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Eco-friendly dyeing of wool and pashmina fabric using Quercus robur L.
(fruit cups) dye and Salix alba L. (wood extract) mordant
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Abstract: Study was conducted to investigate the dyeing potential of Quercus robur L. (fruit cups) dye and Salix
alba L. (wood extract) mordant on wool and pashmina fabrics. The experiment was conducted keeping in view the
environmental safety by using unutilized plant materials and excluding the usage of chemical agents. The dyeing
was carried out individually including and excluding mordant adopting different mordanting methods. The parameters like
percent absorption, colour coordinates, colour strength (K/S), relative colour strength and colour fastness with regard to
washing, light and rubbing were investigated. The results revealed higher percent absorption of mordanted samples
than unmordanted samples. Colour coordinates (L*a*b*, Chroma, hue and AE) of dyed wool and pashmina fabric
exhibited satisfactory results. The colour strength (K/S) and relative colour strength of pashmina fabric recorded
higher than wool fabric. The fastness properties to washing, light and rubbing showed satisfactory grades including
and excluding natural mordant. However, the grades of mordanted samples were found better than unmordanted
samples. The dye and mordant in isolation and in combination showed beautiful colours and shades on selected
fabrics with satisfactory retention properties, hence can be utilized commercially for coloration of wool and pashmina
fabrics.
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INTRODUCTION 2014). Synthetic dyes are designed to resist chemicals,
and improve the quality of the product but are persistent
in the environment. The chemicals used to produce
synthetic dyes are highly toxic, carcinogenic, allergic,
explosive and dangerous to work with. The production
of synthetic dyes involves many violent reactions,
which are considered health hazardous (Wilkinson and
Mcgechan, 1996). The wastewater from textile plants
is classified as the most polluting of all the industrial
sectors, considering the volume generated as well as
the effluent composition (Ben ef al., 2012). The ingestion
of water contaminated with textile dyes can cause serious
damage to the human health and of other living organisms,
due to the toxicity and mutagenicity of its components
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The importance of colour in textiles has been recognized
before thousands of years (Vankar, 2000). There are a
vast number of natural colours that can be obtained
from nature. Leaves, roots, flowers, barks, fruits and
stems can be explored as potential dyeing sources for
different fabrics. The natural dyes are clinically safer
than their synthetic analogues, in handling and use
because of non-carcinogenic and biodegradable nature
(Aminoddin and Haji, 2010). Natural dyes have gained
importance due to the growing environmental awareness
and implementation of stringent regulations on production
and use of synthetic dyes (Arun and Yogamoorthi,
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(Prado et al., 2004). The discharge of highly coloured
synthetic dye effluents into inland and coastal waters is
an environmental problem of growing concern
(Padmavathy et al, 2003). Due to the carcinogenic
effects, toxicity and allergic reactions associated with
synthetic dyes interest in the revival of natural dyes in
textile coloration is increasing (Kulkarni et al., 2011).
Natural dyes exhibit better biodegradability and generally
have a better compatibility with the environment. They
are less toxic, polluting, health hazardous, non-carcinogenic,
easily available and renewable (Adeel et al., 2009).
Though possess lower toxicity and allergic reactions
than synthetic dyes however, safety of natural dyes
needs to be proved if they are used more widely and in
commercial process (Kumar and Bharti, 1998). Considerable
research work is being conducted throughout the world
to search out new cheaper dye sources and extraction
methods for producing sufficient quantities of viable
safe natural pigments and dyes. Kashmir valley
abounds in rich plant biodiversity with a rich potential
of natural dyes and mordants which needs to get explored
so as to replace the synthetic coloring agents. Quercus
robur L. is a deciduous tree with hard fruit nut bearing
cups, which falls at ground at the time of ripening of
fruit, which was utilized as dye source and Salix alba
L. is a large tree with strong and branched trunk found
abundantly in the valley of Kashmir mostly at moist
places. The extracted materials were utilized as potential
dyeing agents for wool and pashmina, which are mostly
found in the valley and has worldwide significance, thus
selected for dyeing. To protect the biodiversity of the
plants, unutilized plant parts were selected as a source
of dyeing agents.

MATERIALS AND METHODS

The plant material for dye extraction was collected
from nursery of the Faculty of Forestry at university
campus and material for mordant extraction was collected
from university outskirts. Pashmina and wool were
purchased from FS Shawls, Srinagar and Poshish
(Jammu and Kashmir Handloom Development Corporation)
outlet at Srinagar (J&K), India.

Preparation of dyeing material: The shade dried fruit
cups were washed with water to remove dirt and other
adhering materials and then dried in tray drier at 80°C
for 2 hours and finely powdered with the help of a
grinding machine. The material was then passed
through a standard test sieve No. 14.

Preparation of mordant: To prepare the mordant
solution, the stem of willow (Salix alba L.) was cut
into small pieces and soaked in distilled water for 30
days. 10 litres of distilled water was used for 1 Kg of
Willow stem wood. The solution was filtered and kept
under refrigeration for future usage (Ferda et al,
2010).

Extraction of dye: Extraction of dye was performed
by Soxhlet apparatus using distilled water as solvent. 1
litre of distilled water was used for 100g plant material.

The material was kept for reflux for about 8 hrs. at 80-85°C.
The liquid extract was evaporated at 65°C in a rotary
vacuum evaporator to one fourth of its original volume
to get the final extract for dyeing.

Scouring of fabrics: Wool and Pashmina fabrics were
washed with 2% non-ionic soap (Labolene) at 50°C for
20 min., maintaining the material-to-liquor ratio at
1:50. The scoured material was thoroughly washed
with plenty of tap water and dried at room temperature.
The scoured material was soaked in distilled water for
30 minutes prior to dyeing. All the fabrics were cut
and sized into 5x6 cm and used for dyeing experiments
(Tiwari et al., 2010).

Dyeing of fabrics: Dyeing was carried out in a water
bath, keeping material to liquor ratio 1:50. The scoured
and washed fabrics were introduced in 250 ml beaker
containing 100 ml of dye solution and 4% dye (OWM)
at room temperature. The temperature was increased to
85 — 90 °C with gentle stirring. The process of dyeing
was continued for 1 hour. The material was then removed
and washed 2-3 times with 1% of detergent and water.
The dyed samples were squeezed and dried at room
temperature. The dyeing of the fabrics was done at
acidic pH by adding acetic acid (CH;COOH).
Mordanting: Mordanting was carried out using 15%
of mordant and the process of mordanting was performed
by following pre-mordanting, simultaneous mordanting
and post-mordanting methods. The mordant was employed
at Material to Liquor ratio of 1:50 and the process of
mordanting was continued for 1 hour at 60-75°C of
temperature.

Determination of percent absorption of dye: The
percent absorption of the natural dye by the selected
fabrics was carried out by recording the optical density
of the dye solution both before and after dyeing. The
ultraviolet-visible adsorption spectra (UV-VIS) was
recorded on PC based double beam spectrophotometer
(Systronics-2202) over the range of 200-800 nm. The
percent absorption of natural dye was calculated by
using the following equation (Divya et al., 2013).

0.D before dyeing — 0. D after dyeing
% 100

Percent absorption =
P 0.D before dyeing

Evaluation of CIE L*a*b* C* & h° values of dyed
fabrics: CIE L*a*b* values of 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 [llumination). The meter
was calibrated using the manufacturer’s standard white
plate.

From the L*, a* and b* coordinates, Chroma (C*) and
hue angle (h°) values were calculated by the following
equations (Aung and Win, 2008; Vankar and Rakhi,
2008; Atayde et al., 2011).

Chroma = (a2 +b™?)"?

Hue = (h = tan™ b*/a*)

The total colour change of the dyed fabrics was calculated
from the L*, a* and b*coordinates by applying the
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following equation.

Total colour change (AE):

(AE) = [(AL*)? + (Aa*)’ + (Ab¥)* "2

Where,

AL* = L* sample - L* standard

Aa* = a* sample - a* standard

Ab* = b*sample - b*standard

Determination of surface colour strength (K/S)
value: The colour strength (K/S) value of the undyed
and dyed fabric samples was evaluated using a JAYPAK
-4802 colour matching system (Jay Instruments Ltd.,
Mumbai, India) at D65 illuminate/10 Deg observer,
(Jothi, 2008). 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—R3)2

S 2xRs

Where, K is the coefficient of absorption, S is the scattering
coefficient and R is the surface reflectance value of the
sample at a particular wavelength, where maximum
absorption occurs for a particular dye/colour component.
Relative colour strength: The Relative colour
strength (K/S values at maximum wavelength) was
determined using the following equation adopted by,
Goodarzian and Ekrami (2010).

{K/S) Extracted

{K/5) Raw

Relative Colour Strength =

Evaluation of colour fastness properties: The colour
fastness tests for light, rubbing and washing were carried
out as per ISO 105-B02, ISO 105 X-12 and ISO 105-CO1.
The grading for colour change and colour staining
were evaluated as per ISO 105-A02 and ISO 105-A03.

RESULTS AND DISCUSSION

Percent absorption of natural dye and mordant by
selected fabrics: Mordant plays an important role with
natural dyes by fixing dye into the fabric. The use of
natural mordant has a great significance in enhancing
the absorption of natural dye. As depicted in Fig. 1,
mordanted samples recorded better percent absorption
of dye than without mordanted samples. In pashmina
fabric highest percent absorption was recorded adopting
simultaneous-mordanting method followed by pre-mordanting,
while as without mordant and post-mordanting recorded
lowest absorption in pashmina fabric. In wool fabric
pre-mordanting method recorded highest absorption of
natural dye followed by simultaneous-mordanting and
post-mordanting. However, without mordant sample
recorded lowest value of percent absorption in wool
fabric. The increase in percent absorption of dye in
mordanted samples may be attributed to the formation
of the chemical bridge between the dye and fabric
through natural mordant, which get fixed on the fibre
and helps in fixation of natural dye (Prabhu and Bhute,
2012). The Pashmina wool protein (-NH, -OH -COOH)
provides a bridge between the dye and the pashmina
wool resulting in increase of percent absorption than

the other fabrics (Temani et al., 2011), hence satisfactory
results of the percent absorption was recorded even by
using less percentage of the dye and mordant.

Colour coordinates and colour strength (K/S) of
selected dyed fabrics: As depicted in table 1. All the
dyed fabrics showed variation in L*, a*, b*, C*, h°,
AE, K/S and relative K/S values. Where, the lowest
value of lightness (L*) was recorded in without mordant
pashmina fabric and the highest value of lightness (L*)
was recorded in without mordant wool fabric. Values
of L* of pashmina fabric recorded lower than the values
of wool fabric indicating the darker shades of pashmina
fabric than the wool fabric. In wool fabric the lowest
lightness (L*) value was recorded adopting post-mordanting
method followed by simultaneous, pre and without
mordant dyed samples. Lightness (L*) of pashmina
fabric recorded lowest in without mordant dyed sample
followed by simultaneous, post-mordanting and pre-mordanting
method. Values of a* and b* recorded positive in both
wool and pashmina fabric where values of b* recorded
higher than the values of a*. The positive and higher
values of a* and b* indicate much yellowish shades
than reddish. In wool fabric value of Chroma (C*) of
unmordanted sample recorded higher than that of simultaneous,
pre and post-mordanted samples. Whereas, in pash-
mina fabric Chroma (C*) of simultaneous mordanted
sample recorded higher followed by post, pre and lowest
in unmordanted dyed sample. The mordanting methods
showed variation in shades of both wool and pashmina
fabrics (Fig 2). In wool fabric, hue angle (h°) ranged
from 74-82, indicating light reddish, brownish and
yellowish shades of wool fabric. Whereas, hue angle
(h°) of pashmina fabric ranged from 76.00-80.50, indicating
reddish yellow, brownish and yellowish shades. Highest
total colour change (AE) was recorded in unmordanted wool
sample followed by post, simultaneous and pre- mordanted
samples. In pashmina fabric unmordanted sample recorded
higher colour change (AE) followed by simultaneous,
post and pre-mordanted samples. The mordant used
has a greater influence on the colour strength (K/S).
The colour strength and relative colour strength (K/S)
of pashmina fabric recorded higher than that of wool
fabric. In pashmina fabric highest colour strength (K/
S) was recorded in simultaneous mordanted sample
followed by post and unmordanted sample, whereas
pre mordanted dyed sample recorded lowest K/S and
relative K/S value. The colour strength and relative
colour strength (K/S) of wool fabric recorded highest
in post mordanted sample followed by unmordanted
sample, simultaneous and pre-mordanted samples
(Table 1). The increase in the colour strength of the
dyed fabric by using required quantity of the bio-
mordant was supported by Guesmi et al. (2014),
whereby they reported increase in colour strength of
the dyed wool fabric by using bio-mordant and gradual
increase of colour strength with increasing of bio-mordant
concentration. The difference in colour strength of
pashmina and wool fabrics adopting different mordanting
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Table 1. Colour coordinates of different fabrics treated with Q. robur (fruit cups) dye using S. alba (wood extract) as mordant.

CIE L*a*b* L* a* b* C* h* AE K/S Relative
Methods K/S
Wool fabric
Without mordant 73.07 4.37 31.22 31.53 82.00 31.16  0.621 1.54
Pre-mordanting 72.04 4.53 26.21 26.60 80.20 25.64  0.552 1.36
Simultaneous- mordanting 64.66 6.07 28.36 29.00 77.90 27.72  0.574 1.42
Post-mordanting 59.47 5.70 19.84 20.64 74.00 28.73  0.637 1.58
Pashmina fabric
Without mordant 55.71 4.34 25.53 25.90 80.30 2695  0.667 1.49
Pre-mordanting 61.57 4.97 26.62 27.08 79.40 2242  0.637 1.42
Simultaneous- mordanting 57.34 6.87 27.65 28.49 76.00 26.72  0.711 1.59
Post-mordanting 57.55 4.57 27.32 27.70 80.50 26.00 0.671 1.50

methods may be due to formation of coordinate complex
between dye and mordant and their aggregation inside
the fibre leading to linear increase in colour strength of
the dyed fabrics (Temani et al., 2011). The difference
in the shade of dyed fabrics with different mordants
and mordanting methods may be due to unique complex
formation of bio- mordant and natural dye when applied
by different methods on fabrics resulting in different
shades of the dyed fabrics (Kampeerapappun et al.,
2010). The change in colour of the dyed wool and
pashmina fabrics with different mordants may be due
to difference in coordination complexes formed between
dye and mordant during different mordanting methods
(Lal et al., 2011).

Colour fastness properties of dyed wool and pash-
mina fabrics: The fastness properties of selected dyed
fabrics are presented in table 2. The washing, light and
rubbing fastness properties of both wool and pashmina

fabrics were satisfactory. In washing fastness, grades
of colour staining recorded higher than grades of colour
change in majority of the combinations. Whereas,
grades of rubbing fastness recorded higher in dry staining
and fading than that of wet staining and fading. The
grades of fastness properties showed slight differences
where unmordanted samples of wool and pashmina
fabrics also recorded satisfactory grades with higher
grades of fastness in mordanted samples. The unmordanted
dyed samples exhibited slight lower fastness properties
and the majority of the mordanted samples showed an
improved fastness properties. The method of mordanting
showed significant differences in fastness properties of
dyed pashmina and wool fabrics.

Washing fastness: In wool fabric, simultaneous mordanted
sample recorded excellent (5) colour change grade
followed by pre and post mordanted samples which
recorded good to excellent to excellent (4/5) grades

Table 2. Fastness grades of wool and pashmina fabrics dyed with Q. robur (fruit cups) and S. alba (wood extract) adopting

different mordanting methods.

Method Washing Light Rubbing fastness
fastness fastness Staining Fading
CC CS Dry Wet Dry Wet
Wool

Without mordant 4 4/5 4/5 4/5 4/5 5 4/5

Pre-mordanting 4/5 5 4/5 5 5 5 4/5

Simultaneous-mordanting 5 5 5 4/5 4 5 4/5

Post-mordanting 4/5 4/5 4/5 5 4/5 5 5

Pashmina

Without mordant 4/5 5 4/5 4/5 4 5 5

Pre-mordanting 5 5 4/5 5 4/5 5 4/5

Simultaneous-mordanting 5 5 4/5 5 4/5 5 5

Post-mordanting 4/5 5 4/5 4/5 4/5 5 5

CC: Colour change; CS: Colour staining
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Fig. 1. Percent absorption of wool and pashmina fabrics.

and the without mordanted sample recorded good (4)
grade. However, in pashmina fabric excellent (5) grade
was recorded in pre and simultaneous mordanted samples
whereas, unmordanted and post mordanted samples
recorded same fastness grades (4/5). Colour staining of
pre and simultaneous mordanted samples excellent (5)
was recorded higher than that of unmordanted and post
mordanted dyed samples which recorded (4/5) fastness
grade. Colour staining of pashmina fabric recorded
excellent (5) grades in all mordanting methods adopted
including unmordanted sample.

Light fastness: Light fastness properties of both wool
and pashmina fabrics does not showed much difference
and recorded Good to excellent to excellent (4/5)
grades in all mordanted samples except in simultaneous
mordanted wool sample which recorded excellent (5)
light fastness grade.

Rubbing fastness: Dry rubbing fastness of wool fabric
recorded excellent (5) grade in pre and post mordanted
samples. Whereas, unmordanted and simultaneous
mordanted sample recorded same fastness grade of
good to excellent to excellent (4/5). In wool fabric wet
staining recorded excellent (5) grade in pre mordanted
sample. Whereas, unmordanted and post mordanted
samples recorded good to excellent to excellent (4/5)
grade and lowest grade was recorded in simultaneous
mordanted sample which recorded good (4) grade. In
pashmina fabric pre, simultaneous and post mordanted
samples recorded same fastness grade of good to excellent to
excellent (4/5) whereas, unmordanted sample recorded
lowest grade of good (4). Dry fading of wool and
pashmina fabric does not showed any change and recorded
excellent (5) grade in all methods including without
mordant samples. In wool fabric, wet staining of post
mordanted dyed sample recorded excellent (5) grade
and rest of the dyed samples showed good to excellent
to excellent (4/5) grade. Whereas, in pashmina fabric
excellent (5) grade was recorded in unmordanted, simultaneous
and post mordanted sample. However, pre mordanted
sample recorded good to excellent to excellent (4/5)

grade (Table 2). This can be supported by the formation
of mordant and dye complexes which are able to form
coordination linkages between the dye and mordant
resulting in higher fastness grades of the dyes and mordants
when applied on the fabric (Ali, 2007). The washing
fastness of the dye is influenced by the rate of the diffusion
of the dye and state of the dye inside the fibre (Jothi,
2008). Good light fastness is due to the formation of
complex with the mordant which protects chromatophore
from photolytic degradation (Kulkarni et al., 2011).
The higher grades of the wet rub fastness than dry rub
fastness may be due to dissolving of water soluble dye
molecules which make them easier to get removed
from the fibre by rubbing (Haji, 2010).

Conclusion

The natural dye and bio mordant from the plant material
have been used effectively for the dyeing of the selected
fabrics. The extracted dye showed a variety of colour
shades when used in combination with natural mordant
adopting different mordanting methods. The natural
mordant enhanced the colour strength and fastness
properties of the selected fabrics. Q. robur (fruit cups)
and S. alba (wood extract) has been used for the first
time as a potential source of dyeing material, having an
excellent dyeing potential for wool and pashmina fabrics.
Thus, the natural dye and mordant can be suggested as
a potential substitute to synthetic dyes which causes
environmental pollution.

Wool fabric Pashmina fabric

Dyed wool fabric

Dyed pashmina fabric

Fig 2. Wool and Pashmina fabrics dyed with different mordanting
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