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NOVEL B/ZnO MATERIAL FOR ENHANCED DEGRADATION
OF TETRACYCLINE HYDROCHLORIDE
IN AN AQUEOUS ENVIRONMENT UNDER VISIBLE LIGHT

VAT LIEU B/Zn0 MG GIUP TANG CUONG PHAN HUY TETRACYCLINE HYDROCHLORIDE

TRONG MOI TRUGNG NUGC DUGI ANH SANG KHA KIEN
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ABSTRACT

In this study, the B/Zn0 materials were simply synthesized via a Sol-gel
method. The photocatalytic ability of materials was evaluated by degrading
tetracycline hydrochloride (TCH). The characteristics of the Zn0 and 3B/Zn0
materials were analyzed and evaluated by the Diffuse Reflectance Ultraviolet-
Visible (DR/UV-Vis), Scanning Electron Microscope (SEM), Fourier Transform
Infrared Spectroscopy (FT-IR), and X-Ray Diffraction (XRD) techniques. The 3B/Zn0
material had a band gap energy of 3.15eV. It was relatively rough and the
nanoparticles were more compact and had a higher photocatalytic efficiency than
In0 with the TCH degradation efficiency achieved at 92.28%, and a rate constant
of 0.048min™". Thus, the optimal doped B was 3 wt%. The factors that affect the
photocatalytic process such as the initial TCH concentration, the catalyst content,
and the pH solution were comprehensively investigated.

Keywords: B/Zn0, antibiotic, tetracycline hydrochloride, photocatalysis.
TOM TAT

Trong nghién ctiu nay, cc vat liéu B/Zn0 dugc téng hgp don gidn bang
phuang phap Sol-gel. Kha nang quang xtic téc ca cac vat liéu dugc danh gid bang
kha nang phan hiy tetracycline hydrochloride (TCH). Cac ddc tinh cla vat liéu Zn0
va 3B/Zn0 dugc phan tich va danh gid bang may do tia cuc tim phan xa khuéch
tan (DR/UV-Vis), kinh hién vi dién ti quét (SEM), quang phd hong ngoai bién doi
Fourier (FT-IR) va ky thudt nhiéu xa tia X (XRD). V4t liéu 3B/Zn0 c6 nang lugng
viing cam la 3,15eV. No tuong ddi thd va cac hat nano nhd gon han va ¢6 hiéu suat
XUc tdc quang cao han Zn0 vi hiéu sudt phan hiy TCH dat dugc 6 muic 92,28% va
hdng s toc dd 1a 0,048 phiit”. Do d6, lugng pha tap B tdi uu la 3% trong lugng.
Cacyéu to anh hudng dén qua trinh quang xic tac nhu ndng do TCH ban dau, ham
luong chat xtc tac, pH clia dung dich déu dugc nghién ciru mot cach toan dién.

Tirkhoa: B/Zn0, khdng sinh, tetracycline hydrochloride, xiic tdc quang.
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1. INTRODUCTION

Every year, large amounts of antibiotics are administered
to both humans and animals to treat diseases and infections
[1-3]. In animal husbandry, antibiotics are often administered
to livestock at sub-therapeutic levels to prevent disease and
promote growth [4-6]. Especially, antibiotics are used to
prevent, treat diseases, and promote growth in aquaculture
[7-10]. There are many kinds of antibiotics used in aquaculture
including aminoglycosides, quinolones, sulfonamides,
tetracyclines, macrolides, [-lactams, nitrofurans, and
lincosamides, etc [11]. In many nations, antibiotic usage in
aquaculture is largely unregulated. For example, antibiotics
have been the most used in Vietnam, followed by Chile, and
Korea. In aquaculture, antibiotics are used by mixing the
antibiotic substances with feed, pond sprinkling, and
injection. All the above methods, aside from injection, have a
directimpact on the aquatic environment. Many studies show
that fish did not effectively metabolized antibiotics and about
75% of the antibiotics fed to fish are excreted back into the
aquatic environment [12]. The presence of antibiotics in the
aquatic environment is a major concern because these
pollutants have potential adverse effects on ecosystems,
increase the development of antibiotic-resistant pathogens,
and can pose threats to human health [1, 13, 14]. Antibiotic
contamination in water also poses many challenges to the
water treatment industry.

Currently, there are many methods to treat antibiotic
contaminants in water such as physical adsorption,
biodegradation, advanced oxidation, coagulation, and
electrolysis, etc [2, 15, 16]. In which, photocatalysis is a
promising method in the field of water treatment in general
as well as the treatment of antibiotic pollution.
Photocatalysis is a method that uses light as an energy
source to activate a catalyst that speeds up a chemical
reaction without being consumed in the reaction [17-20].
Photocatalysis has several advantages, including the ability
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to occur at room temperature as well as the ability to almost
decompose organic pollutants completely into CO,, H,0,
and N,, especially this method takes advantage of solar light
sources leading to saving costs in the processing process.
This is considered a green, environmentally friendly
chemical method, which has been widely researched and
developed at home and abroad.

Some semiconductor materials have been widely
studied, including zinc oxide (ZnO), titanium oxide (TiO,),
and g-GN,, etc [21-23]. In which, zinc oxide (ZnO) has
attracted the attention of many researchers because of its
ease of synthesis, low cost, non-toxicity, and large band gap
energy (3.37eV) [24]. Under the radiation of light, the
electrons and holes created by ZnO can decompose organic
substances. However, there are also some limitations when
using ZnO as a photocatalyst, such as low sunlight
absorption due to high band gap energy, and the electron-
hole recombination process taking place rapidly emerging
has limited its practical applications. To improve the
photocatalytic performance of ZnO, people often doped an
appropriate number of metals such as gold (Au), silver (Ag),
tin (Sn)... or nonmetals such as boron (B), and nitrogen (N),...
[25-27] both enhance the ability to absorb sunlight, and at
the same time prevent the recombination between
electrons and holes, improve the particle size, increase the
surface area, and bring about the photocatalytic ability
effective decomposition of organic matter. Among them, B
doping has attracted great interest due to its atomic size and
electronic structure [13, 28]. Currently, there are many
different methods for doping B on ZnO such as the sol-gel
method, and combustion method.

In this study, the B/ZnO material was synthesized by the
sol-gel method. Material properties are analyzed through
various measurements including the scanning electron
microscopy (SEM), the X-ray powder diffraction (XRD), the
Fourier transform infrared spectroscopy (FT-IR), and the
diffuse reflectance Ultraviolet-Visible spectra (DR/UV-Vis).
The photocatalytic ability of the material was evaluated by
the degradation efficiency of tetracycline hydrochloride
(TCH) in water. The effect of doped B content on
photocatalytic efficiency was also studied. The factors
affecting the photocatalysis process were also studied,
including the catalyst content, the initial TCH concentration,
and the pH solution. The mechanism of TCH degradation
was also investigated.

2. MATERIALS AND METHODS
2.1. Material

All chemicals used in the synthesis of the material were
purchased from Germany including zinc acetate dehydrates
(Zn(CHsC00),.2H,0, 99%), boric acid (HsBOs, 99.8%), sodium
hydroxide, and ethanol. Tetracycline hydrochloride
(Cx2H24N,05.HCI, 99%) was purchased from Hefei BoMei
Biotechnology Co., Ltd, China. All chemicals are used
directly, and distilled water is used during the evaluation of
the photocatalytic potential of the material.
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2.2. Methods

The light absorption and band gap energy of the
composites were determined by the diffuse reflectance
Ultraviolet-Visible spectra (DR/UV-Vis). An X-ray diffraction
(German) was used to analysis the characteristic of the
synthesized materials. It was equipped with Cu Ka radiation
(\ = 1.54060A) at 25°C. The 26 range was scanned from 5 to
80°, and the generator was set at 35mA and 40kV. The
surface morphology of the synthesized materials was
observed by A scanning electron microscope (SEM JEOL
serios 7600F), and the landing voltage was 10.0kV. The
identification of functional groups presents, and
intermolecular bonding characteristics of the synthesized
materials were analyzed by a Fourier transform infrared
spectrometer (FT-IR, Thermos Scientific - NICOLET iS50FT-IR).
The wavenumber was studied from 4000 to 400cm™.

2.3. Preparation of the materials

The material preparation procedure is presented in
Figure 1. Typically, 4.4444g of zinc acetate dehydrates and x
g of boric acid were dissolved in 50 mL of ethanol and stirred
at room temperature (25°C) for 1h. After, the 2.0N NaOH
solution was added to this mixture to adjust the pH solution
(pH = 8). This mixture was stirred at 60°C for 3 h to obtain a
white gel which was sealed with cling film and incubated
overnight. Then, this gel was filtered and washed with
distilled water and ethanol to remove the impurities and
residual substances. The white precipitate was dried for 24 h
at 80°C and ground into the fine powders. Finally, this
precipitate was calcined at 500°C for 4h to obtain the B/ZnO
composites. Samples are stored in sealed flasks before being
used for analysis and catalysis. The boron content was
investigated at 1, 3, 5, and 7 wt%, and the synthesized
materials were named 1B/ZnO, 3B/ZnO, 5B/ZnO, and
7B/ZnO0, respectively. The ZnO sample was produced using
the same procedure with composite but without boric acid.

dehyldrate

50 mL Ethanol X g Boric acid
v
e
Stirring for an hour
i) “

Stirring and heating
at60°Cfor 3 h

4.4444 ¢ Zinc acetate

Incubating overnight

Filtering and washing
by a distilled water
I
Drying at 80 °C for
24 h

|| Grinding and burning
at 500 °C for 4 h

Figure 1. The B/Zn0 material synthesis process

2.4. Photocatalysis ability evaluation process

The photocatalytic ability of the materials was evaluated
by the degradation efficiency of tetracycline hydrochloride
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(TCH) in water. A UV-Vis spectrophotometer (Agilent 8453)
was used to determine the TCH concentration. The
experimental procedure is conducted as follows: a g catalyst
was added to a beaker containing 100mL TCH b mg/L and
sonicated for about 5 min to disperse the material evenly.
This mixture was stirred at 250rpm continuously in the dark
to get an adsorption/desorption equilibrium for 30 min.
Then this mixture was irradiated with a 250W Hg lamp. After
given time intervals, 3mL suspension was filtered through a
filter, and measured residual TCH concentration. The
equation (1) and (2) were used to evaluate the degradation
efficiency (DE) and rate constant of TCH, respectively [14]:

+C

DE(%) = ) x100 (1)
CO
C
In= =kt 2
C ()

Where: C is the solution concentration at time t; C, is the
initial solution concentration; k is the rate constant; t is the
time.

3. RESULTS AND DISCUSSION
3.1. The optimal B content

A material's ability to absorb light is one of the factors
that determine its photocatalytic ability. The DR/UV-Vis
method was used to evaluate the adsorption light ability of
the synthesized materials and the results are shown in
Figure 2(a). All synthesized materials strongly absorb light in
the region 250 - 356nm and significantly reduce adsorption
above 400nm. The steep adsorption slope is 360 - 400nm.
The 7B/Zn0O material had weaker adsorption compared to all
synthesized materials. The band gap energy of the
synthesized materials was calculated by the Tauc's equation
and the results are shown in Figure 2(b). The band gap
energy of the 7B/Zn0O material is 3.17eV, the other materials
had the similar band gap energy value of 3.15eV.

The photocatalytic ability of the synthesized materials
was evaluated through the TCH degradation efficiency in a
water environment with the following reaction conditions:
[TCH] =20mg/L, [catalyst] = 0.5g/L, and a 250W Hg lamp. The
results are shown in Figure 2(c). The photocatalysis ability of
the ZnO and 1B/Zn0O materials was similar with the DE value
of 68.45%. When the B content increases to 3 wt%, the DE
value and rate constant also increase (DE = 92.28% and
k = 0.048min"). When B content increases, the TCH
degradation efficiency tends to increase. However, when the
B content increase to 5 and 7 wt%, the DE value and rate
constant decrease. The DE value was 82.58% and the rate
constant was 0.015min™ for the 7B/ZnO material. For the
5B/ZnO material, the DE value and rate constant were
81.55% and 0.016min™, respectively. Thus, the 3B/ZnO
material has the best photocatalytic ability. This result is
consistent with the results of light absorption and band gap
energy research of the material studied above. And this
material was chosen for further study.
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Figure 2. (a) The DR/UV-Vis spectra and (b) the Tauc plots, (c) the TCH
degradation efficiency of the materials, and (d) kinematic curves. Conditions:
[TCH] = 20mq/L, [catalyst] = 0.5g/L, and a 250W Hg lamp.
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3.2. Compare the characteristics of the ZnO and 3B/Zn0O
materials

The SEM analysis results of the ZnO and 3B/ZnO
materials are shown in Figure 3(a-b). The morphology of the
ZnO material was clear and consisted of nanoparticles with
a size of about 42 - 79nm that conglomerated and tightly
arranged together. The appearance of B significantly
changed the size and aggregation state of the nanoparticles.
The size of the nanoparticles was smaller (about 15nm) than
the nanoparticles of the ZnO material. The morphology of
the 3B/ZnO material was relatively rough and the
nanoparticles were more compact. This may be one of the
reasons for the enhanced photocatalytic degradation of
3B/Zn0O material.

The XRD analysis results (Figure 3(c)) show that doping
additional B onto the ZnO material does not change the
original structure of the material. Both materials give peaks
at planes characteristic of the hexagonal wurtzite structure
of ZnO (JCPDS 36-1451) [19]. The intensity of the peaks of
the 3B/ZnO material was lower than the ZnO material.
Moreover, the peaks of boron were not appeared. This can
be explained by the low content and low crystallinity of B in
the 3B/Zn0O material. The crystal size of the ZnO and 3B/ZnO i
material was calculated by the Scherrer equation. The
crystallite size of ZnO and B/ZnO materials was 17.68, and Zn0 U{ A

y y 5'0

(100)
i

e (17)

3B/ZnO Mk

Intensity (a.u)

12.11nm, respectively. Calculation results show that the L—-LAL,.L

appearance of boron in the 3B/ZnO material causes the 20 30 40 60 70 80
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be the reason for the enhanced photocatalytic degradation
of TCH of the 3B/Zn0O material. (d)

The FT-IR analysis results of the ZnO and 3B/ZnO material
(Figure 3(d)) show the function groups in the materials. The
peaks between 698 and 924cm™ of the ZnO and B/ZnO
materials characterize the vibrations of the O-H bond in
Zn0-0O-H [17]. The peaks at 3417 and 3450cm™ characterize
the stretching vibration of the intermolecular hydrogen
bond (O-H) of water molecules adsorb on the surface of the
ZnO and 3B/Zn0 materials [29]. Especially, on the spectrum ki sl
of the 3B/Zn0 material, the peak appears at 1252cm™', which ;‘3‘2 o
characterizes the valence vibration of the B-O bond [13, 14, =
28]. This can prove that the B has been successfully doped 3600 3200 2800 2400 2000 1600 1200 800
onto the ZnO material. Wavenumber (cm™)

Figure 3. The SEM image of the (a) Zn0 and (b) 3B/Zn0 material, (c) the XRD
and (d) FT-IR spectra of the materials

From the results of the analysis and comparison of the
characteristics of ZnO and 3B/ZnO materials, we can draw
the following conclusions: The presence of B does not
change the structure of the ZnO material. The size of the
3B/ZnO material was smaller than the ZnO material. The
nanoparticles of the 3B/ZnO material were smaller and more
compact than those of the ZnO material. The morphology of
the 3B/ZnO material becomes rougher. These are also the
reasons why the 3B/ZnO material has a better photocatalytic
ability to degrade TCH than the ZnO material.
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3.3. The factors affecting the photocatalytic process of
the 3B/ZnO material

3.3.1. Effect of the pH of the TCH initial solution

The pH value is one of the criteria for evaluating water
quality and is also a factor affecting the wastewater
treatment process. In this study, the pH values were
evaluated about the range of 2 - 11. The other experimental
conditions are fixed as follows: [TCH] = 20mg/L, [3B/ZnQ] =
0.5g/L, room temperature (25°C), and a 250W Hg lamp. The
research results are presented in Figure 4. Figure 4(a) shows
the correlation between changing the pH value and
changing the light absorption area of the antibiotic TCH. The
pH value also affects the existence of TCH in solution
because TCH has 3 pK, and this can affect the photocatalytic
process [13]. The pHg, value of the 3B/ZnO material was
determined to be 7.6 (Figure 4(b)). When the pH value of the
initial TCH solution is less than the pH,.c value, the surface of
the 3B/Zn0O material is positively charged and vice versa. The
photocatalytic efficiency of TCH degradation at the different
pH conditions is presented in Figure 4(c-d). At pH = 2, the
photocatalytic degradation of TCH is very slow (k =
0.001min™), and the DE is very low (DE = 8.58%). At too low
a pH value, the 3B/ZnO material may partially dissolve; both
the 3B/ZnO and TCH materials are positively charged,
leading to very poor interaction between the material and
TCH molecules. These make it difficult for the photocatalytic
process to occur. At pH = 6, the TCH molecules do not
dissociate and the 3B/ZnO material surface is positively
charged, leading to better interaction between the TCH
molecules and 3B/ZnO material. This can be proven by the
TCH adsorption efficiency (52.49%) and is also a good
condition for the photocatalytic degradation of TCH to
proceed more smoothly (DE = 94.05% and k = 0.042min™).
At pH =9, the TCH molecules dissociate into cations and the
3B/ZnO material surface is negatively charged, leading to
the interaction between the TCH molecules and 3B/ZnO
material is the best. The TCH adsorption efficiency of 62.33%
is the highest. At this pH, the photocatalytic decomposition
of TCH also takes place smoothly with the DE value of 95.49
%, and the rate constant of 0.042min™". At pH = 11, the TCH
molecules dissociate into anions and the 3B/ZnO material
surface is negatively charged, leading to the interaction
between the TCH molecules and 3B/ZnO material is the
worst. The TCH adsorption efficiency was only 21.65%.
However, the DE value and rate constant still achieved
94.99% and 0.045min’, respectively. This can be explained
that at pH = 11, creating the presence of a large amount of
OH ions on the 3B/ZnO material surface as well as in the
reaction environment, creating conditions for the formation
of «OH. As a result, the reaction rate increases slightly and the
DE value almost unchanged. Thus, the pH value of the initial
TCH solution greatly affects the photocatalytic
decomposition of TCH in a water environment. For
convenience in wastewater treatment, the pH value chosen
is the most optimal condition of 6.
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Figure 4. (a) The UV-Vis spectra of the TCH at different pH values, (b) the pH,.c
value of the 3B/Zn0 material, (c) the TCH degradation efficiency of the 3B/Zn0

material at different pH values, and (d) kinematic curves. Conditions: [TCH] =
20mg/L, [3B/Zn0] = 0.59/L, and a 250W Hg lamp
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3.3.2. Effect of the 3B/ZnO material content

Figure 5 shows the effect of the 3B/ZnO material content
on the degradation of TCH. When the 3B/ZnO content used
increased from 0.25g/L to 1.00g/L, the DE value also
increased under the same reaction conditions of the initial
TCH concentration of 20 mg/L and the light source is a 250W
Hg lamp. As Figure 5(a), it can see that in 120 min, using the
3B/ZnO material content of 0.25g/L had the DE value of
73.98%, with the 3B/ZnO material content of 1.00g/L had the
DE value of 95.36%. The rate constant values corresponding
to the 0.25, 0.50, 0.75, and 1.00g/L of the 3B/ZnO material
content are 0.015, 0.026, 0.037, and 0.046min™, respectively.
The effect of the 3B/ZnO material content on the
photocatalytic degradation TCH process can be explained
by the following reasons: the 3B/ZnO material content
increases leading to the number of active sites available on
the catalyst surface and increasing the density of catalyst
particles in the illuminated area. Therefore, the
photocatalytic degradation of TCH proceeds more smoothly
leading to a rapid increase in the TCH photodegradation
efficiency. As a result, the DE value and reaction rate can be
improved when increasing the 3B/ZnO material content.
The optimal 3B/Zn0O material content was chosen as 0.5g/L.
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Figure 5. (a) The TCH degradation efficiency with the different 3B/Zn0

material contents, and (d) kinematic curves. Conditions: [TCH] = 20mg/L,
[3B/Zn0] =0.25 - 1.00g/L, and a 250W Hg lamp
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3.3.3. Effect of the initial TCH concentration

The initial TCH solution concentration was investigated
in the range of 15 - 30mg/L under the same reaction
conditions with the 3B/ZnO material content of 0.5g/L, and
a 250W Hg lamp and the results are shown in Figure 6. It can
be seen that an increase in the initial TCH concentration
causes a decrease in the degradation efficiency, which
reflects the law. With the initial TCH concentration of
15mg/L, it will be completely decomposed in about 60
minutes. Meanwhile, it takes 120 minutes to degrade
82.73% of TCH with the initial TCH concentration of 30 mg/L.
The rate constants with initial concentrations of 15, 20, 25,
and 30mg/L in the presence of the 3B/ZnO material are
0.061, 0.048, 0.034, and 0.026min™", respectively. This result
can be explained by the following reasons: When increasing
the initial TCH concentration, photons are blocked before
they can reach the catalyst surface, and the generation of
«OH and -O* radicals decreases, leading to the efficiency and
rate of TCH degradation decreases. Additionally, a large
amount of adsorbed antibiotics can compete for the
constant total number of active sites available for adsorption
at the fixed 3B/Zn0O material content. The optimal initial TCH
concentration was chosen as 20mg/L.
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Figure 6. (a) The TCH degradation efficiency of the 3B/Zn0 material with the
different TCH concentrations, and (d) kinematic curves. Conditions: [TCH] = 15 -
30mg/L, [3B/Zn0] = 0.5g/L, and a 250W Hg lamp
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3.4. Photocatalytic mechanism of the 3B/ZnO material

The photocatalytic mechanism of TCH decomposition of
3B/Zn0O material is described in Figure 7. When irradiated by
a light source with energy equal to or greater than the band
gap energy of 3B/ZnO material (3.15eV), electrons (") in the
valence band (VB) will be excited and move to the
conduction band (CB) with a higher energy level, while
leaving a hole (h*) in VB. Electron-hole pairs (e"and h*) move
to the surface of the 3B/Zn0O material to perform oxidation-
reduction reactions that generate radicals including
superoxide anion («O%*) and hydroxyl radical (-OH).
Therefore, in the CB region of the 3B/ZnO material, the
electrons easily react with O2 to create -O%, then -O? radicals
continue to interact with H,O adsorbed on the surface of the
material to create hydrogen peroxide (H,0,). H,O, can react
with electrons or -O* radicals, or even photo light leading to
the formation of «OH radicals. On the other hand, in the VB
region of the 3B/ZnO material, the H20 molecules are
oxidized by the holes to form «OH radicals. Reactive oxygen
species such as +«OH, «O* and H,0, are strong oxidizing
agents that will attack TCH molecules adsorbed on the
surface of 3B/ZnO material to quickly form intermediate
compounds. Through the processes of hydrogenation,
oxidation, and mineralization, intermediate compounds will
eventually be converted into harmless compounds such as
COZ and Hzo

With the electron deficiency characteristic of B, the B is
considered an electron trap in the 3B/ZnO material.
Therefore, it will attract electrons toward it leading to a
decrease decreased the electron and hole recombination
time. In addition, it also attracts OH- toward the surface of
the 3B/Zn0O material leading to the process of creating OH
radicals also taking place more smoothly. Therefore, the
3B/Zn0O material has better TCH photocatalytic degradation
ability than the ZnO material.

Reaction:
H,0 — H + OH

B/ZnO +hv— B/ZnO (e = h')
«OH

TCH e +0; =0,
Intermediate
product *0, +H" = HOy
CO,+H,0 HO» + HO» = Hy02+ 0y

1202 + hv — 2:01
Intermediate

product h'+OH — Ol

*OH
H,0/0H TCH

*OH/*0; + TCH — intermediates — CO + 1,0

Figure 7. Photocatalytic mechanism of the 3B/Zn0 material
4. CONCLUSION

In summary, the B/ZnO materials with different weight
percentages of B were synthesized by a Sol-gel method. The
light absorption and photocatalytic degradation of TCH of
the materials have been studied and evaluated. The results
showed that the optimal doping of B was 3 wt%. The 3B/ZnO
material showed the best material with the band gap energy
of 3.15eV, the TCH degradation efficiency of 92.28%, and the
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rate constant of 0.048min™". The characteristics of the ZnO
and 3B/ZnO materials were analyzed, compared, and
showed accurate results. The 3B/ZnO material was relatively
rough and the nanoparticles were more compact. The
presence of B reduced the crystallinity of 3B/ZnO material.
The significant enhancement of photocatalytic performance
could be explained by the recombination process between
electrons and holes reduced. Moreover, the coupling of B
with ZnO resulted in an enhancement of the surface area,
and active sites, and attracted electrons of the 3B/ZnO
material. Factors affecting the photocatalytic process of the
3B/Zn0O were studied. The optimal reaction conditions of the
initial TCH concentration of 20mg/L, the 3B/ZnO material
content of 0.5g/L, and the solution pH 6. This is a potential
catalyst material in the field of wastewater treatment, and it
also helps to solve energy-related problems.
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