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Abstract

An experiment was setup to study the dyeing efficiency of Quercusrobur L. (fruit cups) and Punica granatum
(Peel) mordant applied on silk and pashmina fabrics. Dyeing was performed both excluding and including the
mordant adopting different methods. Colour quality was assessed in terms of dye absorption (%), Colour
coordinates (CIELAB), Colour strength (K/S), and fastness properties in terms of washing, light and rubbing.
Unmordanted dyed samples showed light colour and tones than mordanted samples. A percent absorption and
colour strength value of dye by selected fabrics was efficient in both the fabrics. Colour quality of the silk and
pashmina fabric recorded efficient values with low values of lightness and colour changes values (AE) with
beautiful shades and colour tones. Fastness grades in terms washing, light and rubbing recorded excellent
grades most of the mordanted samples.

Keywords: Eco friendly, Quercus robur, Punica granatum, Silk, Pashmina.

I ntroduction

Environmental problems arising after industrialization of textiles by the dyeing, when traditional natural
dyes substituted by synthetic dyes. Synthetic dyes are persistent to the environment and are designed to
resist chemicals, and improve the quality of the product. The sources of synthetic dyes are cheap
petroleum, easily dyed, superiority in fastness, available widely at an economical prices and variety
colours and shades are produced . To produce synthetic dyes the chemicals used for the process are
highly toxic, carcinogenic, allergic, explosive and dangerous to work with. Many violent reactions
involved in the production of synthetic dyes are considered to be hedlth hazardous 2. The textile
industries commonly utilize reactive dyes for dyeing different types of fibres, producing effluents
comprising of several types of chemicals like dispersants, leveling agents, acids, akalis, carriers etc. 3.
The dyeing industry releases untreated wastewater which is threat to environment. The coloured
wastewater which is produced from industries have high organic load and can enormously contributed to
the surface water pollution and treatment plants if not properly treated before disposal into the water
resources.

Textile wastewaters are characterized by extreme fluctuations in many parameters such as chemica
oxygen demand (COD), biochemical oxygen demand (BOD), pH, colour and salinity. The discharge of
highly coloured synthetic dye effluents into inland and coastal waters is an environmental problem of
growing concern *. Pollution by dye wastewater is becoming increasingly alarming and is of great
environmental concern . Even presence of very small amounts of dyes (<1 mg/L for some dyes) in the
water, which are nevertheless highly visible, seriously affect the aesthetic quality and transparency of
water bodies like lakes, rivers leading to damage to the aguatic environment 8. During the dyeing process
loss of colourants to the environment can reach 10-50 % ’. Some dyes are highly toxic and mutagenic,
and also decrease light penetration and photosynthetic activity, causing oxygen deficiency and limiting
beneficial uses such as recreation, drinking and irrigation . The global demand for natural dyesis about
10,000 tonnes, which is equivalent to 1 % of the world synthetic dye consumption °. However, demand
for natural dyed products is increasing in international market. Natural dyes are excellent for long
endurance and retain great beauty and charm. They create very harmonious combinations with various
natura  mordants. Manufacturing of naturad dyes offe’s a rich and varied
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source providing a source of income through sustainable harvest and
sdeln view of advancements in technology and urban development,
there is dire need to assess the environmental pollution problems caused
due to synthetic dyes. 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.

Materialsand M ethods

Collection of Material

The material of Quercus robur L. (fruit cups) as dye and Punica
granatum L. (Peel) as mordant was collected from Dachigam wild life
sanctuary and SKUAST-K, Shalimar, Srinagar, respectively. Silk were
purchased from Govt. silk weaving factoryat Rajbaghand Pashmina was
purchased from F.S. Shawls, Eidgah Srinagar (J&K).

Quercusrobur L. (fruit cups)

Punica granatum L. (peel)

Plate 1: Selected materials for dye and mordant
Preparation of dyeing material

Quercusrobur L. (fruit cups) were used as natural dye source and shade
dried fruit cups were washed with water to remove unwanted materials
followed by drying in tray drier at 80 °C for 2 hours, powdered with the
help of a crunching machine. The material was then passed through a
standard test sieve (BSS-14).

Preparation of Mordant

The material (peel) of Pomegranate (Punica granatum L.) was cut into
small pieces, dried and poured in distilled water for 4 days. For making
the solution of mordant, 1 L of distilled water was used for 100 gm of
peel which was then filtered and kept under refrigeration for further

usage.
Extraction of dye

The dyeing material was extracted using Soxhlet apparatus using
distilled water as solvent. 1 L of distilled water was used for 100g of
plant material and the material was kept for reflux for about 8 hours at
80-85°C. Liquid extract was evaporated at 65°C in a rotary vacuum
evaporator to one fourth of its original volume to obtain the final dyeing
extract.

Scouring of fabrics

Silk and Pashmina fabric was cut into 5x6 cm, followed by washing
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 then washed
thoroughly with plenty of tap water and dried at room temperature. The
scoured material was soaked in distilled water for 30 minutes prior to
dyeing.

Dyeing of Fabrics

Process of dyeing was carried out in a water bath maintaining material
to liquor ratio 1:100 for silk fabrics and 1:60 for Pashmina fabric. The
scoured and washed fabric was dipped in 250ml beaker containing
100ml of dyeing solution and 4% dye (OWM) at room temperature and
raised to 85° - 90°C with gentle stirring continued for one hour. The
material was then removed and washed 2-3 times with 1% of detergent
and water. Dyed samples were squeezed and dried at room temperature.
Dyeing of the silk and pashima fabrics was done at acidic pH by adding
acetic acid (CH;COOCH).

M ordanting

The mordanting was carried out by the following three methods, i.e. pre
mordanting, simultaneous mordanting and post mordanting.

Recipe of mordanting

Mordant Punica granatum L. (Peel)
Concentration (%) 4

Temperature (°C) 60-75

Material to Liquor ratio (MLR) 1:100 for Silk and 1:60 for Pashmina
Time (hrs) 1

Deter mination of percent absor ption of dye

The absorption of the natural dye by recording the optical density of the
dye solution both before and after dyeing of selected fabrics was
recorded. 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 cal culated by using the following equation.

0O.D before dyeing- O.D after dyeing 100
= X

O.D before dyeing

Percent
absorption

Evaluation of CIE L*a*b* values of dyed fabrics

CIE L*a*b* values of the dyed and undyed fabrics was 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 lllumination). The meter was
calibrated using the manufacturer’s standard white plate.

L*, a and b* coordinates, Chroma (C*) and hue angle (h°) values were
calculated by the following equations.

Chroma= (&% + b'?)Y2
Hue = (h = tan’*b*/a*)

Total colour change of the dyed fabrics was calculated from the L*, a*
and b*coordinates by applying the 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
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Determination of Colour strength (K/S) value

The K/S value (colour strength) of the un-dyed and dyed fabric samples
was evaluated using JAYPAK 4802 colour matching system (Jay
Instruments Ltd, Mumbai, India) at D65 illuminate/10 Deg observer.
The reflectance of the samples was measured at 360-760 nm and the
colour strength value in the visible region of the spectrum (400-700 nm)
was cal culated based on the Kubelka-Munk equation.

K (1-R)?

S = 2xR

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

Relative colour strength (K/S values at maximum wavelength) was
determined by adopting the following equation.

(K/S) Extracted
(K/S) Raw

Relative strength =

Evaluation of colour fastness properties

The Colour fastness tests of the dyed fabrics were carried out as per SO
105-B02 for light, ISO 105 X-12 for rubbing and I1SO 105-C01 for
washing respectively. Grading for colour change and colour staining
were evaluated as per SO 105-A02 and 1SO 105-A03.

Result and Discussion
Per cent absorption

The absorption of the dye by the fabrics is an important parameter to
determine the dyeing qudity of the fabric. In al the test fabrics
absorption of the dye is affected by the usage of the mordant and
adopting of the mordanting method. Percent absorption of the Pashmina
fabric recorded higher than silk. The highest value of absorption in silk
fabric (26.92) was recorded in simultaneous mordanting method.
However, pashmina fabric recorded higher value (28.24) by adopting
pre mordanting method. The absorption of the dye in the adopted
methods varied significantly (Fig. 1). The absorption of the dye by the
fabrics is due to electro-potential forces, temperature and agitation
which drive dye molecules towards the fibre surface '°. Since the dye
used is a water soluble dye containing anionic groups would interact
ionically with the protonated terminal amino groups of the silk fibres at
acidic pH via ion exchange reaction. This ion attraction would increase
the dye ability of the fibre.The Pashmina wool protein (-NH2,-OH,-
COOH) provides a bridge between the dye and the pashmina wool
resulting in increase of the percent absorption than the other fabrics ™.

Colour coordinates (CIELAB) values of test fabrics dyed

Highest L* (68.29) was recorded in silk fabric following pre mordanting
method. However, in pashmina fabric highest L* (61.73) was recorded
adopted pre mordanting method. The positive values of a* & b* justifies
the reddish and yellowish dyed samples with different shades and tones
of colour, which varied in each sample by adopting different
mordanting methods. The values of the chroma represented the bright
and darkcoloured samples which gotvisible in pashmina fabric followed
by the silk fabric. The hue value of the dyed samples represented the
tonacity of the colour which marked the different shades of the coloured
fabrics. The fabrics of silk showed beautiful shades of light yellow, light
brown, brown and dark brownish shades. Whereas, pashmina fabric
showed brightest light and dark brown shades. The unmordanted dyed
samples of silk and pashmina showed light shades than mordanted
samples. The total colour change (AE) of the dyed fabrics represented
the change in the colour of the samples with referenceto fabrics which
varied in each samples in all the methods of the mordanting. Chroma
value of al the dyed fabrics recorded highest representing the bright
colours of dyed fabrics *2. The change in the colour of the dyed samples
may be attributed to the resonating structures of dyes . There
difference among the dyed samples could be correlated with complex
forming ability of the metal ions with dye molecules on the fabric. In
mordanting some of the mordant is stripped out in the dye bath, which
subsequently forms an insoluble complex with dye molecules in
solution. Thus simultaneous mordanting showed less depth in shade .
The difference in the shade of dyed fabrics with different mordants and
mordanting methods may be due to individual metal ions and different
techniques, exhibiting unique complex formation resulting in different
shade of the dyed fabrics *°.

Table 1: Average colour coordinate values of different fabrics treated
with Quercus robur L. fruit cups dye using Punica granatum L. peel as
mordant.

~—_Colourcoor dinates

Per cent absor ption of the dyed fabrics

QSILK ®PASHMINA

B2 5652797

25.2626.06 26. 25.7526.02

Unmordanted Premordanted  Simultaneous Post mordanted
mordanted

Fig. 1: Percent absorption of the selected fabrics

L* a* b* Cc* h° AE
Methods
“SlkFabric
Without Mordant 6581 484 2898 2939 805 30.03
Pre mordanting 68.29 651 2158 2254 732 2354
Simultaneous mordanting  48.68 3.72 2474 2502 814 4259
_Postmordanting _________! 9448 529 2616 2669 786 _ 37.73_
_PashminaFabric . ..
Without Mordant 5571 434 2553 259 80.3 26.95
Pre mordanting 6173 551 3760 3801 8.7 2897
Simultaneous mordanting  42.09 556 29.78 3029 794 4127
Post mordanting 4147 439 2645 2681 806 40.78
ij:l?r)il:sd m:‘zg‘:\‘t Morgzting S;‘/In:)l:g::tei:;s MorZ:tllting
Silk
fabric
Pashmina

fabric

Plate 2: Test fabrics dyed with combination of dye and mordant

Colour strength (K/S)

The colour strength (K/S) is a single numerical value related to the
amount of light-absorbing material (colourant) contained in the sample
usually based on spectral data. Better results of colour strength and
relative colour strength of the dyes and mordants were observed in
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pashmina fabric followed by silk fabric. Both the silk and pashmina
fabric recorded excellent colour strength and relative colour strength
values. The highest value of colour strength (K/S) (0.848) with relative
K/S of 2.18 in both the fabrics was recorded in post mordanted
pashmina fabric. In silk fabric highest colour strength value (K/S) was
recorded in simultaneous mordanted dyed sample with relative K/S of
2.3 (Fig. 2&3). All the mordanted samples showed higher K/S values
when compared with the unmordanted except in pre mordanted silk
sample (0.534) with relative K/S of (1.67) (Fig. 2&3). Better colour
strength results depend on the mordant used *°. The higher colour
strength of the mordanted fabrics may be due to their ability of forming
coordination complexes with dye molecules ¥’. The higher colour
strength value of pashmina fabric may be due to formation of coordinate
complex between dye and mordant and their aggregation inside the fibre
leading to linear increase in colour. The increase in colour strength
(K/S) of the silk fabric may be due to formation of additional linkage of

efficient fastness quality of the dyed fabrics in the performed tests. The
pashmina and silk are amphoteric and can absorb both acids as well as
bases. Pashmina wool protein (-NH2, -OH, -COOH) provide the bridge
between dye and wool. The cochineal-aluminium complex inside the
pashmina wool fibre matrix is probably stable and witnesses the
satisfactory fastness results 2. The increase in the fastness properties of
the dyed fabrics due to mordants may be attributed to increase in size of
dye molecules when connected to tannin molecules into the fibre 2. The
higher grades of the wet rub fastness than dry rub fastness may be to the
dissolving of water soluble dye molecules by the water which make
them easier to be removed from the fibre by rubbing %

Table 2: Fastness grades of fabrics dyed with Quercus robur L. (fruit
cups) and Punica granatum. (peel) adopting different mordanting
methods

mordants with dye molecules compared to the silk samples dyed Method \]{Vaas‘tgr:g Light aaﬁ?:bi”gfaﬂggﬁn
without any mordant strength of the pashmina fabric 2. cc [ cs fastness Bry | V\?et Bry | V?/et
Silk
Without mordant 4/5 | 45 4/5 5 5 5 5
0.833 0.848
0.{13 . 0741  0.733 70 Pre mordanting 4 5 4 5 5 4/5 4/5
06 : Simultaneous 45 | s 5 5 | 45 | 5 | 45
04 mordanting
0.2 Post mordanting 4/5 5 5 5 5 5 5
0 Pashmina
Unmordanted Pre mordanted Simultaneous Post mordanted ~ Mean Without mordant 4/5 5 4/5 4/5 4 5 5
mordanted Pre mordanting 5 4 4/5 4/5 5 5
Simultaneous 5 45 | 45 | 45| 5 | s
BSILK @PASHMINA mordanting
Post mordanting 4/5 5 5 4 4/5 5 5
CC: Colour change
Fig-2: Colour strength of the dyed test fabrics CS: Colour staining
- Conclusion
‘g Relative K/S
% 25 The fabrics dyed with Quercus robur L. (fruit cups) dye and Punica
3@ 2 e I e — granatum L. (peel) mordant both in isolation and in combination with
S S S -— -— — the mordant showed the best affinity and colour quality of the extracted
= 0 Simultan materials on the fabrics. Beautiful colour shades and tones of the dyed
g Unr:gda mo';;;ﬁe moer?:ifm . mofg:ﬁe Mean fabrics were produced. The dyeing material produced beautiful colour
d d d and shades when applied on the fabrics. However, the colour quality of
BSLK Lo Lo7 23 22 203 th(; mordagted safnple_ls_ r\]/vas obsere\(;ed to baeI mucrtl) efficient m:;we:etter
BPASHMINA | 149 19 214 218 1o qu ity and retention. The e?x_trac,jt matal | can be recommended s a
viable source for their utilization in dyeing industries and can be

Fig-3: Relative colour strength (K/S) of the selected test fabrics

Colour fastness properties of the dyed samples (Washing, light and
rubbing).

Among all types of colour fastness properties, light fastness, washing
fastness and rubhing fastness are considered generally for any textile *°.
The colour fastness grade is equal to the grey scale step which is judged
to have the same colour or contrast difference ®. The fastness
requirements are largely determined by the end use of dyed fabrics. The
colour fastness and retention of the dye by the selected fabrics in terms
of washing, light and rubbing tests recorded best quality of the colour in
both the silk and pashmina fabrics (Table-2). The colour fastness grades
in silk fabric recorded Good to Excellent (4/5) to Excellent (5) gradesin
washing and rubbing fastness tests and Good (4), Good to Excellent
(4/5) to Excellent (5) in light fastness tests in both dry and wet tests in
terms of the colour change and colour staining. The grades of the
pashmina fabric also recorded Good (4), Good to Excellent (4/5) and
Excellent (5) grades in washing, light and rubbing tests. The wet
fastness grades in washing and rubbing tests recorded higher than dry
test grades (Table-2). Thus the overall grades recorded determine the

exploited commercially both in national and international market.
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