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Abstract

A laboratory-scale study was performed for fostering an eco-friendly approach by substituting synthetic
colorant with natural plant extracts as dye source in the presence of hard water (prepared from NaHCO,,
MgSO,, CaSO,, and KCI). The dyeing behavior of cotton fabric was analyzed using extract from Eucalyptus
globulus and Curcuma longa. Alum and ferrous sulphate were used as mordanting agents to mitigate the hard
water effect on dyeing properties. The color strength and fastness properties of dyed cotton were studied. The
hard water badly affected the color properties of fabric dyed with natural dyes. Mordant lessened the adverse
effects of hard water, but not satisfactorily. The sequestering agent proved to be significant in mitigating
the negative effect of hard water on fabric dyeing. Moreover, water hardness also adversely affected the
extraction of natural dyes from Eucalyptus globulus and Curcuma longa; however, dye exhaustion was
improved by mordant and the sequestering agent. Results revealed that the negative impact of hard water on
dyeing properties can be mitigated using a sequestering agent.
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Introduction of salts used in the pre-treatment, bleaching, dyeing,

and printing processes [1-4]. Hard water affects the

Textile wet processing utilizes a huge amount of water, dyeing process and, using optimized dyeing conditions,
and the discharged water contains a significant amount the adverse effect of water hardness can be avoided by

chelating the metal ions contributing to hardness through
sequestering agents, i.e., polyphosphates or amino
carboxylic acids [5-8].
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Plants are the enormous source of biological moieties
with diverse applications [9-15]. Use of natural colorants
also has varying influence on the dyeing behavior in the
presence of hard water. Moreover, mordant such as alum,
potassium dichromate and stannous chloride and dulling
mordant such as cupric sulphate and iron sulphate are also
in practice to mitigate the effect of hard water on dyeing
properties. Moreover, methods of mordanting are
also influential in producing the dyeing outcome
like pre-mordanting, meta-mordanting and post-
mordanting [16]. However, for better dyeing process,
selection of dye is the most important factor. Nowadays,
safer and eco-friendly dyeing process is preferred, which
can be fulfilled using natural sources. Plants are the most
accessible and economically viable source of natural dyes
[17].

Cotton fabric was dyed using Eucalyptus globulus and
Curcuma longa extracts in the presence of hard water. We
evaluated the mordent and sequestering agent’s affects
on dyeing properties. Our study was conducted in hard
water of different strengths (hard and soft), and various
process variables were optimized to achieve maximum
color strength.

Material and Methods
Hard and Soft Water

Hard water of different strengths was prepared using
NaHCO,, MgSO,, CaSO,, and KCI. Hardness was
confirmed by titrating it against 0.01 N solution of EDTA
and the strengths we prepared are shown in Table 1.

Extraction of Colorants with and without
Sequestering Agents

The extraction was carried out for 60, 60, and 90 min
at a 1:20 M:L ratio for both the turmeric and eucalyptus
with distilled water. The effect of temperature was studied
at varying water hardness.

Extracts from both turmeric and eucalyptus were
used for the dyeing process in different water types. A
sequestering agent was added to see its effect (FeSO, and
alum) on dyeing properties to mitigate the effect of hard
water on the dyeing process. For the dyeing of cotton

Table 1. Water characteristics used for dying.

fabric, pre-mordanting and post-mordanting was done
with alum and FeSO, for both dyes. In pre-mordanting
both the plant extract (colorant) was first treated with
mordents and then employed for the dyeing using each
hard water as precisely reported elsewhere [18].

Dyeing of Fabric

Dyeing cotton fabric (5 g) was carried out using 5%
turmeric and eucalyptus extracts in distilled water at a
material-to-liquor ratio of 1:15 with alum and ferrous
sulphate 30 g/L and 20 g/L, respectively. The dyeing
process of cotton fiber was done using an HT dyeing
machine at the Color and Textile Laboratory, Department
of Chemistry, University of Agriculture, Faisalabad.

Washing Fastness and Rubbing Fastness

The washing fastness of dyed fabric was evaluated
using the ISO 105 CO, method. For this, 0.5 g dyed
sample was placed between two pieces of size of un-
dyed white samples and held together by stitching round
the edges. Soap solution contained 5 g soap and 2 g of
anhydrous sodium carbonate that was taken and volume
was increased to 1L with distilled water. Pre-heated soap
solution (at 60°C) in the ratio of 1:50 i.e., 0.5g/25 mL was
taken in stainless steel glass and fabric was sandwiched
and rotated at 60°C for 30 min in an H-T dyeing machine.
The specimen was removed, rinsed in cold and hot water,
dried, assessed in its change in color, and rubbing fastness
was estimated [19]. Rubbing fastness was analyzed using
the ISO 105 x-12 method using a Crockmeter. A dry
crocking test was performed using a 5 x 13 c¢cm piece of
dyed fabric.

Result and Discussion

The Effect of Water Hardness on Extraction
of Dye from Turmeric and Eucalyptus Bark

The data for extraction for turmeric at different
times (30, 60, and 90 min) is presented in Fig. la with
various hard water as compared to control. The optimized
conditions were found to be M:L 1:20, temperature 90°C
and 60 min reaction time. Hard water affected the dye

Reagent added (mg/L) Water quality
Hardness

NaHCO, MgSO, CaSO, KCl1 pH Hardness

Very soft 12 7.5 7.5 0.5 6.4-6.8 10-13

Soft 48 30 30 2.0 7.2-7.6 40-48

Moderate hard 96 60 60 4.0 7.4-7.8 80-100
Hard 192 120 120 8.0 7.6-8.0 160-180
Very hard 384 240 240 16.0 8.0-8.4 280-320
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Table 2. Effect of hard water on dyeing properties of cotton fabric dyed with turmeric and eucalyptus extracts.
Water hardness Turmeric dye Eucalyptus dye
(mg/L) L* a’ b’ c h L* a b’ c h
0.00 70.54 4.36 62.98 51.29 88.77 46.22 8.23 19.54 21.2 67.15
59.56 1.17 55.10 48.50 86.33 63.29 6.48 17.95 19.08 70.17
90.90 58.59 0.59 56.75 50.59 76.49 68.49 5.87 16.71 20.25 74.22
67.14 1.22 59.43 4791 86.42 63.91 6.04 17.68 18.69 71.14
50.91 3.22 58.67 4435 86.50 64.19 6.32 17.43 18.54 70.07
272.72 60.09 3.5 52.5 42.95 85.00 65.05 5.64 16.8 17.72 71.44
57.96 231 55.62 41.29 82.10 64.29 6.3 17.21 18.33 69.89
79.71 2.11 55.43 48.50 81.56 64.77 6.29 16.68 17.83 69.33
454.54 78.59 1.93 56.72 50.59 84.79 63.67 6.78 16.95 18.26 68.2
76.22 1.02 56.43 45.24 85.87 63.76 6.8 18.43 19.65 69.74
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Fig. 1. Effects of water hardness: a) on color strength of cotton dyed with Eucalyptus extract, b) on color strength of cotton dyed with
Eucalyptus extract, c¢) as a function of time on color strength using turmeric extracts, d) as a function of time on color strength using
Eucalyptus extracts, e) on color strength at different temperatures for rurmeric extracts, and f) on color strength at different temperatures

for Eucalyptus extracts.
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extraction from both turmeric and eucalyptus. As hardness
increased, the color strength decreased significantly,
which might be due to metal ions that could aggregate
with dye molecules and decrease dye exhaustion [18].
The yellowish tone was decreased prominently since the
colorimetric values like a* decreased from 4.36 to 1.17,
0.59 and 1.22 by increasing the time from 30 to 90 min
with water hardness scale 90.90 (mg/L) (Table 2). Other
hardness scales also showed adverse and variable impact
on the color strength (Fig. 1a). Low color strength during
extraction from turmeric with hard water is attributed to pH
of the extraction medium that is alkaline and consequently
destabilizes the curcumin (main component of turmeric
dye). Our results were in line with previous reports. i.e.,
negative effect of hardness on color strength (K/S) was
reported for reactive dye for cotton dyeing [20]. In contrast
to turmeric extracts, the extraction of dye from eucalyptus
in the presence of hard water hard showed less impact on
color strength. As can be seen from Fig. 1b), extraction
of dye for different time intervals showed variable impact
on extraction of dye at different hardness values. Color
strength increased as water hardness scale increases from
90.90 to 454.54 mg/L, which enhanced the alkaline nature
of extraction medium. This increase in extraction quality
and color strength might be due to quercetin (the main
component of dye present in eucalyptus). This component
is anionic in nature in aqueous form that is more stable in
alkaline medium and more soluble in hard water (Table
2). Results showed that L* values increased and H values
higher than standard indicates more yellowish tone in
alkaline medium.

Effect of Temperature on Dyeing
in Hard Water

Dyeing with both types of extracts was carried out for
30-90 min in temperature range of 60-80°C in the presence
of hard water (90.90-454.54 mg/L). The percentage color
strength increased slightly in the presence of hard water
when fabric was dyed with turmeric extract. The color
coordinates, L* indicated that color was lighter and lower
values of a* and higher values of b* indicate color was
yellowish instead of redder. Higher values for H indicate
brightness and reaction time and temperature effect for
different dyeing times using turmeric extracts in hard water
scales on color strength are depicted in Figs. 1c) and 1d),
respectively. The improvement in color strength might be
attributed to a marked reduction in Zeta potential of fabric.
The decrease in zeta potential is due to the strong attractive
forces between the cation and the negatively charged surface
of cotton. Under such conditions, the cation could partially
screen the fiber-water interface of cotton [21]. The cations
crowding toward fiber could neutralize the negative charges
on surface and reduce the repulsive forces between cotton
and dye anions [22]. Consequently, there is an increase in the
chemical potential of dyeing, which in turn leads to increased
color strength. Dyeing of cotton fabric with eucalyptus
extracts as a function of time and temperature also showed
the same trends and responses as shown in Figs le) and

1).

Color strength values increased when water hardness
increased. But color coordinates showed a slight change
as compared to fabric dyed with turmeric extract. Values
of a* and b* indicated that tone of the color was redder
and more yellowish, respectively, which were comparable
with standard values. The value of C* was in the range
of 17-20, which is also a good indication of brightness.
A significant increase in color strength was found when
temperature rose. However, dyeing time imposed a
negative effect on dyeing quality in the presence of
hard water. These results are in line with previous reports
[23].

Effect of Pre-Mordanting
on Dyeing Properties

We investigated the effect of alum and FeSO, (5%
solution) as pre-mordant on dyeing in the presence of hard
water at 30°C and 45 min dyeing time. The pre-mordanting
effect was significant on dyeing properties in the presence
of hard water (turmeric extract). The color strength
increased when alum was employed as pre-mordant
(Fig. 2a), and in the case of eucalyptus the Alum effect
was insignificant. The negative impact might be due to
insoluble complex formation of alum with dye molecules
and consequently dye uptake decreased [24]. As water
hardness increased, we observed a more adverse effect on
color strength. Color coordinate values, i.e., a* revealed a
negative effect and color tone was greenish and positive
values of b* indicates yellowish color tone (Table 3). In the
case of FeSO, the color strength values were recorded low
as compared to standard both for turmeric and eucalyptus
extracts (Fig. 2b). The color coordinate values indicated
an insignificant effect on color coordinates (Table 3). The
chroma *C values for all fabric samples was fair. However,
brilliancy was affected negatively. FeSO, as mordant with
various hard water scales and effect on color properties
was insignificant. Previously, it has also been reported that
mordant could not work properly in the presence of hard
water [25], and similar effect was observed in the present
investigation, and this negative effect has been correlated
with insolubility and aggregation of dye molecules, which
reduced the dye uptake [26].

Effect of Post-Mordanting
on Dyeing Properties

Post-mordanting was also employed to investigate the
impact on color for both types of extracts, and responses
are shown in Figs. 2c-d. The addition of a sequestering
agent markedly improves color strength. Both turmeric and
eucalyptus extracts showed higher color strength values
versus standard both for alum and FeSO,. The dyeing with
turmeric extract showed significantly higher color strength
in the presence of hard water, which revealed that post-
mordanting considerably mitigate the hard water effect on
color strength. Color coordinate values also showed good
values, and higher L* value indicate lightness of the color
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Fig. 2. Effects of: a) alum pre-mordanting on the dyeing process, b) FeSO, pre-mordanting on the dyeing process, ¢) alum post-mordanting
on dyeing process, and d) FeSO, post-mordanting on the dyeing process.

amplified as compared to control, which showed highly
deep color. Decreased color tone (a*) was an indication
that color was less red and more green; on the other hand,
b* indicates the yellowish color of dyed cotton. The C*
values revealed fairly good brightness as compared to
control. Previously, it has been reported that sequestering
agents have an enhancing effect on color strength and this
behavior is attributed to extraction conditions to stripping
off the metal ions with sequestering agents that ultimately
improve color quality and extraction efficiencies [5]. In
the present study, significantly improved color quality is
also an indication of hard water mitigating the effect of
sequestering agents.

Color Properties

Washing and rubbing fastness tests were performed to
check the colorfastness properties, which were recorded.
For eucalyptus, rubbing fastness was in the range of 4-5
and washing fastness value was 4 in distilled water, and
in hard water these values were 3-4 and 3-4, respectively.
In the case of turmeric extrac, these values were 3 and 3-5
for washing and rubbing fastness in distilled water, and
1-2 and 3-4 in hard water, respectively. It was observed
that water hardness had an adverse effect on washing and
rubbing fastness when fabric was dyed with both turmeric

Table 3. Effect of pre-mordanting on dyeing properties of cotton fabric dyed with turmeric and eucalyptus extracts.

Alum
Water hardness Turmeric dye Eucalyptus dye
(mg/L) L* a’ b’ c h L* a b’ c h
0.00 78.90 7.34 51.2 51.3 96.74 57.31 5.56 19.43 21.22 68.32
90.90 68.26 2.47 32.4 32.5 86.68 58.47 7.85 23.89 25.14 71.82
272.72 65.32 -0.3 34.4 34.4 80.42 57.59 8.10 23.95 25.28 71.32
454.54 67.64 -5.0 34.6 32.9 86.74 57.39 5.89 23.02 24.93 72.15
FeSo,
0.00 79.98 6.54 67.22 67.45 95.15 42.65 475 13.22 16.88 79.70
90.90 67.9 3.77 40.26 40.44 84.65 35.19 5.78 14.23 15.36 67.89
272.72 68.43 2.67 39.57 39.66 86.14 33.19 5.78 14.88 15.97 68.76
454.54 69.02 3.38 41.22 41.36 85.31 39.74 6.82 15.35 16.79 66.05
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and eucalyptus extracts. Therefore, based on this study,
the use of mordanting/sequestering agent is suggested to
enhance the dye uptake and previous studies also revealed
a similar trend that mordanting/sequestering can be used
to enhance the color strength and color properties [27-36],
and in view of current environmental pollution [37-50],
the natural sources should be preferred to avoid a negative
impact on the environment.

Conclusions

The dyeing behavior of cotton fabric was analyzed
using Eucalyptus globulus and Curcuma longa extracts in
the presence of hard water using mordanting/sequestering
agents. The color strength and fastness properties revealed
that hard water badly affected fabric properties dyed with
natural dyes. Mordanting/sequestering agents proved to
be helpful in mitigating the negative effect of hard water
on dyeing properties. Based on the findings of the present
investigation, we concluded that hard water has a negative
impact on dyeing properties, which can be minimized by
using a mordanting/sequestering agent to enhance the
efficiency of natural dyes.
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