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1. Objective of the Project and rationale
Objectives

(a) To identify suitable natural dyes for dyeing of jute based Products with natural dyes.

(b) To undertake research activities on standardization of methodologies of application of natural dyes on jute substrate to develop newer shades with acceptable fastness.

(c) To study the compatibility of different pairs of natural dyes to be applied in mixtures.

(d) To study the effects of chemical pre-treatments and post treatments of jute substrate to improve the dyebility and colour fastness behaviour.

(e) To train manpower on developed standard methods for application of natural dyes on jute materials 

Rationale

(a) Most of the natural dyes are usually non-toxic/ non-carcinogen and non allergic i.e. eco-friendly.

(b) Single and mixture of Natural dyes can produce uncommon and soothing shades and therefore produce attractive uncommon shades, which is otherwise impossible. 

(c) However the common drawbacks of natural dyes are its non-uniform shade, non-reproducibility, poor to moderate colour fastness, poor yield of colouring matters , non-availability of standard application methods and high costs of extraction and cumbersome and difficult dyeing process via mordanting. Hence, to make it simplified and easy adoptable for commercial exploitation, standardization of each such stage with analysis of background scientific knowledge on the same is highly essential.

(d) Application of Natural dyes on exportable textile products has special market preferences, which for export of jute decorative is still untapped. Hence, there is a need of sufficient study on developing and standardizing the right commercially adoptable processes for application of natural dyes on jute based fabrics and yarns. 

(e) Some of the natural dyes produce shades with poor colour fastness results. For both domestic and export market, there should be sufficient scientific studies to improve their colour fastness to Wash and to Light. There are ample scopes of doing scientific studies on improving colour fastness properties after application of natural dyes for jute based textiles by different after-treatments, aimed at obtaining newer shade with acceptable colour fastness properties.

(f) The targeted beneficiaries of this project are relevant consumers and existing producers in decentralised jute sector, medium scale jute sectors and new entrepreneurs in small scale jute sector. Moreover, the natural dyeing process is highly labour intensive and can produce livelihood of many rural / semi urban based dyers / processors.

2. Summary Report on Literature Survey
Recently, there is growing interest among the consumers, producers, exporters and dyers for use of these natural dyes in a meaningful/scientific procedure. However, a limited number of commercial dyers and small textile export houses have started to look at the possibilities of using natural dyes for regular basis dyeing and printing of textiles for attracting a certain segment avoiding environmental pollution caused by the synthetic dye manufacture and conventional dyeing process. Thus, a fast moving interest in the revival of natural dyes has been manifested. 

a) Work on standardization of methodologies of application of natural dyes on jute

The vegetable dyes extraction is broadly divided into extraction method & extraction technology:

The extraction methods of vegetable dyes basically depends on medium in which the dye is extracted. There are mainly four methods used in extraction of natural dyes. i. Aqueous Method; ii. Alkaline Method; iii. Acidic Method; iv. Organic solvent/ Alcoholic Method

The modern techniques of extraction comprised of efficient extraction of the dye from the plant material for standardization and optimization of vegetable dyes utilizing a) Sonicator b) Supercritical fluid extraction c) Sub critical water extraction methods 
Innovative Method for dyeing: The traditional method of dyeing at boil consumes enormous amount of energy. Some heat sensitive dye molecules decompose on prolonged. However, the most advantageous part of ultrasonic dyeing is that at low energy dyeing is carried out. Many workers have reported some of the most significant experimental results, laboratory trials regarding techniques and best parameters for extraction and application of natural dyes, i.e. observations on varying extraction parameters, such as: extraction temperature, extraction time, extraction solvent-vegetal material ratio, type of solvent and observations on varying mordanting and dyeing parameters. However, most of such studies are concentrated on wool and silk.

b) Different Mordants and Mordanting Methods for Application of Natural Dyes

Mordanting can be achieved by either pre-mordanting, simultaneously mordanting and post mordanting to obtain varying colours/ shades and to increase the dye uptake as well as to improve the colour fastness behavior of any natural dye. Pre-mordanting route favours dyeing of jute fabric with natural dyes using aluminium sulphate as a mordant, while simultaneous mordanting route gives better results for madder on cotton with the same mordant. 

Different type of mordant and method of mordanting significantly affected the rate and extent of photofading. It has also been recommended to use alum and aluminium sulphate as mordants in dyeing with natural dyes, for their environmental friendliness.

c) Different Methods of Application of Natural Dyes on Textiles

Conventional dyeing of textile with natural dyes can be carried out in an alkaline, acidic or neutral bath. There are various reports available on different methods of mordanting and dyeing for application of natural dyes on different fibers such as cellulosic, protein and synthetic fibre have widely been available and studied as presented in different literature. Some research work on nonconventional ultrasonic, microwave and HTHP dyeing methods for natural dyes have been reported to give better dye uptake, uniform dyeing, better light and wash fastness on cotton or wool fabrics, but scanty on jute. The application of mixture of turmeric and madder on cotton have however been reported to yield some synergistic effect for enhancing colour strength.

d) Physico-Chemical Studies on Dyeing Process Variables and Dyeing Kinetics (for Application of Natural Dyes)
 Many workers have reported some of the most significant experimental results, laboratory trials regarding techniques and best parameters for extraction and application of natural dyes, i.e. observations on varying extraction parameters, such as: extraction temperature, extraction time, extraction solvent-vegetal material ratio, type of solvent and observations on varying mordanting and dyeing parameters. However, most of such studies are concentrated on wool and silk.

e) Compatibility of different pairs of natural dyes to be applied in mixtures
For the use of mixture of natural dyes, the natural dyes must be compatible with each other. Some work has been reported on studies on compatibility of binary and tertiary mixture of synthetic dyes, but such work on natural dyes are rare and sporadic. 

Scientific studies reported on the use of varying proportions of binary mixtures of aqueous extracts of Jackfruit Wood (JFW) with other natural dyes like Manjistha (MJ), Red Sandal wood (RSW), Marigold (MG), Sappan wood (SW) and Babool (BL) for dyeing of premordanted  bleached jute fabric. The compatibility of these binary pairs was assessed. The following important observations and conclusions were drawn from these studies: The order of relative degree of compatibility of these  binary pairs of natural dyes applied on premordanted jute is:  JFW : RSW  ≥  JFW: BL  ≥  JFW : MJ >>> JFW: MG  >>>  JFW : SW, . Treatment with 2%CTAB or Sandofix-HCF improves the wash fastness to nearly 1 unit.

f) Effects of Chemical Pretreatments/ Modification of Textile Materials for Improving Dyeability with Natural Dyes  

So far application of natural dyes on chemically modified jute is concerned; such studies on application of natural dyes on chemically modified jute for investigating dyeability with natural dyes are few and scanty. There is only one report available for chemical modification of jute substrate with acrylamide monomer (using K2S2O8 initiation) and with cetyl trimethyl ammonium bromide (CTAB) for investigating their effects on subsequent dyeing with natural dyes like turmeric (Haldi) and madder (manjistha).

g) Colour Fastness Properties of Natural and Synthetic Dyed Textiless 
Light fastness of many natural dyes is generally poor to medium, while jute material is susceptible to photo-yellowing on exposure to sunlight. Wash and rubbing fastness of most natural dyes are moderate to fairly good. Samanta et.al have reported the improvement of light fastness to one to half unit for natural dyed jute textiles by application of 1% benztriazole in specific conditions and wash fastness by treatment with 2%CTAB or Sandofix-HCF . Samanta etal reported that  the jackfruit wood, manjistha, red sandal wood, babool and mariegold etc have good rubfastness on natural dyed jute and cotton fabrics.

3. Detailed report on literature survey with reference
A Detailed Literature Review based on different publications of national and international journals on related subject has been done and the hard copy and soft copy of the same is already submitted to NJB on May 2009 and again with Draft Terminal Report (DTR) as Annexure I and the same is also made available here with this report.

4. Need Assessment / Market Survey Report
Survey and Need Assessment were made by Questionnaire to Different Jute Mills and their responses besides expert opinion. The followings were the important outcome (details were submitted earlier with DTR as Annexure – II and the same is also made available here with this report): 

Some Jute Mills are interested to natural dyeing process subject to availability of technical knowhow, market potential and cost effectiveness.
No Standardized method, recipe and shade / pattern cards are available for application of natural dyes on jute. Hence, standardization of dyeing process variables is necessary for application of such natural dyes on jute.
Colour fastness of jute goods dyed with natural dyes is poor. So, eco-friendly after-treatment are to be developed to improve colour fastness.
Information about the manufacturers’ working on the process / products

The EU imports of natural dyes have increased at a rate of 3% between 2002 and 2007. In comparison, imports of synthetic dyes decreased by 2% per year. The share of natural dyes of the total imported dyes therefore has increased from 5% to 6%. This can be explained by the increased demand for ‘green’ products. Most large industrial textile producers and dye houses in the EU however are still reluctant to work with natural dyes and prefer to work with high quality synthetic dyes at low costs. Therefore, natural dyes are still mainly used by small-scale professionals dyers and hobbyists. It can therefore still be considered a niche market with limited market opportunities. However, with the increasing technological improvements, the market impact of natural dyes is expected to increase in coming years in both the industrial as well as the small-scale segment. There are however still some challenges to overcome:

• produce natural dyes in the quantities required for mass production

• produce natural dyes at a reasonable price

• produce natural dyes that have high color-fastness

On the retail side there are an increased amount of retailers in the EU that are offering organic garments and/or those produced with natural ingredients. There are also a growing amount of environmental certifications related to textile products and dyes, and number of companies that are certified support this trend. For example, the first version of the Global Organic Textile Standard (GOTS) was published in 2005. Now, over 1,000 companies in the EU and worldwide are participating in the inspection and certification of GOTS. Other important eco-labels that have developed criteria for a more environmental friendly use of dyes are the European Ecolabel for textiles, Organic Exchange, EKO Sustainable Textile and Öko-Tex.

EU import data shows that Germany (22% of total EU imports), France (12%), the UK (12%) and Spain (11%) are the leading importers of natural dyes in the EU. China (10%), Peru (8%) and India (4%) are the largest developing country exporters supplying to the EU.

http://www.cbi.eu/download/mid_preview/5223.pdf

5. Methodology of R& D Part of the project

5.1 
Materials
5.1.1 
Fabric

Hydrogen peroxide (H2O2) bleached (3%) plain weave, decorative variety, fine hessian jute fabric of 205 tex jute yarns as warp and 285 tex jute yarns as weft, 64 ends/dm and 58 picks/dm, fabric weight 302 g/m2 and fabric thickness 0.74 mm, obtained from M/s Gloster Jute Mills Ltd., Bowreah, Howrah, was used in the present work. 

Textile Related Important Properties of the Jute Fabric Used:

Basic chemical composition and important physical properties of the above said variety of bleached jute fabric used as basic textile raw material in the present work are shown as follows: (Tables-1 and 2)

	  Table 1: Basic Chemical Compositions of Bleached Jute Fabric Used for the Present Study 

	Constituent
	Quantity (Percent bone dry weight basis)

	
	Control 3% H2O2 Bleached Jute Fabric

	Cellulose or alpha-cellulose (%)
	60.40

	Hemicellulose (%)
	23.60

	Lignin (%)
	12.90

	Fats and Waxes (%)
	0.90

	Nitrogenous Matter (%) including Pectins and Others
	1.50

	Ash (Mineral Matter) (%)
	0.70

	Organic Acid (%)
	--


	Table 2: Physical Properties and Chemical Characteristics of the Bleached Jute Fabric used in the Study

	
	Conventional 3% H2O2 bleached Jute Fabric

	A. Mechanical Properties of the Fabric
	Warp-way 
	Weft-way

	Breaking Tenacity (cN/tex)
	8.16 
	6.93

	Breaking Elongation (%)
	3. 72
	5.67

	Initial Modulus (N/mm)
	34.84 
	32.41

	Bending length (cm)
	3.9
	3.8

	Flexural Rigidity (mg.cm)
	1398 
	1210

	Total Crease Recovery Angle (degree)
	142

	B. Surface Characteristics
	

	Colour strength (K/S value at 420 nm)
	0.51

	Whiteness Index (Hunter Lab-scale)
	67.3

	Yellowness Index (ASTM E-313)
	27.5

	Brightness Index (ISO-2470)
	39.1

	C. Textile Related Other Properties
	

	Moisture Regain (%) at standard conditions
	12.95

	Degree of Crystallinity (%)
	55

	D. Chemical Characteristics
	

	Copper Number
	2.6


5.1.2 
General Chemicals  

Laboratory reagent (LR) grade sodium periodate (NaIO4) potassium per-oxo-disulphate (K2S2O8), citric acid (C6H8O7), ethylene diamine tetra acetic acid (EDTA), magnesium chloride (MgCl2) all obtained from E. Merck (India) were used. Commercial grade terkey red oil (TRO), acetic acid (CH3COOH), formic acid (HCOOH), potassium permanganate (KMnO4), hydrochloric acid (HCl), sulphuric acid (H2SO4), common salt i.e. sodium chloride (NaCl) and sodium hydroxide (NaOH), sodium carbonate (Na2CO3), Sodium bicarbonate (NaHCO3), Potash alum etc obtained from local suppliers (M/S Lily & Co, Kolkata) were in the present work.  
5.1.3 Textile Auxiliaries and Chemical Modifiers 

Laboratory reagent (LR) grade CTAB [cetyl trimethyl ammonium bromide (C19H42BrN), low molecular weight quartenary ammonium compound]; 1, 2, 3-benztriazole (C6H5N3); phenyl hydrazine; hydrazine hydrate; ethylene di-amine (EDA) all obtained from E. Merck (India) as well as textile auxiliaries grade Sandofix-HCF liquid (a high molecular weight quaternary ammonium compound as dye fixing agent) and a non-ionic detergent (Sandozin NITI) obtained from M/S Clariant(India) were used in the present work. Chemical structures of some important chemical modifiers are shown inFig1
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	A: Cetyl trimethyl ammonium bromide (CTAB)
	B:  Phenyl Hydrazine

	[image: image1.png]N
N\
NON3 @ \N
/
NH

1. 2

- Sodium Azide 1,2,3 Benztriazole

0
|

C
i
C”Hﬁc-O-CHZ-CHz—C H3

4.

Benzophenone Louryi-lhio-Di-Propionotc

3

N

C
CHj3 CoHg

Methly-Ethyl-Ketone





	H2N—NH2. H2O

	C: 1,2,3 Benztriazole
	D: Hydrazine Hydrate

	H2N—(CH2)2—NH2   

    

	E: Ethylene di-amine


	Fig-1 Chemical Structures of Cationizing Agents and other Modifiers


5.1.4 
Mordants       

 Laboratory grade (LR) tannic acid [C76H52O46], aluminium sulphate [Al2(SO4)3,18 H2O], potash alum [K2SO4,Al(SO4)3,24 H2O], all obtained from E. Merck (India) were used as chemical mordants.  A natural mordanting assistant, myrobolan (commonly known as haritaki or harda and is botanically known as Terminalia chebula) containing chebulinic acid as shown in Fig-2 was also used in the present work. 

	Tannic 
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	Fig-2 Chemical Structure of Tannic Acid;
	Chemical Structure of Chebulinic Acid obtained from Myrobolan


5.1.5 
Natural Dyes

Tesu is commonly known as palas /dhak /fire of forest and botanically known as butea monosperma / butea frondosa and it belongs to family, Fabaceae. Main colour component of tesu is butein4 and the chemical structure is shown in Fig-3
 SHAPE  \* MERGEFORMAT 



The colour range obtained on jute from tesu (Palas) extract varies from orange, ochre to brown depending on mordant used. In such hydroxy – flavone colour component, it is the hydroxyl and ketone group present in the pyrone ring which accounts for the ability of these natural dye compounds to form complex with metal salts. Also –OH groups of the benzene ring of the butein of the said natural dyes may account for mordanting with metal salts. At the same time, there is immense possibility of hydrogen bonding between cellulosic –OH groups, and the –OH groups of the butein colour component of tesu (palas). 

Manjistha is commonly known as Indian Madder and is botanically known as Rubia Cordifolia. The major colour components of manjistha are purpurin (65%), manjistin (10%), purpuroxanthin (7-8%), pseudopurpurin and nordamncanthal (9-10%) (Structures in Fig-4).
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	Fig-4: Chemical Structure of Colour Components of Manjistha
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Catechu, commonly known as cutch or khair or khadira is used in the present work.  Catechu is botanically known as acacia catechu and it belongs to family, Mimosaceae. The major colour components of catechu are catechin (2-12%) and catechutannic acid and other components are phlobatinin, gummy matter, quercitrin and quercitin. Chemical structure of catechin is shown in Fig. 5. The manufacture of catechu is traditionally done by boiling the separated red heart wood, till all soluble portion exhausted. On cooling, it is converted to semisolid mass as cutch.
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Fig.5 : Chemical structures of colour component of Catechu: Catechin
Depending on the mordant and condition used, the colour range obtained on bleached jute with catechu extract varies from yellow / brown / reddish brown to brownish red. There is adjacent hydroxyl groups in the above said colour component of catechu which accounts for the ability of these compounds to form complex with metal salts to fix those on jute by mordanting with metal salts. At the same time, there is immense possibility of hydrogen bonding with cellulosic –OH groups, utilizing the said –OH groups of the colour component of catechu.
Jack Fruit Wood i.e. wood of Jack-fruit tree, botanically known as Artocarpus Heterophyllus Lam originated from the family Moraceae5 was used to get aqueous extract of the yellow colour component. Colour component in the jackfruit wood is identified as morol, a typical flavanol (hydroxy-flavone) having the structure- as shown in Fig-6. The colour obtained on textiles from jackfruit wood may vary from yellow to golden brown depending on type of mordant used.

In such hydroxyl – flavone colour component, it is the –CO-C(OH)- group at C3 and C4 position 
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	Fig-6: Chemical structure of colour component of Jackfruit wood :Morol


in the pyrone ring accounts for the ability of these compounds to form complex with metal salts. Also two –OH groups at -C'3 –C'4 position of the benzene ring may account for mordanting with metal salts. However, there is immense possibility of hydrogen bonding with cellulosic –OH groups, utilizing the said –OH groups of the colour component of jackfruit wood. Recently, researchers have identified other flavones in jackfruit wood besides morol. It is reported that artocarpin from jackfruit is biosynthesized from the chalcone derivative and dimethylallol pyrophosphate.

Pomegranate Rind is botanically known as punica granatum originated from the family Punicaceae. It contains flavogallol as main colour component obtained from its rind and the chemical structure is shown in Fig-7.
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Flavogallol

Fig-7 : Chemical Structure of Colour Component of Pomegranate Rind

Mariegold  is common known as genda and is botanically known as Tagetes patula/ Tagetes erecta . Mariegold flower petal contains carotenoid namely – Quectrol and some Xanthophylls esters as of main colour components and are shown in Fig-8.
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	Fig-8: Chemical Structure of Colour Components of Mariegold


Babool  is botanically known as Acacia Arabica. Polyphenolic coloured components identified in the woody part of babool tree bark are mainly catechin, epicatechin and gallic acid (structures as shown in Fig-9). 
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Fig-9: Chemical structures of colour components of Babool

Red Sandal Wood is botanically known as Pterocarpus Santalinius. It is comprised of few complex colouring compounds, viz. Santalin A, Santalin B and Deoxysantalin, (as shown in Fig-10) of which Santalin A is considered as the main colouring component.
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	Fig-10 : Chemical structures of colour components of Red sandal wood


5.2 Methods

5.2.1   Pretreatment (Desize, Scour & Bleach)

a)  Desizing : Loom state grey jute fabric is treated with 15gpl HCl solution at 60°C for 30 minutes in laboratory followed by rinsed and washed thoroughly.  

b) Scouring : Desized jute fabric is then scoured by soda ash, 2% on wt of fabric, at 60°C for 30 minutes in laboratory followed by rinsing and washed thoroughly

c) Bleaching : Desized and scoured jute fabric is bleached with H2O2, 3% on the basis 
5.2.2  Extraction of colour component from source materials

Source natural dye (plant / animal part) sample is generally sun dried, precut or crushed or grounded is boiled or heated in water with MLR 1:20 to 1:50 at different pH 4-12, for different time period 15-120 min, at different temperatures 60-100°C to standardize the extraction conditions. After the extraction of dye liquor from source natural dye powder under specific conditions, the slurry is double filtered and the filtrate, the aqueous extract of dye liquor is used in each case. Absorbance value of filtered aqueous extract of source natural dye in each case, i.e., optical density, at a particular maximum absorbance wavelength ((max) for the aqueous extract of the source natural dye is estimated in each case using Hitachi-U-2000 UV-VIS absorbance spectrophotometer. 

[General method for extraction of colouring matter from source materials only has been  given]
III) 
Mordanting

Different selective natural mordants (Hartaki/Myrobolan) and metal salts (ferrous sulphate, aluminium sulphate, cetrimide, ethylene di-amine-tetra-acetic acid (EDTA), Potassium aluminium sulphate, Stannous chloride, etc. as safe chemical mordants have been used for pre-mordanting bleached jute fabric before dyeing with any natural dyes. Unless otherwise stated, for each single mordanting with either tartaric acid, FeSO4 Al2(SO4)3, cetrimide, EDTA, KAl(SO4)2, SnCl2 or myrobolan, (after pre-soaking in water) the conditions of mordanting used are MLR-1:20, time-30 mins, and temperature 80oC.

In each case of double mordanting, myrobolan has been used as first mordant, and either or FeSO4 or Al2(SO4)3 or KAl(SO4)2 or SnCl2 or EDTA have been used as 2nd mordant. The conditions and methods of double mordanting (both 1st mordant and 2nd mordanting carried out in sequence) are described below.
i) First Mordanting with myrobolan for double mordanting 

The myrobolan (Harda/Hritaki) powder was pre-soaked in water using MLR 1:10 volume of water for overnight (12h) at room temperature before required volume of aqueous solution of the same is prepared. The said swelled myrobolan solution or ‘gel’ was mixed with required volume of water to make an appropriate volume and was heated at 80oC for 30 min. This boiled solution of harda was then filtered in a 60 mesh nylon cloth and the filtrate was used as mordant solution for final application using MLR of 1:20. Pre-wetted conventional H2O2 bleached jute and cotton fabric samples were separately entered in the said mordant (harda) solution in separate bath at 40-50oC and then the temperature of the harda solution was gradually raised to 80oC and the mordanting was contined for 30 min. After this, harda mordanting, the fabric samples were dried in air without washing to make it ready for eiher dyeing or for second mordanting as required.

ii) Second Mordanting with metal salt for double mordanting

The Myrobolan-treated (first mordanted) jute fabrics were then treated prior to dyeing using 10-20% at 80oC for 30 min using MLR or 1:20. After the second mordanting, the fabric samples were finally dried in air without washing to make them ready for subsequent dyeing.

5.3 Dyeing Process for source materials : 

a)
Dyeing of pre-mordanted Jute with Manjistha

Bleached and pre-mordanted (1st mordanted with myrobolan and 2nd mordanted with Aluminium Sulphate) jute fabric samples were dyed in the acidic medium (pH-4.5), in neutral medium (pH-7) and in alkaline in neutral medium (pH-11) separately using requird quantity of acid/alkali to the aqueous extracted Manjistha dye liquor. The extracted dye liquor directly taken are acidic (pH-4.5) in nature. Hence, for dyeing at pH below 4.5, small quantity of acidic acid was added in the dye bath. While for dyeing in neutral or alkaline medium, required quantity of sodium carbonate was added. For study of the effects of dyeing process variables on colour yield, the varying concentrations of dye (10 – 80% solution on the weight of Manjistha powder as source material) and varying mordant concentrations. (10-40%); dyeing time (45-120 mins); dyeing temperature (60-100oC); material to liquor ratio (1:10 – 1:50); varying concentrations of common salt (5-20 gpl); varying pH (4.5-11.0) were used to optimize the dyeing conditions. 

For all other experiments on dyeing, a prefixed normal dyeing conditions were used such as Manjistha extract 40% (on weight of the dry Powder), mordant – 20% , MLR – 1:20, Common Salt – 10 gpl, pH-4, dyeing temperature – 90oC and dyeing time – 60 min.

However, for dyeing with Manjistha on pre-mordanted jute fabric, the same dye procedure is stated above was followed but in each case purified natural dye powder was used to obtain 1% shade or otherwise comparable shade percent as applicable.

In each case, after the dyeing is over, the dyed sample were repeatedly washed with hot and cold water and finally dried in air. Finally, the dyed samples were subjected to soaping with 2 gpl soap solution at 60oC for 15 min, followed by repeated water wash and drying under sun.
b) 
Dyeing of pre-mordanted Jute with Tesu

Bleached and mordanted jute fabric samples were dyed using the aqueous extracted dye liquor of Tesu under specific or varying condition of dyeing. For general study of dyeing behaviour using different mordants, a pre-fixed normal dyeing conditions was usually used, which are as follows : - aqueous extract of Tesu (on weight of the dry Tesu powder) – 20% , mordant 20%, MLR – 1:20,Common salt – 10 gpl, pH – 11.0 (with addition of requisite amount of NaOH solution), dyeing temperature -100oC and dyeing time – 60 min.

For study of the effect of dyeing process variables on colour yield and to optimize the dyeing conditions, the varying conditions of dyeing used are : dyeing time 30-120 mins, dyeing temperature 70-100oC, material to liquor ratio – 1:10 to 1:50, varying concentration of mordants 10-40% of myrobolan with second mordanting with 10-40% of Aluminium Sulphate, varying concentration of Tesu colour or dye 10-60-% (source material %), varying concentration of common salt 5 – 20 gpl, varying pH between 4 – 11.0. 

The selective mordant systems used in case of study of the dyeing process variables are (1) double pre-mordanting with 20% myrobolan/hardas (as first mordant) followed by 20% aluminium sulphate (as second mordant) applied in sequence of jute.

In each case, after the dyeing is over, the dyed sample were repeatedly washed with hot and cold water and finally dried in air. Finally, the dyed samples were subjected  to soaping with 2 gpl soap solution at 60oC for 15 min, followed by repeated water wash and drying under sun.

a) Dyeing of pre-mordanted Jute with Red Sandalwood

Bleached and / or suitably pre-mordanted (1st mordanted with myrobolan with or without second mordanted with any one of the said chemical mordants) jute fabric samples were dyed in the acidic medium (pH-4.5), in neutral medium (pH-7) and in alkaline medium (pH-10.0) separately using required quantity of acid/alkali to the aqueous extracted red sandal wood dye liquor. The extracted dye liquor directly taken are acidic (pH-4.5) in nature. Hence, for dyeing at pH below 4.5, small quantity of acetic acid was added in the dyebath. For dyeing at pH-4.5 no sodium carbonate was added in the dyebath. While for dyeing in neutral or alkaline medium, required quantity of sodium carbonate was added. For study of the effects of dyeing process variables on colour yield, the varying concentrations of dye (10-100% solution on the weight of red sandal wood powder as source material) and varying mordant concentrations (10-40% single myrobolan / chemical mordants or sequential double mordants), dyeing time (15-120 mins) ; dyeing temperature (60-100(C) ; material to liquor ratio (1:10- 1:50) ; varying concentrations of common salt (5-20gpl) ; varying pH (4.5-11.0) with or without addition of varying concentrations of sodium carbonate (5-20gpl) were used to optimize the dyeing conditions. For all other experiments on dyeing, a prefixed normal dyeing conditions were used; such as red sandal wood extract-40% (on weight of the dry red sandal wood), mordant-20%, MLR-1:20, common salt-10 gpl, sodium carbonate-nil or exactly  as required for controlling the pH either at 4.5 or 10.0, dyeing temperature-90ºC and dyeing time-60 min.

In each case, after the dyeing is over, the dyed sample were repeatedly washed with hot and cold water and finally dried in air. Finally the dyed samples were subjected to soaping with 2gpl soap solution at 60 (C for 15 min, followed by repeated water wash and drying under sun. 

d) Dyeing of pre-mordanted Jute with Jack Fruitwood
Bleached and /or differently mordanted jute fabric samples were dyed using the aqueous extracted dye liquor of jackfruit wood under specific or varying conditions of dyeing.  For general study of dyeing behaviour using different mordants, a prefixed normal dyeing conditions was initially used, which are as follows:- aqueous extract of jackfruit wood (on weight of the dry jackfruit wood)- 20%, mordant-20%, MLR-1:20, common salt-10gpl, pH-11.0 (with addition of requisite amount of NaOH solution), dyeing temperature-100ºC  and dyeing time-60 min. 

For study of the effect of dyeing process variables on colour yield and to optimize the dyeing conditions, the varying conditions of dyeing used are: dyeing time 30-120 mins, dyeing temperature 70-100(C, material to liquor ratio -1:10 to 1:50, varying concentration of mordants-10-40% of myrobolan with or without second mordanting with 20-40% of other chemical mordants, varying concentration of jackfruit wood colour or dye -10-40% (source material %), varying concentration of common salt- 5-20gpl, varying pH between 4.5-12.0. The selective mordant systems used in case of study of the dyeing process variables are (i) double pre-mordanting with 20% myrobolan/ harda (as first mordant) followed by 20 % aluminium sulphate (as second mordant) applied in sequence on jute (ii) double pre-mordanting with 20% myrobolan (as first mordant) followed by 20 % ferrous sulphate (as 2nd mordant) applied in sequence on jute expect in the cases of study of variation of mordant concentrations (10-40%) .

In each case, after the dyeing is over, the dyed sample were repeatedly washed with hot and cold water and finally dried in air. Finally the dyed samples were subjected to soaping with 2gpl soap solution at 60 (C for 15 min, followed by repeated water wash and drying under sun. 

e)   Dyeing of pre-mordanted Jute with Catechu
Bleached and pre-mordanted (1st mordanted with myrobolan and 2nd mordanted with Aluminium Sulphate) jute fabric samples were dyed in the acidic medium (pH-4.5), in neutral medium (pH-7) and in alkaline in neutral medium (pH-11) separately using required quantity of acid/alkali to the aqueous extracted Catechu dye liquor. For dyeing at pH below 4.5, small quantity of acidic acid was added in the dye bath. While for dyeing in neutral or alkaline medium, required quantity of sodium carbonate was added. For study of the effects of dyeing process variables on colour yield, the varying concentrations of dye (10 – 60% solution on the weight of Catechu powder as source material) and varying mordant concentrations. (10-40%); dyeing time (30-120 mins); dyeing temperature (60-100oC); material to liquor ratio (1:10 – 1:50); varying concentrations of common salt (5-20 gpl); varying pH (4.0-12.0) were used to optimize dyeing conditions. 

For all other experiments on dyeing, a prefixed normal dyeing conditions were used such as Catechu extract 40% (on weight of the dry Powder), mordant – 20% , MLR – 1:20, Common Salt – 10 gpl, pH-12, dyeing temperature – 80oC and dyeing time – 60 min. However, for dyeing with Catechu on pre-mordanted jute fabric, the same dye procedure is stated above was followed but in each case purified natural dye powder was used to obtain 1% shade or otherwise comparable shade percent as applicable. 

In each case, after the dyeing is over, the dyed sample were repeatedly washed with hot and cold water and finally dried in air. Finally, the dyed samples were subjected to soaping with 2 gpl soap solution at 60oC for 15 min, followed by repeated water wash and drying under sun.
f) 
Dyeing of pre-mordanted Jute with Pomegranate rind

Bleached and mordanted jute fabric samples were dyed using the aqueous extracted dye liquor of Pomegranate rind under specific or varying condition of dyeing. For general study of dyeing behaviour using different mordants, a pre-fixed normal dyeing conditions was usually used, which are as follows : - aqueous extract of Pomegranate rind (on weight of the dry Pomegranate rind powder) – 20% , mordant 20%, MLR – 1:20,Common salt – 10 gpl, pH – 11.0 (with addition of requisite amount of NaOH solution), dyeing temperature -90oC and dyeing time – 60 min.

For study of the effect of dyeing process variables on colour yield and to optimize the dyeing conditions, the varying conditions of dyeing used are : dyeing time 30-120 mins, dyeing temperature 30-100oC, material to liquor ratio – 1:10 to 1:50, varying concentration of mordants 10-40% of myrobolan with second mordanting with 10-40% of Aluminium Sulphate, varying concentration of Pomegranate rind colour or dye 10-60-% (source material %), varying concentration of common salt 5 – 20 gpl, varying pH between 4 – 11.0. 

The selective mordant systems used in case of study of the dyeing process variables are (1) double pre-mordanting with 20% myrobolan/hardas (as first mordant) followed by 20% aluminium sulphate (as second mordant) applied in sequence.

In each case, after the dyeing is over, the dyed sample were repeatedly washed with hot and cold water and finally dried in air. Finally, the dyed samples were subjected to soaping with 2 gpl soap solution at 60oC for 15 min, followed by repeated water wash and drying under sun.

g)  
Dyeing of pre-mordanted Jute with Babool

Bleached and / or suitably pre-mordanted (1st mordanted with myrobolan with or without second mordanted with any one of the said chemical mordants) jute fabric samples were dyed in the acidic medium (pH-4.5), in neutral medium (pH-7) and in alkaline medium (pH-10.0) separately using required quantity of acid/alkali to the aqueous extracted babool dye liquor. For dyeing at pH like 4.0, small quantity of acetic acid was added in the dyebath. While for dyeing in neutral or alkaline medium, required quantity of sodium carbonate was added. For study of the effects of dyeing process variables on colour yield, the varying concentrations of dye (10-100% solution on the weight of babool powder as source material) and varying mordant concentrations (10-40% single myrobolan / chemical mordants or sequential double mordants), dyeing time (30-120 mins) ; dyeing temperature (30-100(C) ; material to liquor ratio (1:10- 1:50) ; varying concentrations of common salt (5-20gpl) ; varying pH (4.0-11.0) with or without addition of varying concentrations of sodium carbonate (5-20gpl) were used to optimize the dyeing conditions. For all other experiments on dyeing, a prefixed normal dyeing conditions were used; such as babool extract-40% (on weight of the dry red sandal wood), mordant-20%, MLR-1:20, common salt-10 gpl, sodium carbonate-nil or exactly  as required for controlling the pH either at 4.0 or 11.0, dyeing temperature-90ºC and dyeing time-60 min. 

In each case, after the dyeing is over, the dyed sample were repeatedly washed with hot and cold water and finally dried in air. Finally the dyed samples were subjected to soaping with 2gpl soap solution at 60 (C for 15 min, followed by repeated water wash and drying under sun. 
h)
Dyeing of pre-mordanted Jute with Harda
Bleached and pre-mordanted (myrobolan followed by aluminium sulphate) jute fabric samples were dyed in the acidic (pH-4.5), neutral (pH-7) and in alkaline medium (pH-11) separately using required quantity of acid/alkali to the aqueous extracted harda liquor. For dyeing at pH below 4.5, small quantity of acidic acid was added in the dye bath. While for dyeing in neutral or alkaline medium, required quantity of sodium carbonate was added. For study of the effects of dyeing process variables on colour yield, the varying concentrations of dye (10 – 60% solution on the weight of harda powder as source material) and varying mordant concentrations. (10-40%); dyeing time (30-120 mins); dyeing temperature (60-100oC); material to liquor ratio (1:10 – 1:50); varying concentrations of common salt (5-20 gpl); varying pH (4.0-12.0) were used to optimize the dyeing conditions. In each case, after the dyeing is over, the dyed sample were repeatedly washed with hot and cold water and finally subjected to soaping with 2 gpl soap solution at 60oC for 15 min, followed by repeated water wash and air drying.

i) Dyeing of pre-mordanted Jute with Marie Gold

Bleached and mordanted jute fabric samples were dyed using the aqueous extracted dye liquor of marie gold under specific or varying condition of dyeing. For general study of dyeing behaviour using different mordants, a pre-fixed normal dyeing conditions was usually used, which are as follows : - aqueous extract of marie gold (on weight of the dry marie gold petal powder) – 20% , mordant 20%, MLR – 1:20,Common salt – 10 gpl, pH – 11.0 (with addition of requisite amount of NaOH solution), dyeing temperature -90oC and dyeing time – 60 min.

For study of the effect of dyeing process variables on colour yield and to optimize the dyeing conditions, the varying conditions of dyeing used are : dyeing time 30-120 mins, dyeing temperature 30-100oC, material to liquor ratio – 1:10 to 1:50, varying concentration of mordants 10-40% of myrobolan with second mordanting with 10-40% of aluminium sulphate, varying concentration of marie gold colour or dye 10-60-% (source material %), varying concentration of common salt 5 – 20 gpl, varying pH between 4 – 11.0. 

j) Dyeing of pre-mordanted Jute with Haldi/Turmeric

Bleached and /or differently pre-mordanted jute fabric samples were dyed using the aqueous extracted dye liquor of turmeric powder under specific or varying conditions of dyeing.  For general study of dyeing behaviour using different mordants, a prefixed normal dyeing conditions was initially used, which are as follows:- aqueous extract of turmeric (on weight of the dry turmeric)- 20%, mordant-20%, MLR-1:20, common salt-10gpl, pH-11.0 (with addition of requisite amount of NaOH solution), dyeing temperature-100ºC  and dyeing time-60 min. 

For study of the effect of dyeing process variables on colour yield and to optimize the dyeing conditions, the varying conditions of dyeing used are: dyeing time 30-120 mins, dyeing temperature 70-100(C, material to liquor ratio -1:10 to 1:50, varying concentration of mordants-10-40% of myrobolan with or without second mordanting with 20-40% of other chemical mordants, varying concentration of turmeric colour or dye -10-40% (source material %), varying concentration of common salt- 5-20gpl, varying pH between 4.5-12.0.
k) Dyeing of Cationized and pre-mordanted Jute with Tesu and Manjistha
Bleached jute fabric was pretreated with 1% per sulphate or 1% periodate and this oxyjute fabric was further cationized with 5-15% of cationic chemical agents like phenyl Hydrazine, Hydrazine Hydrate and Ethylene Di-amine separately and then mordanted for subsequent dyeing with natural dyes, tesu and Manjistha with or without salt and soda. For general study of dyeing behaviour using different cationic agents, a prefixed normal dyeing conditions was initially used, which are as follows:- Harda followed by aluminium sulphate (20% each) mordanting system, aqueous extract of tesu or manjistha (on weight of the dry turmeric)- 30%, MLR-1:20, pH-4.0 (with addition of requisite amount of acetic acid), dyeing temperature-90ºC  and dyeing time-60 min. No salt and soda used for cationized and double pre-mordanted jute fabric. 
5.4 Dyeing with Purified Natural Dyes
General Characteristics of water extracted purified natural dye powders

	Sl. No.
	Raw Material Used
	Moisture (%)
	Water Soluble Matter (%)
	pH of 1% Solution
	Ash (%)

	
	Botanical Name
	Common/Local Name
	Trade Name
	
	
	
	

	1
	Acacia catechu
	Cutch
	Thar
	6.0 ( 0.2
	95.0 ( 2.0
	6.0 ( 1.0
	7.0( 1.0

	2
	Pterocarpus santalinus
	Red Sandal wood
	Garden
	5.0 ( 2.0
	29.0 ( 2.0
	6.0 ( 1.0
	11.0 ( 2

	3
	Punica granatum
	Pomegranate fruit rind
	Pacific
	6.0 ( 2.0
	95.0 ( 4.0
	4.3 ( 0.2
	11.0(2.0

	4
	Quercus infectoria
	Gall Nuts
	Amber M
	5.0 ( 1.0
	96.0 ( 2.0
	4.0 ( 0.2
	6.0 ( 1.0

	5
	Rubia cardifolia
	Indian Madder
	Indus
	5.0 ( 2.0
	95.0 ( 2.0
	9.0 ( 2.0
	45.0(10.0

	6
	Terminalia chebula
	Myrobalan
	Kango
	3.0( 2.0
	95.0 ( 2.0
	3.5 ( 0.5
	8.0 ( 2.0


5.4.1  Recommended Dyeing Procedure for purified natural dyes

5.4.1.1 Dyeing of jute with Kango



	Suggested  depth of shade: 9.0%

	Material to Liquor ratio (MLR): 1:20

	Material to be dyed: Preferably scoured and bleached jute goods

	Form of material:  May be jute fibre / yarn/ fabric


a) Pre-treatment: Pre-treat the material (RFD) with alum (8%) at 80°C for 30 min.

(b) Dyeing : Add the required amount of dye to the dye bath. Add sodium hydroxide to adjust the pH to 9, to dissolve the dye.  Stir well to dissolve the dye. Enter the pre-wetted material to the dye bath and maintain temperature at 80°C for 20 min. Add acetic acid to the dye bath to bring down the pH to 5. Maintain the temperature at 80°C for 25 min.

(c) Post Treatment: Carry out soaping of the dyed material with non-ionic detergent (0.5 gpl) at 60°C for 20 min. Give a hot wash followed by a cold rinse of the material.

5.4.1.2 Dyeing of jute with Amber M
	Suggested  depth of shade: 6.0%

	Material to Liquor ratio (MLR): 1:20

	Material to be dyed: Preferably scoured or bleached jute goods

	Form of material:  May be jute fibre / yarn/ fabric


(a) Dyeing : Add the required amount of dye to the dye bath. Stir well to dissolve the dye. Enter the pre-wetted  material to the dye bath and maintain temperature at 80°C for 45 min.

(b) Post Treatment : After-treat the material with ferrous sulphate (1.0%) at room temperature with constant stirring. Conduct soaping of the dyed material with non-ionic detergent (0.5 gpl) at 60°C for 20 min. 

5.4.1.3 Dyeing with Garden

	Suggested  depth of shade: 10.0%

	Material to Liquor ratio (MLR): 1:20

	Material to be dyed: Preferably scoured or bleached jute goods

	Form of material:  May be jute fibre / yarn/ fabric


(a) Pre-treatment 
: Pre-treat the material with alum (8%) at 80°C for 30 min.

(b) Dyeing 
:  Add the required amount of dye to the dye bath. Stir well to dissolve the dye. Enter the pre-wetted material to the dye bath. Maintain at 80°C for 45 min.

(c) Post Treatment 
: Conduct soaping of the dyed material with non-ionic detergent (0.5 gpl) at 60°C for 20 min. Give the material a hot wash, and then cold wash.

5.4.1.4 Dyeing with Indus

	Suggested  depth of shade: 6.0%

	Material to Liquor ratio (MLR): 1:20

	Material to be dyed: Preferably scoured or bleached jute goods

	Form of material:  May be jute fibre / yarn/ fabric


(a) Pre-treatment 
: Pre-treat the material with Alpsfix (3.5%) at 80°C for 30 min.




Then treat with alum (10%) at 80°C for 30 min in a separate dyebath.

(b) Dyeing 

: Add the required amount of dye to the dyebath. Stir well to dissolve the

                                     dye. Enter the pre-wetted material to the dyebath. Maintain at 80°C for 45

                                      min.

(c) Post Treatment 
: Conduct soaping of the dyed material with non-ionic detergent (0.5 gpl) at

                                      60°C
for 20 min. Give the material a hot wash, and then cold wash.

5.4.1.5 Dyeing with Pacific
	Suggested  depth of shade: 9.0%

	Material to Liquor ratio (MLR): 1:20

	Material to be dyed: Preferably scoured or bleached jute goods

	Form of material:  May be jute fibre / yarn/ fabric


(a) Pre-treatment 
: Pre-treat the material with alum (8%) at 80°C for 30 min.

(b) Dyeing 
:Add the required amount of dye to the dyebath. Stir well to dissolve the dye. 

Enter the pre-wetted material to the dyebath and maintain at 80°C for 45min.

(c) Post Treatment 
: Conduct soaping of the dyed material with non-ionic detergent (0.5 gpl) at

                                      60°C for 20 min. Give the material a hot wash, and then cold wash.

5.4.1.6 Dyeing with Thar
	Suggested  depth of shade: 6.0%

	Material to Liquor ratio (MLR): 1:20

	Material to be dyed: Preferably scoured or bleached jute goods

	Form of material:  May be jute fibre / yarn/ fabric


(a) Dyeing 

: Add the required amount of dye and copper sulphate (0.25%) to the

                                      dyebath. Stir well to dissolve them properly. Enter the pre-wetted material

                                      to the dyebath. Maintain at 80°C for 45 min.

(b) Post Treatment 
: Conduct soaping of the dyed material with non-ionic detergent (0.5 gpl) at 

                                      60°C
for 20 min. Give the material a hot wash, and then cold wash.

5.5 Dyeing of Pre-Mordanted Jute Fabrics with Mixture of Selective Purified Natural Dyes like Tesu, Catechu, Babool, Manjistha, Jackfruit wood, Red sandalwood, Haldi, Harda, Pomegranate rind and Mariegold

Double pre-mordanted bleached jute fabric samples were dyed with 1% (owf) aqueous solution of selective pairs of binary mixture of selective natural dyes of varying proportions (75:25, 50:50 and 25:75) at 100(C using MLR 1:20 for 60 min adding 10gpl sodium chloride as additive and to maintain the optimum pH of the dye bath solution, soda ash is added as and when required. In case of compatibility tests for different pair of using different binary mixture of natural dyes, dyeing processes were carried out using 1% solution of purified natural dyes in each case.

The dyed samples were repeatedly washed with hot and cold water and finally dried in air. Finally the dyed samples were subjected to soaping with 2g/l soap solution at 60 (C for 15 min, followed by repeated water wash and atmospheric drying under sun. 

Dyeing of pre-mordanted Jute with Mixture of Jack Fruitwood & Tesu
Bleached and /or differently mordanted jute fabric samples were dyed using the aqueous extracted dye liquor as 50:50 mixture of jackfruit wood and other natural dyes like tesu, manjistha, red sandal wood, catechu and babool under specific or varying conditions of dyeing.  For general study of dyeing behaviour using different mordants, a prefixed normal dyeing conditions was initially used, which are as follows:- aqueous extract of mixture natural dye (jackfruit wood : Tesu 1:1) - 40%, mordant-20%, MLR-1:20, common salt-10gpl, pH-11.0 (with addition of requisite amount of NaOH solution), dyeing temperature-100ºC  and dyeing time-60 min. 

For study of Compatibility, time, temperature profile has been studied and also varying proportion of colour from each source natural dyes are used. Binary mixtures of some different pairs of selective natural dyes were applied [applying general 1% shade depth with purified dyes and otherwise i.e. varying shade% in 20 to 100 parts of 1% shade. In some cases, where, direct of concentrated liquor of dye-extracts were used, overall application of 20% - 100% extract (on the basis of weight of dry source material) for selective natural dyes were also used] for build up of progressive shade depth on the double pre-mordanted bleached jute fabrics with varying temperature and time taking always-equal proportion (50:50) of each binary mixture profile or varying total dye concentration of the following pair of natural dyes: 

Binary mixtures of natural dyes applied on jute fabric

-Mixture 1: Jackfruit wood + Manjistha 

-Mixture 2: Jackfruit wood + Tesu 

-Mixture 3: Jackfruit wood + Red Sandal wood 

-Mixture 4: Jackfruit wood + Babool wood 

-Mixture 5: Jackfruit wood + Catechu

6. Detailed Report on R & D
Results & outcome of R&D activities

i. Optimization for extraction and dyeing process variables for Tesu, Manjistha, Jack Fruit Wood and Red Sandal Wood has been studied and standardized dyeing process and the results have been reported/published in different journals like The Indian Journal of Fibre and Textile Research (CSIR), New Delhi, Institution of Engg (I), Textile Engg. Division, Vol 91, August’ 2010 and Journal of Polymer Material Vol 27 September’ 2010.    

ii.  Optimization for extraction of Tesu (Palash flower), Manjistha (Indian Madder), Red Sandal wood and Jack Fruit Wood, Catechu, Pomegranate rind, Babool, Marie gold and Haldi are completed. 90 different shades are developed. Now, we have also identified and selected another raw material sources for natural dyes (Hena or Tea) for further study. Raw materials have been procured and initial R&D work has been progressing since October ’10 for continuation of 3rd year work.

iii.  Identified suitable eco-friendly mordants for jute, like aluminium sulphate, ferrous sulphate and myrobolan etc. It is observed that a double mordanting system with 20% Harda followed by 20% Al2(SO4)3 premordanting is best suited for jute to be dyed with natural dyes. However, work has been started to find suitable alternative mordant system. 

iv.  R & D work on optimization of dyeing process variables has been completed for nine source natural dyes, e.g., Red sandal wood, Jackfruit wood, Manjistha, Tesu, Catechu, Pomegranate rind, Babool, Marie gold and Haldi for its subsequent application on differently pre-mordanted and chemically pretreated jute fabrics.

v.  Total 180 shades of different colours have been developed for natural dyes obtained from M/s Alps Industries Ltd & M/s Sir Bio-Tech Industries Ltd., Shade card is available with IJT for dissemination of R&D results and it has already been submitted earlier with Draft Terminal Report (DTR) to NJB and also available here with Final Terminal Report. 
vi.  We have presented two technical papers in presence of industry representatives and technologists in the all India seminar arranged by The Textile Association (India), W.B. unit. Detailed Technical report on R&D work was sent to NJB with Draft Terminal Report and available here with Final Terminal Report. It is also available at IJT.

7. Product / process standardisation
Standard Extraction Process of Colour Components from other Selective Natural Dyes Optimised conditions used for the aqueous extraction of colour component from some source natural dyes are reported below: 

i. Tesu : Pre-cut and dried chips of Tesu were initially crushed to powder or with a view to optimize the extraction method of colour component of Tesu. It was subjected to aqueous extraction under varying conditions using MLR 1:10 to1:50, extraction temperature 60oC – 100oC, extraction time 45 min – 120 min, pH value for extraction 4.0 – 11.0 and concentrations of colour source material 10-80% (w/w). The same was filtered in each case. The colour strength value at maximum wave length of the filtered aqueous extract of Tesu was estimated using Macbeth 2020 Spectrophotometer of 100% H2O2 (supply strength 50%) using process in laboratory.

ii. Manjistha: For optimizing the aqueous extraction method of Manjistha, the extraction was carried out under varying conditions such as time of extraction, temperature of the extraction, pH of the extraction liquor, concentrations of the colour-source material (Manjistha) and material to liquor ratio. In each case, the absorbance value at maximum absorbance wave length for the aqueous extract of the manjistha was estimated using Hitachi-U-2000 UV-VIS-absorbance-spectrophotometer.
iii. Catechu (Khayer): Pre-dried powder of catechu was initially crushed to powder form and then extracted in aqueous medium using an optimized condition of extractions9,10 by heating in water bath at 90°C having MLR 1:20 and then it was filtered to obtain 40% (w/w) extract of coloured aqueous solution of catechu having pH 12.
iv. Jack fruit wood: Pre-cut and dried chips of jack fruit wood was initially crushed to powder form and then colour was extracted in water using an optimized conditions of extractions8-9 by boiling in water at 100°C for 30 min and using M.L.R 1:10 and then it was filtered to obtain 40% (w/w) clear extract of coloured aqueous solution of jack fruit wood having pH 11.
v. Pomegranate Rind: Pre-cut and dried rind was initially crushed to powder form and then it was extracted in water using an optimized condition of extractions9  using  M.L.R- 1:20, temperature-90 oC and time -45 min and then it was filtered to obtain approximately 40% (w/w) clear extract of coloured aqueous solution of pomegranate rind  having pH 11.
vi. Mariegold (Genda): Dried petal of mariegold was initially crushed to powder form and then extracted in water using an optimized condition of extraction7-10 using M.L.R 1:20 at 80 oC for 45 min at pH 11 and then it was filtered to obtain approximately 40% (w/w) coloured aqueous extract of mariegold.
vii. Babool (Babla): Sun- dried chips (pre-cut) of babool bark was initially crushed to powder form and then it was extracted in water using an optimized condition of extractions10, by boiling in water at 100°C for 120min. and using M.L.R 1:20 and then it was filtered to obtain 40% (w/w) clear extract of coloured aqueous solution of babool having pH 11.
viii. Red sandal wood: Sun-dried pre-cut wood chips were crushed to powder form and then colour was extracted under optimized conditions9,10 by heating it in water at 80°C for 90 min at pH 4.5 (MLR 1:20).
ix. Harda: Solid harda was initially crushed to powder form and then it was extracted in water using an optimized conditions of extractions by boiling (100oC) in water for 1 hr and using MLR 1:20 and then it was filtered to obtain 20% (w/w) clear extract of coloured aqueous solution of harda having pH-4. 
x. Haldi: Pre-cut and dried chips of Haldi was initially crushed to powder form and then it was extracted in water using an optimized condition of extractions, MLR – 1:20, temperature – 80oC, Time – 90min, Percentage of Haldi – 40% (w/w) pH – 11. 

As and when required, all the above aqueous extracts of corresponding natural dyes were concentrated by boiling and evaporation on a water bath to achieve desired concentration level of the dye –extracts required for final application. All the above extracts were also purified to obtain corresponding pure colour components (dye) for each dye from those aqueous extracts of the dye liquor, for specific use and characterization. 

A detailed report on R & D studies was submitted earlier with Draft Terminal Report (DTR) as Annexure III and also available here with final terminal report (FTR)
8. Report on pilot scale and bulk scale trials

i. A Preliminary Report on Bulk Scale Trial of JTM R&D Project No. 17: Standardization of application of Natural Dyes on Jute based Textile for Eco-friendly Jute Decorative and diversified products

As per terms of reference of the above referred project outlined by JMDC, the following actions/ activities were carried out:

· A jute process house, Ashim Kar & Industries Pvt. Ltd. (Unit: United Jute Processing Pvt. Ltd., Rajarhat) was identified for bulk scale trials / live demonstration on natural dyeing of jute based textiles.

· An initial semi-bulk scale, before the final trial, was arranged on 11 and 12 August 2010 in order to evaluate/ try out the laboratory recipes / findings in actual mill conditions and subsequently to rectify / optimise for achieving the targeted colour/ shade, if necessary. 

To carry out the above mentioned experimentation in semi-bulk scale, the required natural dyes (namely Tesu & Khayer) were grounded and finally extracted with water to obtain the colour from the raw material sources. 

Jute fabric rolls (each about 200 metre length, 14 x15 threads/inch) were used for natural dyeing of jute fabric. Mordants used were Harda, Alum and Ferrous sulphate to produce Pista, Navy, Natural yellow and Brown shades.

Test results are encouraging and in acceptable range. 

Swatches of Colour / Shades along with test results of initial trial are displayed and discussed with AJHEEI representative, Shri Sushil Khaitan in a pre-schedule meeting at IJT

· Conducted the initial trials on 11 and 12 August 2010, final bulk scale trials were arranged on 28 and 29 September at United Jute Processing Pvt. Ltd., Rajarhat. 

Natural dyes used for the bulk –scale demonstration were Tesu & Khayer. Colour / shade produced were Pista, Navy, Natural yellow and Brown, using mordants Harda, Alum and Ferrous sulphate 

· The workshop / live demonstration of the natural dyeing processes for jute fabric was attended by 43 number participants represented from jute mills, DJP units, dignitaries / officials of JMDC and AJHEEI. The most interesting part of the session was one to one interaction and live discussion. (List of participants in live demo. enclosed with this report) 

· Many DJP units and jute mills collected natural dyed jute fabric samples either for natural dyed jute bag production & test marketing or as samples for appraisal / reference. 

· The cost of natural dyeing using raw material sources is cheaper than commercially marketed natural dyes. Nonetheless, cost of natural dyeing is generally higher than that of dyeing with synthetic dyes; this is because colour yield from raw material sources is about 1.5-2.5% only.

· Advantages of Natural Colors/Vegetable Dyes 

· Natural dyes are ecofriendly and acceptable in today’s world  

· They are non-toxic & non allergic, hazard free for skin. 

· Fastness can be achieved by the use of proper mordants. 

· They are safe the life, environment, fuel & time and other investment process. 

         

· For successful introduction of vegetable dyes into technical dyeing processes, some additional demands have to be fulfilled: 

· Increase of the number of available vegetable dyes with acceptable fastness properties 

· Formation of an efficient supplier organization which is able to provide a dye-house with standardized dyes of constant quality

· Availability of technical information about the use of the dyes collected from forest or locally grown plantation, 

It is of utmost importance to know the structure of the dye depending on the dyes structure the mordant and dye uptake is expected. Pretreatments are very important part of vegetable dyeing. 

ii. Report on Bulk Scale Trial of JTM R&D Project No. 17: Standardization of application of Natural Dyes on Jute based Textile for Eco-friendly Jute Decorative and diversified products

As per terms of reference of the above referred Project No.-17, the following work for bulk trial to produce reproducible colouring of  jute fabric with selected Natural dyes is an industrial process have been carried out:

Venue: Reliance Jute Mills (International) Ltd., 80, West Ghoshpara Road P.O. Bhatpara, 24 Pgs. (North), Near Kankinara Railway Station was identified for bulk scale trials / live demonstration on natural dyeing of jute based textiles.

· A bulk scale trial was arranged on 28th and 29th May 2011 in order to evaluate / try out the laboratory recipes / findings in actual mill conditions and subsequently to rectify / optimise for achieving the targeted colour/ shade, if necessary. 

To carry out the above mentioned experimentation in bulk scale, the required natural dyes (namely Manjistha & Catachu) were grounded and finally extracted with water to obtain the colour from the raw material sources. 

Jute fabric rolls of 200 metre length (290gsm; 14 x15 threads/inch) were used for natural dyeing of jute fabric. Mordants used were Harda, Alum and Ferrous sulphate to produce Pista, Navy, Natural yellow and Brown shades.

Test results are encouraging and in acceptable depth to produce newer and soothing shades on jute fabric. 

· The workshop / live demonstration of the natural dyeing processes for jute fabric was attended by 30 number participants represented from jute mills, DJP units, dignitaries / officials of NJB and JCI. The most interesting part of the session was one to one interaction and live discussion. 

· The cost of natural dyeing using raw material sources is cheaper than commercially marketed natural dyes. Nonetheless, cost of natural dyeing is generally higher than that of dyeing with synthetic dyes; this is because colour yield from raw material sources is about 1.5-2.5% only.
9. Cost analysis/cost effectiveness study report

Tentative Costing on Mordanting and Natural Dyeing Process:-

	Elements
	Cost add-on ( in Rs) / linear metre

	
	Source Natural Dye
(30% Shade)
	Purified Natural Dye
(10% Shade)

	i) Bleaching chemicals (6% H2O2, SMS, NID, etc)
	0.95- 1.00
	0.95- 1.00

	ii) Mordant Chemicals (20%)
	0.95-2.85
	0.75-2.00

	iii) Eco–friendly dye, Chemicals & Dyefixer (2%)
	3.50 - 5.20
	7.25 – 16.50

	iv)     Water & Effluent treatment
	0.05 – 0.10
	0.10- 0.15

	v)     Wages
	0.40 - 0.50
	0.60 - 0.75

	vi)      Steam
	1.75 -2.25
	2.50 -2.75

	vii)     Electricity
	0.25 -0.30
	0.40 -0.50


Assumptions:

a. Fabric used : 51”-15X14; 292 GSM or ~ 377 gm/linear metre; 1kg = 2.65 metre

b. Cost of eco-friendly natural dye Source & Purified  @ ~ Rs.20-60/Kg and ~Rs.400- 1600 / Kg ( Price range: Rs. 280 – 2000/ Kg) respectively
c. Cost of eco-grade dye-fixing agent: Rs. 150/kg

d. Steam generated by coal

10. Conclusion with recommendations- way forward

Thus, finally it may be concluded that present studies embodied in this thesis have brought out some useful and scientifically standardized methods of extraction, methods of appropriately pre-mordanting, methods and conditions of dyeing with different single and mixture of natural dyes and has indicated/ established different routes for improving the colour fastness properties as well as has established newer routes of useful chemical modifications on jute to produce a decorative and furnishing jute fabrics having both good crease resistant finish and improved dyeblility with selective dyes. To make jute textiles more demanding and competitive in both domestic as well as export market, as eco-friendly and decorative furnishings fabrics and other home textiles, the corresponding fabrics should be dyed in such a way, so that its texture, aesthetics, surface appearance and colour should be attractive to the consumers as well as it should have proper balance in major textile related mechanical and functional properties as per end use requirement. Hence, eco-friendly dyeing of bleached and chemically modified jute with selective natural dyes and selective synthetic dyes should be looked into with priority.

Among all the relevant studies, (i) Pre-mordanting with 20% myrobolan concentration followed by 20% aluminium sulphate concentration (both owf) provides best colour yield with better colour uniformity for dyeing jute fabric with 30% tesu concentration and 50% manjistha concentration, (ii) tannic acid pre -treatment shows highest colour yield for application of synthetic dyes (reactive and acid dyes) as well as natural colourants (tesu and manjistha) on jute, (iii) 8-18% caustic pre-treatment and/or double pre-mordanted bleached jute provides high quality of colour yield for application of both natural and synthetic dyes, (iv) Binary mixture of TS:MJ and TS:JFW gives satisfactory compatibility rating on double pre-mordanted jute fabrics, (v) Relative Compatibility Rating method of testing compatibility of natural dyes in binary mixture are well in tune with conventional method of testing compatibility of natural dyes, (vi) study of dyeing kinetics show for both tesu and manjistha colourant is attached with bleached and pre-mordanted jute fabric preferably through slow process of hydrogen bond formation rather than coordinate complex formation amonst fibre-mordant-colourant, (vii) treatment with CTAB or Sandofix-HCF (cationic dye fixing agents) on  selective synthetic dyed (reactive and acid) and natural dyed (tesu or manjistha dyed) jute (individually) give high level of wash fastness rating. (viii) 1% benzetriazole provides best light fastness rating on dyed jute fabric.
Moreover, the present study provides sufficient scientific data on the effects of selective chemical modifications (pre-cationization) of bleached jute fabric before its dyeing with either of synthetic dyes (acid and reactive dye) and selective natural dyes (tesu, manjistha, red sandal wood and jackfruit wood) for improving both of its crease resistant property as well as dyeability with the said dyes. It is observed that among all the chemical modifications, EDA treatment show superiority in dyeability for dyeing jute fabric with acid dye and all the selective natural dyes under acid bath dyeing without salt in the dye bath. In case of selective reactive dye application on EDA treated jute fabric under saltless acid bath dyeing conditions, result of surface colour depth is quite encouraging and new dyeing process route is much shorter .     

The present study has thus opened up many such standardized routes of chemical pre-treatments, mordanting and dyeing with single or selective mixture of natural dyes as well as synthetic dyes for promotion of eco-friendly dyed jute decoratives and home textiles. Thus, the present study covered under this thesis has been helpful in generating newer scientific information and knowledge base, which may be considered to be most useful for application of the said natural dyes and synthetic dyes in industry and also for further research work in this area. 
A manual/practical guidebook entitled “Technical Handbook on Natural Dye and Colouration” authored by Prof. Ashis Kumar Samanta and  Dr. Adwaita Konar  of Dept. of Jute and Fibre Technology , University of Calcutta was earlier submitted with draft terminal report (DTR), and now the same is edited and finalized as first edition , which is readily  available from IJT . One copy is also made available herewith with Final Terminal Report (FTR) for a glimpse. 
11. Separate booklet for the use of the industry : 20 no. of 12 pages booklet is made available with this final terminal report of the JTM R&D Project No. -17 for circulation
Technical Report on R&D Work for JTM-JMDC Project No. 17
Standardization of application of Natural Dyes on Jute based Textile for Eco-friendly Jute Decorative and diversified products

Work done 

Materials & Methods

a) Materials 

i) Fabric : Plain weave grey jute and 3% H2O2 bleached {owf, (on the basis of 100% strength)} plain weave jute fabric, (both : 215tex warp, 285tex weft, 64 ends/dm, 58 picks/dm, 320 g/m2 fabric area density and 0.70 mm fabric thickness), obtained from M/s Golster Mills, Boureea, Howrah, was used for the study. 
ii) Chemicals & Dyes

Laboratory reagents (LR) grade aluminium sulphate and commercial grade acetic acid, common salt, sodium carbonate, sodium hydroxide, and non-ionic detergent obtained from local suppliers were used. A natural mordant myrobolan (haritaki or harda, Terminalia chebula) powder was also used for the study. 

Manjistha(Indian Madder), Tesu or palas (Buteamonosperma frondosa), Red Sandalwood and Jack Fruitwood was used to get red, reddish yellow and yellow colour for dyeing of fabrics.

b) Methods

I. Pretreatment (Desize, Scour & Bleach)

2) Desizing : Loom state grey jute fabric is treated with 15gpl HCl solution at 60°C for 30 minutes in laboratory followed by rinsed and washed thoroughly.  

3) Scouring : Desized jute fabric is then scoured by soda ash, 2% on wt of fabric, at 60°C for 30 minutes in laboratory followed by rinsing and washed thoroughly

4) Bleaching : Desized and scoured jute fabric is bleached with H2O2, 3% on the basis of 100% H2O2 (supply strength 50%) using process in laboratory 
II. Optimisation of extraction of colour component from Tesu, Manjistha, Red Sandalwood, Jack Fruitwood, Catechu, Pomegranate rind and Harda

a. Extraction of colour component from Tesu
Pre-cut and dried chips of Tesu were initially crushed to powder or with a view to optimize the extraction method of colour component of Tesu. It was subjected to aqueous extraction under varying conditions using MLR 1:10 to1:50, extraction temperature 60oC – 100oC, extraction time 45 min – 120 min, pH value for extraction 4.0 – 11.0 and concentrations of colour source material 10-80% (w/w). The same was filtered in each case. The colour strength value at maximum wave length of the filtered aqueous extract of Tesu was estimated using Macbeth 2020 Spectrophotometer.

The optimum condition for extraction of colour component from Tesu is as follows :

Time – 60 min, temperature – 100oC Percentage of Tesu – 25% (w/w); pH-11.0, initial material to liquor ratio – 1:20. Unless otherwise mentioned, in each case, the aqueous extract of dye liquor from Tesu was prepared following the said optimized conditions of extraction. As and when required, to make the solution of dye extract concentrated to a desired level, the same was evaporated on a water bath.

b. Extraction of Colour Component from Manjistha
For optimizing the aqueous extraction method of Manjistha, the extraction was carried out under varying conditions such as time of extraction, temperature of the extraction, pH of the extraction liquor, concentrations of the colour-source material (Manjistha) and material to liquor ratio. In each case, the absorbance value at maximum absorbance wave length for the aqueous extract of the manjistha was estimated using Hitachi-U-2000 UV-VIS-absorbance-spectro-photometer.
The optimum conditions for extraction of colour components from Manjistha is as follows :

Time – 60 min, temperature : 80oC, MLR – 1:20 and pH-4.5 and then it was filtered to obtain approximately 40% (w/w) clear extract of coloured aqueous solution of Manjistha.
c. Extraction of Colour Component from Red Sandalwood
For optimizing the aqueous extraction method of powdered Red Sandalwood was taken for extraction in water using an optimized condition of MLR – 1:20, temperature – 80oC, Time – 90min, Percentage of red sandal wood – 40% (w/w) pH – 4.5
d.  Extraction of Colour Component from Jack Fruitwood
Pre-cut and dried chips of Jack Fruitwood was initially crushed to powder form and then it was extracted in water using an optimized condition of extractions, MLR – 1:20, temperature – 80oC, Time – 90min, Percentage of jack fruit wood – 40% (w/w) pH – 11. 

e. Extraction of Colour Component from Harda
Solid harda was initially crushed to powder form and then it was extracted in water using an optimized conditions of extractions by boiling (100oC) in water for 1 hr and using MLR 1:20 and then it was filtered to obtain 20% (w/w) clear extract of coloured aqueous solution of harda having pH-4.
III) 
Mordanting

Different selective natural mordants (Hartaki/Myrobolan) and metal salts (ferrous sulphate, aluminium sulphate, cetrimide, ethylene di-amine-tetra-acetic acid (EDTA), Potassium aluminium sulphate, Stannous chloride, etc. as safe chemical mordants have been used for pre-mordanting bleached jute fabric before dyeing with any natural dyes. Unless otherwise stated, for each single mordanting with either tartaric acid, FeSO4 Al2(SO4)3, cetrimide, EDTA, KAl(SO4)2, SnCl2 or myrobolan, (after pre-soaking in water) the conditions of mordanting used are MLR-1:20, time-30 mins, and temperature 80oC.

In each case of double mordanting, myrobolan has been used as first mordant, and either or FeSO4 or Al2(SO4)3 or KAl(SO4)2 or SnCl2 or EDTA have been used as 2nd mordant. The conditions and methods of double mordanting (both 1st mordant and 2nd mordanting carried out in sequence) are described below.
a) First Mordanting with myrobolan for double mordanting 

The myrobolan (Harda/Hritaki) powder was pre-soaked in water using MLR 1:10 volume of water for overnight (12h) at room temperature before required volume of aqueous solution of the same is prepared. The said swelled myrobolan solution or ‘gel’ was mixed with required volume of water to make an appropriate volume and was heated at 80oC for 30 min. This boiled solution of harda was then filtered in a 60 mesh nylon cloth and the filtrate was used as mordant solution for final application using MLR of 1:20. Pre-wetted conventional H2O2 bleached jute and cotton fabric samples were separately entered in the said mordant (harda) solution in separate bath at 40-50oC and then the temperature of the harda solution was gradually raised to 80oC and the mordanting was contined for 30 min. After this, harda mordanting, the fabric samples were dried in air without washing to make it ready for eiher dyeing or for second mordanting as required.
b) Second Mordanting with metal salt for double mordanting

The Myrobolan-treated (first mordanted) jute fabrics were then treated prior to dyeing using 10-20% at 80oC for 30 min using MLR or 1:20. After the second mordanting, the fabric samples were finally dried in air without washing to make them ready for subsequent dyeing.
IV) Dyeing Process : 
a)
Dyeing of pre-mordanted Jute with Manjistha
Bleached and pre-mordanted (1st mordanted with myrobolan and 2nd mordanted with Aluminium Sulphate) jute fabric samples were dyed in the acidic medium (pH-4.5), in neutral medium (pH-7) and in alkaline in neutral medium (pH-11) separately using requird quantity of acid/alkali to the aqueous extracted Manjistha dye liquor. The extracted dye liquor directly taken are acidic (pH-4.5) in nature. Hence, for dyeing at pH below 4.5, small quantity of acidic acid was added in the dye bath. While for dyeing in neutral or alkaline medium, required quantity of sodium carbonate was added. For study of the effects of dyeing process variables on colour yield, the varying concentrations of dye (10 – 80% solution on the weight of Manjistha powder as source material) and varying mordant concentrations. (10-40%); dyeing time (45-120 mins); dyeing temperature (60-100oC); material to liquor ratio (1:10 – 1:50); varying concentrations of common salt (5-20 gpl); varying pH (4.5-11.0) were used to optimize the dyeing conditions. 

For all other experiments on dyeing, a prefixed normal dyeing conditions were used such as Manjistha extract 40% (on weight of the dry Powder), mordant – 20% , MLR – 1:20, Common Salt – 10 gpl, pH-4, dyeing temperature – 90oC and dyeing time – 60 min.

However, for dyeing with Manjistha on pre-mordanted jute fabric, the same dye procedure is stated above was followed but in each case purified natural dye powder was used to obtain 1% shade or otherwise comparable shade percent as applicable.

In each case, after the dyeing is over, the dyed sample were repeatedly washed with hot and cold water and finally dried in air. Finally, the dyed samples were subjected to soaping with 2 gpl soap solution at 60oC for 15 min, followed by repeated water wash and drying under sun.

b) Dyeing of pre-mordanted Jute with Tesu

Bleached and mordanted jute fabric samples were dyed using the aqueous extracted dye liquor of Tesu under specific or varying condition of dyeing. For general study of dyeing behaviour using different mordants, a pre-fixed normal dyeing conditions was usually used, which are as follows : - aqueous extract of Tesu (on weight of the dry Tesu powder) – 20% , mordant 20%, MLR – 1:20,Common salt – 10 gpl, pH – 11.0 (with addition of requisite amount of NaOH solution), dyeing temperature -100oC and dyeing time – 60 min.
For study of the effect of dyeing process variables on colour yield and to optimize the dyeing conditions, the varying conditions of dyeing used are : dyeing time 30-120 mins, dyeing temperature 70-100oC, material to liquor ratio – 1:10 to 1:50, varying concentration of mordants 10-40% of myrobolan with second mordanting with 10-40% of Aluminium Sulphate, varying concentration of Tesu colour or dye 10-60-% (source material %), varying concentration of common salt 5 – 20 gpl, varying pH between 4 – 11.0. 

The selective mordant systems used in case of study of the dyeing process variables are (1) double pre-mordanting with 20% myrobolan/hardas (as first mordant) followed by 20% aluminium sulphate (as second mordant) applied in sequence of jute.

In each case, after the dyeing is over, the dyed sample were repeatedly washed with hot and cold water and finally dried in air. Finally, the dyed samples were subjected  to soaping with 2 gpl soap solution at 60oC for 15 min, followed by repeated water wash and drying under sun.
c) Dyeing of pre-mordanted Jute with Red Sandalwood

Bleached and / or suitably pre-mordanted (1st mordanted with myrobolan with or without second mordanted with any one of the said chemical mordants) jute fabric samples were dyed in the acidic medium (pH-4.5), in neutral medium (pH-7) and in alkaline medium (pH-10.0) separately using required quantity of acid/alkali to the aqueous extracted red sandal wood dye liquor. The extracted dye liquor directly taken are acidic (pH-4.5) in nature. Hence, for dyeing at pH below 4.5, small quantity of acetic acid was added in the dyebath. For dyeing at pH-4.5 no sodium carbonate was added in the dyebath. While for dyeing in neutral or alkaline medium, required quantity of sodium carbonate was added. For study of the effects of dyeing process variables on colour yield, the varying concentrations of dye (10-100% solution on the weight of red sandal wood powder as source material) and varying mordant concentrations (10-40% single myrobolan / chemical mordants or sequential double mordants), dyeing time (15-120 mins) ; dyeing temperature (60-100(C) ; material to liquor ratio (1:10- 1:50) ; varying concentrations of common salt (5-20gpl) ; varying pH (4.5-11.0) with or without addition of varying concentrations of sodium carbonate (5-20gpl) were used to optimize the dyeing conditions. For all other experiments on dyeing, a prefixed normal dyeing conditions were used; such as red sandal wood extract-40% (on weight of the dry red sandal wood), mordant-20%, MLR-1:20, common salt-10 gpl, sodium carbonate-nil or exactly  as required for controlling the pH either at 4.5 or 10.0, dyeing temperature-90ºC and dyeing time-60 min.

In each case, after the dyeing is over, the dyed sample were repeatedly washed with hot and cold water and finally dried in air. Finally the dyed samples were subjected to soaping with 2gpl soap solution at 60 (C for 15 min, followed by repeated water wash and drying under sun. 
d) Dyeing of pre-mordanted Jute with Jack Fruitwood
Bleached and /or differently mordanted jute fabric samples were dyed using the aqueous extracted dye liquor of jackfruit wood under specific or varying conditions of dyeing.  For general study of dyeing behaviour using different mordants, a prefixed normal dyeing conditions was initially used, which are as follows:- aqueous extract of jackfruit wood (on weight of the dry jackfruit wood)- 20%, mordant-20%, MLR-1:20, common salt-10gpl, pH-11.0 (with addition of requisite amount of NaOH solution), dyeing temperature-100ºC  and dyeing time-60 min. 

For study of the effect of dyeing process variables on colour yield and to optimize the dyeing conditions, the varying conditions of dyeing used are: dyeing time 30-120 mins, dyeing temperature 70-100(C, material to liquor ratio -1:10 to 1:50, varying concentration of mordants-10-40% of myrobolan with or without second mordanting with 20-40% of other chemical mordants, varying concentration of jackfruit wood colour or dye -10-40% (source material %), varying concentration of common salt- 5-20gpl, varying pH between 4.5-12.0. The selective mordant systems used in case of study of the dyeing process variables are (i) double pre-mordanting with 20% myrobolan/ harda (as first mordant) followed by 20 % aluminium sulphate (as second mordant) applied in sequence on jute (ii) double pre-mordanting with 20% myrobolan (as first mordant) followed by 20 % ferrous sulphate (as 2nd mordant) applied in sequence on jute expect in the cases of study of variation of mordant concentrations (10-40%) .

In each case, after the dyeing is over, the dyed sample were repeatedly washed with hot and cold water and finally dried in air. Finally the dyed samples were subjected to soaping with 2gpl soap solution at 60 (C for 15 min, followed by repeated water wash and drying under sun. 

V) Testing and Evaluation

All the control bleached, dyed and differently treated jute fabric samples were conditioned 16 for 48 h at 65% (±2%) RH and 27oC ((±2oC) as per standard method IS:6359-1971 before carrying out each physical testing and evaluations as described below :

a) Determination of Surface Colour Strength and other Colour Interaction Parameters of Dyed Fabics

K/S  value is a measure of the surface colour strength of the dyed fabric samples. K/S values of dyed jute and cotton fabrics were determined by measuring surface reflectance of the dyed samples using a computer-aided Macbeth 2020 plus reflectance spectrophotometer followed by calculating the K/S values using following Kubelka Munk equation with the help of relevant software.
K/S =  (I – R)2

                2R
K/S λmax = (1-R λmax)2, Thu (K/S) λmax undyed substrate only =  (1-R λmax for undyed substrate only)2
                   2R λmax                                                                  2R λmax for substrate only
(K/S) λmax = (1-R λmax for dye only)2   ά Cd
                     2R λmax for dye only
Hence, (K/S)total for dyed substrate =  (K/S) undyed substrate only + (K/S) dye only

Also coefficient of variation percentage (CV%) of K/S values was determined from the 10 point K/S data taken at 10 different points of the corresponding dyed fabric samples indicating the dye uniformity. CV% is determined using the following expression :-

SD (Standard Deviation)   =       ∑(Xi – m)2

                                                √      n - 1

and CV% = S.D    x 100 ,     Where Xi is the value for 1th sample and m is the mean.

                   Mean

The total colour difference (∆E) values were measured by measuring corresponding L*, a*, b* values before and after the treatments/dyeing using the computer-aided Macbeth 2020-plus reflectance spectrophotometer along with associated Colour-Lab plus software employing following ClE-Lb equations, to compare the shade depth of one with other comparative standard samples :-]
∆E=[(∆L*)2 + (∆a*)2+(∆b*)2]1/2    Where, L* = 116(Y/Yo)1/3-16   ∆L*=L*1-L*2

a*=500[(X/Xo)1/3-(Y/Yo)1/3] ∆a*=a* i-a*2
b* = 200 [Y/Yo)1/3]  - (Z/Zo)1/3]∆b* = b* 1-b*2

Chroma, (psychometric chroma) values in Cl 104 colour space was calculated as follows ;-

Cab* = (a*2 + b*2), ∆C*=C*1(ab)-C*2(ab)
Where, C* 1(ab) and C* 2(ab) are the chroma values for standrd sample and produced sample.

CIE 1976 metric Hue-Difference  (∆Hab = [(∆Eab*)2 – (∆L*)2 – (Cab*)2)]1/2
General metamerism index  (MI) was calculated employing Nimeroff and Yurow’s equation as follows ;-

MI = ∑(∆RXo)2    +  ∑(∆RYo)2    + ∑(∆RZo)2  

              X2                     Y2                            Z2

Where Xo, Yo and Zo are the tristimulus values of a standard white surface of MgO (or equivalent surface of standard white tile) and X, Y and Z are the tristimulus values of the corresponding samples.

Brightness Index (BI) was calculated as per ISO-2470-1977 method using the following relationship.

Brightness Index =    Reflectance value of the substrate at 457 nm    x 100

                                      Reflectance value of the standard

                                      diffuser/white tile at 457 nm
b) Measurement of Colour Difference Index

An alternative proposed method of judgement of compatibility of dyes for application of binary mixture of dyes and relative compatibility rating system has been postulated and applied in the present work. After application of different proportions of binary mixture of selective pair of dyes (maintaining 1% (owf) overall shade percentage for each binary mixture/pair of dyes using purified dye powder for each natural dye) on the same fabric, magnitudes of the respective ∆E, ∆C, ∆H and MI values irrespective of their sign and direction may be utilized to obtain colour difference Index values by the following proposed empirical relationship :-

Colour difference Index (CDI) =  ∆E, x ∆H,

                                                       ∆C x MI
c) Evaluation of Wash Fastness
The wash fastness of dyed jute fabrics was evaluated according to IS:3361-1979 method. The dyed jute fabric specimen (10 cm x 4 cm) was sandwiched between the one bleached jute fabric and one bleached cotton fabric specimens (5 cm x 4 cm) and they were stitched together along all four sides to form a composite specimen. The composite specimen was then subjected to washing treatment as per ISO-II washing condition with a neutral; soap or non-ionic detergent solution (5 gpl) at 50oC (±20C) for 45 min, keeping the material to liquor ratio at 1:50 using SASMIRA-Launder-O-Meter. After completion  of the washing treatment, the composite specimen was removed from the wash bath, rinsed twice in cold water and squeezed. For ISO-1 Method, 5 gpl of neutral soap of non-ionic detergent solution was used with a material to liquor ratio of 1:50 at 40 ± 2oC in a Launder-O-Meter for 30 min. After compilation of washing treatment, the samples were washed in water and squeezed. The stitches of the composite specimen were then removed along two of the long sides and one of the short sides and finally the composite specimen was dried in air. The change in colour (depth of shades) of the soap-washed specimen as well as staining to the adjacent white cloth were assessed with the help of the two types of Grey Scale (i.e. for loss or change in Depth of Colour and staining scale).to determine the wash fastness rating between 1 (minimum fastness) to 5 (maximum fastness). The changes in colour strength (loss of depth of shade) value or the extent of staining to adjacent white cloth and corresponding total colour differences were also measured additionally using a computer aided Macbeth 2020 plus reflectance spectrophotometer to re-examine the fastness rating obtained through the computer aided equivalent grey scale /loss of depth scale) using appropriate software for that attached to the said reflectance spectrophotometer.
d) Evaluation of Light Fastness

The light fastness of the bleached and dyed jute fabrics was evaluated as per IS:2454-1967 method. Selective bleached and dyed jute and cotton fabric samples (10 cm x 1 cm) were exposed to light for fading in a Shirley MBTF-microscal fade-o-meter along with the eight blue wool standards (BS 1006:BOI:1978)  of the same size as that of the specimen. After exposure for 10h, 20h, 40h, 80h and 160h the light fastness was assessed by comparing the fading of the specimens with the fading of the blue wool standards after exposure to MBTF-microscal fade-o-meter for different hours of exposure. The light fastness of the dyed jute and cotton specimens was the number of the standard blue wool fabric which showed similar fading/changes in colour for same duration of fading hours.

e) Evaluation of Dry and Wet Rubbing Fastness

Dry and wet rubbing fastness of the dyed jute fabric was evaluated as per IS : 776-1956 method . A dry or wet (moistened with 100% wet pick-up of water) piece of dyed fabric specimen of 14 cm x 5 cm size was fastened to the base of the SDL (Shirley Development Limited, UK) digital/electron Crockmeter separately for determination f dry and wet rubbing fastness behaviour separately. A piece of dry bleached (white and undyed) cloth of same material was then fixed over the free end of the abrading finger of the rubbing device and the said bleached white abrader fabric attached to the rubbing finger was allowed to rub (on the dry or wet piece of dyed fabric sample) to and fro along a straight track of 10 cm length over the test specimen for ten cycles in 10 seconds. The degree of staining on the piece of the dry undyed (white) abrader cloth was assessed with the help of ‘Grey Scale (extent of staining)’ to assess both the dry and wet rubbing fastness rating.

Results :
From Table 1 and figure 1 it is seen that Manjistha shows increased surface colour depth (K/S value) with increase in dyeing temperature upto 90°C, increase in time upto 60 min, increase in MLR upto 1:20, increase in pH upto 11, increase in salt concentration upto 10gpl, increase in dye concentration and increase in mordant concentration upto 20%.
From Table 2 and figure 2 it is observed that Tesu shows increased surface colour depth (K/S value) with increase in dyeing temperature upto 90°C, increase in time upto 60 min, increase in MLR upto 1:20, increase in pH upto 10, increase in salt concentration upto 10gpl, increase in dye concentration and increase in mordant concentration upto 20%.
Table – 1:
Colour Strength , Brightness Index, Metamerism Index and related colour parameters of pre- mordanted(double mordanted) jute fabrics dyed with Manjistha
	Name of the process variable
	K/S גּmax
	∆E
	∆L
	∆a
	∆b
	∆c
	∆H
	BI
	MI
	CDI

	Time (min) 
	45
	5.13
	6.42
	1.5
	6.03
	1.58
	2.92
	-5.52
	12.69
	3.69
	3.29

	
	60
	5.21
	15.01
	-2.46
	14.80
	0.14
	7.33
	-12.30
	9.8
	5.82
	3.75

	
	90
	4.69
	8.39
	-0.02
	8.31
	1.22
	3.71
	-7.5
	12.08
	4.51
	3.77

	
	105
	4.25
	6.80
	0.47
	6.46
	2.07
	3.54
	-5.78
	12.89
	3.82
	2.90

	
	120
	6.17
	6.60
	0.05
	6.85
	1.20
	2.81
	-6.04
	9.70
	3.85
	3.72

	
	
	
	
	
	
	
	
	
	
	
	

	Temp (oC) 
	60
	5.17
	7.94
	0.64
	7.74
	1.66
	3.79
	-6.95
	11.52
	4.45
	3.28

	
	70
	5.64
	8.48
	0.81
	8.13
	2.27
	4.51
	7.14
	10.58
	4.8
	2.79

	
	80
	6.76
	8.74
	1.34
	8.32
	2.31
	4.64
	-7.28
	9.66
	5.06
	2.71

	
	90
	8.13
	9.77
	2.08
	8.85
	3.58
	6.01
	-7.42
	8.3
	5.73
	2.10

	
	100
	5.21
	15.09
	-2.46
	14.80
	0.14
	7.33
	-12.30
	9.80
	7.01
	3.75

	
	
	
	
	
	
	
	
	
	
	
	

	pH 
	4
	4.91
	12.33
	-1.73
	12.21
	-0.14
	5.36
	-10.96
	10.87
	5.91
	4.26

	
	6
	5.42
	11.66
	-1.19
	11.60
	0.16
	5.12
	-10.41
	10.37
	5.78
	4.10

	
	8
	5.98
	11.11
	-0.82
	11.07
	0.15
	4.73
	-10.01
	9.89
	5.64
	4.55

	
	10
	6.18
	8.77
	-0.64
	8.74
	0.31
	3.30
	-8.09
	9.72
	4.51
	4.77

	
	11
	6.63
	9.92
	0.71
	9.63
	2.25
	5.39
	-8.30
	9.33
	5.58
	2.73


	MLR 
	1:10
	6.15
	11.73
	-1.34
	11.59
	1.21
	5.74
	-10.14
	8.74
	6.08
	3.40

	
	1:20
	5.21
	15.01
	-2.46
	14.80
	0.14
	7.33
	-12.86
	9.80
	7.01
	3.75

	
	1:30
	5.19
	10.51
	-0.81
	10.39
	1.38
	5.08
	-9.17
	10.38
	5.53
	3.43

	
	1:40
	4.67
	10.02
	-1.78
	9.82
	0.83
	4.3
	-8.87
	10.58
	4.99
	4.14

	
	1:50
	4.52
	7.28
	1.03
	6.92
	2.00
	3.69
	-6.19
	13.00
	4.07
	3.00

	
	
	
	
	
	
	
	
	
	
	
	

	Dye concentration (%)
	5
	3.77
	5.67
	0.98
	5.47
	1.11
	2.26
	-5.11
	15.74
	3.16
	4.06

	
	10
	3.96
	7.91
	-0.53
	7.87
	0.64
	2.99
	-7.31
	13.56
	4.06
	4.76

	
	20
	4.02
	7.28
	0.43
	7.21
	0.84
	2.81
	-6.69
	14.60
	3.9
	4.45

	
	30
	5.21
	9.31
	-1.26
	9.06
	1.66
	4.51
	-8.04
	9.48
	4.84
	3.43

	
	40
	5.56
	12.66
	-2.91
	12.26
	-1.28
	4.67
	-11.41
	9.41
	5.66
	5.46

	
	50
	6.16
	10.62
	-1.79
	10.43
	0.80
	4.67
	-9.37
	8.38
	5.33
	3.99

	
	60
	6.37
	13.59
	-2.66
	13.31
	-0.68
	5.87
	-11.97
	8.30
	6.34
	4.37

	
	70
	6.64
	12.31
	-4.47
	11.09
	-2.89
	2.77
	-11.12
	7.62
	4.67
	10.58

	
	80
	7.41
	6.35
	0.51
	6.03
	1.92
	3.22
	-5.44
	8.38
	3.75
	2.85

	
	
	
	
	
	
	
	
	
	
	
	

	Mordant Concentration (%)


	10
	4.61
	13.72
	-3.58
	13.13
	-1.67
	4.90
	-12.30
	10.75
	5.82
	5.92

	
	20
	5.42
	12.67
	-1.36
	12.58
	0.69
	6.01
	-11.07
	10.13
	6.21
	3.76

	
	30
	5.21
	15.09
	-2.46
	14.80
	0.14
	7.33
	-12.86
	9.80
	7.01
	3.75

	
	40
	5.00
	12.97
	-2.40
	12.73
	-0.49
	5.32
	-11.58
	10.46
	5.95
	4.76

	
	
	
	
	
	
	
	
	
	
	
	

	Salt (g/L)
	5
	5.68
	11.51
	-0.38
	11.47
	0.91
	5.38
	-10.17
	10.45
	5.87
	3.7

	
	10
	5.91
	16.01
	-3.25
	15.68
	-0.28
	7.77
	-13.62
	8.38
	7.25
	3.87

	
	15
	5.31
	12.06
	-0.44
	11.99
	1.19
	5.95
	-10.48
	10.85
	6.13
	3.46

	
	20
	5.89
	11.19
	-0.19
	11.13
	1.14
	5.33
	-9.83
	10.23
	5.79
	3.57


Table – 2:
Colour Strength, Brightness Index, Metamerism Index, CDI value and related colour parameter of pre-mordanted jute fabrics dyed with Tesu

	Name of the process variable
	
	K/S גּmax
	∆E
	∆L
	∆a
	∆b
	∆c
	∆H
	BI
	MI
	CDI

	Time (min) 
	45
	7.07
	14.57
	5.28
	4.34
	12.87
	13.25
	-3.014
	7.23
	4.99
	0.66

	
	60
	7.63
	13.62
	5.08
	4.58
	11.77
	12.21
	-3.25
	7.13
	4.98
	0.73

	
	90
	7.42
	12.24
	4.45
	4.055
	10.659
	11.02
	-2.95
	7.37
	4.47
	0.73

	
	105
	7.07
	10.89
	4.75
	2.37
	9.52
	9.64
	-1.79
	8.80
	3.61
	0.56

	
	120
	7.05
	14.49
	4.62
	4.59
	12.95
	13.37-
	-3.18
	6.83
	5.00
	0.69

	Temp (oC) 
	60
	6.45
	12.16
	5.13
	2.83
	10.66
	10.83
	-2.07
	8.79
	3.92
	0.59

	
	70
	6.52
	10.72
	4.69
	2.44
	9.32
	9.45
	-1.85
	8.90
	3.61
	0.58

	
	80
	6.26
	13.06
	5.19
	3.56
	11.44
	11.71
	-2.56
	8.69
	4.40
	0.65

	
	90
	7.35
	13.88
	5.49
	3.37
	12.30
	12.53
	-2.385
	7.383
	4.48
	0.58

	
	100
	7.63
	13.62
	5.08
	4.58
	11.77
	12.21
	-3.25
	7.13
	4.98
	0.73

	pH
	4
	5.15
	2.8
	0.91
	1.05
	2.43
	2.39
	-1.13
	15.77
	2.72
	0.48

	
	6
	3.74
	2.64
	-0.5
	2.32
	1.15
	1.23
	-2.3
	19.01
	3.22
	1.53

	
	8
	5.63
	3.39
	1.06
	1.37
	2.92
	2.89
	-1.4
	14.56
	4.68
	0.35

	
	10
	8.1
	14.92
	-1.93
	11.42
	9.34
	10.76
	-10.16
	6.97
	4.98
	2.82

	
	11
	7.47
	15.38
	-0.2
	10.93
	10.8
	12.03
	-9.58
	8.19
	3.42
	3.58

	MLR 
	1:10
	6.25
	15.2
	5.03
	4.68
	13.35
	13.78
	3.22
	7.71
	5.12
	0.69

	
	1:20
	7.63
	13.62
	5.08
	4.58
	11.77
	12.21
	-3.25
	7.13
	4.98
	0.73

	
	1:30
	7.27
	10.87
	5.16
	1.81
	9.39
	9.46
	-1.38
	8.54
	3.68
	0.43

	
	1:40
	5.7
	11.12
	4.54
	2.78
	9.76
	9.93
	-2.08
	9.73
	3.48
	0.67

	
	1:50
	6.05
	7.23
	3.72
	1.04
	6.113
	6.14
	-0.873
	10.43
	2.70
	0.38

	Mordant
	10
	5.44
	10.41
	4.27
	2.76
	9.08
	9.26
	-2.09
	10.19
	3.56
	0.66

	
	20
	7.63
	13.62
	5.08
	4.58
	11.77
	12.21
	-3.24
	7.12
	4.98
	0.72

	
	30
	5.47
	12.67
	4.87
	3.52
	11.15
	11.41
	-2.54
	9.53
	4.21
	0.67

	
	40
	9.18
	11.98
	4.89
	3.34
	10.42
	10.66
	-2.452
	6.42
	4.18
	0.66

	Dye concen-tration (%)
	10
	4.56
	9.63
	3.46
	3.51
	8.27
	8.58
	-2.66
	16.33
	3.47
	0.86

	
	20
	5.0
	14.97
	5.48
	5.09
	12.97
	13.49
	-3.47
	11.15
	5.24
	0.73

	
	30
	5.33
	14.98
	6.82
	3.43
	12.89
	13.21
	-1.86
	10.31
	4.92
	0.43

	
	40
	5.96
	16.71
	6.17
	5.01
	14.7
	15.28
	-2.76
	8.42
	5.89
	0.51

	
	45
	6.03
	15.57
	6.89
	3.58
	13.49
	13.82
	-1.92
	9.51
	5.12
	0.42

	
	50
	7.17
	17.18
	5.94
	6.04
	14.94
	15.75
	-3.4
	6.35
	6.71
	0.55

	Salt (g/L)
	5
	5.39
	10.16
	4.88
	1.84
	8.72
	8.80
	-1.42
	11.06
	3.21
	0.51

	
	10
	7.63
	13.62
	5.08
	4.58
	11.77
	12.21
	-3.24
	7.12
	4.98
	0.72

	
	15
	5.8
	11.64
	5.58
	1.66
	10.08
	10.14
	-1.26
	10.19
	3.48
	0.41

	
	20
	5.46
	9.62
	5.35
	1.16
	7.91
	7.94
	-0.93
	11.86
	3.08
	0.36


Table- 3 Colour fastness data for pre-mordanted jute fabrics with natural dyes and after-treated with one of three cationic fixing agent and a UV absorber

	Colour Fastness
	
	Washing
	Light
	Rubbing

	
	Shade 
developed
	None
	2% 

CTAB
	2%

Cetrimide
	2%

Sandofix –HCF
	None
	1% Ben
	None

	
	
	LOD
	ST
	LOD
	ST
	LOD
	ST
	LOD
	ST
	
	
	Dry
	Wet

	RSW
	Reddish
	2
	2-3
	3
	3-4
	3
	3-4
	3
	3-4
	2-3
	3-4
	4-5
	2

	Manjistha
	Reddish
	3
	3-4
	4
	5
	3-4
	4-5
	4
	4-5
	4
	5
	4-5
	2

	Tesu
	Yellowish brown
	2
	2-3
	4
	3-4
	3-4
	4-5
	4
	3-4
	2
	3
	4
	2


CTAB – n - Cetyltrimethyl Ammonium Bromide; Ben – Benztrizole, LOD = Loss of depth of Shade; 
ST – Staining of adjacent bleached jute
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Colour Fastness Report for R&D Work for JTM-JMDC Project No. 17
“Standardization of application of Natural Dyes on Jute based Textile for Eco-friendly Jute Decorative and Diversified Products”

1. Evaluation of Wash Fastness

The wash fastness of dyed jute fabrics was evaluated according to IS:3361-1979 method. The dyed jute fabric specimen (10 cm x 4 cm) was sandwiched between the one bleached jute fabric and one bleached cotton fabric specimens (5 cm x 4 cm) and they were stitched together along all four sides to form a composite specimen. The composite specimen was then subjected to washing treatment as per ISO-II washing condition with a neutral; soap or non-ionic detergent solution (5 gpl) at 50°C (±2°C) for 45 min, keeping the material to liquor ratio at 1:50 using SASMIRA-Launder-O-Meter. After completion  of the washing treatment, the composite specimen was removed from the wash bath, rinsed twice in cold water and squeezed. The stitches of the composite specimen were then removed along two of the long sides and one of the short sides and finally the composite specimen was dried in air. The change in colour (LOD, loss of depth) of the soap-washed specimen as well as staining to the adjacent white cloth (ST, staining) were assessed with the help of the two types of Grey Scale (i.e. for loss or change in Depth of Colour and staining scale) to determine the wash fastness rating between 1 (minimum fastness) to 5 (maximum fastness). The changes in colour strength (loss of depth of shade) value or the extent of staining to adjacent white cloth and corresponding total colour differences were also measured additionally using a computer aided Macbeth 2020 plus reflectance spectrophotometer to re-examine the fastness rating obtained through the computer aided equivalent grey scale /loss of depth scale) using appropriate software for that attached to the said reflectance spectrophotometer.

2. Evaluation of Light Fastness

The light fastness of the bleached and dyed jute fabrics was evaluated as per IS:2454-1967 method. Selective bleached and dyed jute and cotton fabric samples (10 cm x 1 cm) were exposed to light for fading in a Shirley MBTF-microscal fade-o-meter along with the eight blue wool standards (BS 1006:BOI:1978)  of the same size as that of the specimen. After exposure for 10h, 20h, 40h, 80h and 160h the light fastness was assessed by comparing the fading of the specimens with the fading of the blue wool standards after exposure to MBTF-microscal fade-o-meter for different hours of exposure. The light fastness of the dyed jute and cotton specimens was the number of the standard blue wool fabric which showed similar fading/changes in colour for same duration of fading hours.
3. Evaluation of Dry and Wet Rubbing Fastness

Dry and wet rubbing fastness of the dyed jute fabric was evaluated as per IS : 776-1956 method. A dry or wet (moistened with 100% wet pick-up of water) piece of dyed fabric specimen of 14 cm x 5 cm size was fastened to the base of the SDL (Shirley Development Limited, UK) digital/electron Crockmeter separately for determination f dry and wet rubbing fastness behaviour separately. A piece of dry bleached (white and undyed) cloth of same material was then fixed over the free end of the abrading finger of the rubbing device and the said bleached white abrader fabric attached to the rubbing finger was allowed to rub (on the dry or wet piece of dyed fabric sample) to and fro along a straight track of 10 cm length over the test specimen for ten cycles in 10 seconds. The degree of staining on the piece of the dry undyed (white) abrader cloth was assessed with the help of ‘Grey Scale (extent of staining)’ to assess both the dry and wet rubbing fastness rating.

Table 4 shows the colour fastness data for washing, rubbing and UV-light exposure for jute fabric dyed with aqueous extract of source natural dyes. Table 5 shows the colour fastness data for washing, rubbing and UV-light exposure for jute fabric dyed with purified natural dyes procured from Alps Industries Ltd., Gazhiabad, UP and M/S Sir Bio-Tech Ltd. Kanpur, UP. The colour fastness results in general indicate its moderate colour fastness properties.

Table -4 Colour fastness for selective double pre-mordanted natural dyed jute fabric for application of 30% (owf) aqueous extract of source dye material

	Mordant system used for natural dyeing of jute cloth 
	Harda + Al2(SO4)2

(20% each)
	Harda + FeSO4

(20% each)

	
	Colour fastness to 
	Colour fastness to 

	
	Washing
	Light
	Rubbing
	Washing
	Light
	Rubbing

	Dye Name
	LOD
	ST
	
	Dry
	Wet
	LOD
	ST
	
	Dry
	Wet

	Tesu
	3-4
	3-4
	3
	3-4
	3
	3
	3
	3
	3
	2-3

	Catechu
	4
	3-4
	3-4
	3-4
	3
	3-4
	3
	3-4
	3
	2-3

	Babool
	3-4
	3
	3-4
	4
	3
	3-4
	3
	3-4
	3-4
	2-3

	Manjistha
	4
	4
	3-4
	3-4
	3
	3
	3
	3-4
	3
	2-3

	Jackfruit wood
	3
	3-4
	3-4
	4
	3-4
	3
	3-4
	3
	3-4
	2-3

	Red sandalwood
	3-4
	3
	3
	3-4
	3
	3
	3
	3
	3
	2-3

	Haldi
	3
	3
	3
	3-4
	3
	2-3
	2-3
	3
	3
	2-3

	Pomegranate rind
	4
	4
	3-4
	4
	3-4
	3-4
	3
	3-4
	3
	2-3

	Mariegold
	3-4
	3-4
	3
	4
	3
	3-4
	3
	3-4
	3
	2-3


LOD –> Loss of shade depth, ST –> Staining of adjacent white bleached jute
Table -5 Colour fastness for selectively pre-mordanted and natural dyed jute fabric (application of 10% purified natural dye on jute fabric)

	Purified natural dyes from Alps Industries Ltd., Gazhiabad, UP

	
	
	Colour fastness to

	
	
	Washing
	Light
	Rubbing

	Sl no.
	
	LOD
	ST
	
	Dry
	Wet

	1
	Thar 
	4
	3-4
	3
	4
	3

	2
	Caspian
	3-4
	3-4
	3
	3-4
	3-4

	3
	Amazon
	4
	3-4
	3
	3-4
	3

	4
	Basant 
	3
	3
	3
	3
	3

	5
	Garden
	3
	3-4
	3
	3-4
	3

	6
	Pacific
	3-4
	3-4
	3-4
	3-4
	3-4

	7
	Amber - M
	4
	4
	3
	3
	2-3

	8
	Desert
	3-4
	3-4
	3
	3-4
	3

	9
	Indus
	4
	3-4
	3
	3-4
	3

	10
	Kango
	4
	3
	3
	3-4
	3

	11
	Rhine-M
	3-4
	3-4
	3
	3
	3

	Purified natural dyes from Sir Bio-Tech, Kanpur, UP

	
	
	Colour fastness to

	
	
	Washing
	Light
	Rubbing

	
	
	LOD
	ST
	
	Dry
	Wet

	12
	Kaveri
	4
	3-4
	3
	4
	3

	13
	Neptune
	3-4
	3-4
	3
	3-4
	3-4

	14
	Mars
	4
	3-4
	3
	3-4
	3

	15
	Arctic
	3-4
	3-4
	3-4
	3-4
	3-4

	16
	Himalaya
	4
	4
	3
	3
	2-3

	17
	Vindhya
	3-4
	3-4
	3
	3-4
	3

	18
	Madder
	3-4
	3-4
	3
	3-4
	3

	19
	Ganga
	3-4
	3
	3
	3-4
	3

	20
	Red Desert
	3-4
	3-4
	3
	3
	3


LOD –> Loss of shade depth, ST –> Staining of adjacent white bleached jute

Table -6 Colour fastness for compound shades for application of selective binary mixture of source natural dyes on jute fabric (30% application)

	
	
	Colour fastness to

	
	
	Washing
	Light
	Rubbing

	Sl no.
	
	LOD
	ST
	
	Dry
	Wet

	1
	M1 (TS : MJ)
	3-4
	3
	3
	4
	3

	2
	M2(TS : MG)
	3-4
	3
	3
	3-4
	3-4

	3
	M3 (TS : CAT)
	3-4
	3
	3-4
	3-4
	3

	4
	M4 (TS : PRG)
	3
	3-4
	3
	3
	3

	5
	M5 (TS : BL)
	3-4
	3
	3
	3-4
	3

	6
	M6 (TS : JFW)
	4
	3-4
	3-4
	3-4
	3-4

	7
	M7 (MJ : JFW)
	4
	3-4
	3
	3
	3

	8
	M8(MJ : CAT)
	3-4
	3
	3
	3-4
	3

	9
	M9 (MJ : PRG)
	3-4
	3-4
	3
	3-4
	3

	10
	M10 (MJ  : BL)
	3
	3
	3-4
	3-4
	3

	11
	M11 (MJ : MG)
	3-4
	3
	3
	3-4
	3


TS( Tesu, MJ( Manjistha, CAT( Catechu, PRG( Pomegranate Rind, BL( Babool, JFW( Jackfruit wood, 
Deliverables

on

JTM R&D Project no.17 :

“Standardization of application of Natural Dyes on Jute based Textile for Eco-friendly Jute Decorative and diversified products”

Duration : 3 years
Deliverables for Project -17
	Qualitative
	Quantitative
	Achieved/ Remarks

	a) Process standardization and different combined shades for Natural dyes from natural source.
	i) 10 natural dyes from source  X 9 different Shades = 90 Shades to be developed. 

ii) Standardized set of process parameters for all such dyes.
	 Total 90 shades developed (50 single shades and 40 compound shades) are ready.



	
	
	

	b) Process standardization and different combined shades from purified natural dyes of different companies.
	i) 10 purified dyes X 9 different shade level X2 different companies 

 = 180 Shades to be developed.
	180 shades are ready. 

	
	
	

	c) Shade Cards
	Containing total nearly 100 shades (100 copies) with colour fastness results.
	100 work is completed except printing in multiple copies for nonavailability of fund of last installment from NJB. 

	
	
	

	d) Training of Industry Personnel for natural dyes
	Estimated – two batches of 10 candidates per batch = 20 personnel
	Demonstrated to Total 71 persons in two phases. Separate training for dyeing with natural dyes at IJT has been done 

	
	
	

	e) Guideline/Manual for Dyeing with Natural dyes
	One booklet 
	Booklet is in final shape. Draft copy is ready and submitted to NJB. Printing in multiple copy could not be done  for non-availability of fund  

	
	
	

	f) Field Trial and cost analysis 
	In one or two units in consultation with AJHEEI/IJMA
	Two Field trials / bulk trial are completed (41 + 31 persons attended)  


Prof. (Dr.) A K Samanta

Professor & PI Of the project

Nodal Officer, JTM R&D Projects of IJT

ADDENDUM

1. Manpower Training  : A Module for manpower training was conducted at Dept. of Jute and Fibre Technology, Institute of Jute Technology, Calcutta University for five days duration on November 2012 from 5.11.12 to 09.11.12 regarding application of natural dyes on Jute.  36 persons (dyers) from different centralized sector (jute mills) and decentralized sectors has been trained. A list of personnel attended the training module along with training module and a copy of intimation letter has been enclosed with this final terminal report for ready reference. Training module consists of basic knowledge on natural dyes, application procedure related technical lecture, practical demonstration for application of natural dye on jute, availability, cost analysis and quality evaluation related testing of natural dyed jute products. This training module had been specially designed to popularize the application of natural dye on jute for production of natural dyed jute diversified products. 
2. Final Dissemination workshop : Final Dissemination workshop has been held on 27th June 2012 at the Kennedy Hall of the Department of Jute and Fibre Technology, Institute of Jute Technology, University of Calcutta, Kolkata for all four JTM R&D Projects of IJT including project No. 17 (Natural dye Project) and minutes of the Proceedings of the Dissemination Workshop of Four JTM R & D PROJECTS of IJT is made available with this final terminal report. The workshop was attended by about 90 delegates including representatives of IJMA, NJB, AJHEEI/JDPEPC, individual jute mills, individual jute diversified product manufacturers / exporters and scientists/ technologists of Jute Research Institutes
3 . Booklet for dissemination of R & D output : 20 no.s of booklets are made available with this final terminal report for circulation along with its soft copy.

4. Effort for Commercialization : For successful commercial exploitation of this dyeing technology for application of natural dye on jute, two different bulk scale trials and demonstration has been done in presence of interested dyers and industry people from different centralized and decentralized sector with satisfactory trial output. Therefore, technology download part is successfully made possible and opportunity may need strong endorsement wherever there is a market for nontoxic natural dyed jute diversified and decorative products.  
Prof. (Dr.) A K Samanta

Professor & PI Of the project

Nodal Officer, JTM R&D Projects of IJT
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Fig: 1(c) K/S vs pH





Fig: 1(d) K/S vs MLR





Fig: 1(e) K/S vs Mordant Conc.





Fig: 1(f) K/S vs Dye Conc.





In each case, after the dyeing is over, the dyed sample were repeatedly washed with hot and cold water and finally dried in air. Finally the dyed samples were subjected to soaping with 2gpl soap solution at 60 (C for 15 min, followed by repeated water wash and drying under sun. 
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Fig.3– Chemical Structure of Butein from Petals of Tesu
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Fig. – 1 (a,b,c,d,e,f,g) Plots showing the effects of variation of  time, temperature, MLR, pH, concentration of mordants, dye source and salt in the dye bath for dyeing jute fabric with Manjista extract under double mordanting system





Fig: 1(a) K/S vs Time





Fig: 1(b) K/S vs Temperature





Fig:1(g) K/S vs Salt (g/L)
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Fig: 2(g) K/S vs Salt





Fig: 2(f) K/S vs Dye Conc.





Fig: 2(e) K/S vs Mordant Conc.





Fig: 2(d) K/S vs MLR





Fig: 2(c) K/S vs pH





Fig: 2(b) K/S vs Temperature





Fig: 2(a) K/S vs Time
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Fig: 2(e) K/S vs Mordant Conc.
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Fig. – 2 (a,b,c,d,e,f,g) Plots showing the effects of variation of  time, temperature, MLR, pH, concentration of mordants, dye source and salt in the dye bath for dyeing jute fabric with Tesu extract under double mordanting system 
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Fig: 2(c) K/S vs pH





Fig: 2(d) K/S vs MLR
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Fig: 2(f) K/S vs Dye Conc.





Fig: 2(g) K/S vs Salt





Fig. – 2 (a,b,c,d,e,f,g) Plots showing the effects of variation of  time, temperature, MLR, pH, concentration of mordants, dye source and salt in the dye bath for dyeing jute fabric with Tesu extract under double mordanting system 





Plate-1: Photographs of pre-mordanted jute fabric samples with or without subsequently dyed with aqueous extract of tesu as natural colourant


A1-Bleached jute fabric as control sample


A2-Beached jute fabric pre-mordanted with 20% myrobolan (harda)


A3-20% harda treated jute further dyed with 30% aqueous extract of tesu


A4-Bleached jute fabric pre-mordanted with 20% aluminium sulphate 


A5-20% aluminium sulphate pre-mordanted jute fabric further dyed with 30% aqueous extract of tesu


A6-Bleached jute fabric pre-mordanted with 20% alum


A7-20% alum pre-mordanted jute fabric further dyed with 30% aqueous extract of tesu


A8-Double pre-mordanted bleached jute fabric (20% harda followed by 20% aluminium sulphate treatment in sequence)


A9-Double pre-mordanted beached jute fabric (A8) followed by dyeing with 30% aqueous extract of tesu


A10- Double pre-mordanted bleached jute fabric (20% myrobolan/harda followed by 20% alum treatment in sequence)


A11- Double pre-mordanted beached jute fabric (A10) followed by dyeing with 30% aqueous extract of tesu


A12- 10% Tannic acid treated bleached jute fabric dyed with 30% aqueous extract of tesu

















Plate-3: Photographs of double pre-mordanted jute fabric samples with subsequently dyed with binary mixture (50:50) of purified selective natural dyes (1% shade, owf)





C1- Compound shade from tesu + manjistha (50:50) mixture


C2- Compound shade from tesu + mariegold (50:50) mixture


C3- Compound shade from tesu + catechu (50:50) mixture


C4- Compound shade from tesu + pomegranate rind (50:50) mixture


C5- Compound shade from tesu + babool (50:50) mixture


C6- Compound shade from tesu + jackfruit wood (50:50) mixture


D1- Compound shade from manjistha + jackfruit wood (50:50) mixture


D2- Compound shade from manjistha + catechu (50:50) mixture


D3- Compound shade from manjistha + pomegranate rind (50:50) mixture


D4- Compound shade from manjistha + babool (50:50) mixture


D5- Compound shade from manjistha + mariegold (50:50) mixture


D6- Double pre-mordanted bleached jute fabric





Plate-2: Photographs of pre-mordanted jute fabric samples with or without subsequently dyed with aqueous extract of manjistha as natural colourant





B1-Bleached jute fabric as control sample


B2-Beached jute fabric pre-mordanted with 20% myrobolan (harda)


B3-20% harda treated jute further dyed with 50% aqueous extract of manjistha


B4-Bleached jute fabric pre-mordanted with 20% aluminium sulphate 


B5-20% aluminium sulphate pre-mordanted jute fabric further dyed with 50% aqueous extract of manjistha


B6-Bleached jute fabric pre-mordanted with 20% alum


B7-20% alum pre-mordanted jute fabric further dyed with 50% aqueous extract of manjistha


B8-Double pre-mordanted bleached jute fabric (20% harda followed by 20% aluminium sulphate treatment in sequence)


B9-Double pre-mordanted beached jute fabric (B8) followed by dyeing with 50% aqueous extract of manjistha


B10- Double pre-mordanted bleached jute fabric (20% myrobolan followed by 20% alum treatment in sequence)


B11- Double pre-mordanted beached jute fabric (B10) followed by dyeing with 50% aqueous extract of manjistha


B12- Tannic acid treated bleached jute fabric dyed with 50% aqueous extract of manjistha
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