre2fashion.com). It prevents the fabric from bad odour after long use, makes the garment as well as the environment fresh, also imparts softness to the fabric, describes Edward (2005). This type of finish is mainly used for infants and children garments.


Outside his mother’s womb the newborn baby will react to the variable temperature of his new environment. Babies heat up and cool off more quickly than do grow-ups. So next in importance to the baby’s food is his clothing. The rest and comfort cannot be obtained unless his clothing is correctly choosen and well cared for. Baby clothes should be soft, non-irritating to the baby’s sensitive and tender skin. A delicate skin demands soft materials. The three “musts” in clothing the newborn baby are warmth, comfort and hygiene qualities, says Gupta et al. (2005). 


Diapers are hygiene absorbent products engineered to absorb and contain body fluid of the body, states Basu and Ghosh (2008). Diapers are primarily worn by children who are not yet potty trained or suffer from bedwetting. Diapers can be made of cloth or non-disposable materials. Diapers are of two types cloth diaper and disposable diapers. Disposable diapers are more expensive and also considered to be an environmental threat. They take upto 500 years to decompose in a land fill. The main disadvantages of disposable diapers are they do not degrade, the waste contains heavy metals, industrial solvents and dioxins. But, the cloth diapers are good and cheap. They can be used many times. Cloth diapers are prepared by natural materials such as cotton, terry or flannel. Babies can experience the moisture while using cloth diapers (www.tenderbabycare. com). The main advantage of cloth diapers is that they place less stress on landfills as compared to single-use diaper. Hence in the present research the investigator has aimed to develop cloth diapers from bamboo, cotton, bamboo-cotton knitted fabrics with fragrant finish and study its properties. 

The objectives of the research are to :

(1) Conduct a survey to elicit information among selected mothers about the available baby cloth diapers.

(2) Blend bamboo and cotton fibres and spin them into bamboo-cotton yarns.

(3) Knit cotton and bamboo yarns into cotton, bamboo and bamboo-cotton fabrics.

(4) Wet process the knitted fabrics.

(5) Apply commercial fragrant finish on the knitted fabrics.

(6) Construct baby cloth diapers from the finished fabrics.

(7) Evaluate their physical and aesthetic properties. 
2.  REVIEW OF LITERATURE


The review of literature pertaining to the study entitled “DEVELOPING NON-DISPOSABLE KNITTED BABY DIAPERS WITH FRAGRANCE FINISH” is given under the following aspects :


2.1
Cotton


2.2
Bamboo


2.3
Blending


2.4
Knitting


2.5
Finishing


2.6
Fragrance Finish


2.7
Baby Diapers

2.1
COTTON


Cotton is the world’s leading textile fibre, says Venkidusamy and Ramasundaram (2000) and Gokarneshan (2003). Cotton undoubtedly, a traditional as well as a most modern textile material – Colourage (2000). Cotton is a soft, natural cellulosic fibre, it is a soft, staple fibre that grows in a form of a ball around the seeds of the cotton plant, quotes Rastogi (2009). Patel (2005) reveals that cotton is the purest form of cellulose found in nature and considered as the “king of textile fibres”. Cotton is the backbone of the world’s textile trade. No other material is quite like cotton. 

Cotton is the important of all natural fibres, accounting for half of all the fibres used by the world’s textile industry. It has concerned 57 per cent of the total textile market, says Kaplan (2002). Indian cotton has wide acceptability in the world market. As cotton is one of the major crops cultivated in India. It accounts for more than 75 per cent of the total fibre consumption in the spinning mills and more than 58 per cent of the total fibre consumption in the textile sector – New Cloth Market (2004).

2.1.1
History


Cotton was first grown about 4000 years ago in India. In ancient, past, people in most of the countries were not aware about the cotton fibres. They were dependent only on animal fibres for apparel as well as for meeting other requirements relating to safety and shelter, expresses Pal and Rao (2003). From ancient days, India has been a manufacturing nation and an exporter of fine cotton fabrics to all nations of the civilized world, describes Narayanaswamy (2010). 

2.1.2
Manufacturing Process

Cotton fibre

Ginning
          Bale formation

Finishing 




   Blow room

  Dyeing or printing




     Carding

Weaving

   Knitting



     Drawing     Combing

(Optional)

Winding

Spinning

    Roving
Singh (2008)
FIGURE  I

MANUFACTURING PROCESS OF COTTON FABRIC

2.1.3
Properties


In cotton, nature has given an all-round utility that is second to none. Cotton has many qualities that make it the best choice for countless end-uses.

· Cotton fibres have a natural twist that makes them suitable for spinning into a very strong yarn.

· The ability of water to penetrate right to the core of the fibre makes it easy to remove dirt from the cotton fabrics (Kaplan, 2002). 

· Cotton fabric is soft and comfortable to wear close to the skin because of its good moisture absorption qualities, charges of static electricity do not build up readily on the clothes, infer Davis (2006).

· The cotton fabrics have a pleasant ‘feel’ or ‘handle’. They are cool in hot weather. No matter how tightly woven a cotton fabric but it will permit the body to breathe well. 

· It has medium strength, a good conductor of heat very absorbent and it is very comfortable to wear, reveals Ola and Pant (2000).

· Cotton has a unique property that allow even finished goods to be easily recycled or repurposed. Thus it facilitates to produce eco-friendly textiles – New Cloth Market (2007).

· Mishra et al. (2009) expresses that cotton fabrics are characterized by good wearing qualities, excellent launderability, good colour fastness, easy dyeability thus cotton is termed as “white gold” of the fibres.

2.1.4
End-Uses


Cotton is the backbone and basic foundation of the world’s textile trade and industry due to its versatility and utility among the consumers, reveals Ghosh (2004). Invention of various man-made fibres which can be produced with desired properties are not able to compete with this ever-demanding fibre in popularity, states Pal and Rao (2003).

· Unspun raw cotton finds its uses in mattresses, upholsteries for stuffing purposes, reports Kumar (2002). Cotton has many versatile intrinsic qualities that make it a fibre for all masses and occasions, remarks Narayanan (2005). 

· The fibres can be made into a wide variety of fabrics ranging from light weight voiles to heavy sail clothes and thick piled velveteen, suitable for a variety of wearing apparel, home furnishes and industrial uses (Students Britannica, 2000).

· Cotton can withstand repeated washings and is therefore ideal for household goods and garments. 

· They are widely used in making rainwear fabrics, boots, shoes, carpets, curtains, clothing and hats.

· Heavy cotton yarns and materials are used for tyres, cords and marquees, tarpaulins and industrial fabrics, says Rastogi (2009) and Anbumani and Babu (2008). 

2.2
BAMBOO


Bamboo, the tall, tree like grass is the fastest growing woody plant and an enduring natural resource on the planet. Bamboo fibres are quickly emerging now in the fashion world, reveals Devi et al. (2007). Bamboo fibre is a cellulosic fibre extracted and fabricated from natural bamboo and is made from the pulp of bamboo. They are praised as “the natural, green and eco-friendly new-type textile material of 21st century”, says Saravanan and Prakash (2007). The bamboo fabrics are the newest thing to hit the textile arena, reports Gomathi and Manoharan (2009).


The bamboo fabric is light and soft. It has a natural sheen that feels like silk or cashmere. Bamboo textiles have many fantastic properties that when combined make a truly amazing fabric, reveals Devi et al. (2007). 

2.2.1
History


Bamboo possess a long and ancient history in China. It has not only been given recognition by the writers and arts in history, but also offered people abundant resources for their life including clothes, food, household goods, vehicles and entertainment, infer Rekha and Sudam (2009).


Bamboo plants are giant, fast growing grasses that have woody stems. Bamboo is a group of woody perennial evergreen plants in the true grass family Poaceae, subfamily Bambusideae and tribe bambuseae (www.en.wikipedia.org). Bamboos, a tribe of gramineae, are arbarescent tall grasses inhabitating the humid tropical and extra-tropical regions mainly in Asia and South America. They grow in tropical to mild temperature regions of Asia and Islands of the Indian and Pacific oceans. They can attain heights ranging from 10 to 15 centimetres (about 4 to 6 inches) in the smallest species to more than 40 metres (about 130 feet) in the largest, states Hardin et al. (2009).


Bamboo grows more rapidly than tress and can grow several feet in 24 hours. Bamboo grows without the aid of fertilizers, pesticides or any chemical assistance hence it is truly an eco-friendly product, reports Thinamalar (2008). 

2.2.2
Manufacturing Process

Bamboo 


Thick pulp

Fine pulp

Bamboo fibre

Bamboo yarn

Fabric

-  Saravanan and Prakash (2007)

FIGURE – II

BAMBOO FIBRE FABRIC PRODUCTION


A chemical-free process distills the bamboo into cellulose fibre. Bamboo fibre resembles cotton in its unspun form, a puffball of light, airy fibres, states Gokarneshan et al. (2009). Bamboo fibres were obtained by first removing the node and the thin bark of the main stalk. The culm was then soaked for three days and beaten and scraped to remove the individual fibre, conveys Hardin et al. (2009). Bamboo fibre and starchy pulp are refined product of bamboo stems and leaves through a process of hydrolysis alkalization and multi-phase bleaching, reports Shanmugasundaram and Sujatha (2009). This is the commercial method of extracting fibre. Raghavan (2007) describes that bamboo fibre is a natural cellulosic fibre that comes from nature and completely returns to nature in end. Bamboo can be spun pure or blended with other materials such as cotton, hemp, silk, lyocell, etc. 

2.2.3
Properties 


Bamboo fibre has many excellent properties that make it ideal for processing into textile material.

· Bamboo has natural breathability which keeps the wearer comfortable and dry for longer time. It wicks away moisture from the body then evaporates thus keeping the fabric naturally drier. It is 3-4 times more absorbent than cotton – New Cloth Market (2007).

· The cross-section of the bamboo fibre is filled with various micro‑gaps and micro‑holes which absorbs and evaporates human sweat in split second. It is never sticking to skin even in hot summer.

· Bamboo fabric is warm in cold weather, the same micro structure acts as a base layer, the warm air gets trapped, thus keeping the wearer warm. Bamboo is naturally cooler in summer and warmer in winter (www.bambooclothes.com).

· The scientists found that bamboo owns a unique anti-bacteria and bacteriostasis bio-agent named “bamboo-kun” naturally. This natural feature is retained in fabric form. Bamboo fabric is anti‑bacterial, anti‑fungal and anti‑static. This quality keeps bamboo fresher for longer, they are also healthier and more hygienic.

· Japanese Textile Inspection Association found that even after bamboo fabric had been washed 50 times, it still possessed excellent anti‑bacteria and bacteriostasis functions. Its test result showed that over 70 per cent of bacteria incubated on bamboo fibre fabric did not survive (Das and Hati, 2010).

· Bamboo fabrics are characterized by having good hydroscopic property, easiness to straighten, good dye absorption and need only less dyestuff than other fibres (www.bambrotex.com).

· Anti-ultraviolet nature of bamboo fibre has made it suitable for summer clothing especially for pregnant ladies and children. 

· Bamboo clothing is skin-friendly, non-allergic, strong, durable, smooth and luxuriously comfortable, reports Parthiban and Viju (2009).

· Devi et al. (2007) describes that bamboo fabrics are green and environmental friendly. It takes up more green house gases and releases more oxygen. Bamboo is a renewable resource and the manufacturing of the yarn is done in an environmentally friendly way.

2.2.4
End Uses

· Bamboo-due to its unique properties become highly versatile. Intimate apparels include sweaters, bath suits, underwear, tight t-shirt, socks, etc. (www.fibre2fashion.com).

· Bamboo fabrics made from pure bamboo fibre yarns, which have excellent wet permeability and moisture vapour transmission. These properties are used to make mats, blankets, bath robes, towels, diapers, other lingerie and all types of clothing and linen.

· Bamboos are very advantageous for utilization in decorating industry because of its antibiosis, bacteriostasis, ultraviolet proof function. Wall paper, curtains made from bamboo fibre can absorb UV rays thus they lessen the harm to human body. Bamboo decorating series include curtains, TV cover, wall papers, sofa slip covers, etc. (www.swicofit.com).

· Bamboo sanitary materials include bandage, mask, surgical clothes, nurses’ wears, sanitary towel, gauze mask, absorbent pads, food packing (www.bamboo-t-shirt.com). 

· Bamboo has found place in significant fashion circles. As it has good absorption and is breathable it can be used in making any type of garments especially sportswear. The softness of bamboo yarn also makes it ideal for making infant wear.

· Bamboo pulp is also used for making non-woven fabrics that are then used in making hygiene products such as sanitary napkin, masks and absorbent pads, opines Rekha and Sudam (2009). 

2.3
BLENDING


The term ‘blending’ is used by the yarn manufacturer to describe specifically the sequence of processes required to convert two or more kinds of staple fibres into a single yarn composed of an intimate mixture of the component fibres. This is necessary to obtain a uniform yarn from different varieties of the same fibrous polymer, describes Charankar et al. (2007).


Fibre blends can be between manmade fibres and natural fibres or among themselves. Some of the well-known blends spun on the cotton system are polyester-cotton, polyester-viscose, polyester-polynosic, acrylic-cotton, polyester-cotton-polynosic, bamboo-cotton, says Salhotra (2006). 

2.3.1
Advantages

· The main advantages of blending of two or more fibres include functional and aesthetic aspects of yarns and fabrics process performance, economy and incorporation of fancy effects in yarns and fabrics. 

· Blending of dissimilar fibres is to improve the functional properties of fabrics so as to get the desired results in terms of wear or service life, crease resistance, crease recovery, dimensional stability and wear comfort. 

2.3.2
Bamboo-Cotton Blend


Bamboo fibre is frequently being used in blends with cotton in textile industry. Bamboo-cotton blending is usually done using 50 / 50 combinations. Since bamboo fibre resembles to cotton in its cellulosic structure, bamboo together with cotton fibre will be compatible in blends, says Gun et al. (2008). Bamboo when blended with cotton, many of the bamboo properties are retained while adding the beauty of cotton (www.secondwindjewelry.com). Bamboo-cotton blended fabric has greater dimensional stability than 100 per cent bamboo and it is more cost-efficient which adds cottony softness to bamboo’s slicker hand (www.textileworld.com). 

2.4
KNITTING


“Knitting” is a word each one of us attributes to an elderly women leisurely sitting on a rocking chair, knitting sweaters for her loved ones. Today we have seen the knitting engineers transfer this grandma technique into such a high technology industry, that the manufacturing of knitted fabrics is providing to be an important boon to the modern man-kind, the second most important fabric construction after weaving, says Nadkarni (2001). Knitting is the production of fabric by forming loops with yarn which are interlaced in a variety of ways to form the fabric, describes Padma and Subramaniam (2003).


Knitting differs from weaving in that a single piece of yarn can be used to create fabric. The knitted fabric consists of horizontal rows known as courses and vertical columns of loops known as wales, remarks Johnson (2006). Knitting is one of the most important processes for producing garments and worldwide represents a considerable and increasing percentage of the production’s apparel. It is estimated that over 7 million tones of knitted goods are produced annually throughout the world, says Hanhadijaeva (2009).

2.4.1
History


The term knitting is derived from the ancient Sanskrit word “Nahayti”, views Ahmed (2000). Knitting which originates with the knotting of fishnets and snares by ancient people, defines Thomas (2006). 


The Arab, conquerors of Spain imported the technique of knitting from their homeland after 1000 A.D. Fragments of knitted  cloth have been found at the site of Dura Europos, an ancient Syrian city founded in 280 B.C. and other example from the middle east date from the middle of 3rd century A.D. Hand knitting seems to come to Europe only during the middle ages, reveals Collier and Tortora (2000). Traditional hand knitting needles or pins is thought to have existed as early as the 5th century, although other simpler techniques of intermeshing and knotting of yarns existed much earlier. The first real evidence of a production knitting machine was the stocking frame, invented by Revered William Lee in 1589. Wilson (2004).

2.4.2
Importance


The popularity of knitting has grown tremendously within recent years of the growth in the consumer demand for snug fitting garments, says Vandhani (2001). The advantage of stretchability in knitted fabrics is an important consideration when fit and comfort are concerned. They fit the figure but do not bind it.

· Knitted fabrics give warmth because of their insulative air‑pockets contained in its construction. They are porous and provide “breathing” comfort because body movement cause the loops to expand and contract thus pushing air-through close fitting garments.

· Knitted fabrics are very absorbent, light in weight and wrinkle resistant. It is unnecessary to iron them after packing and laundering, quotes Gupta et al. (2005).

· Knitting is growing tremendously in recent years because, the manufacturing cost of knit goods are approximately 50 per cent lower than woven fabrics. 

· Similarly higher productivity, lower noise level, lower tension for the yarn during knitting are extra advantage of knitting method, reveals Sangwan and Khambra (2006).

2.4.3
Classification


The knitting industry is divided into two distinct sectors. They are weft knitting and warp knitting (Halcombe, 2005). Gupta et al. (2005) reports that knitted fabrics are divided into two general types, those produced by weft knitting where one continuous yarn forms courses across the fabric and those produced by warp knitting, where a series of yarn forms wales in the lengthwise direction of the fabric.


Warp knitting is a method of making knitted fabrics in which the loops are made from each of several warp threads and the loops are formed along the length of the fabric, says Mahadevan (2003). Warp knitting differs from weft knitting basically in that each needle loops its own thread. There are seven types of warp knits, they are tricot, milanese, simplex, raschel, kitten raschel, crochet and weft insertion warp, states Anbumani (2007).


In weft knitting the loops are formed across the width of the fabric and each weft thread is fed more or less at right angles to the direction in which the fabric is produced, expresses Padma and Subramaniam (2003). Weft knit fabrics can be classified as single or double depending upon the number of independent needle sets required to produce them (NIIR Board). Plain single jersey, rib, interlock, purl are considered as the four basic weft knit structures, describes Ajgaonkar (1998).

2.4.4
Plain Knit


Plain knit is the simplest knit in the weft knitted structure usually abbreviated to plain fabric. Single knit plain fabric is comprised of rows of knitted stitches on the face of the fabric. The reverse of the fabric is comprised of all purl stitches. This fabric is known by several other names such as jersey, sweater knit, weft-knit, plain knit or stockinet, describes Colussy and Greenberg (2005). Nakamura (2000) reveals that plain knit is also called as Indian knitting or Merias knitting. 
2.4.4.1   Advantages of Plain Knit

· Plain knit fabric is extensible in both course-wise and wale-wise direction. The course-wise extension is approximately twice that of wales-wise direction.

· Plain fabrics are relatively thick compared to the diameter of their constituent yarns and are composed largely of air-space.

· They have excellent heat insulating properties.

2.4.4.2   End Uses


Traditionally, knitted garments have been used as inner wears, technological advancement and improvements in both aesthetic and functionality have elevated their place for outer wear, reports Khare et al. (2004).


Some of the knitted fabric products are mattress fabrics, loudspeakers, seating covers in cars, headliners, hat shelves, etc. The proportion of knitted goods is constantly increasing in home textile, automobile, medical and agricultural sectors, says Desai (2005). Plain knit fabrics are widely used in the manufacture of knitted outer wear, foot wear and all types of fashioned garments mainly for children and infants, reports Gupta et al. (2005). The shirts, socks and sweaters for daily use are mostly knitted in this pattern. Apart from this it is also used as the ground material for caps, hand gloves and ladies outdoor wear, says Nakamura (2000). 

2.5
FINISHING


As yarn and fabric come straight from the spinner, weaver or knitter they are rough in condition. Frequently, the material is harsh in handle and contains impurities, either added to facilitate the processes of manufacture or which are natural to the fibres, says Hall (2004). To clean them, improve their appearance and prepare them for the market, they are made to undergo some extra processes after they have left the loom. ‘Finishing’ is the term used to cover all these processes, says Singh (2007).


Colussy and Greenberg (2005) defines finish is anything that alters the hand or performance of a fibre, yarn or fabric. A finishing operation has its main function to impart aesthetic appeal and improvement of the functional performance of the textile fabric.


Textile finishing is the final step in the fabric manufacturing process which enhances the performance or even adds special functional properties to the fabric, remarks Lam et al. (2009).

Finishing processes include the fabric preparatory processes like desizing, scouring, bleaching and mercerizing.

2.5.1
Preparatory Processes

2.5.1.1   Singeing
Singeing is the process of removing the protruding fibre ends at the fabric surface by passing the fabric over gas burners which run the width of the machine, one set for each side of the fabric.

2.5.1.2   Desizing
Desizing is the process of removing the starch which is applied during warping process, generally done with alkali, detergents and sequesterants.

2.5.1.3   Scouring
Scouring is a treatment with strong alkali that extracts cotton waxes and destroys other non-cellulosic impurities resulting in a more absorbent fabric with great improved wettability. It is usually carried out with alkaline detergent at 95(C for 60 minutes followed by rinsing, explains Park (2009).

2.5.1.4   Bleaching

Bleaching is a process to improve the whiteness of textile material by using common bleaching agents like hydrogen peroxide, sodium hypochlorite, sulphur-di-oxide and sodium chloride – New Cloth Market (2007).

2.5.1.5   Mercerization
Mercerization is a process by means of which the yarn or cloth is rendered lustrous and silky in appearance, usually done with a cold solution of caustic soda, reports Barker (2007). 

2.5.3
Classification


Finishing process can be divided into two major categories. They are physical or mechanical method and chemical methods, temporary finishes, semi-permanent or durable finishes and permanent finishes.

	FINISHES



	MECHANICAL FINISH
	CHEMICAL FINISH

	Beething

Brushing and shearing

Calendering 

Tentering

Moireing

Embossing

Glazing

Napping

Weighting

Sizing

Sanforizing 
	Mercerizing

Crease resistant

Creping

Fire proof finish

Water proof and water repellent

Soil release finish

Oil repellent finish

Fragrant finish


-  Mullick (2007)

FIGURE – III

CLASSIFICATION OF FINISHES

2.6
FRAGRANCE FINISH


Fragrant finishing of textile is the process to enhance value of the product by adding some incentives to it (www.fibre2fashion.com/fragranefinish /asp). Fragrance finish combines reliable odour prevention by absorbing unpleasant smells with lasting freshness through the release of pleasing perfumes (Colourage, 2006). Fragrance finish is also known as “scent-sational finish” (www.printindia.com). 

Fragrance textiles is an inspiration from aromachology. The word aromachology is a hybrid of ‘aroma’ and ‘physiology’. Essential oils and perfumes have a significant effect on human emotions. Use of fragrance can cure diseases, infection and indisposition, opine Kaur and Chakraborty (2009). Various aromas like lavender, rose, jasmine, orange, lemon, musk, mint are available, reports Colourage (2006). The application of fragrance finish include paper, hand-kerchiefs, gift wrapping, ornaments, greeting cards, advertising brochures, books, cartons and labels. In women’s hosiery, fragrance finish is mainly given to their T‑shirts, says Kathirvelu et al. (2008). 

2.6.1   Advantages

· Fragrance finish prevents the fabric from bad odour after long use.

· Makes the garment as well as the environment fresh.

· Apart from fragrance it also imparts softness to the fabric, points out Edward (2005).

· Fragrant apparels and interior textiles such as bed sheets, quilt covers, curtains, carpets and bed gowns are good for inducing relaxed sleep and eliminating fatigue.

· Perfumed toys make it easier for children to get closer to nature, reveals Kaur and Chakraborty (2009).

2.7
BABY DIAPERS


Absorbent hygiene products have made an important contribution to the quality of life and skin health of millions of people. Among the absorbent product applications, the baby diaper area is the largest volume user, says Pal (2009). From nursery to nursing home people encounter absorbent products throughout the course of their lives. The largest market of absorbent product today is diapers, remarks Thiry (2008). Diapering serves as a bonding experience for parent and child. Gupte (2007) reveals that a good mother must give adequate attention to the newborn’s clothing with special reference to diapers or napkins. Baby feel the mother’s touch, hears the voice of her, watches her face, responds to her giggling while changing diapers, describes Sears and Sears (2005). Diapers are hygiene absorbent products engineered to absorb and contain body fluid of the baby. When used they are adjusted and fastened around baby’s legs and buttocks, opines Basu and Ghosh (2008). 


Generally baby diapers should be soft, pliable and not irritating they should provide ventilation to allow moisture to evaporate, opines Gupta et al. (2005). The primary performance requirement of baby diapers include softness, fit, “skin-wellness” which means keeping the skin free from chafing and rashes, can include breathability, moisture protection. Other features are, they should be thinner, stronger materials at lower weight with odour control and aesthetic appeal, reveals Thiry (2008). 


The value of diapers lies in their power of imbibing the liquids that they contact – New Cloth Market (2004).

2.7.1
Classification of Diapers


Parents are always confused about baby diapers. There are two types of diapers, cloth or non-disposable diaper and disposable diapers, remarks Vimala and Ramalakshmi (2008). For a young baby, the most important single item of clothing is diaper. There are many ways to diaper a baby using cloth by folding it to fit the body’s size and for travelling, for emergencies, disposable diapers may be used, says Sharma (2006).

2.7.1.1   Disposable Diapers


The disposable diaper is a composite article consisting of an inner covering layer or an absorbent pads sandwiched between two sheets of fabric, opine Horrocks and Anand (2006). The composition of an average diaper are core (70%), polypropylene (10%), polyethylene (13%), other components like tapes, elastics, adhesives (7%), says Basu and Ghosh (2008). Diapers of disposable type are easy to use and requires less time but they have many demerits than its merits. Their disadvantages are listed below :

Disadvantages

(1) More expensive

(2) Baby’s do not experience moisture

(3) Polyacrylate gel in them cause some side effects like allergic reactions, skin irritations and toxic shock syndrome.

(4) Increases the burden on landfill sites.

(5) Considered to be an environment threat

(6) Million tons of wood pulp are used each year.

(7) Produce seven times more solid waste than non-disposables.

(8) Prevention is the key to keeping diaper rash from occurring. Some ways of preventing diaper rash are fresh air, cleanliness and use cloth diapers. Studies have shown that the use of single use of disposable diapers increases the likelihood of diaper rash. 
(www.chemistryexplained.com)

2.7.1.2   Cloth Diapers


Cloth diapers can be used many times and they are prepared by natural materials such as cotton, terry or flannel. They are also available in variety of shapes and sizes. Cloth diapers are fasten with Velcro, safety pins and special diaper covers. There are different types of cloth diapers, the traditional ones are square shaped and need to be pinned up, modern triangular and rectangular fold diapers are also available. Layered or double lined diaper are used for greater protection for night use (www.babycare.iloveindia.com).

Advantages

· They are 100% reusable

· Much less expensive than disposable diapers

· Babies can experience the moisture while using non-disposable cloth diapers.

· They leak less than disposable diapers

· No nasty chemicals in them.

· So much better for the environment.

· They naturally breathe so reduce the risk of diaper rash

· Cloth diapers are cooler and best to wear in hot weather.

· More comfortable 

(www.articlesbase.com/babies-articles)

2.7.2
Functions of Baby Diapers


The major functions of baby diapers are that they should

(1) Absorb body fluid

(2) Retain the absorbed body fluid

(3) Isolate wetness from the baby’s skin

(4) Isolate other excretion from baby’s environment like clothes, bed etc., describes Pancholi and Naik (2008).

3.  EXPERIMENTAL PROCEDURE


The experimental procedure pertaining to the study entitled “DEVELOPING NON-DISPOSABLE KNITTED BABY DIAPERS WITH FRAGRANCE FINISH” is given under following headings :

3.1
Survey

3.2
Selection of Fibre

3.3
Blending

3.4
Selection of Fabric Formation

3.5
Pretreatment for Knitted Fabrics

3.6
Procedure for Finishing the Fabric

3.7
Construction of Baby Diapers

3.8
Evaluation of Finished Fabrics

3.9
Evaluation of Finished Diapers

3.10
Nomenclature

3.11
Statistical Analysis
3.1
SURVEY

3.1.1
Selection of Sampling Techniques


Sampling is simply the process of learning about population on the basis of a sample drawn from it. Different types of sampling techniques are used for drawing a sample plan. 


Purposive sampling is also called “deliberate sampling” or “judgement sampling”, reveals Gupta (2001). A judgement sample is one which the investigator used his judgement in the choice and includes only those items of the universe in the sample which he or she considers as most typical of the convenience, opines Saravanavel (2007) and Borse (2005). In this study, purposive sampling technique was used. So, purposive sampling was used to select the samples for this study.

3.1.2
Selection of Samples


Mother’s with infants were preferred for this study because, mother and baby seemed to be in harmony and mother’s opinion about baby diapers will be the right data for the study. Babies’ upto 2 years come under the classification of infants, reveals Vimala and Ramalakshmi (2008). The investigator visited paediatric nursing homes and housing areas to meet mothers with infants. Depending upon the willingness to answer the questions the investigator selected fifty mothers to collect information regarding baby diapers.

3.1.3
Selection of Data Collection Method


The reliability of managerial decisions depends on the quality of data which can be ensured by the usage of a fitting data collection method, states Panneerselvam (2007). Here the investigator used personal interview as the method of collecting data. In this method the interviewer collects information through face to face contact with the selected samples. This method is particularly suitable for intensive investigations which require high level of reliability as well as confidentiality, says Sharma (2002).

3.1.4
Preparation of Interview Schedule


Interview schedule helps one to understand the feeling of the interviewer and elicit relative information. They provide first hand information. Considering the above fact, the investigator prepared an interview schedule and used it to collect information regarding the usage of diapers, type of diapers used, model, type of material preferred and special finishes needed. The interview schedule used for the study is presented in Appendix – I.

3.1.5
Conducting the Survey


The selected mothers were met during their visit to the hospital and in their homes during their leisure time, after meeting them the investigator posted each questions in the interview schedule and systematically recorded their answers.

3.1.6
Analysis of the Data


Analysis of data is an important step in problem solving and these procedures are required in any kind of research to arrive at meaningful result. The collected data was consolidated, analysed and presented in the Results and Discussion chapter. 

3.2
SELECTION OF FIBRE


Fibres are natural or chemical structures that can be spun into yarns. Cotton the king of fibre (Plate – I) is the purest form of cellulose found in nature, highlights Patel (2005). The great historian Herodotus who lived around 480 years before the Christian era mentioned in his writing, cotton as “natural wonder”, reports Sujatha and Naik (2006). Cotton is the most widely used textile fibre (Plate – II) and it dominates the market of natural fibres, reveals Parthiban and Ramanathan (2009). The superiority of cotton is due to the easy availability, comfort during wear, drapability, strength, biodegradability, non-allergenic and excellent washing property (Plate – III). 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, states Bhattacharya and Patel (2004).


Bamboo (Plate – IV) is now being made into fabric that has wonderful characteristics. They are the newest thing to hit the textile arena. Bamboo textiles (Plate – V) have many fantastic properties like hypoallergenic, absorbent, breatheable and cool, excellent luster, anti-bacterial property, states Gomathi and Manoharan (2009). They absorb and evaporate moisture quickly and keep the wearer comfortable and dry for a very longer period (Plate – VI), says Rekha and Sudam (2009). Hence bamboo and cotton fibres were selected for the study.
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	PLATE – I

COTTON PLANT
	PLATE – II

COTTON FIBRE
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	PLATE – III

COTTON FABRIC
	PLATE – IV

BAMBOO PLANT
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	PLATE – V

BAMBOO FIBRE
	PLATE – VI

BAMBOO FABRIC


3.3
BLENDING


Sangwan et al. (2006) reports that fibres have been blended to produce fabrics of improved functionality, performance and greater consumer appeal. The purpose of making such blends is to produce yarns with qualities that cannot be obtained by using one type of fibre alone. Blending is mainly done to improve the positive attributes of the fibres that are blended together. Generally, the more intimate the mixing of fibres in the blends, the better the resulting properties, reveals Collier and Tortora (2000). Thus the bamboo and cotton fibres are blended in 50 : 50 proportion and then they are spun into 30’s count yarn (Plate – VII).
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PLATE – VII

BAMBOO – COTTON FABRIC

3.4
SELECTION OF FABRIC FORMATION


The popularity of knitting has grown tremendously in recent years due to increased versatility and the growth in consumer demand for wrinkle resistant, stretchability and snug fitting, states Nawaz et al. (2000). Weft knitting is the fastest, more flexible and easy to change in styles and designs and therefore occupies a coveted place. Circular weft knitted fabrics are highly elastic and extensible, reports Khare et al. (2004). Among the weft knit structure plain single jersey fabrics are highly extensible, porous and thicker. So, the investigator selected knitting method for the fabric formation of selected bamboo, cotton and bamboo-cotton yarns. They were fabricated in a circular weft knitting machine with single jersey or plain knit structure. The details of the selected materials are given in Appendix – II.

Machine Parameters


Name of the machine
:
Mayer and Cie


Number of feeders

:
75


Machine diameter

:
30



Speed of the machine
:
60 rpm


GSM



:
145 grams / sq. mt.


Type of needle used
:
Latch needle

3.5
PRETREATMENT FOR KNITTED FABRICS


All fabrics are not essentially attractive while they are in process of spinning and weaving or knitting. To clean them, improve their appearance, bring out their distinctive characteristics and prepare them for the market, they are made to undergo some preparatory processes like desizing, scouring and bleaching, point out Singh (2007). 

3.5.1
Desizing


Desizing is the process of removing the starch that is applied to the fabric in the warping process. Desizing can be done in various ways such as boiling, acid steeping and enzymatic method. Acid steeping method was used to remove the starches from the fabric.

Recipe for Desizing


Weight of the fabric

:
1000 gms


Hydrochloric acid

:
4 – 5 drops.


Water



:
30 litres


Temperature


:
30(C - 40(C


The selected fabrics were desized in a water bath containing few drops of HCl acid and 30 litres of water. Then the temperature was maintained between 30(C - 40(C for minutes. After half-an-hour the desized fabric was taken out and rinsed thoroughly, until the water runs clear. 

3.5.2
Scouring


In wet processing, scouring plays an important role as it imparts absorbency to the fibre by removing undesirable impurities, says Patra et al. (2004). 

Recipe for Scouring


Weight of the fabric

:
1000 gms


Sodium hydroxide

:
20 gms


Sodium bicarbonate

:
10 gms

Wetting agent

:
few drops

Water



:
20 litres


Temperature


:
80(C 


Time



:
30 minutes


The desized fabrics were scoured with the use of above chemicals in a bath containing 20 litres of boiling water. The boiling temperature of water should be maintained at 80(C for half-an-hour. Then they are rinsed in running water until the water runs clear.

3.5.3
Bleaching


Bleaching is the final treatment to complete the purification which at the same time ensures the production of a good white colour, opines Hall (2004).

Recipe for Bleaching


Weight of the fabric

:
1000 gms


Hydrogen peroxide

:
30 gms 


Sodium silicate

:
30 gms


Soda ash


:
20 gms


Water



:
20 litres


Wetting agent

:
few drops


The selected fabrics were bleached in a bath containing the above ingredients and the fabric was boiled for one hour. Then the fabric was taken out and then rinsed thoroughly in running water and dried under shade. After drying the fabric was again weighed and noted. 

3.6
PROCEDURE FOR FINISHING THE FABRIC


According to Shanmugasundaram (2009), fragrance finishing of textiles is the process to enhance the value of the product by adding some incentives to it. Generally there are two ways for the application of fragrance finish to the textile materials, either by using natural source or by using commercial fragrance finish chemicals. Here the investigator used the later method for finishing the pretreated fabrics. 


Commercial finishing compounds are chemicals that are readily available in the market. There are many companies like Rossari, Bio-Tech, Dystar that provide fragrance finish chemicals. The investigator choosed Rossari’s Lavendo – a fragrance finish chemical (Plate – VIII) depending upon its easy availability and popularity among the buyers, to finish the selected fabrics. Though there are many finishing methods like exhaust method, pad dry method, the investigator used padding method for finishing the fabric because the finish done by this method have long life than others. The recipe for finishing the fabric is given below. 


Method of application
-
Padding method


Fragrance used

-
Lavendo
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PLATE – VIII

LAVENDO FRAGRANCE

TABLE - I

INGREDIENTS FOR FINISHING

	S.No.
	Chemicals used
	Amount

	1.

2.

3.

4.

5.

6.
	Fragrance chemical

Binder – Citric acid (Plate – IX)

Softner (Plate – X)

Material liquor ratio

Temperature of the water

Padding pressure
	10 per cent of weight of fabric

5 grams

100 ml

1 : 20

Cold water

2 kg / cm2
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	PLATE – IX

BINDER – CITRIC ACID
	PLATE – X

SOFTNER



The samples were weighed first and noted carefully. The ingredients mentioned above was also measured and poured into the padding mangle (Plate  XI). After pouring the chemicals, cold water was mixed into it. Then the fabric was placed between the rollers and the time was set for 1 hour in the padding mangle. After one hour the finished fabric was taken from the padding mangle and dried under shade for better result. 


The details of the finished samples are given in the Appendix – III.

	[image: image12.png]




	PLATE – XI

PADDING MANGLE


3.7
CONSTRUCTING BABY DIAPERS


Wingate (2000) defines that a diaper is a piece of soft towel or paper which are fasten round a baby’s bottom in order to soak up its urine and faeces. Cloth diapers or non-disposable diapers are the one which can be used many times and are available in variety of shapes, sizes and fastening types. The investigator designed the diaper according to the preferred information collected from the survey conducted. Baby diapers are constructed in two phases, they are preparation of absorbent layer and the skin touching / outer layer. 

3.7.1
Preparation of Absorbent Layer


Absorbent layers are the core layer placed in between the outer layer so that they can hold the body wastes within them. The investigator choosed raw bamboo fiber and absorbent cotton fiber as the core material for absorbent layer. 

Bamboo Diaper


Raw bamboo fibre was used as an absorbent layer for bamboo diapers. The raw fibres are mixed thoroughly so that their entanglements and dirts were removed through hand pulling. After removing, the fibres were arranged uniformly to form a lap. In order to lay them flat the lap was pressed with hot iron.

Cotton Diaper


Cotton fibre was used as an inner absorbent layer for cotton diaper. According to Nakamura (2000), the cotton which is made easily absorbent by removing the natural wax in it is called as absorbent cotton. Cotton absorbent layer was prepared by the same procedure as mentioned before in bamboo diaper and they were used for cotton diapers. 

Bamboo – Cotton Diaper


The investigator used raw cotton and bamboo fibre and formed laps. The fibres were blended equally and a uniform layer was prepared and this absorbent layer was used as an absorbent core for bamboo – cotton diapers. 

3.7.2
Outer Layer / Skin Touching Layer


Fragrance finished bamboo, cotton and bamboo cotton fabrics were used as outer layer for the diapers. The functions of outer layer is that to absorb the liquid quickly from the baby’s body and not to leak them out from the absorbent layer.

3.7.3
Constructing Procedure for Baby Diapers


Traditionally baby diapers are just a piece of fabric that can be folded either into triangular or rectangular shape and fastened with the pins. But today diapers are of ready to wear type. The following steps were followed to construct the diaper (Plate – XII). 

(1) All the three fabric was cut to hour-glass shape that was preferred by most of the mothers.

(2) Then the prepared absorbent layers was placed in between two pieces of fabrics, the upper layer serves as a skin touching layer and the lower one as the outer layer.

(3) Then the absorbent core was stitched firmly to the outer layer with the help of industrial sewing machine. 

(4) Along with stitched layer another outer layer was placed and the outer edges was finished with piping technique of edge finishing.

(5) Finally, Velcro was attached to the finished diaper. The same procedure was followed to complete all three types of diapers made of bamboo, cotton and bamboo-cotton fabrics. The finished diapers were presented. 
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PLATE – XII

CONSTRUCTION OF BABY DIAPERS

[image: image14.png]



PLATE – XII

CONSTRUCTION OF BABY DIAPERS

3.8
EVALUATION OF FINISHED FABRICS


The bamboo, cotton and bamboo-cotton fabrics were evaluated both subjectively and objectively after finishing.

3.8.1
Subjective Evaluation

3.8.1.1   Visual Inspection


The finished bamboo, cotton and bamboo-cotton fabrics were evaluated by visual inspection. The finished samples were evaluated by 25 judges comprising post graduate students of Textile and Clothing department, Avinashilingam Deemed University for Women, Coimbatore. Samples were displayed in a chart for easy evaluation. A proforma was given to the judges and they were requested to evaluate the finished fabrics. The proforma included details regarding appearance, texture and luster and is given in Appendix – IV. The data was collected and presented in the chapter Results and Discussion.

3.8.2
Objective Evaluation


The objective evaluation tests performed for the finished fabrics are as follows :

1. Assessment of physical properties

2. Assessment of mechanical properties

3. Assessment of comfort properties 

3.8.2.1   Assessment of Physical Properties

· Fabric Weight


Fabric weight can be described in two ways either as the weight per unit area or weight per unit length and expressed as gram per square metre, reveals Sakshi et al. (2000). The method of obtaining weight per unit area, which means one has to weigh a known area and divide the weight by the area, says Jewel (2005).


The finished fabrics were laid on the table and samples were cut using GSM Cutter at 5 different places. And then the samples were weighed using electronic weighing balance. All the samples were weighed and the results were recorded accurately to the nearest 0.001 mg then their mean weight was calculated.

· Fabric Thickness


Fabric thickness is defined as the distance between the upper and lower surface of the material measured under a standard pressure, using the Shirley’s Thickness Tester with an accuracy of 0.01 mm as explained by Stocker et al. (2005). Thickness gauge has two parts, they are anvil and the pressure foot, which works under a lever stirring action. The top dial indicates the thickness of the sample in thousand of an inch. Each division on the dial reads 0.01 mm. The lever was pressed and the sample was placed in between the anvil and the pressure foot, the lever was then released slowly. The thickness of the sample was noted from the dial, five readings were noted carefully and the mean value was calculated. 

· Stitch Density


Khare et al. (2004) defines stitch density as the total number of loops in a square area measurement such as square inch. Stitch density is calculated by multiplying the course per inch and wales per inch values.

· Wales per Inch


It is also known as wale count. Wale is defined as a column of loops in successive courses. The column is parallel with the loop axis.

· Course per Inch


Course is the series of successive loops lying cross-wise of knitted fabric, that is, lying at right angles to a line passing through the open throat to the closed end of the loops, says Nawaz et al. (2000).


The fabric was laid without tension on a horizontal smooth hard surface and the length of the sample should be measured. The number of wales or course loops in a distance of one inch was counted with the help of pick glass or thread counter at 5 different places spaced equally across the length and width of the fabric.

3.8.2.2   Assessment of Mechanical Properties

· Bursting Strength


Fabric strength can be divided into 3 areas : its resistance to tensile force, its resistance to tearing force and its resistance to bursting face.


Bursting strength is the uniformly distributed force over a given area applied normal to the fabric surface, which is needed to break a fabric. Generally used for knitted fabrics, states Dhurai and Arun (2004). The bursting strength of a fabric was determined using Hydraulic Bursting Strength Tester. A specimen of the fabric was clamped over an expandable diaphragm. The diaphragm was expanded by fluid pressure to the point of specimen rupture. Now the difference between the total pressure required to rupture the specimen and the pressure to initiate the diaphragm is reported as bursting strength. Five readings were noted from the pressure gauge and its mean was calculated and noted carefully. 

· Abrasion Resistance


Abrasion is the wearing away of any part of a material by rubbing against another surface, states Dhurai and Arun (2004). The abrasion resistance  of  a  fabric  was  tested  using  Martindale  Abrasion  Tester. Samples were cut based on the template given with the equipment. After cutting the samples, they were placed on the circular specimen holders which were mounted under desired load on the brass plate, subjected to multidirectional motion. The abrasion paper was fastened to each of the four tables beneath, such that the fabric mounted on the specimen holder rub uniformly against the abrading surface. The rubs were standardized to 10. Weight of the sample before and after abrasion was noted with the help of electronic weighing balance and their difference was calculated.

· Pilling Test


Pilling is a fabric surface fault characterized by little “pills” of entangled fibres clinging to the cloth surface, reveals Saville (2004). According to Basu (2006), pills are defined as bunches or balls of tangled fibres that are held to the surface of a fabric.


The pilling test was carried out in the ICI pilling box. The template given with the instrument was used to cut the samples. The face side of each specimen was marked. Each specimen was folded, keeping face side inwards, so that the notches coincide exactly at their points. They were sewn along the line between the two notches. Then the sample was mounted on a rubber tube. Four specimens should be prepared and placed into both sides and the lids were closed. The machine was set to run for 4 hours. After 4 hours the fabric samples was removed from the rubber tube and compared against the standard photographs. 

3.8.2.3   Assessment of Comfort Properties

· Fabric Drape


Fabric drape may be explained as the extent to which a fabric deforms when it is allowed to hang under its own weight, says Sujatha and Naik (2006).


The  drape of a fabric was determined using Eureka Drape Meter. Samples and brown papers were cut into circular form of ten inches diameter using the template. The sample was sandwiched between the two horizontal discs of smaller diameter and the unsupported annual ring of fabric was allowed to hang down under the action of gravity. The outer glass cover was closed and brown paper was placed on the glass lid. A planar projection of the contour of draped specimen was recorded on the brown paper and it was trimmed accordingly and weighed. Five readings were recorded and mean was calculated and the difference in weight was calculated. Drape co-efficient was calculated using the formula, 


Drape coefficient (F)   =   
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where, 
AD – Area of the specimen



Ad – Area of the supporting disc



AS – Actual projected area of the specimen

· Fabric Stiffness


According to Saini (2004), fabric stiffness indicates the resistance of the fabric to bending and it is a key factor in the study of handle and drape. Stiffness was measured by ‘Eureka Stiffness Tester’. Specimens were cut, to the size of the bending length scale using the scale itself as a template. The instrument was placed on a level table in such a manner that the mirror facing towards the operator. The specimen is placed lengthwise on the platform with ends coinciding with the front upper edge of the platform. The bending length scale was placed over the specimen such that zero of the scale coincides with the datum mark on the body of the instrument. Now the scale was pushed forward, carrying the specimen with it, until the end of the specimen is in line with the two lines inscribed on the acrylic sheets. Bending length was noted from the bending length scale. Five such readings of the bending length was noted from the scale and its mean value was calculated. 

· Absorbency Tests


Absorbency is defined as the propensity of a material to take in and retain a liquid, usually water, in the pores and interstices of material whereas wettability is defined as the time in seconds for a drop of water to sink into the fabric, state Saville (2004). Absorbency and wettability can be tested using various tests such as drop test, sinking test, capillary rise test and spray test. 

· Drop Test


A burette filled with distilled water was clamped in a burette stand. The fabric sample was mounted on an embroidery frame and was placed at the base of the burette stand. The distance between the sample and burette nozzle was kept constant. Just a drop of water was allowed to fall on the fabric sample by opening the burette nozzle. Simultaneously, stop watch was started and it was stopped when the drop of water sunk fully into the fabric sample. The time taken for this was noted. The same procedure was repeated for five times and their mean value was calculated and noted. 

· Sinking Test


In this sinking method, fabric samples was used to test their wettability. The fabric samples was cut into a number of equal sized squares of 1” x 1” and a 1000 ml beaker was filled with distilled water. Then the sample was dropped from a standard height. The stop watch was started when the fabric touches the surface of water and stopped when the last corner sank below the water surface. The time taken was noted carefully. The same procedure was repeated for five times and their mean time for sinking was calculated and recorded for the fabrics.

· Capillary Rise Test


Five samples were taken with the size of 12 centimeter length and 2.5 centimeter width. The fabric was hung down vertically from one end and a weight  was  hung  from  the  other  end  to  keep   the   sample  straight. The fabric was immersed in the water till the height of 2 cm. Then after 60 seconds, the rise of the water level in the strip was measured. The same procedure was repeated for all samples and five readings for each fabric was taken and their mean value was calculated and noted.

· The Spray Test


The spray rating test is one used to measure the resistance of a fabric to surface wetting, says Saville (2004). In this test a small scale mock rain shower is produced by pouring water through a spray nozzle. The water falls onto the specimen which is mounted over a six inch diameter embroidery hook and fixed at an angle of 45(, says Basu (2006).


In this spray test, the fabric sample was mounted over the equipment with the help of an embroidery frame after mounting the sample 250 ml of water at 21(C was poured steadily into the funnel. The sample was left untouched until the spraying of water completes. After spraying, the sample holder was removed and the surplus water was removed by tapping the frame six time against a solid object. The tapping was done in such a way that, three taps at one point on the frame and three times at a point diametrically opposite to the first tap. Then the assessment of the fabric’s water repellency was done by comprising the sample with the “spray rating”. 

· Air-Permeability Test


Air-permeability can be defined as the rate of air flow under a differential pressure between the two fabric surfaces, defines Basu (2006). Air-permeability of a fabric can be tested using Shirley Air Permeability Tester.


Air at standard atmosphere is drawn from the laboratory through the test specimen by means of a suction pump, the rate of flow being controlled by means of the bypass valve and a series valve. The rate of flow is adjusted until the required pressure drop across the fabric is indicated on a draught gauge, graduated from 0 to 25 mm head of water. There was a reservoir which smoothes out any disturbance due to the varying velocities of the streams of air drawn through the various paths by the pump.


When the required pressure drop which is normally 1 cm of water is attained and the indicator draught gauge steady. 


The sum of all the rotometers values indicated the rate of flow of air in litres per hour. The test was repeated for 5 times and the mean was calculated. The air permeability can be calculated using the formula.


R  =  
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where
  R = rate of flow of air / cm2 of fabric


  r  =  mean rate of flow of air


  A =  area of fabric under test

3.9
EVALUATION OF FINISHED DIAPERS

3.9.1
Absorbency Test


As far as health care and hygiene products are concerned, they should possess higher absorbency property. Absorbent products like baby diapers, sanitary napkins, adults incontinence pads are tested for it absorbency property. The investigator used drop test and spray test method to evaluate the constructed diaper’s absorbency.

3.9.1.1   Drop Test


Drop test for the diapers has been done by the same procedure as for fabric. But the only difference is that, instead of mounting fabric sample on the embroidery frame, finished baby diaper was mounted so that its absorbent core placed over the centre of the frame. Time taken for absorbing a drop of water by the diaper was noted using stop watch. Five readings was taken and their mean value was calculated and noted carefully. 

3.9.1.2   Spray Test


Spray rating test was carried out for the constructed baby diaper by following the same procedure as for fabric. The spray rating was observed carefully and noted for each samples. 

3.9.2
Antimicrobial Test

· Agar Diffusion Method

The broth was prepared using 0.25 g of NaCl, 0.25 g of peptone, 0.15 g of beef extract and 50 ml of distilled water in order to grow the culture and it was incubated for 24 hours with the required species of bacteria inoculated in it. The Anderson’s medium for broth was prepared and the broth was sterilized. A small amount of dilute mixture is transferred to the centre of an agar plate and spread evenly over the surface with a sterile bent glass rod. Now the specimens of test materials are placed in intimate contact with already prepared broth. After incubation, for 24 hours a clear area of interrupted growth underneath and along the sides of test material indicated antimicrobial activity of the specimen (Plate – XIII).
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PLATE – XIII

ANTI‑MICROBIAL TEST

3.9.3
Wear Study

3.9.3.1   Selection of Sample


A sample is that part of universe which are selected for the purpose of investigation, defines Gupta (2005). The success of the study depends on the careful selection and investigation of the sample. So, considering the above facts, the investigator selected infants under the age group between 6 months to 1½ years for this study. Ten samples between this age-group were selected as a subject for the wear study (Plate – XIV).

3.9.3.2   Time and Number of Wear


The samples were asked to use the diaper instead of commercial cloth diapers. Views of the wearer’s mothers regarding comfort, feeling, skin problem and odour was evaluated using the proforma. The proforma used for evaluation was given in the Appendix – V.
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PLATE – XIV

WEAR STUDY

3.10
NOMENCLATURE


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

TABLE – II

NOMENCLATURE 

	Abbreviation
	Expansion

	O

F 

B

C

BC
	Original

Finished 

Bamboo

Cotton

Bamboo-cotton


3.11
STATISTICAL ANALYSIS


The results of the tests were analysed statistically by selecting appropriate tests. The difference between the samples and within the samples was analysed using ‘ANOVA’ test. 

4.  RESULTS AND DISCUSSION


The results of the study “DEVELOPING NON-DISPOSABLE KNITTED BABY DIAPERS WITH FRAGRANT FINISH” is discussed under the following headings : 

4.1
SURVEY 

4.2
SUBJECTIVE EVALUATION

4.3
OBJECTIVE EVALUATION 

4.3.1
Assessment of Physical Properties

4.3.2
Assessment of Mechanical Properties

4.3.3
Assessment of Comfort Properties

4.4
EVALUATION OF CONSTRUCTED BABY DIAPERS

4.1
SURVEY

· Usage of Diapers by the Mothers


The Table – III and Figure – IV shows the usage of diapers by the mothers for their child. 

TABLE – III 

USAGE OF DIAPERS BY THE MOTHERS 

N = 50

	S.No.
	Particulars
	Percentage

	1

2
	Yes

No
	100

0

	TOTAL
	100



From the Table – III and the Figure – IV, it is clear evident that 100 per cent mothers use diapers for their child and no one avoid diaper usage. Hence it can be concluded that diapers are used by every mother to keep the child comfort, hygiene and keep them clean all day. 
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FIGURE – IV

USAGE OF DIAPERS BY THE MOTHERS 
· Reason for Using Diapers


The  reason  for  using  diapers  are  given  in  the Table – IV and Figure – V.

TABLE – IV 

REASON FOR USING DIAPERS 

N = 50

	S.No.
	Particulars
	Percentage

	1

2

3
	Hygiene

Comfort

To reduce work load
	72

54

16

	TOTAL
	142



The Table – IV and Figure – V shows that most of the mothers use diapers for hygiene. Seventy two per cent of mothers use diapers for hygiene whereas 54 per cent for comfort of the child and only 16 per cent of mothers use diapers to reduce their workload. Hence it can be concluded that diapers are mainly used for hygiene purpose because hygiene keeps the child healthier and prevent from skin problems. 
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FIGURE – V

REASONS FOR USING DIAPERS 

· Type of Diapers


Table – V and Figure – VI clearly shows the type of diapers preferred by the mothers. 

TABLE – V 

TYPE OF DIAPERS PREFERRED 

N = 50

	S.No.
	Particulars
	Percentage

	1

2
	Disposable

Non-disposable
	46

68

	TOTAL
	114


​
From the Table – V and Figure – VI, it is clear that many of the mothers use non-disposable type, (68 per cent). Forty six per cent of them use disposable type diapers. Hence it was clear that non-disposable type of diapers have higher preference than disposable one because the former type can be used several times whereas the later cannot be used several times and they are too costly than cloth diapers. 
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FIGURE – VI

TYPE OF DIAPERS PREFERRED 

· Reason for Using Disposable Diapers


The reason for using disposable type diapers are given under the Table – VI and Figure – VII.

TABLE – VI 

REASON FOR USING DISPOSABLE TYPE DIAPERS

N = 50

	S.No.
	Particulars
	Percentage

	1

2

3
	Convenient

Reduced work load

Easy wearability and comfortable to use
	36

54

10

	TOTAL
	100



The Table – VI and Figure – VII shows a clear description that 54 per cent of the mothers prefer disposable diapers to reduce their work load and 36 per cent use disposable diapers as they are convenient to use. Only 10 per cent use because of its easy wearability and comfort. Hence it can be concluded that diapers of disposable types are mainly used for its reduced work load, because they need not to be cared or maintained. 
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FIGURE – VII

REASON FOR USING DISPOSABLE TYPE DIAPERS

· Reason for Using Non-Disposable Diapers


Table – VII and Figure – VIII shows the reason for using non-disposable diapers by the mothers. 

TABLE – VII 

REASON FOR USING NON-DISPOSABLE DIAPERS

N = 50

	S.No.
	Particulars
	Percentage

	1

2

3
	Cost efficient

Easy to care

Hygiene and repeated usage
	56

16

64

	TOTAL
	136



From the Table – VII and Figure – VIII, it is clear that non-disposable diapers are used due to its hygienic and repeated usage capability. Sixty four per cent use non-disposables for hygiene and repeated usage. Fifty six per cent use non disposable diapers because it is cost effective. Only 16 per cent prefer for easy care and handling. Thus it can be concluded that non-disposable diapers are used due to its hygiene and repeated usage capability.
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FIGURE – VIII 

REASON FOR USING NON-DISPOSABLE DIAPERS

· Preferred Diaper Designs


The preferred diaper design for the non-disposable diapers are given in the Table – VIII and Figure – IX.

TABLE – VIII

DESIGN OF DIAPERS PREFERRED 

N = 50

	S.No.
	Particulars
	Percentage

	1

2

3

4
	Elastic

Knotting

Velcro

Button
	36

44

68

6

	TOTAL
	154



From the Table – VIII and Figure – IX, it is clear evident that 68 per cent prefer Velcro model. Forty four per cent prefer knotting design. Thirty six per cent preferred for elastic design and only six per cent of mothers preferred for button diapers. Hence it can be concluded from the table and figure that Velcro model which has highest percentage was used for the study because the Velcro model diapers can be fastened easily and gives better comfort. 
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FIGURE – IX

DESIGN OF DIAPERS PREFERRED 

· Type of Material Preferred for Cloth Diapers


The Table – IX and Figure – X depicts the type of material preferred by the mothers for cloth diapers.

TABLE – IX

TYPE OF MATERIAL PREFERRED FOR CLOTH DIAPERS

N = 50

	S.No.
	Particulars
	Percentage

	1

2
	Woven

Knitted
	28

72

	TOTAL
	100



The Table – IX and Figure – X clearly shows that knitted fabric was preferred than woven. Seventy two per cent mothers prefer knitted fabric as far as cloth diapers are concerned and 28 per cent mothers prefer woven material.


Hence it is clear that knitted materials have higher preferences than woven because of its stretchability that provides comfort to the child. 
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FIGURE – X

TYPE OF MATERIAL PREFERRED FOR CLOTH DIAPERS
· Type of Skin Problem


The type of skin problem faced while using disposable diapers are clearly shown in the Table – X and Figure XI. 

TABLE – X

TYPE OF SKIN PROBLEM FACED WHILE 

USING DISPOSABLE DIAPERS

N = 50

	S.No.
	Particulars
	Percentage

	1

2

3
	Rashes

Red patches

Itching
	64

24

12

	TOTAL
	100



The Table – X and Figure – XI shows a clear evidence that type of skin problem faced frequently while using disposable diaper is the rashes. Sixty four per cent for rashes, whereas 24 per cent for red patches and 12 per cent for itching skin problem. Hence it can be concluded that diaper rashes occur while using disposable diapers because of its chemical substances present in it that cause allergic reactions. 
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FIGURE – XI

TYPE OF SKIN PROBLEM FACED WHILE USING DISPOSABLE DIAPERS

· Special Finish for Diapers


The type of special finish preferred by the mothers for the non-disposable or cloth diapers are given in the Table – XI and Figure – XII.

TABLE – XI 

TYPE OF SPECIAL FINISH PREFERRED FOR THE CLOTH DIAPER

N = 50

	S.No.
	Particulars
	Percentage

	1

2

3

4

5
	Fragrance finish

Anti-microbial finish

Absorbency finish

Cool finish

Others  (Specify)
	56

24

6

14

0

	TOTAL
	100



From the Table – XI and Figure – XII, it is clear that 56 per cent of mothers prefer fragrance finish. Anti-microbial finish was preferred by 24 per cent of mothers, whereas 14 per cent prefer cool finish and six per cent preferred absorbency finish for cloth or non-disposable diapers.


Hence it can be concluded that fragrance finish was preferred more for the diapers because they keep the body fresh for longer time. 
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FIGURE – XII

TYPE OF SPECIAL FINISH PREFERRED FOR THE CLOTH DIAPER

4.2
SUBJECTIVE EVALUATION

4.2.1
Visual Inspection


Visual inspection of original and finished samples were compared and the results are given in Table – XII.

TABLE – XII 

VISUAL INSPECTION

	Rate scale in percentage
	BO
	BF
	CO
	CF
	BCO
	BCF

	General Appearance

a) Excellent

b) Good

c) Fair
	4

78

18
	84

16

-
	-

46

54
	52

40

8
	26

68

6
	78

22

-

	Texture

a) Coarse

b) Rough

c) Soft and smooth
	-

8

92
	-

-

100
	2

56

42
	-

36

64
	-

28

72
	-

-

100

	Lustre

a) High

b) Medium

c) Low
	74

20

6
	100

-

-
	8

44

48
	60

32

8
	20

72

8
	94

6

-


1)
General Appearance


General appearance of BF, CF and BCF samples were rated as excellent by 84, 52 and 78 per cent of the judges respectively, whereas BO and BCO samples with 78 and 68 per cent were rated as good in their appearance. Only 54 per cent rated fair for cotton original fabric. The reason being dullness and impurities present in it.

2)
Texture


As far as texture was concerned, all samples except cotton original was rated as soft and smooth with 92 per cent for bamboo original, sixty four per cent for cotton finished. Seventy two per cent for bamboo-cotton original and BF, BCF were rated hundred per cent respectively. The texture of CO was rated as rough by 56 per cent of the judges.

3)
Lustre


The luster of BO, BF, CF and BCF samples were rated high by 74, 100, 60 and 94 per cent of the judges respectively. BCO fabric was rated by 72 per cent of the judges as medium whereas 48 per cent of the judges rated CO as low luster fabric.

As far as visual inspection was concerned, BF, CF and BCF fabrics have excellent general appearance, soft and smooth texture and luster fabrics. Thus it can be concluded that finishing helps in the aesthetic improvement of the fabric. 

4.3
OBJECTIVE EVALUATION 

4.3.1
Assessment of Physical Properties

4.3.1.1   Fabric Weight


The fabric weight for the original and finished bamboo, cotton and bamboo-cotton fabrics are given in the Table – XIII and Figure – XIII.

TABLE – XIII 

FABRIC WEIGHT

	S.No.
	Samples
	Mean (gms)
	Gain / Loss over original
	Percentage gain / loss over original
	‘F’ value

	1.

2.
	BO

BF
	151.6

143.4
	-

( 8.2
	-

( 5.4
	12.35**

	3.

4.
	CO

CF
	159.9

149.3
	-

( 10.6
	-

( 6.62
	

	5.

6.
	BCO

BCF
	135.2

147.2
	-

12
	-

8.87
	


**  Significant at one per cent level.


It is evident from the Table – XIII and Figure – XIII that the fabric weight of bamboo cotton finished fabric increased by 8.87 per cent whereas the fabric weight of bamboo finished and cotton finished decreased by 5.40 and 6.62 per cent respectively when compared to their originals. It was also clear that there is significant difference at one per cent level. Thus it can be concluded that fabric weight increased due to the finishing given to the fabric. 
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FIGURE – XIII 

FABRIC WEIGHT

4.3.1.2   Fabric Thickness


The fabric thickness for the original and finished bamboo, cotton and bamboo-cotton fabrics are given in the Table – XIV and Figure – XIV.

TABLE – XIV 

FABRIC THICKNESS

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

	1.

2.
	BO

BF
	0.47

0.39
	-

( 0.08
	-

( 17.02
	102.41**

	3.

4.
	CO

CF
	0.58

0.55
	-

( 0.03
	-

( 5.17
	

	5.

6.
	BCO

BCF
	0.44

0.44
	-

0
	-

0
	


**  Significant at one per cent level.


Table – XIV and Figure  - XIV shows that the finished samples of bamboo and cotton fabrics decreased in their fabric thickness by 17.02 and 5.17 per cent respectively, whereas there was no difference in fabric thickness of bamboo cotton finished sample. Statistically confirmed that there was significant difference between the samples at one per cent level. Hence it can be concluded that finished samples of bamboo and cotton fabrics decreased in their fabric thickness when compared to their originals due to the pressure applied during finishing and pre-treatment processes.
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FIGURE – XIV 

FABRIC THICKNESS

4.3.1.3   Stitch Density

· Wales per Inch

The number of wales per inch for the original and finished samples of bamboo, cotton, bamboo cotton fabrics are presented in Table – XV and Figure – XV.

TABLE – XV 

WALES PER INCH

	S.No.
	Samples
	Mean Number of wales per inch
	Gain / Loss over original
	Percentage gain / loss over original
	‘F’ value

	1.

2.
	BO

BF
	41

45
	-

4
	-

9.75
	0.2396NS

	3.

4.
	CO

CF
	43

46
	-

3
	-

6.97
	

	5.

6.
	BCO

BCF
	43

46
	-

3
	-

6.97
	


NS – Not Significant


From the Table – XV and Figure – XV, it is clear that in all finished samples wales per inch increased by the following percentages, when compared to their originals. Bamboo with 9.75 per cent, cotton and bamboo cotton fabric with 6.97 per cent respectively and it is also clear through statistical analysis that there is no significant difference among the samples. Thus it can be concluded that there was an increase in wales per inch of all the samples because of the shrinkage of the fabric that has occurred after finishing process. 
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FIGURE – XV 

WALES PER INCH

· Course per Inch

The number of courses per inch of original and finished bamboo, cotton and bamboo cotton fabrics were presented in Table – XVI and Figure – XVI.

TABLE – XVI 

COURSES PER INCH

	S.No.
	Samples
	Mean Number of courses per inch
	Gain / Loss over original
	Percentage gain / loss over original
	‘F’ value

	1.

2.
	BO

BF
	52

56
	-

4
	-

7.69
	59.42**

	3.

4.
	CO

CF
	57

63
	-

6
	-

10.52
	

	5.

6.
	BCO

BCF
	54

56
	-

2
	-

3.70
	


**  Significant at one per cent level. 


It is evident from the Table – XVI and Figure – XVI that courses per inch of bamboo, cotton and bamboo cotton finished fabrics increased by 7.69, 10.52 and 3.70 per cent respectively, when compared to their originals. It is statistically clear that significant difference exist at one per cent level among the samples. Thus it can be concluded that finishing process has increased the number of courses per inch for all the three fabric samples. 
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FIGURE – XVI 

COURSES PER INCH

4.3.2
Assessment of Mechanical Properties

4.3.2.1   Bursting Strength


Table – XVII and Figure – XVII depicts the bursting strength of original and finished samples of bamboo, cotton and bamboo cotton fabrics.

TABLE – XVII

BURSTING STRENGTH

	S.No.
	Samples
	Mean (kg / cm2)
	Gain / Loss over original
	Percentage gain / loss over original
	‘F’ value

	1.

2.
	BO

BF
	6.25

5.55
	-

( 0.07
	-

( 11.2
	2.122NS

	3.

4.
	CO

CF
	6.45

5.15
	-

( 1.3
	-

( 20.15
	

	5.

6.
	BCO

BCF
	5.65

5.45
	-

( 0.2
	-

- 3.53
	


NS – Not Significant.


From Table – XVII and Figure – XVII, It is clear that the bursting strength of the finished samples of bamboo, cotton and bamboo cotton fabrics decreased by 11.2, 20.15 and 3.53 per cent respectively. Since all the fabrics are made of single jersey structure there is no significant difference between the samples. It was concluded that the bursting strength of the finished samples of bamboo, cotton and bamboo cotton fabrics decreased due to the finishing treatment given to the fabric. 
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FIGURE – XVII 

BURSTING STRENGTH

4.3.2.2   Abrasion Resistance


The abrasion resistance of original and finished samples of bamboo, cotton and bamboo cotton fabrics were discussed in the Table – XVIII and Figure – XVIII. 

TABLE – XVIII 

ABRASION RESISTANCE

	S.No.
	Samples
	Mean (mg)
	Gain / Loss over original
	Percentage gain / loss over original
	‘F’ value

	1.

2.
	BO

BF
	6.265

3.177
	-

( 3.088
	-

( 49.28
	333.86**

	3.

4.
	CO

CF
	6.748

3.048
	-

( 3.7
	-

( 54.83
	

	5.

6.
	BCO

BCF
	6.583

3.080
	-

( 3.503
	-

( 53.21
	


**  Significant at one per cent level.


Table – XVIII and Figure – XVIII shows that finished samples have decreased abrasion resistance with following percentages. Bamboo finished 49.28 per cent, 54.83 per cent for cotton finished and 53.21 per cent for bamboo cotton finished fabrics. It is also clear that there is significant difference between the samples at one per cent level. 
Hence it can be concluded that abrasion strength decreased after finishing process and among the samples bamboo have maximum abrasion resistance than bamboo cotton and cotton finished samples. 
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FIGURE – XVIII 

ABRASION RESISTANCE
4.3.2.3   Pilling Test


The pilling resistance of the original and finished samples are given in the Table – XIX. 

TABLE – XIX 

PILLING TEST

	S.No.
	Samples
	Pilling Resistance

	1.

2.

3.

4.

5.

6.
	BO

BF

CO

CF

BCO

BCF
	2

3

2

3

3

4


1 – Very Severe Pilling
3 – Moderate Pilling

2 – Severe Pilling
4 – Slight Pilling 


From the Table XIX, it is clear that bamboo-cotton finished fabrics have maximum pilling resistance when compared to their originals. Bamboo, cotton and bamboo-cotton original fabrics have minimum pilling resistance. Thus it can be concluded that finished samples have high pilling resistance than originals. The reason being the softener applied during finishing process which has improved the surface of the fabric. 

4.3.3
Assessment of Comfort Properties

4.3.3.1   Fabric Drape


Table – XX and Figure – XIX shows the drapability of original and finished samples of bamboo, cotton and bamboo-cotton fabrics. 

TABLE – XX 

FABRIC DRAPE

	S.No.
	Samples
	Mean Coefficient (%)
	Gain / Loss over original
	Percentage gain / loss over original
	‘F’ value

	1.

2.
	BO

BF
	0.23

0.20
	-

( 0.03
	-

( 13.04
	572.66**

	3.

4.
	CO

CF
	0.39

0.35
	-

( 0.04
	-

( 10.25
	

	5.

6.
	BCO

BCF
	0.27

0.26
	-

( 0.01
	-

( 3.70
	


**  Significant at one per cent level.


The Table – XX and Figure- XIX shows that fabric drapability of all finished samples increased when compared to their originals. The drapability of bamboo, cotton and bamboo-cotton finished samples increased by 13.04, 10.25 and 3.70 per cent respectively. Statistical analysis of the datas also proved that significant difference exists between the samples at one per cent level. Hence it can be concluded that the fabric drapability increased after finishing process. 
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FIGURE – XIX 

FABRIC DRAPE
4.3.3.2   Fabric Stiffness


The following Table – XXI and Figure – XX represent the stiffness of the original and finished samples of bamboo, cotton and bamboo cotton fabrics. 

TABLE – XXI 

FABRIC STIFFNESS

	S.No.
	Samples
	Mean (inch)
	Gain / Loss over original
	Percentage gain / loss over original
	‘F’ value

	1.

2.
	BO

BF
	1.3

1.2
	-

( 0.1
	-

( 7.69
	2.85NS

	3.

4.
	CO

CF
	2.0

1.6
	-

( 0.4
	-

( 20.00
	

	5.

6.
	BCO

BCF
	1.7

1.4
	-

( 0.3
	-

( 17.64
	


NS – Not Significant.


It is evident from the Table – XXI and Figure – XX that the stiffness of the finished samples decreased by 7.69 per cent for bamboo, 20 per cent for cotton and 17.64 per cent for bamboo-cotton finished fabrics when compared to their originals. Statistically confirmed that there is no significant difference among the samples. It can be concluded that pretreatment and finishing processes decreased the fabric stiffness of bamboo, cotton and bamboo-cotton fabrics. 
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FIGURE – XX 

FABRIC STIFFNESS
4.3.3.3   Drop Test


Table – XXII and Figure – XXI shows the absorbency of original and finished samples of bamboo, cotton and bamboo cotton fabrics which were observed by drop test.

TABLE – XXII 

DROP TEST

	S.No.
	Samples
	Mean (sec)
	Gain / Loss over original
	Percentage gain / loss over original
	‘F’ value

	1.

2.
	BO

BF
	8

2
	-

6
	-

75
	7242.30**

	3.

4.
	CO

CF
	480

242
	-

238
	-

49.58
	

	5.

6.
	BCO

BCF
	6

1
	-

5
	-

83.33
	


** Significant at one per cent level.


Table – XXII and Figure – XXI clearly shows that the absorbency of bamboo, cotton and bamboo cotton finished samples increased when compared to the originals by 75 per cent, 49.58 per cent and 83.3 per cent respectively. There was significant difference at one per cent level among the finished samples. Hence it can be concluded that finishing process has increased the fabric absorbency of bamboo, cotton and bamboo cotton finished fabrics. 
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FIGURE – XXI 

DROP TEST

4.3.3.4   Sinking Test


The absorbency of original and finished samples of bamboo, cotton and  bamboo  cotton  fabrics  are  discussed  in  the  Table  – XXIII  and Figure – XXII. 

TABLE – XXIII 

SINKING TEST

	S.No.
	Samples
	Mean (sec)
	Gain / Loss over original
	Percentage gain / loss over original
	‘F’ value

	1.

2.
	BO

BF
	36

11
	-

25
	-

69.44
	36789.76**

	3.

4.
	CO

CF
	1213

980
	-

233
	-

19.20
	

	5.

6.
	BCO

BCF
	15

2
	-

13
	-

86.66
	


** Significant at one per cent level.


It is evident from the Table- XXIII and Figure – XXII that the absorbency of finished samples increased by 69.4 per cent for bamboo, 19.2 per cent for cotton and 86.6 per cent for bamboo cotton fabric when compared to their originals. It is also clear that one per cent level significant difference exists among the samples. Thus it can be concluded that finished samples of bamboo cotton fabric have greater absorbency than bamboo and cotton finished samples because of its unique absorption property. 
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FIGURE - XXII

SINKING TEST

4.3.3.5   Capillary Rise Test


The absorbency of original and finished samples of bamboo, cotton, bamboo cotton fabrics are given in the Table – XXIV and Figure – XXIII.

TABLE – XXIV

CAPILLARY RISE TEST

	S.No.
	Samples
	Mean (cms)
	Gain / Loss over original
	Percentage gain / loss over original
	‘F’ value

	1.

2.
	BO

BF
	3

6
	-

3
	-

100
	115.31**

	3.

4.
	CO

CF
	2

3.6
	-

1.6
	-

80
	

	5.

6.
	BCO

BCF
	4.6

7.9
	-

3.3
	-

71.7
	


** Significant at one per cent level.


Table – XXIV and Figure – XXIII clearly shows that finished samples shows increased absorbency with 100 per cent, 80 per cent and 71.7 per cent for bamboo, cotton and bamboo-cotton fabrics respectively when compared to their originals. It is also statistically confirmed that significant difference exists at one per cent level among the samples. Hence it can be concluded that absorbency was increased due to finishing process. 
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FIGURE – XXIII 

CAPILLARY RISE TEST

4.3.3.6   Spray Test


The absorbency of the original and finished bamboo, cotton and bamboo  cotton  fabrics  observed  from  spray  test  are presented in the Table – XXV.

TABLE – XXV 

SPRAY TEST

	S.No.
	Samples
	Spray Rating

	1.

2.

3.

4.

5.

6.
	BO

BF

CO

CF

BCO

BCF
	5

2

5

3

4

1


1 – Complete wetting of the whole of the sprayed surface.

3 – Wetting of more than ½ of the sprayed surface.

3 – Wetting of the sprayed surface only at small desecrate areas

4 – No wetting, but adherence of small drops to the sprayed surface.

5 – No wetting, and no adherence of small drops to the sprayed area. 

It is evident from the Table – XXV that the absorbency of finished bamboo cotton was higher than bamboo and cotton finished samples, whereas original bamboo, cotton and bamboo-cotton fabric have poor water absorbency. 


Thus it can be concluded that bamboo cotton fabric has better absorbency because of its natural absorbency property and further the absorbency is improved by finishing. 

4.3.3.7   Air Permeability Test


Table – XXVI and Figure – XXIV shows the air permeability of bamboo, cotton and bamboo cotton finished samples. 

TABLE – XXVI 

AIR PERMEABILITY

	S.No.
	Samples
	Mean (cm3/sec/cm2)
	Gain / Loss over original
	Percentage gain / loss over original
	‘F’ value

	1.

2.
	BO

BF
	13.12

11.08
	-

( 2.04
	-

( 15.54
	0.124NS

	3.

4.
	CO

CF
	10.84

9.78
	-

( 1.06
	-

( 9.77
	

	5.

6.
	BCO

BCF
	14.23

13.58
	-

( 0.65
	-

( 4.56
	


NS – Not Significant


The Table – XXVI and Figure – XXIV clearly shows that the air-permeability of the finished samples decreased by 15.54, 9.77 and 4.56 per cent respectively for bamboo, cotton and bamboo-cotton samples when compared to their originals. Statistical ‘F’ value clearly proves that no significant difference exist among the samples because all fabrics are made with plain knit structure. Hence it can be concluded that air permeability of all finished sample decreased from their originals because of finishing. 
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FIGURE - XXIV

AIR PERMEABILITY

4.4
EVALUATION OF CONSTRUCTED BABY DIAPERS

4.4.1
Drop Test


Table – XXVII and Figure – XXV depicts the absorbency of constructed bamboo, cotton and bamboo cotton diapers.

TABLE – XXVII 

ABSORBENCY OF CONSTRUCTED DIAPER – DROP TEST

	S.No.
	Samples
	Mean (sec)
	‘F’ Value

	1.

2.

3.
	Bamboo diaper 

Cotton diaper

Bamboo-cotton diaper
	3.4

13.2

1.2
	79.50**


** Significant at one per cent level


It is evident from the Table – XXVII and Figure – XXV that the bamboo-cotton diaper has high absorbency because it absorbs the water in average of 1.2 seconds whereas bamboo and cotton diaper absorbs water at an average of 3.4 and 13.2 seconds respectively. 


Thus it can be concluded that bamboo-cotton diaper have high absorbing property than bamboo and cotton diaper. Blending has improved the properties of fabric which makes bamboo-cotton perform better. Hence bamboo-cotton diapers can be commercialized. 
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FIGURE – XXV 

ABSORBENCY OF CONSTRUCTED DIAPER – DROP TEST

4.4.2
Spray Test


The Table – XXVIII shows the absorbing capacity of bamboo, cotton and bamboo-cotton diaper.

TABLE – XXVIII 

SPRAY TEST FOR DIAPERS

	S.No.
	Samples
	Spray Rating

	1.

2.

3.
	Bamboo diaper

Cotton diaper

Bamboo-cotton diaper
	2

4

1


1 – Complete wetting of the whole of the sprayed area.

3 – Wetting of more than ½ of the sprayed surface.

3 – Wetting of the sprayed surface only at small desecrate areas

4 – No wetting, but adherence of small drops to the sprayed surface.

5 – No wetting, no adherence of small drops to the sprayed surface. 

Table – XXVIII shows that spray rating of bamboo cotton is higher which depicts that they have high absorbency whereas bamboo diaper has moderate absorbency when compared to cotton diaper. Thus it can be concluded that bamboo-cotton diaper have good absorbency than bamboo and cotton diaper. 

4.4.3
Anti-Microbial Test

Finished fabric and used diaper samples were placed in intimate contact with AATCC bacteriostasis agar, which was previously inoculated with a day culture (slant cultures) of the test organisms, i.e., Staphylococcus aureus and Escherichia coli. After incubation, it was assessed by visual examination as well as under a microscope (x 40 magnification). The evaluation was made on the basis of absence or presence of an effect of bacteria in the control zone under the specimen and the possible formation of a zone of inhibition around the test specimen. The area of inhibition zone is a measure of antimicrobial effectiveness. 

Anti-microbial activity of the 100 per cent bamboo fabric shows good inhibition zone when compared to 100 per cent bamboo and 50 : 50 bamboo-cotton finished fabric. 

4.4.4
Wear Study


The wearer’s opinion about the constructed diaper were compared and the results are given in Table XXIX.

TABLE – XXIX 

WEARER’S OPINION ABOUT CONSTRUCTED BABY DIAPER

	S.No.
	Samples
	General Appearance
	Comfort
	Absorbency
	Wear-ability
	Wash-ability

	
	
	Excellent
	Good
	Fair
	Good
	Fair
	Poor
	High
	Medium
	Low
	Satisfactory
	Not Satisfactory
	Satisfactory
	Not Satisfactory

	1.
	Bamboo diaper
	10
	60
	30
	40
	60
	-
	80
	20
	-
	100
	-
	90
	10

	2.
	Cotton diaper
	30
	60
	10
	50
	40
	10
	20
	30
	50
	100
	-
	80
	20

	3.
	Bamboo – Cotton diaper
	90
	10
	-
	80
	20
	-
	100
	-
	-
	100
	-
	100
	-


General Appearance


General appearance of bamboo-cotton diaper was rated excellent by 90 per cent of the mothers whereas 60 per cent of the judges rated bamboo diaper and cotton diaper respectively as good in their appearance. Only 10 per cent of the samples rated good for bamboo-cotton diaper. 

Comfort


As far as comfort is concerned, 80 per cent of the mothers rated good for bamboo-cotton diaper. Most of the mothers (50 per cent) rated good in comfort for cotton diaper whereas bamboo diaper’s comfortness was rated fair by 60 per cent of the judges.

Absorbency


With regard to absorbency, bamboo-cotton diaper was rated good by 100 per cent of the mothers whereas 80 per cent rated good absorbency for bamboo diaper. Fifty per cent of the mothers rated that cotton has very low absorption capability because cotton has less water absorbing ability than bamboo.

Wearability


Wearability of all the diaper samples were rated satisfactory by 100 per cent of the mothers because they are designed according to the mother’s need. 

Washability


As far as washability was concerned, 100 per cent of mothers was satisfied with the washability of bamboo-cotton diaper than others. Only 10 per cent and 20 per cent was not satisfied with the washability of bamboo diaper and cotton diaper respectively because of the low strength which leads to elongation of the diaper shape. 

5.  SUMMARY AND CONCLUSION


Textiles go to war, it reaches space, can become roof, imitate an artery, hold you safely in your car seat, form tea bags, support tyres, diaper babies, line roads and so on. Today textiles is not just pertinent to clothing, their properties make man to live in a healthier and hygienic surroundings. In the present hectic era, the major problem for the humans is the pollution. So in order to reduce the pollution load on the landfills and protect the environment many green-minded consumers are seeking for eco-friendly products.


Cotton – the king of fibres and bamboo – the breathing eco-fibre that have many distinguished properties like good absorbing property, drapability, breathing activity, heat resistant, keeps the wearer cool, non-allergic, soft and comfortable to wear. More than these properties cotton and bamboo fibres are highly renewable textile sources than other fibres. Blending process is done mainly to improve the fabric properties and they form a fabric with intimate mixture of two or more fibres. Blending is mainly done to improve functional properties and to combine appearance and performance of the fibres. Knitting, the second frequent method of fabric formation becomes very popular in recent years due to its demand, snug fitting, stretchability, easy care and soft handle. Also knitted fabrics have more permeability to air than that of wovens. 


Textile finishing is the final process done for the fabric either to improve their functional or aesthetic feel of the fabrics. Fragrance finish is a type of finishing used to enhance the value of the product by adding some incentives to it. This finish is mainly done for infants and children wear so that their surrounding can be kept fresh and clean for longer time.


Baby’s clothes vary from jabla to frocks and suits in which baby diapers play an important role. Diapers are of two types disposable and non-disposable diapers. Disposable have many disadvantages and concerned as an major environmental threat. So non-disposables are gaining more importance among the consumers but still they are not that much utilized due to lack of properties inhered in them. Hence the investigator desired to study on “DEVELOPING NON-DISPOSABLE KNITTED BABY DIAPERS WITH FRAGRANT FINISH” with the following objectives.

· Conduct a survey to elicit information from selected mothers about the available baby cloth diapers.

· Blend cotton and bamboo fibres and spin them into bamboo-cotton yarns.

· Knit cotton and bamboo yarns into cotton, bamboo and bamboo-cotton fabrics.

· Wet process the knitted fabrics.

· Apply commercial fragrance finish on the knitted fabrics.

· Construct baby cloth diapers from the finished fabrics.

· Evaluate their physical and aesthetic properties.

Cotton and bamboo fibres are blended at 50 : 50 proportion and spun them into a fine 30’s count yarn. The blended yarn has more improved properties than 100 per cent cotton and bamboo yarn. These spun yarns of 100 per cent cotton, bamboo and 50 : 50 bamboo-cotton yarns are knitted into plain knit cotton, bamboo and bamboo cotton fabrics. After fabric construction, these grey fabrics are pre-treated for better appearance. The pre-treatment process includes desizing, scouring and bleaching.

The bleached fabrics of 100 per cent cotton, 100 per cent bamboo and 50 : 50 bamboo cotton fabrics were finished with fragrance finish using padding mangle technique.

After finishing, baby diaper was constructed according to the needs of the mothers that has been collected through survey. The constructed diaper was in hour-glass shape and it have two unique layers they are absorbent layer and outer layer. Raw bamboo and absorbent cotton fibres were used as absorbent layer. These layers were placed between two outer layer and their edges were finished using piping technique and finally a fastner was attached to them. 

The fabrics and diapers were evaluated for their physical, mechanical and aesthetic properties. The findings of the study are 

Survey
· The survey results showed that all mothers use diapers for their child in which 88 per cent use regularly and the maximum reason for usage of diaper is hygiene.

· Sixty eight per cent of the mothers prefer non-disposable diapers due to their easy care whereas only 46 per cent prefer disposable type.

· There are many types of models but most of the mothers (68 per cent) selected Velcro design for cloth diapers for their easy wearability. As far as material was concerned knitted material was preferred by majority of mothers (72 per cent).

· Regarding mothers awareness for special finish on diapers ninety six per cent of mothers were aware about the special finishes. Among the type of finish 56 per cent of the mothers preferred fragrance finish to be done for the cloth diapers so that they can be free from odour and also keeps the child fresh. 

Visual Inspection
· As far as visual inspection was concerned bamboo finished fabric have excellent general appearance, soft and smooth texture and high luster when compared to the finished samples of cotton and bamboo-cotton fabrics.

Fabric Weight
· Fabric weight of the finished samples increased by 5.4, 6.62 and 8.87 per cent respectively for bamboo, cotton and bamboo-cotton fabrics when compared to their originals. 

Fabric Thickness
· When compared to the fabric thickness of original samples, finished samples shows decrease by 17.02 and 5.17 per cent for bamboo and cotton fabrics whereas there was no change in the thickness of the bamboo cotton finished sample.

Wales and Courses per Inch
· Wales and courses per inch of the finished samples shows a significant increase when compared to their originals with 9.75 per cent for bamboo, 6.97 per cent for cotton and bamboo-cotton finished samples for wales per inch and 7.69 per cent, 10.52 per cent and 3.70 per cent for bamboo, cotton and bamboo-cotton finished samples respectively for courses per inch.

Bursting Strength 
· When the fabrics are evaluated for its mechanical properties, the strength of the finished samples shows decrease in their strength. In bursting strength, cotton finished sample have maximum decrease in strength with 20.15 per cent when compared to bamboo and bamboo-cotton finished samples. 

Abrasion Resistance
· As far as abrasion strength was concerned, bamboo finished has minimum decrease with 49.28 per cent when compared to the finished samples of cotton and bamboo-cotton fabrics. 

Pilling Resistance

· As far as pilling resistance is considered all finished samples have good pilling resistance whereas bamboo-cotton shows maximum resistance to pilling (4) when compared to bamboo and cotton finished samples (3). This was due to the softner and finish applied to the fabric surface.

Drapability

· Fabric drape of bamboo was higher than cotton. All finished samples showed significant increase by 13.04, 10.25 and 3.70 per cent respectively for bamboo, cotton and bamboo-cotton when compared to the originals. Finishing has improved the drapability of fabric.

Fabric Stiffness
· Fabric stiffness decreased for all finished samples when compared to the original samples. This was due to the finishing treatment given to the fabric.

Absorbency
· As far as absorbency tests – drop test, sinking test, capillary rise test and spray test are concerned that bamboo-cotton finished sample have maximum absorbency, the reason being that blending have improved the property of the fabric.

Air Permeability
· Air permeability was maximum for bamboo-cotton fabrics. After finishing the permeability decreased by 15.54, 9.77 and 4.56 per cent for bamboo, cotton and bamboo-cotton samples when compared to their originals. The air-permeability decreased because of the finishing agent applied on the fabric. 

Diapers
· The drop test for diapers shows that absorbency was maximum for bamboo-cotton diapers with an average of 1.2 seconds when compared to bamboo and cotton diaper.

· Spray test for diaper also depicts that bamboo-cotton have maximum absorbency with 5 as rating scale whereas cotton and bamboo diapers have moderate absorbing capacity. 

· As far as wearer’s opinion is concerned, bamboo-cotton diaper have excellent general appearance, good in comfort, have high absorbency, wearability and washability are also satisfactory for maximum number of mothers.

Thus it can be concluded that among bamboo, cotton and bamboo-cotton fabrics as well as diapers, bamboo-cotton have very good absorption which can be utilized for non-disposable baby diapers.

CONCLUSION


Bamboo has natural breathability, high absorbency, anti-bacterial activity, anti-ultraviolet nature and also skin-friendly, non-allergic, strong and luxuriously comfortable than other fibres. It was concluded that bamboo-cotton blended fabric have high fabric strength, drape, absorbency, weight, stitch density, pilling resistance than 100 per cent bamboo and 100 per cent cotton fabric and they are economical too which makes them suitable for baby cloth diapers. Now a days disposable diapers are considered as an important environment threat and costly too, so diapers of non-disposable type made from bamboo-cotton fabric can reduce the pollution load on the environment. Hence it can be concluded that bamboo-cotton non-disposable diapers can be commercialized which effective will be eco-friendly and cost effective. 

RECOMMENDATIONS

(1) This study can be proceeded with different proportions of blending and their properties can be studied.

(2) This research can be done with other types of finishing agents like anti-microbial finish, cool finish and UV finish.

(3) Cloth diapers can be constructed using naturally dyed fabrics and their physical and absorbency properties can be compared with the undyed or synthetic dyed diapers. 
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APPENDIX – I

INTERVIEW SCHEDULE TO ELICIT INFORMATION ABOUT THE USE OF BABY DIAPERS

1.
Name of the mother
:

2.
Age of the child
:

3.
Do you use diapers for your child ?
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  Yes

[image: image49.wmf]W

  No


4.
If yes do you use it regularly ?
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  Yes

[image: image51.wmf]W

  No


5.
Reason for using diapers.
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   Hygiene 

[image: image53.wmf]W

   Comfort
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   To reduce work load

6.
Which type do you prefer  ?
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   Disposable

[image: image56.wmf]W

   Non-disposable

7.
If disposable, reason.
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   Convenient 
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   Reduced work load 
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   Others specify

8.
If non-disposable, reason.
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   Cost
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   Easy to care
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   Others specify.

9.
Are you satisfied by using non-disposable diapers ?  
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  Yes
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   No

10.
Are you aware of different models in non-disposable diapers ?
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   Yes
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   No

11.
Which model do you prefer more ?
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   Elastic
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   Knotting
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   Velcro
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  Buttons

12. 
What type of material do you prefer more ?
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   Woven
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   Knitted

13.
Have you come across any skin problems while using non-disposable diapers ?
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   Yes
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   No

14.
If yes, type of skin problem faced.
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   Rashes
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   Red patches
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   Itching

15.
Are you aware of specially finished diapers ?   
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   Yes
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   No

16.
What type of special finish will you prefer most ?
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   Fragrance finish
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   Antimicrobial finish  
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   Absorbency finish
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   Cool finish
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   Others specify.
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DETAILS OF THE SELECTED MATERIAL

Material

Knitting

Type / Structure
Count

GSM

Cost per kg

Material

Knitting

Type / Structure
Count

GSM

Cost per kg

R

Material

Knitting

Type / Structure
Count

GSM

Cost per kg

100% bamboo
Circular knitting
Single Jersey (Plain knit)
30’s
145
Rs.375

100% cotton
Circular knitting
Single Jersey
30’s

145

Rs.200

50 : 50 bamboo cotton
Circular knitting
Single Jersey

30's

145

Rs.350
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DETAILS OF THE FINISHED SAMPLES

BAMBOO BLEACHED BAMBOO FINISHED

COTTON BLEACHED COTTON FINISHED

BAMBOO-COTTON BLEACHED BAMBOO-COTTON FINISHED





APPENDIX – IV

VISUAL INSPECTION

	RATING SCALE IN PERCENTAGE
	BO
	BF
	CO
	CF
	BCO
	BCF

	GENERAL APPEARANCE

a. Excellent

b. Good

c. Fair
	
	
	
	
	
	

	TEXTURE

a. Coarse

b. Rough

c. Soft and smooth
	
	
	
	
	
	

	LUSTRE

a. High

b. Medium

c. Low
	
	
	
	
	
	


APPENDIX – V

WEARER’S OPINION ABOUT CONSTRUCTED BABY DIAPER

	S.No.
	Samples
	General Appearance
	Comfort
	Absorbency
	Wear-ability
	Wash-ability

	
	
	Excellent
	Good
	Fair
	Good
	Fair
	Poor
	High
	Medium
	Low
	Satisfactory
	Not Satisfactory
	Satisfactory
	Not Satisfactory

	1.
	Bamboo diaper
	
	
	
	
	
	
	
	
	
	
	
	
	

	2.
	Cotton diaper
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.
	Bamboo – Cotton diaper
	
	
	
	
	
	
	
	
	
	
	
	
	


Bamboo-Cotton lap





Cotton lap





Bamboo lap





Formation of lap





Hand pulling





Cotton diaper





Bamboo-Cotton diaper





Bamboo diaper





Edge Finishing





Stitching absorbent layer





Placing absorbent layer





Cutting





BAMBOO-COTTON





COTTON





BAMBOO
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Chart1
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		BF
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		CF

		BCO

		BCF



Series 1

Samples

Mean Coefficient (%)

0.23

0.2

0.39

0.35

0.27

0.26



Sheet1

				Series 1		Series 2		Series 3

		BO		0.23		2.4		2

		BF		0.2		4.4		2

		CO		0.39		1.8		3

		CF		0.35		2.8		5

		BCO		0.27

		BCF		0.26

				To resize chart data range, drag lower right corner of range.
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Chart1

		Rashes

		Red patches

		Itching



Series 1

Percentage

64

24

12



Sheet1

				Series 1		Series 2		Series 3

		Rashes		64		2.4		2

		Red patches		24		4.4		2

		Itching		12		1.8		3

		Category 4		4.5		2.8		5

				To resize chart data range, drag lower right corner of range.
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Chart1

		Convenient

		Reduced work load

		Easy wearability and comfort



Series 1

Percentage

36

54

10



Sheet1

				Series 1		Series 2		Series 3

		Convenient		36		2.4		2

		Reduced work load		54		4.4		2
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		Category 4		4.5		2.8		5

				To resize chart data range, drag lower right corner of range.
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Chart1

		Hygiene

		Comfort

		To reduce work load



Series 1

Percentage
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54

16



Sheet1

				Series 1		Series 2		Series 3

		Hygiene		72		2.4		2
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		Category 4		4.5		2.8		5

				To resize chart data range, drag lower right corner of range.
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Chart1

		Yes



Sales

100



Sheet1

				Sales

		Yes		100

		No		0

		3rd Qtr		1.4

		4th Qtr		1.2

				To resize chart data range, drag lower right corner of range.
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Chart1

		Disposable

		Non-disposable



Sales

46%

68%

46

68



Sheet1

				Sales

		Disposable		46

		Non-disposable		68

		3rd Qtr		1.4

		4th Qtr		1.2

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

		Knotting

		Velcro

		Button



Series 1

Percentage

36

44

68

6



Sheet1
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		Cost efficient

		Easy to care

		Hygiene and repeated usage
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Percentage
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Chart1

		Woven

		Knitted



Sales

28%

72%

28
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Sheet1

				Sales

		Woven		28

		Knitted		72

		3rd Qtr		1.4

		4th Qtr		1.2

				To resize chart data range, drag lower right corner of range.
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Sheet1

				Series 1		Series 2		Series 3

		BO		41		2.4		2

		BF		45		4.4		2

		CO		43		1.8		3

		CF		46		2.8		5

		BCO		43

		BCF		46

				To resize chart data range, drag lower right corner of range.
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Sheet1

				Series 1		Series 2		Series 3

		BO		151.6		2.4		2

		BF		143.4		4.4		2

		CO		159.9		1.8		3

		CF		149.3		2.8		5

		BCO		135.2

		BCF		147.2

				To resize chart data range, drag lower right corner of range.
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				Series 1		Series 2		Series 3

		Others		0		2.4		2

		Cool finish		14		4.4		2

		Absorbency finish		6		1.8		3

		Anti-microbial finish		24		2.8		5

		Fragrance finish		56

				To resize chart data range, drag lower right corner of range.
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				Series 1		Series 2		Series 3

		BO		0.47		2.4		2

		BF		0.39		4.4		2

		CO		0.58		1.8		3

		CF		0.55		2.8		5

		BCO		0.44

		BCF		0.44

				To resize chart data range, drag lower right corner of range.
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				Series 1		Series 2		Series 3

		BO		6.25		2.4		2

		BF		5.55		4.4		2

		CO		6.45		1.8		3

		CF		5.15		2.8		5

		BCO		5.65

		BCF		5.45

				To resize chart data range, drag lower right corner of range.
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				Series 1		Series 2		Series 3

		BO		52		2.4		2

		BF		56		4.4		2

		CO		57		1.8		3

		CF		63		2.8		5

		BCO		54

		BCF		56

				To resize chart data range, drag lower right corner of range.
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Sheet1

				Series 1		Series 2		Series 3

		BO		6.265		2.4		2

		BF		3.177		4.4		2

		CO		6.748		1.8		3

		CF		3.048		2.8		5

		BCO		6.583

		BCF		3.08

				To resize chart data range, drag lower right corner of range.
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				Series 1		Series 2		Series 3

		BO		3		2.4		2

		BF		6		4.4		2

		CO		2		1.8		3

		CF		3.6		2.8		5

		BCO		4.6

		BCF		7.9

				To resize chart data range, drag lower right corner of range.
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				Series 1		Series 2		Series 3

		BO		8		2.4		2

		BF		2		4.4		2

		CO		480		1.8		3

		CF		242		2.8		5

		BCO		6

		BCF		1

				To resize chart data range, drag lower right corner of range.
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				Series 1		Series 2		Series 3

		BO		1.3		2.4		2

		BF		1.2		4.4		2

		CO		2		1.8		3

		CF		1.6		2.8		5

		BCO		1.7

		BCF		1.4

				To resize chart data range, drag lower right corner of range.
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				Series 1		Series 2		Series 3

		BO		36		2.4		2

		BF		11		4.4		2

		CO		1213		1.8		3

		CF		980		2.8		5

		BCO		15

		BCF		2

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

		Bamboo diaper		3.14

		Cotton diaper		13.2

		Bamboo-cotton diaper		1.2

		4th Qtr		1.2

				To resize chart data range, drag lower right corner of range.
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				Series 1		Series 2		Series 3

		BO		13.12		2.4		2

		BF		11.08		4.4		2

		CO		10.84		1.8		3

		CF		9.78		2.8		5

		BCO		14.23

		BCF		13.58

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