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Abstract

The use of natural dyes on textiles has become a matter of importance because of the increased environmental awareness to
avoid hazardous, non-biodegradable synthetic dyes (soluble and Non water soluble) and synthetic chemicals. Pre-mordanting,
and post-mordanting of 10%, 30% and 50% concentration of mordants carried out using alum, stannous chloride and ferrous
shulphate. Results were achieved for dyeing at 90°C for 60 min at 10%, 30% and 50% concentration of the dye on the weight
of fabric using pre- and post-mordant dyeing techniques Treated fiber showed a substantial increase in colour depth (K/S)

and adequate wash, light and rubbing fastness properties without and with mordanted and dyed banana fiber.
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Introduction

Natural dyes are extracted from various parts of plants
such as roots, barks, leaves, flowers, and fruits as well as
from insects. They have been primarily used for coloring
food, leather, and textiles made from natural fibers as silk,
wool, cotton. Recently, interest has grown in natural dye
applications in the textile industry as a result of the urgent
demand for eco-friendly and biodegradable products.
Although natural dyes are viewed as a safer alternative to
synthetic dyes, they have the following disadvantages: low
color yield, poor reproducibility, and inferior color fastness
properties.

Natural dyes were used in place of synthetic dyes due
to environmental conditions. They are non-biodegradable,
non-polluting, non-carcinogenic and eco-friendly. Synthetic
dyes are broadly disparaged in the world because; they cause
water pollution and waste disposal problems. Natural dyes
are environmental friendly in nature, biodegradable and
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non-toxic [1-6]. They are attracting the awareness of people.
Some of natural dyes are anti-allergic and proved to be safe
for body contact.

Catechu, it is a vegetable dye used for tanning and dyeing
wool, silk and cotton to give a yellow brown colour. It gives a
gray brown with iron mordant and olive brown with cupper
mordant. Catechu has excellent light and washing fastness
properties.

Catechu (or Cutch/Katha)isabrownnatural dye obtained
chiefly from the heartwood of Acacia catechu, found in most
of the Indian sub-Himalayas. The chief coloring component
present in the catechu is catechin having molecular formula
C15H1406. The content of catechin in catechu varies from
4-7%. This dye is being used extensively in dyeing of textile
materials. Pharmacological studies have demonstrated
that catechu is used in traditional medicines, show anti-
inflammatory and anticancer activities [7-10].
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e Cutch Extract: This catechu natural dye powder is
an extract prepared from steeping the wood of the
Acacia catechu tree in warm water until a syrupy
liquid immerges. This is dried and then convert into
powder form. It is common to most parts of Indonesia
India, Burma, and Peru. Indian cutch is a good source
of colour fast shades of brown - cinnamon, nutmeg,
and clove. Cutch extract contains tannin as well as the
dye compound. It is easily soluble in water. Cutch has
excellent light and washing fastness properties.

e Dyestuff Catechu Dye: It is a natural coloring matter.
Coloring substance used was extracted from Acacia
catechu tree (Figure 1).

Figure 1: Coloring substance from Acacia Catechu tree.
(. J/

e Experimental

Materials used for experimental work

Materials used for experimental work

The Natural madder dye was supplied by Sky Morn
Fashion Accessories Exports, Ghaziabad, India.

Chemicals Laboratory grade metallic salts such as
ferrous (II) sulphate, (FeSO,.7H,0 manufactured by Rankem
RFCL Ltd), Stannous Chloride (SnCl,Manufactured by Fisher
Scientific and Alum (KAI(SO4), manufactured by were used
as a mordant.

e Equipment: Weighing balance, Water bath, HTHP dyeing
Machine, Digital thermometer, Hot air oven,

Methods
Extraction Methods used for Acacia Catechu

Acacia Catechu was crushed to the powder form, and
then the coloring matter was extracted using (According
to shade % required gram of the heena powder in 100 ml
water) at the boiling. At the end, the solution was filtered off
with filter paper [11,12].

Pretreatment with Alam

Alam solution was freshly prepared by dissolving (5%)
of alum in distilled water at a liquor ratio 1: 30 and treated
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banana fiber at laboratory HTHP dyeing machine with
programmable time and temperature control for 60
min. Fibers were then squeezed and dried.

Pretreatment with Ferrous Sulphate

Ferrous Shulphate solution was freshly prepared by
dissolving (5%) of Ferrous Shulphate in distilled water at a
liquor ratio 1: 30 and treated at laboratory HTHP dyeing
machine with programmable time and temperature
control for 60 min. Fibers were then squeezed and dried
[13-16].

Pretreatment with Stannous cChloride

Stannous chloride solution was freshly prepared by
dissolving (5%) of stannous chloride in distilled water at a
liquor ratio 1: 30 and treated at laboratory HTHP dyeing
machine with programmable time and temperature
control for 60 min. Fibers were then squeezed and dried.

Dyeing Procedure

Three different mordants like (Alum, Ferrous
Shulphate, stannous Chloride) were used for dyeing as pre-
and post-mordanting agents. Mordanting and dyeing
were carried out in a laboratory HTHP dyeing machine
with programmable time and temperature control.
The required amount of dye was taken according to
the dyeing shade of 10, 30, and 50%, respectively, on
the weight of fabric (o.w.f.)). Around neutral pH and
material-to-liquor ratio of 1:50 were maintained, and
dyeing was carried out at 902C for 60 min [17-19].

Weight of fabric * Required mordant %
Concentration of stock solution prepared %

Amount of mordant required in ml =

Weight of fabric * Required shade %
Concentration of stock solution prepared %

Amount of dye required in mL =

Evaluation of Dyeing

Evaluation of dyeing was done by determining K/S
and L* a* and b* values using computer color matching
system. Color depth of the samples was evaluated measuring
reflectance values by using Spectra Scan 5100+ computer
color matching system. The relative color strength (in term
of the K/S value) of natural dyed banana fiber was measured
using the following Kubelka- Munk equation:

K (1-RY

N 2R

Where K is the absorption coefficient, S is the scattering
coefficient, and R is the reflectance of the dyed fabric at
the wavelength of maximum absorption
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Type of Mordant Dye Conc. % Dyed Sample
10
30

Alam (5%) Pre-mordnting

50
10
30

Post Mordanting
50
10
30

Ferrous Sulphate (5%) Pre-mordnting
50
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Post Mordanting 10

30

50

10

30

Stannous Chloride (5%) Pre-

mordnting
50
10
30
Post Mordanting

50

Table 1: K/S values of the banana fiber.
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Results and Discussion

Natural Dyeing with Acacia Catechu Extracts on
Banana Fiber

It is observed in Table 2 that the K/S values of the
banana fiber with extract Acacia Catechu dye solution itself
increased even without the use of mordant with increase
in dye concentration. However, the K/S values were, in
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general, quite low due to the absence of mordant. When
mordant was used before or after dyeing, there was
increase in the K/S values, which is attributed to distinct
chelation and complex formation of coloring compound
with mordant, thus improving fixation on the fabric,
giving enhanced K/S values. Different mordants, however,
influenced this fixation of dye on fabric to a different
extent. This is attributed to increasing the amount of

colorant.

Type of Mordant Dye Conc. % o.w.f. K/Svalue L a* b*
10 17.08 2.76 12.52 17.19
Alam (5%) Pre-mordnting 30 13.42 -1.4 12.12 13.15
50 15.54 -0.33 12.87 12.55
10 7.38 -2.92 4.13 7.69
Post Mordanting 30 2.99 -9.91 1.74 1.94
50 2.94 -9.78 1.57 1.81
10 22.81 7.71 12.99 16.06
Ferrous Sulphate (5%) Pre- 30 17.26 -0.7 13.37 11.16
mordnting
50 17.86 0.01 13.61 11.71
10 21.56 3.79 17.39 15.78
Post Mordanting 30 13.38 -3.27 13.27 11.09
50 14.33 -2.25 14.35 13.67
) 10 8.26 -2.22 4.86 6.76
Stannousnclg‘é;‘giés %) Pre- 30 2.99 -10.44 2 1.44
50 4.21 -9.41 341 2.43
10 22.32 11.46 13.62 17.06
Post Mordanting 30 17.31 3.21 15.54 14.78
50 12.75 -3.7 12.02 9.78

Table 2: K/S values and color coordinates of dyed banana fiber without and with mordant getting fixed on banana fiber.

The figure 2 indicated the colour strength (K/S value)
of Acacia Catechu while using different concentration of 10%, 30%
and 50 % of dye using alum mordant. The results representing
the k/s value is more in case of Pre-mordanting in comparison

to post-mordenting. The colour strength of the natural dye
extracted from Acacia Catechu showed the colour strength is
more in case of pre- mordanting.

s

using alum mordant.
(&

Figure 2: The Colour strength (K/S value) of Acacia Catechu while using different concentration of 10%, 30% and 50 % of dye

J
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The figure 3 indicated the colour strength (K/S value)
of Acacia Catechu while using different concentration of 10%, 30%
and 50 % of dye using Ferrous Shulphate mordant. The results
representing the k/s value is more in case of Pre-mordanting
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in comparison to post-mordenting. The colour strength of the
natural dye extracted from Acacia Catechu showed the colour
strength is more in case of pre- mordanting.

-

using Ferrous Shulphate mordant.
|\

Figure 3: The colour strength (K/S value) of Acacia Catechu while using different concentration of 10%, 30% and 50 % of dye

The figure 4 indicated the colour strength (K/S value) of
Acacia Catechu while using different concentration of 10%, 30%

and 50 % of dye using stannous chloride mordant.

-

stannous chloride mordant.

(S

Figure 4: The colour strength (K/S value) of Acacia Catechu while using different concentration of 10%, 30% and 50 % of dye using

J

The results representing the k/s value is more in case
of post-mordanting in comparison to pre-mordenting. The
colour strength of the natural dye extracted from Acacia
Catechu showed the colour strength is more in case of post-
mordanting.

L*: lightness (0 = black, 100 = white), a*: red-green
coordinates (positive values = red, negative values =
green), b*: yellow-blue coordinates (positive values =
yellow, negative values = blue).
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Acacia Catechu extract in combination with alum ferrous
Shulphate and stannous Chloride mordants onto Banana Fiber
produced good improvement in color depth (K/S), and their
values were in positive color coordinates in terms of a* (red)
and b* (yellow) values. Thus, they showed shifts in their
tones, resulting in beautiful gamut of colors as compared
with the dyeing obtained without using mordant..

Assessment of Fastness Properties of Dyed Banana
Fiber

The fastness ratings of banana fiber dyed without and with
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mordant at different dye concentrations of 10, 30, and 50% are
presented in Table 3. These results indicate that the washing
fastness of the banana fiber dyed with catechu was very good
to excellent (4to 4-5) and the light fastness was of good to very
good (5 to 5-6) grades. The color fastness to rubbing was found
to be in the range of 3 to 5, i.e. Good to excellent, for the banana
fiber with or without mordant. Hence, after mordanting, fiber
improves washing, light and rubbing fastness proper-ties. Also,
fixation level of dye increases. Natural dyes are less substantive
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and thus require a mordant to fix them on fiber and prevent
color from either fading with exposure to light or washing. These
pre- or post-mordanting have different effects on the shade
obtained after dyeing and also on fastness properties. Alum is
a white powder, safe for hands and easy to use and produces
bright shades and relatively good light fastness. It is, therefore,
necessary to choose a proper mordanting method to get the
desired shade and fastness properties.

I\'/Il‘()),ll?:a(:ft D(;)eo(ll‘(::}.c. }Z:::;:E Light fastness Rubbi;ngrt;l)stness Rubbing fastness(wet)
Pre Post Pre Post Pre Post Pre Post
10 4-5 4-5 6 5 5 4-5 4-5 4
Alum (5%) 30 4-5 4-5 6 5-6 4-5 4 4 4
50 4-5 4 5-6 5-6 4-5 4-5 4 3-4
10 4-5 4 6 5 5 5 4-5 4-5
Sulgﬁ;‘;‘;% ) 30 45 45 5-6 5-6 45 45 45 4
50 4-5 4 5-6 5 4-5 4-5 4-5 4
10 4-5 4-5 6 5-6 5 5 4-5 4-5
Chls(fji‘(‘;;"(‘; " 30 4°5 4 5-6 5-6 4.5 4 4-5 4
50 4-5 4 5-6 5 4-5 4-5 4 4

Table 3: Fastness ratings of banana fiber dyed without and with mordant at different dye concentrations.

Conclusions

Acecia Catechu extract can be successfully
employed as a natural dye with different mordants for
dyeing of banana fiber as a natural source of colorant.
Banana fiber showed higher color depth in terms of
K/S values on mordanting with alum,Ferrous Shulphate,
stannous Chloride as compared to without mordanting.
The banana fiber showed decreasing K/S values as the
mordanting method was varied from pre mordanting
to post mordenting using different types of mordent
like Alam, Ferrous Shulphate, stannous Chloride. In case of
fastness properties pre mordanting method of dyeing
gives more fastness like Rubbing, washing and light
fastness as compared to Post mordenting and without
Mordenting.
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