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1. INTRODUCTION


The Indian textile industry is of vital importance to the country’s economy. It is the second largest provider of employment after agriculture and accounts for direct employment to 38 million people and indirect employment to 50 million people. The Indian economy is largely dependent on the textile manufacturing and trade in addition to other major industries. Indian industry is seriously planning and implementing to increase its market share in the global trade.


Three major attributes which are considered for success of the Indian Textile industry are market demand, required infrastructure and economics. 
If the Indian textile industry is to continue its growth in the export market, it will have to reorient its activities for meeting the requirements of the importing countries from the environment point of view. New requirements are constantly raised as to enhance properties, performance, economical and the eco-friendly production of textile fabrics.


Fibres are fundamental units used in fabrication of textile yarns and fabrics. Fibres are obtained from natural sources and also are made by man. Most of the clothing are from the natural fibres. With the advancement of science, many more synthetic fibres were developed and in routine use. Natural fibres can be of three types, namely, vegetable fibres, animal fibres and mineral fibres. Vegetable fibres are obtained from plants, animal fibres are obtained from animals and mineral fibres are inorganic materials shaped into fibres.


Jute is the vegetable bast fibres which is highly grown in India, Bangaladesh, China, Myanmar, Nepal and Thailand, whereas, India and Bangladesh contribute 93 per cent among the total world’s production. The Jute plant belongs to the corchorus families and the two species from which the fibre is principally derived are Corchorus olitarus and Corchorus capsularis. Most of the fibres are obtained from the latter. In Sanskrit, Jute plants are called ‘putta’; in Bengalese they are called pat or paut and Ghi-nalita pat. Corchorus is a herbaceous annual which may grow to 5cm (15ft) with a stalk diameter of 20mm (3/4 inch), In India and Bangladesh, these plants are commonly harvested with a hand sickle. Jute is the cheapest textile fibre available around which can be used for manufacture of almost any type of our liking.


Coir is a 100 per cent organic fruit fibre extracted from the exocarp of coconut fruit (Cocos nucifera). The coconut tree normally grows in tropical atmosphere. Coconut is grown in more than 80 countries in the world and is widely cultivated in tropical countries like India, Ceylon, Philippines, Indonesia, Thailand, Pacific territories, East and West Africa and West Indies. The life of a coconut tree is about 80 years. The application of coir can be classified into two categories as coir in domestic use and coir in geotextile applications The main objective of developing coir industry is to diversify and expand production and trade of value-added products through better utilization of abundantly available raw material from natural source keeping in mind the market trends, both domestic and international.


Sisal the vegetable leaf fibre is a monocotyledon species. There are about 300 species of the Agave genus. They are tropical and sub tropical plants. At present, sisal is cultivated for fibres in about 24 countries in central and South America, East Africa, Madagascar and Asia. Sisal is a xerophytic plant that can grow in the poor soil and sloping terrains which do not suit other plants. It tends to be stiff and rather inflexible, it absorbs moisture readily. It finds main applications in shipping, forestry, agriculture and construction.


Manmade or artificial fibres do not occur in fibre form, but are turned into it by man. The process involves breaking down their original form and then reassembling into different fibrous form.


Synthetic fibres come from number of chemical reactions. The materials used are salts and solvents of various kinds. Natural materials are not used for these fibres. They do not need much care and have lots of strength. Synthetic fibres, which have revolutionized the textile industry, are the products of science and technology. A number of scientists have worked hard in the laboratories to develop these fibres. Synthetic fibres of interest to the textile industry are polyamides, polyesters, acrylics, polyethylene terephthalate (PET) and polypropylene. 


Polyester began as a group of polymers in W.H. Carother’s laboratory. A group of British Scientists, J.R. Whinfield, J.K.Dickson, W.K.Birtwhistle and C.G.Ritchie, took up carothers work in 1939. In 1941, they created the first polyester fibre called Terylene. In 1946, Dupont bought all legal right from the British and came up with another polyester fibre which they name Dacron.


In 1958, another polyester fibre called Dodel was developed by Eastman Chemical Products Inc. About recycled polyester market kept expanding. Polyester is currently defined as “Long-chain polymers chemically composed of atleast 85 per cent by weight of an ester and diabetics-hydric alcohol on a terephthalic acid”. The name “polyester” refers to the linkage of several monomers (esters) within the fibre. Esters formed when alcohol reacts with a carboxylic acid. Polyester is an ideal fibre to use for this since it will retain its shape, it is used in pants, shirts and bed sheets either by itself or as a blend, because of its wrinkle-resistant property and its ability to retain shape. It also has industrial uses as well, such as, carpets, filters, synthetic artery replacements, geosynthetics, ropes and films.


Blending of two or more fibres offers an effective means of projecting the positive attributes and overcoming negative ones. A blend normally consists of two fibres (called binary blend) or three different fibre called (tertiary blend).


The 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 the above said fibres with recycled polyester (PET) fibres which are ‘biodegradable’ and generally work well in blends with natural fibres.


The term ‘nonwoven’ itself arouses suspicion as a negative definition and in the absence of a more suitable alternative, is generally understood to describe fabric that does not include any yarn.


Nonwovens are those which are neither woven nor knit. 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 early 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 its infancy, but has a bright future considering the large number of end users. 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 needlelooms 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 drives.


Technical textiles are the fastest growing area of textile consumption in the world. The growth rate varies from 3-5 per cent per annum say Chellamani et al. (2006). The definition of technical textiles adopted by the authoritative textile institute, textile materials and products manufacturing primarily for their technical and performance rather than their aesthetic and decorative characteristics.


The economic scope and importance of technical textiles extend far beyond the textile industry itself and has an impact upon just about every sphere of human economic and social activity. It replaces the conventional materials due to the advantages of durability, high strength and cost effective nature.


Over the years, the focus on the textile materials shifted from general to specific applications. There is a current global demand of about 1000 million of jute/coir geotextiles for erosion control says Chellamani et al.  (2003). Technical textiles are finding increased application in today’s world. It would not be an exaggeration to predict that these (technical textiles) would be the textiles of 21st century. This is one of the fastest growing branches of textile industry worldwide and is one of the most promising sector for the future developments.


Keeping the above factors in mind and to increase the service life of the product the researcher decided to blend the natural fibres, namely, Coir, Jute and Sisal with 10 per cent of Recycled Biodegradable PET (polyethylene terephthalate) fibre for converting into nonwoven fabric through the mechanical process of needle punching with the following objectives.

· To blend natural bast, fruit and leaf fibre with recycled fibre.

· To convert the biodegradable fibres into nonwovens.

· To find the potentiality of the nonwoven fabrics in the field of geotech

· To create an enduse in the field of build tech.

· To find the suitability of the fabric for agro tech.

2. REVIEW OF LITERATURE

2.1.
NATURAL VEGETABLE FIBRES


 Nakamura (2000) opines that the natural fibres are those which are obtained from plants, animals and minerals.

Pariti et al. (2006) say that vegetable fibres have the greatest potential for use in geotextiles because of their superior enigineering properties.
2.1.1. Jute


Frank (2005) points out that jute is mainly grown in India, Bangladesh, China, Myanmar, Nepal and Thailand. India and Bangladesh account 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. 

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

Rani et al. (2001) says due to the properties of natural geotextiles – biodegradability, heavy and coaser structure, hygroscopic nature, jute geotextiles have shown tremendous applications possibilities in various civil engineering projects.
Bardhan and Sarkar (2003) feels that jute fibres are not only utilized for packaging materials like nessian and sacks but also in technical applications in agriculture, geotechnical, architectural, protective and automative field.

2.1.2. Coir

 
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 filteration preventing the mixing of a fine soil and a coarse material, slope stabilization it can protect a material by sharing the load and the strain upon a material.


Vijayakumar (2006) opines coir a natural vegetable hard fibre extracted from the exocarp of the fruit of coconut palm cocos nucifera (Linn.), which is largely used to the manufacture of yarn, cardage and wide range of furnishings such as mats, mattings, rugs, carpets, cushionings, insulation and packaging materials. It has high content of lignin which is followed by cellulose, water soluble matters, pectic substances, ash content and hemi cellulose.


Mishra (2000) says that the extraction of the fibres from the husk involves rettings, cleaning, 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 1.2g/d-1.4g/d. Coir is resistant to fungi and bacterial degradation. Unlike other cellulosic fibres, coir fibre is more resistant to tendering and chemical attacks.

2.1.3. Sisal

Frank (2005) describes Agave sisalana as a monocotyledon, one of the 300 species of Agave genus, which is one of the 21 genera of the Agavacea family. They are all tropical or sub-tropical plants, originally from central and South America. He also adds that the agave rope is mainly used in naval vessels due to the excellent resistance to sea water and other chemical agents. Yarns, fabrics and ropes are used in industrial fields such as shipping, transportation, oil mining, forestry, agriculture and construction, the sisal buffs are used for polishing metals, the carpets and floor coverings are also used.


Oudiani et al. (2008) says Agave Americana L. is the vegetation of Amaryllidaceae 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. 


Chellamani et al. (2003) says 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) reveals that production of Jute reinforced plastic (JRP) products will act as a substitute of wood in many applications, which will prevent deforestation and serve environment. Jute is a naturally occurring lignocellulosic fibre made up of nearly 60 per cent cellulose, 24 per cent hemicellulose, 13 per cent other minor constituents. 

2.2.
SYNTHETIC FIBRES

2.2.1.
Introduction


Kaplan (2001) brings the advantages of synthetic fibres over natural fibres for their surface geometry, uniformity and production quality control, as unlimited variations are found in natural fibres.


Jenkins (2007) emphasizes that thermoplastic polymers, namely, Nylon, polyester, polypropylene and polyacrylonitrile Nylon, polyester, polypropylene and polyacrylonitrile become soft on heating and can be moulded under.

Lewin (2007) opines that polyester fibre specifically poly (ethylene terophthalate) (PET) is the largest volume synthetic fibre produced worldwide.

Basu (2008) assures that the term polyester, refers to a chemical compound containing many esters groups in each molecule. 

Adanur (2001) says that ‘poly’ means ‘many’ and ‘mers’ means ‘parts’. Poymer which is present in both natural and manmade fibres are produced y linking together the molecular units called monomers. 

2.2.2.
Polyethyleneterephthalate (PET)


According to Kaplan (2002), polyester is strong, crisp, soft, washable, dry-cleanable, fast in drying, resistent to shrinkage, stretching, wrinkle, abrasion, most chemicals and resistant.

Jenkins (2007) says in the presence of water, any polyester is susceptible to hydrolyctic cleavage but in practice, hydrophobic groups in the background preclude exclusive aqueous access to the backbone, thereby tempering the transient degradation. The chemical composition and hydrophobicity are directly linked to the rate and degree of polymer, degradation: Moreover, amorphous polymers, those lacking high degree of crystallinity, suffer from high rates of degradation. 

Polyethylene terephthalate sometimes written as poly (ethylene terephthate) commonly abbreviated as PET, PETE, or the obsolete PET P or PET-P and is used in synthetic fibres; beverage, food and other liquid container; depending on the processing of thermal history PET may exist as an amorphous (transparent) and as a semi-crystalline material - http://www.answers.com/topic/dacren.

2.2.3.
Advantages of PET


Fisher (2006) says PP and PET are the two most commonly used polymers in geosynthetic products. PP is used because of its availability, low price and ability to be made into a wide range of textile structures. PET use in geosynthetic applications is growing, especially for high performance end uses where low creep and a high degree of dimensional stability are required. 

2.2.4.
Production of PET


Jenkins (2007) describes the production of poly (ethylene terephthalate) polymer as polyester fibre is produced from poly (ethylene terephthalate), i.e., PET polyester. The molecular weight of PET polymer used for the preparation of polyester is in the range of 20,000-40,000. The raw materials for the preparation of polyester are dimethyl ester terephthalic acid (DMT) or terphthalic acid (TPA) and mono ethylene glycol (MEG).

2.2.5.
Application of PET


Fisher (2008) expresses that the polymer continues to dominate virtually all segments of the textile industry, including apparel, interiors and technical end-uses. He also adds that polyester, namely, poly ethylene tereophthalate (PET) and polytermethylene terephthalate (PTT) are increasingly used in interiors, outdoor and many innovative applications. 


Norberg and Kang (2008) point out that the many innovative applications high strength polyester fibres are used as an underlying material for rail road track bed stabilization, enhanced the distribution of the ballast load over a wide area, reducing vertical stresses, helping to provide a more uniform distribution. 


PET is generally referred to as simply “polyester” and is used most often in packaging applications (www.wikipedia.org).


Teijin fibre’s, Ecopet plus-a chemically recycled polyester fibres are being used in a new tyre from Toyo tire and Rubber that is aimed at environmentally oriented passenger car (Future materials, 2009).

2.3.
TECHNICAL TEXTILES
Horracks and Anand (2000) express that natural fibres such as cotton, flax, jute and sisal have been used from centuries till today in application ranging from tents and tarpaulins to ropes, sailcloth and sacking. There is evidence of woven fabrics and meshes being used in roman times and before to stabilize marshy ground for road building, which is termed as geotextiles or geogrids nowadays.


Chellamani et al. (2006) feels that technical textiles is the fastest growing area of textile consumption in the world and the growth rate varies from 3-5 per cent per annum. He also quotes that by 2010 AD, the requirement of technical textiles will be about 24 million metric tones/day.


Vaghela (2004) expresses that the technical applications of textile have now taken firm foot in the global scenario and are now slowly replacing conventional materials due to the advantages of durability, high strength and cost effective method.

 
Sankhe and Chitnis (2002) say that agriculture is looked upon as an industry to many part of the world in the utilization of controlling factors in green house as well as in fields to control temperature, humidity, avoid damage from wind and rain, regulate nutrient level to meet plant requirement by using green / poly house technique.


Naik and Pancholi (2008) stress the basic functions of geotextiles as separation, filteration, drainage, reinforcement and protection, a geotextile is used to improve the mechanical properties of an earth structure by interacting with soil through internal shear, apart from its utilization.

Kothari (2008) describes filteration as a method of separating solid particles from a liquid or gas in which they are suspended by passing liquid or gas through a barrier which is the filter medium. 


Nair and Pandian (2005) are of opinion dam separating land from water is the symbol of geotextile on technical textiles with new concepts and products in road construction, civil engineering, dam and waste site construction for strengthening, drainage and filteration purposes.


Rakshit et al. (2007) suggest that when some synthetic fibres are mixed with bituminous concrete it increases the resistance of reflective cracking, particularly at colder climate, due to improvement to flexural fatigue, life. It also increases flexibility, mechanical stability, a decrease in alligator cracking rutting and pot holes.


Thomas et al. (2007) declare that no significant problem has been observed in the railway track location treated with geogrids and geotextiles but further has appreciable improvement in the performance.


According to the Indian Textile Journal (2007), Inter-ministrial committee suggests mandatory usage of geosynthetics for construction of road (where subsoil CBC is less than 3) and asphalt pavement overlay, which would enhance the demand of geotextiles.


Colourage (2004), Geo-jute has found its applications at Singrauli mines of Central Coal Fields Ltd., which has greater potential in replacing the synthetic geotextiles (SGT) with satisfactory results feels Singhvi (2004).


Kothari (2008) classifies the twelve broad application area of technical textiles as agro tech, build tech, cloth tech, geotech, hometech, indutech, med tech, mobi tech, oeko tech, pack tech, protech, sport tech.


Pan and Zhong (2006) quote ASTM definition for geotextiles as any permeable textile material used with soil, rock, earth or any other geotechnical engineering related materials, as an integral part of a man made project, structure or system. They also emphasize the applications of fibres, namely, polypropylene (PP), polyester (PET) and polyamide (nylon) or polyethylene (PE) in either woven or nonwoven forms in the field of geotextiles.


New Cloth Market (2008) durability of geo-textile layers in the construction of roads and high ways is similar to the fully concrete made roads and highways, says Roy. 

Jaybhaye et al. (2003) describe the basic properties of geotextiles as tensile strength, elongation, impact strength, stress crack resistance, heat resistance. Specially structured materials like geonets, geomats and geocomposites made by either synthetic fibres or natural fibres are increasingly being used.

 Desai (2007) says specially structured materials like geonets, geomats and geocomposites made by either synthetic fibres or natural fibres are increasingly being used.

Tech tex India (2007) rapid modernization and changing preferences of consumers, exporters and buyer of higher quality of products has transfigured the Indian Hometex the industry where fashion and performance plays a crucial role. The fact changing dynamics of the industry has given rise to opportunity for high fashion and technical home textile products.

The growing demand for reusable heavy and light weight textile package materials like bags, sacks, liners and other goods are directly proportional to economic growth, industrial production and trade, Tech Tex India, (2007).


Fung and Hardcaste (2001) expresses that nonwovens not only find their applications in cars as functional or aesthetic but substitutes material. Non-wovens can be made in a wide range of densitities and different forms, offer sound insulation, heat insulation and soft-tough properties.


Wilson and Kurth (2008) say that to needled felts are advantageous over conventional woven fabrics for filtration quality.


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 man power and less inventory to be maintained therefore less investment.

Desai (2005) says car interiors are subjected to full range of temperatures (-20 to +100(C). The two most important factors governing the selection of fabrics for car seats are resistance to light (UV radiation) and abrasion. Polyester has emerged as the predominant fibre now accounting for about 90 per cent of all the seat covers used worldwide.


Ali and Chandra (2007) says, Manmade textiles in the form of knitted fabrics are extensively used for agro textile applications. Nylon, polypropylene, polyethylene are the common fibre materials used in agro textiles.
2.4.
NONWOVENS


The Indian Textile Journal (2008), nonwovens are a class of fabric that are produced directly from fibres and in some cases directly from polymers, thereby obviating a number of intermediate processes such as spinning, winding, warping, weaving/knitting. Hence, non wovens can be produced inexpensively for both single use and durable 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 only in the late 1960s. 


Asian Textile Journal (2008) raw materials for technical nonwoven have two general categories, namely, polymer resins and staple fibres. Polymer resins are used for spun laid processes, including spun bond, melt blown, flashspun and electrospun. Staple fibres are used for drylaid, airlaid, wetlaid process using different bonding methods, such as thermal bonding, needle bonding, chemical bonding and hydroentanglement. Polypropylene and polyester remain two primary polymers used in nonwovens for technical textiles.

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. 

Seshadri (2007a), finds enormous applications of non wovens in high tech fields such as medical, military and filteration. 


Nonwoven materials are nowadays mainly produced from man made fibres. The two synthetic polymers which dominate the market are polypropylene (PP) and polyethylene terephthate (PET). Non wovens are often application – designated as either durable or disposable feels Menezes (2008).


Ramkumar (2007) says nonwoven textiles find application such as absorbent hygiene products which include baby diapers, feminine health care products, surgical gowns, face masks, geo textiles, airfilters, chemical and biological warfare protective suit lines, automotive textiles such as acoustic insulation pads, trunk and headliners.


Sengupta et al. (1999) says, needle punched fabrics are stronger than the fibrosis mats and cheaper than the woven fabrics. 

Ramkumar (2008) opines that nonwovens technology is a manufacturing process of developing fabrics directly from fibres by skipping intermediary processes such as spinning, winding, weaving.

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 >100g/m2 and dark colour protects green houses from excessive sun and heat. 

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.

 Seshadri (2007b) emphasis 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.

Srinivasan and Ramakrishnan (2000) are of opinion that the testing of raw materials for nonwoven blended fabrics and the fabrics themselves have two functions; to determine the article, and to determine how it will stand upto wear. The first stage of examination widely used in production control establishes the origins of the product and provides a means of standardization. End use oriented tests determine how the product will stand up to wear and compares raw materials and fabrics to arrive at optimum compatibility for a predetermined end use.

Marwaha et al. (2004) say that nonwovens of spun bonded, nonwovens of PP/PET, PAN, needle punched fabrics/nonwovens or flax/viscose blends from the rotting of reclaimed fibres mainly used the requirements for agricultural textiles are high potential to retain water, so that seeds can germinate and plants can grow. Protection from wind and creation of micro-climate between the ground and the fabric (nonwoven), which results in balance between temperature and humidity.


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). Nonwovens used in furnishings and bedding include upholstered furniture, bedding and other furnishing applications.  
2.5.
BLENDING OF FIBRES


The Indian Textile Journal (2004), in order to obtain, best fabric for a particular purpose at a price suitable for that purpose, often finds that one can obtain the best results by blending fibres so as to obtain the mixture of the characteristics of the individual fibre in the blended fabrics.


According to Salhotra (2004), the natural fibres are generally weak, prone to rotting, non-uniform in their properties especially length. Therefore, the most practical way out to go for products where a mix of blend of the natural and man made are used. Blending of two or more fibres offers an effective means of projecting the positive attributes and overcoming negative ones.


Sengupta et al. (1999) say jute based nonwoven fabrics alone or in blends with manmade fibres are used for various applications like filteration and floor covering.

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. Blending of fibres is now one important growth area of textile production. Blending of fibre generally leads to improvement in properties.

3. EXPERIMENTAL PROCEDURE

The experimental procedure consisted of the following steps:

3.1.
Selection Of Fibres 

3.2.
Nomenclature of the Samples

3.3.
Conversion of Fibres into Fabric

3.4.
Evaluation of Needle Punched Fabric Samples to Suit Various Fields of Technical Textiles

3.5.
Statistical Analysis

3.1.
SELECTION OF FIBRES 

The natural fibres, namely, Coir, Jute and Sisal, were selected for the salient qualities present in each one of them. Eco-fi is high quality polyester fibre made from 100 per cent certified recycled plastic PET bottles. It could be utilized in textiles as blankets, carpets, wall coverings, auto interiors, home furnishing and craft felt. It can also be blended with other fibres for enhanced qualities - http://www.kuninfelt.com/dfiles /ecofi_ss.pdf. So, to enhance the quality of the product, PET fibres were blended along with selected natural fibres. 

3.2.
NOMENCLATURE OF THE SAMPLES

	S.No.
	Details of fibre
	Sample

	1
	Coir / Jute / PET - Original fabric
	CJP

	2
	Jute / Sisal / PET - Original fabric
	JSP

	3
	Coir / Sisal / PET - Original fabric
	CSP

	4
	Coir / Jute / Sisal / PET - Original fabric
	CJSP

	5
	Coir / Jute / PET - Buried fabric
	CJPB

	6
	Jute / Sisal / PET - Buried fabric
	JSPB

	7
	Coir / Sisal / PET - Buried fabric
	CSPB

	8
	Coir / Jute / Sisal / PET - Buried fabric
	CJSPB

	9
	Coir / Jute / PET - Buried soil sample
	CJPS

	10
	Jute / Sisal / PET - Buried soil sample
	JSPS

	11
	Coir / Sisal / PET - Buried soil sample
	CSPS

	12
	Coir / Jute / Sisal / PET - Buried soil sample
	CJSPS


3.3.
CONVERSION OF FIBRES INTO FABRIC

3.3.1.
Preparation of fibres


The fibres namely, Coir, Jute, Sisal and PET, were prepared before they were converted into web. The natural fibres were cut to 20cms length for mixing with PET fibres of 3 cms length. The fibres were weighed and mixed well manually.
TABLE I
PROPORTION OF FIBRES TAKEN FOR MIXING
	SAMPLES
	PROPORTION ( per cent )

	
	Coir
	Jute
	Sisal
	PET

	CJP
	45
	45
	-
	10

	JSP
	-
	45
	45
	10

	CSP
	45
	-
	45
	10

	CJSP
	30
	30
	30
	10



Ninety per cent of natural fibres were blended with ten per cent of PET fibres in samples CJP, JSP and CSP. The proportion of each fibre in clearly given in Table I.
3.3.1.1. Pre-opening


The objective of an opening line is to reduce the size of the fibre tufts from the bale to the chute feed, which supplies the web forming machine. The fibre were picked up from top of the bales by two opening role in conjunction with the partial air vacuum, the opening head transversed back and forth across the bale lay down, starting and stopping on demand from the blending hopper. This ensured maximum efficiency and blending. 

3.3.1.2. Mixing

The blending feeders gently open the tufts of fibres by interaction of an inclined needle lattice apron and an evener roller equipped with needles. Blending of the tufts from different bales also took place in the opening and mixing achieved by the inclined apron and the evener roller. The opened tufts were deposited in a weigh pan controlled by load cells which dump the fibres onto a feed conveyer (Plate 1).

3.3.1.3. Coarse opening


The blending conveyor fed fibres into an opening roll that has a three-lag pin beater where coarse opening of fibre tufts took place.

3.3.1.4. Fine opening


The fibre opened by opening roll was transported by air to the feed box of the fine opener. The fine opener consists of two opening rolls, one evener roll and a cylinder roll all of which were wound with metallic clothing. The opener reduced the tuft size by using the principle of carding points between rolls A and B and between rolls B and C. The reduced tufts were transferred to the cylinder roll D which delivered the opened fibres into an air stream to the web former (Figure I).
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FIGURE I : FINE OPENER

3.3.1.5. Web-former feeding


Chute feeding system was used to feed the fibres.

3.3.2.
Web formation

3.3.2.1. Carding


The main objective of carding is to separate small tufts into individual fibres, to begin the process of parallelization and to deliver the fibres in the form of a web. The principle of carding is the mechanical action in which the fibres were held by one surface while the other surface combs the fibres causing individual fibre separation. At its centre was a large rotating metallic cylinder covered with card clothing. The card clothing was comprised of needles, wires or fine metallic teeth embedded in a heavy cloth or in a metallic foundation. The cylinder was partly surrounded by an endless belt of a large number of narrow, cast is on flats positioned along the top of the cylinder. The top of the cylinder may be covered by alternating rollers and stripper rolls in a roller-top card.


The fibres were fed by a chute and condensed into the form of a lap. This was initially opened into tufts by a licker-in, which fed the fibres to the cylinder. The needles of the two opposing surfaces of the cylinder and flats or the rollers were inclined in opposite directions and move at different speeds. The main cylinder moved faster than the flats and due to the opposing needles and difference in speeds, the fibre clumps were pulled apart (Fig. IIa and IIb). In the roller top card the separation occurred between the worker roller and the cylinder. The stripping roller stripped the larger tufts and deposited them back on the cylinder. The fibres were aligned in the machine direction and formed a coherent web below the surface of the needles of the main cylinder.
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FIGURE IIa, b : CARDING ACTION

The productivity of roller cards is about 1000kg/hour.

3.3.2.2. Cross lapping


Naik and Pancholi (2008) describe cross lapper machine as the machine that continuously lays a web so that its fibres are oriented in cross direction. The web is laid on the conveyor moving at right angles. 


Web formations can be made into the desired web structure by the layering of the webs from the card. Layering was carried out to reach the desired weight and web structure. Cross lapping can be done by using two different devices namely vertical and horizontal cross lappers. Vertical cross lapper consists of a pendulum conveyor after the doffer roll on a card. Pendulum conveyor reciprocates and lays the carded web into folds on another conveyor belt (Plate 2).

3.3.3. 
Needle punching


Fehrer needle loom was utilized for the needle punching process. The width of loom used was 150cms. The web was passed into the preloom where downward punching took place with 1500 needle at the rate of 150 strokes/min with stroke height of about 40mm in the preloom. This was then passed through the main loom which functioned with 400 strokes per minute with 2000 needles at stroke height of 40mm (Plate 3 and 4, Appendix II). Passing through the above given process, the needle punched fabric of various proportions were prepared (Plate 5).
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PLATE 2 : CROSS LAPPING
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PLATE 4 : MAIN LOOM
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	PLATE 5 :NEEDLE PUNCHED FABRICS OF VARIOUS BLENDS


3.4. EVALUATION OF NEEDLE PUNCHED FABRIC SAMPLES TO SUIT VARIOUS FIELDS OF TECHNICAL TEXTILES

The fabrics were analyzed subjectively and 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 and readings were noted.

3.4.2.
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. The value in grams multiplied by 100 gives the final value. This was carried out for four samples with five readings for each (Plate 6).

3.4.3.
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 each sample at random (Plate 7). 
3.4.4.
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 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. The readings were taken form 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 four samples (Plate 8).

3.4.5.
Capillary rise test


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 (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.
3.4.6.
Sinking test


For this test specimen of 2.5 cms x 2.5cms from each sample was taken. A beaker full of 1000ml 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. 
3.4.7.
Air Permeiability 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 (Plate 9).
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	PLATE 6 : ELECTRONIC BALANCE
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	PLATE 7 : THICKNESS GAUGE

	
	
	

	PLATE 8 : FABRIC STIFFNESS TESTER
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	PLATE 9 : AIR PERMEABILITY TESTER


EQUIPMENTS USED FOR TESTING
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	(a) Moulding of Cubes
	
	(b) Demoulded Cubes
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	(c) Fabric Covered Cubes
	
	(d) Curing


3.4.8.
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.


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 = 
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3.4.9.
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).

3.4.10.
 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, rockwool, 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 four samples CJP, JSP, CSP, CJSP was analyzed using lees disc apparatus. 


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.

3.4.11. Curing of concrete block test


The fabric samples were subjected to curing test to find the suitability of the prepared needle punched fabric samples in the application of buildtech.


Curing is the process of keeping concrete under a specific environmental condition until hydration is relatively complete. Because the cement used in concrete requires time to fully hydrate before it acquires strength and hardness, concrete must be cured once it has been prepared. Curing lowers permeability and increases strength resulting in higher quality of material - http://en.wikipedia.org/wiki/curedconcrete.


The durability of concrete structures is greatly influenced by curing of the concrete, as inadequate curing can result in a very weak and porous material near the surface of the concrete that is vulnerable to ingress of various harmful substances from the environment - http://www.concrete.org/PUBS/JOURNALS/ AbstractDetails.asp?ID=2528.

· Preparation of concrete blocks


The concrete cubes of size 100x100x100mm were prepared by mixing cement, aggregates, sand and water as per standard IS10262-1982 recommendations in suitable moulds. After 24 hours, these blocks were demoulded. Four such cubes were prepared, weighed and recorded (Plate 10a, b).

· Curing process


The cubes were surrounded on all sides individually by needle punched fabric samples, namely, CJP, JSP, CSP, CJSP and stitched. One cube without fabric covering was the control sample (Plate 10c).  

The fabric wound cubes were weighed. Then the cubes were dipped in water and placed over a tray for curing (Plate 10d). This process was repeated for seven alternate days. The completely cured cubes along with the sample were weighed. Then the samples were removed from the blocks and weighed again.

· Compression strength analysis

The block was subjected to pressure in the digital compression testing machine as per IS516-1959. The compression strength of concrete depends on the type of cement, water-cement ratio, sizes, shape and grading of aggregate, degree of compaction, curing and other concreting operations. In the compression strength analysis, keeping all concreting operations constant and changing the curing fabric, the evaluation was carried out. The pressure required for cracking the block was recorded, says Rajput (2004). The compression strength required for cracking the cubes in N/mm2 was recorded for the needle punched fabric samples individually (Plate 11). 
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PLATE 10 : PREPARATION AND CURING OF CONCRETE BLOCKS WITH PREPARED NEEDLE PUNCHED FABRIC SAMPLES
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PLATE 11 : COMPRESSION STRENGTH ANALYSIS
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(a) Weighing of red soil
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(b) Mixing of soil with water
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(c) Placing fabric in the mould over soil
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	(d) Weighing of mould with fabric inserted soil
	
	(e) Testing of the prepared mould


3.4.12. California Bearing Ratio

California Bearing Ratio test was carried out for the soil by inserting a layer of prepared needle punched fabrics to find its potentiality in the field of geotech.


The California Bearing Ratio (CBR) test was carried out for the samples as per IS:2720 (Part XVI) to assess the strength added to the weak soil due to the insertion of fabric.


For preparing the samples the mould of 175mm height, 150mm internal diameter, 6.800kg weight and capacity of 5kg were used. The weak soil of 5kg with 500ml of water was mixed thoroughly. The prepared mix of soil were filled as four layers with three fabric samples sandwiched between each layer of the soil. The layers were made compact by blowing 56 times using the rammer of 8.294kg. The penetration plunger was kept in contact with the soil and load at the penetration rate of 1.2mm per unit was applied. The load at penetration of 2.5mm and 5mm were recorded (Plate 12a-e).

3.4.13.
 Soil burial test

The soil burial test was carried out to find the degradability of the fabric samples, to find its suitability in the field of agrotech
3.4.13.1. Visual evaluation of needle punched fabric samples


The original and the soil buried needle punched fabric samples of different blends namely CJP, JSP, CSP, CJSP and CJPB, JSPB, CSPB, JSPB were visually evaluated by 21 judges belonging to post graduation in Textiles and Fashion Apparel and Bio-Textiles. Proforma was prepared for comparing general appearance, colour, lustre, texture and evenness for the blended samples (Proforma).
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PLATE 12 : CALIFORNIA BEARING RATIO TEST
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               (a) Mixing of soils
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(b) Placing fabric
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(c) Four pots for each fabric        .


3.4.13.2. Burying fabric in selected soil mixture


The fabrics CJP, JSP, CSP and CJSP were buried inside the soil mixture at 3cm depth as suggested by - www.expresstextile.com/20050615/ processworld01.shtml. Red soil, clay and sand taken from Kannampalayam locality were mixed thoroughly and filled in four individual pots (Plate 13a-c). This was watered on alternate days and left for 28 days as suggested by Harini et al. (2007). 
3.4.13.3. Collection of fabric and soil samples


After 28 days, the fabric samples were taken out and put in covers for testing. Similarly, the soil around the fabric sample also were collected individually.
3.3.13.4. Enumeration of microorganisms from fabric and soil samples

 
The procedure enumeration of microorganisms was follwed as described by Kannan (2002). Medium selected for enumerations were followed as suggested by Gupta and Dubey (2006).


One gram of fabric and soil samples were mixed individually with 100ml of sterile distilled water in conical flasks and kept in mechanical shaker (150 rpm) for 10 minutes. This lead to 10-2 dilution was serially diluted upto 10-6. Twenty five ml of sterilized Nutrient Agar Medium as given below was poured in petri plates followed by 0.5-1ml of each dilution. Spread plate technique was followed for this process of enumeration of bacteria.
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	(b) JSP

	[image: image32.jpg]
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	(d) CJSP


PLATE 14 : SEM IMAGES

Nutrient Agar Medium


Peptone



5 g


Beef extract



1.5 g


Yeast extract



1.5 g


Sodium chloride (NaCl)

5 g


Agar – agar



15 g


Distilled water


1000ml


pH 




7.4

The enumeration of fungi was carried out in the same procedure using Potato Dextrose Agar.


Potato extract



200 g peeled potato


Dextrose



20 g


Agar – agar



15 g


Distilled water


1000ml


pH 




6.0
3.4.13.5. Identification of micro organisms present in fabric and soil samples


The presence of micro organism in soil and fabric samples were identified using the following procedure.
a) Identification of Bacteria


The bacterial cultures isolated from the nutrient agar plates were grouped to various genera based on their morphological and biochemical characters. 

Grams staining

Bacteria (16-18h) were smeared on a clean glass slide and heat fixed. Then the smear was flooded with Lugol’s iodine solution for a minute and rinsed with water, decolourized with acetone alcohol (for 10 seconds), rinsed out and the smear was counter stained with safranin for min, washed with water, blotted to dry and examined under the oil immersion microscope. Gram positive bacteria were purple or violet and Gram negative bacteria were red.

Crystal violet


Crystal violet

: 2.0 g in 20 ml of 95 per cent ethanol



Ammonium oxalate
: 0.8 g in 80 ml of distilled water

Gram’s iodine





Iodine


: 1.0 g





Potassium Iodide 
: 2.0 g





Distilled water 
: 300 ml

Safranin





Safranin

: 0.25 g





95 per cent Ethanol
: 10 ml





Distilled water
: 100 ml

Acetone alcohol





95% ethanol

: 70ml





Acetone

: 30ml
Spore staining


Smear of 48 – 72h old cultures were heat fixed on a clean glass slide. The slide was flooded with malachite green stain and allowed it to react at room temperature for one min. the slide was heated to steaming for three minutes, allowed to cool and rinsed with water. Then it was stained with safranin. The slide was observed under an oil immersion microscope. The spores were observed in green colour whereas vegetative cells appear red or colourless.

Malachite green (0.5%)




Malachite green
: 
0.5g




Distilled water
:
100ml

Safranin




Safranin

: 
0.25 g




95 per cent Ethanol
: 
10 ml




Distilled water
: 
100 ml

Motility test (Mannitol Motility Agar)

Mannitol

:
10.0g


Tryptone

:
10.0g


Sodium chloride
:
5.0g


Agar


:
5.0g


Phenol red

:
0.01g


Distilled water
:
1000ml


pH 


:
7.2 ( 0.2

Sterile mannitol motility agar buds were prepared, inoculated with straight wire making the stab down the centre of the tube and incubated at 37(C. Non-motile bacteria showed confined growth to the stabbed line, while motile and diffused and spread throughout the medium rendering it a slightly opaque nature. The colour change from pink to yellow showed the utilization of mannitol by bacteria.

Kovac’s oxidase test


Strips of Whatman No. 1 filter paper were soaked in a freshly prepared one per cent solution of tetramethyl paraphenyline diamine dihydrochloride and dried. The isolate was streaked on it with a sterile platinum loop. A positive reaction is indicated by an intense deep purple colour appear in within 5-10 seconds and a negative reaction by absence of colouration.


Utilization of glucose by oxidation and fermentation test oxidation and fermentation medium.

Tryptene



- 2.0g


Sodium chloride (NaCl)

- 5.0 g


Dipotasssium phosphate

- 0.3 g


Agar




- 15.0 g


Bromothymol blue


- 0.03 g


Distilled water


- 1000 ml


pH




- 7.2 ( 0.2


The medium was prepared and sterilized and the pre-weighed sterile dextrose one per cent (ether sterilized) was added to it in a sterile environment. The medium was then disposed in 3-4 ml in pre-sterilized tubes and sterilized for 10 minutes at 1516 and made into slants. The slants were stabbed and surface streaked with the isolates. The colour changes from green to yellow in slants and bud showed the oxidation and fermentation respectively.

Catalase test


Bacterial cultures of 16-18 hours were used for this test. To check the efficiency of micro organisms to produce catalase enzyme, this test was performed. Catalase production can be determined by addition of the subtrate H2O2 to a bacterial culture. The presence of enzyme is indicated by air bubbles.

b) Identification of fungi


Fungal hyphae spores and fruting structures were mounted on a clean glass slide with lactophenol cotton blue under cover slip was placed on the mount. Then the semipermanent preparation were observed under the microscope.

Preparation of lactophenol cotton blue




Phenol crystals

- 20.0 g




Lactic acid


- 20.0 ml




Glycerol


- 40.0 ml




Distilled water

- 20.0 ml




Cotton blue dye

- 0.05 g

The distilled water was taken in a beaker and phenol crystals were added to this and warmed in a water bath till the later dissolve completely. Lactic acid and glycerol followed by cotton blue were added to this. 

3.4.14. Scanning Electron Microscope (SEM)

The imaging system of SEM, with its wide range of magnification and great depth of focus is remarkably well suited to textile technology. The fibre features that determine performance in manufacturing and conversion to end-use are also determined in SEM appearance says Kaplan (2001) (Plate 14).
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3.5.
STATISTICAL ANALYSIS


Statistics is indispensable in research work. The large volume of numerical information can be effectively organized, presented and analyzed through statistical methods.


According to Gupta (2005) the results of the laboratory tests were analyzed statistically selecting ANOVA and least significance was computed at 5 per cent and 1 per cent level. Mean is the most popular and widely used measure of representing the entire data by one value views, Mann (2004).

4.
RESULTS AND DISCUSSION


The findings of this study are discussed under the following heads

4.1.
Strength and Elongation of Needle Punched Fabric Samples

4.2.
Grams Per Square Meter and Thickness of Needle Punched Fabric Samples

4.3.
Stiffness of Needle Punched Fabric Samples in Machine and Cross Directions

4.4.
Wickability and Sinking Tests for Needle Punched Fabric Samples

4.5.
Test for Air Permeability in Needle Punched Fabric Samples

4.6.
Moisture Content of Needle Punched Fabric Samples

4.7.
Water Retention Capacity of Needle Punched Fabric Samples

4.8.
Thermal Conductivity of Needle Punched Fabric Samples

4.9. 
Compression Strength of Concrete Blocks after Curing With Various Needle Punched Fabric Samples

4.10.
Needle Punched Fabric Samples’ Load Withstanding Capacity in California Bearing Ratio (CBR) Test 

4.11.
Visual Evaluation of Needle Punched Original and Buried Fabric Samples

4.12.
Microbial Population Found in Soil and Fabric Samples in Soil Burial Test

4.13. 
Bacterial and Fungul Species Found in Soil and Fabric Samples

4.14.
Scanning Electron Microscopy (SEM) Appearance

4.1.
STRENGTH AND ELONGATION OF NEEDLE PUNCHED FABRIC 
SAMPLES


The strength and elongation of needle punched fabric samples are presented in Table II and Figure IIIa and IIIb.

TABLE II

STRENGTH AND ELONGATION OF NEEDLE PUNCHED FABRIC SAMPLES
	S.

No.
	SAMPLE
	TENSILE STRENGTH (Kg)
	ELONGATION (inches)

	
	
	MACHINE

DIRECTION
	CROSS 

DIRECTION
	MACHINE 

DIRECTION
	CROSS 

DIRECTION

	1
	CJP
	Dry
	2*
	4.4
	6.1
	5.24

	
	
	Wet
	1.2
	2
	6.3
	5.2

	2
	JSP
	Dry
	6.8*
	2
	4.5
	6.9

	
	
	Wet
	7.6
	2.8
	4.2
	6

	3
	CSP
	Dry
	6*
	4.4
	5.8
	5.3

	
	
	Wet
	8.2
	6.8
	5.7
	5.6

	4
	CJSP
	Dry
	26*
	20.8
	7
	7.1

	
	
	Wet
	36.4
	40
	5.9
	5


* - 1% Significant

· Comparison among dry samples
Strength

Table II reveals that in machine direction the sample CJSP has the maximum strength of 26 kg followed by JSP of 6.8kg which is followed by samples CSP and CJP of 6kg and 2 kg respectively. In cross direction the highest strength was found in CJSP with 20.8kg followed by CJP and CSP of about 4.4kg which was followed by JSP of 2kg.
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Elongation

Elongation of sample in machine direction was found to be higher in sample CJSP of 7 inches followed by CJP, CSP and JSP with 6.1, 5.8 and 4.5 inches respectively. In cross direction, the highest elongation was seen in CJSP with 7.1 inches followed by JSP, CSP and CJP which was 6.9, 5.3 and 5.24 inches respectively.


Among the four samples CJSP had the highest strength in both machine and cross directions, whereas, it was lowest in sample CJP in machine and JSP in cross direction. Elongation was the highest in CJSP in the machine and cross directions. The elongation between the fabric blends and direction of fabrics showed significance at five per cent level.

· Comparison among wet samples

Strength

The above table shows that the strength of the wet sample in machine direction was maximum in CJSP with 36.4kg followed by CSP, JSP and CJP with 8.2, 7.6 and 1.2kg respectively. In cross direction, the strength was maximum in CJSP with 40kg followed by CSP, JSP and CJP which was 6.8, 2.8 and two kg respectively.

Elongation


The elongation of the web samples in machine direction was maximum in CJP with 6.3 inches followed by CJSP with 5.9 inches, which was followed by CSP and JSP with 5.7 and 4.2 inches respectively. In cross direction, maximum elongation was seen in JSP with six inches followed by CSP of 5.6 inches, which was followed by CJP and CJSP with 5.2 and five inches respectively.


Hence it could be concluded that CJSP had maximum strength on wetting in both machine and cross directions, and maximum elongation was found in sample CJP in machine direction and JSP in cross direction 

· Comparison between dry and wet samples

On comparing the wet and dry samples, it is clear that in wet condition, all the samples, namely, CJP, JSP, CSP and CJSP showed better strength than the dry samples in machine direction.


In cross direction also, the three samples, namely, JSP, CSP and CJSP showed gain in strength in wet condition over dry condition except the sample CJP which lost its strength on wetting.


Hence, it is obvious that all the samples gained strength except CJP on wetting.


The elongation of the fabric got reduced on wetting in all samples in both the directions except for CJP in machine direction.


The statistical analysis of the strength of needle punched fabric samples namely, CJP, JSP, CSP and CJSP in dry condition was found to be significant at one per cent level.   
4.2.
WEIGHT  AND THICKNESS OF NEEDLE PUNCHED FABRIC SAMPLES

Table III and Figure IVa, IVb show the weight and thickness of needle punched fabric samples.
TABLE III

WEIGHT AND THICKNESS OF NEEDLE PUNCHED FABRIC SAMPLES

	S.No.
	TEST
	SAMPLE

	
	
	CJP
	JSP
	CSP
	CJSP

	1
	Weight (GSM)
	214.5
	324.5
	375.5
	456.5

	2
	Thickness (mm)
	1.50
	2.44
	2.54
	3.53



From the Table III it is clear that weight is maximum in sample CJSP of 456.5 followed by CSP of 375.5 which is followed by JSP and CJP with 324.5 and 214.5 respectively.


The sample CJSP had the maximum thickness of 3.53mm followed by CSP, JSP and CJP with 2.54mm, 2.44mm and 1.50mm respectively.


It could be concluded that weight and thickness were found to be highest in sample CJSP and lowest in sample CJP.

4.3.
STIFFNESS OF NEEDLE PUNCHED FABRIC SAMPLES IN 
MACHINE AND CROSS DIRECTIONS

 
Table IV and Figure V present the stiffness of needle punched fabric samples in machine and cross directions

TABLE IV

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

	S.No.
	FABRIC DIRECTION
	SAMPLE

	
	
	CJP
	JSP
	CSP
	CJSP

	1
	Machine direction
	5.92
	5.38
	6.1
	7.15

	2
	Cross direction
	4.92
	4.85
	5.07
	5.1
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Table IV reveals that the stiffness in machine direction was maximum in sample CJSP of about 7.15inches followed by CSP of 6.1 inches which was followed by samples CJP and JSP with 5.92 inches and 5.38 inches respectively. In cross direction, the stiffness was found to be maximum in CJSP with 5.1inches which was followed by CSP, CJP and JSP with 5.07 inches, 4.92 inches and 4.85 inches respectively.


It could be declared that stiffness was maximum in sample CJSP in both machine and cross directions. The lowest stiffness was found in the sample JSP in both machine and cross directions.

4.4.
WICKABILITY AND SINKING TESTS FOR NEEDLE PUNCHED 
FABRIC SAMPLES


The results of wickability and sinking tests for needle punched fabric samples are presented in Table V (Figure VIa and b).
TABLE V
TEST FOR WICKABILITY AND SINKING IN NEEDLE PUNCHED FABRIC SAMPLES

	S.No
	TEST
	SAMPLE

	
	
	CJP
	JSP
	CSP
	CJSP

	1
	Wickability (inches)
	0.5
	0.7
	0.2
	0.4

	2
	Sinking (mins)
	10
	6
	13
	11



Table V confirms that the wickability was found to be the highest in sample JSP to about 0.7 inch per minute, lowest in sample CSP to about 0.2 inch per minute and moderate in CJP and CJSP with 0.5 inch and 0.4 inch respectively.
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The sinking time taken by sample JSP was highly rapid with six minutes on comparing with samples CSP, CJSP and CJP which took, 13 minutes, 11 minutes and 10 minutes respectively for sinking.


This concludes that wickability was maximum and sinking was quicker in sample JSP and the same were the least in sample CSP.

4.5.
TEST FOR AIR PERMEABILITY IN NEEDLE PUNCHED FABRIC 
SAMPLES

Table VI and Figure VII shows the air permeability test results for needle punched fabric samples.
TABLE VI

TEST FOR AIR PERMEABILITY IN NEEDLE PUNCHED FABRIC SAMPLES
	S.No.
	SAMPLES
	AIR PERMEABILITY 

(cc/cm sq/sec)
	ANOVA TEST

	1
	CJP
	185
	*

	2
	JSP
	201
	

	3
	CSP
	231
	

	4
	CJSP
	113
	



* 1% Significant

As per Table VI the air permeability was maximum in sample CSP with 231 cc/cm sq/sec followed by JSP, CJP and CJSP with 201, 185 and 113 cc/cm sq/sec respectively. This implies that the sample CSP had highest air permeability and sample CJSP had the lowest air permeability. 

The statistical analysis of air permeability between the needle punched fabric sample showed one per cent significance.  
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4.6.
MOISTURE CONTENT OF NEEDLE PUNCHED FABRIC 
SAMPLES

  
The test result of moisture content in needle punched fabric samples are shown in Table VII and Figure VIII.

TABLE VII

MOISTURE CONTENT IN NEEDLE PUNCHED FABRIC SAMPLES

	S.No.
	SAMPLES
	MOISTURE 

CONTENT ( per cent )

	1
	CJP
	5.30

	2
	JSP
	6.04

	3
	CSP
	5.17

	4
	CJSP
	4.26



Table VII reveals that the moisture content percentage was maximum in sample JSP (6.04 per cent) followed by CJP with 5.30 per cent which was followed by CSP and CJSP with 5.17 per cent and 4.26 per cent respectively.


Hence, it could be concluded that JSP had maximum moisture content and CJSP had minimum moisture content.

4.7.
WATER RETENTION CAPACITY OF NEEDLE PUNCHED 
FABRIC SAMPLES


The water retention capacity of needle punched fabric sample is presented in Table VIII and Figure IX.
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TABLE VIII

WATER RETENTION CAPACITY OF NEEDLE PUNCHED FABRIC SAMPLES
	S.No.
	SAMPLES
	WATER RETENTION (grams)

	1
	CJP
	3.73

	2
	JSP
	5.09

	3
	CSP
	3.96

	4
	CJSP
	5.04



Water retention capacity was found to be the highest in JSP with 5.09 gms, followed by CJSP, CSP and CJP with 5.04 grams, 3.96 grams and 3.73 grams respectively. This proves the comment that sisal performs well due to its ability to absorb and release water given by Frank (2005).


It could be concluded that the fabric sample JSP had highest water retention capacity among all samples. The least capacity was found in CJP.  

4.8.
THERMAL CONDUCTIVITY OF NEEDLE PUNCHED FABRIC 
SAMPLES


The results of thermal conductivity of needle punched fabric samples are given in Table IX and Figure X.
TABLE IX

THERMAL CONDUCTIVITY OF NEEDLE PUNCHED FABRIC SAMPLES 

	S.No.
	SAMPLE
	THERMAL CONDUCTIVITY (w/mk)

	1
	CJP
	0.054 x 10-5

	2
	JSP
	0.079 x 10-5

	3
	CSP
	0.172 x 10-5

	4
	CJSP
	0.230 x 10-5


As per the Table IX, thermal conductivity was found to be maximum in CJSP with 0.230 x 10-5 w/mk, followed by CSP with 0.172 x 10-5 w/mk which was followed by JSP of 0.079 x 10-5 w/mk and CJP of 0.054 x 10-5 w/mk.

Hence it is concluded that CJSP had the highest and sample CJP had the lowest thermal conducting property among all samples.
4.9. 
COMPRESSION STRENGTH OF CONCRETE BLOCKS AFTER 
CURING WITH VARIOUS NEEDLE PUNCHED FABRIC 
SAMPLES

Table X and Figure XI show the compression strength of concrete blocks after curing with various needle punched fabric samples.
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TABLE X

COMPRESSION STRENGTH OF CONCRETE BLOCKS AFTER CURING WITH VARIOUS NEEDLE PUNCHED FABRIC SAMPLES

	S.No.
	SAMPLES
	COMPRESSION 

STRENGTH IN N/mm2

	1
	Plain Concrete
	18.0

	2
	CJP
	23.0

	3
	JSP
	26.5

	4
	CSP
	25.0

	5
	CJSP
	32.0



Compression strength required for cracking blocks cured with sample CJSP was the highest with 23.0N/mm2, followed by the blocks cured with samples JSP, CSP and CJP of about 26.5 N/mm2, 25.0 N/mm2 and 23.0 N/mm2 respectively. The compression strength required for cracking the block cured without the fabric sample was the least of about 18.0 N/mm2.

Hence it could be concluded that sample CJSP has got highest curing capacity among the other needle punched fabric samples. It is also emphasized that the curing carried out with the needle punched fabric samples gave better result than the control sample.

4.10.
NEEDLE PUNCHED FABRIC SAMPLES’ LOAD WITHSTANDING 
CAPACITY IN CALIFORNIA BEARING RATIO (CBR) TEST 


The results of the needle punched fabric samples’ load withstanding capacity in California Bearing Ratio (CBR) test is shown in Table XI and Figure XII.
TABLE XI

NEEDLE PUNCHED FABRIC SAMPLES’ LOAD WITHSTANDING CAPACITY IN CALIFORNIA BEARING RATIO (CBR) TEST 
	S.No.
	SAMPLES
	UNIT STANDARD LOAD

Kg(f)/cm2 at 2.5mm
	UNIT STANDARD LOAD 

Kg(f)/cm2 at 5.0mm

	1
	Soil
	14.69
	13.2

	2
	CJP
	19.75
	17.98

	3
	JSP
	53.72
	49.78

	4
	CSP
	15.41
	21.84

	5
	CJSP
	16.31
	22.48



From Table XI, it is clear that the load withstanding capacity of the soil at 2.5mm was about 14.69 kg(f)/cm2. The capacity was maximum in sample JSP inserted soil of about 53.72 kg(f)/cm2 followed by sample CJP, CJSP and CSP inserted soil of about 19.75 kg(f)/cm2, 16.31 kg(f)/cm2 and 15.41 kg(f)/cm2.

The load withstanding capacity of soil at 5.0mm was maximum in JSP of about 49.78 kg(f)/cm2 followed by CJSP, CSP and CJP of about 22.48, 21.84 and 17.98 kg(f)/cm2 respectively.


Further, load withstanding capacity of soil without the fabric samples was found to be the least of about 13.2 kg(f)/cm2 only.


This concludes that in both the cases when 2.5mm of load and 5.0mm of load were imparted the sample JSP, had the highest load withstanding capacity. The load withstanding capacity of the soil had drastically increased due to the insertion of fabric samples.
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4.11.
VISUAL EVALUATION OF NEEDLE PUNCHED ORIGINAL AND BURIED FABRIC SAMPLES


The visual evaluation of needle punched fabric samples is presented in Table XII.

TABLE XII

VISUAL EVALUATION OF NEEDLE PUNCHED FABRIC SAMPLES

	SAMPLE
	GENERAL

APPEARANCE
	COLOUR
	LUSTRE
	TEXTURE
	EVENNESS

	
	Good
	Fair
	Poor
	Bright
	Medium
	Dark
	Good
	Fair
	Poor
	Soft
	Coarse
	Very Coarse
	Even
	Uneven

	(a) ORIGINAL FABRIC SAMPLE

	CJP
	62
	33
	5
	24
	62
	14
	29
	57
	14
	0
	90
	10
	75
	25

	JSP
	71
	29
	0
	52
	43
	5
	38
	60
	2
	19
	67
	14
	72
	28

	CSP
	86
	14
	0
	50
	45
	5
	57
	38
	5
	10
	62
	29
	81
	17

	CJSP
	100
	0
	0
	67
	29
	5
	52
	43
	5
	42
	52
	5
	83
	17

	(b) SOIL BURIED FABRIC SAMPLE

	CJPB
	10
	76
	14
	18
	20
	62
	14
	57
	29
	5
	76
	19
	21
	79

	JSPB
	71
	28
	0
	38
	48
	19
	28
	52
	19
	43
	52
	5
	11
	89

	CSPB
	57
	33
	10
	19
	76
	4
	40
	46
	14
	29
	71
	0
	26
	74

	CJSPB
	33
	52
	14
	36
	40
	23
	19
	52
	29
	19
	76
	5
	49
	51


a)
Evaluation of original samples

· General appearance

From Table XII it is clear that the general appearance of needle punched fabric samples, namely, CJSP, CSP, JSP and CJP were rated to be good by 100 per cent , 86 per cent , 71 per cent and 62 per cent of judges respectively.

· Colour


The colour was evaluated to be bright in the case of CJSP, JSP and CSP by 67 per cent , 52 per cent and 50 per cent of judges respectively where as sample CJP was evaluated to have medium colour by 62 per cent of judges.

· Lustre


Lustre was assessed to be good in samples CSP and CJSP by 57 and 52 per cent of judges respectively. The samples JSP and CJP had fair lustre on comparing with other samples by 60 per cent and 57 per cent of judges respectively.

· Texture

The fabric sample CJP was ranked to be the most coarse among all the samples by about 90 per cent of judges followed by JSP, CSP and CJSP by 67 per cent , 62 per cent and 52 per cent of judges respectively.

· Evenness
 
The fabric sample CJSP was evaluated to be even by 83 per cent of judges followed by samples CSP, CJP and JSP by 81 per cent, 75 per cent and 72 per cent of judges respectively.

 
It could be concluded that the sample CJSP had good general appearance, bright colour, moderate lustre, most coarse texture and most even structure among the fibre samples. 

b)
Evaluation of soil buried samples

· General appearance

 
The general appearance of the soil buried fabric sample JSPB was evaluated to be good by 71 per cent of judges followed by CSPB, CJSPB and CJPB by 57 per cent, 33 per cent and 10 per cent of judges respectively.
· Colour
 
The colour of the soil buried sample was evaluated to be medium in sample CSPB by 76 per cent of judges followed by JSPB, CJSPB and CJPB by 48 per cent, 40 per cent and 20 per cent of judges respectively.
· Lustre
 
Lustre was assessed to be fair in sample CJPB by 57 per cent of judges followed by JSPB and CJSPB by 52 per cent of judges which was followed by CSPB by 46 per cent of judges.

· Texture

 
Texture was evalauted to be coarse in sample CJPB and CJSPB by 76 per cent of judges followed by CSPB by 71 per cent of judges which was followed by JSPB by 52 per cent of judges.
· Evenness
 
Evenness was assessed to be uneven in samples JSPB, CJPB and CJSPB by 89 per cent, 79 per cent and 51 per cent of judges respectively.


It could be concluded that, the sample JSPB had good general appearance and uneven structure. The fabric sample CSPB had medium colour and fair lustre. The samples CJPB and CJSPB were coarse.

c)
Comparison of original and buried samples

· General appearance

 
The sample CJSP which was evaluated as good by 100 per cent of judges in original sample was evaluated to be good only by 33 per cent of judges in the case of buried sample (CJSPB).
· Colour
 
The sample CJSP of original fabric which was judged to be bright in colour by 67 per cent of judges was judged to have bright colour only by 36 per cent of judges in the buried sample (CJSPB).
· Lustre
 
The sample CSP of original fabric that was judged by maximum judges to have good lustre was evaluated to have good lustre only by 40 per cent of judges in the buried sample (CSPB).

· Texture

 
The fabric sample CJSP of original fabric which was rated to be softest by 42 per cent of judges was evaluated to be soft only by 19 per cent of judges in the buried sample (CJSPB).

· Evenness
 
The fabric CJSP of original sample which was rated as most even by 83 per cent of judges was rated to be even only by 49 per cent of judges in the buried sample (CJSPB).


It concludes that the buried samples lost its appearance, brightness of colour, lustre, softness and evenness of structure and lustre in fabric samples CJSP and CSP drastically.

4.12.
MICROBIAL POPULATION FOUND IN SOIL AND FABRIC 
SAMPLES IN SOIL BURIAL TEST


The microbial population found in fabric and soil samples in soil burial test is shown in Table XIII and Figure XIII.

TABLE XIII

MICROBIAL POPULATION FOUND IN FABRIC AND SOIL SAMPLES IN SOIL BURIAL TEST

	SAMPLES 
	BACTERIA (cfu mg-1)
	FUNGI (cfu mg-1)

	FABRIC

	CJPB
	3.5 x 106
	48 x 102

	JSPB
	54 x 106
	65 x 102

	CSPB
	4.2 x 106
	22 x 102

	CJSPB
	25 x 106
	24 x 102

	SAMPLES 
	BACTERIA (cfu mg-1)
	FUNGI (cfu mg-1)

	SOIL

	CJPS
	16 x 106
	10 x 102

	JSPS
	24 x 106
	4 x 102

	CSPS
	34 x 106
	9 x 102 

	CJSPS
	18 x 106
	5 x 102
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· Buried fabric samples

In fabric samples, the maximum bacteria was seen in JSPB with 54 x 102 cfu mg-1 followed by CJSPB of 25 x 106 cfu mg-1 which was followed by CSPB and JSPB with 4.2 x 102 cfu mg-1 and 3.5 x 102 cfu mg-1.


The presence of fungi in the fabric samples was seen maximum in JSPB which was 65 x 102 cfu mg-2, followed by CJPB with 48 x 102 cfu mg-1 which was followed by CJSPB and CSPB with 24 x 102 cfu mg-1 and 22 x 102 cfu mg-1 respectively.


Maximum attack of bacteria in fabric samples was found in sample JSPB and minimum in sample CJPB whereas fungi attack was maximum in JSPB and minimum in CSPB.
· Soil samples

As per the above table XIV, in soil samples the maximum bacteria was seen in sample CSPS with 34 x 106 cfu mg-1 followed by JSPS and CJSPS with 24 x 106 cfu mg-1 and 18 x 106 cfu mg-1 respectively. The least attack of bacteria was observed in CJPS 16 x 106 cfu mg-1.


The population of fungi was the maximum in CJPS with 10 x 102 cfu mg-1, followed by CSPS 9 x 102 cfu mg-1 and CJSPS of 5 x 102 cfu mg-1 which was followed by JSPS of 4 x 102 cfu mg-1.


Maximum attack of bacteria in soil samples was found in sample CSPS and minimum attack was observed in sample CJPS whereas fungi attack was found to be maximum in sample CJPS and minimum attack in JSPS.

4.13. 
BACTERIAL AND FUNGUL SPECIES FOUND IN FABRIC AND 
SOIL SAMPLES


Table XIV shows the bacterial and fungul species found in fabric and soil samples.

TABLE XIV
BACTERIAL AND FUNGUL SPECIES FOUND IN FABRIC AND SOIL SAMPLES

	SAMPLES
	BACTERIA
	FUNGI

	FABRIC

	CJPB
	Rhizobium, Azotobacter, Bacillus, Pseudomonas
	A. niger, Rhizopus, Fusarium, A. flavus, A. terreus, A. fumigatus

	JSPB
	Bacillus, Pseudomonas Acinetobacter
	Aspergillus niger, Rhizopus, A. terreus, Fusarium oxysporum

	CSPB
	Azoprillum, Bacillus, Pseudomonas and Azotobacter
	Aspergillus fumigatus, Alternaria sp. And Fusarium Neurospora

	CJSPB
	Bacillus, Pseudomonas, Xanthomonas, Rhizobium, E. Coli
	Fusarium moniliformis, A. terreus, A. niger, Rhizopus, Neurospara, Colletotrichum falcatum

	SOIL

	CJPS
	Achromobacter, Azotobacter, Bacillus, Pseudomonas, alcaligens, E.coli
	A. Flavus, Phythium aphanidermatum, A. fumigatus

	JSPS
	Klebsiello, Bacillus, Pseudomonas fluoroscence, Rhizobium, Falvibacterium
	A. Niger, A. fumigatus, Mycorhizal fungus

	CSPS
	Azosprillum, Bacillus, Pseudomonas Azotobacter, Rhizobium, E.coli
	Rhizopus, A. niger, A. flavus, A. terreus and Pythium sp.

	CJSPS
	Azosprillum, Bacillus, fluoroscence, Pseudomonas aeruginosa, Serratia, E.Coli, Rhizobium
	Aspergillus flavus, Pythium aphanidermatum and Fusarium



As per the Table XV, among the fabric sample, the bacterial species namely, Bacillus and pseudomonas were found in all the fabric samples. The fungal species aspergillus was found to be present in all the fabric samples.  The same was found to be present among the soil samples.

4.14.
SCANNING ELECTRON MICROSCOPY (SEM) APPEARANCE


The interlocking of the fibres of various proportions are clearly observed in scanning electron microscope. 

5.  SUMMARY AND CONCLUSION

Natural fibres are abundantly available in India. The products made from natural fibres are eco-friendly due to their biodegradable nature. Biodegradable polyesters also generally work well in blends with PLA, starch, organic wastes and natural fibre reinforcements like flax. Technical textiles are the fastest growing area of textile consumption in the world. Natural fibres are generally weak prone to rotting, non uniform in their properties. Blending of two or more fibres offers an effective means of projecting the positive attitude and overcoming negative ones. 

In Asia, the major producers are Japan, Taiwan, Korea and China. In India, the non-woven industry is still in its infancy, but has a bright future considering the large number of end users. 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 the above said fibres with polyester (PET) fibres which are ‘biodegradable’ and generally work well in blends with natural fibres.


Keeping the above factors in mind and to increase the service life of the product the researcher decided to blend the natural fibres, namely, coir, jute and sisal with 10 per cent of recycled biodegradable PET (polyethylene terephthalate) fibre for converting into nonwoven fabric through the mechanical process of needle punching with the following objectives.

· To blend natural bast, fruit and leaf fibres with recycled fibre.

· To convert the biodegradable fibres into nonwovens.

· To find the potentiality of the nonwoven fabrics in the field of geotech

· To create an enduse in the field of build tech.

· To find the suitability of the fabric for agro tech.

Methodology


The methodology consists of the following steps:

· Selection of fibres

The natural fibres namely, coir, jute, sisal and recycled PET, were selected for the study.
· Conversion of fibres into fabric
Preparation of fibres – Ninety per cent of natural fibres were mixed along with ten per cent of recycled PET fibres. The fibres underwent the process of preopening, mixing, coarse opening, fine opening and finally web former feeding.
· Web formation
The fibres were carded and cross lapped for preparing the web.
· Needle punching
The web was passed into the preloom and then through the main loom for converting it into fabric by needle punching process.
· Evaluation of the fabrics
Laboratory tests like strength, elongation, weight, thickness, stiffness, capillary rise, sinking, air permeability, moisture content, water retention, thermal conductivity, curing test, California Bearing Ratio, soil burial, Scanning Electron Microscopic appearance (SEM) and subjective analysis were done for the needle punched fabric samples. 

Salient findings of the study are as follows :

· In dry condition, the fabric sample CJSP had the highest strength (26kg and 20.8kg) in both machine and cross directions. The sample CJP had lowest strength (2kg) in machine direction and JSP had lowest strength (2kg) in cross direction.

· Elongation was found to be the highest in CJSP (7kg and 7.1kg) in both machine and cross directions in dry condition.

· In wet condition, the sample CJSP (36.4kg and 40kg) had gained strength very well on wetting in both machine and cross directions whereas the sample CJP (1.2kg and 2 kg) lost strength to the maximum in both machine and cross directions. 

· The elongation was maximum in sample CJP (6.3inches) in machine direction and JSP (6 inches) in cross direction.

· On wetting, the strength got increased in all the samples, namely, JSP, CSP and CJSP in both directions except CJP.

· Elongation of the fabric got reduced on wetting in all samples, namely, JSP, CSP and CJSP in both the directions except for CJP in machine direction.

· The weight of the fabric was found to be the maximum in sample CJSP of about 456.5 Grams Per Square Meter.

· Thickness was the maximum in sample CJSP of about 3.53mm whereas it was minimum in sample CJP of about 1.50mm.

· Stiffness was maximum in sample CJSP in machine (7.15inches) and in cross (5.1 inches) directions. Minimum stiffness was found in sample JSP in machine (5.38 inches) and in cross (4.85 inches) directions.

· The wickability was the maximum in sample JSP (0.7 inches) and minimum in sample CSP (0.2 inches).

· Sinking was the most rapid in sample JSP (6 minutes) and was slowest in sample CSP (13 minutes) among all samples.

· The needle punched fabric sample CSP had highest air permeability of about 231 cc/cm sq/sec whereas sample CJSP had the lowest air permeability of about 113 cc/cm sq/sec.

· The maximum moisture content was found in needle punched sample JSP with about 6.04 per cent whereas CJSP had minimum moisture content of about 4.26 per cent.

· The fabric sample JSP (5.09 grams) had highest water retention capacity among all other samples. The least capacity was found in CJP (3.73 grams) 

· The sample CJSP (0.230 x 10-5 w/mk) had the highest and sample CJP (0.0545 x 10-5 w/mk) had the lowest thermal conducting property among other samples. 

· Compression strength of concrete blocks after curing with various needle punched fabric samples, namely, CJP, JSP, CSP, CJSP showed that the sample CJSP (32 N/mm2) had highest curing capacity and the sample CJP (23 N/mm2)) had the least curing capacity. All the four cured experimental samples showed better result than the control sample, showing its potentiality in build tech for curing purpose.

· In the California Bearing Ratio test (CBR) for geotextile applications, it was found that the load withstanding capacity of the fabric inserted soil samples were higher than the control sample. Of these, experimental samples it was found that the sample JSP had highest load withstanding capacity of 53.73 kg (f) cm2 at 2.5mm and 49.78 kg(f)cm2 at 5.0mm.

· The soil burial test which was carried out to observe the attack of micro organisms for finding the suitability of the fabric in agro tech showed that 

· The Buried samples lost its appearance, brightness of colour, softness, evenness of structure and lustre in fabric samples CJSPB and CSPB drastically.

· As far as the fabric samples are concerned, there was maximum attack of Bacteria and Fungi in the sample JSPB with 54 x 106 cfu mg-1 and 65 x 106 cfu mg-1 respectively. In the soil samples, maximum attack of Bacteria and Fungi were observed in CSPS with 34 x 106 cfu mg-1 and CJPS with 10 x 106 cfu mg-1 respectively.

· The Bacterial and Fungal species found in fabric and soil samples were Bacillus, Pseudomonas and Aspergillus species respectively.

· The interlocking of the fibres of various proportions was clearly observed in scanning electron microscopic appeance.

Conclusion

· The fabric samples CJSP had the highest strength and evaluation in both machine and cross directions in dry condition.

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

· The fabric CJSP had maximum weight and thickness.

· Stiffness too was the highest in the fabric sample CJSP.

· Wickability of the fabric was the highest in sample JSP.

· Sinking was very rapid in JSP, among other samples.

· Air permeability was the maximum in sample CSP.

· Maximum moisture content was found in sample JSP and minimum moisture content was found in CJSP among the fabric samples.

· Water retention capacity was the highest in JSP.

· Thermal conductivity was the maximum in CJSP and was minimum in sample CJP.

· As far as the curing of concrete blocks is concerned, the fabric sample CJSP had highest curing capacity eventhough all the samples gave better result on comparing with the controlled sample.

· In the California Bearing Ratio (CBR) test the sample JSP had highest load withstanding capacity though all the fabric inserted soil samples had better capacity when compared with the controlled sample.

· In the soil burial test, the analysis of buried samples proved to have uneven structure when compared with the controlled samples indicating the attack of micro organisms. 

· The attack of micro organisms in soil samples were found to be maximum in the sample CSPS.

· Maximum attack of micro organisms, namely, bacteria and fungi were found maximum in sample JSPB.

· The commonly found bacterial and fungal species in both fabric and soil samples were Bacillus, Pseudomonas species and Aspergillus species respectively.

· In the Scanning Electron Microscopic (SEM) images, it was found that the interlocking of fibres were good.

Recommendations 

· Due to the biodegradable property of the research findings, it could be suggested that the fabric may be highly potential in the field of agrotech.

· Composites could be prepared from the developed fabrics.

· Many more applications may be found in the field of build tech.

· The fabrics lend itself for creating thermal insulation materials to be applied in required areas.

· The fabric has got high potentiality in the field of geo textiles for soil erosion control, tank and road constructions and many more by giving anti-microbial finishes. 

· The fabric could be utilized in the field of filtration due its air permeable nature. 
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APPENDIX I

PROFORMA 

VISUAL EVALUATION OF NEEDLE PUNCHED FABRIC SAMPLES

	SAMPLE
	GENERAL

APPEARANCE
	COLOUR
	LUSTRE
	TEXTURE
	EVENNESS
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	Poor
	Bright
	Medium
	Dark
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APPENDIX II
IEEDLE PUNCHED FABRIC SAMPLES
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