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Abstract

lower grades in unmordanted dyed samples.

Dyeing potential of a natural dye extracted from Quercus robur L. (fruit cups) with a combination of Salix alba L. and
Populus deltoides Bartram ex marsh (wood ash) mordants was studied on wool, cotton, silk and pashmina fabrics.
Experiment was carried out in different combinations including and excluding mordants by adopting different
mordanting methods. Dyeing performance was assessed in terms of dye absorption (%), Colour values (CIELAB),
Colour strength (K/S), and fastness properties. The dye in combination with mordants showed significant
importance and resulted in different shades on wool, silk and pashmina fabrics. However, the cotton fabric did not
show much affinity for the dye and mordant and showed less affinity for the dye and mordants with lower values
of colour quality and retention grades. Fastness properties of all dyed fabrics recorded excellent grades with slightly
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Background

The usage of the synthetic dyes in textile dyeing indus-
tries is increasing due to cheaper and wider ranges of
brighter shades in comparison to natural dyes. Coloured
products have gained lot of importance in present day
societies. Textile dyes are considered as the most pollut-
ing industrial process. Increase in the demand of the
dyed textile products with proportional increase in its
manufacturing by utilizing synthetic dyes has contrib-
uted to the severe pollution of water, soil and as a whole
to our environment (Dos et al. 2007). The effluent con-
taining heavy load of harmful chemicals of the textile in-
dustries is one of the major polluters of our
environment (Gyanendra et al. 2015) Excessive use of
the synthetic dyes in textiles has led serious health haz-
ards and disturbances in eco-balance of nature. Esti-
mated consumption of the textiles globally is around 30
million tonnes for which the expected increase is at the
rate of about 3 % per annum (Rajendran and Thamarai
2014). About 700,000 tonnes of different dyes are
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required for the colouration of such a bulk quantity of
the textiles (Rungruangkitkrai and Mongkholrattanasit
2012). The global production of the synthetic dyes is
over 7 x 10° annually (Ogugbue and Sawidis 2011). The
adverse of the synthetic dyes can be prevented by utiliz-
ing eco-friendly dyes and methods (Wanyama et al.
2014). Natural dyes exhibit long endurance, beauty and
charm and can be of varied sources like mineral, insect
animal and plant of which roots, flowers, barks, leaves,
fruits and stems can be used. The international rising
demand of the natural dyes is about 10,000 tonnes
which is mere 1 % of the world synthetic dye consump-
tion (Sachan and Kapoor 2007). It is of relevance to
optimize the colouring process with the objective of re-
ducing the environmental impact of the textile dye in-
dustry. The associated toxicity, carcinogenicity and
allergic reactions of the synthetic dyes has raised an
interest in the revival of the natural dyes which are clin-
ically safer, disease free, non-polluting and biodegradable
(Kulkari et al. 2011; Aminoddin 2010, 2010). Non-
substantivity of the natural fibre towards natural dye re-
quires a mordant which are usually derived from metal-
lic salts like alum, chrome, copper sulphate, stannous
chloride and ferrous sulphate which does not make the
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Fig. 1 a Percent absorption of the dye with Salix alba L. (wood ash). M1: without mordant, M2: pre-mordanting, M3: simultaneous mordanting,
M4: post-mordanting. b Percent absorption of the dye with Populus deltoides (wood ash). M1: without mordant, M2: pre-mordanting, M3: simultan-

process of the dyeing fully eco-friendly (Lodrick et al.
2015). The increased awareness on hazardous, toxic and
allergic reactions associated with synthetic dyes has
raised a growing demand for the natural dyes and dyed
products (Singh and Srivastava 2015). The rising de-
mand of the dyed products and consciousness about the
human health and pollution has marked a need for the
revival and usage of the natural dyes and dyed products
all over the world. Kashmir valley abounds a rich and
varied biodiversity of plants which needs to get explored
and utilized commercially as a varied sources of the dyes
and mordants. India is one of the 17 megadiverse coun-
tries having a rich biodiversity and wide range of natural
products (Singh and Srivastava 2015). A sustainable link-
age must be developed between cultivation, collection
and use of the natural dye sources in our country which
has a rich biodiversity and plenty of raw materials
(Kumaresan et al. 2011). Kashmir valley enriches with
natural dye sources, which has to be explored. The dye-
ing potential of the similar species using different mor-
dant is only reported by Geelani et al. (2015a, b). The

work was conducted to explore the dyeing potential of
Quercus robur, Salix alba and Populus deltoides for their
usage in textile industries in order to reduce the pollu-
tion of the synthetic dyes. The aim of the work was to
extract the natural sources of the textile dyes and mor-
dants by adopting eco-friendly practices. The specific
objectives were to compare the efficiency of the dye
with the suitable mordant on the fabrics in producing
different shades and hues, analysing the colour values

and assessment of the colour fastness properties of
the dyed fabrics.

Methods

Collection of material

The dyeing material of Quercus robur L. (fruit cups) was
collected from Dachigam wild life sanctuary, Srinagar,
and mordant materials Salix alba L. (wood) and Populus
deltoides Bartram ex Marsh. (wood) were collected from
university outskirts at Srinagar city (Plate 1). Wool and
cotton were purchased from Government Silk Weaving
Factory and Poshish (JKHDC) outlet at Srinagar (J&K).
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Table 1 Average colour coordinates of different fabrics treated
with Quercus robur L. (fruit cups) dye using Salix alba L. (wood
ash) as mordant
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Table 2 Average colour coordinate values of different fabrics
treated with Quercus robur L. (fruit cups) dye using Populus
deltoides Bartram ex Marsh (wood ash) as mordant

Methods Colour coordinates Methods Colour coordinates
L* a* b* c* h® AE L* a* b* c* h° AF
Wool fabric Wool fabric
Without mordant 730 43 312 315 820 311 Without mordant 730 43 312 315 820 311
Pre-mordanting 682 34 286 288 831 247 Pre-mordanting 568 52 253 259 783 329
Simultaneous mordanting 645 45 274 277 805 270 Simultaneous mordanting 562 33 164 167 786 309
Post-mordanting 618 60 289 295 782 303 Post-mordanting 610 70 217 228 720 281
Cotton fabric Cotton fabric
Without mordant 804 45 197 202 770 181 Without mordant 804 45 197 202 771 181
Pre-mordanting 846 30 161 164 790 126 Pre-mordanting 817 30 140 143 778 135
Simultaneous mordanting 795 38 179 183 778 262 Simultaneous mordanting 886 3.1 258 260 832 193
Post-mordanting 804 37 188 192 789 175 Post-mordanting 911 27 103 107 749 39
Silk fabric Silk fabric
Without mordant 658 48 289 293 805 300 Without mordant 658 48 289 293 805 300
Pre-mordanting 680 74 256 267 738 262 Pre-mordanting 662 65 257 265 757 274
Simultaneous mordanting  60.7 48 246 250 788 312 Simultaneous mordanting 606 4.1 203 207 784 294
Post-mordanting 617 58 188 196 735 281 Post-mordanting 565 80 284 295 744 371
Pashmina fabric Pashmina fabric
Without mordant 557 43 255 259 803 269 Without mordant 557 43 255 259 803 269
Pre-mordanting 604 72 294 302 762 249 Pre-mordanting 526 43 282 285 812 307
Simultaneous mordanting 555 44 223 228 788 262 Simultaneous mordanting 552 39 258 261 814 274
Post-mordanting 479 32 237 239 823 337 Post-mordanting 372 52 189 196 745 438

Silk was procured from J&K Govt. Silk Weaving Factory
at Rajbagh, Srinagar, and pashmina fabric was purchased
from FS Shawls, Srinagar.

Preparation of dyeing material

The shade dried fruit cups of Quercus robur L. were
washed with distilled water and dried in a tray drier at
80 °C for 2 h. The material was finely powdered with the
help of a grinding machine and passed through a stand-
ard test sieve (BSS-14). The resultant material was then
used as dye material.

Preparation of mordant

The wood of Salix alba and Populus deltoides was burn
completely into ash and soaked in distilled water for
15 days. The resultant solution was filtered and kept
under refrigeration for future usage.

Extraction of dye

For complete extraction of the dye in aqueous solution,
soxhlet apparatus was used. One litre of distilled water
was used for 100 g of the plant material. The material
was kept for reflux for about 8 h at 80-85 °C. The ex-
tracted material was evaporated at 65 °C using rotary

vacuum evaporator, and the material was reduced to one
fourth of its original volume to obtain the final dyeing
extract.

Scouring of fabrics

All the test fabrics (wool, cotton, silk and pashmina)
were cut into 5 x 6 cm and were washed for 20 min with
2 % non-ionic soap (Labolene) at 50 °C by keeping the
material-to-liquor ratio at 1:50 for silk and pashmina
and 1:80 for cotton and wool fabrics. The material was
then washed thoroughly with plenty of tap water and
was soaked in distilled water for 30 min prior to dyeing
(Plate 2).

Dyeing of fabrics

The process of the dyeing was carried out in a water
bath by maintaining the material-to-liquor ratio of 1:60
for wool and pashmina fabrics, 1:40 for cotton fabric
and 1:60 for silk fabric, respectively. The dyeing of wool,
silk and pashmina fabrics was performed at acidic pH by
adding required amount of acetic acid (CH3COOH),
whereas cotton fabric was dyed at basic pH by adding
sodium carbonate (Na,COs), which acts as an electro-
lyte for cellulosic fibres, containing higher bonds than
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Table 3 Fastness grades of dyed fabrics dyed with Quercus
robur L. (fruit cups) and Salix alba L. (wood ash) adopting
different mordanting methods

Method Washing  Light Rubbing fastness
fastness  fastness m
cC ¢ CC Dry Wet Dry Wet

Wool fabric

Without mordant 4 4/5 4/5 4/5 4/5 5  4/5
Pre-mordanting 4/5 5 4/5 5 5 5 5
Simultaneous mordanting 4 5 4/5 5 45 5 4/5
Post-mordanting 4 5 4/5 5 5 5 5

Silk fabric

Without mordant 4/5 4/5 4/5 5 5 5 5
Pre-mordanting 4/5 5 4/5 5 5 5 4/5
Simultaneous mordanting 5 5 4/5 5 5 5 4/5
Post-mordanting 5 5 4/5 5 5 5 5
Cotton fabric
Without mordant 4/5 4/5 4 5 5 5 4/5
Pre-mordanting 4/5 5 4/5 5 5 5 5
Simultaneous mordanting 4 5 4 5 5 5 4/5
Post-mordanting 4 5 4/5 5 5 5 5
Pashmina fabric
Without mordant 4/5 5 4/5 4/5 4 5 5
Pre-mordanting 5 5 4/5 4/5 4 5 5
Simultaneous mordanting 4 5 4 5 5 5 4/
Post-mordanting 4/5 5 4/5 5 5 5 5

CC colour change, CS colour staining

protein fibres. All the test fabrics were dipped in
100 ml of dyeing solution of 4 % dye (OWM) at
room temperature. The material was then removed
and washed with 1 % of detergent and water 2-3
times followed by squeezing and drying operations at
room temperature.

Mordanting

The process of mordanting was carried out by adopting
pre-, simultaneous and post-mordanting methods using
4 % of mordant solution and maintaining 1:50 material-
to-liquor ratio. The process of mordanting was carried
at 60-75 °C with gentle stirring and continued for 1 h.

Percent absorption determination

Amount of the dye absorption by the selected textile fabrics
was evaluated by recording the optical density (  max) of
the dyeing solution both before and after dyeing process
using a ultraviolet-visible adsorption spectra (UV-VIS) PC-
based double beam spectrophotometer (Systronics 2202).
The OD at A max was recorded over the range of 200—

Page 4 of 10

800 nm. The final value of the percent absorption was calcu-
lated by using the following equation.

O.D before dyeing-O.D after dyeing « 10

0
O.D before dyeing

Percent absorption =

Evaluation of CIE colour coordinates (L*a*b*C*h° and AE)
The colour coordinates of the dyed and undyed fabrics
were determined by chromometer (Model CR-2000,
Minolta, Osaka, Japan) equipped with 8-mm measuring
head and AC illumination (6774 K) based on CIE system
(International Commission on Illumination). Manufac-
turer’s standard white plate was used for calibration of
the instrument. L*, a* and b* coordinates were recorded
by the measuring instrument directly, whereas values of
Chroma (C*), hue angle (4°) and total colour change
(AE) were calculated by below mentioned equations.
Chroma = (a™+ b*2)1/2
Hue (h) = tan™'bx* /ax

The value of the total colour change was calculated
from L*, a* and b* values using the following equation.
Total colour change (AE):

(AE) = [(AL+Y + (Aax)* + (Abx)?]"?

where

AL* = L* sample — L* standard
Aa* = a* sample — a* standard
Ab* = b*sample — b* standard

Determination of colour strength (K/S)

The value of the colour strength (K/S) of the fabrics was
recorded using a JAYPAK-4802 colour matching system
(Jay Instruments Ltd., Mumbai, India) at D65 illumin-
ate/10 Deg observer. The reflectance of the samples was
measured at 360-760 nm. The K/S value in the visible
region of the spectrum (400-700 nm) was calculated
based on the Kubelka-Munk equation mentioned below

K (1-RA)2

S 2xRA

where K is the coefficient of absorption, S is the scat-
tering coefficient and R is the surface reflectance value
of the sample at a particular wavelength, where max-
imum absorption occurs for a particular dye/colour
component.

Relative colour strength

The relative colour strength (K/S value at maximum
wavelength) was calculated by adopting the following
equation.
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(K/S) extracted

Relative colour strength = W

Determination of colour fastness properties

The retention of the dye by the fabrics were evaluated
by different colour fastness tests as per ISO 105-B02 for
light, ISO 105 X-12 for rubbing and ISO 105-CO01 for
washing, respectively. Grades for the colour change and
colour staining were assigned as per ISO 105-A0O2 and
ISO 105-A03 in conformity with the evaluators.

Results and discussion

Dye exhaustion

The percent absorption of the dye by the different fabrics
varied significantly, where both mordanted and unmor-
danted fabrics showed an efficient dye uptake by adopting
different mordanting methods. Satisfactory results were also
recorded in unmordanted samples; however, percent ab-
sorption of the mordanted fabrics recorded higher and effi-
cient values with both Salix alba (wood ash) and Populus
deltoides (wood ash) (Fig. 1a, b). The highest value of the

percent absorption was recorded with Populus deltoides
(wood ash) mordant by the pashmina fabric adopting pre-
mordanting method (Fig. 1b). Pashmina fabric recorded the
highest absorption results, including and excluding the
mordants than all the other test fabrics. These results may
be due to the presence of multifunctional groups in the
protein polymer (-NH,,-OH,-COOH) in the pashmina fab-
ric which provides a bridge between the dye and the fabric,
resulting efficient absorption than the other fabrics (Temani
et al. 2011). The lowest values of the percent absorption
was recorded by cotton fabric adopting pre-mordanting
method using both Salix alba L. and Populus deltoides
(wood ash) (Fig. 1a, b). The cotton fabric does not show
satisfactory results as compared to other test fabrics. Cotton
fabric with least absorption values recorded highest value
with Salix alba (wood ash) adopting pre-mordanting
method, which may be due to weak coordination com-
plexes formed between cellulosic polymer and dye mole-
cules (Fig. 1a). This low coordination tendency of cotton
with the dyes and mordants may have resulted in low dye
absorption. Tiwari et al. (2010) also reported lesser dye abil-
ity of cotton than that of the wool. In wool fabric, highest
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value of absorption was recorded with Populus deltoides
(wood ash) adopting pre-mordanting method. The efficient
absorption of the wool fabric is due to its fibre containing
equal amount of amino and carboxyl groups which ionize
and form zwitter ion. At low pH, the hydrogen ions are
absorbed by carboxyl groups present in wool. At high pH,
the protein looses hydrogen ions leaving behind ionized
groups. Thus, wool and pashmina can absorb maximum
dye in acidic medium (Mathur and Bhandari 2001). Silk
fabric recorded the highest value with Populus deltoides
adopting simultaneous mordanting; and mordanted sam-
ples showed better percent dye absorption than the unmor-
danted samples, thus confirming the best absorption results
of the natural dyes when used in combination with natural
mordants (Fig. 1b). The variation in absorption by the dif-
ferent fabrics with each mordant, adopting different
methods, may be due to the formation of the chemical
bridge through the mordant that enhances the binding cap-
acity of dye molecules to the fabric thus also prevents the
bleeding and fading of colour (Prabhu and Bhute 2012).

Colour values of dyed fabrics

The colour coordinates of the fabrics dyed with Salix
alba varied significantly. The cotton fabric attained the
luminous white colour with less colour quality by

simultaneous mordanting method. Whereas, wool, pash-
mina and silk fabrics recorded the lowest values of light-
ness indicating the intense colour quality of the fabrics
with different shades and tones (Plate 3). The lowest
value of the lightness was recorded by pashmina fabric in
post-mordanting method followed by silk and wool in
simultaneous and post-mordanting, respectively (Table 1).
In case of the fabrics dyed with Populus deltoids, the high-
est L* was recorded in cotton fabric showing luminous
white colour in post-mordanting method. However, wool,
silk and pashmina fabrics showed bright colour quality in
without mordant, pre-mordanted and without mordant,
respectively (Table 2). The positive a* values of all the
dyed fabrics represented the light to bright reddish tones
of the fabrics. While, the positive b* values of all the dyed
fabrics represented the light to bright yellowish tones of
the dyed fabrics. The hue of the fabrics showed reddish,
brownish and light to dark reddish brown colour in the
case of the pashmina, wool and silk fabrics, respectively,
with varied tones and shades of the colours. However, cot-
ton fabric showed light and dull reddish and yellowish
shades only. The difference in the values of the colour co-
ordinates justifies the variation in the colour quality of the
fabrics which changed with each mordant by adopting dif-
ferent mordanting methods as also depicted by the
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Table 4 Fastness grades of dyed fabrics dyed with Quercus
robur L. (fruit cups) and Populus deltoides Bartram ex Marsh
(wood ash) adopting different mordanting methods

Method Washing  Light Rubbing fastness
fastness  fastness m
cC ¢ CC Dry Wet Dry Wet

Wool fabric

Without mordant 4 4/5 4/5 4/5 4/5 5  4/5
Pre-mordanting 4 5 5 5 5 5 5
Simultaneous mordanting 3 5 5 5 5 5 5
Post-mordanting 4 5 4/5 5 5 5

Silk fabric

Without mordant 4/5 4/5 4/5 5 5 5 5
Pre-mordanting 3/4 5 4/5 5 5 5 5
Simultaneous mordanting 4/5 5 4 5 5 5 5
Post-mordanting 5 5 4/5 5 5 5 5
Cotton fabric
Without mordant 4/5 4/5 4 5 5 5 4/5
Pre-mordanting 3/4 5 4/5 5 5 5 5
Simultaneous mordanting 4 5 4 5 5 5 5
Post-mordanting 4/5 5 4 5 5 5 5
Pashmina fabric
Without mordant 4/5 5 4/5 4/5 4 5 5
Pre-mordanting 4/5 5 5 5 45 5 5
Simultaneous mordanting 4 5 4 5 45 4/5 4
Post-mordanting 4/5 5 4/5 5 4/5 5 5

CC colour change, CS colour staining

values of the AE which shows the colour change with
reference to the sample without dye and mordant.
The colorimetric values of both the fabrics mordanted
with Salix alba and Populus deltoides (wood ash)
showed significant differences with shades and colour
ranging from light yellow to yellow, brown to reddish
brown, light brown to brown and dark brown colours.

The pashmina, wool and silk fabrics showed dark
colours with fast brightness. However, pashmina fabric
showed brighter shades and dark colours followed by
wool and silk fabrics. The cotton fabric does not
show effective shades and tones. The usage of the
two mordants with a single dye showed different
shades and tones and represented different colour
shades (Tables 2 and 3). These changes could be at-
tributed to resonating structures of dyes with different
mordants (Montazer and Parvinzadeh 2004). Chroma
of all the dyed fabrics except cotton recorded higher
values, representing the brighter colours of dyed fab-
rics (Almela et al. 1995). The prominent variation
among the dyed samples could be correlated with
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complex coordination of mordant ions with dye mole-
cules on the fabric, which enhances the uptake of
colourant during dyeing; however, in mordanting,
some of the mordant is stripped out in the dye bath,
which subsequently forms an insoluble complex with
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dye molecules in solution and results in least uptake
of dye (Deo and Desai 1999).

Colour strength (K/S) of the dyed fabrics

The mordant and methods of mordanting showed the
significant variation in colour strength (K/S) of the dyed
fabrics. The dye, mordants, methods, interaction of dye
x mordant, dye x method, mordant x method and dye x
mordant x method showed a significant effect on colour
strength of the dyed fabrics. Among the selected fabrics,
maximum colour strength values (K/S) 0.739 and 0.736
were recorded in pashmina fabric using Salix alba and
Populus deltoides in post-mordanting method (Fig. 1a,
b), whereas, the lowest value (0.662) was recorded with
Salix alba in simultaneous mordanting, highest colour
strength (0.689) was recorded in wool fabric with Salix
alba in post-mordanting and lowest value (0.602) was
recorded with Populus deltoides in simultaneous mor-
danting. Cotton fabric does not show much affinity for

the dye, mordant and their combinations. Silk fabric ex-
hibited the highest value of 0.695 with Populus deltoides
in post-mordanting (Fig. 2b), while the lowest value
(0.555) was recorded with Salix alba in pre- and post-
mordanting (Fig. 2a). The pashmina fabric recorded the
maximum K/S value followed by the wool, silk and cot-
ton fabrics. The mordants used in combination with the
dyes and in isolation showed a significant change in the
colour strength of the fabrics as per the type of the fab-
rics and method adopted. However, unmordanted
samples also showed fair K/S values for each fabric and
method. The relative colour strength followed the simi-
lar trend and altered as per the efficiency in the K/S of
the dyed fabrics in different methods (Fig. 2a, b; Fig. 3a,
b). The lower values of the colour strength of the cotton
fabric can be related to the unsaturated moiety of the
natural dyes bearing ionizable hydroxyl and carboxylic
groups. Cotton by its nature is negatively charged in
water, thus exhibiting poor absorption for natural
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dyes due to the repulsion effect which causes lower
colour strength of the dye on the fabric (Kampeera-
pappun et al. 2010).

Fastness properties of the dyed fabrics

The colour fastness is determined by the end use of the
fabrics. The retention of the dye by the fabrics when ex-
posed to different tests recorded good to excellent and
excellent grades, indicating efficient retention. However,
grades of the mordanted samples recorded proficient
than that of the unmordanted samples (Tables 3 and 4).
The retention of the dye with the Salix alba mordant
showed good, good to excellent and excellent grades in
case of washing and light fastness. Whereas, rubbing
fastness of the dyed fabrics recorded good to excellent
to excellent grades in both staining and fading in dry
and wet condition. The fabrics dyed with Populus del-
toides recorded fair, fair to good, good, good to excellent
and excellent grades in washing test. Light fastness re-
corded good to excellent to excellent grades and rubbing
fastness recorded good to excellent to excellent in wool,
silk and cotton fabrics. However, pashmina fabric
showed good, good to excellent and excellent grades.
The overall retention of the dye in combination with the
different mordants showed finest grades with least fad-
ing and bleeding (Tables 3 and 4). However, the unmor-
danted dyed samples also showed satisfactory grades
with both the mordants, which could be attributed to
the yarn which binds the affinity of the colouring com-
ponents in the form of H bonding, ionic bonding, and
van der Waals forces (Khan et al. 2015; Yusuf et al.
2015). The variation in grades due to different methods
may be due to the mordants which chelate several dye
molecules together, creating a large complex thus pro-
viding a link between the dye and the fibre (Cardon
2007). The washing fastness of the dye is greatly influ-
enced by the rate of the diffusion of the dye and the
state of the dye inside the fibre (Jothi 2008). The
changes in fastness grades in both wet and dry rub may
be due to the water-soluble dye molecules which dis-
solve in water, making them easier to get removed from
the fibre (Haji 2010).

Conclusions

The dye and mordants extracted from unexplored plant
materials were found to be effective colouring agents for
the dyeing of pashmina, wool and silk fabrics. The mor-
dants enhanced the colour quality of the fabrics due to
the increased efficiency in absorption, colour strength,
colour coordinates and fastness grades in terms of wash-
ing, light and rubbing, respectively. However, the cotton
fabric showed less affinity for the dye and mordant with
lower values and grades. The most excellent results of
the dye and mordant were recorded in pashmina
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followed by wool and silk fabrics. The dye applied on
fabrics showed striking shades with the change in mor-
dant and method both in combination and in isolation
which were represented by fast and light colours of
brown, red and yellow with varying shades and tones.
Thus, the recorded observations recommend natural
dyeing agents as a potential colouring material for wool,
pashmina and silk fabric which can be explored com-
mercially at national and international levels.
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