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Abstract: Juglans regia barks contain a diversity of phenolic compounds. Two of the most impor-
tant groups of phenolic compounds are tannins, and flavonoids. These latter, possess different
antioxidant, anti-inflammatory, and antibacterial properties. This paper explores the usefulness of
dyeing cellulosic fabrics, namely cotton, with Juglans regia barks residues extract. The dyeing process
proposed was assisted by microwave energy. The impact of the main dyeing conditions (percentage
of cationizing agent, pH, dyeing duration, and microwave power) on the color strength (K/S) and
the L*, a*, b*, C*, and h* coordinates were studied. Optimization experiments were carried out using
a definitive screening type plan (MINITAB 19). It was found that the best conditions to achieve the
dyeing of cellulosic fabrics were: a pH of 6.23; a percentage of cationizing agent of 6.5%; a microwave
power of 690 W, and a dyeing duration of 4.5 min.

Keywords: optimization; natural dyeing; Juglans regia; cellulosic fabrics; antioxidant activity; cationization

1. Introduction

The majority of plants produce a variety of secondary metabolites, and among them
are phenolic compounds, such as anthocyanins, flavonoids, and tannins. Numerous
textile scientists have focused on using the phenolic compounds as natural dyes for textile
materials [1,2].

The growing environmental concern related to the use of synthetic dyes, and adjuvants
has led us to think of alternative natural dyes that could be used in the coloring of textiles [3],
cosmetics, and foods [4,5]. Throughout history, dyes have been of major importance in
cultural and economic exchanges between different regions of the world. Indeed, these
dyes offer a rich palette of colors for dyeing textiles, papers, animal skins, hair, and certain
foods [6]. These dyes could be classified according to whether they are of vegetable, animal
or mineral origins [7]. Until the end of the last century, natural dyes were the principal
source of colors for all textiles commonly used by humans [8]. These dyes are supposed
protected just as of their anti-toxic, anti-allergenic properties, and biodegradable nature [9].

The main criterion for selecting sources of natural dyes is the availability of the
raw material. Thus, reliable extraction techniques must be used for the maximum ex-
traction of colorants with minimum environmental pollution. It is necessary to advance
unconventional techniques for extracting natural dyes from plant materials for dyeing
applications [10,11]. Microwave-assisted extraction has been applied to the extraction
of organic compounds of very different type of matrix, thanks to these ecological and
economic advantages (saves solvent, fast, and efficient in terms of energy use). This method
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accelerates the transfer of energy, facilitates the solvation of analytes, and promotes the
breaking of hydrogen bonds.

Contrary to conventional heating techniques by convection or conduction, the employ-
ment of microwaves involves a direct interaction between electromagnetic radiation and
matter (plant). Microwave heating of a product thus results from the heat conversion of
the energy of an electromagnetic wave inside material [12]. This specific transfer of energy
induces a transfer of matter whose mechanisms differ notably from those of conventional
solid-liquid extraction. The efficiency, whether in terms of kinetics or extraction yield or in
terms of selectivity (purity of the products) of microwave-assisted extraction processes, is
in correlation with these conditions of transfer of matter and energy [13].

Swak, or Juglans regia bark, is another type of natural wood that helps whiten teeth
and keep the mouth healthy thanks to its powerful antioxidant activity. Its bark is rich in
phenolic compounds such as Tannins and flavonoids [14]. In this framework, this study
aims to value the residues of Juglans regia barks as a natural source of dye in order to avoid
harmful synthetic dyes and explore waste in the right direction.

Cotton is the widely used natural textile fiber in clothing thanks to its sensory and
thermal properties that give an excellent comfort sensation. In this paper, the cationization
of cotton was carried out through a cationizing agent “sera fast” to obtain better adsorption
properties and an electropositive charge on the fabric surface [15].

According to the literature, many studies have been reported on dyeing properties
of Juglans regia on different textile fibers. In fact, Hwang and Park, (2013) focused on the
dyeing properties of silk fibers by the application of green walnut husk [16]. Moreover,
Ali et al., (2016) used Juglans regia barks to study the effect of potassium aluminum sulphate
mordant on dyeing quality of wool fibers [17]. Concerning this study, it is the extension of
work reported by Ben Ticha et al., (2021, 2022) in which the microwave assisted extraction
process of Juglans regia barks was developed and optimized [18]. In this paper, the aim
was to focus on the development and optimization of the dyeing process which was
also assisted by microwave energy in order to dye cotton fabrics by Juglans Regia barks
residues extract in optimal conditions. Moreover, mordanting process was studied and
was assisted by microwave energy. Fastness tests of the cotton samples dyed with the
colored extract obtained under the optimal microwave dyeing conditions were also studied.
The mordanting process developed a wide range of beautiful shades on cotton.

The present project aims to develop a sustainable dyeing process of cationized cotton
with Juglans regia barks residues. In order to determine the optimal response (K/S); the
effect of dyeing power, percentage of cationizing agent, and dyeing duration on the dyeing
quality were exanimated as well as the relationship between parameters.

2. Materials and Methods
2.1. Material Preparation

Juglans regia barks residues used in this project were picked up from Fernena region (a
city located in the North-West of Tunisia) in 2018. The samples were washed and rinsed to
eliminate impurities, then dried and ground to obtain a smooth powder.

2.2. Extraction Process of Natural Dye

An amount of 5 g of the powder of Juglans regia barks residues was placed in one liter
of distilled water, and the extraction process was carried out in a microwave at a power of
about 850 W and an extraction time of 4 min.

2.3. Determination of the Content of Colored Compounds

The determination of the content of flavonoids is estimated by the alcl3 method [19],
the standard used is the catechin. The determination of the content of condensed tannins is
based on the condensation of polyphenolic compounds with vanillin in an acid medium [20],
the condensed tannin concentration is calculated from the regression equation of the
catechin standard [19]. The determination of the content of hydrolyzable tannins is based
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on a reaction with ferric chloride. The mixture of the tannic extract with the ferric chloride
reagent causes the complexion to turn purple-red, resulting in the formation of ions.
The concentration of hydrolyzable tannins is calculated from the regression equation for
the standard gallic acid [21].

2.4. Spectroscopic Analysis of Colored Components

The extract of Juglans regia barks was characterized by UV Visible spectroscopy (Cam-
spec M501 single Beam UV/Vis spectrophotometer) after appropriate dilution. The visible
spectrum was obtained in the 250–800 nm wavelength range.

2.5. Microwave Dyeing Process

The samples of cotton fabric were measured to 1 g. The dyeing bath ratio was 1 g
of the fiber/40 mL of Juglans regia barks extract with a concentration of 5 g/L. The pH of
all baths was adjusted to desired values (3–13) using NaOH and HCl solutions, both at
1 M concentration. The dyeing process was carried out using microwave. The machine
was programmed for each combination of power (160–850 W), duration (0.5–5 min) and
cationizing agent (0–17%). Afterwards, the obtained fabrics were thoroughly rinsed with
water and dried.

2.6. Mordanting Processes

The pre-mordanting method was tested by using five mordants (copper sulfate, tin
chloride, tannic acid, mimosa, and iron sulfate). All pre-mordanting were done out at
350 W for 3 min with 3% of mordant (3%/sample mass). Then the samples were rinsed
with water, and subsequently dried and dyed with the barks extract.

2.7. Dyeing Quality Evaluation

The spectral reflectance of the samples dyed with Juglans regia barks extract was
calculated using Spectraflash (SF300) spectrophotometer with data Master 2.3 software
(Data Color International, Lawrenceville, NJ, USA). The color strength (K/S) values were
measured by Kubelka-Munk [22] equation:

K/S =
(1 − R)2

2R
− (1 − R0)

2

2R0

where: R is the reflectance decimal fraction of colored sample; R0 is the reflectance decimal
fraction of uncolored sample; K is the absorption coefficient and S is the scattering coefficient.

Concerning the CIELab coordinates: L*, a*, b*, C*, h (where L*: lightness; a*: red/green
value; b*: yellow/blue value; C*: saturation value, and h*: hue) were calculated from the
reflectance data for 10◦ observer and illuminant D65.

2.8. Testing the Fastness Properties of Dyed Fabrics

The fastness properties of dyed samples were measured according to standard meth-
ods, namely the washing fastness (ISO 105-C06, 2010), light fastness (ISO 105-B02, 2015),
and rubbing fastness (ISO 105-X12, 2016).

2.9. Fourier Transform Infrared Spectroscopic Analysis

Fourier transform infrared (FTIR) spectra were recorded using a Perkin Elmer® spec-
trophotometer. The samples were subjected to electromagnetic radiation with wavelengths
between 2.5 and 25 µm. Fourier Transformed Infrared Spectra (FTIR) was registered in the
range of 4000–400 cm−1.

2.10. Statistical Analysis

The experimental design method, provided by software (MINITAB Ver 19.0), was used
to model and optimize the operating conditions of the ecological cotton dyeing process
proposed in this paper.
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2.11. DPPH Radical Scavenging Assay
2.11.1. Antioxidant Activity of The Coloring Extract

The antioxidant activity of the ethanolic extract of Juglans regia barks residues was de-
termined by the DPPH radical scavenging assay as described by Brand -Williams et al. [23].
The inhibition percentage (%I) of DPPH◦ was calculated by the following formula:

%(I) =
Abs0 − Absi

Abs0
∗ 100

where, Abs0 is the absorbance of the negative control and Absi is the absorbance of the
coloring extract.

Briefly, a volume of 77 µL of ethanolic extract at various concentrations (0.125–1 mg/mL)
was added to 3 mL of diluted DPPH solution (6.10–5 mol.L−1) in ethanol as a source of free
radicals. In the dark and at 25 ◦C, the mixtures were incubated for 30 min. The scanning
capacity was determined by the spectrophotometer in absorbance at 517 nm. The radical
form of DPPH has an absorption band at 517 nm which disappeared upon reduction by an
anti-free radical compound. The anti-free radical activity expressed as IC50 (mg/mL), the
concentration needed to inhibit 50% of the DPPH, and a lower IC50 value correspond to a
higher antioxidant activity of ethanolic extract.

2.11.2. Anti-Oxidant Activity of Dyed Cotton Fabrics

The most harmful to human skin is ultraviolet (UV) rays. Many researchers have
reported the chemopreventive impact of antioxidants against UV radiation. Therefore, if
the antioxidant capacity could be imparted to the textile or clothing material, covering our
skin, it would be helpful for the health of the epidermis. The antioxidant activity of dyed
fabric was determined by DPPH◦ assay. An amount of 0.5 g of dyed cotton fabric was
immersed in a 30 mL of solution of 0.15 mM DPPH in ethanol. After one hour of incubation
in the dark, the absorbance of the solution was measured at 517 nm. Through this equation,
the antioxidant activity was calculated [24]:

DPPH(%) = 100 × C − S
C

where, C and S being respectively the absorbance of the control and of the sample.

3. Results and Discussion
3.1. Characterization of The Aqueous Extract of Juglans Regia Barks
3.1.1. Characterization by UV-Visible Spectroscopy

The presence of phenolic compounds in the extract of Juglans regia barks residues
was confirmed by UV-Vis spectrophotometry. The UV-Vis Spectrum of the barks extract
(Figure 1) showed that molecules in the dye extract absorb light at a wavelength of 320 nm
which can be attributed to the presence of phenolic compounds specially flavonoids [1].
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3.1.2. Determination of Composition

The composition of the residues of Juglans Regia barks was determined. Analysis by
dosages of the extract of Juglans regia showed that our plant contains essentially phenolic
compounds (1.832 mg.mL−1), which are the flavonoids (1.004 mg.mL−1), the condensed
tannins (1.176 mg.mL−1), and the hydrolysable tannins (0.188 mg.mL−1).

3.1.3. Antioxidant Activity Measurement

Phytochemical analyzes of the aqueous extract produced by microwave extraction of
Juglans regia barks residues confirmed the presence of polyphenols, flavonoids, and tannins,
which are appreciated by their antioxidant power. This activity has been evaluated for the
aqueous extract and the results are showed in Figure 2. Compared to the positive reference
(quercetin solution), Juglans regia barks residues extract has a significant antioxidant power.
In fact, inhibitory concentration (IC50) was got at 0,2 mg/mL for the extract (Figure 2a),
adjacent to quercetin solution (IC50 = 0.28 × 10−3 mg.mL−1) (Figure 2b).

Figure 2. Antioxidant activity of Juglans regia barks extract (a), Antioxidant activity of quercetin
solution (b).

The polyphenols contained in the extract are probably at the origin of this activity [25].

3.2. Development of a Dyeing Process for Cellulosic Fabrics with Juglans Regia Barks
Residues Extract

The cellulosic fabrics, namely cotton fabrics, were dyed out under the following
conditions: pH = 9, P = 500 W, t = 3 min, bath report = 1/60, and Percentage of cationizer
equal to 5% of the weight of the cotton. The values of K/S and the color coordinates (L*, a*,
b*) given in tables represent the averages of three replications.
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3.2.1. Effect of The Cotton Cationization on Dyeing Quality

The cationization of cotton is not new as a concept, the idea of modifying cotton by
introducing amino groups into its structure dates back to 1926 [26]. The main goal is to
improve the substantivity of cellulosic fibers for anionic dyes. The method camouflages
the negative charges on the surface of the cotton by inserting cationic charges, which will
increase the affinity of the fiber towards the dye (negatively charged) and subsequently
improve the dyeing quality [27,28]. The cationization was carried out by a commercial
cationizing agent known as “Sera Fast” which is composed of a mixture of quaternary
ammonium. Thus, nitrogen, which is positively charged and fixed on the cellulose fibers,
increased the affinity of the dyes [29]. The conditions of cotton cationization process were:
Power = 350 W, t = 3 min, Percentage of cationizing agent equal to 5% of the weight of
cotton. The cationized cotton was immersed in the dye bath under the conditions already
mentioned. Table 1 shows the cationization effect of cotton as a function of the percentage
of the cationizing agent. From this table we could notice that the darkest sample is the
samples cationized with 5% (lowest L* value) of the cationizing agent.

Table 1. Evaluation of colorimetric coordinates and the color strength of cellulosic fabrics.

Factors L* a* b* Samples K/S

Cationizing agent
(%)

0 71.53 4.50 13.44
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The color coordinates of cationized cotton dyed with the obtained extract, varied as 

a function of the pH of the microwave-assisted dyeing as shown in Table 1. 
This table shows that the luminosity L* of cotton was higher in acidic and neutral 

medium than in alkaline medium, which proves that the cotton samples dyed at pH 9, 11 
and 13 are the darkest. The values of a* ranged between 4.22 and 9.60. Note that at a pH 
equal to 9 we obtained the highest value of a* (a* = 9.60) so the sample became redder. 

The b* values were all positive and varied between 11.24 at pH 13 and 17.26 at pH 3, 
this highest value of b* shows that the sample turned yellow. 

Similar to the L*values that were darker at pH 9 and 11, it could be noticed that the 
color strength (K/S) of cotton was weak at acidic pH but increased at basic pH. This is 
explained by the strong electrostatic interactions between the functional groups of cotton 
and those of the coloring matter. Note that the use of positively charged quaternary am-
moniums led to the creation of ionic bonds with the negatively charged groups of dye. 

3.2.3. Effect of Microwave Power on Dyeing Quality of Cationized Cellulosic Fabrics 
This study consists in varying the dyeing power of cationized cotton while keeping 

the pH and the dyeing time constant. Table 1 shows the evolution of the colorimetric co-
ordinates of cationized cotton as a function of the dyeing power. The results demonstrated 
that the higher the dyeing power was, the darker the sample became. 

The values of a* and b* were positive. Consequently, all the dyed samples are in the 
red-yellow area of the color space. The color strength of cotton increased with increasing 
dyeing power from 160 W to 750 W, and decreased to 850 W at a value of 4.8. 

As a result, cotton fibers should be dyed powers that do not exceed 750 W. Increasing 
the dyeing power beyond 750 W causes the dye’s affinity for cotton fibers to decrease, 
possible due to the decomposition of polyphenols responsible for the coloring. 

3.2.4. Effect of Duration on Dyeing Quality of Cationized Cellulosic Fabrics 
This study consists in varying the dyeing time of cotton while keeping the pH and 

the power constant. 
The evolution of the color coordinates of the cotton dyed with the extract, as a func-

tion of the duration of dyeing assisted by microwave, is presented in Table 1. The bright-
ness values L* show that the darkest sample is that taken at 4 min (the lowest L* value) 
and the brightest sample is that taken at 1 min (the value of L* the highest), the values of 
a* and b* were positive. Consequently, all the dyed samples are in the red-yellow area of 
the color space. 

From the results, it could be noticed that the obtained color strength increased with 
the duration of the dye and reached a maximum value at a duration of 3 min, then a plat-
eau is attained after 3 up to 5 min. It seems that cationized cotton fabrics reached the sat-
uration and they did not absorb more natural dyes. 

Table 1. Evaluation of colorimetric coordinates and the color strength of cellulosic fabrics. 

Factors L* a* b* Samples K/S 

Cationizing agent (%) 

0 71.53 4.50 13.44  0.9 

3 53.78 9.05 15.01  3.37 

5 51.09 10.3 15.66  3.63 

7 53.76 9.88 16.14  3.6 

10 56.59 8.16 16.29  3.58 

12 55.83 8.97 17.56  3.6 

3.6

10 56.59 8.16 16.29
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The color coordinates of cationized cotton dyed with the obtained extract, varied as 

a function of the pH of the microwave-assisted dyeing as shown in Table 1. 
This table shows that the luminosity L* of cotton was higher in acidic and neutral 

medium than in alkaline medium, which proves that the cotton samples dyed at pH 9, 11 
and 13 are the darkest. The values of a* ranged between 4.22 and 9.60. Note that at a pH 
equal to 9 we obtained the highest value of a* (a* = 9.60) so the sample became redder. 

The b* values were all positive and varied between 11.24 at pH 13 and 17.26 at pH 3, 
this highest value of b* shows that the sample turned yellow. 

Similar to the L*values that were darker at pH 9 and 11, it could be noticed that the 
color strength (K/S) of cotton was weak at acidic pH but increased at basic pH. This is 
explained by the strong electrostatic interactions between the functional groups of cotton 
and those of the coloring matter. Note that the use of positively charged quaternary am-
moniums led to the creation of ionic bonds with the negatively charged groups of dye. 

3.2.3. Effect of Microwave Power on Dyeing Quality of Cationized Cellulosic Fabrics 
This study consists in varying the dyeing power of cationized cotton while keeping 

the pH and the dyeing time constant. Table 1 shows the evolution of the colorimetric co-
ordinates of cationized cotton as a function of the dyeing power. The results demonstrated 
that the higher the dyeing power was, the darker the sample became. 

The values of a* and b* were positive. Consequently, all the dyed samples are in the 
red-yellow area of the color space. The color strength of cotton increased with increasing 
dyeing power from 160 W to 750 W, and decreased to 850 W at a value of 4.8. 

As a result, cotton fibers should be dyed powers that do not exceed 750 W. Increasing 
the dyeing power beyond 750 W causes the dye’s affinity for cotton fibers to decrease, 
possible due to the decomposition of polyphenols responsible for the coloring. 

3.2.4. Effect of Duration on Dyeing Quality of Cationized Cellulosic Fabrics 
This study consists in varying the dyeing time of cotton while keeping the pH and 

the power constant. 
The evolution of the color coordinates of the cotton dyed with the extract, as a func-

tion of the duration of dyeing assisted by microwave, is presented in Table 1. The bright-
ness values L* show that the darkest sample is that taken at 4 min (the lowest L* value) 
and the brightest sample is that taken at 1 min (the value of L* the highest), the values of 
a* and b* were positive. Consequently, all the dyed samples are in the red-yellow area of 
the color space. 

From the results, it could be noticed that the obtained color strength increased with 
the duration of the dye and reached a maximum value at a duration of 3 min, then a plat-
eau is attained after 3 up to 5 min. It seems that cationized cotton fabrics reached the sat-
uration and they did not absorb more natural dyes. 

Table 1. Evaluation of colorimetric coordinates and the color strength of cellulosic fabrics. 

Factors L* a* b* Samples K/S 

Cationizing agent (%) 

0 71.53 4.50 13.44  0.9 

3 53.78 9.05 15.01  3.37 

5 51.09 10.3 15.66  3.63 

7 53.76 9.88 16.14  3.6 

10 56.59 8.16 16.29  3.58 

12 55.83 8.97 17.56  3.6 

3.58

12 55.83 8.97 17.56
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3.2.2. Effect of pH on Dyeing Quality of Cationized Cellulosic Fabrics 
The color coordinates of cationized cotton dyed with the obtained extract, varied as 

a function of the pH of the microwave-assisted dyeing as shown in Table 1. 
This table shows that the luminosity L* of cotton was higher in acidic and neutral 

medium than in alkaline medium, which proves that the cotton samples dyed at pH 9, 11 
and 13 are the darkest. The values of a* ranged between 4.22 and 9.60. Note that at a pH 
equal to 9 we obtained the highest value of a* (a* = 9.60) so the sample became redder. 

The b* values were all positive and varied between 11.24 at pH 13 and 17.26 at pH 3, 
this highest value of b* shows that the sample turned yellow. 

Similar to the L*values that were darker at pH 9 and 11, it could be noticed that the 
color strength (K/S) of cotton was weak at acidic pH but increased at basic pH. This is 
explained by the strong electrostatic interactions between the functional groups of cotton 
and those of the coloring matter. Note that the use of positively charged quaternary am-
moniums led to the creation of ionic bonds with the negatively charged groups of dye. 

3.2.3. Effect of Microwave Power on Dyeing Quality of Cationized Cellulosic Fabrics 
This study consists in varying the dyeing power of cationized cotton while keeping 

the pH and the dyeing time constant. Table 1 shows the evolution of the colorimetric co-
ordinates of cationized cotton as a function of the dyeing power. The results demonstrated 
that the higher the dyeing power was, the darker the sample became. 

The values of a* and b* were positive. Consequently, all the dyed samples are in the 
red-yellow area of the color space. The color strength of cotton increased with increasing 
dyeing power from 160 W to 750 W, and decreased to 850 W at a value of 4.8. 

As a result, cotton fibers should be dyed powers that do not exceed 750 W. Increasing 
the dyeing power beyond 750 W causes the dye’s affinity for cotton fibers to decrease, 
possible due to the decomposition of polyphenols responsible for the coloring. 

3.2.4. Effect of Duration on Dyeing Quality of Cationized Cellulosic Fabrics 
This study consists in varying the dyeing time of cotton while keeping the pH and 

the power constant. 
The evolution of the color coordinates of the cotton dyed with the extract, as a func-

tion of the duration of dyeing assisted by microwave, is presented in Table 1. The bright-
ness values L* show that the darkest sample is that taken at 4 min (the lowest L* value) 
and the brightest sample is that taken at 1 min (the value of L* the highest), the values of 
a* and b* were positive. Consequently, all the dyed samples are in the red-yellow area of 
the color space. 

From the results, it could be noticed that the obtained color strength increased with 
the duration of the dye and reached a maximum value at a duration of 3 min, then a plat-
eau is attained after 3 up to 5 min. It seems that cationized cotton fabrics reached the sat-
uration and they did not absorb more natural dyes. 

Table 1. Evaluation of colorimetric coordinates and the color strength of cellulosic fabrics. 

Factors L* a* b* Samples K/S 

Cationizing agent (%) 

0 71.53 4.50 13.44  0.9 

3 53.78 9.05 15.01  3.37 

5 51.09 10.3 15.66  3.63 

7 53.76 9.88 16.14  3.6 

10 56.59 8.16 16.29  3.58 

12 55.83 8.97 17.56  3.6 3.6

15 54.96 9.32 17.92
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15 54.96 9.32 17.92  4.12 

17 54.38 9.15 18.01  4.23 

20 52.34 8.79 17.12  4.80 

pH 

3 73.67 4.65 17.26  1.12 

5 74.40 4.22 15.44 
 

0.97 

7 66.43 7.4 18.05 
 

1.99 

9 60.38 9.60 16.95  2.57 

11 55.84 7.44 16.00 
 

3 

13 68.64 5.22 11.24 
 

1.34 

Microwave power 
(W) 

160 62.20 8.90 18.55 
 

2.50 

350 55.67 8.86 16.86 
 

3.39 

500 52.25 10.23 16.94  4.23 

650 51.98 10.19 17.20 
 

4.44 

750 51.80 9.45 16.84  5.30 

850 52.66 8.99 16.15 
 

4.80 

Duration (min) 

0.5 52.64 10.37 15.89  2.07 

1 55.48 9.70 12.63  2.43 

2 49.92 10.15 11.53  3.03 

3 54.91 9.52 12.49  4.44 

4 44.70 10.19 11.60  3.77 

5 50.37 9.20 11.86  3.8 

3.2.5. Effect of Pre-Mordanting on The Dyeing Quality of Cationized Cellulosic Fabrics 

Effect on Colorimetric Coordinates and Color Strength of Cationized Cellulosic Fabrics 
The mordanting was carried out in a microwave oven for 3 min with a power of 500 

W and an amount of mordant of 3% of the weight of the fiber to be etched (cotton). Once 
mordanted, the cotton fabric was floundered in the dye bath for 3 min at 500 W. Table 2 
shows the evolution of the colorimetric coordinates and the integral of the color strength 
(K/S) following the pre-mordanting of cotton. From this table, it could be noticed that 
copper sulfate gave the highest color strength (K/S = 5.89) and the lowest luminosity (L* = 
44.12). Therefore, mordanting with copper sulphate gave a darker sample. This could also 
be confirmed by looking at the color change from slightly light brown to dark brown. Tin 
chloride has the weakest color strength (K /S = 3.08) and the highest luminosity (L* = 59.45) 
therefore the clearest sample; this is confirmed by the nuances obtained between the sam-
ple mordanted with tin chloride. It could be therefore concluded that copper is the mor-
dant which has the greatest capacity to form coordination complexes with dye molecules. 

4.12

17 54.38 9.15 18.01
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3.2.5. Effect of Pre-Mordanting on The Dyeing Quality of Cationized Cellulosic Fabrics 

Effect on Colorimetric Coordinates and Color Strength of Cationized Cellulosic Fabrics 
The mordanting was carried out in a microwave oven for 3 min with a power of 500 

W and an amount of mordant of 3% of the weight of the fiber to be etched (cotton). Once 
mordanted, the cotton fabric was floundered in the dye bath for 3 min at 500 W. Table 2 
shows the evolution of the colorimetric coordinates and the integral of the color strength 
(K/S) following the pre-mordanting of cotton. From this table, it could be noticed that 
copper sulfate gave the highest color strength (K/S = 5.89) and the lowest luminosity (L* = 
44.12). Therefore, mordanting with copper sulphate gave a darker sample. This could also 
be confirmed by looking at the color change from slightly light brown to dark brown. Tin 
chloride has the weakest color strength (K /S = 3.08) and the highest luminosity (L* = 59.45) 
therefore the clearest sample; this is confirmed by the nuances obtained between the sam-
ple mordanted with tin chloride. It could be therefore concluded that copper is the mor-
dant which has the greatest capacity to form coordination complexes with dye molecules. 

4.23

20 52.34 8.79 17.12

Sustainability 2022, 14, x FOR PEER REVIEW 8 of 15 
 

15 54.96 9.32 17.92  4.12 

17 54.38 9.15 18.01  4.23 

20 52.34 8.79 17.12  4.80 

pH 

3 73.67 4.65 17.26  1.12 

5 74.40 4.22 15.44 
 

0.97 

7 66.43 7.4 18.05 
 

1.99 

9 60.38 9.60 16.95  2.57 

11 55.84 7.44 16.00 
 

3 

13 68.64 5.22 11.24 
 

1.34 

Microwave power 
(W) 

160 62.20 8.90 18.55 
 

2.50 

350 55.67 8.86 16.86 
 

3.39 

500 52.25 10.23 16.94  4.23 

650 51.98 10.19 17.20 
 

4.44 

750 51.80 9.45 16.84  5.30 

850 52.66 8.99 16.15 
 

4.80 

Duration (min) 

0.5 52.64 10.37 15.89  2.07 

1 55.48 9.70 12.63  2.43 

2 49.92 10.15 11.53  3.03 

3 54.91 9.52 12.49  4.44 

4 44.70 10.19 11.60  3.77 

5 50.37 9.20 11.86  3.8 

3.2.5. Effect of Pre-Mordanting on The Dyeing Quality of Cationized Cellulosic Fabrics 

Effect on Colorimetric Coordinates and Color Strength of Cationized Cellulosic Fabrics 
The mordanting was carried out in a microwave oven for 3 min with a power of 500 

W and an amount of mordant of 3% of the weight of the fiber to be etched (cotton). Once 
mordanted, the cotton fabric was floundered in the dye bath for 3 min at 500 W. Table 2 
shows the evolution of the colorimetric coordinates and the integral of the color strength 
(K/S) following the pre-mordanting of cotton. From this table, it could be noticed that 
copper sulfate gave the highest color strength (K/S = 5.89) and the lowest luminosity (L* = 
44.12). Therefore, mordanting with copper sulphate gave a darker sample. This could also 
be confirmed by looking at the color change from slightly light brown to dark brown. Tin 
chloride has the weakest color strength (K /S = 3.08) and the highest luminosity (L* = 59.45) 
therefore the clearest sample; this is confirmed by the nuances obtained between the sam-
ple mordanted with tin chloride. It could be therefore concluded that copper is the mor-
dant which has the greatest capacity to form coordination complexes with dye molecules. 
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3.2.5. Effect of Pre-Mordanting on The Dyeing Quality of Cationized Cellulosic Fabrics 

Effect on Colorimetric Coordinates and Color Strength of Cationized Cellulosic Fabrics 
The mordanting was carried out in a microwave oven for 3 min with a power of 500 

W and an amount of mordant of 3% of the weight of the fiber to be etched (cotton). Once 
mordanted, the cotton fabric was floundered in the dye bath for 3 min at 500 W. Table 2 
shows the evolution of the colorimetric coordinates and the integral of the color strength 
(K/S) following the pre-mordanting of cotton. From this table, it could be noticed that 
copper sulfate gave the highest color strength (K/S = 5.89) and the lowest luminosity (L* = 
44.12). Therefore, mordanting with copper sulphate gave a darker sample. This could also 
be confirmed by looking at the color change from slightly light brown to dark brown. Tin 
chloride has the weakest color strength (K /S = 3.08) and the highest luminosity (L* = 59.45) 
therefore the clearest sample; this is confirmed by the nuances obtained between the sam-
ple mordanted with tin chloride. It could be therefore concluded that copper is the mor-
dant which has the greatest capacity to form coordination complexes with dye molecules. 
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3.2.5. Effect of Pre-Mordanting on The Dyeing Quality of Cationized Cellulosic Fabrics 

Effect on Colorimetric Coordinates and Color Strength of Cationized Cellulosic Fabrics 
The mordanting was carried out in a microwave oven for 3 min with a power of 500 

W and an amount of mordant of 3% of the weight of the fiber to be etched (cotton). Once 
mordanted, the cotton fabric was floundered in the dye bath for 3 min at 500 W. Table 2 
shows the evolution of the colorimetric coordinates and the integral of the color strength 
(K/S) following the pre-mordanting of cotton. From this table, it could be noticed that 
copper sulfate gave the highest color strength (K/S = 5.89) and the lowest luminosity (L* = 
44.12). Therefore, mordanting with copper sulphate gave a darker sample. This could also 
be confirmed by looking at the color change from slightly light brown to dark brown. Tin 
chloride has the weakest color strength (K /S = 3.08) and the highest luminosity (L* = 59.45) 
therefore the clearest sample; this is confirmed by the nuances obtained between the sam-
ple mordanted with tin chloride. It could be therefore concluded that copper is the mor-
dant which has the greatest capacity to form coordination complexes with dye molecules. 
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3.2.5. Effect of Pre-Mordanting on The Dyeing Quality of Cationized Cellulosic Fabrics 

Effect on Colorimetric Coordinates and Color Strength of Cationized Cellulosic Fabrics 
The mordanting was carried out in a microwave oven for 3 min with a power of 500 

W and an amount of mordant of 3% of the weight of the fiber to be etched (cotton). Once 
mordanted, the cotton fabric was floundered in the dye bath for 3 min at 500 W. Table 2 
shows the evolution of the colorimetric coordinates and the integral of the color strength 
(K/S) following the pre-mordanting of cotton. From this table, it could be noticed that 
copper sulfate gave the highest color strength (K/S = 5.89) and the lowest luminosity (L* = 
44.12). Therefore, mordanting with copper sulphate gave a darker sample. This could also 
be confirmed by looking at the color change from slightly light brown to dark brown. Tin 
chloride has the weakest color strength (K /S = 3.08) and the highest luminosity (L* = 59.45) 
therefore the clearest sample; this is confirmed by the nuances obtained between the sam-
ple mordanted with tin chloride. It could be therefore concluded that copper is the mor-
dant which has the greatest capacity to form coordination complexes with dye molecules. 
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3.2.5. Effect of Pre-Mordanting on The Dyeing Quality of Cationized Cellulosic Fabrics 

Effect on Colorimetric Coordinates and Color Strength of Cationized Cellulosic Fabrics 
The mordanting was carried out in a microwave oven for 3 min with a power of 500 

W and an amount of mordant of 3% of the weight of the fiber to be etched (cotton). Once 
mordanted, the cotton fabric was floundered in the dye bath for 3 min at 500 W. Table 2 
shows the evolution of the colorimetric coordinates and the integral of the color strength 
(K/S) following the pre-mordanting of cotton. From this table, it could be noticed that 
copper sulfate gave the highest color strength (K/S = 5.89) and the lowest luminosity (L* = 
44.12). Therefore, mordanting with copper sulphate gave a darker sample. This could also 
be confirmed by looking at the color change from slightly light brown to dark brown. Tin 
chloride has the weakest color strength (K /S = 3.08) and the highest luminosity (L* = 59.45) 
therefore the clearest sample; this is confirmed by the nuances obtained between the sam-
ple mordanted with tin chloride. It could be therefore concluded that copper is the mor-
dant which has the greatest capacity to form coordination complexes with dye molecules. 
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3.2.5. Effect of Pre-Mordanting on The Dyeing Quality of Cationized Cellulosic Fabrics 

Effect on Colorimetric Coordinates and Color Strength of Cationized Cellulosic Fabrics 
The mordanting was carried out in a microwave oven for 3 min with a power of 500 

W and an amount of mordant of 3% of the weight of the fiber to be etched (cotton). Once 
mordanted, the cotton fabric was floundered in the dye bath for 3 min at 500 W. Table 2 
shows the evolution of the colorimetric coordinates and the integral of the color strength 
(K/S) following the pre-mordanting of cotton. From this table, it could be noticed that 
copper sulfate gave the highest color strength (K/S = 5.89) and the lowest luminosity (L* = 
44.12). Therefore, mordanting with copper sulphate gave a darker sample. This could also 
be confirmed by looking at the color change from slightly light brown to dark brown. Tin 
chloride has the weakest color strength (K /S = 3.08) and the highest luminosity (L* = 59.45) 
therefore the clearest sample; this is confirmed by the nuances obtained between the sam-
ple mordanted with tin chloride. It could be therefore concluded that copper is the mor-
dant which has the greatest capacity to form coordination complexes with dye molecules. 
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3.2.5. Effect of Pre-Mordanting on The Dyeing Quality of Cationized Cellulosic Fabrics 

Effect on Colorimetric Coordinates and Color Strength of Cationized Cellulosic Fabrics 
The mordanting was carried out in a microwave oven for 3 min with a power of 500 

W and an amount of mordant of 3% of the weight of the fiber to be etched (cotton). Once 
mordanted, the cotton fabric was floundered in the dye bath for 3 min at 500 W. Table 2 
shows the evolution of the colorimetric coordinates and the integral of the color strength 
(K/S) following the pre-mordanting of cotton. From this table, it could be noticed that 
copper sulfate gave the highest color strength (K/S = 5.89) and the lowest luminosity (L* = 
44.12). Therefore, mordanting with copper sulphate gave a darker sample. This could also 
be confirmed by looking at the color change from slightly light brown to dark brown. Tin 
chloride has the weakest color strength (K /S = 3.08) and the highest luminosity (L* = 59.45) 
therefore the clearest sample; this is confirmed by the nuances obtained between the sam-
ple mordanted with tin chloride. It could be therefore concluded that copper is the mor-
dant which has the greatest capacity to form coordination complexes with dye molecules. 
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Table 1. Cont.

Factors L* a* b* Samples K/S

Microwave power
(W)
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3.2.5. Effect of Pre-Mordanting on The Dyeing Quality of Cationized Cellulosic Fabrics 

Effect on Colorimetric Coordinates and Color Strength of Cationized Cellulosic Fabrics 
The mordanting was carried out in a microwave oven for 3 min with a power of 500 

W and an amount of mordant of 3% of the weight of the fiber to be etched (cotton). Once 
mordanted, the cotton fabric was floundered in the dye bath for 3 min at 500 W. Table 2 
shows the evolution of the colorimetric coordinates and the integral of the color strength 
(K/S) following the pre-mordanting of cotton. From this table, it could be noticed that 
copper sulfate gave the highest color strength (K/S = 5.89) and the lowest luminosity (L* = 
44.12). Therefore, mordanting with copper sulphate gave a darker sample. This could also 
be confirmed by looking at the color change from slightly light brown to dark brown. Tin 
chloride has the weakest color strength (K /S = 3.08) and the highest luminosity (L* = 59.45) 
therefore the clearest sample; this is confirmed by the nuances obtained between the sam-
ple mordanted with tin chloride. It could be therefore concluded that copper is the mor-
dant which has the greatest capacity to form coordination complexes with dye molecules. 
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3.2.5. Effect of Pre-Mordanting on The Dyeing Quality of Cationized Cellulosic Fabrics 

Effect on Colorimetric Coordinates and Color Strength of Cationized Cellulosic Fabrics 
The mordanting was carried out in a microwave oven for 3 min with a power of 500 

W and an amount of mordant of 3% of the weight of the fiber to be etched (cotton). Once 
mordanted, the cotton fabric was floundered in the dye bath for 3 min at 500 W. Table 2 
shows the evolution of the colorimetric coordinates and the integral of the color strength 
(K/S) following the pre-mordanting of cotton. From this table, it could be noticed that 
copper sulfate gave the highest color strength (K/S = 5.89) and the lowest luminosity (L* = 
44.12). Therefore, mordanting with copper sulphate gave a darker sample. This could also 
be confirmed by looking at the color change from slightly light brown to dark brown. Tin 
chloride has the weakest color strength (K /S = 3.08) and the highest luminosity (L* = 59.45) 
therefore the clearest sample; this is confirmed by the nuances obtained between the sam-
ple mordanted with tin chloride. It could be therefore concluded that copper is the mor-
dant which has the greatest capacity to form coordination complexes with dye molecules. 
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3.2.5. Effect of Pre-Mordanting on The Dyeing Quality of Cationized Cellulosic Fabrics 

Effect on Colorimetric Coordinates and Color Strength of Cationized Cellulosic Fabrics 
The mordanting was carried out in a microwave oven for 3 min with a power of 500 

W and an amount of mordant of 3% of the weight of the fiber to be etched (cotton). Once 
mordanted, the cotton fabric was floundered in the dye bath for 3 min at 500 W. Table 2 
shows the evolution of the colorimetric coordinates and the integral of the color strength 
(K/S) following the pre-mordanting of cotton. From this table, it could be noticed that 
copper sulfate gave the highest color strength (K/S = 5.89) and the lowest luminosity (L* = 
44.12). Therefore, mordanting with copper sulphate gave a darker sample. This could also 
be confirmed by looking at the color change from slightly light brown to dark brown. Tin 
chloride has the weakest color strength (K /S = 3.08) and the highest luminosity (L* = 59.45) 
therefore the clearest sample; this is confirmed by the nuances obtained between the sam-
ple mordanted with tin chloride. It could be therefore concluded that copper is the mor-
dant which has the greatest capacity to form coordination complexes with dye molecules. 
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3.2.5. Effect of Pre-Mordanting on The Dyeing Quality of Cationized Cellulosic Fabrics 

Effect on Colorimetric Coordinates and Color Strength of Cationized Cellulosic Fabrics 
The mordanting was carried out in a microwave oven for 3 min with a power of 500 

W and an amount of mordant of 3% of the weight of the fiber to be etched (cotton). Once 
mordanted, the cotton fabric was floundered in the dye bath for 3 min at 500 W. Table 2 
shows the evolution of the colorimetric coordinates and the integral of the color strength 
(K/S) following the pre-mordanting of cotton. From this table, it could be noticed that 
copper sulfate gave the highest color strength (K/S = 5.89) and the lowest luminosity (L* = 
44.12). Therefore, mordanting with copper sulphate gave a darker sample. This could also 
be confirmed by looking at the color change from slightly light brown to dark brown. Tin 
chloride has the weakest color strength (K /S = 3.08) and the highest luminosity (L* = 59.45) 
therefore the clearest sample; this is confirmed by the nuances obtained between the sam-
ple mordanted with tin chloride. It could be therefore concluded that copper is the mor-
dant which has the greatest capacity to form coordination complexes with dye molecules. 
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3.2.5. Effect of Pre-Mordanting on The Dyeing Quality of Cationized Cellulosic Fabrics 

Effect on Colorimetric Coordinates and Color Strength of Cationized Cellulosic Fabrics 
The mordanting was carried out in a microwave oven for 3 min with a power of 500 

W and an amount of mordant of 3% of the weight of the fiber to be etched (cotton). Once 
mordanted, the cotton fabric was floundered in the dye bath for 3 min at 500 W. Table 2 
shows the evolution of the colorimetric coordinates and the integral of the color strength 
(K/S) following the pre-mordanting of cotton. From this table, it could be noticed that 
copper sulfate gave the highest color strength (K/S = 5.89) and the lowest luminosity (L* = 
44.12). Therefore, mordanting with copper sulphate gave a darker sample. This could also 
be confirmed by looking at the color change from slightly light brown to dark brown. Tin 
chloride has the weakest color strength (K /S = 3.08) and the highest luminosity (L* = 59.45) 
therefore the clearest sample; this is confirmed by the nuances obtained between the sam-
ple mordanted with tin chloride. It could be therefore concluded that copper is the mor-
dant which has the greatest capacity to form coordination complexes with dye molecules. 
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3.2.5. Effect of Pre-Mordanting on The Dyeing Quality of Cationized Cellulosic Fabrics 

Effect on Colorimetric Coordinates and Color Strength of Cationized Cellulosic Fabrics 
The mordanting was carried out in a microwave oven for 3 min with a power of 500 

W and an amount of mordant of 3% of the weight of the fiber to be etched (cotton). Once 
mordanted, the cotton fabric was floundered in the dye bath for 3 min at 500 W. Table 2 
shows the evolution of the colorimetric coordinates and the integral of the color strength 
(K/S) following the pre-mordanting of cotton. From this table, it could be noticed that 
copper sulfate gave the highest color strength (K/S = 5.89) and the lowest luminosity (L* = 
44.12). Therefore, mordanting with copper sulphate gave a darker sample. This could also 
be confirmed by looking at the color change from slightly light brown to dark brown. Tin 
chloride has the weakest color strength (K /S = 3.08) and the highest luminosity (L* = 59.45) 
therefore the clearest sample; this is confirmed by the nuances obtained between the sam-
ple mordanted with tin chloride. It could be therefore concluded that copper is the mor-
dant which has the greatest capacity to form coordination complexes with dye molecules. 
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3.2.5. Effect of Pre-Mordanting on The Dyeing Quality of Cationized Cellulosic Fabrics 

Effect on Colorimetric Coordinates and Color Strength of Cationized Cellulosic Fabrics 
The mordanting was carried out in a microwave oven for 3 min with a power of 500 

W and an amount of mordant of 3% of the weight of the fiber to be etched (cotton). Once 
mordanted, the cotton fabric was floundered in the dye bath for 3 min at 500 W. Table 2 
shows the evolution of the colorimetric coordinates and the integral of the color strength 
(K/S) following the pre-mordanting of cotton. From this table, it could be noticed that 
copper sulfate gave the highest color strength (K/S = 5.89) and the lowest luminosity (L* = 
44.12). Therefore, mordanting with copper sulphate gave a darker sample. This could also 
be confirmed by looking at the color change from slightly light brown to dark brown. Tin 
chloride has the weakest color strength (K /S = 3.08) and the highest luminosity (L* = 59.45) 
therefore the clearest sample; this is confirmed by the nuances obtained between the sam-
ple mordanted with tin chloride. It could be therefore concluded that copper is the mor-
dant which has the greatest capacity to form coordination complexes with dye molecules. 
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3.2.5. Effect of Pre-Mordanting on The Dyeing Quality of Cationized Cellulosic Fabrics 

Effect on Colorimetric Coordinates and Color Strength of Cationized Cellulosic Fabrics 
The mordanting was carried out in a microwave oven for 3 min with a power of 500 

W and an amount of mordant of 3% of the weight of the fiber to be etched (cotton). Once 
mordanted, the cotton fabric was floundered in the dye bath for 3 min at 500 W. Table 2 
shows the evolution of the colorimetric coordinates and the integral of the color strength 
(K/S) following the pre-mordanting of cotton. From this table, it could be noticed that 
copper sulfate gave the highest color strength (K/S = 5.89) and the lowest luminosity (L* = 
44.12). Therefore, mordanting with copper sulphate gave a darker sample. This could also 
be confirmed by looking at the color change from slightly light brown to dark brown. Tin 
chloride has the weakest color strength (K /S = 3.08) and the highest luminosity (L* = 59.45) 
therefore the clearest sample; this is confirmed by the nuances obtained between the sam-
ple mordanted with tin chloride. It could be therefore concluded that copper is the mor-
dant which has the greatest capacity to form coordination complexes with dye molecules. 
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3.2.5. Effect of Pre-Mordanting on The Dyeing Quality of Cationized Cellulosic Fabrics 

Effect on Colorimetric Coordinates and Color Strength of Cationized Cellulosic Fabrics 
The mordanting was carried out in a microwave oven for 3 min with a power of 500 

W and an amount of mordant of 3% of the weight of the fiber to be etched (cotton). Once 
mordanted, the cotton fabric was floundered in the dye bath for 3 min at 500 W. Table 2 
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3.8

This same sample is characterized by the largest value of a*. Hence, the reddest sample.
The 17% cationization percentage sample has the largest b* value. Hence it is the greenest.

The obtained results (see Table 1) showed that the color strength increased with the
increase in the percentage of cationization. The color strength of cotton reached a maximum
at a percentage of cationization of 20%, This is explained by the presence of the cationizing
agent (sera) in large quantity, which plays a very important role in the adsorption of the
color on the textile surface (cotton) [30]. By cationization treatment, the electric charge of
cotton fabrics has been completely changed from negative to positive values. The modified
cotton shows a stronger adsorption of anionic substances than raw cotton, thanks to the
electrostatic interactions between the charged particles containing in the extract (phenolic
compounds) and the specific quaternary ammonium groups located on the surface of the
cationized cellulosic fabrics [14].

3.2.2. Effect of pH on Dyeing Quality of Cationized Cellulosic Fabrics

The color coordinates of cationized cotton dyed with the obtained extract, varied as a
function of the pH of the microwave-assisted dyeing as shown in Table 1.

This table shows that the luminosity L* of cotton was higher in acidic and neutral
medium than in alkaline medium, which proves that the cotton samples dyed at pH 9, 11
and 13 are the darkest. The values of a* ranged between 4.22 and 9.60. Note that at a pH
equal to 9 we obtained the highest value of a* (a* = 9.60) so the sample became redder.

The b* values were all positive and varied between 11.24 at pH 13 and 17.26 at pH 3,
this highest value of b* shows that the sample turned yellow.
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Similar to the L*values that were darker at pH 9 and 11, it could be noticed that the
color strength (K/S) of cotton was weak at acidic pH but increased at basic pH. This is
explained by the strong electrostatic interactions between the functional groups of cotton
and those of the coloring matter. Note that the use of positively charged quaternary
ammoniums led to the creation of ionic bonds with the negatively charged groups of dye.

3.2.3. Effect of Microwave Power on Dyeing Quality of Cationized Cellulosic Fabrics

This study consists in varying the dyeing power of cationized cotton while keeping
the pH and the dyeing time constant. Table 1 shows the evolution of the colorimetric
coordinates of cationized cotton as a function of the dyeing power. The results demonstrated
that the higher the dyeing power was, the darker the sample became.

The values of a* and b* were positive. Consequently, all the dyed samples are in the
red-yellow area of the color space. The color strength of cotton increased with increasing
dyeing power from 160 W to 750 W, and decreased to 850 W at a value of 4.8.

As a result, cotton fibers should be dyed powers that do not exceed 750 W. Increasing
the dyeing power beyond 750 W causes the dye’s affinity for cotton fibers to decrease,
possible due to the decomposition of polyphenols responsible for the coloring.

3.2.4. Effect of Duration on Dyeing Quality of Cationized Cellulosic Fabrics

This study consists in varying the dyeing time of cotton while keeping the pH and the
power constant.

The evolution of the color coordinates of the cotton dyed with the extract, as a function
of the duration of dyeing assisted by microwave, is presented in Table 1. The brightness
values L* show that the darkest sample is that taken at 4 min (the lowest L* value) and
the brightest sample is that taken at 1 min (the value of L* the highest), the values of a*
and b* were positive. Consequently, all the dyed samples are in the red-yellow area of the
color space.

From the results, it could be noticed that the obtained color strength increased with the
duration of the dye and reached a maximum value at a duration of 3 min, then a plateau is
attained after 3 up to 5 min. It seems that cationized cotton fabrics reached the saturation
and they did not absorb more natural dyes.

3.2.5. Effect of Pre-Mordanting on The Dyeing Quality of Cationized Cellulosic Fabrics
Effect on Colorimetric Coordinates and Color Strength of Cationized Cellulosic Fabrics

The mordanting was carried out in a microwave oven for 3 min with a power of 500 W
and an amount of mordant of 3% of the weight of the fiber to be etched (cotton). Once
mordanted, the cotton fabric was floundered in the dye bath for 3 min at 500 W. Table 2
shows the evolution of the colorimetric coordinates and the integral of the color strength
(K/S) following the pre-mordanting of cotton. From this table, it could be noticed that
copper sulfate gave the highest color strength (K/S = 5.89) and the lowest luminosity
(L* = 44.12). Therefore, mordanting with copper sulphate gave a darker sample. This
could also be confirmed by looking at the color change from slightly light brown to dark
brown. Tin chloride has the weakest color strength (K/S = 3.08) and the highest luminosity
(L* = 59.45) therefore the clearest sample; this is confirmed by the nuances obtained between
the sample mordanted with tin chloride. It could be therefore concluded that copper is
the mordant which has the greatest capacity to form coordination complexes with dye
molecules. The increasing order of the color strength of cationized cotton fabrics dyed
using the pre-mordanting method is as follows:

Tin chloride < Tannic acid < Mimosa < Iron sulfate < Copper sulfate
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Table 2. Evaluation of the colorimetric coordinates and the color strength of dyed cellulosic fabrics
without and after mordanting.

Mordant L* a* b* K/S Samples

Without mordanting ———— 54.49 8.59 16.39 3.82
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Effect on Fastness Properties of Cationized Cellulosic Fabrics

Each fastness test was carried out on a cotton sample prepared under very specific
conditions. After the test, fastness properties could be estimated. Table 3 presents the
fastnesses properties of cationized cotton fabrics. According to this table, fastness was
increased after mordanting. Therefore, it could be deduced that the mordants improved
the fastness to light, washing, and rubbing. Hence the advantage of carrying out this step.

Table 3. Dyeing fastness of pre-mordanting cellulosic fabrics.

Fabric Mordant
Fastness to Light

(ISO 105-B02)
Fastness to Wash

(ISO 105-C06)

Fastness to Rubbing
(ISO 105-X12).

Wet Dried Up

Cotton

Without mordanting 3 3–4 3–4 4

Iron sulfate 4 4 4 4–5

Copper sulfate 4 4–5 4 4–5

Tin chloride 4 4 4 4–5

Tannic acid 4 4 4 4–5

Mimosa 4 4–5 4 4–5

3.2.6. Characterization of Raw and Dyed Cotton Fibers

The cationized cotton fabric and dyed cotton IR spectra are shown in Figure 3. The infrared
spectra of both samples gave characteristic bands of cellulose about 1000–1200 cm−1 [30]. Other
characteristic bands linked to the chemical structure of the cellulose are namely: the hydrogen
bonded (OH function), which extended from 3550 to 3100 cm−1 [30]. The elongation of the
C-H function to 2920 cm−1 and a band around 11,600 cm−1 is attributable to the vibration of
elongation of the C-N group (due to the ammonium ion of the cationizing agent) [29].
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By comparing the two FTIR spectra of raw and dyed cotton, it can be seen that the
intensity of the band appearing around 1733 cm−1 has increased (OH deformation of the
alcohol function).

Based on these results, it could therefore propose the connection mechanism between
the extract and the cotton fiber as shown in Figure 4.
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3.3. Optimization of Cationized Cotton Dyeing by The Extract of Juglans Regia Barks Residues
3.3.1. Response Surface Design

The screening plan aims to target linear terms, this plan has the lowest number of runs
in a single replicate for a given number of factors. This study discusses, a three-level screen-
ing plan. This plan was used to determine the values of the factors operating conditions
producing the “best” response, to find the values of the factors which satisfy the operating
or process specifications, to identify new operating conditions allowing a demonstrated
improvement of product quality versus quality achieved under current conditions and
model a relationship between quantitative factors and response [31]. The parameters to be
studied in this part are: the percentage of cationizing agent, pH, potency, and duration of
dyeing. The plan drawn up in this study consists of a comprehensive four-factor, three-level
screening design (Table 4).

Table 4. Response surface design.

Factors Response
cat (%) pH P (W) t (min) K/S

3 7 500 5 9.4
3 11 500 4 1.08
3 3 625 3 2

6.5 11 750 5 3.04
10 11 500 3 1.03
3 11 750 3 1.5
3 3 750 5 6.15
10 11 625 5 1.4
6.5 7 625 4 11.04
10 3 500 5 5.5
10 3 750 4 6.2
6.5 3 500 3 2.3
10 7 750 3 6.03

Where %cat is the percentage of the cationizing agent, pH is the pH of the dyeing bath,
P is the microwave power, t is the dyeing duration, and K/S is the color strength of the
dyed cellulosic fabrics.

3.3.2. Regression Equation Analysis

Regression analysis allows to study and model the relationship between a response variable
and one or more inputs. A full quadratic response model led to the following equations:

K/S = −51.4 + 5.379 pH + 1.43% cat + 0.0312 P (W) + 13.32 t (min) − 0.3308 pH* pH −
0.1118% cat *% cat − 0.000023 P(W) * P (W) − 1.26 t (min) * t (min) + 0.0032 pH*% cat
− 0.280 pH* t (min).

the coefficient of correlation R2 was important, (R2 =97.46%), which indicates that the
model is predictable.

3.3.3. Main Effects Graph Evaluation

From Figure 5a it could be deduced that:

- A percentage of cationizing agent ranging from 3 to 6.5% significantly improved the
color strength K/S. However, a higher percentage causes a decrease in K/S.

- The pH ranging from 3 to 7 positively affected the color strength. For a pH greater
than 7 K/S weakened.

- The effect of the dyeing power is positive. An increase in power up to 625 W stimulated
the K/S response. For a power greater than 625 W the effect became practically negligible.

- A dyeing duration of 3–4 min positively affected the K/S response. Beyond 4 min, the
K/S response decreased.
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3.3.4. Interaction Diagram Evaluation

The interaction diagram (see Figure 5b) indicates the presence of a strong interaction
between the four factors justified by the non-parallel lines on the diagram. This interaction
effect confirms the regression coefficients estimated for the K/S response.

3.3.5. Contours Graph Evaluation

A contour graph displays a two-dimensional look of the surface, where points with
the similar response are linked to produce contour lines of constant responses. Contour
graphics help establish desirable response values and operating conditions. The graphical
results shown in Figure 5c suggest that high K/S values (K/S > 10) can be achieved if
the cationizing percentages and the dye strength increase while keeping the pH between
5 and 7.

3.3.6. Response Optimization

Based on Figure 5d, The numerical optimization function of the MINITAB 19 program
registered that, for a color strength (K/S) of 11.3, the optimal values for each variable are: a
pH of 6.23; a percentage of cationizing agent of 6.5%; a microwave power of nearly 690 W,
and a dyeing duration of 4.5 min.

3.4. Antioxidant Activity of Cotton Dyed with Barks Extract

The antioxidant power is transferred to the cotton dyed with the residues of Juglans
regia barks extract. Good antioxidant power has been found: DPPH (%) = 78%.

4. Conclusions

The aspiration of this study is to advance residues of Juglans Regia barks in the dyeing
of cellulosic fibers. To achieve this purpose, the coloring potential of the aqueous extract of
these solid residues was explored by applying this extract on cotton fabrics under several
conditions. The expected recovery is affordable by using the residues of Juglans Regia barks
as a raw material at the level of extraction in order to produce new coloring matters mainly
for textile use. Because raw cotton fabric had a very low affinity for the extract, cotton fabric
was cationized with a commercial cationization agent Sera Fast, which increase its affinity
for the dye and consequently improved the dye uptake and color strength. Subsequently,
the effect of pre-mordanting on the dye quality (by measuring the value of the color strength
and the colorimetric coordinates) and on the fastness (fastness to washing and fastness to
light) were examined. A study of the infrared spectra of the dyed and raw fibers was carried
out in order to establish connections, which could take place between the dye compounds
and the cellulosic fibers. The dyeing of cotton with the coloring extract of Juglans regia barks
residues has been optimized through a statistical analysis using MINITAB 19 software.
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