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1. INTRODUCTION


The chief natural fibres now in use are cotton, linen, wool and silk. There are several others such as kapok, hemp, jute, sisal and ramie, but these have specified uses which are not on the whole connected with clothes or fabrics used in the home. Natural fibres that occurs in nature can be classified as vegetables animal and mineral. Vegetables fibers found in the cell walls of plants are cellulosic in composition. Most of the natural fibre were traditionally used for non-sophisticated products like brushes, twines and ropes which are non-utilized for agro based products feels Varinder (2008).


India is endowed with an abundant supply of natural fibres such as coir, jute, sisal, pineapple, ramie, bamboo and banana, which has focused more on the research and development. Seed hair fibres are those fibre that grow in a seed pod on plants, bast fibres are those fibres that are removed from the stems of plants and leaf fibres are those fibres that are found on the leaf of plants..


The word coir is derived from “Kayoir” which in Malayalam means a rope. The word seems to have been introduced into the European literature by Marcopolo, the Italian traveler in the thirteenth century. Coir is a coarse irregular shaped, ingocellulosic fibre obtained from the husks of coconut. It is usually brown or dark brown in colour. The long fibres of coir are extracted from the coconut husk and used in manufacturing industrial products. Ropes of coconut fibre have been in use since ancient times and the term coir has come into use for designating the fibrous mass present between the out husk and the shell of the inner kernel of the coconut.

Jute, a natural fibre, is available in plenty at low cost and grown mainly in India, Bangladesh, China, Nepal, Thailand, Indinesia, and a few other South East Asia countries. In India it is mostly cultivated in the Eastern region with a maximum area in West Bengal and in Orissa, Assam, Bihar and to some extent in Terai region of Uttar Pradesh. 


Jute the “Golden fibre” is the cheapest and most important of all textile fibers, next to cotton. Jute is the common name given to the fibre produced from the plant stem, remarks Moses (2004). Raw jute is processed into coarse fibres and used for the production of cords and textiles. Jute with its unique versatility rightly described to be branded as “The fibre for the future”. World market of jute has been witnessing a steady to growth of diversified, value added products with regard to high value decorations, furnishing textiles, carpets, planets and even as apparels, explains Pan et al. (2000). Colorage (2004) geo-jute has found its applications at Singrouli minus of Central Coal Fields Limited, which has greater potential in replacing the synthetic geotextiles (SGT) with satisfactory results.


Sisal is a natural fibre of Agavaceal family yields a stiff fibre traditionally used for making twine and rope. The cross-section of fibres look like concave, sometimes turned horse shoe for most of their length. The sisal, generally, stores water in wet season and consumes it during the periods of drought.


Blending of two or more fibres is an effective means of projecting the positive attributes and overcoming negative ones. A blend normally consists of two fibres or three different fibres. Blending of fibres gives rise to special fabric qualities suitable for various end uses. Blending of fibres is known to have very important potential growth area in textiles. 


The term ‘nonwoven’ itself arouses suspicion as a negative definition and in the absence of a more suitable alternative, generally, understood to describe fabric that does not include any yarn. Nonwovens are those which are neither woven nor knitted. The non-woven industry is relatively new and first came into existence in the 1950s. It, however, registered significant growth, acceptance and broad application only in the late 1960s and only 1970s in America and Europe. In Asia, the major producers are Japan, Taiwan, Korea and China. In India, the non-woven industry is still in the infancy, but has a bright future considering the large number of end uses. Nonwovens have been a part of our daily life and yet we may not even be aware of them.


Needle punched fabrics are the type of nonwoven fabrics which are produced by inserted barbed needles in fibres web. The original needle looms punched upwards and their design caused serious limitations to possible fabric widths. In the late 1940s, downward punching and greater width became possible by alternation in the loom driver.


Needle punched fabrics are the type of nonwoven fabrics which are produced by inserted barded needles in fibres web. The original needle looms punched upwards and their design caused serious limitation to possible fabric widths. In the late 1940s, downward punching and greater width became possible by alternation in the loom drives. 


The economical scope and importance of technical textiles extend for belonged the textile industry itself and has an impact upon just about every spear are human economic an social activity. Natural fibres replace the conventional materials due to high strength and cost effective nature. Natural fibres obtained from the nonfood crops are easily and abundantly available in India. These fibres are completely biodegradable there by saving flora and fauna. 


Keeping the above factors in mind the researcher decided to blend the coir and jute fibres with sisal fibres for converting into the nonwoven fabric through the mechanical process of needle punching with the following objectives in mind.

· To convert sisal fibres into needle punched nonwoven fabrics.

· To blend coir fibres with sisal fibres and covert into needle punched nonwoven fabrics

· To blend coir fibres with sisal fibres for converting into needle punched nonwoven fabrics

· To evaluate and compare the needle punched fabrics

2. REVIEW OF LITERATURE
The literatures collected for the study are reviewed under the following heads:

2.1
Natural Vegetable Fibres

2.2
Fibre Properties

2.3
Fibre Blending

2.4
Application of Vegetable Fibre

2.5
Nonwoven

2.6
Needle Punching

2.1
NATURAL VEGETABLE FIBRES
Natural fibres include vegetables, animals and mineral fibres; the source of each vegetable fibre is Cotton-Cotton ball, linen-flax stalk, Jute-Jute stalk, Hemp-Hemp stalk, Sisal-Agave leaf, Kapok-Kapok tree, pine-pineapple leaf, Ramie-Rhea or china grass and Coir-Coconut tree says Bhatnagar (2002).

Kandaswamy and Kumar (2005) state that nature has abundant fibre sources out of which only few have been found as potential textile fibres. They also stress that modern world call for eco-friendly textile product made out of natural fibre. The extensive use of natural resources to support industrialization has also put tremendous pressure on ecological balance of earth report Rani and Arora (2007).

Most of the natural fibres were traditionally used for non-sophisticated products like brushes, Cordages and ropes which are now utilized for agro based products reveal Goel and Nishkam (2003).

Pant and Pushpanjali (2006) report natural fibres have a wide range of applications in the field of textiles, particularly in the right of the recent global inclination to eco-friendly textiles.

Sakthivel et al. (2005) reveal that natural fibers are mostly used in the areas like apparel, industrial and household textile based on the particular type of fibres.

No substance that negatively affects the environment has been added in the manufacturing process of natural fibres, reveals Abdella (2003).

Ghosh (2004) says that vegetables fibres are all based upon cellulose, a polysaccharide fibre some what related to starch and sugar which are naturally built up in plants taking light, water and carbon dioxide from the environment.

· COIR
Mishra (2000) says that the extraction of the fibers from the husk involves rettings, cleanings, drying and combing. The length of the fibre varies from 3cm-18cm, diameter varies between 150 microns – 280 microns, with the spiral angle of 45( and the tenacity, varies between 2.1g/d – 1.4g/d coir is resistant to fungi and bacterial degradation. Unlike other cellulose fibers, coir fibre is more resistant to tendering and chemical attacks.

Vijayakumar (2006) opines that coir is a natural fibre extracted from the exocarp of the fruit of coconut palm Cocus nucifera, which is largely used in the manufactures of yarn, cardage and wide range of furnishings. It has high content of lignin which is followed by cellulose, water soluble matters, pectic substances, ash content and hemi cellulose.

Mahish and Nayak (2007) describe coir as 100 per cent organic biodegradable lignocellulosic fibre and hardest natural fibre because of high lignin content. In the field of geotextiles, coir can be used for filtration preventing the mixing of fine soil and a coarse material. 
· JUTE
Frank (2005) points out that jute is mainly grown in India, Bangladesh, China, Myanmar, Nepal and Thailand. India and Bangladesh allowed for more than 93 per cent of the Jute fibres produced all over the world. Jute is the common name given to fibre extracted from the stems of plants belonging to the botanical genes corchorus.

In India, the first Jute mill was step up in 1855. Since then, jute has been used for manufacturing products like sacks, hesscians, ropes twines, canvas, carpaulins, bractic cloth, laminated fabrics, carpet, backings fabrics, and mat remark Pan et al. (2006).

The process excepting raw silk alone, no fibres passes through a preparatory process as short as jute feels Murphy (2000).

Datta et al. (2007) express the advantage of jute for the                              bio-degradability, easy availability, low price, high tensile strength, initial modules, moisture regain, good sound and heat insulation dimensional staility and good dye acceptability.
Jute fabrics in civil engineering can be traced back as early as 1950, when jute burlap was used for surfacing of a road in Calcutta; Bilumenabed Jute was used for construction of temporary roads on Burma during the second world war by the British Army. During 1950, the open mesh fabric has been commercialized in the developed countries for slope, stabilization through vegetation, points out Arun (2000).
· SISAL
Ghosh (2010) feels that Sisal fibre has good strength and elongation property due to which it becomes extremely popular as a cordage material and textile fabric.

Mahapathar I (2009) expresses sisal fibres are smooth, straight, yellow in color, fairly coarse, long or short and is receiving competition from polypropylene fibres. Sisal fibres unlike Hemp have only moderate resistance to deterioration in research pin points Hall (2004).

The tensile properties are not uniform throughout the length of the fibre but the fibres are stronger and stiffer at the mid-span and moderate at the tip, reveals Sudha et al. (2006).

True sisal (Agave sisalana) came to India in between 1885 to 1892, and they further say that the old leaves yield coarser, harder and brittle fibre, points out Chardhury (2000).

Sisal is a plant originally from Yacaran, Mexico. It is called ‘Sosquil’ and green gold. It is the coarsest vegetable ‘hard fibre’. In the 1890’s sisal was introduced to East Africa as a crop suitable for extreme hot and dry conditions. The majoring of the sisal production now takes place in Tanzania explain Frank (2005).

After a difficult star, production prospered and by the 1960’s Tanzania production alone totaled some 230,000 tonnes. Today, Brazil is the major world production of sisal at some 125,000 tonnes, other countries involved in sisal production include Kenya, Mexico states Babu et al. (2006).

In India, sisal is busy cultivated in Assam, Bengal, Tamilnadu, Maharashtra and Karnataka explain Teli et al. (2002).

2.2
FIBRE PROPERTIES
· Mechanical properties

· Chemical properties

· Mechanical properties of vegetable fibers

 
The mechanical properties of vegetable fibres are given by Lewin (2007) as in Table I.

TABLE I

MECHANICAL PROPERTIES OF VEGETABLE FIBRES

	Fibers
	Fineness km/kg
	Breaking length (km)
	Elongation %
	Modules of elasticity (n=tex)2
	Modules of rupture (MN – tex)

	Sisal
	40
	36 – 45 
	2 – 3 
	25 – 26 
	7 – 8

	Coir
	–
	18
	16
	4.3
	16

	Jute
	489
	25 – 53 
	1.5
	17 – 18 
	2.7 – 3 


· Chemical composition bast and leaf fibre %

 
The chemical composition bast and leaf fibre in percent are given by Lewin (2007) as in Table II.

TABLE II

CHEMICAL COMPOSITION BAST AND LEAF FIBRE IN PER CENT 

	Chemical 

composition

Fibre
	Cellulose
	Hemi 

cellulose
	Pectin
	Lignin

	Jute
	51 – 72 
	12 – 20 
	0.2
	5 – 13 

	Sisal
	43 – 88 
	10 – 13 
	8 – 2 
	4 – 12

	Coir
	43
	3
	4
	4.5



Jindal and Jindal (2007) express that coir obtained from husks of coconuts is coarse, irregular shaped – dark brown in color and have at least 0.5mm length.

According to Joseph (2005), coir burns very slowly and creates copious yellowish white fumes. The ash is grey in colour.

The Jute generally is pale yellowish grey colour, greenish brown or yellowish brown colour. The higher quality products are silver white in colour, express Nakamura (2000).

Jute fibre is a hundred per cent biodegradable, recyclable, has high tensile strength, with good dimensional stability ensures better breathability of focus and has an insulating property, explain Basu et al. (2004).

Jute  has many characteristics such as durability, low thermal conductivity, moderate moisture regain, affinity for various classes of cellulose dyes, does not generate toxic gases, abrasion resistances and silky luster, view Ranganathan and Amsamani (2005).

Jute is characterized with silky luster, low extensibility, considerable resistance to real and first, good insulation to second and heat static properties. Jute like other cellulose fibers is not affected by heat, but prolonged heating degrades the fibres. It is acidic in nature. In cold conditions of organic acids and minerals acids have no action of Jute fibre, states Sarkar (2003).

Jute is made of cellulose, thus on combustion does not generate toxic gases. It is easy to transport, has superior drapability and moisture retention capacity  Jute fibres are composed primarily of cellulose major component of plant fibre and lignin, major component of wood fibre (www.en.wikipedia.org).

Dilute alkalis have little effect but concentrated alkalis bring about profound swelling and loss in strength of the natural fibre describes Mishra (2000).

Sisal does shows good elasticity and extensibility. The sisal fibre contains 72 per cent cellulose and 14 to 16 per cent lignin, points out Nakamura (2000).

Sisal fibre is very strong, but rougher to feel and not so flexible as a baca fibre, reports Hall (2004).

The tensile properties are not uniform throughout the length of the fibre. In agriculture the twines use a considerable amount of Sisal fibre reveal Sudha et al. (2006).

Oudiani et al. (2008) say Agave americana L. is the vegetation of Amaryllidacear cultivated in North Africa and originated from Central America. Since 1998, the basic fibres of this plant presented the subject of many researches and seemed to be interesting due to their mechanical and physical properties.

2.3
FIBRE BLENDING
The Indian Textile Journal (2004), in order to obtain best fabric for a particular purpose at a price suitable for that purpose, one can obtain the mixture of the characteristics of the individual fibre in the blended fabrics.

Sunmonu et al. (2003) say that the blending of fibres allows a wide range of yarns and fabrics to be produced giving rise to special qualities and uses. They further add that blending of fibres is now one important growth area of textile production generally leads to improvement in properties.

The properties of one fibre can be improved by blending it with another fibre that has the properties the first one lacks. It also enhances appearance, improves quality and increases profitability expresses Barnett (1997).

2.4
APPLICATION OF VEGETABLE FIBRE
Coir fibres are used for making cordages, mats, brushes and also in geotextiles, suggests Mahapatra II (2009).

Jute is a long, soft shiny vegetable fibre that can be spun into coarse, strong threads, suggests Maulik (2007).

Kadolph and Langford (2002) are of opinion that as Jute is loosing its market being investigated as a reinforcing fibre in rains to create performed low cost housing and in geotextiles.

Ghosh (2000) gives the development of Jute fibre from packing materials to carpet backing.

Chellamani et al. (2003) say that Jute and coir fibres due to their                 eco-friendly nature and biodegradable character, have gradually replaced synthetic fibres in applications such as soil erosion control where durability is not a foremost concern. India is one of the largest producers of Jute and Coir fibres and hence there is a good scope for the manufacture of the same in India.

Chattopadhyay et al. (2006) reveal that production of Jute reinforced plastic products will act as a substitute of wood in many application, which will prevent deforestation and serve environment.

2.5
NONWOVEN
Ramkumar and Sata (2008) except the growth and development of non woven industry focus on three main aspects namely value added products with enhanced functionality; apparels and sustainable product.

Balasubramanian (2009) expresses the advantages of nonwoven material over woven material in high production rates ability to process recycled and waste fibres, possibility of wider width fabrics, higher filtration efficiency, higher in-plane water permeability and higher friction to soil.

Sakthivel et al. (2005) say that nonwoven products are used in the areas of agriculture, automotive, civil engineering, clothing, construction, home furnishings, household, industrial, military, leisure, travel, health care, personal care and hygiene.

According to Madhavamoorthi and Shetty (2005) nonwoven fabrics are different from textile fabrics and paper which are not based on yarns.

Kothari (2009) feels that nonwovens are most widely used in diverse application of technical textiles due to their unique characteristics.

Most obvious features of nonwoven fabrics in the random orientation of the filaments. A fabric is formed by spreading filaments into a conveyor belt. They are then linked by one of the bonding processes. Filaments may be in form of either continuous filaments or staple fibres, that is, are continuous filaments out into lengths of 50mm long says Forrester (2001).

According to Asian Textile Journal (2008) nonwovens have many advantages, of resistance to tears, soil, chemicals, puncture, UV light exposure, mildew, rot, freeze, excellent strength, breathability, barrier properties and being cost effective for the applications in textiles.

Sarkar (2003) declares nonwovens have the biggest share among technical textiles and it is the industry for the future. The largest product range of materials can be manufactured by needle felting technology.

Uttam et al. (2008) declare that nonwoven weight greater than 100g/m2 and dark colour protects green houses from excessive sun and heat.

Seshadri (2007) emphasizes that nonwoven technical textiles are not only used to produce semi-durable and consumer goods, but they also find application in durable products such as geotextiles.
Baungartinger (2007) reveals that the basic methods used to form a web and nonwovens are dry laid, spun laid, wet laid and other techniques. He further says dry laid technique is done by two methods namely carding and air laying.

Menezes (2008) feels that in recent years nonwoven material has become an alternative to polyurethene foams. He further classifies nonwoven based on application has hygiene, medical, technical, filters, geotextiles and other.

Pale (2009) reveals the application of nonwoven materials in different fields feels as 1 per cent – garments, 3 per cent – footwear, 3 per cent – medical, 3 per cent – interlining, 5 per cent – filtration, six per cent – upholstery, four per cent – floor covering, 13 per cent – wipes, 42 per cent – hygiene, 1 per cent – coating substrates, 7 per cent – civil engineering and 1 per cent others.

Gautier et al. (2007) describe the structure of nonwoven fabrics as very complex that could considered as anisotropic porous media, containing two phases, namely, a solid phase (filaments and fibres) and a void phase (the pores). The nonwovens used in furnishings and bedding include upholstered furniture, bedding and other furnishing applications.

Chakrabarthy (2008) says that nonwoven industry is relatively new and first came into existence in the 1950s. It, however, registered significant growth acceptance and broad application in the late 1960s.

Tech Tex India (2008) advantages of using disposable nonwoven products are they are cost effective, light in weight, flexible and versatile, single use ensures better hygiene protection, they do not require maintenance therefore, require less manpower and less inventory to be maintained, therefore less investment.
Mandan et al. (2008) suggest that natural forms of geo-textiles are made out of fibers from Jute, Coir and Sisal and utilized for erosion, soil conservation and other civil and bio-engineering applications as nonwoven fabrics have high permeability and high strength characteristics.

Sakthvel et al. (2009) express the techniques to produce nonwoven fabric as needle punched, stitch-bonded, thermally bonded, hydro entangled, spun bonded and wet nonwovens.

2.6
NEEDLE PUNCHING
According to Kothari and Sanjal (2003) Needle-punching is the oldest technique for consolidate were mainly higher weight butts are subjected to action of barbed needle penetrating through the thickness of the web.

Smith (2006) feels that needle punched fabrics can vary in thickness, stiffness and softness but not very drapable.

Vijayalakshmi and Selvakumar (2010) are of opinion that Needle-punched nonwoven geotextile are best suited for a wide variety of civil engineering applications. They also add that needle-punched fabric are the most widely used types of geo-textiles in the world.

Needle punching is the process for converting webs of fibre into coherent fabric structures, normally by means of barbed needles which produce mechanical bonds within the web, says Sengupta (2009)

Needle-punched nonwovens are created by mechanically orienting and interlocking the fibres of a spun bonded or carded web. This mechanical interlocking is achieved with thousands of barbed felting needles repeatedly passing into and out of the web says Pal (2009).

Wilusz (2008) opines that needle punching is a simpler operation than weaving by which a variety of properties can be obtained in the fabric by varying the process components.

Needle punched fabrics are manufactured by mechanical method. The principle of needle punched fabric production is realized when the fibres move from one face of a web toward the other face as a result of the penetrating of the nets of many barbed needles. Because of the transfer of fibres made by the needle punching machine, the fibres are inter locked and the web obtains stability and strength. The weight range of fabric is 200 to 1500 g/m2 says Tracton (2005).

Among many techniques of perform fabrication, needle punching process attracts much interest because it provides a uniform fibrous structure and can easily be applied to large parts, cost effectiveness reveal Lara et al. (2008).

Wiley (2003) expresses a non-feltable fibre web can be consolidated by needle punching.
3. EXPERIMENTAL PROCEDURE
Experimental procedure of this study deals with the description of the research procedures, techniques and instruments used to carry out the study. The procedure consists of the following heads:

3.1 Procurement of Coir, Jute and Sisal fibres

3.2 Conversion of fibers into fabrics

3.3 Nomenclature of samples

3.4 Evaluation of needle punched fabric samples

3.5 Statistical analysis

3.1
PROCUREMENT OF COIR, JUTE AND SISAL FIBERS
Fad (2004) stresses that retting process pollutes the surface water and ground water having negative impacts on flora and fauna as well as human health (www.fao.org/as/ESC/common/ecg/51423_en_esc_4.pdf).


According to Krishnabai and Sunitha (2005), decortication method was found to be the best as it does not involve chemicals for fibre separation. They also add that more quantity of fibres was extracted with minimum consumption of water and time giving good luster and softness to the fibres.

Hence the researcher procured Coir, Jute and Sisal fibers, which were extracted by decortication method for the study.

3.2
CONVERSION OF FIBERS INTO FABRICS
The processing of the decorticated fibers included

3.2.1 Blending and preparation of fibres

3.2.2 Fibre carding

3.2.3 Web formation

3.2.4 Fabric formation

3.2.1
BLENDING AND PREPARATION OF FIBERS
Blending of two or more fibres offers an effective means of projecting the positive attributes and overcoming negative ones stresses Salhotra (2004).

Hence investigator decided to blend Coir with Sisal in the proportion of 50:50 Jute with Sisal in the proportion of 50:50 and to have 100 percent Sisal for the study. For this purpose Coir, Jute and Sisal were weighed as required for different proportion and were cut into small pieces of 25cm length. These fibers were blended as required (Plates 1a, 1b and 1c).

· Hand batching:

The fibers were hand batched for proper softening and mixing of the fibres.  For softening, the blended fibres were spread out thinly and sprayed with a mixture of oil and water (Plate 1d). The mixture was prepared using the recipe as given by Venkatachalam et al. (1998) and the same is given in           Table III.

TABLE III

RECIPE USED FOR SOFTENING OF FIBERS
	S.No.
	PARAMETER
	OPERATIONAL RANGE

	1.
	Fibre / Batching oil
	1½ litres

	2.
	Turkey red oil
	8 – 9 litres

	3.
	Emulsifier
	40 grams

	4.
	Surfactants
	140 grams

	5.
	Rest water
	Making up 100 litres


Plate 1
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	1a – CUT FIBRES OF COIR
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	1b – CUT FIBRES OF JUTE
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	1c – CUT FIBRES OF SISAL
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	1d – SPRAYING OF BATCHING OIL 


PLATE 1

CUTTING AND BATCHING OF FIBRES

The batch was allowed to stand a sufficient time of 24 hours. The heat that was generated by lying in bulk, softened the material and made it more pliable. To prevent the heat passing off the batch after being completed, was covered with a cloth and weight was placed on the top which prevented the evaporation of the liquid as said by Sharp (1998). Thus the fibres were softened and made suitable for subsequent processes of conversion of fibre into fabric.

3.2.2
FIBRE CARDING
Carding is an essential first step in the processing of all staple textile fibres (http://www/tft.csiro.au/research/sciencepapers.html). So the fibres were fed into the breaker card machine for carding. When the fibres were passed into the machine, the fibres were cut, carded, parallelized and transformed into thin web of separate fibres emerging as a fleece which was then condensed into silver. This was filled in aluminium cans. The production rate of the card sliver was 40 meters per minute (Plates 2a, 2b).

3.2.3
WEB FORMATION
In the web formation phase of non-woven manufacturing processes, previously prepared fibres were transformed into preferentially arranged layers of lofty or loosely held fibre networks called webs or mats or sheets. Mechanical means was applied to achieve the preferred fibre orientation in the web through the use of machinery (http://www.swicofit.com/nonwoven.html).

The prepared Sisal Coir blend Sisal Jute blend and Sisal slivers were laid on the conveying surface (Plate 2c). It had been equally distributed into ten aluminium cans and fed into the finisher card machine, where the sliver was made into thin layers and converted to a lap from on running of the machine, care was taken that the slivers do not overlap each other (Plate 2d). The webs were then layered by the cross lapper. The cross lapper took the web from the card, transversed it across a leaving bottom lattice and thus built a web in which the fibres were laid diagonally across the width (Plate 2e). The production rate of finisher card is 0.6m/min. Thus the most versatile web-forming system of carding and cross lapping, most streamlined system of the use of air formers were used for the study.

P2
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2a – FEEDING OF SOFTENED BLENDED FIBRES INTO THE BREAKER CARD
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2b – CARD SLIVER OBTAINED FROM BREAKER CARD
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2c – FEEDING THE CARD SLIVER ON THE FINISHER CARD
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2d – STAGE BEFORE WEB FORMATION IN THE FINISHER CARD
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2e – WEB FORMATION


PLATE 2

CARDING AND CROSS LAPPING OF FIBRES

3.2.4
FABRIC FORMATION
The fabric was formed by a process called needle punching where the web structures were bonded mechanically by interlocking of fibres. The lap was fed into the needle punching machine for the formation of needle punched nonwoven fabrics. DILO needle punching of Model OD – 11/6 was used for the preparation of the fabric. Single board downward punching loom was used. Punching of the web was done using bonded needles. The needles are spaced in a non-aligned arrangement and are designed to release the fibre as the needle board is withdrawn. The effective operation width was 700 mm. The fabric thickness ranged from 5mm to 15mm. The fabric GSM of 80 – 1000 GSM could be produced in the machine.

The needle loom is basically a very simple piece of machinery. The most common mode of operation is one in which the needles oscillate vertically on a fixed stroke through web material supported between two plates. The plates are drilled with holes to match the pattern of needles in the needle board. The web was supported until it passed into the inlet gap between the two plates. The rollers helped the web to pass into the needling zone. Around 1200 needles were used. The top plate (the stripper) will be inclined so that there is more room at the entry side for the passage of bulky web prior to needling (Plate 3a and 3b). The bottom plate (the bed) supports these webs during needling. The gap between these plates was adjusted depending on the thickness of the web. The web was made to pass through without any hindrance. The needle punched fabric was drawn away from the needling zone by take up rollers points out Purdy (1980). 

The infeed-draw off frequency was adjusted to 0.25/min; stroke frequency to 200 strokes/min and depth of penetration of the needles to 10mm for the study. The fabric was needle punched on the reverse side also to add strength and to increase the penetrations of the needle. The fabric with 60cms width and 300 GSM was produced. The swatches of the needle punched fabrics are given in Appendix I (Plates 3c, 3d and 3e).

Plate 3

	[image: image10.jpg]



	
	[image: image11.jpg]




	3a – INSERTED FOR NEEDLE PUNCHING
	
	3b – NEEDLE PUNCHED FABRIC
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	3c – FABRIC SAMPLE SC
	
	3d – FABRIC SAMPLE SJ

	[image: image14.jpg]




	3e – FABRIC SAMPLE S
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PLATE 3
NEEDLE PUNCHING AND FABRIC FORMATION
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Source : Indian Journal of Fibre and Textile Research, Vol. 30, June 2005, P. 219.
FIGURE 1

SCHEMATIC DIAGRAM FOR NEEDLE PUNCHING MACHINE 

3.3.
 NOMENCLATURE OF THE SAMPLES


The nomenclature of the fabric samples are given in Table IV.
TABLE IV

NOMENCLATURE OF THE SAMPLES

	S.No.
	Details of fibres in fabric
	Sample

	1
	Sisal / Coir (50 : 50)
	SC

	2
	Sisal / Jute (50 : 50)
	SJ

	3
	Sisal (100)
	S


3.4. EVALUATION OF NEEDLE PUNCHED FABRIC SAMPLES  

The fabrics were analyzed objectively as follows:
3.4.1.
Fabric Tensile Strength and Elongation


The strength required for the fabric depends on its end use Tensile strength is the maximum tensile force recorded by extending the test piece to breaking point. Elongation is the increase in length of the specimen from its starting length expressed in units of length, informs Saville (1999).


The samples were tested for tensile strength in Eureka cloth tensile strength tester. 12inches x 2inches specimen from each fabric samples were cut both in machine and cross directions. The specimen was placed between the upper and lower clamps. The dial reading was set to zero by adjusting the pendulum over the quadrant scale. The elongation pointer was checked for its position in zero. Before starting the machine the pendulum lock was released and machine was switched onto run. At the point of fabric started to break, the machine was switched off and the dial reading in kilogram was noted. Elongation reading was recorded from the elongation scale. The specimen was removed and the machine positioned back to original and the five specimens of both the directions from each samples were tested in all three fabric samples and readings were noted (Plate 4a).

3.4.2.
Bursting Strength 

Saini (2004) says that the bursting strength of a fabric can be determined using the hydraulic bursting strength tester (Plate 4b). The principle used in it is that the pressure in a liquid is exerted in all directions and this phenomenon of a liquid was used for testing the bursting strength.


The specimen was clamped by a ring over a thin rubber diaphragm which itself was clamped over a circular hole in the upper free of a reservoir. The liquid used was glycerine. Due to increase in pressure, the diaphragm bulges, taking with it the specimen. At some point, the fabric bursts and the pressure at that point was indicated by the pressure gauge. The bursting strength was measured at ten different places of each sample at random. The mean value was calculated and recorded.
3.4.3.
Fabric weight


Saini (2004) says fabric weight refers to the relative weight of the fabric not the absolute weight. It may be expressed as the weight of particular size, such as grams per square meter or ounces per square yard.


The instrument used to determine the GSM of the fabric is called sample cutter for GSM. It is a device to cut circular specimen of 100 square centimeter of a fabric very accurately. It has four blades that cut the fabric when the hand wheel is rotated by applying slight pressure (www.expresstextile.com).


Accordingly, the samples were cut using GSM by rotating the handle with pressure. The cut specimen were weighed using digital weighing balance (Plate 4c). The value in grams multiplied by 100 gives the final value. This was carried out for three fabric samples with five readings for each (Plate 4d).

3.4.4.
Fabric thickness


Thickness of the fabric is defined as the distance between the upper and lower surface of the fabric measured under a specified pressure states Tailor (1972).

 
Baty thickness tester was used to measure the thickness of the fabric. It is a hand operated instrument, which has a dial that reads the thickness of the fabric. Two clamps are attached to the dial. Each of the samples were placed between the clamps and pressed. Thickness was measured at ten different places of the fabric samples namely SC, SJ and S at random (Plate 4e). 
3.4.5.
Fabric stiffness


Stiffness is an important characteristic of a fabric. The principle behind the stiffness test is to measure a particular length of a fabric specimen of specified dimensions which when used as a cantilever bends to a constant angle under its own weight – BIS (2000).


As per Basu (2007) the stiffness of the samples were determined by Shirley Stiffness Tester. The specimen from original samples of six inch by one inch were cut using template provided with the tester. Each rectangular strip was mounted over a horizontal platform and pushed along with the template to over hang until the edge of the fabric coincide with the index line. 

Plate 4
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	4a – TENSILE STRENGTH AND ELOGATON
	
	4b – BURSTING STRENGTH
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	4c – WEIGHING BALANCE
	
	4d – GSM
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	4e  – THICKNESS TESTER 
	
	4f – STIFFNESS TESTER


PLATE 4

TESTING EQUIPMENTS

The readings were taken from each specimen with each side up, first at one end then the other. This was done on both machine and cross directions. The experiment was repeated for all the three fabric samples namely SC, SJ and S (Plate 5f).

3.4.6.
Air Permeability Test


The test specimens were preconditioned in the standard atmosphere, which is 21 ( 1(C (70 ( 2(F) and 65 ( 2 per cent relative humidity. The specimen was placed onto the test head of the test instrument and the test was performed. Water pressure differential of 125 pa (12.7mm or 0.5in of water) was used. The individual results were recorded in S1 units as cm3/3/cm2 and in inch-pound units as ft3/min/ft2 rounded to three significant digits as per ASTMD 737-04. This was carried out for all the needle punched fabric samples namely SC, SJ and S (Plate 5a).

3.4.7.
 Thermal conductivity


Thermal conductivity of prepared needle punched fabric samples were evaluated to find the thermal insulation of the same. 

A well insulated house saves a lot of energy. This is why building designers constantly strive to develop new and improved thermal insulation systems. Styrofoam, rock wool, cork, hemp fibres – the materials most sought after are those that have low thermal conductivity and thus reduce the exchange of heat between the outer and inner walls - Future Materials (2008).


The thermal conductivity for the three samples SC, SJ and S was analyzed using lees disc apparatus (Plate 5b). 


The specimen of 11 inches diameter was cut and the thickness was found in different places using screw gauge and the mean value was taken. The specimen was then placed on the lower metallic disc upon which the steam chest was placed. Thermometers were inserted in both steam chest and metallic disc. The steam onset was connected to a boiler, steam from the boiler was then passed through the steam chest. The temperatures were noted for every five minutes from both the thermometers after one hour.


From the constant temperature, this temperature got reduced gradually. When the temperature was noted at each stage until it came down below the constant temperature to about 5(C.

3.4.8.
Wickability


Wicking is the transportation of liquid water by capillary action. The ability of the fabric for wicking depends on the surface properties the constituent fibres, yarn structure, fabric structure and their total surface area. In longitudinal wicking test the edge of a strip of fabric is immersed in distilled water and the rate of rise of the leading edge of the water is measured express Nayak et al. (2008).
A rectangular strip of specimen measuring about15cmx3cm was cut from each sample and graduated scale of 1cm intervals were marked on it. To initiate the test one end of the strip was immersed into the beaker containing water. The capillary movement of water into the fabric in six minutes was recorded. This was carried out for all the fabric samples SC, SJ and S              (Plate 5c).

3.4.9.
Sinking test


For this test specimen of 2.5 cms x 2.5cms from each sample was taken. A beaker full of 1000 ml of distilled water was taken and the specimen was put into the beaker. The time taken by the fabric to sink into the water was noted. This was done for all the three fabric samples namely SC, SJ and S (Plate 5d).
3.4.10. Moisture content

Moisture content is the ratio of mass of absorbed water to the total fabric mass quantities, usually quoted as percentage says Daniel (2007). Moisture content of the fabric was tested in the mesdem semi-automatic moisture tester using ASTM 2654-89 a standard testing method states Saravanan (2008).


Accordingly, specimen of 2"x2" was cut from each sample and weighed to know the original weight. The specimen after weighing were placed in the hot air oven for 15 minutes. The dried specimen was again weighed. The moisture content percentage was calculated as 

Moisture content per cent = 
[image: image21.wmf]ight

originalwe

dry weight

-

 weight

original

x100

This was done for all the fabric samples SC, SJ and S (Plate 5e).
3.4.11. Water retention


The water retention power was determined according to standard DIN 53814(25) which expressed the ratio between the mass of water retained in the fabric after soaking for 2 hours and centrifuging for 20 minutes, and the mass of absolutely dry sample at 105(C for 4 hours as described by Kreze and Malen (2003). The experiment was carried out for all the fabric samples SC, SJ and S (Plate 5f).

3.5.
STATISTICAL ANALYSIS  


Statistical ‘t’ test is based on t-distribution and is considered an appropriate test for judging the significance of a sample mean or for judging the significance of difference between the means of two samples in case of small sample (s) when population variance is not known (in which case we use variance of the sample as an estimate of the population variance). In case two samples are related, we then paired ‘t’ test for judging the significance of the mean of difference between the two related samples. It can also be used for judging the significance of the coefficients of simple and partial correlations says Kothari (2008)


Hence, ‘t’ test was utilized for analyzing the difference between the samples as SC Vs SJ, SJ Vs S and S Vs SC.

Plate 5
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	5a  – AIR PERMABILITY
	
	5b – THERMAL CONDUCTIVITY
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	5c – WICKING
	
	5d – SINKING
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PLATE 5 
TESTING EQUIPMENTS

 4. RESULTS AND DISCUSSION

The findings of this study are discussed under the following heads:

4.1 
Tensile strengths of Needle Punched Fabric Samples

4.2 
Elongation of Needle Punched Fabric Samples

4.3.
Bursting strength of Needle Punched Fabric samples

4.4 
Weight and Thickness of Needle Punched Fabric samples

4.5 
Stiffness of Needle Punched Fabric samples in Machine and Cross Directions

4.6 
Test for Air permeability in Needle Punched Fabric samples

4.7 
Thermal conductivity of Needle Punched Fabric samples

4.8 
Wickability and Sinking Tests for Needle Punched Fabric samples

4.9 
Moisture content of Needle Punched Fabric samples

4.10 
Water Retention Capacity of Needle Punched Fabric samples

4.1 
TENSILE STRENGTH OF NEEDLE PUNCHED FABRIC SAMPLES


The strength of needle punched fabric samples are presented in Table V.

TABLE V

STRENGTH OF NEEDLE PUNCHED FABRIC SAMPLES
	S.

No.
	Samples
	Machine Direction
	Cross Direction

	
	
	Tensile Strength (kg)
	Statistical Analysis
	Significance
	Tensile Strength (kg)
	Statistical Analysis
	Significance

	1
	SC
	Dry
	3.2
	SC Vs SJ
	**
	3.4
	SC Vs SJ
	NS

	
	
	Wet
	2.4
	
	NS
	2.4
	
	NS

	3
	SJ
	Dry
	7.5
	SJ Vs S
	**
	6
	SJ Vs S
	NS

	
	
	Wet
	2.8
	
	**
	2
	
	**

	3
	S
	Dry
	3.8
	S Vs SC
	NS
	3
	S Vs SC
	NS

	
	
	Wet
	10.1
	
	**
	11.2
	
	**


** Significant at 1% level

Comparison of strength among dry samples

Table V reveals that in machine direction the sample SJ has the maximum strength of 7.5kg followed by sample S and sample SC of 3.8 kg and 3.2 kg respectively.


In cross direction, the highest strength was found in sample SJ of six kg followed by sample SC and sample S of 3.4 kg and three kg respectively.


Among the three samples, the sample SJ had highest strength in both machine and cross directions, whereas, it was the lowest in sample S in both the directions.


Statistical analysis proved that there was one per cent significant difference on comparing samples SC and SJ in machine direction in dry condition. The difference between SJ and S was significance at one per cent level. 

Comparison of strength among wet samples


Table V shows that the wet strength of samples in machine direction was maximum in sample S of 10.1 kg  followed by sample SJ and sample SC with strength of 2.8 kg and 2.4 kg respectively.


In cross direction also the strength of sample S was found to be the maximum 11.2 followed by sample SC and SJ with strength 2.4kg and two kg respectively. 



Among all the three samples, the sample S had the highest strength in both machine and cross directions (Figure 2a).


The comparison of wet samples between SC and SJ and S in machine direction show one per cent significance.


In the comparison made between the wet samples SC and S, SJ and S in cross direction, it was found to be one per cent significant at one per cent level. 

4.2 
ELONGATION OF NEEDLE PUNCHED FABRIC SAMPLES


The elongation of needle punched fabric samples are presented in          Table VI.

TABLE VI
ELONGATION OF NEEDLE PUNCHED FABRIC SAMPLES
	S.

No
	Samples
	Machine Direction
	Cross Direction

	
	
	Elongation (%)
	Statistical Analysis
	Significance
	Elongation (%)
	Statistical Analysis
	Significance

	1
	SC
	Dry
	29
	SC Vs SJ
	*
	26
	SC Vs SJ
	*

	
	
	Wet
	57
	
	**
	17
	
	NS

	3
	SJ
	Dry
	21
	SJ Vs S
	NS
	21
	SJ Vs S
	*

	
	
	Wet
	23
	
	NS
	20
	
	NS

	3
	S
	Dry
	24
	S Vs SC
	NS
	31
	S Vs SC
	NS

	
	
	Wet
	21
	
	NS
	21
	
	NS


* - 5% Significant level
** - 1% significant

Comparison of elongation among dry samples


From Table VI and Figure 2b, it is clear that in machine direction, the maximum elongation of 29 per cent was found in sample SC followed by sample S and SJ with 24 per cent and 21 per cent elongation respectively.


In cross direction, the sample S had highest elongation of 31 per cent. The sample SC and SJ had elongation of 26 per cent and 21 per cent respectively.


Elongation percentage was found to be the highest in SC in machine direction whereas in cross direction the sample S had highest elongation. In both the directions, the sample SJ had the lowest elongation percentage.


It is evident from statistical analysis that in elongation there is a five per cent significance on comparison of dry samples SC and SJ in machine direction. In cross direction, there is a five per cent significance on comparison of dry samples SC Vs SJ and SJ Vs S.

Fig 2a and 2b

Comparison of elongation among wet samples

 
The elongation of wet samples in machine direction was the maximum in sample SC with 57 per cent followed by SJ and SC with 23 per cent and 21 per cent respectively.


In cross direction, the elongation was the maximum in sample S of 31 per cent followed by samples SJ and SC of 20 per cent and 17 per cent respectively.


Elongation was found to be highest in sample SC in machine direction where as in cross direction it was the highest in sample S.


In the wet samples SC Vs SJ, there was one per cent significant difference in machine direction as per ‘t’ test analysis.
4.3. BURSTING STRENGTH OF NEEDLE PUNCHED FABRIC SAMPLES


Table VII and Figure 3 show the bursting strength of needle punched fabric samples.

TABLE VII

BURSTING STRENGTH OF NEEDLE PUNCHED FABRICS SAMPLES

	S.No.
	Samples
	Bursting Strength (kg/sq.cm)

	1
	SC
	8.3

	2
	SJ
	7.4

	3
	S
	16.3



From Table VII it is vivid that the bursting strength was the maximum in sample S of 16.3 kg/sq.cm followed by sample SC of 8.3 kg/sq.cm and SJ of 7.4 kg/sq.cm.

Fig 3

 
Hence, it could be concluded that sample S had the highest bursting strength and the lowest bursting strength was observed in sample SJ.
4.4. WEIGHT AND THICKNESS OF NEEDLE PUNCHED FABRIC SAMPLES


Table VIII shows the weight and thickness of needle punched fabric samples.

TABLE VIII

WEIGHT AND THICKNESS OF NEEDLE PUNCHED FABRIC SAMPLES 
	S.No.
	Samples
	Weight (GSM)
	Thickness (mm)

	1
	SC
	899.5
	3.81

	2
	SJ
	774.4
	3.52

	3
	S
	1090.2
	4.49



From Table VIII it is clear that the weight was maximum in sample S of 1090.2 grams per square meter followed by samples SC and SJ of 899.5 and 774.4 grams per square meter respectively (Figure 4a).


The thickness is maximum in sample S of 4.49 square mm followed by samples SC and SJ of 3.81 and 3.52 respectively (Figure 4b).


Hence, it could be concluded that sample S had the highest GSM and thickness, whereas sample SJ had the lowest GSM and thickness.

4.5. STIFFNESS OF NEEDLE PUNCHED FABRIC SAMPLES IN MACHINE AND CROSS DIRECTIONS


Table IX and Figure 5 present the stiffness of needle punched fabric samples in machine and cross directions.

Figure 4a and 4b

Figure 5

TABE IX
STIFFNESS OF NEEDLE PUNCHED FABRIC SAMPLES IN MACHINE AND CROSS DIRECTIONS (inches)

	S.

No
	Samples
	Machine Direction
	Cross Direction

	
	
	Elongation (%)
	Statistical Analysis
	Significance
	Elongation (%)
	Statistical Analysis
	Significance

	1
	SC
	5.4
	SC Vs SJ
	**
	5.6
	SC Vs SJ
	**

	3
	SJ
	6.9
	SJ Vs S
	**
	6.8
	SJ Vs S
	**

	3
	S
	8.9
	S Vs SC
	**
	9.4
	S Vs SC
	**


** - 1% Significant


Table IX reveals that the stiffness in machine direction was maximum in sample S of 8.9 inches followed by SJ of 6.9 inches and sample SC of 5.4 inches.


In cross direction also the stiffness was maximum in sample S of 9.4 inches followed by samples SJ and SC with 6.8 inches and 5.6 inches respectively.


The statistical analysis showed that in the machine and cross directions there was one per cent significant difference in the comparison of SC Vs SJ, SC Vs S and SJ Vs S.


It could be declared that stiffness was the highest in sample S and the lowest in the sample SC in both the directions.
4.6 
TEST FOR AIR PERMEABILITY IN NEEDLE PUNCHED FABRIC SAMPLES


Table X and Figure 6 show the air permeability test result for needle punched fabric samples.

TABLE X
TEST FOR AIR PERMEABILITY IN NEEDLE PUNCHED FABRIC SAMPLES  

	S.No
	Samples
	Air permeability
	Statistical Analysis
	Significance

	1
	SC
	107
	SC Vs SJ
	NS

	2
	SJ
	128
	SJ Vs S
	NS

	3
	S
	158
	S Vs SC
	*


           * - 5% Significant


From Table X it is clear that air permeability is found to be the highest in sample S of 158 cc/cm sq.sec followed by sample SJ and SC of 128 cc/cm sq.sec and 107 cc/cm sq.sec respectively.


There was five per cent significance found between the samples SC and S whereas there was no significant difference found between other samples.  


Hence, it could be concluded that air permeability was the maximum in sample S.

4.7 
THERMAL CONDUCTIVITY OF NEEDLE PUNCHED FABRIC SAMPLES


The results of thermal conductivity of needle punched fabric samples are given in Table XI and Figure 7.

Figure 6

TABLE XI
THERMAL CONDUCTIVITY OF NEEDLE PUNCHED FABRIC SAMPLES  
	S.No.
	Samples 
	Thermal conductivity (M/MR)

	1
	SC
	0.156 x 10-5

	2
	SJ
	0.094 x 10-5

	3
	S
	0.160 x 10-5



From Table XI, it is clear that the thermal conductivity of sample S was the maximum of 0.160 x 10-5‑ followed by sample SC and SJ of 0.156 x 10-5 and 0.094 x 10-5 respectively.


Hence, it could be concluded that sample S had the highest thermal conductivity among all the samples. The lowest thermal conductivity was found in sample SJ.
4.8 
WICKABILITY AND SINKING TESTS FOR NEEDLE PUNCHED FABRIC SAMPLES


The results of wickability and sinking for needle punched fabric samples arepresented in Table XII and Figures 7.

TABLE XII
TEST FOR WICKABILITY AND SINKING NEEDLE PUNCHED FABRIC SAMPLES  

	S.No.
	Samples
	Wickability (inches)
	Sinking (seconds)

	1
	SC
	0.9
	7

	2
	SJ
	1.3
	6

	3
	S
	1.8
	4



Figure 7


Figure 8


Table XII confirms that the wickability was found to be the highest in sample S of 1.8 inches. In samples SJ and SC it was found to be 1.3 inches and 0.9 inches respectively.


Sinking time taken by sample S was lesser of about four seconds followed by samples SC of seven seconds and sample SJ of six seconds.


This concludes that wickability was maximum and sinking was quickest in sample S whereas in sample SC wicking was minimum and sinking was slowest.
4.9 
MOISTURE CONTENT OF NEEDLE PUNCHED FABRIC SAMPLES


The test result of moisture content in needle punched fabric samples are shown in Table XIII and Figure 9a.

TABE XIII
MOISURE CONTENT IN NEEDLE PUNCHED FABRIC SAMPLES
	S.No.
	Samples
	Moisture content (per cent)

	1
	SC
	10.0

	2
	SJ
	6.11

	3
	S
	6.31



The Table XIII reveals that the moisture content was the highest in sample SC of 10.0 per cent followed by sample S of 6.31 per cent which was followed by sample SJ of 6.11 per cent.


Hence, it is concluded that sample SC had the maximum moisture content whereas it was minimum in sample SJ.

Figure 9a and 9b
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	FIGURE 9

	MOISTURE CONTENT AND WATER RETENTION 

	CAPACITY OF NEEDLE PUNCHED FABRIC SAMPLES


1.10. 
WATER RETENTION CAPACITY OF NEEDLE PUNCHED FABRIC SAMPLES

The water retention capacity of needle punched fabric samples is presented in Table XIV and Figure 9b.

TABLE XIV
WATER RETENTION CAPACITY OF NEEDLE PUNCHED FABRIC SAMPLES  
	S.No.
	Samples
	Water retention (grams)

	1
	SC
	4.12

	2
	SJ
	5.01

	3
	S
	5.10



From the Table XIV, it is vivid that the sample S had the maximum water retention capacity of 5.10 grams followed by sample SJ of 5.01 grams which was followed by sample SC of 4.12 grams.


This concludes that the sample S had the highest water retention capacity and sample SC had the lowest water retention capacity.
5.
SUMMARY AND CONCLUSION


Natural fibres are abundantly available in India. The products made from natural fibres are eco-friendly due to their biodegradable properties. Blending of two or more fibres offers an effective means of projecting the positive attitude and overcoming the negative ones.


In India, the non-woven industry is still in its infancy when compared with Japan, Taiwan, Korea and China. But nonwovens have bright future while number of end users is considered. Needled felts are advantageous over woven fabrics. The salient properties such as good resistance to rot in Jute, high tensile strength in coir and good mechanical and physical properties of Sisal made the researcher blend these fibres together in this study with the following objectives.

· To convert sisal fibres into needle punched nonwoven fabrics.

· To blend coir fibres with sisal fibres and covert into needle punched nonwoven fabrics

· To blend jute fibres with sisal fibres for converting into needle punched nonwoven fabrics

· To evaluate the needle punched fabrics

Methodology


The methodology consists of the following steps.

· Procurement of Coir, Jute and Sisal fibres

The fibres namely, Coir, Jute and Sisal which were extracted by decortications method were procured for the study.

· Blending and preparation of fibres

The hundred per cent Sisal, 50 per cent of Jute and 50 per cent of Sisal and 50 per cent of Coir and 50 per cent of Sisal were weighed, cut into small pieces of 25 cm length and blended.
· Hand batching

In this process, the fibres were spread in thin layer and sprayed with mixture of oil and water. The batch was allowed to stand for 24 hours. Thus soft fibres were obtained.
· Fibre carding

These softened fibres were fed into the breaker card machine where the fibres were cut, carded, parallelized and transformed into thin web of separate fibres emerging as a fleece which was then condensed into sliver.
· Web formation

The slivers prepared from hundred per cent Sisal, Sisal Coir blend and Sisal Jute blend were laid on the conveying surface, where the sliver was made into thin layers and then converted into webs individually. These webs were cross lapped with the help of cross lapper.
· Fabric formation

The cross lapped webs were needle punched using DILO needle punching machine of model ID-11/6.
· Evaluation of the needle punched fabrics

Laboratory tests like tensile strength, elongation, bursting strength, weight, thickness, stiffness, air permeability, thermal conductivity, wickability, sinking, moisture content and water retention were done for the needle punched fabric samples.
Salient findings of the study are as follows:

· In dry condition, the sample SJ had highest strength in both machine and cross directions. 

· Statistical analysis of tensile strength proves that there was one per cent significance on comparing sample SC Vs SJ in machine direction in dry condition. The comparison of dry samples in machine direction between SJ and S shows one per cent significance in ‘t’ test analysis.

· In wet condition, the sample S had the highest strength in both machine and cross directions.

· The comparison of wet samples between SC Vs SJ and SJ Vs S in machine direction showed one per cent significance. In the comparison made between the wet samples SC Vs S and SJ Vs S, in cross direction, it was found to be one per cent significant.

· Elongation percentage in dry condition was found to be the highest in sample SC in machine direction but the sample S had highest elongation in cross direction. 

· In elongation there is five per cent significance on comparison of dry samples SC and SJ in machine direction. In cross direction, there is five per cent significance on comparison of dry sample SC Vs SJ and SJ Vs S.

· In wet condition, the elongation per cent was the highest in sample SC in machine direction but in cross direction, it was the highest in sample S.

· In the wet samples, SC Vs SJ there was one per cent significance in machine direction.

· The sample S was found to have the highest bursting strength.

· The sample S had the highest GSM and thickness.

· Stiffness was observed to be the highest in sample S in both the directions.

· The statistical analysis showed that in machine and cross directions there was one per cent significance in samples SC Vs SJ, SC Vs S and SJ Vs S.

· Air permeability was the maximum in sample S. There was five per cent significance found in sample SC Vs C.

· Thermal conductivity was found to be the highest in sample S.

· Wickability was the maximum in sample S.

· Sinking was also found to be quickest in sample S.

· Moisture content was observed to be maximum in sample SC.

· Water retention capacity was found to be maximum in samples S.

Conclusion


The needle punched fabric sample of hundred per cent sisal had the highest strength in both the directions in wet condition. It had highest bursting strength stiffness, GSM and thickness. Air permeability, thermal conductivity, water absorption and retention were also found to be the highest.


On comparing the Sisal/Coir and Sisal/Jute blended fabrics with hundred per cent Sisal fabric, this was found to be the best. Hence, it could be utilized in the field of geo and agro textiles. 

Recommendations
· Due to the biodegradable property of the fabrics obtained from the research findings, it could be suggested that these may be utilized in the field of agrotech and geotech.

· Composites could be prepared from the developed needle punched fabrics.

· The fabrics render it for creating thermal insulation materials.

· The fabrics could be utilized in the field of filtration purposes.
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