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Abstract Developing mild decolorization tech-
nology is critical for accomplishing clean pulping
to overcome issues of the severe degradation of cel-
lulose during the preparation of cotton pulp from
waste cotton textiles and the high energy consumed
in this preparation. The sodium hydroxide (NaOH)-
sodium dithionite (Na,S,0,) system is widely used
for decolorizing cotton fabrics. However, previous
reports have only studied decolorizing cotton fab-
rics using this hybrid system and did not clarify the
decolorization mechanism of NaOH and Na,S,0,
on fabric dyed with different types of reactive dyes.
Therefore, in this work, according to the chromo-
phore groups and active groups of the reactive dyes,
the decolorization of cotton fibers dyed with azo
monochlorotriazine reactive dyes, anthraquinone
vinyl sulfone reactive dyes and diazobismonochloro-
triazine reactive dyes was studied. The decolorization
mechanism of NaOH and Na,S,0, on cotton fabrics
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dyed with different types of reactive dyes was clari-
fied by employing NaOH and Na,S,0, separately and
in combination. Fourier transform infrared spectros-
copy, X-ray diffractometer and extension testing were
used to explore the effects of decolorization on the
chemical structure, crystalline structure, and physi-
cal and mechanical properties of cotton fabrics. This
work provides a theoretical basis for the decoloriza-
tion of cotton fabrics dyed using different reactive
dyes.
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Introduction

As people’s living standards have improved, the use
cycle of textiles has shortened, and a large number
of waste textiles are produced every year. At present,
waste textiles are mostly disposed of in landfills or via
incineration, which leads to severe waste of resources
and environmental pollution (Athanasopoulos and
Zabaniotou 2022; Lopatina et al. 2021; Jiang et al.
2022; Pensupa et al. 2017; Sharma et al. 2020). Waste
cotton fabric accounts for a large amount of waste tex-
tiles, and the supply of cotton fibers has always been
limited by “the contradiction between food and cot-
ton” (Dahlbo et al. 2017; Leal et al. 2019). Therefore,
recycling waste cotton fabric is of both great eco-
nomic and environmental interest.
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Decolorization is an indispensable process for
reusing colored waste cotton fabrics. Oxidative decol-
orization and reductive decolorization are widely
used for decolorizing waste cotton. Oxidative decol-
orization is accomplished using oxidants, such as
sodium hypochlorite, chlorine dioxide, ozone, and
hydrogen peroxide. However, in the process of decol-
orization, sodium hypochlorite produces a large
amount of chlorine gas, which is very harmful for
human health. It also causes damage to the fabric,
resulting in decreased strength and poor reusability
of the fabric. Chlorine dioxide and hydrogen perox-
ide are used at a relatively high temperature and in
an excessive amount, so their application is limited.
The fabric after ozone treatment turns yellow with
the increase in storage time. When the ozone residue
remains on the fabric, the yellowing phenomenon
becomes more obvious (Arooj et al. 2015). The pho-
tocatalysis system avoids the consumption of a large
amount of energy and chemicals, achieves satisfac-
tory color stripping effect at atmospheric pressure
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and low temperature, and has the advantages of
high efficiency, energy saving and emission reduc-
tion. However, the active substances produced by
the photocatalysis system can also affect the macro-
molecules of the fiber while destroying the dye. This
may cause changes in the chemical structure and/or
aggregation structure of the fiber, leading to changes
in the macroscopic properties of the fiber (Chen et al.
2007). In other words, this oxidative decolorization
approach has a significant influence on the strength
and molecular weight of fabrics, so it is not suitable
for the mild decolorization of waste cotton fabric (Li
et al. 2022). Reductive decolorization primarily uses
reducing agents, such as sodium dithionite (Na,S,0,)
and thiourea dioxide, and has a minimal effect on
the mechanical properties of fabrics (He et al. 2021;
Uddin et al. 2015). Considering the requirements of
cellulose molecular weight and mechanical proper-
ties, reductive decolorization is an ideal method for
mild decolorizing of waste cotton.

Sodium hydroxide (NaOH)/Na,S,0, has been
widely used for decolorizing cotton fabrics that are
dyed with reactive dyes. However, in this reductive
decolorization method, a mixture of NaOH/Na,S,0,
is added to the decolorizing system without consider-
ing the chromophore group and active group of dyes,
which results in reagent waste and higher manufac-
turing costs. In particular, it is unclear which reagent
(NaOH or Na,S,0, or a combination of NaOH and

Fig. 1 The chemical
structures of the employed
reactive dyes
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Na,S,0,) functions as the decolorizing agent for
reactive dyes with distinct chromophores. Thus, in
this work, the mechanism of reductive decoloriza-
tion of cotton textiles dyed with azo-, anthraquinone-,
and bis azo-reactive dyes was investigated. This study
provides a theoretical reference for decolorizing reac-
tive-colored cotton fabric, which would be important
for recycling and reusing waste cotton fabric.

Experimental
Materials

For this work, a woven cotton fabric with the weight
of 95 g/m? was supplied by Lu Tai Group Co., Ltd.
(Shandong, China). The commercially available
Reactive Red X-3B (C.I. Red 2; CAS: 17804-49-8),
Reactive Blue KN-R (Reactive Blue 19; CAS:2580-
78-1), and Reactive Red KE-3B (C.I. Reactive Red
120; CAS: 61951-82-4) dyes were purchased from
Longsheng Group Co., Ltd. (Zhejiang, China). The
chemical structures of these dyes are depicted in
Fig. 1. Sodium dithionite (AR) and sodium hydroxide
(AR) were provided by Sinopharm Chemical Reagent
Co., Ltd. (Shanghai, China).

Cotton substrates were colored with each of the
Reactive Red X-3B, Reactive Blue KN-R and Reac-
tive Red KE-3B dyes. Specifically, the prepared
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Fig. 2 Parameter curves for cotton substrate coloration with the employed reactive dyes

cotton fabric sample was immersed in a dye bath
(4.0%, o.m.f.) at a bath ratio of 1:50. The other dye-
ing procedures were performed in accordance with

Table 1 Coloration recipes for cotton fabric samples dyed the process curves shown in Fig. 2 and the dyeing
with the reactive dyes recipes shown in Table 1.
Composition of dyeing Dosages
bath . . oo . .

Reactive Reac- Reactive Decolorization of cotton substrate dyed with reactive

red X-3B tive blue red KE-3B d

yes
KN-R

Reactive dye (%, .om.f) 4.0 4.0 4.0 Cotton fabrics dyed with different reactive dyes were
NaCl (g/L) 30 60 60 decolorized using NaOH/Na,S,0, system with a bath
Na,CO; (g/L) 15 30 30 ratio of 1:20. The decolorized cotton fabrics were
Soap (g/L) 5 5 5 thoroughly washed with deionized water until the pH
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was neutral, and then the fabrics were dried at a tem-
perature of 60 °C.

Characterization
Lightness values

The color intensity value (K/S value) and the light-
ness value of the colored and decolorized cotton fab-
rics were determined using a Datacolor 850 instru-
ment (Datacolor. Co., Ltd., USA) equipped with a
simulated Dg; light source lamp and 10° visual angle
at the maximum characteristic absorption wavenum-
ber (A, for each individual reactive dye. Also, a
4-folded form for each colored and decolorized cotton
fabric sample and eight-site detections on the indi-
vidual sample were used throughout the shade deter-
mination. Then, the arithmetic mean of the measured
lightness values for an individual sample was calcu-
lated according to Eq. (1).

1 n
=;;Li

6]

Super depth-of-field microscope

Paraffin was melted and smeared on the surface of the
dyed and discolored cotton fabrics to prepare sam-
ples. A super depth-of-field microscope (DVM6M,
Leica Co., Ltd., Germany) was used to investigate
decolorizing of cotton fabric samples under differ-
ent conditions when using NaOH/Na,S,0, system.

10 14

Specifically, the surface and section morphological
changes of cotton fabric samples were observed.

Fourier transform infrared spectroscopy analysis

The chemical structures of all samples were exam-
ined using a Fourier transform infrared spectroscopy
(FT-IR) instrument (Nicolet iS50, Thermo Scientific
Co., Ltd., US). Samples of the cotton fabrics before
and after decolorization were dried and crushed into
a homogenous powder. The powdered sample (2 mg)
was combined with IR grade KBr (200 mg), and pel-
lets were prepared on a KBr press. The FT-IR spec-
tra of the samples were recorded at ambient condi-
tions from 500.0 to 4000.0 cm™~! with a resolution of
4.0 cm™

Wide-angle X-ray diffraction analysis

An X-ray diffractometer (XRD, Smartlab SE, Rigaku
Corporation Co., Ltd., Japan) was used to analyze the
crystal structures of cotton fabrics before and after
decolorization. The cotton fabric samples were dried
and crushed into a homogenous powder, and then
tested using a 40.0 kV tube voltage and a 40.0 mA
tube current. The XRD patterns were recorded over
the range of 20 = 5 ~ 45°.

Breaking strength

The breaking strength of cotton fabric samples that
were colored and decolorized was determined using
a universal material testing machine (INSTRONS5967,
Instron Co., Ltd., USA) and the strip method of
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Fig. 3 K/S value curves of different types of dyed-cotton fabrics decolorized using different concentrations of NaOH at the boiling

temperature
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China textile criteria of GB/T3923.1-2013. Strips of
cotton fabric samples were cut into dimensions of
5.0%25.0 cm in both the warp and weft directions for
making measurements. The breaking strength of each
cotton fabric sample was reported as the average of
three replicate measurements.

Results and discussion

Effect of decolorizing cotton fabrics with different
reactive dyes using only NaOH

The mechanism for the proposed decolorization
method on a reactive-dyed cotton fabric substrate
with different chromophores for different dyed-
cotton treated with different concentrations of only
NaOH solution in NaOH/Na,S,0, system was inves-
tigated. The K/S value of decolorized cotton fabrics
with the bath ratio of 1:20 at different temperatures
for 80.0 min duration was measured for this inves-
tigation. Figure 3 depicts the K/S value curves of
several decolorized cotton materials at the boiling
temperature.

Figure 3 shows that when only NaOH was used
to treat colored cotton fabrics, the K/S curves of the
decolorized cotton fabrics decreased steadily with
increase in the dose. Also, the maximum absorp-
tion wavelength did not change. At the same time,
the hue of the decolorizing solution became darker.
The results show that the covalent bond between
the dye and the cotton fiber was hydrolyzed, allow-
ing the hydrolyzed dye to be transferred from cotton
fabrics to the decolorizing solution. Additionally, the

chromophore of the dye was not destroyed when only
NaOH was used to treat dyed cotton fabrics.

The lightness value was calculated to assess the
effect of NaOH on decolorizing cotton fabrics. Fig-
ure 4 depicts the influence of NaOH concentration on
the lightness of cotton fabric at different temperatures.
Figure 4 clearly shows that when the dose of NaOH
and the temperature were increased, the lightness
value was enhanced. However, cotton fabrics colored
with Reactive Red X-3B were treated with a solution
of 70 g/ NaOH at the boiling temperature. After
treatment, the decolorization result was unsatisfac-
tory, with a lightness value of just 58.13, as shown in
Fig. 4a. Since the active group of Reactive Red X-3B
is only slightly active, it can easily react with cotton
fabric to form covalent bonds. Hence, the decolori-
zation result was not optimal when only NaOH was
used to decolorize Reactive Red X-3B colored cotton
fabrics. As seen in Fig. 4b, the impact of decoloriz-
ing with various doses of NaOH at the boiling tem-
perature was outstanding for cotton fibers colored
with Reactive Blue KN-R dyes. The lightness value
of cotton fabric colored with Reactive Blue KN-R
was 62.83 when the fabric was treated with a solu-
tion of 10 g/LL NaOH. The lightness value improved
to 71.67 when the NaOH concentration was increased
to 30 g/L. The decolorization result was excellent
when only NaOH was used to decolorize cotton fib-
ers colored with Reactive Blue KN-R dye because
covalent connections between Reactive Blue KN-R
and cotton fabric were not stable in alkaline condi-
tions. Decolorization was accomplished with a 70 g/L
NaOH solution at the boiling temperature, as shown
in Fig. 4c, and the lightness value was around 63.70
for cotton fabric colored with Reactive Red KE-3B
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Fig. 4 Lightness curves of cotton fabrics colored with a Reactive Red X-3B, b Reactive Blue KN-R and ¢ Reactive Red KE-3B dyes
and decolorized using different concentrations of NaOH at different temperatures
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Fig. 5 K/S curves of cotton fabrics colored with different types of dyes decolorized using different concentrations of Na,S,0, at the

boiling temperature

dye. It can be inferred that the decolorization effect
was average when only NaOH was used to decolor-
ize cotton fabrics colored with Reactive Red KE-3B
dye because it was relatively easy to react with cot-
ton fabric to form covalent bonds due to Reactive Red
KE-3B’s functional group. Also, the strength of the
covalent bonding between the dye and cotton fiber
for cotton fabrics dyed with Reactive Red KE-3B dye
was between that of the other two reactive dyes.

Effect of decolorizing cotton fabrics with different
reactive dyes using only Na,$,0,

The mechanism for the proposed method was inves-
tigated using a reactive-dyed cotton fabric substrate
with different chromophores for different dyed-cotton
treated with different concentrations of only Na,S,0,
in NaOH/Na,S,0, system. The K/S value of decolor-
ized cotton fabrics with the bath ratio of 1:20 at dif-
ferent temperatures for 80.0 min duration was used
for the investigations. Figure 5 depicts the K/S value

curves of several decolorized cotton materials at the
boiling temperature.

Figures 5a and c reveal that when only Na,S,0,
was used to treat cotton fabrics colored with Reactive
Red X-3B and Reactive Red KE-3B dyes, the K/S
values of the decolorized cotton fabrics decreased
rapidly with an increase in the Na,S,0, dose. This
was especially notable at the maximum absorption
wavelength. No new absorption peak was found, and
the decolorization solution was very light in color.
The results demonstrate that Na,S,0, immediately
reacted with dyes in cotton fabrics, reducing the
chromophore -N=N- in the dye to -NH-NH- and
resulting in decolorizing the cotton fabric.

To assess the influence of Na,S,0, on decoloriza-
tion, the lightness value was determined. Figure 6a
depicts the corresponding findings of the influence of
NaOH concentration on the lightness of cotton fab-
ric at different temperatures. The results demonstrate
that when colored cotton fabric was treated with a
0.2 g/L. Na,S,0, solution at the boiling temperature,

95 46 68
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Fig. 6 Lightness values of cotton fabrics colored with a Reactive Red X-3B, b Reactive Blue KN-R, and ¢ Reactive Red KE-3B
dyes and decolorized using different concentrations of Na,S,0, at different temperatures
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the lightness value was as high as 78.73. The light-
ness value of the cotton fabrics improved to 84.46
when the concentration of the Na,S,0, solution was
0.6 g/L. However, no further significant improve-
ment was achieved by increasing the Na,S,0, dose
above 0.6 g/L. The reducing ability of Na,S,0, for
the Reactive Red X-3B chromophore was extremely
targeted. Thus, it may be concluded that Na,S,0,
can be used to decolorize cotton fabrics without uti-
lizing NaOH. Moreover, the high lightness of cotton
fabrics could be achieved with only a small amount
of Na,S,0,, possibly because the chromophore of
Reactive Red X-3B was mono-azo and the reactive
group was very active. Thus, it was indicated that a
dosage range of 0.4 to 0.6 g/L for the reducing agent
Na,S,0, was effective for decolorizing reactive-dyed
cotton substrate.

Figure 6¢ depicts similar findings. At the same
temperature, the lightness values increased when
the Na,S,0, concentration was increased. Despite
the fact that the Reactive Red KE-3B colored cotton
fabric was treated with 4.0 g/L Na,S,0, at the boil-
ing temperature, the lightness value was only 64.62.
As a result, Na,S,0, alone had a poor decolorization
effect on colored cotton fibers. From the results of
the NaOH decolorization study shown in Fig. 5c and
the Na,S,0, decolorization analysis in Fig. 6c, it is
obvious that it was unsuitable to use only NaOH for
decolorization of cotton fabrics colored with Reactive
Red KE-3B dye. Due to the bis azo structure of Reac-
tive Red KE-3B, NaOH and Na,S,0, should be used
together for treating colored cotton fabrics to achieve
a better decolorization effect.

Figure 5b shows that when Na,S,0, was used to
treat cotton fibers colored with Reactive Blue KN-R
dye, the maximum absorption wavelength of the dye
on the decolorized cotton fabric changed from 600
to 480 nm with an increase in the concentration of
Na,S,0,. This phenomenon was significantly dif-
ferent from that using Na,S,0, to decolorize other
colored cotton materials, which indicates that it had
different reductive capacities and reductive func-
tions on different chromophores. Reactive Red X-3B
has a mono-azo structure, Reactive Red KE-3B has
a bis azo structure, and Reactive Blue KN-R has an
anthraquinone structure. The K/S value of the decol-
orized cotton fibers at 600 nm reduced dramatically
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with an increase in the concentration of Na,S,0,, but
the K/S value at 480 nm increased. Figure 6b depicts
similar findings. Specifically, it demonstrates that the
presence of only Na,S,0, did not assist in decolori-
zation since the lightness values increased and then
decreased with an increase in the Na,S,0, concentra-
tion. The effect of the decolorization treatment using
only Na,S,0, on cotton fabric was not desirable due
to the increased reduction potential of the Reactive
Blue KN-R chromophore. Therefore, cotton fabrics
colored with Reactive Blue KN-R dye should be
decolorized using NaOH at a concentration of 30 g/L
NaOH.
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Synergistic effect of sodium hydroxide and sodium
dithionite for cotton fabrics colored with Reactive
Red KE-3B dyes

To investigate the synergistic effect of NaOH and
Na,S,0,, the decolorization performance of the pro-
posed method on a cotton substrate colored with
Reactive Red KE-3B dye was investigated using a
dose of 60 g/L. NaOH and bath ratio of 1:20 at a tem-
perature of 80.0 ‘C for a duration of 80.0 min. The
results of lightness values are depicted in Fig. 7.

Figure 7 shows that the suggested approach
achieved good decolorization, as indicated by the
lightness values of the cotton substrate colored with
reactive dyes at most of the Na,S,0, doses. The light-
ness value rapidly improved from 55.85 to 69.68 with
Na,S,0, dosages in the range from O to 1 g/L. The
lightness values improved from 73.23 to 76.68 with
an increase in the amount of reducing agent from 2
to 5 g/L. Despite the fact that the lightness values
exceeded 70, the increase was very slow. It is antici-
pated that adding Na,S,0, to the NaOH solution
might greatly improve the decolorization impact.
Hence, it is suggested that a concentration range from
2 to 4 g/L for Na,S,0, can obtain a greater decolori-
zation effect. The decolorization performance for a
cotton substrate colored with Reactive Red KE-3B
dye was then tested with a dose of 2 g/L Na,S,0,
while the rest of the parameters were the same. The
results are depicted in Fig. 8.

Figure 8 shows that the lightness value improved
rapidly from 63.48 to 70.30 when the Na,S,0, dose
varied in the range from 10 to 40 g/L. However, when
the amount of NaOH was in the range from 40 to
60 g/L, the lightness values improved from 70.30 to
72.85, but the improvement was very slow. It can be
inferred that adding NaOH to Na,S,0, solution sig-
nificantly improves the decolorization effect. Hence,
a concentration range of NaOH from 40 to 60 g/L
is recommended to obtain a greater decolorization
effect.

Moreover, the decolorization mechanism of the
NaOH/Na,S,0, system for a cotton substrate colored
with reactive dye is described by Egs. (2-4). (El-
Sakhawy 2005; Malkavaara et al. 2000).

S,05” +2H,0 — 2HSO; + 2[H] + 2¢~ )

S,0% +2H,0 — 285,02 + 4[H] + 4e~ 3)

S,07 +3H,0 — HSO; + HSO,4[H] + 4e” 4)

Investigation of decolorization on cotton fabric with
super depth of field microscope analysis

Samples of cotton fabrics colored using different dyes
were decolorized using the optimal process, and the
samples were analyzed using a super depth-of-field
microscope. The surface and cross-sectional mor-
phologies were observed. The results are shown in
Fig. 9.

Figure 9 shows that before decolorization, reac-
tive dyes with three different types of chromophores
were uniformly distributed on the surface of the yarn
and on the cotton fiber that was wrapped inside the
yarn. It also shows that the color of each of the dif-
ferent decolorized cotton fabrics was white. There
was nearly no dye on the cotton fabrics. It is clearly
demonstrated that dye can be stripped from cotton
fabric and that an excellent decolorization effect can
be obtained using NaOH/Na,S,0, for cotton fabrics
dyed with the three dyes with different chromophores.

Investigation of the decolorization on cotton
substrates with mechanical properties analysis

The breaking strength data of cotton fabric before
decolorization and after using the optimal decoloring
process are shown in Fig. 10.

Figure 10 shows that the retention efficiencies of
the warp breaking strength and weft breaking strength
were respectively 94.52 and 92.30% for Reactive Red
X-3B, 89.80 and 88.90% for Reactive Blue KN-R,
and 93.33 and 91.46% for Reactive Red KE-3B dyed
cotton fabrics. These results indicate that the physical
and mechanical properties of the decolorized fabric
were not significantly damaged. The results are con-
sistent with a slight decrease in the crystallinity of the
cotton fiber. The decolorization treatment of cotton
fabrics with NaOH/Na,S,0, system has a mild decol-
orization effect on waste cotton fabrics without affect-
ing subsequent pulping.
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(1) Surface and cross-sectional observations of cotton fabrics (a) colored with Reactive Red X-3B dye and (b) after

decolorization

(2) Surface and cross-sectional observations of cotton fabrics (c) colored with Reactive Blue KN-R dye and (d) after

decolorization

R e

(3) Surface and cross-sectional observations of cotton fabrics (e) colored with Reactive Red KE-3B dye and (f) after

decolorization

Fig. 9 Surface observations using aboutx 500 magnification and cross-sectional observations of cotton fabrics before and after

decolorization

Investigation of decolorization on cotton substrates
with FT-IR spectra analysis

The decolorization reactions occurring on the sub-
strate and on different dyed cotton substrates after
they were decolorized using different decolorization
conditions were further investigated by using FT-IR
analysis. The recorded FT-IR spectra are depicted in
Fig. 11.

Figure 11 reveals some evident variations in the
FT-IR spectra of the cotton substrates after they were

@ Springer

decolorized using different decolorization conditions
compared to the reactive-dyed one. For a sample of
the cotton substrate, the strong and typical absorp-
tion band at 3351.2 cm™! was mainly due to the com-
bined O-H (vyy) stretching vibrations in the mac-
rochains of cotton (Choe et al. 2019; Chung et al.
2004). In addition, the absorption bands at 1061.6
and 1029.8 cm™! were assigned to absorption peaks
of stretching vibration for the C—-O-R covalent bond
formed between dye molecules and cotton cellu-
lose molecules and the absorption peaks of the C-H
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‘ Il Reactive dyed cotton

600 I Decolorized cotton

Breaking strength (N)

0 1 1 1 1 1 1
Warp Weft Warp Weft Warp Weft
Reactive Red X-3B Reactive Blue KN-R  Reactive Red KE-3B

Fig. 10 Breaking strength of cotton fabrics before and after
decolorization

in-plane bending vibration in the cellulose molecu-
lar structure. Both absorption peaks were weak. The
heights of the absorption peaks at the two places were
consistent in the IR spectrum for the cotton fabric
before it was dyed (Fig. 11). However, the absorp-
tion peak at 1061.6 cm™' was only slightly higher

than that at 1029.8 cm™! in the IR spectrum of cot-
ton fabric colored with different dyes, due to the for-
mation of covalent bonds between the dye and fiber.
Moreover, the intensities of these two absorption
peaks did not change compared with those of cotton
fabrics colored with Reactive Dye X-3B (Curve 2).
However, for cotton fiber colored with Reactive Blue
KN-R dye and then decolorized by NaOH (Curve 4),
and especially for cotton fiber colored with Reactive
Red KE-3B dye and decolorized by NaOH/Na,S,0,
(Curve 6), the absorption peak at 1061.6 cm™! was
significantly weaker. It can be inferred that the cova-
lent bond formed between the dye and cotton cellu-
lose was hydrolyzed and broken under the action of
NaOH and that Na,S,0, destroyed the chromophore
to achieve decolorization.

Investigation of decolorization on cotton substrates
with wide-angle X-ray diffraction analysis

To further explore the decolorization mechanism in
NaOH/Na,S,0, system, both the cotton fiber before

r
f

897.6 |

1061.6"71029.8 33512 1
) i | 1 | . Lo

| Jrwore

| 1061.6,11029.8 L IJJSLZIE | 1061.6711029.8

!
4000 3500 3000 2500 2000 1
Wavelength (nm)

L 1
500 1000 500 4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500
Wavelength (nm)

Wavelength (nm)

10616 | |

10298

1500 500 1500

Wavelength (nm)

Fig. 11 FT-IR spectra of cotton cellulose and locally enlarged
image for (0) cotton fabric before dying, 1 Reactive Red X-3B
dyed cotton fabric and 2 Reactive Red X-3B dyed cotton fab-
ric after decolorization in panel a; 3 Reactive Blue KN-R dyed

1000

Wavelength (nm)

500 1500 1000

‘Wavelength (nm)

500

cotton fabric and 4 Reactive Blue KN-R dyed cotton fabric
after decolorization in panel b; 5 Reactive Red KE-3B dyed
cotton fabric and 6 Reactive Red KE -3B dyed cotton fabric
after decolorization in panel ¢
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(200)

60000

u.)
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20000 -

Diffraction intensity (a

e

Fig. 12 WAXRD npatterns of cotton samples for 1 Reactive
Red X-3B dyed cotton fabric, 2 Reactive Red X-3B dyed cot-
ton fabric after decolorization, 3 Reactive Blue KN-R dyed
cotton fabric, 4 Reactive Blue KN-R dyed cotton fabric after
decolorization, 5 Reactive Red KE-3B dyed cotton fabric, 6
Reactive Red KE -3B dyed cotton fabric after decolorization

decolorization and the decolorized cotton substrate
samples were further investigated using wide-angle
XRD analysis. The recorded WAXRD patterns are
shown in Fig. 12.

Figure 12 shows that there were some varia-
tions in the XRD patterns of the decolorized cot-
ton samples compared to that the dyed control,
indicating some changes in the crystalline struc-
ture of the cotton fibers during decolorization. As
seen in Fig. 12(1), a typical WAXRD pattern of
the reactive-dyed cotton fiber with a character-
istic and dominant crystalline form of cellulose I
was recorded, and there were four broad peaks at
Bragg diffraction angles of 20=14.65°, 16.64°,
22.61°, and 34.47° (French 2014; Zhu et al. 2017).
The intensity of the diffraction peak for the cot-
ton fibers after decolorization decreased com-
pared to that of the dyed control sample (Fig. 12).
These results indicate that only a small amount of
the crystal zone of cotton fiber was damaged and
that most of the crystal zone and crystal structure
were not affected during decolorization. Impor-
tantly, these variations also show that the active
species were able to diffuse into the inner phase of
the cotton fiber to efficiently degrade the reactive
dye molecules on the substrate chains, which fur-
ther confirms that the mechanism for decolorizing
Reactive-dyed cotton fabrics was mild.

@ Springer

Conclusions

In this work, the decolorization properties and
mechanism of cotton fabrics colored with dyes hav-
ing different chromophores and active groups were
investigated in the NaOH/Na,S,0, system in a tar-
geted manner. The results show that NaOH breaks the
covalent bond between the dye and cotton fiber via
a hydrolysis reaction. In contrast, Na,S,0, destroys
the chromophore via a reduction reaction to achieve
decolorization. The proposed targeted decolorization
method was very effective for removing reactive dye
molecules from cotton fabric substrates. This method
achieved mild decolorization and adequately retained
the breaking strength, which was more than 90%. The
dye on Reactive Red KE-3B dyed cotton fabrics was
the most difficult to remove, while the dye on Reac-
tive Red X-3B dyed cotton fabrics was the easiest
to remove. Cotton fabric dyed with azo monochlo-
rotriazine reactive dye was efficiently decolorized by
adding only Na,S,0,. Cotton fabric dyed with anth-
raquinone vinyl sulfone reactive dye was efficiently
decolorized by adding only NaOH. Cotton fabric
dyed with bis azo bis monochlorotriazine reactive
dye was efficiently decolorized by adding Na,S,0,
and NaOH simultaneously. Moreover, the surface
and cross-sectional morphologies of the fiber were
observed using a super depth-of-field microscope,
and it was found that the dye on the cotton fabric was
basically removed. The chemical structure and crys-
talline structure of dyed and decolorized cotton fab-
ric were mainly unchanged, according to FT-IR and
XRD. All of the investigations also indicated that
gentle decolorization of waste cotton fabrics could be
achieved under the condition of normal pressure and
high temperature in the NaOH/ Na,S,0, system with-
out affecting subsequent pulping.
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