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ABSTRACT

The present study was carried out at Department of Clo#lidgrextiles, Collage of Post Graduate Studies, G, B
Pant University of Agriculture and Technology, Pantnagdiarakhand, India. The present study was framed to develop
100% natural bright yellow colour for dyeing of wool witliothe use of any synthetic stuffs as mordants.
The water soluble yellow dye from turmeric rhizomes (Cuiioliiis very fugitive in nature. The hue becomes dulhwit
exposure to time and temperature. The conventional aquedn@Eton procedure involves a time gap between the
extraction of dye and actual dyeing of the substrates €xposure to time gap makes the dye dull and unapgealin
To achieve the best dyeing results, another way of dywis tried and tested, “Simultaneous extraction and dyeing”
where dyeing of substrate is carried out in the samerveatf along with the extraction of dye from the rawemat.
Observations proved that less temperature and reducedofirdgeing give better results in terms of colour appeal.
Whereas analysis of the shade cards after a proloimgedyaip shows that the high temperature and prolonged dyeing time
produced shades with more durable dyeing. Thus, any of thegdtegihnique can be used as per the requirement of the
end product. A number of shades were developed with good to excedlshing fastness, through variations in dyeing
conditions only. The results of numerous experiments rewaalsame dye produced different shades under different
dyeing conditions. Standardized recipes have been developedh shade. The final samples were tested for colour
fastness to light and washing as per standards laid baBwfdndian standards at Indian Institute of Technology Delhi.

KEYWORDS: Turmeric Rhizomes, Curcumin, Aqueous Extraction of Dye, fuktric Tests, “Simultaneous

Extraction and Dyeing”

Today the protection of the environment has become a challengfgefchemical industries worldwide, All over
the world the environmental restrictions are becoming stridthey need to realize the importance and the technofogy o
natural dye is more urgent. This is then led to returningattitional and more natural way of life (patel BH). Synthet
dyes are produced at high temperature and pressure fraomicelte isolated from petroleum derivatives. During the
manufacturing process of dyes, many carcinogenic ché&sraca used which leads to the formation of toxic loidpicts.
These bi-products are discharged into the rivers, pondsftanlopen. Hence cause severe atmospheric pollutiant fBa
1996). This has threatened the ecological balance and tadleddtention of the environmentalists to develop eco-fiyend|
technologies to produce dyes from natural sources (Neelathi,22007). The present study is aimed at developing 100%

natural bright yellow colour for dyeing of wool without theeuof any synthetic stuffs as mordants.

A number of shades were developed with good to excellent mgadhstness, through variations in dyeing

conditions only. No synthetic chemical was used at any st&g@us studies have been carried out by different sstenti
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on turmeric dye. However, optimizing the dyeing conditiomstéirmeric dye, using simultaneous dyeing and extacti

technique for dyeing of wool, investigated in the presemtyshave not been reported earlier.

MATERIALS AND METHODS
Collection of Raw Materials and their Preparation

Plant materials

Common name: Turmeric, Botanical name: Curcuma LpRgeily: ginger family,Zingiberaceae It is native to
southern Asia, requiring temperatures between 20 and 888°@nd 86 °F) and a considerable amount of annual raiafall
thrive. Part used: Rhizomes. (When not used fteslthizomes are boiled for about 30—45 minutes and then drieat i
ovens after which it is ready for sale in market farttier use as a colouring agent for food and dy@sed Turmeric
Rhizomes were collected from the local market compieG. B. Pant University campus, Pantnagar, UdhargtShtagar,
Uttarakhand. Rhizomes were dried in shade and pulverizagawder form in a Wiley mill installed in the departef
Post Harvest Technology, College of Technology, Pantnagar.

Instruments

e Wiley mill installed in the department of Post Harvesthrelogy, College of Technology, Pantnagar was used

for pulverizing the Turmeric Rhizomes.

» The optical density of dye solutions was measure8gmctrophotometer- G5866C installed in the department of

Chemistry, College of Basic sciences and Humanitiastriagar.
» Electronic balance was used for weighing the dye méteaiad wool.

* Water bath with thermostatic temperature control was usedyking the wool samples in glass beakers under

controlled conditions.

e Mercury Bulb Tungston fluorescent lamp (MBTF) Light fassh@®ster installed at the department of Textile

Technology, IIT Delhiwas used to test the colour fastness of dyed samplehto li

* Atlas Launder’ometer installed in the department of Texfechnology, [IT Delhiwas used for testing washing

fastness of dyed samples.
Wool

White Australian Merino wool was purchased from the Shreed@iaAshram, Haldwani, Uttarakhand.
Blue Wool standards

Blue Wool standards were used (for fading along with sampleggtng colour fastness to light.
Grey Scale

Colour fastness rating was done with Grey Scale fotuatiag changes in colour and staining as per 1SO
recommendations (ISO 105-A02: 1993 and ISO 105-A-03)

Processing of Wool

The scouring of wool was done according to the procedureionedtby Hover 1976. A detergent solution of 1
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ml of Genteel with 100 ml of hot water was prepared. Wherag wooled to lukewarm, skeins of wool were immersed.
Theses skeins were stirred with a wooden spoon for 30 meinuéter scenes were taken out, rinsed with lots of warm
water. This treatment was repeated for three to foegjravery time the detergent quantity was reducedsKins were
squeezed and rinsed with tap water, till they were fadetie traces of detergent (care was taken not tabsering or
mingle the skeins as it might cause hardening and mgaifiaool). Washed skeins of wool were allowed to dry fameally

weighed for further experimentation.
Optimization of Different Variables

A series of experiments were conducted in order tadstalize the different variables; such as dyeing technique
concentration of the dye material, time for extraction y#,dime for dyeing, temperature for extraction and &xapre
for dyeing. For the dyeing of samples the MLR (matdid@or ratio) selected was 1:10. The Optical density (Q&ljes
of the dye solutions before and after dyeing were recoiesample of one ml was taken from each beaker anoptteal
density was recorded by diluting it 20 times. The perabsbrption was calculated by the following formula:

% Absorption = OD before dyeing — OD after dyeing / OD hefiyeing X 100

Dyed samples were judged by a panel of 15 judges visoallye criteria of luster, evenness of dye, depth of
shade and overall appearance. From the total marks obtdieegercentage ratings were calculated. Each optimized
variable was used in further experiments where ever dedite final range of shades was tested for color fastodight

and washing as per the standards laid by Bureau of Isthadards at the Department of Textile Technology, lIhDel

DYEING TECHNIQUES
Dyeing Technique |
Turmeric powder was tied in muslin bags (2 inch X 2 incith & thread to hold it. Pre soaked and weighed wool

sample, and dye bag was put in a beaker containing 100 ml waéehetker was placed in a boiling water bath (@00

Simultaneous extraction and dyeing was carried out in glad®izfor one hour.

Samples were stirred and dye bags were pounded with a gladserogvary five minutes to ensure even dyeing
and continuous extraction of dye from muslin bag. After ane kdye bags were taken out and dyed samples were allowed
to cool in dye bath itself. Then the samples were rinsedrumitining water and dried in shade.

Dyeing Technique Il

In this technique the conventional method of dyeing has bsed. The dye was extracted for one hour in a
boiling water bath (10@). The solution was then cooled and filtered. Pre soaked sample of 10 g was added to this
dye solution and dyeing was carried out atc8for one hour. The samples were stirred with a gladsafter every 10
minutes in order to obtain an even dyeing on the samftier one hour beakers were taken out of water bath and sampl

were allowed to cool in dye bath itself. Dyed sampleseviieen rinsed under tap water and dried in shade.
According to results obtained Technique | was selectedifimeric dye. For further experiments Technique | was using
Measuring the Optical Density while Using Technique |

During further experiments while using technique |, each expatinvas carried out as a pair of two. In each pair
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of two beakers, two dye bags with the same contents and waterplaced, but presoaked weighed wool sample was
added only to one beaker and both beakers were placed in thattyfer extraction and dyeing. This was done in order to
facilitate the recording of the optical density befonel after dyeing. Thus, for each experiment the number ofrspac
dye solutions was doubled. For example For optimization ofesdretion 3 different concentrations, i.e. 1g, 29, & 3g

were tested. Two bags for each quantity- total 6 dye Wegs placed in separate beakers to carry out the expgrime

Concentration of Dye Material

For optimization of concentration of Turmeric dye, 3 difféereoncentrations, i.e. 1g, 29, & 3g were tested,
Simultaneous extraction and dyeing was carried out for ome &b 100c. The remaining process was repeated as

explained earlier. Optical density was measured fagiakolutions and dyed samples were evaluated by judges.
Time for Simultaneous Extraction & Dyeing

Simultaneous extraction and dyeing was carried out wittimiged concentration, for three different time
durations i.e. 60, 120, 180 minutes respectively aPd0Uhe rest of the procedure was done as mentioned earlier

Optical density was measured for all six solutions aretlddamples were evaluated by judges.
Temperature for Simultaneous Extraction & Dyeing

Simultaneous extraction and Dyeing were carried out withoflienum concentration of dye for optimized time
duration at four different temperatures i.e?el@(c, 8Cc, 100c. Optical density was measured for all eight solutions a

dyed samples were evaluated by judges.
Preparation of Final Samples

Final samples were prepared by dyeing the presoaked &deighol sample with Turmeric using all optimized
variables, i.e. optimized dyeing technique, optimized coimagon of dye material, optimized them for extractior a

dyeing and optimized temperature for extraction and dyeing.
2Colour Fastness Tests of Dyed Samples

As per the results of an evaluation by judges the besleshaut of 13 shades were selected. Finally 9 different
shades of yellow were included in the final range of shédbte- A). Further Tests of the final range of shaftgs;olour

fastness to light and washing were done at the Departshdetxtile Technology, IIT Delhi

RESULTS AND DISCUSSIONS

Turmeric is one of the oldest natural colouring agersied throughout the world from ancient times (Gulrdyani
L). The rhizomes of the perennial turmeric are the sowfccolour. It is cultivated in almost all the padk India
Curcumin is the prime principal constituent of yellow dyeng with other constituents like monodesmethoxycurcumin

and bidesmethoxycurcumin, which also contributes fewer ataafipigment and flavor (GULRAJANI M L).

Under experimental trials, different methodologies werealtf@ the extraction of colour and dyeing of wool.

Figures and tables | to IV show the results of the exparim

Figure | & table | show the results of colourimetric anaysit 380 nm) and visual analysis at various parameters
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explained earlier. As per the results technique one wastseélas appropriate for turmeric dye as this produced much

bright hue as compared to dyeing technique II.

Table 1
Dyeing |O.D. Before O.D. After Percent | Percentage of
Technique Dyeing Dyeing Absorption | Visual Rating
Dyeing 0.27 0.2 25.92 64.33
technique |
Dyeing 0.2 0.15 25 44.83
Technique Il

M 0.D. before
dyeing
® 0.D. after
dyeing
e\ N Percent
(\\0? {\\@\}?‘ absorption
& &
%‘@g «e«c‘ M Percentage of
Q‘\é}*\ \\é,\"‘\% visual rating
9
Figure 1

Figure | & Table I: Percentage ratings of visual analgsid dye absorption percentage with different methods of

dyeing for Turmeric (wave length- 380 nm)

Figure Il & table Il reveal the results of optimizationomincentration of Turmeric dye. According to results 2gms
of Turmeric per 100 ml of water, for dyeing 10 gm of woolswaund as optimum concentration. Anshu (1987) has
recommended that 2 gm of dye is required per gm of wool &robptimum colour from natural dye Turmeric. This is a
bit different from findings of the present study i.e. 2 gnTofmeric dye is required to dye 10 gm of wool. This ation
in findings may be due to natural variation in sources @sdysed and also wool used. It's a well known fact that
properties of natural products vary too much because of ariatithe environment and nourishment of the source used.

Table 2
Conc. of Dye O.D. Before . Percent Percentage of
(g/100ml) Dyeing OGP, e e Absorption Visual Rating
1 0.24 0.18 25 44.33
2 0.2¢€ 0.1¢ 26 67.38
3 0.2¢ 0.1¢ 28 54.t
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Figure 1l & Table Il : Percentage ratings of visual analysid dye absorption percentage (at 380 nm) with
different concentrations of dye for Turmeric

Results of calorimetric analysis and visual analysioftiimize the time for dyeing) show that 60 min. Dyeing
time is appropriate for Turmeric. Maximum dye absorptieas found at 60 min. Duration (Table Il and Figure IlI).
Results show that dyeing beyond 60 min. Makes the hueTthédl.decrease in colour strength for 120 minutes of dyeing
may be attributed to desorption of dye molecules as secprence of over dyeing (Nagia F A & El- Mohamedi, 2007).
Cavendish (1978) has reported that the extraction tirmatofral dyes varies from 20 to 120 minutes. The observations
the present study fall within this range.

Table 3

60 min. 0.16 0.04 75 55.5
120 min 0.1< 0.0¢ 30.7¢ 55.¢
180 min 0.1F 0.15 13.3¢ 38.8¢

80

70 m 0.D. before

60 - dyeing

20 7 B 0.D. after dyein

40 o yeine

30

20 - m Percent

10 - absorption

0 m Percentage of

60min. 120 180 visual rating
min. min.

Figure 3
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Figure 11l & Table 11l : Percentage ratings of visual bse& and dye absorption percentage (at 380 nm) at elifféime
durations for Turmeric dye

Figure IV and table IV show that &dtemperature provides the best results for dyeing Teitmeric. Temperature beyond
that made the hue more Grayish. The Dye absorption wasd@lsd maximum at 4#@. The results indicate that high
temperature should be avoided for dyeing with turmeri lifight hue is required. However Saima Umbreen et.al trepor
that maximum colour strength is obtained atc9but dyeing is not uniform. (Umbreen Saima, 2008). Waisation in
findings may be due to natural variation in sources of dye=sl and also procedures used. Even slight variations in

environment, water, soil etc may cause variation in croggpaoducts.

Table A shows the various shades achieved through diffedgeing procedures during optimization process.
Thesample #7 Corn Silkhas been dyed with all optimized parameters (Dyeing techhigquac. of dye 2%, temperature
4(Pc, Dyeing time- 60 min.)

Table 4

40Pc 0.25 0.11 56 72
60°c 0.2 0.1 50 56.33
80°c 0.16 0.1 37.5 47.66
10CPc 0.15 0.12 20 48.16

80

70 B 0.D. before

60 | dyeing

Zg | m O.D. after

dyein

30 yeing

20 m Percent

10 absorption

0 m Percentage of
ol ol ol ol visual rating
® & P @Q
Figure 4

Figure IV & Table 1V: Percentage ratings of visual anialgsd dye absorption percentage (at 380 nm) at

different temperatures for Turmeric dye



Table 5 The Different Shades of Yellow Produced by Variationsn Dyeing Parameter

Dyeing technique | simultaneous extraction ai
dyeing,

Concentration of dye- 1%emperatur- 10®Pc,
dyeing duration- 1 hour.

| Pale Dijon

Dyeing technique Il -Byeing post extractic
Concentration of dyet%, Extraction temperatt-
10CPc, extraction durationt hour, Dyeing
temperature- 8@, Dyeing time 1 hou

Il Flaxen

Dyeing technique | simultaneous extraction ai
dyeing,

Concentration of dye2%, temperatur 10(Pc,
dyeing duration- 1 hour.

1 Dijon

Dyeing technique | simultaneous extraction ai
dyeing,

Concentration of dye3%, temperatur 10CPc,
dyeing duration- 1 hour.

Dandelion
Yellow

Dyeing technique | simultaneous extraction ai
dyeing,

Concentration of dye2%, temperatur 10CPc,
dyeing duration- 2 hours.

\Y Straw Yellow

Dyeing technique | simultaneous extraction ai
dyeing,

Concentration of dye2%, temperatur 10(Pc,
dyeing duration- 3 hours.

VI Lion Yellow

Dyeing technique | simultaneous extraction ai
dyeing,

Concentration of dye2%, temperatur 4(°c,
dyeing duration- 1 hour.

VI Corn Silk

Dyeing technique | - simultaneoastraction anc
dyeing,

Concentration of dye2%, temperatur 6(°c,
dyeing duration- 1 hour.

VIIl | Ripe Hay

Dyeing technique | simultaneous extraction ai
dyeing,

Concentration of dye2%, temperatur 8(Pc,
dyeing duration- 1 hour.

IX Pale Flaxen
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Table 6: Ratings for Colour Fastness to Light and Veishing

Ratings for Colour Fastness to Washing

Colour - i

Light Colour Change Cotton Wool
Pale Dijon 2-3 4 3-4 4
Flaxen 3 5 4 4-5
Dijon 2 4 3 4
Dandelion Yellov 3 4-5 34 4
Straw Yellow 3 3-4 5 3-4
Lion Yellow 2 3 2 4
Corn Silk 2 4 3-4 4
Ripe Hay 3 5 4 4-5
Pale Flaxer 2-3 4-5 4 4-5

Table B shows the results of color fastness testsght and Washing. Most of the shades exhibitedrfo fair
fastness to light. The samples were found to bectdtl by light rapidly. The shades processed dt kegnperature
exhibited a bit better colour fastness to lightr Slsades done at high temperature a grade of 3 {as observed. Overall
the range of light fastness grades was between32(pwor to fair). Samples showed better grade<dtour fastness to
washing (3- 5). Best grades were observed in FlaRgre Hay and Pale flaxen (4- 5) good to excelfenta change in
color, good for staining on cotton (4) & good tocebent for staining on wool. Lowest ratings weteserved for Lion,
Yellow. The rest of the shades got a satisfactatipng of good to excellent (4-5) for color changel ataining as well.

CONCLUSIONS

The water soluble yellow dye from turmeric rhizon{€urcumin) is very fugitive in nature. The hue bees
dull with exposure to time and temperature. Theveotional aqueous extraction procedure involveisna gap between
the extraction of dye and actual dyeing of the sabes This exposure to time gap makes the dyeahdl unappealing.
To achieve the best dyeing results, another wagltyeing was tried and tested, “Simultaneous exwactind dyeing”
where dyeing of substrate was carried out in theeswater bath along with the extraction of dye fritva raw material.
A series of experiments were conducted to compadeaaalyze the results two different proceduredyefing, by means
of calorimetric analysis and visually by trainedgat experts. Simultaneous extraction and dyeiethod was found to
yield best hues of yellow dye as decided by caletiio tests and visual analysis. The colours aighter and appealing as
the dye is absorbed by the substrate as sooneleigsed in water bath. The size of the dye bags/s an important role
about the results of dyeing as revealed by vareoperiments. The dye bag should be only*ffiBed to achieve the best
results. Different variables standardized were;Hddtof dyeing, concentration of dye material, terapge for extraction,
temperature for dyeing, time for extraction andetifor dyeing. Observations proved that less tentperaand reduced
time of dyeing give better results in terms of colappeal. Whereas analysis of the shade cardsaaftelonged time gap
shows that the high temperature and prolonged dytime produced more durable and subdued coloimss, Tany of the

dyeing technique can be used as per the requireshéim: end product.

The results of numerous experiments reveal thatesdye produced different shades under differenindye
conditions. Standardized recipes have been dewélfqpeeach shade. A range of Flaxen to Dijon, Hasgaw, Dandelion,

corn silk and Lion yellow were achieved (Table A).
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These colors can be used as safe Eco friendly dyesierous shades; Pale Dijon, Flaxen, Dijon, Ddodel
yellow, Straw Yellow, Lion, Yellow, Corn Silk, RipEay, pale Flaxen have exhibited good to exceNesghing fastness
and poor to fair light fastness. There is a los@fpe to use the Turmeric dye for obtaining num&icmlour shades, using

safe eco-friendly textile dyeing.
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