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ABSTRACT: Green technologies in isolation and extraction of natural products have always been welcomed
due to awareness about environmental standards for global health. The current research was performed
fo use microwave energy to extract natural dyes from lac insects and their application onto nylon fabric.
For isolation of natural dye from lac insect in acidic and acidified methanolic media Mw irradiation
for 3, 5, and 7 min. has been given and used to dye nylon fabric. Bio-mordants from herbal-based sources
such as Acacia and Turmeric were also employed to develop new shades and to improve fastness properties
in comparison with metallic salts of Al (Alum) and Fe (ferrous sulfate). The evidence from this study
suggests an increase in color yield (K/S) with the use of 5 min. of microwave energy when acid solubilized
extract of lac insect was used to dye onto nylon fabric. It has been demonstrated also that in the case of the
pre-mordanting method, 5% of Acacia and 1% of Turmeric give the best fastness properties and the highest
color yields. It is concluded that Microwave energy has an excellent efficacy to isolate the colorant, whereas
the addition of bio-mordants has made the process more sustainable and greener.
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INTRODUCTION

In the current scenario, due to serious environmental
threats and health risks associated with the use of synthetic
colorants, the global community is looking towards natural
dyes as an alternative almost in every field of life [1-4].
Synthetic dyes are normally used in a lot of commercial
products such as food, cosmetics, textiles, paper, etc.
However, after observation by environmental and
dermatologist associations, these have been found fatal
towards the environment, agriculture land, and global
health [5-7]. Studies also demonstrated that many
synthetic dyes enter into the human body via the
perspiration process from fabrics and cause cancer, skin
allergy, and DNA damage [8,9]. So, it is obvious that loads
of synthetic colorants are toxic, obnoxious and cause
serious threats towards the aquatic system and global
warming [10,11]. Due to all these negative side effects of
synthetic dyes (carcinogenic, mutagenic and genotoxic),
the revival of natural dyes in all fields have been welcomed
and it is considered as an excellent alternative to replace
the use of chemical dyes [12-14]. These dyes have excellent
deodorant, antibacterial, antiviral, antioxidant, anti-
inflammatory properties due to which mostly these are
essential parts of the herbal medication system [15-18].

Indeed, the natural color is obtained from renewable
and eco-friendly natural sources such as fauna, flora [19],
microbes, and insects [20-22]. Among these sources,
insects [23] based natural colorants are also considered
due to their biological and therapeutical values for coloration
of textiles, cosmetics, foods, flavors, etc. [24,25]. These
insect sources include Cochineal [23] Kermes [26] and
Lac (Kerria lacca) [4]. Lac dye is one of the oldest naturally
occurring sources of anthraquinone dye [27,28]. It is found
in the sticky resins containing several anthraquinone
derivatives from laccaic acid A, B, C, D, and E, but
laccaic acids A and B are found more abundantly [29].
Commercially, being known as Natural Red 25 (CI 75450)
and this dye exhibits excellent anti-fungal and anti-bacterial
properties [29,30]. Being sparingly soluble in water, its color
is orange in acidic dyebath and purple to reddish-violet
in alkaline dyebath. It yields orange to purplish red color
on matrixes such as textiles, cosmetics, food additives,
flavors, etc. [31, 32].

A lot of traditional extraction methods such as soaking,
stirring, heating, refluxing, etc. have been used for the
extraction of natural products from natural sources. But,
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due to the high energy-consuming, expensive costs, as well
as the consumption of more solvent, the use of these
conventional methods, are facing a decline [33]. In the
current era, many new technologies have been introduced
for effective extraction and potential isolation from natural
sources [34] but according to several studies, Microwave-
Assisted Extraction (MAE) seems to be more compatible [35].
Indeed, this method of extraction gives better yields by
enhancing the vibration and separation of materials
in the solvent [36,37]. Moreover, it saves extra time,
material, energy, and solvent consumption [38-40]. This treatment
is currently used as a commercial tool employed from
laboratory scale to industrial level. With non-ionization,
clean, and uniform heating nature, it affects directly
a particular target (animal cell or plant cell) to interact
with solvent via ionic conditions and dipole rotation. Thus,
through this unique mode of action not only excellent yield
is obtained, but also via rapid mass transfer kinetics
solvent consumption, energy and time are saved [38, 41].
Physically, it can tune fabrics surface to make it
excellently substantive for bio-active molecules without
harming its chemical nature [42]. Hence, such advantages
have now encouraged researchers to utilize this technique
in the extraction and dyeing process with natural colorants.
Because of the advantages of such radiation, and
natural dyes of animal origin, the current study has been
aimed to make effective isolation of laccaic acid from lac
powder to dye nylon and to improve the rating of fastness
properties using ecofriendly chemical and bio-mordants.

EXPERIMENTAL SECTION
Chemical products and textile materials

Lac powder was purchased from Nutri Herb, China,
and Nylon fabric was provided by Esprit Maille Industry,
Tunisia (GSM= 150g/m?). Commercial-based chemicals
such as alum and ferrous sulfate were used as mordants
without further purification. Acacia (Acacia nilotica) bark
and Turmeric rhizomes (Curcuma longa) after initial
pretreatment were sieved up to 20 mesh and were used
for a bio-mordanting purpose.

Isolation process

Isolation of colorant was carried out by boiling a particular
amount of powder (1g) with an acidic solution (2% HCI)
for 60 min. by keeping the powder to solvent ratio at 1:25.
After boiling, the crude material was filtered and used for
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the irradiation and dyeing process. In another set of
experiments, isolation of colorant was carried out by
refluxingl g of powder with acidified methanolic medium
for 60 min. by keeping the powder to solvent ratio of 1:25.
After refluxing, the crude mixture was filtered and
the clear filtrate obtained was used for further experiments.

Irradiation and dyeing Process

To stimulate the colorant, the acidic extract and
acidified methanolic extract were exposed to microwave
treatment for three different durations (3, 5 and 7 min.)
using a domestic microwave device. Nylon fabric was also
irradiated with the microwave device for 3, 5, and 7 min.
for the modification of the surface to enhance its uptake
ability. A comparison study was conducted between
irradiated (RE) and un-irradiated extract (NRE) which
were used to color irradiated fabric (RF) and un-irradiated
fabric (NRF) at 80 °C for 45 min., keeping extract of pH 3
to fabric ratio of 1:25.

Mordanting process

Bio-mordanting, a newly employed process for the
development of shade and rating of fastness properties has
been carried out. For this purpose, the sieved plant powder
of Acacia and Turmeric was boiled for 60 min. by keeping
powder to water ratio of 1:25. Electrolytes of Al and Fe
were employed for the mordanting of nylon fabrics to get
new shades for making comparative studies. For this
purpose, concentrations of 1, 3, 5, 7, and 9% of these
mordants were employed [42-43].

Analysis of colorfastness characteristics

Assessment of Color yield (K/S) using Kubelka-Munk
equation (equation 1) and colorimetric parameters (L*, a*
and b*) of all dyed and mordanted fabric were carried out
by Spectraflash SF600 spectrophotometer (Data Color,
USA). The rating of fastness properties to light, washing
and rubbing was carried out according to 1SO standards by
with Greyscale at Q.A and Q.C Lab of Noor Fatima
Fabrics, Faisalabad, Pakistan).

K/S:(l—R)Z/ZR 1)

RESULTS AND DISCUSSION

Microwave treatment is going to revolutionize the
world of natural products for utilization in various fields.
Microwave-assisted isolation in natural dyeing has been
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Fig. 1: Effect of microwave radiation duration on the obtained
color yield(K/S) of irradiated and un-irradiated Nylon fabrics
dyed with an acidified solubilized extract from lac dye.
RF= irradiated fabric; NRF= un-irradiated fabric; RE= irradiated
extract; NRE= un-irradiated extract; MAD = Microwave-
Assisted Dying.

welcomed by several researchers because it has solved
many problems such as isolation yield, reduction of
solvent consumption, etc. [42-43]. In the current study,
two types of solvent media (acidic and acidified methanol)
have been used to isolate the colorant from lac dye.
According to Fig.1, the results showed that the best color
yield (K/S) was obtained in the case of un-irradiated
fabrics (NRF) dyed with irradiated acidified extract (RE)
exposed at 5 min.

Upon changing the medium from acid solubilized
to acidic methanol solubilized medium although
microwave treatment for 7 min. has given excellent results
into the irradiated fabric (RF) as it is shown in Fig. 2 yet
lower than that of acid solubilized extract. This good color
yield is due to the excellent mode of action by microwave
treatment which has caused encapsulation of laccaic acid
from crude Lac powder via solid-liquid interaction and
efficient mass transfer kinetics [44]. Also, Nylon favors
acidic dye bath because the amide linkage of Nylon is prone
to acidic medium for firm electrostatic interaction with lac
dye functional sites (-COOH group). Low radiation treatment
may not be able to rupture the animal cell wall, whereas high
radiation may cause extraction of other molecules along with
the colorant that comes into the filtrate and upon dyeing affect
the shade [45-47]. Hence, radiation for 5 min., the
encapsulation of colorant from the cell wall in acidic
medium and effective sorption of colorant (laccaic acid)
into fabric occur simultaneously when used for dyeing
under Microwave-Assisted Dyeing (MAD) process.
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Fig. 2: Effect of microwave radiation duration on the obtained
color yield (K/S) of irradiated and un-irradiated Nylon fabrics
dyed with acidified methanol solubilized extracts from lac dye.
RF= irradiated fabric; NRF= un-irradiated fabric; RE= irradiated
extract; NRE= un-irradiated extract; MAD = Microwave-
Assisted Aying.
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Fig. 3: (a) Effect of concentration of pre-bio-mordants on color
yield (K/S) of un-irradiated Nylon fabrics dyed at optimal
conditions: Case of the pre-mordanting method. (b) Effect of
concentration of post-bio-mordants on color yield (K/S) of
un-irradiated Nylon fabrics dyed at optimal conditions: Case of
post-mordanting method
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After dyeing followed by finishing not only good
color yield (K/S) is obtained but also acceptable results
are achieved. Thus, it is recommended that acid
the solubilized extract should be used for dyeing of nylon
fabric under microwave treatment for 5 min. to get
acceptable results.

Mordanting is necessary for dyeing natural and
synthetic fabric with natural colorants because, without
its application, colors are not too fast as desired by
customers. Conventionally salts of Alum and Ferrous
sulfate were used for developing new tints and for getting
the desired fastness. Nowadays, a ray of plant-based
mordants has been spread. This is because the functional
isolates of plants have excellent anti-oxidant, anti-bacterial
and ayurvedic properties which make the process greener,
sustainable and aesthetic [34, 48]. The results are given
in Fig. 3a for pre-mordanting reveal that 1% of Turmeric
extract and 5% of Acacia extract as pre-mordanting have
given excellent results. Similarly, 3% of Turmeric extract
and 7% of Acacia extract as post-bio-mordants have given
excellent results given in Fig. 3b. This is because the
Turmeric and Acacia have such functional isolates
(ellagitannins) which contain OH as the binding site that
interacts with amide linkage of Nylon fabric and (-COOH)
and (-OH) groups of colorants via additional attractive
forces to give high coloring strength and acceptable
fastness rating [49,50]. The purposed bio-mordant Nylon
and colorant interaction has been shown in Fig.4. Upon
washing, this firmly absorbed complex shows maximum
resistance to detaching thereby resulting in a darker shade
with acceptable results.

In comparison, when electrolytes of Al (alum) and
Fe (ferrous sulfate) were employed, it was found that
mordanting with 1% Fe (ferrous sulfate) and 3% of Al
(alum) as pre-mordant has produced the highest color
strength (Fig. 5a) Whereas 1% of Al (alum) and 3% of Fe
(ferrous sulfate) have given the highest color yield (K/S)
when applied by post-mordanting method (Fig. 5b).
This is due to the formation of the metal-dye complex
onto fabric before and after mordanting [51], where
also, the nature of metal, colorant, and fabric played
their role in obtaining firm fixation of colorant [52].
The purposed mechanism for metal-dye complex
formation has been shown in Fig. 6. Upon washing,
this firmly absorbed complex shows maximum resistance
to detaching thereby resulting in a darker shade with
acceptable results.
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Fig.4: Proposed mechanism for interaction between bio-mordant, nylon, and colorant.
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Fig. 5: (a) Effect of concentration of metallic mordants on color yield (K/S) of un-irradiated Nylon fabrics dyed at optimal
conditions: Case of the pre-mordanting method. (b) Effect of concentration of metallic mordants on color yield (K/S)
of un-irradiated Nylon fabrics dyed at optimal conditions: Case of the post-mordanting method.

The color coordinates given in Table la for bio-
mordanting reveal that mostly fabric dyed are reddish
yellow in tone and darker in shade upon post-
mordanting and brighter in shade upon pre-mordanting
with Turmeric. The utilization of Acacia has given
reverse results because the utilization of Acacia has
been given reddish yellow hues but brighter shade upon
pre-mordanting and darker shade upon post-
mordanting. Hence, overall depending upon the mode
of mordanting the variety of hues that can be obtained
for lac dyeing of Nylon fabric show that sustainable
chemical and bio-mordant should be used for Nylon

Research Article

dyeing using animal-based lac dye. Similarly, the color
coordinates given in Table 1b for chemical mordants
reveal that mostly fabric dyed before or after
mordanting is more reddish yellow in hue but darker
in shade after post-mordanting and brighter after pre-
mordanting. But, the utilization of Ferrous sulfate
has given reverse tonal variation because of the low
reduction process; it has given reddish yellow tint but
darker upon pre-mordanting and brighter upon the post-
mordanting process. Hence, chemical mordanting
before or after dyeing of Nylon with Laccaic acid
isolated from Lac powder has given a variety of shades.

1853



Iran. J. Chem. Chem. Eng.

Rehman F. et al.

Vol. 40, No. 6, 2021

-

0—0

H,O H,O \

—<HZC—CH2-CH2-CH2-CH2-

Nylon Fiber

—<HQC—CH2-CH2-CH2-CH2-C—Nﬁ—
n

k H

o %o
Aq. Solution containing M™* >
—Nﬁ— -
| n
H

fHZC—CHZ-CHZ-CHzCHZ» —Tﬁ—
u

CH,CH,NHCOCH;

Dye comlex of nylon & mordant

g M

p

o
|
C

n

Mordanted nylon fiber

CH,CH,NHCOCH;

Colorant from Lac

M™= AP, Fe?*

)

Fig.6: Proposed mechanism for metallic mordant, nylon, and colorant interaction.

Fastness ratings in the natural dyeing process are
always very important because the sustainable mordants
improve the tint strength via either formation of the metal-
dye complex onto fabric or via extra H-bonding with fabric
functional sites (Amide linkage) and (-COOH) and (-OH)
groups of colorants (laccaic acid) [50-54]. The results
given in Table 2a reveal that chemical mordants have improved
the fastness rating from good to excellent. Similarly, the
utilization of bio-mordants also has enhanced the rating of
fastness from good to excellent, as shown in Table 2b.
Efficiently, the conjugation system of colorant nature of
fabric and isolation yield through proper dyeing methods
upon interaction hinders the fastness agents like heat,
detergents, crocking, etc. [34]. Thus, microwave treatment
used for isolation of colorant from lac powder followed by
dyeing of nylon fabric before and after chemical or bio-
mordanting has given acceptable color characteristics.
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CONCLUSIONS

The current need for sustainable eco-friendly products
in textiles is the due need of today's global community.
Of these products, animal-derived colorant having ayurvedic
and therapeutic nature is being widely encouraged in the applied
field. Lac dye (Laccaic acid) colorant for Nylon dyeing
has been explored in acid solubilized medium followed
by microwave treatment for 5 min. The highest color
yield (K/S) was obtained when the extract was irradiated
for 5 min. and applied on un-irradiated fabric and
bio-mordanted using herbal-based mordants. Acceptable
fastness ratings were obtained when a low amount of eco-
friendly chemical and bio-mordants were employed
before or after dyeing. Thus, the addition of bio-mordants
has not only made the process of dying of nylon greener,
ayurvedic but also the application of microwave radiation
has made process energy and labor effective.
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Table 1a: Effect of concentrations of bio-mordants on color yield (K/S) and colorimetric parameters of un-irradiated

Nylon fabrics dyed with irradiated acid solubilized extracts at optimal condition.

-

~

Turmeric Acacia
Types of Mordanting Mordant conc. (%)
L* a* b* L* ax b*

1 29.12 34.83 2151 25.91 31.89 2297
3 31.54 37.28 24.07 28.17 38.48 27.20
Pre mordanting 5 36.31 38.28 22.86 2371 30.29 19.92
7 36.32 36.91 21.54 28.33 35.26 27.14
9 33.81 33.67 13.86 24.56 30.45 20.16
1 14.07 23.39 10.87 3211 33.45 8.30
3 19.32 23.97 11.82 33.01 32.08 9.83
Post mordanting 5 20.26 24.58 12.61 34.14 31.30 10.60
7 20.73 2547 13.41 31.66 28.88 12.41

9 22.08 24.60 14.02 32.98 27.79

\_

13.19 /

L* = lighter/darker shades; a* = redder/greener tone; b* = yellower/bluer tone

Table 1b: Effect of concentrations of metallic mordants on color yield (K/S) and colorimetric parameters of un-irradiated Nylon

fabrics dyed with irradiated acid solubilized extracts at optimal condition.

-

~

Alum Ferrous sulfate
Types of Mordanting Mordant conc. (%)
L* a* b* L* a* b*
1 24.89 32.19 2.9608 23.64 13.59 30.01
3 29.42 38.93 3.7097 24.22 12.96 21.45
Pre mordanting 5 24.58 31.80 4.675 22.37 19.51 13.96
7 28.49 36.94 5.5524 26.07 16.00 19.37
9 26.15 34.64 6.1322 28.85 16.02 14.86
1 32.26 32.75 6.38 18.15 11.36 4.36
3 36.01 31.25 7.69 15.87 8.99 2.26
Post mordanting 5 37.35 31.08 5.57 17.44 10.09 3.39
7 40.86 29.87 5.57 18.51 12.88 5.77
9 40.86 30.35 5.00 17.91 8.01

.

3.71 /

L* = lighter/darker shades; a* = redder/greener tone; b* = yellower/bluer tone
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Table 2a: Effect of concentrations of metallic mordants on fastness rating of un-irradiated Nylon fabrics dyed with
irradiated acid solubilized extracts at optimal condition.

/ Alum Ferrous sulfate \
Mordant conc. LF WF DRF WRF LF WF DRF WRF
1 4/5 4 4 4 4/5 4 4 4
3 4/5 4 4 4 4/5 3 4 5
Pre Mordanting
5 5 4 4 4 4/5 5 4 5
7 4/5 4 4 5 4//5 4 4 4
9 5 5 4 5 5 4 4 5
1 5 4 4 4 4/5 4 4 4
3 5 4 4 4 5 4 4 4/5
Post mordanting 5 5 4 4 4 5 4 4 5
7 5 4 4 4 4/5 4 4/5 5
K 9 4/5 4 4-5 5 4/5 4 4 5 j

LF = light fastness, WF = wash fastness, DRF = dry rubbing fastness, WRF = wet rubbing fastness

Table 2b: Effect of concentrations of bio-mordants on fastness rating of un-irradiated Nylon fabrics dyed with irradiated acid
solubilized extracts at optimal condition.

/ Turmeric Acacia \
Mordant conc. LF WF DRF WRF LF WF DRF WRF
1 5 4 Y 5 5 4 5 5
3 5 5 4 4 4/5 3 5 4
Pre Mordanting
5 5 5 5 4 5 4 5 3/4
7 4/5 4 5 4 4/5 3 5 4
9 4/5 3 5 4 4/5 4 5 4
1 4/5 3 4 5 4/5 4 3/4 5
3 4/5 4 4 5 5 4 4 5
Post mordanting 5 4/5 4 4 5/4 5 4 4 5
7 4/5 4 5 4/5 4/5 4 4 5
\_ 9 5 4 5 5 5 4 4 5 )
LF = light fastness, WF = wash fastness, DRF = dry rubbing fastness, WRF = wet rubbing fastness
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