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ABSTRACT

To study the effect of salt on decolorization in reactive dyeing wastewater, a chitosan-gelatin com-
posite copper polymer (CG) was prepared as a catalyst, and its structure was characterized by
scanning electron microscopy, energy-dispersive X-ray spectroscopy, and Fourier-transform infra-
red spectroscopy. With the help of CG and H,O,, a heterogeneous Fenton catalytic system was
created, and it was then used to decolorize simulated reactive dyeing effluent. The decolorization
effect of C.I. Reactive Blue 19 (RB19) in the CG/H,0, catalytic system was studied with and with-
out NaCl. The effects of the initial pH of the decolorization solution, NaCl, and temperature on
the decolorization rate and decolorization kinetic properties of RB19 were investigated. The results
show that the catalytic decolorization system containing NaCl has a good decolorization effect in
a wide range of neutral and alkaline pH values, and the decolorization rate of the CG/H,0, cata-
lytic system on the simulated RB19 dyeing wastewater increases with increasing pH value in the
pH range of 5~10 and with increasing NaCl concentration. At 50°C for 30 min under neutral and
alkaline conditions, the decolorization rate of simulated RB19 dyeing wastewater by CG/H,0, cat-
alytic system reaches more than 90%. In the CG/H,O, catalytic system, the kinetic models of the
catalytic decolorization system with and without NaCl accord with the pseudo-second-order kinetic
model. The decolorization rate constant and the initial decolorization rate with NaCl in the dye-
ing wastewater are more than 3.9 times higher than those recorded without NaCl. The half decol-
orization time of dyeing wastewater containing NaCl is at least 74% shorter than that of dyeing

wastewater without NaCl at the same decolorization temperature.
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1. Introduction

Covalent bonds can be created when reactive colors react
with fibers. Therefore, the fabrics dyed with reactive dyes
have excellent color fastness. Reactive dyes are the most pop-
ular dyes for dying cellulose fibers (like cotton) [1]. Water-
soluble sulfonic acid groups or carboxylic acid groups are
included in the structure of reactive dyes, allowing them to
dissolve in water and exist as anions in the dye bath. The
surface of cellulose fiber is also electronegative in the dye
baths, which is not conducive to the adsorption and dyeing
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of dyes, resulting in a low dyeing rate and color fixation
rate [2,3]. As a result, a large of salts like NaCl and Na,SO,
are often added to offset the electrostatic repulsion between
reactive dye and fiber when dyeing, to improve the dyeing
rate. This leads to the high salt content in dyeing wastewa-
ter, which increases the burden of wastewater treatment,
and the high permeability of salt salinizes the soil of rivers
and causes environmental pollution [4].

Wastewater from printing and dyeing processes can
be treated using a variety of techniques [5]. Advanced oxi-
dation processes (AOP), one of them, can efficiently treat
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dyeing wastewater with complex composition and diffi-
cult degradation, which has been recently studied by many
scholars [6,7]. Free radicals with strong oxidizing properties
can be produced by catalyzing H,O, or ozone in AOP, which
can degrade organic and inorganic pollutants in wastewater
usually by catalyzing H,O,, and ozone, to produce free rad-
icals with strong oxidizing properties, which can degrade
organic pollutants in wastewater into small molecules, and
even eventually degrade pollutants into CO, and H,O [8].
AOP technique includes the Fenton method [9], wet catalytic
oxidation [10], ozone oxidation [11], photocatalysis [12],
persulfate oxidation [13], and many others. These studies
have proved that AOP has a good decolorization on dyeing
wastewater. Due to its ability to circumvent the drawbacks
of homogeneous Fenton catalytic system, such as second-
ary pollution, low pH value of decolorization application,
and strict requirements for decolorization conditions, het-
erogeneous Fenton-like catalyst research is currently attract-
ing the attention of many researcher [14-16]. In this type of
catalyst, the metal ligands or supporting elements come
in a wide variety. Performances of various heterogeneous
Fenton-like catalysts varied. Daud and Hameed [17] studied
the decolorization of Acid Red 1 with Fe(IIl) oxide kaolin
catalyst, and a good decolorization was obtained; Guo et al.
[18] chelated iron and copper ions on chitosan and used it
as a catalyst to treat leachate concentrate, and it achieved
88.24% and 71.45% removal of TOC and COD, respectively.
Zhao et al. [19] used magnetite nanoparticles (Fe,O,-NPs)/
orange peel composite as a magnetic heterogeneous Fenton-
like catalyst and its removal rate of methyl orange dye
wastewater could reach 98% at 20 min. However, in addi-
tion to the hard-to-degrade dyestuffs, there are also various
auxiliaries, a large number of salts, and other pollutants in
the printing and dyeing wastewater, and the presence of
these substances will inevitably have some influence on the
treatment of wastewater [20]. In dyeing wastewater, NaCl
is a chemical that cannot be disregarded. By scavenging
hydroxyl radicals ("OH) or aggregate dye molecules in the
advanced oxidation process, NaCl has been shown in some
studies to slow down the degradation rate of organic pol-
lutants [21,22]. While, other studies have found that high
NaCl concentration significantly speed up the dye degra-
dation in the AOP system [23,24]. Therefore, it is worth-
while to investigate how NaCl affects the decolorization of
dyeing effluent.

Chitosan gelatin composite copper polymer (CG)
was prepared by our research group, and the CG/H,O,

0 NH,
SO3Na
‘O SOQCHZCHQOSO3N6
O NH

Fig. 1. Structure of C.I. Reactive Blue 19.

heterogeneous Fenton system was constructed. It was
applied to the treatment of C.I. Reactive Red 24 simulated
dyeing wastewater, and a good decolorization was obtained
[25]. In this experiment, the decolorization of C.I. Reactive
Blue 19 (structure as in Fig. 1) in the catalyst CG/H,O, sys-
tem was studied with and without NaCl. The effect of elec-
trolyte NaCl in dyeing wastewater on the decolorization
ratio and decolorization kinetic performance of the catalytic
system was studied to understand whether the catalytic
system is suitable for the decolorization of NaCl-containing
reactive actual dyeing wastewater.

2. Experimental set-up
2.1. Reagents and instruments

C.I. Reactive Blue 19 (RB19) used for this study was sup-
plied by Zhejiang Runtu Co., Ltd., (Zhejiang, China), which
was directly applied without further purification. The gel-
atin copper used in this study was homemade [26,27]. The
30% H,0, and all other reagents were of analytical grade
and were purchased from Xi’an Chemical Reagent Co., Ltd.,
(Xi'an, China).

2.2. Preparation of the catalyst CG

Firstly, chitosan was dissolved in a 1% acetic acid solution
and stirred for 1 h at 60°C to make it dissolve completely.
Then gelatin copper solution was slowly added to the dis-
solved chitosan solution (the mass ratio of chitosan to gelatin
copper was 1:30) and stirred for 30 min at 50°C. At last, the
precipitate generated by reaction was filtered, fully washed,
and baked at 100°C for 3 h to obtain CG.

2.3. Decolorization process

The 30% H,O, (4 mL/L) and CG (0.4 g/L) were added to
the simulated dyeing wastewater which consisted of 0.1 g/L
of RB19 and a certain concentration of NaCl (0-18 g/L). The
initial pH value of the decolorization solution was adjusted
from 5 to 10 with acetic acid or sodium hydroxide. Then
the catalytic decolorization was carried out in an HS-type
high-temperature computer program-controlled dyeing
apparatus from Nantong Hongda Instrument Co., Ltd.,
(Jiangsu, China) at 50°C for 30 min.

2.4. Test of decolorization ratio and decolorization amount

The absorbance of simulated dyeing wastewater was
measured with a UV-1900PC type ultraviolet-visible spec-
trometer from AOE Instrument Co., Ltd., (Shanghai, China)
at the wavelength of maximum dye absorption (A__, 592 nm)
before and after decolorization, respectively. Then the
decolorization ratio (R) was calculated according to Eq. (1):

o\ _Aixn N
R(A))_[l " ] 100 (1)

Uxm

where A, is the absorbance at the maximum absorption
wavelength of the simulated dyeing wastewater diluted n
times after decolorization, and A is the absorbance at the
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maximum absorption wavelength of the simulated dyeing
wastewater diluted m times before decolorization.

The amount of decolorized dye per gram of catalytic
material (g,) was calculated according to Eq. (2):

CV xR%
"M @
where C is the initial concentration of the RB19 of the sim-
ulated dyeing wastewater, V is the volume of the simulated
dyeing wastewater, and M is the mass of the added catalyst.

2.5. Structural characterization

The microscopic surface morphology of the samples
was observed by field emission scanning electron micros-
copy (SEM, Quanta-450-FEG type, FEI, USA) equipped with
energy-dispersive X-ray spectroscopy (EDS). The chemical
groups of the samples were examined by Fourier-transform
infrared spectroscopy (FTIR, Spectrum Two type, Perkin
Elmer Medical Diagnostic Products (Shanghai) Co).

3. Results and discussion
3.1. Structural characterization of CG

The SEM images of the CG are shown in Fig. 2. From
Fig. 2 it can be seen clearly that the surface morphologi-
cal structure of the CG is uneven, rough, loose, and full of
numerous holes. It shows that CG has a large surface area,
and it has many adsorption sites. The main elements of
CG are C, N, O and Cu, with the Cu content is 7.04 wt.%
according to the EDS data in Table 1. This shows that Cu
was successfully loaded on CG. The structural of CG are
attributed to its adsorption properties for dyes and catalytic
properties for H,O,.

Fig. 3 shows the infrared spectrum of CG, where the
broad absorption peak near wave number 3,243 cm™ is
due to overlapped absorption peaks of the N-H and O-H
stretching vibrations. the absorption peak near wave num-
ber 1,644 cm™ is primarily due to C=O and C-N stretch-
ing vibration, which is consistent with the characteristic
absorption peak of Amide I [28]. The absorption peak near

Fig. 2. Scanning electron microscopy images of copper polymer.

wave number 1,034 cm™ is due to C-O stretching, and the
peak near wave number 585 cm™ is due to Cu-O stretching
[29-31], indicating the synthesized CG is a composite copper
polymer of chitosan and gelatin.

3.2. Effect of initial pH value of CG/H,0, catalytic system on
decolorization of simulated dyeing wastewater

0.1 g/L of simulated RB19 dyeing wastewater with
and without NaCl (6 g/L) at different pH values were pre-
pared, respectively. Then the decolorization was carried out
according to the decolorization process mentioned in 2.3.
The decolorization results are shown in Fig. 4.

According to Fig. 4, treating simulated RB19 dyeing
wastewater by CG/H,O, catalytic system under alkaline
conditions can result in a superior decolorization impact
because the decolorization ratio of RB19 in the catalytic
system improves with the increase in pH value. Classical
Fenton reaction uses ferrous ion as the catalyst, which reacts
with H,O, to produce the Fenton reagent. The reaction is
suitable for a strong acid environment with a pH of around
3. In addition, with the production of iron sludge in the
reaction process, the decolorization method has limitations
[32,33]. However, in this study, a biological complex CG
was used as a catalyst to construct a heterogeneous Fenton
system with H,O,. Compared with iron ions, the insoluble
copper-based catalyst can adapt to a wider pH range [34,35].
But iron-based catalysts catalyze the decomposition of

Table 1
Mass percentage of major elements in copper polymer (wt.%)

Catalyst copper polymer

C 4123
0 37.93
N 13.81
Cu 7.04
E
&
g ! 579
g 3243
g
= 1644
1 1 Il 1 1 ]034 1
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Fig. 3. Fourier-transform infrared spectroscopy image of
copper polymer.
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Fig. 4. Effect of initial pH value of simulated dyeing waste-
water on decolorization ratio.

H,O, to produce strong oxidation hydroxyl radicals (*OH),
which is the main active substance [36-38]. At higher pH
levels, iron ions are less soluble, and iron hydroxide pre-
cipitates can even develop. The formation of *OH becomes
slow, resulting in the reduction of the degradation rate of
organic pollutants in wastewater [39,40]. Therefore, this
heterogeneous catalytic system has obvious advantages
over the homogeneous Fenton catalytic system.

And it can be also seen from Fig. 4 that under the same
pH condition, the decolorization ratio of simulated RB19
dyeing wastewater containing NaCl in the CG/H,O, cata-
lytic system is higher than that of simulated dyeing waste-
water without NaCl, which shows that the presence of NaCl
in dyeing wastewater is beneficial to improve the catalytic
decolorization of this system. According to Fig. 4, when the
pH value is 7, the decolorization ratios of dyeing wastewa-
ter without NaCl and with NaCl reached 70% and 90% at
50°C for 30 min, respectively. It shows that a good decolor-
ization effect can be obtained in a wide range of neutral and
alkaline pH values in the NaCl-containing reactive dyeing
wastewater.

Due to reactive dyeing, a significant amount of salt must
to be added to help dyes adhere to the fiber. Therefore,
there must be a lot of salt in reactive dyeing wastewater.
Therefore, the CG/H,O, catalytic system is very condu-
cive to the decolorization of reactive dyeing wastewater.
Subsequently, the pH value of the simulated dyeing waste-
water was not adjusted, and the decolorization process
was carried out under near neutral conditions.

3.3. Effect of NaCl concentration in simulated dyeing wastewater
on decolorization

The simulated dyeing wastewater containing different
concentrations of NaCl was decolorized according to the
decolorization process mentioned in 2.3. The pH value of
the simulated dyeing wastewater was not adjusted. Then
the decolorization ratio was measured. The results are
shown in Fig. 5.
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Fig. 5. Effect of NaCl concentration in dyeing wastewater on
decolorization ratio.

According to Fig. 5, it can be seen that the decoloriza-
tion of simulated RB19 dyeing wastewater in the CG/H,0O,
catalytic system increases as the concentration of NaCl
increased. When the concentration of NaCl in the simu-
lated RB19 dyeing wastewater was increased from 0 to
3 g/L, the decolorization ratio increased substantially, while
the increase of decolorization gradually decreased when
the concentration of NaCl was greater than 3 g/L. It indi-
cates that the presence of NaCl in the dyeing wastewater
can increase the decolorization rate, which is beneficial to
the decolorization of the reactive dyeing wastewater by
the catalytic system. This may be because chlorine ions
can catalyze the decomposition of H,0O, in concert with the
catalyst CG. The copper ions on the catalyst can complex
with chloride ions, and the complex formed facilitates the
conversion of Cu(ll)—»Cu(I), thus accelerating the cycle
between Cu(Il) and Cu(I), which increases the production
of hydroxyl radical (*OH), thereby improving the degrada-
tion rate of dyes in dyeing wastewater. On the other hand,
chlorine ions may be oxidized by hydroxyl radicals to form
reactive chlorine (RCS), which also has oxidizing prop-
erties and can oxidatively degrade dyes in dyeing waste-
water [41,42]. Therefore, the presence of NaCl in dyeing
wastewater will enhance the decolorization effect.

Fig. 6 is the absorption spectrum curve of simulated RB19
dyeing wastewater with NaCl (6 g/L) and without NaCl at
different decolorization times. From Fig. 6 it can be seen that
the maximum absorption wavelength of RB19 is 592 nm.
With an increase in decolorization time, the dye’s absorbance
at its maximum absorption wavelength rapidly declines or
even disappears. It shows that the dye molecules in waste-
water are constantly adsorbed and destroyed, and the num-
ber of dyes in wastewater decreases [43]. Compared with
Fig. 6a and b, it can be found that when the treatment time
is the same, the absorbance of simulated RB19 dyeing waste-
water with NaCl decreases more than that of simulated RB19
dyeing wastewater without NaCl. The results show that
the existence of NaCl in dyeing wastewater is conducive to
promoting decolorization, In the presence of NaCl, the abil-
ity of CG to adsorb dyes and catalyze the decomposition of
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Fig. 6. Absorption spectral curves of simulated dyeing
wastewater without NaCl (a) and with NaCl (b) at different
decolorization times.

H,O, are enhanced, which accelerates the decolorization of
wastewater and improves the decolorization rate. However,
with the progress of the reaction, H,O, is gradually con-
sumed, and the various active substances in the catalytic
system are gradually reduced, therefore, the rate of oxidative
degradation of dyes gradually decreases, and the destruc-
tion rate of dyes gradually decreases. It is quite difficult to
completely degrade dyes into carbon dioxide and water.

3.4. Effect of different systems on decolorization of simulated
dyeing wastewater

Different systems were used to decolorize simulated
RB19 dyeing wastewater according to the decolorization
process mentioned in 2.3. Decolorization was carried out
at different times at 50°C. The results are shown in Fig. 7.

According to Fig. 7, when H,O, is used alone to decol-
orize simulated RB19 dyeing wastewater, the decolorization
ratio is very low, and the decolorization ratio is less than
10% at 50°C for 60 min. This is due to the slow decompo-
sition rate of H,O, under neutral conditions at 50°C, which
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Fig. 7. Decolorization rate of different systems on simulated
RB19 dyeing wastewater.

has little decolorization for dyeing wastewater. When the CG
is utilized exclusively, the decolorization rate is improved,
and the decolorization ratio is nearly 30% under the same
conditions. The reason is that CG has a certain adsorp-
tion effect on dyes in dyeing wastewater. H,O, and CG by
themselves cannot achieve a reasonable decolorization rate
due to their extremely low decolorization rates. Compared
with CG and H,O, alone, the decolorization rate of simu-
lated RB19 dyeing wastewater treated by CG/H,O, system
is improved highly. It demonstrates how CG may effectively
degrade the structure of dyes, stimulate the breakdown of
H,O,, release highly active chemicals, and then consider-
ably increase the decolorization rate. Moreover, when CG/
H,O,/NaCl system is used to treat the dyeing wastewater, its
decolorization rate is higher than that of the CG/H,O, system.
It further shows that NaCl can improve the decolorization
of the CG/H,O, system on simulated RB19 dyeing waste-
water to a certain extent in the CG/H, O, catalytic system.

3.5. Effects of temperature and salt on decolorization kinetics

The decolorization was investigated at 40°C, 50°C, and
60°C with the addition of NaCl (6 g/L) and without the
addition of NaCl, and the decolorization amount was tested
at different times. The results are shown in Fig. 8.

As can be seen in Fig. 8, the decolorization rate increases
significantly with the increase of temperature with or with-
out NaCl. And the decolorization rate with the addition of
NaCl was significantly higher than that without the addi-
tion of NaCl at the same temperature. The influence of NaCl
on the decolorization kinetics performance of the catalytic
system is analyzed below.

3.6. Dynamic model
3.6.1. Pseudo-first-order
The pseudo-first-order equation is shown in Eq. (3) [44].

W (-
2 ke -a) ©)
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where g, is the decolorization amount (mg/g) at t min;
g, is the equilibrium decolorization amount (mg/g); k, is the
first-order kinetic reaction rate constant (min).

After integrating Eq. (3), and substituting the critical
conditions t=0, g,=0and t=t, q,=q, Eq. (4) is obtained.

kt
In(q, —q,)=Inq, -— )

The data were linearly fitted with t as the independent
variable and In(g, — g,) as the dependent variable. Based on
the experimental data obtained in Fig. 8, the pseudo-first-
order dynamics fitting is shown in Fig. 9 at different tem-
peratures with and without NaCl. The linear regression
coefficients are seen in Table 2.

3.6.2. Pseudo-second-order

The pseudo-second-order equation is shown in Eq. (5):
dq 2
— ~kle.-q) )

where g, is the decolorization amount (mg/g) at ¢ min; g,
is the equilibrium decolorization amount (mg/g); k, is the
second-order kinetic reaction rate constant (g/(min-mg)).
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Fig. 8. Decolorization rate curves at different temperatures
with and without NaCl.

Table 2

After integrating Eq. (5), and substituting the critical
conditions t=0, ,=0and t=t, q,=q, Eq. (6) is obtained.
t 1 t

+

9. ka q

(6)

The data were linearly fitted with t as the independent
variable and t/gq, as the dependent variable. Based on the
experimental data obtained in Fig. 8, the pseudo-second-
order dynamics fitting is shown in Fig. 10 at different tem-
peratures with and without NaCl. The linear regression
coefficients are seen in Table 2.

As can be seen from Figs. 9, 10, and Table 2, whether
there is NaCl or not, the decolorization kinetic model of the
simulated RB19 dyeing wastewater is more in line with the
pseudo-second-order kinetic model in the CG/H,O, cata-
lytic system. The linear fitting coefficients of pseudo-sec-
ond-order dynamics in all experiments are very high, close
to 1. In the case of without NaCl, the decolorization of the
simulated RB19 dyeing wastewater can also better accord
with the pseudo-first-order kinetic model in the CG/H,0,
catalytic system. However, in the presence of NaCl, the
decolorization of the simulated RB19 dyeing wastewater
does not accord with the pseudo-first-order kinetic model
in the CG/H,O, catalytic system. Therefore, the decoloriza-
tion kinetics was changed by adding NaCl to the CG/H,0O,
catalytic system. The decolorization rate of the system is
directly proportional to the square of the dye concentration
in the dyeing wastewater.

3.6.3. Dynamic parameters

To further explore the effect of NaCl on the decoloriza-
tion kinetic performance of the CG/H,0, catalytic system,
the kinetic parameters of decolorization rate constant, half
decolorization time (t,,), and initial decolorization rate (v,)
with and without NaCl were compared (Table 3). Because the
decolorization system is more in line with the pseudo-sec-
ond-order kinetic model, the kinetic parameters were cal-
culated by the pseudo-second-order kinetic linear equation.
Half decolorization time is the time required to reach half
of the equilibrium decolorization amount, represented by
t,»- It can reflect the speed of the decolorization rate. When
t=t,, q,=q/2 is substituted into Eq. (6), the calculation for-
mula of half decolorization time ¢, (its unit is min.) can be
obtained, Eq. (7). Generally, the initial decolorization rate

The R? of the pseudo-first-order model and the pseudo-second-order model

Temperature (°C)

Linear regression coefficient R?

Pseudo-first-order model

Pseudo-second-order model

40 0.99404 0.9984
Without NaCl 50 0.98999 0.99741
60 0.96796 0.99898
40 0.7534 0.99859
With NaCl 50 0.77193 0.99978
60 0.58917 0.9999
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Fig. 9. Linear fitting curve of adsorption pseudo-first-order
kinetic model at 40°C (a), 50°C (b), and 60°C (c) with and with-
out NaCl.

(represented by v, its unit is mg/min.) is directly propor-
tional to the decolorization rate constant and the square of the
equilibrium decolorization amount, as shown in Eq. (8) [45].
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Fig. 10. Linear fitting curve of adsorption pseudo-second-
order kinetic model at 40°C (a), 50°C (b), and 60°C (c) with and
without NaCl.
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Table 3

Kinetic parameters calculated according to pseudo-second-order dynamic equation

Temperature (°C) k, (1/(min-mg)) t,, (min) v, (mg/min)

40 9.61 x 10~° 41.61 6.01
Without NaCl 50 2.60 x 10 15.37 16.26

60 1.14 x 107 3.51 71.33

40 3.75 x 10 (3.90) 10.65 (0.26) 23.47 (3.90)
With NaCl 50 1.30 x 107 (5.00) 3.09 (0.20) 81.04 (4.98)

60 5.71 x 102 (5.01) 0.7 (0.20) 357.14 (5.01)

Values in brackets are the ratio of the corresponding kinetic parameters of decolorization at the same temperature with and without NaCl.

As can be seen from Table 3, with the increase in tem-
perature and the addition of NaCl, the pseudo-second-order
kinetic decolorization reaction rate constant k, and the initial
decolorization rate v, increase, while half decolorization time
t,, decreases. The results show that increasing temperature
and adding NaCl are beneficial to increasing the decolor-
ized rate and reducing the decolorized time. The reason for
increasing the decolorization rate by increasing tempera-
ture is that the decomposition rate of H,0O, catalyzed by CG
increases, releasing more active free radicals like hydroxyl
radical (*OH), and the effective collision among dyes, CG, and
highly active oxidizing substances increases. Another rea-
son is that the absorption rate of CG towards dyes increases
with the increase of temperature, which is also beneficial for
improving the decolorization rate [46—48]. It can be seen from
Table 3 that under the same decolorization temperature, the
decolorization rate constant and initial decolorization rate
with NaCl are more than 3.9 times higher than those without
NaCl, and the half decolorization time with NaCl is short-
ened by at least 74% than that without NaCl. NaCl improves
the decolorization rate by reducing the electrostatic repul-
sion between anionic reactive dyes, increasing the adsorp-
tion force of dye molecules and their aggregates on the CG,
and increasing more dyes adsorb on the surface of the CG,
to improve the decolorization rate. But in this decolorization
experiment, the concentration of NaCl is 6 g/L, which has lit-
tle effect on improving the rate of dye adsorption by CG. As
a result, the principal mechanism by which NaCl increases
the decolorization rate is to promote the decomposition
of H,O, to produce more highly active oxidation particles,
effectively destroy the structure of dyes, and then improve
the decolorization rate [49,50]. Therefore, the presence of
NaCl in the CG/H,O, catalytic system could increase the
decolorization rate and reduce the decolorization time.

4. Conclusions

The CG/H,O, catalytic system was used to decolorize
RB19 simulated dyeing wastewater both with and without
NaCl. With NaCl, the decolorization rate constant and the
initial decolorization rate are more than 3.9 times higher
than they would be without it, and a half decolorization time
with NaCl is shortened by at least 74% at the same decol-
orization temperature. Additionally, the NaCl-containing
catalytic decolorization system has a good decoloriza-
tion effect in a wide range of neutral and alkaline pH val-
ues (7-10). It indicates that the presence of NaCl in dyeing

wastewater is beneficial to improve the decolorization rate
and shorten the decolorization time required for decoloriza-
tion in the CG/H, 0, catalytic system. So, the catalytic system
is especially suitable for the decolorization of reactive dye-
ing wastewater. The pseudo-second-order kinetic model and
the kinetic model of the catalytic decolorization with and
without NaCl are in agreement.
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