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BACKGROUND


Coir Industry, the most important Industry of Kerala, is an agro-based rural industry which provides sustenance to 6-8n lakhs families in the thickly populated coastal belt of Kerala. About half a million people are directly employed in the industry and 80% of these workers are women from the rural sector.


India ranks in the world in terms of production of Coconut and extraction of coir fibre from coconut husk. Coconut husk the raw material for coir industry, is derived from Coconut which is grown in countries spread over the tropical belt of the world. Philippines, Indonesia, India, Sri Lanka, Thailand, Pappua New Guinea and Malaysia are the major coconut producing countries of the world contributing to about 80% of the outputs in Asian and Pacific Coconut Community (APCC)

The Coir fibre, the fibrous material forming part of the mass surrounding the coconut is one among the industrial hard fibres and possesses properties like toughness, strength, resistance to dampness, rot resistance, durability and natural resistance. Though coconuts are processed to economic advantage in almost all the coconut producing countries of the world, utilization of coconut husk for production of coir has been confined to a large extent to India and Sri Lanka. These two countries together accounting to 30% of annual world production of coconut contribute to over 90% of the world production of coir.

The Industrial utilisation of coconut husk was very low in India in the infant stages of the coir industry. The production of coir was concentrated only I Kerala while the raw material – coconut husk was throw away material in other coconut producing states of India. With the implementation of various schemes of the Coir Board the Industrial use of coconut husk has picked up in the non traditional area of India such as 

Tamil Nadu, Karnataka, Andhra Pradesh, Orissa, West Bengal, Assam, Andaman Nicobar Islands, Lakshadeep islands etc. The concentration of coir industry in the coastal belt of Kerala state was due to the abundance of raw material, skilled labour and the availability of natural facilities of backwaters and lagoons within easy reach or raw material. There are more than 5000 coir industrial establishments and most of them are small scale cottage household units engaged in the processing and manufacture of coir and coir products.
There are two distinct varieties of coir fibre viz. white fibre and brown fibre. White fibre is extracted from retted husk and the brown fibre is extracted by mechanical devices from green/dry husk. The white fibre is the most desired for the production of value added products such as mats mattings and carpets whereas the brown fibre is ansorbed for rubberized 


Coir/brush sector. India produced 296000 MT of coir fibre for the year 1997-98 in which the white fibre consisted of 127000 M.T and brown fibre of 169000 M.T

                 The coir industry is India is an export oriented one which is managed by the exporters registered with the Coir Board. India is exporting about 47000 MT of coir and coir products annually. As a measure of marketing the value added coir products such as mats, mattings and carpets in the export sector, the raw material has to undergo the wet processing of coir was heing done by manual operations in traditional manner which resulted in inconsistency in dyeing of different shades of coir fibre and yarn affecting the production of quality products. Since the export market is the deciding factor of the development of Indian Coir Industry, the upgradation of the wet processing techniques of coir received major attention of the coir Board and as a measure to

approach for international assistance from bodies like Common Fund for Commodities(CFC) availing the technical expertise prevalent in foreign nations to install analytical instruments for measuring the quality of coir materials

A project documented formulated by Shri.G..Prabhu, the then Director of Central Coir Research Institute, Kalavoor to examine some of the technical constraints with industrial development was proposed by the Inter-Governmental Groups (IGG) on Hard Fibres, Rome, during the early 1980’s. The necessity of sponsoring of the projects for implementation in coir sector was convinced to the expert group on hard fibres in its meeting held at Rome during 6th to 8th April 1999 by the then Secretary Ms Minnie Mathew, IAS and Shri. Ravi Karunakaran, the Senior most member of Coir Board and a leading exporter. This was pursued by Shri. K.George Joseph, IAS, the then Chairman, of Coir Board in the subsequent meeting of IGG and came to fruition with a regional proposal in 1993 to examine specific industrial technologies that was perceived to be ready for a change.


OUTLINE OF OFFICIAL ARRANGEMENTS

The project document was approved on 03.12.93 by signing a memorandum of understanding between the Common Fund for Commodities the Inter Governmental Group on Hard Fibres and Food and Agriculture Organisation (Project Executing Agency for the project) on the improvement in Drying, Softening, Bleaching, Dyeing coir fiber/yarn and in Printing Coir Floor Coverings(the Project). The beneficiaries of the project was Sri Lanka and India the respective National Counterpart Organisations (NCO’s). The project was funded in part by the CFC. The donor contribution was SDR 305615 and the 

Counterpart contributions in kind upto SDR 404058 had to be met by the governments of Sri Lanka and India. The CFC is totaled at SDR 305615 of which SDR 15000 was to be held by the Fund to pay for its participations in the mid-term and post evaluations. This left the project funds for disbursement at SDR 290615(ISDR=US 1.36119 as on 08.02.93). The Project budject in terms of US $ was CFC Fund 
416000(43%) Counter part funding. Coir Board (India) 298000(31%), Coconut Development Authority (Sri Lanka) 252000(26%) with total project cost of  US $9,66,000.
          The project became fully operational on 1 June 1995 and scheduled to end on 1 June 1997. It was extended to 31 December 1997 and further extended for a period of one year more to 31 December 1998 for implementing the programmers in order after the post evaluation. This has been approved as FAO/CFC project code GCP/RAS/149/CFC COIR PROCESSING TECHNOLOGIES AT CCRI (COIRBOARD) INDIA. 
Apart from activities all field work has been undertaken in India at the CCRI, Alleppey, Kerala.



The project funds were used for activities pertaining to generation of information including project publications, training, demonstrations and workshop. These were executed through the services of professional and administrative staff and sub-contracting. Equipments were also purchased, the details of which are given in the text.


The project head quarters was located at the FAO office of  the Representative in India & Bhuran, New Delhi which provided with financial administration, travel arrangements and official communications.

FAO was responsible for the implementation of the project. Representatives of FAO’s Agricultural Industries & Post harvest
Management Service constituted the project task force at its Head quarters in Rome, Italy who provided the technical backstopping.


Progress reports were formally submitted at three intervals to the FAO. Nine such reports were submitted besides the draft proceedings of the International Workshop on Wet Processing of Coir held at Alleppey, the cradle place of Coir Industry of India on 8th and 9th December 1997. Copies of the reports were sent to the focal points and FAO representatives.
OBJECTIVES AND ACTIVITIES OF THE PROJECT


The long term objective of the project was the improvement of the wet processing techniques of coir in the Asian Region for catering the need of the export market thereby realizing more foreign exchange. It has led t the improvement in the hygienic conditions of the rural coir artisans and 

Enhancement of living standards and skills of the workers to some extent. The Major objectives of the project and its activities are detailed below.


All the works except that of output I related to drying activities has been implemented in Central Coir Research Institute, Kalavoor, the research centre of Coir Board, India. The CCRI is an Institute recognized by the Dept. of Science and Industrial Research, New Delhi as a Scientific and Industrial Research Organisation (SIRO).

Objective of Project – Develop cost-effective improved  process/technique for drying, softening, bleaching, dyeing coir fibre/yarn and improvement in printing of coir products. 


OUTPUT:1 DRYING : - A cost-effective device based on low-cost energy, suited for processing coir fibre/yarn from coir extraction, bleaching/dyeing operations.

Activity 1 – Detailed study of the technical, functional and economic criteria of new drying systems in the textle sector which apparently offer scope for adoption for drying coir fibre/yarn
Activity 2 – Design, fabrication, testing and development of an industrial drying system for coir fibre/yarn, based on low-cost energy such as coir waste fuel and/or solar energy systems and demonstration of performance of a prototype unit in coir producing country.

Activity 3 – Preparation of the machine drawings of the standard drying plant for industrial use.


Output – 2    SOFTENING


A process for softening coir fibre/yarn enable production of coir mats/matting/carpets of supple feel and improved texture on an industrial scale.

Activity – 1   Identification of the chemicals which could improve the feel of coir fibre either by physico-chemical absorption or by elimination of  incrustants contributing to hardness/harshness of the fibre/yarn without adversely affecting the processing and service characteristics of coir fibre/yarn and furthering flame retardance.

Activity-2   Development of the techniques of softening coir fibre/yarn, optimizing the use of chemicals, standardizing the processing criteria concentration of the chemical, material, liquor ratio, temperature and 


duration of the treatments and effluent disposal and demonstration of the process in a coir producing country.

Output – 3 BLEACHING


An efficient and economic process for bleaching coir fibre / yarn on an industrial sacle. 
Activity-1  A comparative study of the scope for use of the different bleaching systems available for textile processing for use in bleaching coir fibre/yarn in relation to the efficiency of the systems to lighten the natural tint of coir and cost factors.


Activity-2   Development of the technique for bleaching coir fibre/yarn on an industrial scale working out the processing parameters and demonstration in a coir producing country.
Output-4 DYEING

Efficient process and equipment for dyeing fibre/yarn in fast shade

Activity-1 A critical study of the dyeing process and equipment being used by major coir industrial establishments and well as dyes and chemicals, manufacturing units and R&D institutions of Europe, particularly U.K, Germany, Switzerland,  the Netherlands, etc. and identification of the choice of the technique/equipment for  use in coir producing countries.
Activity-2  Development of standard method for evaluation of the fastness of dyed coir fibre/yarn to(1) light (ii) water and (iii) rubbibing.

Activity -3   Evaluation of fastness rating of popular shades of coir products being manufactured and marketed in Europe. 
Activity – 4  Identification of dyes suitable for yielding shades of reasonable fastness rating in good penetration in keeping with update dyeing technology, dispensing with the use of dyes known to cause pollution/hazards.

Activity-5   Development of standard methods of dyeing coir fibre/yarn using the dyes identified. Working out the processing parameters.
Activity-6    Examination f the scope for improving the fastness to light, water and rubbing of the popular shades of coir products being manufactured in the producing countries (India / Sri Lanka) by suitable pretreatments and after treatments and standardization of the details of the treatments.

Output-5   PRINTING



A process to yield prints reasonable fastness rating on coir mats, rugs and carpets.


Activity-1  A critical study of the choice of dyes, additives to the printing composition and the techniques of application of the printing composition to coir brush mats, rugs and carpets, including the post-printing processing techniques.

Activity-2     Identification of the popular shades for fast colour printing of coir brush mats/rugs/carpets, fixation of the choice of dyes suitable for printing coir products and standerdisation of the printing/processing techniques and demonstration of the same in a coir producing country.

EVALUATION MISSION


Mr.Kenneth A. Miln, The International Consultant Textile Engineer visited CCRI during 16-26 Feb 1995 to determine the extent of staff and resources available for the project in continuation of the visit of Mr.Peter Steele, Agricultural Industries Officer of FAO to CCRI during 7th and 8th Feb 1995. The assignment was primarily of a technically oriented fact finding nature with the objective to determine actual project requirements in terms of activity, personnel and equipments and thereafter to formulate appropriate project work plans. The principle recommendations assign from the mission were as follows.
1) FAO should give formal project go ahead communication to counterpart organization in India.
2) There should be close liaison between FAO, Rome and counterpart organization during initial project implementation stage.

3) The necessary instrumentation should be procured once the project has been formally embarked upon by national counter part staff.

4) It is recommended that a suitably qualified Dye Chemist should be recruited.
5) Effective project monitoring and supervision measures should be put in place by FAO and the counter part organizations.

6) The feasibility of fully mechanized coir fibre spinning and weaving systems should be examined. Consideration should be given to arranging a fact – finding assignment to inspect sisal tow-processing equipment in East Africa. 
It is estimated that it would be possible to start the technical activities of the project in July 1995. The project was cleared for implementation from 1st June 1995. Mr. Peter Steele, Senior Agricultural Industries Officer, FAO, Rome had made a visit to the CCRI during 16.10.95 to 29.10.95 to evaluate that the work is being implemented in accordance to the work plan as proposed and approved by the International Consultant Textile Engineer. Mr.Peter Steele had again came to CCRI for evaluation in the month of April 1996. A tentative work plan for the second half of the year was prepared and covered the delivery of equipment, fielding the National and International Chemist Consultants, the visit of the Team Leader and Project evaluation by the mission from the CFC.


Periodical assessment of the progress of the project was carried out by the FAO Representative in India and Bhutan who visited CCRI during the month of June 1996, one year after the commencement of the project.


Dr.A.K.Mukherjee, the National Consultant Chemist was at CCRI for the period from 02.06.96 to 02.08.9 so as to guide the project staff involved in various outputs. The recommendations of the NCC in his first assessment report were the following. 
1) The most important inputs i.e the instruments required in the project proposal should arrive at the Project at the earliest for showing good results.

2) At the time of the first assessment of the project, CFC may be requested for more funds if it is a constraint.

3) Project should put a thrust in the area of softening since it is a very important area for diversification but neglected in the industry.

4) Biobleaching which is a  promising area in all textiles, should be given more trust. The simple beginning in this project should find wider applications.

5) The project groups who have been cautioned about matters related to environmental pollution, should keep careful watch on the subject.

6) More stress should be given to find out if useful products can be isolated from effluents during treatment for purification by recycling of effluents.


7. Work on biocleaning of the bleaching and dyeing effluents should be initiated since this is a promising area in which micro organisms are utilized for decomposition of the harmful dyes and dechlorination for cleaning bleaching effluents.


Mr.Micheal Camerman also had an evaluation mission on the project at CCRI on 20.09.96 who emphasized the need for providing all the three equipments namely uv/visible spectrophotometer, FTIR spectrophotometer and CAD to CCRI by making suitable adjustments in the FAO budget.



As part of monitoring of the progress of the project, Mr.Peter Steele, Senior Agricultural Industries Officer and Renuka Taimni, Asst. Programme Officer, FAO had a visit to CCRI during 24th and 25th October 1996. They were informed about the delay in providing the instruments in time to CCRI. The fielding of International Dye chemist, the posting of National Consultant Chemist for a period of two months and visit of team leader Mr.K.A.Miln were finalized. It was also recommended to arrange a seminar at CCRI with funding support FAO to disseminate the results of the project work at the projects end and to consider the CCRI to become the Regional Centre of Research for Coir. The objective of the back stopping mission was made to follow progress
at what is a critical mid-point of field activities and to ensure the timely input of consultations and equipments to enable the Indian Project team to maintain  their schedule of activities. It was informed that considerable progress has been made in this respect.


The Team Leader Mr.Kenneth A.Miln had visited the CCRI on 08.01.97 for assessing the extent of progress made in each outputs of the project. He had opined to conduct field trails of the processes already evolved out of the laboratory.


Dr.Jan E.G.Van Dam, the International Consultant Chemist had an evaluation mission of the project in CCRI during the period 18th – 22nd March 97. He assessed the progress of work in each outputs and recommended for an extension of the project for six months from June 97 to December 97 so as to facilitate a technical seminar, a promotional activity recommended by CFC evaluation mission to highlight the work under taken.

Dr. A.K.Mukherjee, the National Consultant Chemist was fielded for a second time to guide the project staff of each putout to implement the work as planned.  His recommendations at the second assignment of two month form 01.11.97 to 31.12.97 are the following 


1. A few of the Scientists of the project team should be encouraged with short team visits to foreign Institutes for better interactions and transfer of experience back home.

2. Efforts should be initiated to work on fully mechanized spinning of coir fibre to yarn for the manufacture of more uniform coir yarn and also to reduce the drudgery of the workers.

3. Biotechnology should be exploited more effectively in the area of softening, bleaching, effluent treatment and to make the processes cost effective.
4. Efforts should be made for gradual switch over to total mechanized extraction of fibre(and treating them with COIRRET in RC tanks to make goof quality fibres) to stop pollution of the backwaters and the drudgery of the workers.


5. CCRI need to procure at the earliest : - 

(a) A Reflection meter for measuring the brightness index of natural/bleached/brightened coir products.

(b) An INSTRON equipment for measuring the strengths of fibre, yarn and fabrics accurately.

(c) A humidity Chamber for carrying out some important tests under controlled humidity conditions.

6. The CCRI Library should be updated with the inputs of a few textile and other relevant journals and a librarian.

The project was further extended to a period of six month to June 98 so as to complete the field activities to enable consultants to be fielded, training to be undertaken, reporting to be finalized and end of project. Dr.Jan E.G.Van Dam has been deputed for a second evaluation mission for a period of one week to CCRI from 03.06.98 to 09.06.98. He held detailed discussion with the output staff and the National Project Director. He was very much satisfied with the progress of the work. The Team Leader had also visited.  
During the extension period. According to their recommendations, the project was further extended to 31st December 98 which include the completion of work like printing of the Proceedings of the International Workshop on Wet processing of coir at Alleppey on 8th-9th December 97.


It was felt during the International Seminar that although there has been a lot of developmental work carried out at CCRI during the course of the project, there was a need of giving exposure to the Scientists of CCRI on what is happening in Europe where huge quantities of coir goods are exported every year. As a follow up of the seminar it was decided to depute Dr.U.S.Sarma, National Project Director to carry out a study tour for on week each in the countries namely the Netherlands, Germany and the United Kingdom.

The following points were put forth for consideration from the discussions at various levels at different places with a wide cross-section of people which included Scientists, Technologists, Engineers and Businessmen by the NPD.


1. The environment friendliness of coir is growing in popularity all over the Europe.
2. Indian coir is considered to be the best but it is costlier than Sri Lankan Fibre. There is a huge scope of exporting fresh raw coir pith(free from weeds) to Holland if it is treated with calcium nitrate and sterilized.

3. Research is needed to be carried out in the areas of bleaching, dyeing, printing and softening, keeping environmental factors in mind with top most priority.

4. The coir should strengthen its position against alternative biodegradable material like starch, bird feathers, pea proteins, casein etc. which are likely to start flooding into the market.
5. There are possibilities of collaboration with German Textile Research Centre (DTNW), Leeds University, Ciba, BTTG, Clariant, Longclose with CFC funding, if fast track projects are submitted.


6. The drainage filters have been experimented in Europe and have been found to be successful. A few experiments and demonstrations should be carried out in India in the low lying areas to demonstrate their effectiveness.

7. A project with Triade BV and ATO-DLO is imminent and will be helpful in sorting out the problem of fastness of bleached and dyed coir products.
Ar.Alan F Doran, the International Dye Chemist had a field visit to CCRI during the month of August 1998 for assessing the work so far carried out in each outputs. He has recommended for mordant bleaching using ferrous sulphate and reductive bleaching using sodium hydro sulphite. The parameters to be tested after softening treatments of coir are suggested to be fibre/yarn tensile strength, abrasion resistance, colour and percentage of cellulose/hemi cellulose/lignin.

In the case of dyeing, he had recommended a screening programme consisting of the following.

1. From each range, deselect any dyes which have inadequate light fastness.

2. Taking one range at a time, dye each dyestuff at pale, medium and dark depths using standard recommended method.

3. Check the exhaustion of each of the dye liquors and record.

4. Check the wet fastness of each dyeing and record.
5. Check the fibre penetration and levelness of each dyeing and record.

6. Where necessary modify the dyeing method, to improve exhaustion or levelness and repeat steps 3 to 5
The CCRI has been provided with the following three sophisticated instruments costing Rs.26 lakhs under the FAO Project.

1. High Performance Liquid Chromatograph (H.P.L.C)

2. Gas Liquid Chromatograph (G.L.C)

3. U.V/Visible Spectrophotometer

RESULTS AND DISCUSSIONS

OUTPUT -2   SOFTENING


The physical and chemical characteristics of fibrous material are to a great extent influenced by the ingredients constituting the fibre and the nature of the dispersal of these ingredients in the fibre structure. Coir fibre which contains about 40% lignin is hard and stiff in nature. Improvement in the feel of the coir fibre could be attempted by two methods(1) by treatment with selected chemicals which can modify the surface properties of fibres and thus improve its physical characteristics (2) by elimination of the incrusting substance to a desirable extent without adversely effecting the other properties.


In the experiments 16 combinations of chemicals were used for imparting softness to coir fibre/yarn, the details of which is given in Table-1 

TABLE – 1
EFFECTS OF CHEMICALS USED ON IMPARTING SOFTNESS TO COIR FIBRE/YARN

	Sl.No
	Chemical Used
	Dosage on the weight of material
	M:L ratio
	Treatment time & Temperature
	Type of material
	Observations after treatment

	1.
	X-500
	10%
	1:15
	3 hours at room temp
	C.Fibre
	Imparted considerable soft feel

	2.
	X-500
	5%
	1:15
	Overnight at room temp.
	C.Fibre
	Produced similar results obtained with x-500 @10%

	3.
	Alfalina CS-100
	12%
	1:20
	Overnight at room temp
	C.Fibre
	Perceptible improvement in the feel of fibre

	4.
	Silcosoft-100
	20%
	1:15
	Overnight at room temp.
	C.Fibre
	Improvement in the feel of the coir fibre



	5.
	Drisheen P Extract
	5%
	1:15
	3 hours at room temp
	Fibre/yarn
	No perceptible improvement in the feel of the fibre

	6.
	Drisheen P Extract
	5%
	1:15
	overnight at room temp.
	Fibre/ yarn
	No perceptible improvement in the feel of coir fibre even after increasing the concentration of the chemicals upto 50%(own)

	7.
	Sulsoft-500
	30%
	1:12
	overnight at room temp.
	C.yarn / Fibre
	10% improvement in the feel of the material

	8.
	Sursoft-500 
	50%
	1:12
	overnight at room temp.
	C.Fibre/yarn
	10% improvement in the feel of the marerial

	9.
	Kavisoft-C
	30%
	1:12
	overnight at room temp.
	C.Fibre/yarn
	5% improvement in the feel of the material



	10.
	Kavisoft-C
	30%
	1:12
	overnight at room temp.
	C.Fibre/yarn
	5 % improvement in the feel of the material

	11.
	Microlax(first treated in a bath containing caustic soda & score DC @10% own at 70-68)
	30%
	1:12
	20 minutes at 30-400 C
	Anjengo yarn
	5% improvement in the feel of the material

	12
	Microlax
	50%
	1:12
	20 minutes at 30-400 C
	Anjengo yarn
	5% improvement in the feel of the material

	13
	Elastex(pretreatment with caustic soda @ 2% and score PLR @1.5 w/v at a temp. of 80-900 C for 300)
	40 g/l
	1:12
	45 minutes at 30-400 C
	Anjengo yarn
	10% improvement in the feel of the material



	14.
	Micorlax (pretreatment by caustic soda and score PLR @0.5% on onw at a temp of 70-800C for 100)
	2%
	1:2
	20 minutes at 30-400 C
	Anjengo yarn
	10% improvement in the feel of the material.

	15.
	NaOH Solution
	50% 
100%

150%

200%
	1:10
	30 minutes at room temp
	Vycome yarn
	30-40% improvement in the feel of material

	16.
	Vegetable Oil
	0.003
	Not applicable
	Pilled for 22 hrs to 44 hrs at room temp
	Coir fibre
	Effective in spinning Coir fibre into yarn of uniform texture.



The yarn spun from the Coir fibre treated with vegetable oil and control were examined for runnage, scorage, breaking load, twist per foot and elongation at break which is recorded in table-II

Table II : Characteristics of coir yarn spun from vegetable oil treated fibre

	Sl.No
	Type of coir fibre used for spinning
	Qty produced in m/h
	No of breakages
	spinning defects
	Texture in terms of point
	Pliability in terms of point
	scorage
	Runnage
	Twist per ft.
	Breaking load
	EB%

	1.
	Coirret treated DF fibr sprayed with water and kept for 22 hrs (control)
	262
	4
	12
	10
	10
	12
	232.5
	22
	25
	30

	2.
	-do-
sprayed with 0.33% vegetable oil (22hrs)
	266
	3
	8
	13
	13
	11
	181.8
	20
	22.2
	38

	3.
	-do-

sprayed with vegetable oil & 0.40% Urea(22 hrs)
	284
	2
	4
	14
	13
	12
	277.7
	22
	20.7
	39

	4
	-do-

Sprayed with water and kept for 44 hrs(control)
	250
	3
	4
	10
	10
	11
	215
	22
	20.5
	28.7


 



	5.
	-do-

sprayed with 0.33% vegetable oil 44 hrs
	306
	2
	2
	13
	13
	11
	208.3
	20
	20.4
	27.0

	6.
	-do-

sprayed with 0.33% vegetable oil & 0.40% Urea(44 hrs)
	318
	1
	3
	13
	13
	12
	222.2
	20
	22.0
	33.0


Measurement of Softness of Treated Coir Fibre


The softness achieved on coir fibre / yarn was measured visually and by the feel of hard on touch. Since no instrument was available to measure the degree of softness imparted to a coir fibre/yarn. A “Flexural Rigidity Tester” was designed and developed at CCRI based upon standard loop method. This method suits best for this highly heterogeneous hard fibre. It is used for measuring the relative degree of softness imparted to coir fibre by different processing chemicals. The coir fibres are selected at random and converted into rings by winding them around a glass/PVC tube and allowed to set for 12 hours. The ring is then placed in the instrument and a constant load is applied to the bottom of the ring and the deformation is measured. The flexural rigidity which is a characteristic for estimating the degree of softness is calculated with the help of the following formula

Flexural Rigidity (Gf)  = 0.0047mg(2IIr)2 Cos θ




        Tan θ 

Where mg

-
weight of load applied

r


-
radius of the ring

d


-
deformation of lower end of ring

θ


-
493d   




2IIr

The table – III shows the flexural rigidity and percentage improvement in softness obtained on coir fibre treated with different softness.


TABLE – II : FLEURAL RIGIDITY AND PERCENTAGE IMPROVEMENT IN SOFTNESS OF COIR FIBRE

	Batch No.
	SAMPLE
	STATUS
	FLEXURAL RIGIDITY G(f)=gcm2
	PERCENTAGE OF SOFTENING

	I
	1)  Retted coir fibre
2) Treated with sodium

     hydroxide


	Control
Softened
	1.1642
0.8772
	--
24.65

	II
	1) Retted coir fibre

2) Treated with

     Bactosol CE

3)  Treated with X500
	Control

Softened

Not softened
	1.286

1.705

2.150
	6.620

17.741(-)

	III
	1) Retted coir fibre

2) Treated with Alfalina

    CS-100

3) Treated with Silcosoft

    100


	Control

Softened 

Softened
	1.630

1.314

1.481
	19.32

9.14

	IV
	1) Retted coir fibre

2) Treated with

     SURFOST - 500
	Control

Not Softened
	1.602

1.924
	  --

20.09(-)

	V
	1) Retted coir fibre

2) Treated with sodium

     hydroxide
	Control

Softened
	0.082

0.906
	--

16.26

	VI
	1) Retted coir fibre

2) Treated with Alfaline
    CS-100
	Control
softened
	0.952
0.946
	--
0.63

	VII
	1) Retted coir fibre

2) Treated with 20%

    sodium hydroxide
	Control

Softened
	1.630

1.302
	--

20.36(-)



	VIII
	1) Control fibre

2) Treated with X500

    mixture
	--

softened
	1.377

1.685
	--

22.36(-)



CONCLUSIONS


It was observed that the caustic soda solution performed best in imparting softness to coir fibre/yarn. The micro emulsions of amino silicone softeners imparted a very silky and soft feel to coir fibre / yarn.

The vegetable oil treated coir fibres yielded a soft yarn possessing uniform texture and required no scouring at all before dyeing process. The movement of coir fibre while spinning into yarn was easy and resulted uniform feeding with no pinching to the hand. A device has also been designed and fabricated for measuring the relative degree of softness imparted to the cori fibre known as “Flexural Rigidity Meter”


It is recommended to process the coir fibre/yarn using alkali solution followed by a treatment of micro emulsion of amino-silicone softeners for achieving softeners for achieving soft and supple feel on coir material for value addition.


OUTPUR – 3 BLEACHING

Chemical Bleaching


Bleached coir fibre/yarn is widely used in coir industry for the purpose of ornamentation of coir products. There are certain shades of dyestuffs to be used in the coir matting/carpets which require bleaching of yarn to improve its penetration and brightness especially in the case of pastel shades. It is estimated that about 20% of the coir yarn/fibre used for the manufacture of coir mats, mattings, rugs and carpets are made out of bleached coir yarn in the coir industry. Bleaching of coir fibre/yarn is generally carried out using hydrogen peroxide.
Experiments
 
Recipe of some of the chemicals used for bleaching experiments of coir fibre/yarn are furnished in Table IV.


Table – IV

	Sl.No
	Name of Process
	Ingredients
	Coir fibre/yarn

	1.
	Hot Process with 
H2O2
	Hydrogen Peroxide 

Sodium Silicate, g/l
	8.0

5.0

	2.
	Cold Process with

H2O2

	Hydrogen Peroxide

Sodium Silicate g/l

Soda ash g/l

Lissapol g/l
	10.0

6.0

2.0

2.0

	3.
	Trisodium Phosphate

Process
	Hydrogen Peroxide, CC/l

Caustic Soda, g/l

Celidong LI, cc/l

Lissapol D, cc/l
	10.0
5.0

2.0

1.0

	4.
	Celidon Process
	Hydrogen Peroxide, cc/l

Caustic soda, g/l

Celidone LI, cc/l

Lissapol D, cc/l
	10.0

2.0

6.0

2.0

	5.
	   -do-
	Hydrogen Peroxide, cc/l

Celidone LI, cc/l

Soda Ash, g/l

Lissapol D, cc/l


	10.00

6.0

2.0

2.0

	6.
	Bleaching Powder

Process
	Bleaching Powder

Alum, g/l

Sodium Silicate, g/l

Soda ash, g/l

Lissapol D
	5%

10.00

3.0

3.0

1.0


Material to liquor ratio : 

1:12 for coir yarn





1:20 for coir fibre


CONCLUSIONS

a) The bleaching with H2O2 is effective only if the pH is 10 or above.

b) A pH stabilizing buffer is necessary to get food bleached material

c) Reduction in cost of bleaching has been achieved to the extent of 50% by carrying out a pre-treatment with bleaching powder followed by H2O2  bleaching.

d) Bleaching is advantageous to produce pastel shades of good brightness

e) The H2O2  content in the effluent is about 30%

f) The softened coir material require more hydrogen peroxide for bleaching.

Biobleaching
The biological method of bleaching or biobleaching would be a desirable option to chemical bleaching on environmental considerations. Retted fibre, extracted from coconut husks after steeping in saline water for 

9-11 months, has a bright colour which is constant. Therefore the retted coir fibre is most suited for spinning of coir yarn for the manufacture of coir floor coverings. However, retting has several disadvantages : -

a)  It pollutes the backwaters

b) It is not economical i.e it involves deed investment towards the cost of husk for 11 months.
c) Involves drudgery of labour for steeping, drawing and beating of the retted husk.


Coir fibre can be extracted by mechanical process. The time required for the extraction of this fibre is only a few hours and the problems of polluting backwaters can be eliminated. However despite the advantage of yielding coir fibre in a short span of time, the greatest disadvantage of the mechanically extracted fibre is its inconsistent colour and harsh texture. Poor photostability of coir fibre by photo degradation is one of the disadvantages for production of good coir yarn and production.


CONCLUSIONS


The biobleaching of coir fibre using selected strains of bacterial cultures capable of degrading aromatic compounds is an environment friendly natural process with can be applied for yielding superior quality fibre of better light fastness for the production of good quality coir products. Coirret, a bacterial consortium produced a brighter and softer coir fibre with improved light fastness.
OUTPUT – 4    DYEING



Dyeing of coir fibre/yarn is essential for improving the marketability of coir products and satisfying the requirements of consumers. A dyestuff is most commonly an organic compound which can be used to impart colour to a substance. Dyes are applied to coir materials by two distint processes dyeing and printing of which the former is extensively used. In dyeing, the fibre absorbs the dye from the aqueous solution of dispersion and is more of less uniformly coloured. The uniformity of dyeing(level dyeing) depends upon the absorptive power of coir fibre, the nature of the dye and conditions of dyeing. The dyed shade usually must be matched against a sample and the fastness of the dyeing (i.e the resistance of the shade to the action of light,          water rubbing etc) must  confirm to te specified requirement of the consumer. The most  commonly used dyestuffs for coir material belong to the classes of Basic, Acid and Direct dyes. These dyes are applied to the materials from their solutions in water with the aid of chemicals like acetic acid, sulphate acid, formic acid, common salt etc. to facilitate the transfer of dyes from the dye bath to the fibre substrate under appropriage conditions of temperature for specified periods depending on the dyestuff that is being used.

The basic dyes have high tinctorial value and affinity to coir but are fugitive to light rubbing. The acid dyes have better fastness to light but of less brightness than basic dyes. Direct dyes find use in producing shades having fastness properties better than acid but they produce dull shades and require longer processing time.


The industry adopts three methods of dyeing vid

a) Conventional method of dyeing viz

b) Improved method of dyeing coir

c) Mechanised method of dyeing coir

The cost of dyeing is more is mechanized system of dyeing. However it is being adopted by more and more units due to the better quality of dyed coir materials in respect of level  dyeing, better penetration , dye up take and consistency of shade with a batch and from batch to batch compared to the other two systems of dyeing. The manufacturers have come forward with the safe classes of dyestuffs in place of the banned dyes. A number of combinations of these dyestuffs have been experimented for development of shade suitable to coir.

CONCLUSIONS

1. The mechanized system of dyeing is most effective as it helps to achieve shade consistency, better penetration of dyes and bulk treatment of dye effluents.

2. The list of banned carcinogenic dyes and chemicals wer identified and steps were taken to find alternative “safe dyes”. The information was circulated among the trade.

3. It is desirable to assess fastness properties of each dyestuff belonging to different classess and their suitability to coir.

4. For improved appearance and dye up take, it would be preferable to wet out the material in cold water.

5. Only those safe dyes which have high light fastness have been recommended for use.

6. Light bleaching of the material prior to dyeing yields pastel shades of good brightness.

7. Shade cards pertaining to reactive have been prepared for reference.

OUTPUT-5   PRINTING

The output on printing on coir materials had commenced only after one year of the commencement of the activities in other outputs of the FAO project on softening,, bleaching, dyeing and printing on coir. The process of printing is used to achieve ornamentation and improve  the aesthetic sense of  the final product. The designs and patterns with 

attractive shade connotations are being applied to coir products by printing for achieving more market value and popularity. The printing method most commonly adopted in the coir industry is stenciling. The other printing techniques such as Roller printing, Rotating Screen Printing, hard Screen printing, Wood Block printing are not applied in coir industry due to the uneven surface of the coir products. Coir mattings, either in rolls, or in pieces cut to specific length, as also the different types of coir mats are printed by brushing/spraying of colour pastes of dye used are mainly basic, though selected acid and direct dyes are also used less often. The printed materials are dried in air. This printing produces practically no fastness of water or rubbing.

The organic or inorganic pigments in suitable formulations may be used in the printing of coir as they are opaque and do not have the shortcoming of being masked by the coir surface on which they are deposited. The use of ready mixed paints diluted to the required consistency with suitable thinners or the application of pigments suitably dispersed in firm forming components based on aqueous emulsion was therefore considered to offer the possibility of being and alternative to the 
application of dye solutions or colour pastes, for obtaining prints of improved fastness characteristics.


Design development is one of  the major needs for the creation of new markets as well as for upholding the existing markets for coir products. Designs suitable for the various seasons, suiting the trends and taste of consumers of different countries got a great value in the export sector of coir. The designs evolved by traditional methods of manual drawing and colouring consumers a lot of time and energy especially in matching shades and colour mixing of the designs. These designs are made to the product sector as design cards for incorporating them to their products.

The industrial survey reveled that newly developed designs evolved for coir products like mats, mattings, and rugs are transferred to them by two methods viz. weaving and printing.


Weaving is a process of entanglement of warp and weft yarn to form products like mats matting and rugs. Using suitable dyestuffs, the food quality coir fibre/yarn is dyed in conventional/mechanized dye vats and processed in traditional wooden looms which require skilled labour. Weaving required more materials and man power than printing wastage of dye stuffs is more in weaving. It is also not possible to make curved lines of design on weaving which means that the possibility of making designs by weaving is limited to polygonal patterns.


The process of printing on coir is mainly based on the use of stencils. For the preparation of stenciled designs, the sketch of desired design is first prepared in the required size on paper. It is then transferred to thin sheet and then cut by hand. It is a stencial plate. Number of stencil plated depend upon the number of colours used in the design. Oneplate each for one colour and is placed over the mats/matting and the dyestuff is applied by spraying or brushing for mats and matting respectively. The edges of the stencil plates are guarded with narrow strips of metal to avoid spreading of dye while spraying on the coir products. Care is taken to avoid over lapping of two colours of the same design during stenciling. Usually a stenciled design consists of 4-5 colours.

The printing requires limited quality of dyestuffs as it is impressed on the top surface only. The time consumption and man power is also less and hence cost of production is low compared to weaving. 

EXPERIMENTAL


In the experimental stage, two types of paints were applied on coir mattings.

a) Plastic emulsion paint in which the vehicle is water and 

b) Synthetic enamel paint which is based on a volatile organic slovant.

The ready mixed emulsion/paint, suitably diluted was sprayed on the mattings and the coated materials allowed to dry in air. Sample cuttings of the shades were exposed on the Xenotest for the determination of the light fastness resulted in slight initial dulling. There was no further change in the tone after exposure for six to eight hours.
Suitable length of the matting sprayed with the paints was also fixed on the staircase and elsewhere to examine the behaviour of the coating under service conditions. The synthetic enamel paints are observed to abrade or wear off slowly from the surface resulting in the loss of the gloss or luster of the film. With the plastic emulsion paint, the colour is rather subdued, but comparatively this offers greater resistance to abrasion or wear. Both types of paints sprayed and dried on the matting show excellent fastness to water.

Due to the opaque nature of the film one could overprint a light colour design on a dark coloured background or vice cersa using plastic emulsion paints which is worthwhile for producing coir mattings in pastel shades, which are reportedly in good demend in overseas markets.
The specimen of door mats were stenciled with synthetic enamel paints and coir dyestuffs so as to achieve different shades to evolve floral designs and natural beauty.

In another experiment an apple design was printed on fibre mat using reactive dyestuff.

Procion Brilliant Red M8B
-
10g/l

Urea




-
10g/l

Sodium bicarbonate

-
10g/l



The reactive dye stuff solution was sprayed on the mat and subsequently dried in room temperature. It was observed that the penetration was deeper coupled with brilliant hue. The light for 15 days. It was observed that the fading occurred to the extent of only 10% which is better when compared to the traditional printing with basic dyestuffs.

CONCLUSIONS


Stencil Printing is the most widely adopted technique for incorporating designs on coir mate/matting. Synthetic enemal paints and reactive dye stuff can be used for achieving prints of better light fastness and deep penetration. CCRI has been equipped with Computer Aided Design (CAD) system also for effecting maximum efficiency, speed and accuracy involving design suited to the taste and trend of people of different countries by blending of colour combinations and make copies of designs.


It is advantageous to use ecofriendly dyes so as to avoid the relelease of toxic and banned amines. The use of dyes derived from natural resources such as plants, insects and minerals on coir are to be encouraged.
INTERNATIONAL WORKSHOP

An International Workshop on Wet Processing of Coir was held on 8-9 December 1997 at Alleppey to disseminate the findings of the project. The Workshop was attended by about 150 delegates including participants from U.K, Rome, The Netherlands and FAO Officials. The delegates consisted of representatives from the exporters, Small Scale coir manufactures, Trade Associations, Coir Co-Operatives etc.


The following 12 papers were presented including the 5 exclusively on wet processing of coir.

1. The development of appropriate technology for spinning quality coir yarn K.A.Miln, Textile Engineering Consultant, U.K
2. Prospects for Coir Technology and Market Development – Dr.Jan E.G.Van Dam, Agrotechnological Research Institute (ATO-DLO), The Netherlands.


3. Coconut Industries – Development and the Importance of Technical innovation – Peter Steele, FAO, Rome.
4. British Fiber its Development and Marker Opportunities – Andrew Metianu, Newzeland.

5. Natural Fibres with special reference to Coir fibre – Dr.A.K.Mukherjee, National Consultant Chemist.

6. Role of R&D in Coir Industry – C.R. Devaraj, Managing Director, Charankattu Coir Mfg. Co(P) Ltd, Cherthala.

7. White fibre from Brown Fibre Sector – R.B.Shyam Sundar, Venugopal fibre Industries.

8. Studies on imparting Softness to Coir fibre yarn – P.K.Ravi, etal.

9. Investigations in Bleaching of Coir – IR.Anto, etal.

10. A study on Bio bleaching of coir using bacterial cultures – A.D.Ravindranath, etal 
11.  Techniques of Dyeing coir materials – J.Sunildath, etal

12. Printing of Design on Coir materials – V.R. George Roy, etal
RECOMMENDATIONS


The work on Printing of the proceedings of the Workshop is in progress and awaiting funding support from FAO for the same.


A panel of exports was formed for drafting the recommendations of the deliberations. The following seven point programmewas formulated by the panel of experts

1. The present project be extended for a period of 6 months to complete the current activities.

2. There should be follow on iniative that should be purchased and a few project in this regard have already been framed. This has to be in partnership with industry and/or international orgnisations.


3. Greater links between the industry and the Coir Board be established to enhance the opportunities for technical transfer. All the four sctivities (softening, bleaching, printing and dyeing) would be continued with special emphasis to carry out trails on large scale within the industry.
4. Current wet chemistry process will be continued post project  with high priority given to biotechnology and mechanized processing with emphasis on spinning.

5. The Institute will continue to ensure that environment issues are fundamental to research, development, training, extension and industrial programmes associated with coir fibre industries.

6. The work programmes and facilities at the CCRI will be established to enable new market opportunities to be explored for example, geo-txtiles, Coir wastes and non-wovens.

7. The workshop recognizes the need for a Regional Centre for Coir Research, Development, Training and Extension. CCRI has the potential and willingness to earn this status as an international centre of excellence. This will enhance regional co-operation among member states.


Post Project Activities

1. A project entitled “Biotechnological Upgradation and Mechanisation for Coir” has been submitted to the UNDP for consideration of providing funding support, to bring about the economic and social transformation to the rural coir workers by raising employment, improving the quality of life, eliminate pollution and providing an excellent raw material for the coir industry.

2. One project entitled “Environment Friendly Dyeing of Coir” to be taken up in collaboration wit ATO-DLO and Triade B.V of the Netherlands has been submitted to the Govt. of India for approval.

3. A request has been submitted to the FAO for recognizing CCRI as an International Centre of Excellence in the year 1996, which has been later on recommended also by the panel of experts during the International Workshop held at CCRI on 8-9 December, 1997.
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