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working efficiencies were evaluated. All the samples were washed using different
soap-washing agents for 30 minutes under 90°C temperatures. It was found that the
pH factor greatly influences the unfixed dye removal efficiencies in washing liquors
and the concentration of the soap-washing agent. The best washing result for
removing unfixed dyes was obtained for V/D5/SDS2 soap-washing agent for 1g/L at
pH 7 in liquors. The soap-washing agent effectively removes unfixed dye and can
prevent color migration among fabrics during wash-off. The characteristics were
analyzed by Data color650 spectrophotometer, UV-visible spectrophotometer, Dry
and wet rubbing fastness, and Fourier Transform Infrared Spectroscopy (FTIR).

Keywords: Reactive dye, Soap-washing agent, Unfixed dye, Color strength(k/s),

Residual dye molecules.

I. INTRODUCTION

Nowadays, reactive dyes and cotton fabric have always had a significant place in the textile dyeing and printing
industries. In the last few decades, the popularity and demands of reactive dyes have increased rapidly because
of their brilliant color, excellent color fastness, facile application, and comparatively low cost [1]. Reactive dyes
contain anionic sulfonate ions (SO3") that can be adsorbed by positively charged adsorbents [2] and have the
ability to react chemically with fiber to create covalent bond generation between fiber and dye molecules via
nucleophilic substations either Michel addition reactions based on the characteristics of the reactive group that
are present in dye molecules [3]. The reactive dye molecules continually tend to be hydrolyzed during the
reactive dyeing process. After dyeing is completed, the unfixed reactive dye molecules (mainly hydrolyzed and
unreacted dye molecules) remain on the inner and exterior surface of the fabric[4]. If those unfixed dyes are not
removed properly, it will affect the color and washes fastness and create stains on the fabric, which is not
desirable. Hence, after reactive dyeing, an effective soap-washing is badly required to remove unfixed dyes in
terms of excellent washing performance [5]. However, for effective washing various chemicals such enzymes,
surfactants, cationic fixing agents, anionic, non-ionic detergents, and washing agents are used after reactive
dyeing [6-9]. However, the electrolyte effect of the anionic washing agent used to remove unfixed dye molecules
is seriously responsible for declining the wet fastness property and is not suitable for washing [10,11].
Conventionally, to obtain excellent colorfastness properties, after dyeing is finished, the unfixed dye substance
is neutralized throughout the multiple washing and soaping process for removing those unfixed dyes as much as
possible, which is also a time-consuming, energy-consuming, and costly process. Generally, dye-fixing treatment
prevents the unfixed dye molecules from attaching to the fabric and avoids undesirable effects [12,13].

In recent years, it is also found that polymers are mostly used for the washing process. The polymer-dye binding
formation conducted throughout the interaction between polymer and dye demonstrated many attractive,
interesting and significant practical characteristics. Some special factors such as hydrophobic, Coulombic, and
steric connections are mainly responsible for thermochemical and dynamic complex formation [14].
Poly(vinylpyrrolidone), PVP is a highly water-soluble non-ionic, non-toxic, chemically stable polymer that can

complex hydrophilic and hydrophobic substances. Because of those outstanding characteristics, PVP has an
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extensive range of applications, such as the removal of hydrolyzed dyes, dye transfer inhibitors, binders, soaps,
and detergents in the textile industry [3,15]. 2-(dimethylamino) ethyl methacrylate, DMAEMA is a water-soluble,
pH-sensitive, highly cationic monomer that can form complexation through electrostatic interactions as
containing amine functional group and is also considered as absorbents for anionic dyes[16]. Sodium dodecyl
sulfate (SDS) is an anionic surfactant with solubility in water as it contains a highly polar hydrophilic head group
and mostly works as detergents and cleaning substances. It has a high ability to interact with a polymer molecule
to create a self-assembled structure due to its attractive force of the hydrophobic affiliation and electrostatic
repulsion and also reduces the hydrophobicity of polymer particles which help to stabilize the charge in the

suspension [17].
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Figure 1: Different Chemicals Structure. DMAEMA
II. EXPERIMENTAL METHODS AND MATERIALS
2.1 Experimental Drugs

In this article, Pure cotton fabric was supplied by Zhejiang Kefeng Silicone Co., Ltd. and applied without any
treatment. N-Vinylpyrrolidone (NVP), 2-(Dimethyalamino) Ethyl Methacrylate (DMAEMA), Sodium dodecyl
sulfate (SDS), Hydrogen peroxide (25% H202), 2,2'-Azobis(2-amidinopropane) dihydrochloride (AIBA),
Hydrochloric acid (HCL), Sodium Hydroxide (NaOH), Ammonia solution (NHs. H20), the above are all pure
analytical chemicals were supplied by Hangzhou Gaojing Fine Chemical Industry Co., Ltd and was used directly

without any furthermore purification.

2.2 Method of Reactive dyeing with cotton

Reactive dyes are converted into new compounds through chemical modification and are widely used for cotton
fabric dyeing in textile industries. In this article, medium dye concentration (3% owf) was chosen for cotton
fabric dyeing with reactive dyes. Generally, two different essential stages are followed for the reactive dyeing
process. In the first stage, the dye adsorbs onto the cellulosic substrate through the formation of hydrogen
bonding and van der Waals interactions, and in aqueous NaCl or Na:SOs4 is used as the electrolyte to assist the
exhaustion of dyes. In the second stage, alkali is added to the solution to produce many cellulosic anions within
the substrate for covalent bond formation between dye and fiber. Thus, the reactive functional group of dye and
-OH or -NH: functional group of fiber build a strong covalent bond[3]. Fig.2 shows the dyeing mechanism of

reactive dye on cotton fabric.
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Figure 2 : Reactive dyeing mechanism with cotton fabric.
2.3 Soap-washing agent's preparation

2.3.1 Synthesis of Copolymers P(VP-co-DMAEMA)

The copolymerization of NVP with DMAEMA (VP-co-DMAEMA) was done in an aqueous solution. During the
copolymerization process, hydrogen peroxide (H20:2), AIBA (V50) were used as initiators, and the weight of H20:
was 1.14g (3% of 38g) for all the soap-washing agents. The H2O: initiator was added to the solution for different
soap-washing agents while the temperature was around 72°C. For the V/D10 soap-washing agent, two dosages of
the AIBA initiator were used, and the first dosage was added 2 hours later from H202 added time, and the second
dosage was added 3 hours later from the first dosage. The weight of AIBA was about 0.038g (0.1% of 38g) and
0.076g (0.2% of 38g) respectively. For the V/D8, V/D5, and V/D2 soap-washing agents, the weight of the AIBA
initiator was 0.038g (0.1% of 38g). To control the positivity of the soap-washing agent, an anionic surfactant SDS
was added with V/D5 soap-washing agent, and the weight was measured according to the total weight of the

monomer (38g).

2.3.2 Recipes and Reaction conditions for Soap-washing agents

Theoretically, it is known to all that the soap-washing agents should be soluble in water, and the NVP monomer
contains a hydrophilic part that is highly soluble in water. As cotton fabric contains anionic charges on its surface
and effective unfixed dyes removal efficiency, the efficient soap-washing agents should be cationic. Hence, to
develop a cationic soap-washing agent, DMAEMA monomer was selected that is highly cationic and also soluble

in water, and to control the positivity of soap-washing agents, an anionic surfactant SDS was added that is not
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only capable of controlling the positivity but also increase the unfixed dyes removal efficiency as well. That is

the reason herein below Table 1 We listed the chemicals.

Table 1: Recipes and Conditions for soap-washing agents

Soap-washing Monomer
agents Soap-washing agent’s recipes Reaction conditions Solid conversion
content (%) (%)
VP(g) DMAEMA(g) SDS(g) Temp (°C) Time
(h)

V/D10 34.2 3.8 - 75780 8710 36 94
V/D8 34.96 3.04 - 75780 8710 38 100
V/D5 36.1 1.9 - 75780 8710 38 100
V/D2 37.24 0.76 - 75780 8710 37 97

V/D5/SDS1 36.1 1.9 0.38 75780 8710 38 100
V/D5/SDS2 36.1 1.9 0.76 75780 8710 38 100
V/D5/SDS3 36.1 1.9 1.14 75780 8710 37 97
V/D5/SDS5 36.1 1.9 1.9 75780 8710 36 94

2.3.3 The Appearance of Soap-washing agents and Factors affecting color

The nitrogen atom in the monomer greatly influences the color appearance of soap-washing agents as DMAEMA
contains higher nitrogen atoms in its structure. The higher dosages of DMAEMA lead to a darker color. Also, it
was found that the higher dosages of ammonia (NHs3.H20) solution and rapid increase of temperature slightly
affect the color of prepared soap-washing agents. It was found that the different colors of soap-washing agents
do not significantly influence the removal of unfixed dyes during the wash-off process. So, the different color of
soap-washing agents was not a vital issue for removing unfixed dyes. Fig.3 shows the appearances of different

soap-washing agents.
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Figure 3: The color appearance of different soap-washing agents.

2.4 Characteristics analysis

2.4.1 Color Migration analysis

The color strength (K/S) of the washed fabric is calculated by using data color650 spectrophotometer from the
Kubelka-Munk equation as given below (Eq. I). where the absorption coefficient of the substrate is K, S is
determining the scattering coefficient of the substrate, and R is the reflectance of the dyed fabric at Amax. After

folding each fabric twice, measurements were taken at three different positions on the fabric surface [18].

_ (1-R)?
K/S = TR e @
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2.4.2 Rubbing Fastness analysis

This process examines the amount of color shifted from one surface to another surface during rubbing. Using the
AATCC crock meter, the test is performed according to the AATCC testing procedure. The test specimen was
graded using a visual greyscale for both dry and wet rubbing fastness, and the grades of rubbing fastness are
mentioned as 5, excellent; 4, good; 3, fair; 2, poor; and 1, extremely poor. To investigate the dry and wet rubbing,
White samples are cut into (5cm x 5cm) square shape and rubbed approximately 20 times in 10 seconds while
the finger of the tester carrying a weight of 2-6 N with the contact of the test sample. A separate sample is used
for the dry and weight rubbing test. The wet rubbing test was done by using a wet sample that water content is
up to 95% to 105%. All the tests are conducted under the atmospheric conditions of 20 +1°C and 65+ 5% RH
[19].

2.4.3 Residual Dye Concentration in washing liquors

After washing is completed, Dye concentration in washing liquors is measured by using a UV-visible
spectrophotometer (UV mini-1240) according to the “Beer-Lambert” law shown in equation II, and it is known

to all that the absorbance is directly proportional to the concentration of dye in solution [20].

Where A indicates the absorbance, c determines the concentration mol! and 1 is pathlength in cm and molar

extinction coefficient.

2.4.4 Fourier-Transform Infrared Spectroscopy (FTIR)

According to the standard method, the Nicolet 5700 Fourier Transform Infrared Spectrometer (American

Thermoelectric Company) was used for Fourier Transform Infrared Spectroscopy analysis.

III. RESULTS AND DISCUSSION

3.1 Color migration and Colorfastness analysis (PVP vs Water)

At the end of the dyeing, the unfixed dyes existed mainly inner and on the surface of the cotton fiber via Van
Der Waals force between dye and fiber or between dye and dye [1]. In the initial stage, the dyed fabric was
washed with PVP for 1g/L and with water to analyze the unfixed dyes removal efficiency, and the results are

shown in Fig.4.
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Figure 4: a) Color strength (k/s) of washed fabric (PVP vs Water), b) dry, and c) wet Colorfastness properties of
the dyed fabric after washing (PVP vs Water).
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From Fig. 4(a), the unfixed dye removal efficiency for PVP was higher than after being washed with water. After
washing, both the dry and wet colorfastness were analyzed, and the results are shown in Fig.4(b, c). From the
results, It can be seen that both the dry and wet color fastness was much better than water washed. From Fig.4
results, though PVP has higher free dyes removal efficiency than water, the overall results were not satisfactory
at all. Because PVP is a non-ionic polymer, it is highly soluble in water and while the cotton fabric contains
anionic charge [15]. During wash-off, polymer dye complexation cannot occur through electrostatic attraction
because of the non-ionic nature of PVP in washing liquors. As a result, dye molecules have a high affinity to stay
in the water and tend to be attached to new fabrics, which creates stains and causes poor colorfastness. Residual
dye concentration in washing liquors after washing was also compared and measured by following the standard
calibration curve (Fig.S, Supplementary information). The results are presented in Fig.S1 (supplementary
information). It can be seen that higher dye molecules remain in the water after being washed with only water
than washed with PVP. So, from the results, it can be said that PVP is not suitable for removing unfixed dyes

from reactive dyed cotton fabric.

3.2 A series of NVP/DMAEMA Soap-washing agents
It was found that the copolymers of DMAEMA and N-Vinyl pyrrolidone can bind with anionic dye through

electrostatic interaction and the binding capacity is mainly dependent on the hydrophobic binding sites in
polymer and also produce a flexible binding environment with ionic and a polar characteristic [21]. Hence, a
series of soap-washing agents were prepared through the copolymerization of NVP with DMAEMA and applied
for soap-washing both for 0.5g/L and 1g/L. After washing with different soap-washing agents, the results are
shown in Fig.5. It was also found that the increase of DMAEMA dosages in soap-washing agents leads to higher
color strength (k/s) at low pH also indicates lower unfixed dyes removal. Theoretically, it is known to all the
color strength(k/s) of the washed fabrics should be decreased with the increase of unfixed dyes removal [22].
From Fig.5(a, b) results, it can be seen that the pH value in washing liquors greatly influences the unfixed dyes
removal efficiency, and the concentration of soap-washing agents does not have any significant influences.
Among different ratios of NVP and DMAEMA, the most effective one was V/D5 soap-washing agent that can be
seen from Fig.5 according to the color strength(k/s) results. Though the concentration of the soap-washing agent
does not have any significant influences, the dry and wet rubbing color fastness V/D5 soap-washing agent was
mostly suitable for 1g/L for wash-off reactive dyed cotton fabric. As DMAEMA is highly positive, it is easily
affected by the pH in washing liquor. So, the efficiency of the soap-washing process was related to the pH in
liquors that greatly influences the removal of unfixed dyes [23]. The reactive dyed cotton fabric can not wash at
low pH as the dyeing process is done in alkaline conditions. So, washing the dyed fabric at low pH is expensive
because it needs acid in washing liquors. We have shown the results for different pH in liquors to analyze the
effect of pH on removing unfixed dyes during washing, and the best result was obtained at pH 10 in washing

liquors.
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Figure 5: Color strength (k/s) of washed fabric both for a) 0.5g/L and b) 1g/L.
The results attributes may be the synergic effect of carbonyl (C=0), amino (-NH2), and hydroxyl (-OH) functional
groups present in the soap-washing agents. Soap-washing agents strongly interact with the released dyes via
electrostatic, dipolar, hydrogen bonding, etc. This indicates that the soap-washing agent can form a
polyelectrolyte complex with the released dyes and re-stay on the substrate[24]. So, after analyzing the color
strength(k/s) and residual dye concentration in washing liquor, it can be said that among different soap-washing
agents V/D5 was most effective for the removal of unfixed at pH 10 in washing liquor for 1g/L. From Fig.S2
(supplementary information), it can also be seen that during washing with VP/DMAEMA soap-washing agents,
dye molecules have a high affinity to stay in the water, which also indicate the high positivity of DMAEMA and
if we can control the high positivity of soap-washing agent better result can be achieved in terms of unfixed dyes

removal efficiency as well as both the dry and wet colorfastness properties.

3.3 Color migration and Colorfastness analysis (PVP vs V/D5)

It is suggested that the binding strength between dye and polymer mainly depends on two important factors, an
increase in the cationic binding sites available for dye-binding due to the protonation of dimethyl aminoethyl
residues of the polymer at lower pH and an increase in the hydrophobic domains of the polymer due to the
deprotonation of the residues at higher pH in washing liquors. Hydrogen bond and van der Waals binding forces
should be almost independent of pH in liquors. At lower pH, the electrostatic force between the cationic center
of the polymer and the negatively charged sulfonate group of reactive dye plays a predominant role in the binding.
The electrostatic attraction should decrease with the increase of pH and the reduction of electrostatic attraction
between the protonated nitrogen atom and the sulfonate ion. The onset of hydrophobic attraction between the
hydrophobic moieties of the two binding entities leads to the maximal binding around pH 10 [21]. We also
compare the unfixed dyes removal efficiency and dry, wet colorfastness with V/D5 and PVP after washing.
According to the color strength (k/s) results from Fig.6(a), it can be seen that V/D5 soap-washing agent was much
more effective for removing unfixed dyes through the wash-off and also showed good dry colorfastness after
being washed at pH 10 through the wet color fastness is not quite satisfied that can be seen from below Fig.6(b,
c¢). Poor wet colorfastness may be due to the high dye molecules that remain in the water during washing and
have the affinity to stay in water because of the high positivity of DMAEMA, which causes poor colorfastness.
The residual dye concentration in washing liquors after washing was also measured, and the results are shown

in Fig.S3 (supplementary information).
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Figure 6: a) Color strength(k/s) of the washed fabric (PVP vs V/D5), b) dry, and c) wet color fastness
comparison between PVP vs V/D5.
As it is known to all, DMAEMA is a water-soluble cationic monomer containing both the hydrophobic and
hydrophilic function groups and also has a high affinity to water. On the other hand, dye molecules have an
affinity both for water and fabric and mostly attract to the water due to the polarity. During washing with
DMAEMA containing soap-washing agents, polymer dye complexation occurs between unfixed dyes and soap-
washing agents. It has a high affinity to water because of the highly hydrophilic polar head group of DMAEMA.
As a result, high dye molecules remain washing liquors and can attach those unfixed dyes to the new fabric,
which causes undesirable effects. From Fig.5, it can also be seen that the higher dosages of DMAEMA lead to
higher color strength(k/s) and causes poor colorfastness. After the above discussion, it can be said DMAEMA is a
highly cationic monomer, and the positivity should be well controlled to get the best-unfixed dyes removal

efficiency through wash-off of reactive dyed cotton fabric.

3.4 A series of Soap-washing agents with different SDS concentration

As DMAEMA is a highly cationic monomer, The developed soap-washing agent also has high positivity. Hence,
an anionic surfactant SDS has been incorporated with V/D5 soap-washing agent to decrease the positivity of the
soap-washing agent. Sodium dodecyl sulfate (SDS) is an anionic surfactant consisting of a tail of 12 carbon atoms
attached to a sulfate group (SO+*), and its hydrocarbon tail combined with a polar head group provide the
amphiphilic compound properties[25]. As a result, the hydrocarbon tail and anionic head group of SDS can create
micelles because of its amphiphilic characteristics that can act as a detergent. This is why we incorporated SDS
to decrease the positivity. After adding SDS, the unfixed dye removal efficiencies were measured through color
strength (k/s) and the results are shown in Fig.7 for 0.5g/L and 1g/L soap-washing agent. It was also found that
after SDS of addition increase dyes molecules affinity towards fabric through electrostatic attraction that helps
to re-stay on the fabric during wash-off resulting in lower residual dye molecules in liquors (Fig.S4

supplementary information).
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Figure 7: Color strength (k/s) of washed fabric both for a) 0.5g/L and b) 1g/L.
This indicates that the SDS surfactant can control the positivity of soap-washing agents. From Fig.7(a), it can be

seen that the pH still influenced unfixed dyes removal efficiency. From Fig.7(b), it can be seen that the free dyes
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removal capability was relatively dependent on the pH in washing liquors. However, the concentration of soap-
washing agents significantly influences the dyes removal efficiency. All most similar results were obtained at pH
7 and 10 in washing liquors for 1g/L for V/D5/SDS2 soap-washing agent. So, the soap-washing process can be
performed in a neutral environment in washing liquors to avoid any difficulties. The unfixed dyes removal
efficiency is quite satisfactory at pH 7 can be seen from Fig.7(b). It can be concluded from the above discussion
that the developed V/D5/SDS2 soap-washing agent unfixed dye removal effectiveness is not only influenced by
the concentration but also the carbonyl, amino, and hydroxyl groups enhance the unfixed dyes removal
efficiencies. So, for an effective soap-washing agent, the chemical composition should be appropriate depending
upon the characteristics of the functional group that presents in the chemical. After finding that the V/D5/SDS2
soap-washing has excellent unfixed dyes removal ability, we also measured residual dye concentration in washing
liquors and shown in Fig.S4 (supplementary information). It was found that both the dry and wet color fastness

was outstanding and quite satisfactory after being washed with V/D5/SDS2 soap-washing agent.

3.5 Color migration and Colorfastness analysis (V/D5 vs V/D5/SDS2)

Commercially, DMAEMA is a cheap cationic monomer with lower production costs. However, the unfixed dyes
removal ability was good for V/D5 soap-washing agent but had poor colorfastness, which was not desirable.
Nevertheless, after adding anionic surfactant SDS with V/D5, the soap-washing agent shows excellent free dyes
removal efficiency and outstanding colorfastness, and the results are shown below Fig.8. From Fig.8(a), according
to the color strength(k/s), V/D5/SDS2 soap-washing agent have high ability to remove unfixed dyes than V/D5
and also lower residual dye molecules remain in washing liquors (Fig.S5 supplementary information) which
decrease the possibility to create stains on among fabrics. From Fig.8(b, c), it can be seen that V/D5/SDS2 soap-
washing agent provides excellent dry and wet color fastness of the dyed fabric after being washed. The highest

unfixed dyes removal efficiency and colorfastness result was obtained at pH 7 for 1g/L.

05 5 =5
3 alj|a> k]
T 04 g4 24
=3 cooliess \V/D5 % mV/D5 2 mV/D5
g 03 “ecAs+ V/D5/SDS2 || € 3 av/D5sDs? || € 3 ® V//D5/SDS2
5 2 2
5 ... 1o o
8 0.1 Ae :'.x'u'n. % 1 —E 1

0 5y O o

1 4 7 10 12 14 7 10 12 14 7 10 12 14
pH Value Value pH Value

Figure 8: a) Color strength(k/s) of the washed fabric (V/D5 vs V/D5/SDS2), b) dry, and c) wet color fastness
comparison between V/D5 vs V/D5/SDS2.

3.6 FTIR analysis

We have successfully synthesized the copolymerization of NVP with DMAEMA, and the FTIR results are shown
in Fig.9, both for pure PVP and the copolymers of P(VP-co-DMAEMA). In Fig.9(a, b), the peaks are located at
1652cm ! with the strong intensity corresponding to amide(I) and corresponding to the C=O and C-N groups.
The pick shows a broad bending stretch of 3446cm™" indicating that PVP contains absorbed water (O-H).
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Figure 9: FTIR spectra of a) PVP and b) Copolymers of P(VP-co-DMAEMA).

From the above results and discussion, it is evident that the polymers are highly effective for the washing process
and can be documented as the use of polymer plays a significant role in removing unfixed dyes from reactive
dyed cotton fabric. After soap-washing treatment, the maximum unfixed dyes removal efficiency was obtained
at pH 7 for 1g/L for V/D5/SDS2 soap-washing agent that improve the unfixed dyes removal efficiency as well as
increase rubbing fastness properties. It was also found that the concentration of soap-washing agent and the pH
value in washing liquors greatly influences unfixed dye removal efficiency, which should be well controlled to
get the best soaping results. So, by considering the unfixed dyes removal efficiency, avoiding stains to the new
fabric, and the cost of production, the use of developed V/D5/SDS2 soap-washing agent for wash-off of reactive
dyed cotton fabric enables a much more effective along with highly economical, which significantly reduces the
operation time, water and energy consumption. Finally, it can be concluded that the developed V/D5/SDS2 soap-
washing agent is non-foaming, non-toxic, was not skin irritating, comparatively cheap with facile industrial

application, and also highly efficient for the removal of unfixed dyes from reactive dyed cotton fabric.

International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com | Vol 9 | Issue 1



Lei Yang et al Int J Sci Res Sci Eng Technol, January-February-2022, 9 (1) : 97-111

Author Information

Md Samsul Islam has completed his B.Sc. in Apparel Manufacturing & Technology from BGMEA University of
Fashion & Technology, Bangladesh, since 2018. Currently, he is completing his M.Sc. in Textile Science &
Engineering at Zhejiang Sci-Tech University (ZSTU), China. He got a full Chinese President Scholarship in 2019
for his Master’s Degree.

E-mail: samsul.buft@gmail.com

Conflicts of Interest: The authors declare no competing financial interest.

Funding: N/A.

Acknowledgment

This research has been done in the laboratory of Textile Science and Engineering school of Zhejiang Sci-Tech

University, China. All the experimental processes and testing types of equipment were used from the school.

REFERENCES

[1] Lin L, Rahman Mdz, Wen S, Pervez MdN, Li J, Cai Y. Improvement of Color Fastness for Deep Black Shade of Cotton
Fabric:, Hangzhou, China: 2016. https://doi.org/10.2991/icmmct-16.2016.299.

[2] Netpradit S, Thiravetyan P, Towprayoon S. Adsorption of three azo reactive dyes by metal hydroxide sludge: effect of
temperature, pH, and electrolytes. J Colloid Interface Sci 2004;270:255-61. https://doi.org/10.1016/j.jcis.2003.08.073.

[3] Amin MN, Blackburn RS. Sustainable Chemistry Method to Improve the Wash-off Process of Reactive Dyes on Cotton.
ACS Sustain Chem Eng 2015;3:725-32. https://doi.org/10.1021/acssuschemeng.5b00034.

[4] Gorensek M. Dye—fibre bond stabilities of some reactive dyes on cotton. Dyes Pigments 1999;40:225-33.
https://doi.org/10.1016/S0143-7208(98)00052-7.

[5] Uddin MG, Islam M. Effects of Different Soaping and Fixing Agents on Washing Fastness of Reactive Dyed Cotton Fabric
2015;2:5.

[6] Burkinshaw SM, Negrou AM. The wash-off of dyeings using interstitial water part 1: Initial studies. Dyes Pigments
2011;90:177-90. https://doi.org/10.1016/j.dyepig.2010.11.002.

[7] Burkinshaw SM, Howroyd J, Kumar N, Kabambe O. The wash-off of dyeings using interstitial water part 2:
Bis(aminochlorotriazine) reactive dyes on cotton. Dyes Pigments 2011;91:134-44.
https://doi.org/10.1016/j.dyepig.2011.03.007.

[8] Shaikh IA, Mugddas A, Jamil N, Qadir A. Environment Friendly Approach to Simultaneously Remove Unfixed Dyes from
Textile Fabric and Wash-off Liquor. Fibres Text East Eur 2016;Nr 3 (117). https://doi.org/10.5604/12303666.1196622.

[9] Cai G, Sun L, Wu J, Wang J. Influence of Nonionic Surfactant on Hydrolysis of Vinyl Sulfone Reactive Dye. J Surfactants
Deterg 2015;18:1127-35. https://doi.org/10.1007/s11743-015-1726-2.

[10] Lopez-Vizcaino R, Saez C, Cafiizares P, Rodrigo MA. The use of a combined process of surfactant-aided soil washing and
coagulation for PAH-contaminated soils treatment. Sep Purif Technol 2012;88:46-51.
https://doi.org/10.1016/j.seppur.2011.11.038.

[11] Goto-Doshida S, Saito M, Nagayama M. Effects of Calcium present in fabric and in washing liquor on detergency. J Oleo
Sci 2003;52:73-82.

[12]Holme I. New developments in the chemical finishing of textiles. J Text Inst 1993;84:520-33.

[13] Akalin M, Merdan N, Kocak D, Usta I. Effects of ultrasonic energy on the wash fastness of reactive dyes. Ultrasonics
2004;42:161-4.

[14]Senkal BF, Erkal D, Yavuz E. Removal of dyes from water by poly (vinyl pyrrolidone) hydrogel. Polym Adv Technol
2006;17:924-7.

[15] Teodorescu M, Bercea M. Poly (vinylpyrrolidone)—a versatile polymer for biomedical and beyond medical applications.
Polym-Plast Technol Eng 2015;54:923-43.

[16] Van de Wetering P, Cherng J-Y, Talsma H, Crommelin DJA, Hennink WE. 2-(Dimethylamino) ethyl methacrylate based
(co) polymers as gene transfer agents. J Controlled Release 1998;53:145-53.

International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com | Vol 9 | Issue 1



Lei Yang et al Int J Sci Res Sci Eng Technol, January-February-2022, 9 (1) : 97-111

[17]Singer MM, Tjeerdema RS. Fate and effects of the surfactant sodium dodecyl sulfate. Rev Environ Contam Toxicol 1993:95—
149.

[18] Saleh MS, El-Badry H. Dyeing of cationized cotton fabrics with natural dye extracted from acacia. Int J Text Sci 2013;2:21—
5.

[19] Suganuma K. Effect of the rubbing force on dry rubbing fastness with various white cloths. Color Technol 2013;129:443-7.

[20] Hamlin JD, Phillips DAS, Whiting A. UV/Visible spectroscopic studies of the effects of common salt and urea upon reactive
dye solutions. Dyes Pigments 1999;41:137-42.

[21] Takagishi T, Hosokawa T, Hatanaka Y. Binding methyl orange and hydrophobic fluorescent probes by poly (2-
dimethylaminoethyl methacrylate) and copolymers of 2-dimethylaminoethyl methacrylate and N-vinyl-2-pyrrolidone: pH
dependence of the binding and fluorescence intensity. J Polym Sci Part Polym Chem 1989;27:1-13.

[22] Mughal MJ, Saeed R, Naeem M, Ahmed MA, Yasmien A, Siddiqui Q, et al. Dye fixation and decolourization of vinyl
sulphone reactive dyes by using dicyanidiamide fixer in the presence of ferric chloride. J Saudi Chem Soc 2013;17:23-8.

[23] Akcakoca EP, Ozguney AT, Atav R. The efficiency of washing agents in the post-dyeing removal of hydrolyzed reactive
dye. Dyes Pigments 2007;72:23-7.

[24] Xue X, Li L, He J. The performances of carboxymethyl chitosan in wash-off reactive dyeings. Carbohydr Polym
2009;75:203-7.

[25] Saitoh T, Saitoh M, Hattori C, Hiraide M. Rapid removal of cationic dyes from water by coprecipitation with aluminum
hydroxide and sodium dodecyl sulfate. J Environ Chem Eng 2014;2:752-8.

[26]Voronova M, Rubleva N, Kochkina N, Afineevskii A, Zakharov A, Surov O. Preparation and characterization of
polyvinylpyrrolidone/cellulose nanocrystals composites. Nanomaterials 2018;8:1011.

[27]Mushtag S, Ahmad NM, Mahmood A, Igbal M. Antibacterial Amphiphilic Copolymers of Dimethylamino Ethyl
Methacrylate and Methyl Methacrylate to Control Biofilm Adhesion for Antifouling Applications. Polymers 2021;13:216.

[28] Yin J-J, Wahid F, Zhang Q, Tao Y-C, Zhong C, Chu L-Q. Facile Incorporation of Silver Nanoparticles into Quaternized Poly
(2-(Dimethylamino) Ethyl Methacrylate) Brushes as Bifunctional Antibacterial Coatings. Macromol Mater Eng
2017;302:1700069.

[29] Zielinska D, Stawski D, Komisarczyk A. Producing a poly(N,N-dimethylaminoethyl methacrylate) nonwoven by using the
blowing out method. Text Res J 2016;86:1837-46. https://doi.org/10.1177/0040517515617420.

[30]Wang FP, Yuan T, Li WX, Zhang JY, Wang QZ. Synthesis and characterization of amphiphilic copolymer poly [2-
(dimethylamino) ethyl methacrylate-co-methyl methacrylate]. Adv. Mater. Res., vol. 936, Trans Tech Publ; 2014, p. 776-9.

Cite this article as :

Md Samsul Islam, Gang Wang, Jianhao Li, Zuolin Liu, Lei Yang, "Development of High-Performance Non-
Foaming Cationic Soap-Washing Agent through the Copolymerization of N-Vinylpyrrolidone with 2-
(Dimethyalamino) Ethyl Methacrylate for Wash-off Reactive Dyed Cotton Fabric", International Journal of
Scientific Research in Science, Engineering and Technology (IJSRSET), Online ISSN : 2394-4099, Print ISSN :
2395-1990, Volume 9 Issue 1, PP- 97-111, January-February 2022. Available at
doi : https://doi.org/10.32628/IJSRSET229118

Journal URL : https://ijsrset.com/IJSRSET229118

International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com | Vol 9 | Issue 1


https://doi.org/10.32628/IJSRSET229118
https://search.crossref.org/?q=10.32628/IJSRSET229118&from_ui=yes
https://ijsrset.com/IJSRSET229118

Lei Yang et al Int J Sci Res Sci Eng Technol, January-February-2022, 9 (1) : 97-111

SUPPLEMENTARY INFORMATION

15

y = 18.082x + 0.0855
R? =0.9995

Absorbence
[EEN

0 0.02 0.04 006 0.08 0.1 0.12

Relative Concentration of dyes

Figure S: Standard calibration curve for measuring residual dye concentration in washing liquors.
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Figure S1: Dye molecules in washing liquors PVP vs water.
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Figure S2: Residual dye concentration in liquors after being washing with a) V/D10, b) V/D8, c) V/D5 and d)
V/D2 soap-washing agents.

International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com | Vol 9 | Issue 1 @



Lei Yang et al Int J Sci Res Sci Eng Technol, January-February-2022, 9 (1) : 97-111

o
o
s}

0.04

0.02

Dye Concentration (g/L)

PVP
uV/D5

10 12 14
pH Value

Figure S3: Dye molecules in washing liquors PVP vs

Figure S4: Residual dye concentration in liquors after washing with a) V/D5/SDS1, b) V/D5/SDS2, c)
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V/D5/SDS3, and d) V/D5/SDS5 soap-washing agents.
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