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Abstract

The nature is abode to numerous plants, animal and mineral resources that offersustainable alternative to chemicalsused
in textile dyeing. In this paper an effort has been made to utilize the roots of Himalayan nettle plant for fabric dyeing
which grows abundantly in-the higher altitude of Uttarakhand as a weed plant. The extraction and dyeing variables were
optimized for application on silk fabric on the basis of colour strength and wash fastness rating. Dye extraction carried
out in aqueous medium at simmering temperature for 1.5 hoursresulted in better colour depth and washing fastness.
Similarly, dyeing of silk at 90°C for 90 minutes using 3 gm per 100 ml powdered dye material yielded better dyed samples
in terms of colour strength and wash fastness. The obtained dye recipe is easy to be used by dyeing units at minimal cost
since no chemicals are added during dyeing and raw material can be collected from pastures, around croplands and

nearby forest areas.
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Introduction

Natural dyes are obtained from renewable sources
and are biodegradable. Their use reduces the
overall carbon footprint by reducing the fossil fuel
consumption. Now people have started giving
importance to using green products in everyday life
with increasing awareness of eco-safety and health
issues. With regard to the beneficial aspects of
natural dyes, the need was realized to revive the
dying art of natural dyeing practiced by craftsmen
engaged in traditional arts and crafts around the
world. Since ancient times natural dyes extracted
from plant sources have been known to mankind.
Colours obtained from these natural dyes are
specialty colours which signify the age-old heritage
of Indian dyed textile industry. In ancient times,
superior quality of natural dyes were imported for
dyeing apparels of the upper class and ruling
people. These were traded along with agricultural
commodities which helped in enhancing economic
status of countries (Ammayappan, 2009). Use of
natural dyes at small scale doesn’t pose any
environmental hazard however extraction of natural
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dyes from plant sources on a large scale would
cause biodiversity loss. Factors like seasonal
production and production in limited quantities of
natural dyes have challenged mankind to explore
various other sources of natural dyes. Hence
researchers are focusing on extracting dyes from
natural resources that are otherwise undesirable in
nature or their use has not been established much. It
presents a huge scope for investigating into dyeing
capability of plants which are abundantly available
in nature. The abundant vegetative sources found in
nature if used as source for dye can be sustainable
option in terms of environment, economic and
social viability particularly in a hill state like
Uttarakhand where people are migrating from rural
to urban areas in search of employment. One such
resource is Himalayan nettle plant which grows
undesirably alongside the croplands. Its stem is
commonly used for extracting fibers but its usage
as dye material has not been recognized yet.
Himalayan nettlei.e.  Girardinia  diversifolia
commonly grows in higher -altitude states like
Uttarakhand, Jammu and Kashmir, Himanchal
Pradesh as well as in parts of Nepal and China. This
plant is a perennial which can grow tall and stout
under shade and damp areas upto 3 meters.
Moreover it can grow in diverse habitats like
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savanna, open forest, cultivated areas, dry forest,
rain forest, moist rocky areas within the altitude of
500 to 2600 meters. The stem of the experimental
plant are widely used for extracting strong and
smooth fibres which are used for creating many
articles of daily use (Misraet al, 2010). Local
artisans in communities of Himalayan region used
the root part of the plant to colour handicrafts and
apparels having low colour fastness properties
(Kumar et al., 2015).

Therefore, an effort has been made to dye the silk
fabric using the crude extract obtained from root
part of Himalayan nettle. The objective of this
research is to standardized the extraction and dye
parameters for the dyeing of silk fabric. The
application of the obtained standardized recipe shall
reduce the consumption of chemicals, energy, dye
material as well as time.

Materials and Methods

The off white coloured silk fabric was purchased
from Gandhi Ashram retail shop of Pantnagar
(Uttarakhand) at the cost of Rs 500 per meter.
Degumming of silk fabric was done to prepare it for
dyeing. Collection of roots of G. diversifolia found
in and around crop lands was carried out from
Pithoragarh district of Uttarakhand as shown in Fig
1. The roots were properly cleaned to get rid of soil
and were dried at room temperature under shade for
one week and then oven dried for 24 hours at 50°C
as shown in Fig 2. The properly dried roots were
ground into powder form using grinder. The dye
powder was kept in tightly closed containers at
room temperature for further study. To optimize
the extraction medium, extraction was carried using
2 gm of dye material in 100 ml distilled water at
90°C for 60 minutes at acidic, neutral and alkaline
medium. Silk sample of 1 gm was dyed at 80°C of
dyeing temperature for 60 minutes. After dyeing
the sample was removed from dye bath, allowed to
cool, rinsed under running tap water and squeezed
lightly. The dyed sample was then assessed for
colour strength and wash fastness. The colour
strength of dyed sample was measured using a
computer aided dual spectrophotometer Premier
colour scan 5100A. The software automatically
generates the colour strength value i.e. K/S using
the reflectance of the coloured sample. Wash
fastness  was  determined as  per the

recommendations of IS: 3361-1979 method (BIS,
1979) which was carried out at 50°C for 45 minutes
without using steel balls and sodium carbonate in
the launder-o-meter. The extraction medium that
yielded maximum colour strength and wash
fastness on dyed fabric samples was selected as
optimum medium of extraction. Similarly
optimization of other variables namely extraction
temperature and extraction time and dye
concentration, dyeing temperature and dyeing time
was carried out by varying the parameters as given
in Table 1.

Table 1: Range of the dyeing variables used in the
study.

Variables Range

Extraction medium alkaline, acidic and neutral

Extraction temperature 50°C, 60°C, 70°C, 80°C
and 90°C

Extraction time 30, 45, 60, 75 and 90
minutes

Concentration of dye | 1,2,3,4and5 g

material

Dyeing temperature 50°C, 60°C, 70°C, 80°C
and 90°C

Dyeing time 30, 45, 60, 75 and 90
minutes

Figure 1. Plant of Himalayan nettle
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Fig 2. Dried root crumbs of Himalayah nettle
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Results and Discussion

The results of colour strength and wash fastness for
different extraction and dyeing parameters were
presented in Table 2 to Table7. Table 2 shows the
colour strength and washing fastness of silk fabric
samples dyed with G. diversifolia extracts which
were extracted in different medias i.e., acidic,
neutral and alkaline medium, respectivelyat 90°C
for 60 minutes and dyed at 80°C for 60 minutes.

It is evident from the data in Table 2 that the
highest colour strength was displayed by silk
samples which was dyed using dye extracted in

acidic medium at pH 5 i.e., 5.23 and lowest colour
strength (K/S) was exhibited by sample dyed in
alkaline medium. However, no significant
difference was observed in colour strength of dyed
silk fabric samples when dye was extracted in
acidic and neutral medium.Vidhya and Gowda,
2017 also quoted that pH value can significantly
affect the dyeability of silk fabric. With the increase
in pH, a reduction in dye ability of silk was
observed. Bird, 1989 and Gulrajani, 1993 stated
that dye absorption in neutral conditions might be
due to the presence of hydrocarbon chain of silk

Table 2: Colour properties of silk dyed with G. diversifolia extracted at different medium

Wash fastness
SN Extraction medium Colour strength (K/S)
CccC CS
1 Acidic 5.2340.13° 3-4 4
2 Neutral* 5.14+0.13° 4 4-5
3 Alkaline 4.37+0.13* 3 34

CC: Colour change, CS: Colour staining; * Selected medium

Data followed by same letter had no significant difference according to Tukey post hoc test (p< 0.05) at 5% level of significance

Table 3: Colour properties of silk dyed with G. diversifolia extracted at different temperature

Silk fabric
SN Extraction temperature Wash fastness
49 Colour strength (K/S)

CC CS
1 60 1.70+0.14* 1-2 2-3
2 70 1.91+£0.14* 2-3 2-3
3 80 2.56+0.14° 3 3
4 90 3.46+0.14° 3 3-4
5 100* 4.52+0.14° 4 4

Data followed by same letter have no significant difference according to Tukey post hoc test (p< 0.05) at 5% level of

significance; CC: Colour change, CS: Colour staining; * Selected temperature

Table 4: Colour properties of silk dyed with G. diversifolia extracted for different time durations

Silk fabric
SN Extl;r?icrfil()tlel;;me Colour stren Wash fastness

gth (K/S) cC CS
1 30 2.34+0.15° 1-2 2-3
2 45 2.70+0.15° 2-3 2-3
3 60 3.70+0.15° 3 3
4 75 4.46+0.15° 3 3-4
5 90* 4.98+0.15¢ 4 4-5

CC: Colour change, CS: Colour staining; * Selected time

Data followed by same letter have no significant difference according to Tukey post hoc test (p< 0.05) at 5% level of significance
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that was having hydrophobic regions and leads to different temperature levels. The extraction
the applications of acid dye on protein fiber. Wash temperature determines the solubility of dye
fastness results revealed that better rate was particles in water; higher the extraction

obtained when dye was extracted in neutral medium
and used for dyeing silk fabric samples. Based upon
the results, neutral medium was selected for further
dye extraction for dyeing silk fabric samples.
Mukherjee and Karajan, 2017 also selected the
neutral pH as optimum pH for extracting dye from
Cosmos sulphureus for silk yarn dyeing. Table 3
depicts the colour strength and wash fastness of silk
fabric samples dyed with dye extracted at five

temperature, more the colour gets extracted from
the dye particles. In case of silk samples, maximum
colour strength was observed at 100°C of extraction
temperature. Bouzidi et al., 2011 also found that
colour strength increased with increasing dye
extraction temperature, reaches highest at 90°C.
Wash fastness grades show the similar trend and
the fastness ranged from fair (2) to very good (4)
rating of fastness.

Table 5: Colour properties of silk dyed withdifferent concentration of G. diversifolia

. Silk fabric
SN Dye concenl;rlz)ltlon (/100 Colour strength Wash fastness

(K/S) CC CS

1 1 3.26+0.12° 4 4-5

2 2 3.44+0.15% 4 4-5

3 3% 3.53+0.15" 4 4-5

4 4 3.65+0.15™ 4 4-5

5 5 3.83+0.15° 3-4 4

CC: Colour change, CS: Colour staining; * Selected levels

Data followed by same letter have no significant difference according to Tukey post hoc test (p< 0.05) at 5% level of significance

Table 6: Colour properties of silk dyed with G. diversifoliaat different dyeing temperature

] Silk fabric
SN Dyeing t(ilgi) erature Colour strength Wash fastness
(K/S) cC CS

I 50 3.34£0.07° 2-3 2
3 60 3.52+0.07" 3 2-3
3 70 3.7320.07° 3 3
4 80 4.17+0.07° 34
5 90 4.6920.07° 4 4

CC: Colour change, CS: Colour staining; * Selected levels

Data followed by same letter have no significant difference according to Tukey post hoc test (p< 0.05) at 5% level of significance

Table 7: Colour properties of silk dyed with G. diversifolia at different dyeing time

Dyeing time Silk fabric
SN (ymimgltes) Colour strength Wash fastness

(K/S) CC cs

! 30 3.300.06° 3 3

2 45 3.56+0.06" 3 ™

3 60 4.400.06° 3 3

4 75 4.61x0.06% 34

5 90* 4.78+0.06" 4 2

CC: Colour change, CS: Colour staining; * Selected levels

Data followed by same letter have no significant difference according to Tukey post hoc test (p< 0.05) at 5% level of significance
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Table 8: Colour obtained using optimized parameters

Fabric Colour obtained

Undyed silk

Dyed silk

After considering colour strength and wash
fastness, the temperature of 100°C was selected for
dye extraction of G. diversifolia root material. The
colour strength was also found to be increasing
with temperature increasefrom50°C to 150°C by
Farooq et al. (2013). Yusuf et al. (2107) also
obtained optimum extraction temperature as 90°C
for extracting dye from Rubia cordifolia roots.

Table 4 shows the colour strength and wash
fastness of dyed silk fabric samples with dye
extracted for five different time durations i.e. 30,
45, 60, 75 and 90 minutes. Data in Table 4exhibits
that as the time for dye extraction was increased
from 30 minutes to 90 minutes, colour strength of
dyed fabric samples also increased gradually from
2.34 to 4.98 in silk fabric samples.Significant
change in colour strength was observed at 60, 75
and 90 minutes of extraction. Wash fastness of
dyed silk also improved with increases in extraction
time from 30 to 90 minutes. Hence 90 minutes of
extraction time was selected to extract the dye.

Swamyet al., 2016 also found 90 minutes and 90°C
as optimum temperature and time for dye extraction
from fresh flowers of Plumeria rubra for dyeing of
silk fabric. Nagia and Mohamedy (2006) stated
that at higher dye extraction time, more dye was
dissolved in water due to hydrolysis.The increase in
contact time between dye and solvent resulted in
dissolution of more dye. Dye concentration ranging
froml to 5 g per 100 ml was extracted at 100°C for
90 minutes due to the negligible color shade
obtained below 1 g per 100 ml water. It is evident
from Table 5 that as the concentration was
increased from 1 g to 5 g, colour strength value was
also increased. Considering the significant
difference among samples dyed with different dye

concentrations, 3 g was selected as optimum
concentration that showing maximum fastness of
slight colour change (4) and slight to no staining (4-
5). Further increase in dye concentration had
resulted in increase in K/S but it was found non-
significant statistically. Table 6 shows the colour
strength and wash fastness rating of silk fabrics
dyed at various temperatures from 50°C to 90°C. It
is clearly depicted in the Table 6 that as the dyeing
temperature was increased, the colour strength also
increased significantly. Wash fastness was fair at
50°C of dyeing temperature in the dyed fabric and
with increase in dyeing temperature, fastness rating
improved to be very good. Hence 90°C was
selected as optimum dyeing temperature. At higher
dyeing temperature, morekinetic energy of dye
molecules is responsible for more swelling of fibre
and disaggregation of dye molecules which might
have resulted into more movement of dye
molecules towards the fabric surface and finally
penetration inside fibre interstices (Shenai, 1997
and Kamel et al., 2007). Similar trend was observed
when cotton fabric was dyed with marigold from
40°C to 90°C and maximum colour strength was
obtained at 90°C (Farooq et al., 2013). Similarly
silk fabric dyed with eucalyptus leaf extract dye
solution exhibited maximum colour strength at 90
°C of dyeing temperature (Mongkholrattanasit et
al., 2011). Bouzidi et al., 2016 also found that
increase in dye bath temperature resulted in rise in
colour strength reaching highest at 100°C. It was
may be attributed to the aptitude of dye migration
and aggregation into the fiber which reveals higher
K/S at this temperature. Generally, this increase of
dyeability can be explained by fiber swelling and
hence, enhanced dye diffusion (Kamel et al., 2005).
Table 7 shows the colour strength and washing
fastness of fabric samples dyed for different time
durations ranging from 30 minutes to 90 minutes. It
can be inferred from Table 7 that increase in dyeing
time showed positive correlation with colour
strength and wash fastness. With increase in dyeing
time from 30 to 90 minutes, colour strength also
increased from 3.30 to 4.78 in case of dyed silk
fabric samples. Washing fastness also ranged from
good (3) to very good (4) in dyed fabric samples.
Considering the effect of dyeing time on colour
strength and washing fastness, 90 minutes of
dyeing time was chosen as optimum for dyeing of
silk fabric samples. Table 8 shows the undyed silk
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sample and silk sample dyed using optimized
parameters. The dyeability of silk fabric could be
attributed to the presence of polypeptide chain
which contained many active sites to bind with
natural dye through different bondings like
covalent, hydrogen bonding, hydrophobic
interaction (Yusuf et al. 2016). Kumar et al. (2015)
extracted dye from G. diversifolia roots and dyed
pashmina shawl with and without using synthetic
mordants. The higher depth of shade was attributed
to the presence of quinine and 8-9% tannin content
in roots.

Conclusion

The findings of the present study state that G.
diversifolia dye material extracted in neutral
medium at 100 °C for 90 minutes resulted in higher
colour strength and wash fastness ratings. Further
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