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Abstract: The coloring behavior of santalin, a natural reddish-brown dye derived from sandalwood,
has been investigated in this work for the dyeing of silk fabrics while being heated in MW radiation.
Microwave (MW) radiation up to 5 min has been employed to isolate colorant (Santalin) from red
sandalwood (Ptrecarpus santalinus) in selected medium, and bio-mordants in competing with salts
as chemical-mordants have been included. Statistical analysis was made and dyeing variables were
selected for getting dark shades though mordants. MW treatment for 3 min. to both extract and
fabric was selected and mild dyeing conditions were optimized statistically to get dark shades. On
applying chemical mordants, selected amount of salts of Al+3, Fe+2 and T.A. before and after dyeing,
has given good results. Comparatively, selected extracts of plant based sources have shown colorfast
shades of high strength. The MW radiation has excellent potential to extract dye form plants using
optimum medium through less time and energy, and the application of plant extracts along with
sustainable salts have developed colorfast shades.

Keywords: Amaltas; Anar phali; Central Composite Design; henna; pomegranate; Ptrecarpus santalinus;
santalin

1. Introduction

Among the global village, many industries, such as textile, chemical, cosmetic, and
pharmaceutical sectors, frequently employ synthetic dye during the finishing of their
products [1,2]. Although these dyes give brilliant hues that attract attention, the effluents
shed during their processing are dangerous for the environment and human life [3,4].
It is generally accepted that most synthetic dyes contain such intermediates, which can
contaminate the environment by decreasing ecosystem parameters [5]. These effluents also
affect global health by causing allergic reactions and adverse skin conditions [6]. As a result
of the constant addition of colored wastewater, freshwater environments is also polluted
and becoming unfit for aquatic life [7]. Among many industries, the textile processing
industry is considered a producer of one of the worst environmental pollutants and uses
a lot of fuel and chemicals [8]. Most synthetic dyes in textile processing exhibit stability
against microbial breakdown and do not biodegrade in aerobic environments [9]. Hence
their waste also contaminates air, water, and soil fertility. The need for eco-friendly synthetic
dye substitutes has been highlighted by the toxicity of waste and dangerous substances
emitted during the manufacturing and use of chemicals [10]. Hence there is a need to
spread awareness about the inclusion of nature’s gift particularly natural colorants into
our daily life and to force the world stakeholders to search for the natural, sustainable, and
easily biodegradable sources of colorants for textiles [11].
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Natural dyes have many advantages over synthetic dyes, including being environ-
mentally friendly, renewable, biodegradable, and non-carcinogenic in nature [12]. As a
result, they are increasingly being used in textile dyeing. These dyes are generally derived
from plant roots, bark, and leaves. Some natural colors come from animals, insects, fungi,
bacteria, mineral sources, flowers, and fruits [13]. All natural dyes have anti-bacterial anti-
allergic, and antioxidant qualities, due to which these colorants are gaining widespread
fame for their frequent use in all walks of life. These colorants give brighter, more attractive,
softer, and soothing shades. These exhibit insect-repellent, odor-remover, and flame-
retardant properties [14,15]. Along with the many advantages, certain disadvantages have
also been found, including low color yield, a lower fastness rating, and non-reproducible
hues [16] Scientists use conventional techniques to overcome these limitations but could
be more effective at saving resources like money, labor, or energy. Nowadays, researchers
use modern techniques for isolating colorants, which include gamma [17], plasma [18],
ultrasonic, ultraviolet [19], and microwave radiations [20]. Microwaves increase dye ab-
sorption by heating materials exposed to them quickly and steadily. Many textile processes,
including drying, finishing, and printing, are feasible with these rays [21]. These rays
penetrate the fabric, tuning its surface to increase its substantivity and speed up the dying
process. Additionally, through a unique mechanism known as mass transfer kinetics, these
rays compel the plant components to collapse, break their barriers, and effectively interact
with the solvent through the functional component (pigment). In addition to using less
energy and time to produce high yields, this quick and efficient response also uses less
solvent [15,22,23].

Mordants are employed in natural dyeing to enhance color qualities and fastness
characteristics. Mordants are essential in dyeing with many natural dyes through develop-
ment/interactions between the fibers, mordant, and dye [24] Many metal salts are used,
but Cu, Co, and Cr electrolytes are toxic by nature and should not be used [25]. When
combined with natural colorants and fabric dyeing, these toxic additives develop a wide
range of colors. However, their effluent load is carcinogenic, which in turn is the cause of
soil infertility, deforestation, and destruction of the natural beauty [26]. Now in place of
toxic chemicals, the mordanting trend has been changed to use bio-mordants in the natural
dyeing process to make the process greener, clean, and pollution-free. These mordants
have the potential to completely replace metal salts for the ecological dyeing of textiles to
develop new colorfast gamutes [27].

Given the advantages of MW treatment for the isolation of colorants and the applica-
tion of bio-mordants for getting colorfast shades with acceptable fastness rates, the current
study has been undertaken to investigate red sandalwood (Ptrecarpus santalinus) as a source
of orange-red colorant for silk [28]. A member of the Fabaceae family, red sandalwood
(RSW) is well known for its distinctive timbre, excellent color, and beauty [29]. Its extract
treats mental abnormalities, vomiting, eye disorders, and ulcers [30]. In addition to be-
ing used as a diaphoresis aid, the heartwood is also known to have antihyperglycemic,
antipyretic, anti-inflammatory, anthelmintic, tonic, hemorrhagic, and dysentery proper-
ties. Phytochemical examination revealed that santalin (A, B) and deoxysantalin are two
complex compounds found in red sandalwood [31]. The heartwood extracts red pigment,
specifically santalin (Figure 1), a natural dye (CI Natural Red 22) for bio-colorants for
furniture and crafts, food, cosmetics, and textiles [32].

Hence, the current study has been aimed to use the central composite design (C.C.D.)
to get statistically the significant levels of coloring variables. The study has also been
aimed to select the levels of chemical and biological mordants before and after dyeing
under specified conditions, as well as to evaluate shade fastness rating by following
ISO Standards.
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Figure 1. Santalin (CI Natural Red 22). 
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Figure 1. Santalin (CI Natural Red 22).

2. Materials and Methodology
2.1. Materials Required

Red sandalwood (Ptrecarpus santalinus), as a source of natural red dye called San-
talin (CI Natural Red 22), has been procured from Faisalabad, Pakistan. The powder of
20 mesh size was prepared for extraction and pretreated silk fabric (GSM = 70 g/m2) was
obtained from the textiles market in Faisalabad, Pakistan. All the chemicals used during
extraction, bio-dyeing, and mordanting will be of local grade (Pakistan-made). For bio-
mordanting, turmeric rhizomes, henna leaves, acacia bark, pomegranate rind, Amaltas bark,
Pomegranate peel, Anar phali fruit, and Arjun bark were purchased from the local market.

2.2. Extraction and Irradiation Process

To successfully isolate the natural color from red sandalwood powder (RSWP), two
extraction media, i.e., aqueous (neutral) and acidic, were used. For an acidic medium, 2 mL
of conc. HCl was added in 98 mL water (2% v/v). Then neutral and acidic media was
employed to extract the dyes from the plant by boiling 4 g of finely meshed plant powder
with 100 mL of water. After dye extraction in the given media, the crude material was
filtered by conventional filtering to obtain the pure extract. The silk fabric and the extract
were treated with microwave radiation for 1 to 5 min using a high-power microwave
irradiator. After this, the treated and untreated extracts were used to dye treated and
untreated silk fabric at 80 ◦C for 65 min, keeping an extract to fabric ratio of 1:30.

2.3. Optimization of Dyeing Variables

Different dyeing parameters, such as the temperature, time, pH of dyeing, and salt
concentration, were optimized using a central composite design of 32 experiments with re-
sponse surface methodology (RSM). To see the effect of temperature, dyeing was carried out
at 45, 55, 65, 75, 85, and 95 ◦C. Similarly, dyeing time was optimized by dyeing fabrics for 35,
45, 55, 65, and 75 min. In another series of experiments, dyeing was performed using dye
solutions of different pH values (2, 4, 6, 8 and 10). In contrast, to achieve maximum exhaus-
tion, dyeing was also performed using a range of salt concentrations (0.5–2.5 g/100 mL) of
table salt (NaCl). Table 1 describes the trials to select dyeing parameters formulated using
the central composite design with response surface methodology.

2.4. Shades Improvement Process

New shades have been developed onto silk while dyeing silk with RSW extract at
selected conditions before and after mordanting at 80 ◦C for 45 min by employing a mordant
to fabric ratio of 25:1. For this purpose, 0.5–2.5% of electrolytes of metal (Al, Fe) and tannic
acid have been used. To make the process worth seeing with better fastness and soothing
shades, extracts of plants having potential bio-actives have been employed under the same
conditions. For this purpose, extracts were prepared by taking 0.5–2.5 g of each uniform
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particle size powder with 100 mL water, boiled and filtered. Each filtrate, as per the weight
of silk (1 g), was used before and after dyeing at selected conditions.

Table 1. Selected radiation and dyeing conditions for silk using red sandal powder extracts.

Aqueous

Radiation Time Conditions K/S L* a* b*

0.0 min NRE/NRS 20.169 34.55 20.79 26.71
1 min RE/NRS 17.110 36.15 20.47 26.6
2 min NRE/RS 16.822 38.26 20.96 29.24
3 min RE/RS 25.441 38.26 20.43 29.01
4 min RE/RS 14.894 36.39 20.65 24.52
5 min MAD 16.581 32.78 21.8 24.68

Acidic

0.0 min NRE/NRS 20.42 42.74 25.66 35.29
1 min RE/NRS 15.611 38.43 25.12 35.31
2 min RE/NRS 19.762 36.97 19.26 23.96
3 min NRE/RS 18.44 36.17 19.81 22.97
4 min RE/RS 23.987 37.77 18.98 22.23
5 min RE/NRS 20.92 36.39 21.46 25.38

NRE = non radiated extract; RE = radiated extract; RS = radiated silk, NRS = non radiated silk; MAD = microwave
assisted dyeing.

2.5. Analysis of Fabric

Fourier-transform infrared spectroscopy spectra were scanned using ATR-FTIR (Perkin
Elmer, Waltham, MA, USA). The changes in the functional peaks were observed within the
range of 400–4000 cm−1. The surface morphology of fabric before and after irradiation was
scanned under a scanning electron microscope (SEM), and images were studied at an image
power of 1000×. The dyed fabrics were analyzed using Spectra flash SF600 (Data Color,
Lucerne, Switzerland) at D65 10◦ observer to get color depth (K/S) and tonal variations.
The color fastness properties were assessed for washing (ISO 105 CO3), light (ISO 105 BO2),
and rubbing (ISO 105 X-12), as per ISO Standards.

3. Results and Discussion

The microwave rays also affect the bio-coloration of silk with plant dyes. Because
of its nature, silk fabric, upon surface modification, sorbs colorant up to the maximum
extract [33]. Our previous studies show that M.W. causes surface modification of fiber to
enhance its sorption attitude without changing its chemical nature [34,35]. These rays also
influence the isolation process by special kinetics [36]), where the boundary of plant cells is
ruptured [37,38], biomolecules are evolved, and, through interaction with solvent, the mass
(colorant) is extracted, which upon dyeing shows maximum yield (K/S = 25.44). The same
behavior was observed in our case when before radiation, RSWE extract had given better
yield in an aqueous medium (K/S = 25.44) onto silk upon radiation up to 3 min, and the
yield was enhanced (K/S = 25.441) using an acidic medium before radiation. However, the
yield was almost the same (K/S = 23.98) as that shown by the aqueous medium; however,
after radiation, the yield was improved (K/S = 25.44). Tonal expressions in terms of L*,
a*, and b* in Table 2 revealed that before radiation, the shade was darker (L* = 38.26) and
reddish yellow (a* = 20.43, b* = 29.01) in hue. After radiation of up to 3 min, the shade
moved towards brightness, the redder tone was little changed, and the yellower tint was
enhanced. On changing the medium from neutral to acidic before the radiation, the shade
becomes brighter and more reddish yellow in tone. Still, after treatment for up to 4 min,
the shade becomes darker with less reddish and yellow tone. Hence the results drawn in
Figure 2a,b show that both silk and RSWE using an aqueous medium should be treated
up to 3 min to get a high yield. The structural changes in fabric have been studied via
scanning spectral images before and after radiation, where it can be seen that functional
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peaks of amido linkage as the main functional site of fabric has not altered their positions
(Figure 3a,b). This absence of significant change has revealed that MW rays did not alter
the chemistry of the functional unit of silk. However, physically modified surfaces in the
form of scratches/peeled surfaces (Figure 4a,b) reveal that MW rays have improved the
sorption behavior of fabric. Thus, MW rays have another big advantage that these waves
have nothing to do with chemical nature of fibers, but only tune the surface physically to
uphold maximum volume of the extract.

Table 2. Central composite design for optimization of dyeing variables using irradiated extract of
red sandalwood.

Exp. No A (pH) B (mL)
Volume

C (min)
Time

D (c) Tem-
perature

E (g/100 mL)
Salt

F (K/s) Color
Strength

1 4 30 45 45 4 18.99
2 4 50 45 45 2 16.78
3 4 30 65 45 2 13.62
4 4 50 65 45 4 12.70
5 4 30 45 65 2 17.49
6 4 50 45 65 4 19.50
7 4 30 65 65 4 24.08
8 4 50 65 65 2 17.45
9 8 30 45 45 2 27.71

10 8 50 45 45 4 10.19
11 8 30 65 45 4 8.96
12 8 50 65 45 2 12.23
13 8 30 45 65 4 8.70
14 8 50 45 65 2 12.64
15 8 30 65 65 2 15.46
16 8 50 65 65 4 22.11
17 2 40 55 55 3 21.67
18 10 40 55 55 3 17.78
19 6 20 55 55 3 3.763
20 6 60 55 55 3 15.61
21 6 40 35 55 3 17.99
22 6 40 75 55 3 24.95
23 6 40 55 35 3 13.52
24 6 40 55 75 3 29.075
25 6 40 55 55 1 16.53
26 6 40 55 55 5 13.28
27 6 40 55 55 3 17.75
28 6 40 55 55 3 15.14
29 6 40 55 55 3 14.204
30 6 40 55 55 3 13.58
31 6 40 55 55 3 22.81
32 6 40 55 55 3 19.24

A = pH. B = volume. C = time. D = temperature. E = salt. F = color strength.

Using optimal radiation conditions, selecting coloring factors that affect the shade’s
strength is necessary to select through statistical models, such as a central composite design
(CCD). The results presented in Table 3 show that 40 mL of irradiated extract of 6 pH
having 3 g/100 mL of salt as an exhausting agent when employed at 75 ◦C for 55 min has
displayed high strength. Statistically, it has been observed that the model is fit (p = 0.000)
and linear (p = 0.001), which shows that the selection of the model to study the significance
of results on determining dyeing variables after a series of experiments is acceptable and
excellent. The role of extract, pH temperature (p = 0.005), and salt (p = 0.035) value are
also highly significant for silk dyeing individually. In two joint actions, the role of pH with
temperature (p = 0.007) and salt (p = 0.000) and the role of temperature with time (p = 0.000),
salt (p = 0.000) are highly significant. Hence, the heating level, extract nature, and salt
used for exhausting in two way-interactions is important during silk dyeing with S.W.
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extract. This is because silk, being proteinous in nature, needs acidic conditions for firm
dye fixation. Contact of fabric with colorant for a short time does not initiate kinetics for
dyeing, whereas for a long time period, heat, instead of coloration, retarding, or desorption
rate, is enhanced. In both cases, after finishing, actual contact behavior is lost, and low
yield is observed. Similarly, salt plays a role during the dyeing process. It is added slowly
until the end of the process to promote exhaustion of the dye bath to the fabric. Using less
salt causes the colorant to exhaust well, whereas, above 3 g, the over exhaustion results in
the gathering of molecules in the form of clusters to yield uneven dyeing and on assessing
such dyed fabrics with Spectra flash, less color depth is observed. Hence, using selected
conditions, the dyeing followed by mordanting should be done to get colorfast gamutes.
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Table 3. Central composite design for optimization of dyeing variables using irradiated extract of red
sandalwood.

Source DF Adj SS Adj MS F-Value p-Value

Model 16 721.771 45.111 30.10 0.000
Linear 5 75.473 15.095 10.07 0.001

pH 1 38.458 38.458 25.66 0.000
Volume 1 7.356 7.356 4.91 0.051

Time 1 2.610 2.610 1.74 0.216
Temperature 1 18.719 18.719 12.49 0.005

Salt 1 8.931 8.931 5.96 0.035
Square 3 255.807 85.269 56.90 0.000

pH × pH 1 36.488 36.488 24.35 0.001
Vol × Vol 1 137.312 137.312 91.63 0.000

Time × time 1 109.111 109.111 72.81 0.000
2-Way Interaction 8 379.699 47.462 31.67 0.000
pH × temperature 1 17.224 17.244 11.49 0.007

pH × Salt 1 49.003 49.003 32.70 0.000
Volume × Time 1 16.320 16.320 10.89 0.008

Volume × Temperature 1 34.103 34.103 22.76 0.001
Volume × Salt 1 22.466 22.466 14.99 0.003

Time × temperature 1 137.706 137.706 91.90 0.000
Time × salt 1 43.360 43.360 28.94 0.000
Temp × Salt 1 59.518 59.518 39.72 0.000

Error 10 14.985 1.499 - - - -
Lack-of-Fit 7 4.867 0.695 0.21 0.961
Pure Error 3 10.119 3.373 - - - -

Total 26 736.756 - - - - - -

For polyamide-based fabrics in natural dyeing, it is also essential to treat them with
salt or plant extracts [39]. Previously, salts of Al+3, Cu+2, Co+2, Cr+2, Ni+2, Fe+2, and tannic
acid (T.A.) were employed. Still, global communities have found that Co, Ni, Cr, and Cu
salts are toxic and hazardous. Their excess in water bodies causes infertility in life, severe
changes in water quality parameters, and soil infertility [40]. Hence, they must be replaced
with eco-friendly, sustainable materials: either salt or plant-bioactive [41]. Our research
group has employed plant extracts that have functional bioactives to interact with the
amido linkage of silk and -O.H of colorant (Santalin) and very low amounts of electrolytes
and tannic acid to develop colorfast shades.

The results shown in Figure 5a,b revealed that before the dyeing of silk, 25 mL from
2% of Al, 1.5% of Fe, 2.5% of T.A. have a high yield. After dyeing, 25 mL of 1% of Al, 0.5%
of Fe, and 2.5% of T.A. have also furnished shades of high strength. This is because the
metals used can form a dye complex onto the fabric before and after dyeing [42]. Here the
treatment of fabric, natural colorant, and its binding site, as well as the reduction in the
power of metal or -O.H from tannic acid, play their part via covalent bonding to develop
firm and fast shades. Hence, the shades developed at selected conditions using the selected
amount of mordant as per the weight of fabric have improved the fastness from poor to
good and poor to better.

Bio-mordants are the plant’s potent molecules that transfer their functional properties
when interacting with matter such as fabrics (cotton, wool, or silk) [43]. These molecules, af-
ter extraction, when employed onto fabric before and after dyeing, produce firm and stable
shades through extra H-bonding [44]. Additionally, the conjugation present in the molecule
also plays a role when the transfer of ions in the system causes special bonding with the
functional fabric site (-NHCO = silk/wool; -OH = Cellulose) and colorant functional points
(–O.H. or –O.H. and -C=O) to develop soothing and sustainable colorfast shades [45]. In
this work, the extracts from henna leaf powder, pomegranate rind, Amaltas bark, and arjun
bark have been used before and after the dyeing of silk at selected conditions.
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The results shown in Figure 6a,b reveal that, before dyeing, 25 mL from 1% of Amaltas,
1.5% of arjun, 1.5% of henna, and 2% of pomegranate have given high yield and darker
reddish yellow shades. After dyeing, 25 mL of 1% of Amaltas, 2% of arjun, 1.5% of henna,
and 1.5% of pomegranate have also given high yield. Overall, before dyeing, arjun bark
extract (1.5%) containing arjunic acid has developed high strength (K/S = 25.04) and darker
shade (L* = 22.3) with a reddish yellow hue (a* = 28.1; b* = 31.9). Similarly, after dyeing
(Table 4), the application of 1.5% of pomegranate extract having tannin has developed high
strength (K/S = 26.1) and a less red (a* = 12.1) but yellower hue (b* = 29.6). Hence, overall,
at selected levels, the application of these anchors before and after dyeing has produced
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good shades with acceptable results. Additionally, it can be seen that MW rays on the fabric
have developed extracts. The metal–dye interaction is shown in Figure 7a,b.
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Table 4. Shade quality parameters of selected fabric dyed with red sandalwood before and after
chemical and bio-mordanting.

Mordants Used Mordant Conc.% K/S L* a* b*

Al 2% Pre 4.555 50.60 16.2 22.8
Al 1% Post 10.25 41.5 18.9 26.1
Fe 1.5% Pre 6.785 49.2 8.33 22.1
Fe 0.5% Post 19.32 41.5 18.9 26.1
TA 2.5% Pre 9.444 40.4 16.4 21.2
TA 2.5% Post 10.84 40.0 17.5 23.2

Amaltas 1% Pre 20.8 26.7 18.5 16.0
Amaltas 1% Post 22.8 24.3 18.7 16.9

Arjun 1.5% Pre 25.0 22.3 28.2 31.9
Arjun 2% Post 18.9 27.1 18.0 15.1
Henna 1.5% Pre 22.2 25.1 15.2 18.1
Henna 1.5% Post 24.5 25.2 16.4 20.7

Pomegranate 2% Pre 24.7 20.7 13.4 33.2
Pomegranate 1.5% Post 26.1 26.8 12.1 29.6

K/S = Color yield onto fabric; L* = lighter/darker; a* = redder/greener tone; b* yellower/bluer tone.
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For dyeing fabric with plant pigments, the main concern is its shade fastness. The
colorfastness properties have been assessed at a grey scale after evaluating selected fabric
dyed before and after mordanting using electrolytes and plant extracts [46]. The results
presented in Tables 5 and 6 show that before treatment, the colorfastness to light, washing,
and rubbing was poor, but after mordanting, the rating was improved from poor to good
and excellent. This colorfastness is due to the firm and stable complex developed onto
surface-modified fabrics, using salts and adding extra H-bonding using plant extracts. In
addition, the surface modification and the nature of colorants and mordants used have
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played roles in giving darker shades. Hence, the results revealed that by using a specific
amount of mordants, the fastness properties of dyed silk fabric could be improved.

Table 5. Fastness grading of silk fabric dyed with acidic extract of red sandalwood before and after
chemical mordanting at selected conditions.

Mordants Used Mordant Conc.% LF WF DRF WRF

Al 2% Pre 5 4/5 5 5
Al 1% Post 5 4 5 5
Fe 1.5% Pre 5 4 5 5
Fe 0.5% Post 5 5 5 5
TA 2.5% Pre 5 5 5 5
TA 2.5% Post 5 4 5 5

Table 6. Fastness grading of silk fabric dyed with acidic extract of red sandalwood before and after
chemical mordanting at selected conditions.

Mordants Used Mordant Conc.% LF WF DRF WRF

Amaltas 1% Pre 5 4 5 4
Amaltas 1% Post 5 5 5 5

Arjun 1.5% Pre 5 5 5 5
Arjun 2% Post 5 4 5 5
Henna 1.5% Pre 5 5 5 5
Henna 1.5% Post 5 5 5 5

Pomegranate 2% Pre 5 5 5 5
Pomegranate 1.5% Post 5 4 5 5

L.F. = light fastness; W.F. = wash fastness; D.R.F. = dry rub fastness; W.R.F. = wet rub fastness.

4. Conclusions

Natural dyes are receiving widespread attention worldwide due to their excellent
ayurvedic properties. The purpose of the current study was to evaluate the efficacy of red
sandalwood as a source of natural colorant for dying silk fabric, from the perspective of the
benefits of having natural dyes. The results show the irradiation of silk and fabric has given
good yield under mild conditions by saving time and energy. The results demonstrate
that the MW treatment saved time, temperature, extract volume, and salt amount. This
technique is more environmentally friendly and sustainable because of the addition of
novel bio-mordants. The results show that the MW treatment effectively isolates colorant
from red sandalwood extract for silk dyeing.
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