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Abstract

Printing and dyeing wastewater contains many harmful substances, causing serious pollution
to the water environment. Therefore, the wastewater discharge from the printing and dyeing industry
has become a major challenge for environmental protection. Traditional methods for treating printing
and dyeing wastewater have many limitations on treatment effectiveness, cost, and efficiency. Therefore,
more effective wastewater treatment technologies should be developed. Ozone oxidation treatment
technology is introduced in the study, and manganese oxide catalysts loaded on granular activated carbon
are used for catalytic oxidation. Moreover, it is combined with an aerated biological filter to deeply treat
the biochemical effluent from printing and dyeing wastewater. The results showed that manganese oxide
loaded on granular activated carbon exhibited excellent performance in organic matter adsorption,
with a chemical oxygen demand removal rate of 58.26%. In a two-stage system, when the ozone dosage
reached 67.01 mg/L, the chemical oxygen demand removal rate also reached 67.12%. At this time,
the effluent chemical oxygen demand decreased to 48.12 mg/L, meeting the standard of below 50 mg/L.
When the ozone dosage was further increased to 80 mg/L, the chemical oxygen demand removal rate
of the two-stage system reached 73.61%. The ozone oxidation technology and biological aerated filter
treatment system used in the study have efficient organic matter removal capacity and potential for deep
treatment and resource utilization, providing strong technical support for the sustainable development
of the printing and dyeing industry.

Keywords: ozone oxidation, printing and dyeing wastewater treatment, biological aerated filter, chemical
oxygen demand, reuse technology

Introduction the textile industry, the Printing and Dyeing Wastewater

(PDW) pollution is particularly prominent [1-2]. PDW

The proportion of China’s textile industry is large. has always been a global concern. At present, the main
The high concentration of wastewater discharged poses treatment technologies include chemical methods,
a serious threat to the aquatic environment. Especially in heat treatment methods, and biological methods [3].

As the types and components of dyes increase, PDW
has become more complex, with characteristics such as
high chromaticity and antioxidant, which puts forward
*e-mail: Wade 2024@163.com higher requirements for wastewater treatment [4].
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In the context of increased environmental requirements
and resource limitations, various advanced technologies
have been used for wastewater treatment, including
efficient flocculants to improve pretreatment capacity,
membrane separation technology to recover water
resources and useful substances, and biological methods
to treat high-concentration and complex wastewater [5].
At present, although efficient flocculants, membrane
separation technology, and biological treatment methods
have achieved certain results in wastewater treatment,
there are still some shortcomings. Coagulants can cause
secondary pollution when removing dyes. Membrane
separation technology faces membrane fouling and high
costs. Biological treatment methods have poor efficacy
and long treatment cycles for certain high-concentration
and difficult-to-degrade organic compounds.
A combined process technology based on heterogeneous
catalytic ozonation and Biological Aerated Filter
(BAF) coupling is proposed to address these issues.
The innovation of this study lies in the synergistic
optimization of PDW treatment by combining chemical
oxidation and biological treatment. This coupling process
fully utilizes the advantages of heterogeneous catalytic
ozonation in degrading high-concentration and difficult-
to-degrade organic compounds, while considering the
high chromaticity and antioxidant properties of PDW.
Moreover, this process utilizes BAF to further remove
residual pollutants from PDW, ensuring that the effluent
quality meets the standard.

The research content includes four sections.
The first section reviews the treatment and reuse of
PDW, as well as ozone oxidation technology. The second
section conducts an experimental design on PDW based
on ozone oxidation. The first subsection introduces the
experimental setup and materials. The second subsection
introduces the specific experimental projects and plans.
The third section focuses on the experimental method
and analyzes the results. The fourth section discusses
the experimental results and proposes future prospects.

Related Works

PDW contains abundant organic and inorganic
pollutants, and effective treatment is beneficial for
improving the ecological environment. Rahimi and
Alihosseini used bentonite to adsorb dyes and convert
excess sludge into pigments to treat cationic dye
wastewater. The results showed that the adsorption
capacity of bentonite for alkaline red 46 dye could reach
467 mg/g, significantly reducing the turbidity, TDS,
and COD of the wastewater. The generated hybrid had
a nano-layer structure, and its thermal stability was
improved by about 30 °C [6]. Regarding the textile
PDW, Uddin proposed a combined treatment method
based on Hydraulic Cavitation and Ozone (HC + O,).
The results showed that this method could effectively
remove pollutants and ensure that the effluent meets
the discharge standards. The synergistic effect of (HC

+ O,) could degrade organic matter and remove high
molecular weight, strong aromatic organic matter,
reducing DOM to low-apparent relative molecular
weight compounds [7]. To solve the difficulty of treating
PDW, Yang et al. utilized Plant Biomass Carbon (PBC)
to adsorb dyes. The results showed that PBC was an
efficient and economical technology for treating PDW,
which could effectively remove dyes. However, the
current research still has shortcomings. The adsorption
mechanism and optimized preparation methods of PBC
should be further explored in the future [8]. To treat
the PDW, Bidu et al. took PSBFs as flocculants. The
results showed that the PSBF could effectively remove
chromaticity and Chemical Oxygen Demand (COD).
Compared with other flocculants, PSBF had higher
performance, which could effectively improve water
quality. Therefore, PSBF was a promising new method
for treating PDW [9]. Cai et al. proposed a novel three-
step process, including disc tube reverse osmosis and
low-temperature crystallization. The results showed that
this process achieved efficient treatment and recovery
of wastewater. It could effectively remove organic
matter, chromaticity, and salinity from the wastewater.
Meanwhile, the crystalline products had high purity and
recovery rate, providing a new solution for PDW [10].
At present, ozone oxidation technology is extensively
applied to treat industrial wastewater. Regarding organic
micro pollutants in urban sewage treatment plants,
Schoenell et al. proposed a photochemical method
combining ozone with ultraviolet A-type light-emitting
diodes and hydrogen peroxide. The results showed that
this method could effectively remove various organic
micro pollutants, including candesartan, irbesartan,
etc., with a maximum removal fraction of 93.3%.
This method had high efficiency and low cost, providing
a new solution for urban wastewater treatment [11].
Ma et al. used advanced oxidation technologies such
as ozone and solar energy to deeply treat gray water.
The results showed that solar peroxide technology had
the best treatment effect. It could effectively remove
organic matter and significantly improve the quality
of grey water, providing strong support for grey
water reuse [12]. To address the emerging stubborn
pollutants in wastewater, Mahy et al. used advanced
oxidation processes with nano-catalysts and ozone for
wastewater treatment. The results indicated that nano-
catalysts could improve ozone utilization efficiency
and mineralization efficiency, providing a new solution
for wastewater treatment [13]. Cifcoglu-Gozuacik et
al. proposed a coupled computational model based
on fluid dynamics, mass transfer, and ozone oxidation
reaction to optimize the performance of the ozone
oxidation tower reactor in treating the PDW. The model
could more accurately predict the ozone bubble process
and effectively improve the performance of the ozone
oxidation tower [l4]. Regarding the ozone oxidation
wastewater, Dopp et al. used a kinetic and mechanistic
research method for ozone oxidation reactions.
The results indicated that this method was more
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effective in analyzing the mechanics of ozone reactions.
Meanwhile, this method could also evaluate the emission
reduction efficiency and conversion products of organic
pollutants in ozone oxidation wastewater treatment [15].
The comparison between this research and other similar
research is shown in Table 1.

In summary, some domestic and foreign researchers
have conducted extensive research on the treatment and
reuse of PDW, as well as explored the treatment effect of
ozone oxidation on wastewater. Therefore, the research
explores the combination process technology of ozone
oxidation catalytic technology and BAF. It is expected
to promote the development of biochemical effluent and
reuse technology for PDW.

Experimental Design of PDW Treatment
Based on Ozone Oxidation Treatment

The research aims to explore the advanced treatment
method for COD in PDW by combining catalytic ozone
oxidation and the BAF process. The research work will
revolve around several key points. First, water samples
are collected from the biochemical treatment effluent
of a certain printing and dyeing park, and necessary

Table 1. Comparison between this research and other similar research.

experimental instruments are prepared. Second, the
coagulation sedimentation method is used to pre-treat
the water sample to reduce the impact of suspended
solids on subsequent experiments. Third, a self-made
304 stainless steel reactor is used for ozone oxidation
catalytic testing to evaluate the performance of different
catalysts in the ozone oxidation process. Fourth, a BAF
reactor is constructed, and a series of start-up steps
are carried out to further process the water sample
after catalytic ozonation. Fifth, based on small-scale
experimental data, a pilot experimental device with
a processing capacity of 1 m*h is designed and operated
to verify the feasibility and stability of the technology.
Sixth, the evaluation indicators for the catalytic
ozonation BAF combination process are established.
Seventh, catalysts with different supports and transition
metal loadings are prepared for subsequent performance
evaluation experiments.

Experimental Materials and Apparatus
Materials

The water sample used in the experiment is from
the biochemical treatment wastewater of a certain

Literature Method Advantage Disadvantage
. The adsorption capacity of bentonite for There are difficulties in the
[6] Bentonite adsorbs dyes . regeneration and long-term usage
alkaline red 46 dye can reach 467 mg/g .
of adsorbent bentonite
Can promote the removal of high It requires high energy
[7] HC+0, molecular weight, strongly aromatic consumption and equipment
organic compounds investment
. . The adsorption mechanism is not
[8] PBC adsorption dye Can effectively remove dyes completely clear
[9] PSBFs Can effectively remove chromaticity and There are issues with the
chemical oxygen demand availability and cost of PSBFs
. . . A large amount of waste
[10] New three-step process Crystalline pr(.)ducts have high purity and will be generated during the
a high recovery rate L
crystallization process
[11] ngne cpmbmed with UV-A 11ghtj Efficient and low-cost Limited removal effect on specific
emitting diodes and hydrogen peroxide pollutants
[12] Advanced oxidation technologies for | Beneficial for the recycling and utilization Strong dependence on solar
ozone and solar energy of grey water energy
[13] Advanced oxidation process of Significantly improve the utilization and | There are issues of high cost and
nanocatalysts and ozone mineralization efficiency of ozone difficulty in regeneration
A coupled computatlonal model based More accurate prediction of the ozone It requires high computing
[14] on fluid dynamics, mass transfer, and
S . bubble process resources
ozone oxidation reaction
Research method for kinetics and
. i - . . Need a large amount of
[15] mechanism of ozone oxidation Improve emission reduction efficiency .
. experimental data support
reaction
This Combination process technology of Has efficient organic matter removal
research | heterogeneous catalytic ozonation and capability and potential for deep /
method BAF coupling processing and resource utilization
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printing and dyeing park. The park involves multiple
industries, but the main type is PDW, with a daily
treatment capacity of 7,000~10,000 m*. BOD, measures
the amount of oxygen consumed during the biological
decomposition of organic matter in wastewater. COD
measures the amount of oxygen consumed by organic
and inorganic reducing substances in wastewater under
chemical oxidation. In the incoming water quality of
the park, the BOD, content is 100-150 mg-L", and the
COD content is 500-600 mg-L"'. In addition, the water
also contains high concentrations of suspended solids,
chromaticity, and some dye components. The BOD, and
COD concentration data in the experimental materials
refer to the effluent after biochemical treatment in a
certain printing and dyeing park, rather than the original
influent. According to relevant standards, wastewater
discharge needs to meet specific water quality standards,
including the B-level standard of the Water Quality
Standard for Sewage Discharge into Urban Sewers
and the three-level standard of the Comprehensive
Wastewater Discharge Standard. The sewage treatment
plant adopts traditional biochemical treatment
methods and enhanced coagulation and sedimentation
technology. The processing process is mainly divided
into three stages. First, the suspended impurities in the
water are filtered out through the grid, and the pH value
is adjusted. Second, the used A/A/O process aims to
reduce COD, nitrogen, phosphorus, and other pollutants
in water. Finally, the medication coagulation method
is used to further reduce the suspended solids content
in water [16-17]. To investigate the treatment effect of
catalytic ozonation-BAF combined process on COD in
PDW, the effluent of the secondary sedimentation tank
in the biochemical treatment process is selected as
experimental water. Table 2 displays the water quality
parameters.

Experimental Apparatus
Table 3 displays the experimental apparatus.
Experimental Method Design
Experimental Water Sample Pretreatment

Before the experiment, the experimental water
sample is pretreated to reduce the impact of suspended
solids on subsequent catalytic ozone oxidation
experiments [18]. The study selects two widely used
coagulants: Polyferric Sulfate (PFS) and Polyaluminum
Chloride (PAC), which are formulated into solutions
with mass concentrations of 30% and 10%, respectively.
First, these flocculants are added to the water sample

Table 3. Laboratory instruments.

Equipment Model
Pyt e | ovaacur
Pure Water Machine UPT-1I-20T
Ultrasonic Cleaning Machine KQ5200DA

Electronic Balance AL204

Multi-Parameter Combination SB-3B(V8)+LH-3BNX

Tester
Constant Te?mperature Blast DGX-9073B-1
Drying Oven
TOC Analyzer TOC-VCPH
Ozone Generator CF-G-3-10g
CNC Overhead Six Link
Electronic Mixer 0S40-Pro
Muffle Furnace KSL-1200X-J

Table 2. Quality parameters of the experimental water. Portable Ph Meter S8-standard kit
Index Numeric Range Inductively Coupled
- - Plasma Spectroscopic Mass Optima 2100 DV
Color Light rgddlsh brown, Spectrometer
relatively clear
Constant Temperature Oscillator QYC-200
Turbidity 30~60 Malip Combimati
ulti-Parameter Combination
its/diluti 5B-3B(V8)+LH-3BN
Chroma (Al)rxilol)mlts/dllutlon 310~495/60~100 Tester
- Pipette Gun Research plus
Suspended particulate matter 3145
(mg/L) Electromagnetic Air Pump YT-304
COD (mg/L) 60~82 X-Ray Photoelectron ESCALAB 250Xi
Spectrometer
BOD, (mg/L) 6~12
— Ion Chromatograph 883
Ammonia nitrogen (mg/L) <5
— Physical Adsorption Instrument Belsorp-max
Alkalinity (mg/L as CaCO,) 102~170
Scanning Electron Microscope S-3400N
Hardness (mg/L as CaCO,) 205~350
Portable Ozone Concentration 0-200
Conductivity (uS/cm) 2500~3300 Detector -=V0 ppm
Total dissolved solids (mg/L) 1600~2200 Peristaltic Pump BT100-2J




Reuse Technology of Printing and Dyeing...

in the predetermined ratio. Subsequently, the mixture is
poured into an electronic stirrer and the initial stirring
speed is set to 300 rpm, stirring continuously for
20 minutes. Next, the stirring speed is reduced to
100 rpm and continued for 10 minutes. After completing
this series of reactions, the mixture is left to stand for
60 minutes [19]. Finally, after precipitation, the
supernatant is removed from the mixture and used for
subsequent experiments.

Ozone Oxidation Catalysis

Ozone catalytic oxidation is a process that
occurs through the synergistic action of ozone and
a catalyst. Ozone is a strong oxidant with oxidation
properties hundreds of times stronger than oxygen.
With the help of catalysts, ozone molecules decompose
in water, releasing hydroxyl radicals and oxygen
radicals. These types of free radicals have extremely
strong oxidizing ability and can destroy the structure
of organic pollutants in water. In the ozone oxidation
catalytic experiment, a self-made 304 stainless steel
reactor with a diameter of 80 mm and a height of 1,000
mm is used. Perforated stainless steel support plates and
aeration plates are installed at the bottom of the reactor.
A small experimental system is constructed around
the reactor. This system mainly includes a catalytic
oxidation reactor, BAF reactor, oxygen source, ozone
generator, oxygen cylinder, air pump, peristaltic pump,
intermediate water tank, and inlet water tank [20-21].
The device is displayed in Fig. 1.

In a static experiment, the specific steps are as
follows. First, connect all devices properly, including

1-Oxygen cylinder
2-Oxygen source ozone generator
3-Intermediate water tank

4. 7-Peristaltic pump

oxygen cylinders, ozone generators, air pumps,
peristaltic pumps, intermediate water tanks, and inlet
water tanks. All valves and pipelines are confirmed to be
well sealed to prevent leakage. Next, fill the 5-catalytic
oxidation reactor with an appropriate amount of catalyst.
Then, add 2 L of water sample. Adjust the pressure of
the oxygen cylinder to 0.09 MPa. Start the cooling water
inlet pump of the 2-ozone generator, connect the power
supply, and adjust the flow meter and current. Finally,
when the ozone concentration is in a stable state, open
the inlet valve of the 5-catalytic oxidation reactor, adjust
the inlet flow rate, and record the reaction time. In the
continuous experiment, after filling a certain amount
of catalyst in the 5-catalytic oxidation reactor, start the
2-ozone generator according to the static experiment
method. Then, adjust the speed of the inlet peristaltic
pump to control the inlet flow rate of the 5-catalytic
oxidation reactor. Once ozone is introduced into the
reactor, the peristaltic pump is turned on to continuously
pump in the experimental water sample, and the reaction
time is recorded [22].

Start-up of BAF Reactor

The BAF reactor is made of organic glass tubes
with a diameter of 300 mm. Its bottom is equipped with
a support plate, an aeration plate, and a water distribution
area. The reactor is filled with ceramic particles with
a diameter of 3-5 mm. The start-up method of the BAF
reactor includes three stages. In the first stage, 10 L of
effluent from the aerobic tank of the sewage treatment
plant is taken and mixed with 10 L of distilled water
containing 0.2 g of urea, 0.1 g of potassium dihydrogen

5
5-Catalytic oxidation reactor

6-Inlet water tank
8-Air pump
9-BAF reactor

Fig. 1. Schematic diagram of the ozone oxidation catalytic equipment.
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phosphate, and 5 g of glucose. After mixing evenly,
the solution is injected into the reactor. Then, the aerator
is turned on for 10 h of suffocation treatment, and left
to stand for two h after completion. Finally, the reactor
is emptied, and the above steps are repeated 6 times.
In the second stage, water samples that have undergone
catalytic ozone oxidation are continuously injected into
the reactor. Next, the glucose is added to ensure that each
liter of water sample contains 0.05 g of glucose, and the
flow rate is adjusted to 2 L/h. Finally, it is subjected to
a 5-day aeration operation. In the third stage, the water
sample that has undergone catalytic ozone oxidation
is extracted and continuously fed into the reactor.
Meanwhile, the flow rate is adjusted to 4 L/h, and the
dissolved oxygen in the effluent is controlled at around
3 mg/L. The reactor operates continuously and detects
the COD value in the inlet and outlet water. When
the COD removal rate of the effluent remains stable,
it indicates that the start-up is completed [23-24].
The device of BAF is shown in Fig. 2.

Pilot Experiment

A pilot experimental setup with a processing
capacity of 1 m%/h is developed based on previous small-
scale experimental data. This device mainly includes
pre-treatment equipment, catalytic ozone oxidation
equipment, BAF, ozone generator, aeration device,
and control system [25]. First, the inlet flow rate and
the operating speed of the dosing pump are adjusted
according to the determined drug dosage in the small-
scale experiment, and the pre-treated effluent is tested.
After the preprocessing effect reaches the preset goal, the
preprocessing system ends. Next, the oxygen cylinder
is opened and the pressure is changed to 0.11 MPa.
Then, the intake valve of the oxidation tower is opened
to adjust the flow rate. Once the gas volume stabilizes,
the cooling water switch and power supply of the ozone

generator are sequentially turned on. The power of the
ozone generator is changed to achieve the target reading
of the ozone concentration detector. Finally, the inlet
pump of the oxidation tower is turned. The inlet flow
rate is adjusted to control the hydraulic retention time.
For the BAF section, the research takes the aerobic
activated sludge from the sewage treatment plant as the
inoculum source. The catalytic ozone oxidation effluent
is used as starting water. The specific start-up method
is consistent with the small-scale experiment. Based on
the flow meter of the air compressor, the research aims
to maintain the dissolved oxygen concentration at the
end of the BAF at around 3 mg/L. In addition, air water
backwashing is required every 15 days. After the system
runs stably, the experimental personnel conduct two
water quality indicator tests every day. Instantaneous
water samples are collected from the influent,
coagulation and sedimentation effluent, catalytic
oxidation tower A/B effluent, and biochemical tower
A/B effluent, respectively [26-27]. The daily analysis
items include pH value, COD, Total Phosphorus (TP),
Total Nitrogen (TN), Ammonia Nitrogen (NH,-N), Total
Organic Carbon (TOC), chromaticity, and turbidity [28].
The pilot test process is displayed in Fig. 3.

Measurement Items and Testing Methods

The items and methods measured in the experiment
mainly refer to the Water and Wastewater Monitoring
and Analysis Methods (Fourth Edition) of the State
Environmental Protection Administration. The specific
methods are shown in Table 4.

Catalyst Preparation
In heterogeneous catalytic ozonation reactions,

catalysts play a crucial role. It can decompose ozone
into hydroxyl radicals, thereby improving the ozone

Effluent

BAF filter material

Responsible for degrading
pollutants such as organic matter,
nitrogen, and phosphorus in water

Blower

Provide necessary air to
the BAF reactor

BAF filter material

Inlet

Supporting layer

Provide support for the upper
layer of filter material to
prevent loss of filter material

= s Supporting layer

Inlet

Control the speed and
direction of wastewater
flow into the reactor

Blower

Effluent

Collect and discharge treated
water that has undergone
biodegradation and filtration

Fig. 2. Schematic representation of the device for the BAF.
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Screening Distilled water Preparation . Placed on a constant
. e °C > . —> .
treatment cleaning Dryat 105 °C of solution Add carrier temperature water bath shaker
Preparation of loaded manganese oxide and copper oxide catalysts l

Calcinate at 300 °C for
1 hour and cool down temperature for 24 hours

Shake at room

Prepare iron
nitrate solution

Immersion of granular
activated carbon

Place in a constant
temperature water bath shaker

Heat to 60 °C and let
stand for 72 hours to age

Oscillate at room
temperature for 7 days

Preparation of loaded iron oxide catalysts

A

Drying Washing with
standby deionized water |

A

Dry at 40 °C

Remove the Let stand at 60 °C for
carrier [ 72 hours of aging

<
<

Fig. 3. Catalyst preparation step.

utilization efficiency. Catalysts exert two main functions
in the reaction system. One is to promote the chain
reaction of ozone in water, thereby generating more
hydroxyl radicals and enhancing the removal effect
of difficult-to-degrade organic matter. The second is
to enhance the treatment capacity of organic matter
through the synergistic effect of adsorption, oxidation,
and re-desorption. The catalyst performance is mainly
determined by the adsorption effect of the carrier and the
catalytic effect of the load. Common carrier materials
include molecular sieves, activated carbon, ceramic

Table 4. Measurement items and testing methods.

Testing items Testing method

COD Rapid digestion titration method

Dissolved oxygen Dissolved oxygen meter

Nessler’s reagent
NH;-N spectrophotometry

PH, temperature Portable pH meter

Dilution ratio method/

Chroma spectrophotometry

Biofacies Electron microscope

Ozone concentration in .
Indigo spectrophotometry

the liquid phase
Ozone concentration in .

the gas phase KI absorption method

TP, turbidity Using Lianhua 5B-3B for
measurement

Using Lianhua LH-3BN for
TN ..

determination

The anion concentration is
determined by ion chromatography,
and the metal ion concentration is
determined by ICP-OES

Ton concentration

Determination of Shimadzu TOC

TOC .
analyzer in Japan

National standard method of

BOD ..
3 determination

particles, etc., all of which have a large specific surface
area and porous structure. The catalytic active metals
mainly include transition metal elements such as iron,
titanium, manganese, copper, etc. [29]. To improve the
processing capacity of the catalytic ozonation reaction
system, the performance of several transition metals and
catalysts prepared with different carriers is compared.
The goal is to select the catalyst with the best removal
effect on organic matter in the biochemical effluent of
PDW, and conduct performance testing.

To compare the performance of economically
viable particle-activated carbon, columnar activated
carbon, and ceramic particles as carriers, the research
mainly uses the impregnation method to prepare loaded
catalysts [30-31]. The specific steps for preparing
loaded manganese oxide and copper oxide catalysts
are as follows. Firstly, these three carriers of granular
activated carbon, columnar activated carbon, and
ceramic particles are sieved to remove the powder
and washed several times with distilled water. Then,
the carrier is dried at 105°C for subsequent use. Next,
the experimenters prepare a potassium permanganate
(copper nitrate) solution and add it to the carrier. Then,
it is placed in a constant, steady water bath shaker and
shaken at room temperature for 24 h. Next, it is left
to stand at 60°C for 72 h. Subsequently, the carrier is
removed and rinsed several times with deionized water.
Finally, the carrier is calcined at 300°C for 1 hour and
cooled. When preparing loaded iron oxide catalysts,
a certain concentration of iron nitrate solution is first
prepared and then immersed in a certain amount
of granular activated carbon. Then, it is placed in a
constant heat water bath shaker and shaken at room
temperature for 7 days. It is left to stand at 60°C and
aged for 72 h. Afterwards, the carrier is dried at 40°C
and rinsed repeatedly with deionized water. Finally, the
carrier is dried for later use. Based on the above steps,
Particle Activated Carbon Loaded Manganese Oxide
(MAc), Particle Activated Carbon Loaded Copper
Oxide (CAc), Columnar Activated Carbon Loaded with
Manganese Oxide (MAc-1), Particle Activated Carbon
Loaded with Iron Oxide (FAc), and Ceramic Particle
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Loaded Manganese Oxide (MCe) are experimentally
prepared for subsequent performance validation.
The catalyst preparation steps are shown in Fig. 3.

Analysis of the Treatment Results of PDW
Based on Ozone Oxidation

This section mainly focuses on implementing
experiments designed for exploration and obtaining
corresponding results. In the first subsection, the
adsorption performance and activity of different
catalysts were evaluated by measuring their COD
removal rates in a triangular flask. The catalytic effect
and stability of the MAc catalyst were analyzed in detail,
and its removal efficiency of COD, TOC, and BOD; in
the ozone oxidation process was evaluated. The stability
after repeated use was also observed. In addition,
scanning electron microscopy analysis was conducted
on the MAc catalyst to examine the surface structure
and metal oxide loading. In the second subsection, the
research investigated the effects of different coagulant
dosages on effluent COD and removal efficiency, and
analyzed the impact of different MAc catalyst dosages
on catalytic oxidation reactions. In addition, the effects
of ozone dosage, ozone concentration, and pH value
on the ozone oxidation catalytic system were explored.
In the third subsection, an analysis experiment was
conducted on the combination treatment of ozone
oxidation catalysis and BAF. The effects of catalytic
ozone oxidation on the biodegradability of wastewater,
the composition characteristics of organic matter in
water, and the adsorption performance of activated
carbon were explored. Moreover, the effectiveness of
the ozone oxidation catalytic BAF combined process
technology in treating PDW biochemical wastewater
was verified. The treatment effects of single-stage and
two-stage ozone oxidation catalytic BAF systems were
compared. Finally, the removal efficiency of COD and
the stability of effluent quality were evaluated through
pilot experiments.

COD removal rate (%)

i

MAc CAc MAc-1 FAc MCe
Catalyst type
a) The adsorption effect of different
catalysts

COD removal rate (%)

Catalyst Performance Analysis
The Adsorption Performance and Activity of Catalysts

To verify the adsorption performance and activity of
different catalysts, 100 mL of pre-treated water sample
and 50 g of catalyst are added to a 250 mL triangular
flask. The adsorption performance and activity of several
catalysts for organic matter in water were evaluated
by observing the COD reduction in the water sample.
Fig. 4 displays the detection results. In Fig. 4a, the MAc
and CAc catalysts had the most significant adsorption
effect on organic matter, with COD removal rates of
58.26% and 56.15%, respectively. The adsorption effect
of MCe was the worst, with a COD removal rate of only
9.61%. From Fig. 4b, compared with other catalysts,
MAc had the most significant COD removal effect,
with a COD removal rate of 35.68% after 25 minutes.
The early removal rate of FAc exceeded that of CAc, but
was lower than that of CAc after 18 minutes. This may
be due to the Fe(OH), colloid and FeOOH formed by
the hydrolysis of iron nitrate in the FAc catalyst, which
may block carrier channels and reduce their removal
efficiency. This indicates that MAc has better adsorption
performance and activity. In addition, the reaction rate
constant of the MAc catalyst is relatively large, and the
degradation efficiency is high. It can rapidly degrade
organic matter in water within a certain period of time.
The reaction of MAc conforms to a first-order kinetic
model. The reaction rate exhibits exponential decay
over time, indicating that the catalyst can continuously
provide high degradation efficiency for a long period of
time. In contrast, the degradation rate constants of CAc
and FAc catalysts are lower, and the fitting results of
the reaction process show that their degradation process
has certain nonlinear characteristics. This indicates that
these catalysts may have complex catalytic mechanisms
or inhibitory effects in degrading organic matter
in water.

—+— MAc
- CAc
40 - MAc-1
-e-- FAc o
30 F - MCe P
P e
- - -
20 e T
P -~ _ e
e e
10 I~ /{:’/// /./,’T:'——-——‘—
{//,,A k-
LA
0 = il 1 1 ! )
0 5 10 15 20 25

Reaction time (min)
b) COD removal rates of different
catalysts

Fig. 4. The degree of COD reduction under the action of different catalysts.
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Analysis of MAc Catalytic Effect and Stability

The research continues to verify the catalytic
effect and stability of MAc. Fig. 5 displays the test
results. In Fig. 5a), adding MAc as a catalyst during
the ozone oxidation process significantly improved the
COD removal efficiency, TOC, and BOD; in the water
sample compared with the ozone oxidation alone. After
adding the MAc catalyst, the removal rates of COD,
TOC, and BOD, were 43.28%, 49.83%, and 38.73%,
respectively. Meanwhile, both catalytic ozonation and
individual ozonation showed good results in removing
chromaticity, achieving a removal rate of 80%.
This indicates that ozone has a strong oxidizing ability
towards the chromophores in PDW. In summary,
the catalytic ozonation system with MAc as a catalyst
can significantly enhance the removal ability of various
organic molecules in water samples. From Fig. 5b),
after 60 experiments, the effluent COD value fluctuated

B Catalytic oxidation

100
B3 Individual oxidation

sl B
8 ~
E 60 [ =)
M s
£ 40 e
~ ? Q

20 -

COD Chroma TOC BODs
Testing items

a) The removal effect of MAc on
pollutants

Fig. 5. The catalytic effect and stability of the MAc.
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Fig. 6. SEM analysis of the MAc catalyst.
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between 60-83 mg/L. Moreover, the COD removal
rate did not show a significant downward trend with
the increase in usage times. This indicates that the
metal oxide loading in the MAc catalyst is good, which
can maintain relatively stable catalytic activity over
long-term usage. UV-Visible spectroscopy analysis
technology is used to detect the differences in organic
components before and after the reaction. It can be
concluded that true chemical degradation occurs during
the reaction process, rather than physical adsorption or
absorption.

Scanning Electron Microscopy Analysis
of MAc Catalyst

The study conducts Scanning Electron Microscopy
(SEM) analysis on MAc catalysts, as shown in Fig. 6.
From Fig. 6a) and 6b), the pores on the surface of
activated carbon were relatively abundant, but there
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was a small amount of impurities. From Fig. 6¢), many
non-activated carbon crystal clusters were distributed
on the surface of activated carbon, which successfully
loaded metal oxide components. The wrinkles on the
catalyst surface were reduced and smoother. From Fig.
6d), the continuously used catalyst surface had deep
wrinkles, decreased flatness, and a more pronounced
pore structure, but the crystal clusters did not undergo
significant changes. The reason is that the catalyst is
subjected to hydroxyl oxidation and water flow erosion
during usage, resulting in changes in the surface
structure of the catalyst, but it does not affect the
catalytic effect.

Analysis of Ozone Oxidation
Catalyzed Treatment of PDW

The study first focuses on coagulation precipitation
pretreatment of water samples, exploring the effects
of different coagulant dosages on effluent COD and
removal rate. The COD of the experimental water
sample was 191.47 mg/L. Fig. 7 displays the results.
With the increase of flocculant dosage, the COD removal
rate gradually improved. In Fig. 7a), when the dosage
of PFS was 653 mg/L, the COD content was below
100 mg/L, and the removal rate was 48.91%. According
to Fig. 7b), when the dosage of PAC was 486 mg/L,
the COD content was below 100 mg/L, and the removal
rate was 52.64%. At the same dosage of chemicals, the
removal effect of PAC is better than that of PFS, but the
difference is not significant. However, the price of PAC
is three times that of PFS. Therefore, PFS is ultimately
selected for preprocessing.

To verify the effect of MAc catalyst dosage
on catalytic oxidation reaction, different amounts
of catalyst are added to the reactor to investigate
the COD removal rate. The MAc catalyst dosage heights
of the reactor are 10 cm, 20 c¢cm, 30 cm, and 40 cm.
The COD removal efficiency under different MAc
catalyst dosages is displayed in Fig. 8. With the increase

—- COD effluent value - 60
200‘\ A- COD removal rate
5
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Fig. 8. COD removal rate under different amounts of MAc
catalysts.

of the MAc catalyst dosage, the COD removal rate of the
system also increases. When the MAc catalyst height
was raised from 10cm to 40cm, the COD removal rate
was increased by 12.55%, 7.02%, and 2.31%. The main
reason is that as the height of the catalyst increases, the
number of catalytic sites in the system increases, thereby
increasing the oxidation reaction of -OH. In addition,
the flow state of the system changes. The contact area
of the gas, liquid, and solid phases increases, promoting
the reaction. In addition, when the catalyst height
was raised from 30 cm to 40 cm, the increase in
COD removal rate was relatively small. To balance
the oxidation efficiency and economic benefits of
the system, a catalyst addition at a height of 30 cm is
considered the best choice. The catalyst added at this
height is approximately 336 g/L.

The research further explores the effects of ozone
dosage, ozone concentration, and pH value on the
catalytic system of ozone oxidation. To verify the effect
of ozone dosage on COD removal rate, the influent COD
concentration in the experiment is 105.04 mg/L, and
the ozone intake is fixed. The ozone dosage is adjusted
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Fig. 7. Effect of different coagulant additions on effluent COD and removal rate.
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according to the ozone concentration. To verify the effect
of ozone concentration on COD removal rate, the ozone
dosage is 72 mg/L. To verify the effect of pH value on
COD removal rate, the ozone dosage is 142.1 mg/L.
A continuous influent test is used to verify the catalytic
effect of the initial pH of the water sample. The COD
removal rates under different conditions are shown in
Fig. 9. In Fig. 9a), with the increase of ozone dosage,
the COD removal rate displayed a rapid upward trend.
When the ozone dosage increased to 70 mg/L, the rising
speed began to significantly slow down. The reason is
that the added ozone cannot completely dissolve into
the water sample, and excessive ozone dosage can cause
quenching of ‘OH and O,, resulting in ozone waste.
Therefore, to achieve the best removal effect and avoid
waste, the optimal ozone dosage should be 70 mg/L.
In Fig. 9b), the COD removal rate exhibited an upward
trend with increasing ozone concentration, reaching
a maximum value of 68.92%. The reason is that the
increase in ozone concentration is conducive to its better
dissolution in water, thereby increasing the amount of
ozone dissolved in water. This not only increases the
opportunity for pollutants to react with ozone, but also
increases the probability of ozone coming into contact
with catalysts to produce OH. However, as the ozone
dosage continues to rise, the improvement rate in COD
removal gradually slows down. This is mainly because
the dissolution of ozone in water has reached saturation,
which limits the removal efficiency. Therefore, to achieve
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the best removal effect, the optimal ozone concentration
should be 70-90 mg/L. According to Fig. 9c), under
acidic conditions, when the initial pH value of the water
sample was 5.5, the COD removal effect was optimal,
with a removal rate of 45.82%. Under alkaline conditions,
when the initial pH was 9, the removal efficiency of
COD exceeded that under acidic conditions, with a
removal rate of 49.02%. Although acidic conditions are
not conducive to the conversion of ozone into ‘OH in
water, a higher COD removal rate can still be achieved at
a pH of 5.5. Considering that the original water sample is
neutral, the pH drops in 5-6 after pretreatment, which is
the range with higher catalytic efficiency. Due to the cost
of adjusting the pH to 9, subsequent experiments will no
longer adjust the initial pH value. Therefore, considering
various factors comprehensively, the pH value should not
be adjusted in the study.

Analysis of Ozone Oxidation Catalysis-
BAF Combination Treatment

To verify the effectiveness of the ozone oxidation
catalytic-BAF combined process technology in the
biochemical treatment of PDW, a comparative analysis
is conducted on the treatment effects of single-stage
and two-stage ozone oxidation catalytic-BAF systems.
The water sample of the single-stage system passes
through oxidation column A-oxidation column
B-biochemical column A-biochemical column B

B
(=]
d

N
D
Ho

=N
=)
o

W
9]

COD removal rate (%)

W
o
T

45 - N
0 20 40 60 80 100 120

Ozone concentration (mg/L)
b) COD removal efficiency at different

ozone concentrations

N
W

7 8 9 10

Ozone concentration (mg/L)
¢) COD removal rates at different pH levels

Fig. 9. The COD removal rates under different conditions.
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in sequence. The water sample of the two-stage system
passes through oxidation column A-biochemical
column A-oxidation column B-biochemical column
B. The system treatment results under different ozone
dosages are displayed in Fig. 10. The solid red line is
the total removal rate of the single-stage system at an
ozone dosage of 80 mg/L, at 67.12%, corresponding to
an effluent COD of 48.92 mg/L. From Fig. 10, when
the ozone dosage of the two-stage system reached
67.01 mg/L, the COD removal rate reached 67.12%, and
the effluent COD decreased to 48.12 mg/L, meeting the
target of less than 50 mg/L. When the ozone dosage
increased to 80 mg/L, the COD removal rate of the two-
stage system reached 73.61%. Compared with a single-
stage system, a two-stage ozone oxidation catalytic BAF
system can effectively improve COD removal efficiency
and also help reduce ozone consumption. In addition,
the two-stage system can achieve better removal effects
at lower ozone dosages. Therefore, under the same
effect, the two-stage system uses less ozone and reduces
consumption.

The research further explores the COD removal
efficiency of single-stage and two-stage systems at
different stages. The experimental results are displayed in

Fig. 11. In Fig. 11a, in the two-stage system, the removal
effect of oxidation column B was the most significant,
with the greatest contribution to the total COD removal.
When the ozone dosage was 80 mg/L, the maximum
removal rate of this section reached 23.57%. Next was
biochemical column A, with a maximum removal rate
of 22.13%. The removal contribution of biochemical
column B was the smallest, with a maximum removal
amount of only 7.64%. In Fig. 11b, the oxidation section
of the single-stage system had better COD removal
effects than the two-stage system. However, in terms
of treatment efficiency in the biochemical stage, the
single-stage system is significantly lagging behind the
two-stage system. The latter can better leverage the
advantages of biochemical treatment processes, thereby
improving the COD removal efficiency of the entire
system.

Further pilot tests are conducted at a comprehensive
sewage treatment plant in a printing and dyeing
park. After debugging and ensuring system stability,
the system ran continuously for 60 days. The COD
removal efficiency and the effluent COD histogram
are displayed in Fig. 12. According to Fig. 12a, the
average COD value of the raw water was 203.36 mg/L,
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Fig. 12. Pilot test results.

and the average COD of the pre-treated effluent was 68.39
mg/L. After being treated by the system, the average
COD of the effluent was maintained at 35.52 mg/L,
with a corresponding removal rate of up to 82%.
The average COD value of the effluent from the
traditional factory method was as high as 65.28 mg/L,
which was significantly higher than that of the pilot
system used in the study. In Fig. 12b, the COD of the
effluent was mainly concentrated in a narrow range, at
30-40 mg/L. This indicates that the effluent quality of
the system fluctuates less, which signifies good stability.
Meanwhile, the effluent quality of the system meets the
limit standard of less than 60 mg/L. The pilot system
based on the ozone oxidation catalytic-BAF combination
process has efficient and stable performance, which has
good treatment effects on the biochemical effluent from
PDW. In addition, the economic feasibility of the system
also needs to be considered. After testing, it was found
that this technical solution has good effluent quality,
significant economic benefits, and environmental
friendliness. The treated water quality can meet the
Class A standard in the “Emission Standards for
Water Pollutants in Textile Dyeing and Finishing
Industry”. However, during the ozone oxidation process,
disinfection by-products such as bromate are produced.
Therefore, when applying this technology to large-
scale wastewater treatment, it is necessary to evaluate
these potential environmental risks and take appropriate
control measures to reduce secondary pollutants.

Conclusion

In the textile industry, the treatment and reuse
of PDW has always been a challenge. Therefore, the
combination process of ozone oxidation catalysis and
BAD was tested. The results showed that both MAc and
CAc catalysts showed excellent performance in organic
matter adsorption, with COD removal rates of 58.26%

Traditional processing methods
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b) COD histogram of effluent

and 56.15%, respectively, far exceeding other catalysts.
Meanwhile, MAc exhibited the most outstanding
performance in COD removal. After 25 minutes of
reaction, the COD removal rate reached 35.68%. In the
pilot experiment, the average COD value of the raw
water was 203.36 mg/L. After pretreatment, the average
COD of the effluent declined to 68.39 mg/L. After
being treated by the system, the average COD of the
effluent further declined to 35.52 mg/L, corresponding
to a removal rate of 82%. From the histogram, the COD
of the effluent was mainly concentrated in the narrow
range of 30-40 mg/L. The effluent quality of the system
fluctuated less, indicating good stability. Meanwhile,
all effluent quality met the limit standard of less than
60 mg/L. In addition, in the two-stage system, the
removal effect of oxidation column B was the most
prominent, contributing the most to the total COD
removal. When the ozone dosage was 80 mg/L,
the highest removal rate in this section reached 23.57%.
The removal effect of biochemical column A was
also quite significant, with a maximum removal rate
of 22.13%. The removal contribution of biochemical
column B was relatively small, with a maximum
removal amount of only 7.64%. In addition, the
oxidation section of a single-stage system had better
COD removal efficiency than the two-stage system.
However, for the treatment efficiency in the biochemical
stage, the single-stage system is significantly inferior to
the two-stage system. The combination process of ozone
oxidation catalysis and BAF has significant treatment
effects on PDW. It can be used for actual biochemical
effluent and reuse. However, there is still some room for
optimization in the catalytic activity of MAc, which can
be further improved in the future.

Conflict of Interest

The authors declare no conflict of interest.



14

Dianxi Zhang

10.

11.

12.

13.

References

LAN L., KONG X., LI C, LIU D. Investigation of
reduction in risk from antibiotic resistance genes in
laboratory wastewater by using O3, ultrasound, and
autoclaving. Water Environment Research, 93 (3), 479,
2021.

LENG Q., WU X,, XU S., WANG S., JIN D., WANG P,
WU D. Numerical simulation of dyeing wastewater treated
by a multi-stage reverse electrodialysis reactor series
system. Energy and Environment, 34 (7), 2497, 2023.
KHAN W, NAM JY., BYUN S, KIM S., HAN C., KIM
H.C. Emerging investigator series: Quaternary treatment
with algae-assisted oxidation for antibiotics removal and
refractory organics degradation in livestock wastewater
effluent. Environmental Science: Water Research &
Technology, 6 (12), 3262, 2020.

QIN L., CHEN W, LAI C, LIU S,, FU Y, YAN H,,
CHEN W. Highly efficient reduction of nitrophenols by
Fe-NC single-atom catalyst: performance and mechanism
insights. Journal of Environmental Chemical Engineering,
11 (3), 110278, 2023.

DAI W., ZHANG J.,, XIAO Y., LUO W., YANG Z. Dual
function of modified palm leaf sheath fibers in adsorbing
reactive yellow 3 and Cr (VI) from dyeing wastewater.
Journal of Polymers and The Environment, 29 (12), 3854,
2021.

RAHIMI A.A., ALIHOSSEINI F. Application of dye
saturated clay adsorbent from dyeing wastewater as textile
printing pigment. Journal of Chemical Technology &
Biotechnology, 97 (11), 3152, 2022.

UDDIN F. Environmental hazard in textile dyeing
wastewater from local textile industry. Cellulose, 28 (17),
10715, 2021.

YANG C., ZHANG C., CHEN Z.J., LI Y., YAN WY,
YU H.B. LIU L. Three-dimensional hierarchical
porous structures of metallic glass/copper composite
catalysts by 3D printing for efficient wastewater
treatments. ACS Applied Materials & Interfaces, 13 (6),
7227, 2021.

BIDU J.M., VAN DER BRUGGEN B., RWIZA M.J., NJAU
K.N. Current status of textile wastewater management
practices and effluent characteristics in Tanzania. Water
Science and Technology, 83 (10), 2363, 2021.

CAI C, GUO S, LI B., TIAN Y., DONG J.C., SUN
CN., ZHOU K. 3D printing and chemical dealloying
of a hierarchically micro-and nanoporous catalyst for
wastewater purification. ACS Applied Materials &
Interfaces, 13 (41), 48709, 2021.

SCHOENELL E.K., OTTO N., RODRIGUES M.A.S,
METZGER J.W. Removal of organic micropollutants from
treated municipal wastewater by O3/UV/H202 in a UVA-
LED reactor. Ozone: Science & Engineering, 44 (2), 172,
2022.

MA J, LI D.,, YONG X., ZHANG X., YAN S., LIU
J., ZHOU J. An ozone catalytic oxidation system for
the degradation of organic compounds in secondary
wastewater from refining and chemical processes.
Environmental Technology, 44 (26), 4060, 2023.

MAHY J.G., WOLFS C., VREULS C. DROT S,
DIRCKS S., BOERGERS A., TUERK J., HERMANS S,
LAMBERT S.D. Advanced oxidation processes for waste
water treatment: From laboratory-scale model water to on-
site real waste water. Environmental Technology, 42 (25),
3974, 2021.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

CIFCIOGLU-GOZUACIK B., ERGENEKON SM.,
OZBEY-UNAL B.,, BALCIK C. KARAGUNDUZ
A., DIZGE N., KESKINLER B. Efficient removal of
ammoniacal nitrogen from textile printing wastewater
by electro-oxidation considering the effects of NaCl and
NaOCl addition. Water Science and Technology, 84 (3),
752, 2021.

DOPP E., PANNEKENS H., GOTTSCHLICH A.,
SCHERTZINGER G., GEHRMANN L., KASPER-
SONNENBERG M., RICHARD J, JOSWIG M,
GRUMMT T., SCHMIDT T.C., WILHELM M., TUERK
J. Effect-based evaluation of ozone treatment for removal
of micropollutants and their transformation products in
waste water. Journal of Toxicology and Environmental
Health, Part A, 84 (10), 418, 2021.

WANG X., LIU K., WANG Z., HENG L., JIANG L. A
robust and renewable solar steam generator for high
concentration dye wastewater purification. Journal of
Materials Chemistry A, 10 (7), 3436, 2022.

ZHANG W, LV W, LI X., YAO J. Electrochemical
oxidative degradation of indigo wastewater based on
chlorine-containing system. Pigment & Resin Technology,
49 (1), 46, 2020.

TENG X., LI J., WANG Z., LIU W., SONG D., CHUN Z.,
DENG X. Treatment of methyl blue wastewater by steel
slag particle three-dimensional electrode system. Science
of Advanced Materials, 12 (3), 344, 2020.

. SUN W,, ZHOU S., SUN Y., TANG J., ZHENG H. Ozone

catalytic oxidation capacity of Ti-Co@AI203 for the
treatment of biochemical tailwater from the coal chemical
industry. Water Environment Research, 92 (9), 1283, 2020.
SERIDOU P, KALOGERAKIS N. Disinfection
applications  of  ozone micro-and  nanobubbles.
Environmental Science: Nano, 8 (12), 3493, 2021.

SI J., ZHANG S., LIU X., FANG K. Flower-shaped
Ni/Co MOF with the highest adsorption capacity for
reactive dyes. Langmuir, 38 (19), 6004, 2022.

SUN W., ZHOU S., SUN Y., TANG J., ZHENG H.
Ozone catalytic oxidation capacity of Ti-Co@Al203
for the treatment of biochemical tailwater from the coal
chemical industry. Water Environment Research, 92 (9),
1283, 2020.

CHEN Y, LIL,LIY, LIU Y., CHEN Y, LI H., LI M.,
XU F., LIU Y. Preparation of a double-network hydrogel
based on wastepaper and its application in the treatment
of wastewater containing copper (ii) and methylene blue.
RSC Advances, 11 (29), 18131, 2021.

XIA X., XU X., LIN C,, YANG Y., ZENG L., ZHENG
Y., CHEN Q. Microalgal-immobilized biocomposite
scaffold fabricated by fused deposition modeling 3D
printing technology for dyes removal. ES Materials &
Manufacturing, 7 (8), 40, 2020.

NASHMI O.A., MOHAMMED A.A., ABDULRAZZAQ
N.N. Investigation of ozone microbubbles for the
degradation of methylene orange contaminated wastewater.
Iraqi Journal of Chemical and Petroleum Engineering, 21
(2), 25, 2020.

RAMASAMY R., ARAGAW T.A., SUBRAMANIAN
R.B. Wastewater treatment plant effluent and microfiber
pollution:  Focus on industry-specific ~wastewater.
Environmental Science and Pollution Research, 29 (34),
51211, 2022.

LV W., HUANGFU Z., WANG K., ZHANG W., YAO
J. Efficient degradation of indigo wastewater by one-
step electrochemical oxidation and electro-flocculation.
Pigment & Resin Technology, 50 (1), 32, 2020.



Reuse Technology of Printing and Dyeing...

15

28.

29.

30.

WU J.,, LIU Y., YANG X. Intercalation modification of
FeOCl and its application in dye wastewater treatment.
Chinese Chemical Letters, 32 (8), 2503, 2021.

ZHANG H., WANG P., ZHANG Y., CHENG B., ZHU R.,
LI F. Synthesis of a novel arginine-modified starch resin
and its adsorption of dye wastewater. RSC Advances, 10
(67), 41251, 2020.

XIE W., ZHAO K., XU L., GAO N., ZHAO H., GONG
Z., JIANG J. Oxalic acid cross-linked sodium alginate and

31.

carboxymethyl chitosan hydrogel membrane for separation
of dye/NaCl at high NaCl concentration. Chinese Chemical
Letters, 33 (4), 1951, 2022.

WANG Y., LIU Y., FENG W., ZENG S. Waste haven
transfer and poverty-environment trap: Evidence from EU.
Green and Low-Carbon Economy, 1 (1), 41, 2023.



