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Abstract

In this study, the B/ZnO nanocomposite was successfully synthesized by a simple mechanical combustion method.
This material was used as a photocatalyst to degrade tetracycline, a representative of the commonly used antibiot-
ics today. The B/ZnO composite became tighter than that of pure ZnO and formed bulk particles. The band gap en-
ergy of B/ZnO (3.05 eV) was slightly lower than that of ZnO (3.10 eV), resulting that it being easier to absorb visi-
ble light to create electron-hole pairs (h* and e-). Therefore, the B/ZnO composite had higher photocatalytic activi-
ty than pure ZnO. The ratio of boron-doped to ZnO affecting the photocatalysis efficiency was investigated and the
optimal boron content was 3 wt%, its degradation efficiency (DE) value for tetracycline hydrochloride (TCH) in 90
min and the rate constants were 90% and 0.054 min-1, respectively. The factors affecting the photocatalytic pro-
cess like initial antibiotic concentration, catalyst content, and pH of the initial antibiotic solution were studied. In
addition, the recovery and reuse of B/ZnO after photocatalytic treatment were also studied.
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the untreated manure and animal feed status
being discharged directly into the environment
causing the antibiotic pollution [2]. Notably, in
surface water and groundwater domestic water
more than dozens of antibiotics sulfonamide,
tetracycline and fluoroquinolone were detected
[6]. Tetracycline is a broad-spectrum antibiotic
widely used in humans and animals, which is
active against a number of gram-negative and
gram-positive bacteria. However, widespread
use and release of antibiotics into the environ-
ment could lead to bacterial resistance to antibi-
otics and cause severe problems in humans
[1-5]. Therefore, it requires methods to remove

1. Introduction

Environmental pollution is always a hot top-
ic in society, especially water pollution is becom-
ing more serious. In recent years, antibiotic con-
tamination has been recognized as water pollu-
tion because of its potential adverse effects on
ecosystems and human health [1-4]. Most anti-
biotics used for humans and animals are excret-
ed into the environment as intact or decomposed
from variety of pathways, including hospital
wastewater, domestic wastewater, and pharma-
ceutical factory wastewater. In addition, antibi-
otics are also widely used in animal, that leads

- antibiotic residues in the aquatic environment.
* Corresponding Author.
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At present, there are many methods to treat
excess antibiotics, such as physical adsorption,
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biodegradation, advanced oxidation, coagula-
tion, electrolysis [1,5]. In which, the oxidation
of organic compounds method by air oxygen us-
ing nanomaterials as photocatalysts under the
influence of sunlight has been widely re-
searched and developed [5—8]. Although ZnO
has a large band gap energy (~3.37 eV), exhib-
iting high electric breakdown field and thermal
conductivity, it attracts much attention from
researchers due to its easy synthesis, low cost,
nontoxicity, and reusability. In the photocataly-
sis process, the band gap energy of the catalyst
is an important factor. When a photocatalyst
absorbs light radiation with an energy greater
than its band gap energy, electrons move from
the valence band (VB) to the conduction band
(CB), photodegradation reaction occurs on its
active surface through the formation of OH*
and Oz°-, which rapidly breakdown target pol-
lutants into the end products of CO2 and H20
[9]. Therefore, the small band gap energy can
facilitate the light absorption capacity of the
catalyst, which improves the photocatalyst effi-
ciency.

Under the radiation of light, the electrons
and holes created by ZnO can decompose or-
ganic 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 recom-
bination process taking place rapidly emerging,
that has limited its practical applications [10].
To improve the photocatalytic performance of
Zn0O, 1t 1s common to dope an appropriate
amount of metals, such as gold (Au) [6,11-14],
silver (Ag) [15-17], and tin (Sn) [18,19], or non-
metals, such as boron (B) [18,20], nitrogen (N)
[21], etc., to enhance the ability to absorb sun-
light, prevent electron recombination and
holes, improve the particle size, increase the
surface area, and improve the photocatalytic
degradation of organic substances [18-25].
Among them, B doping has attracted great in-
terest due to its atomic size and electronic
structure [18,20]. Currently, there are many
different methods have been used to synthesize
B/ZnO nanomaterials such as the sol-gel meth-
od, and the combustion method. In 2020, Raisa
Estefania Nuriez-Salas and colleagues studied
preparation of B/ZnO by sol-gel method on pho-
tocatalytic inactivation of Escherichia coli and
Enterococcus sp [20]. This method can synthe-
size fine, nano-sized materials. Abrar Zadeed
Ahmed and colleagues studied the fabrication
and characterization of B/Sn-doped ZnO nano-
particles via the mechanochemical method for
photocatalytic degradation of rhodamine B [18].
This method can simply synthesize materials

in a short time. However, there are still some
limitations including unequal size materials,
heterogeneous morphology, and low perfor-
mance.

In this study, B/ZnO was synthesized by a
simple mechanical combustion method and
then characterized by UV-Vis/DR, XRD, SEM,
and FT-IR methods. The photocatalytic degra-
dation efficiency of B/ZnO was investigated by
reaction with tetracycline hydrochloride. The
factors affecting the photocatalytic ability of
materials such as initial antibiotic concentra-
tion, catalyst content, and pH of the initial an-
tibiotic solution were studied. In addition, the
recovery and reuse of B/ZnO materials were
also studied. The first-order kinematics graph
was used for the calculations.

2. Materials and Methods
2.1 Materials

Zinc acetate dehydrates
(Zn(CH3CO00)2.2H20, 99%), oxalic acid dehy-
drates (C2H204.2H20, 99.5%) and boric acid
(HsBOs, 99.8%) were purchased Xiong Scien-
tific Co., Ltd, China. Tetracycline hydrochlo-
ride (C22H24N20s.HCl, 99%) was purchased
from Hefei BoMei Biotechnology Co., Ltd, Chi-
na. All chemicals were used without any purifi-
cation and distilled water was used during the
evaluation of the photocatalytic potential of the
materials.

2.2 Methods

Ultraviolet-visible diffuse reflectance (UV-
Vis/DR) spectroscopy was used to investigate
the light absorption capacity and determine
the band gap energy of the material samples.
The samples were characterized by powder X-
ray diffraction (XRD) using a Bruker D8 Ad-
vance diffractometer (Germany) with Cu Kq ra-
diation (A = 1.54060). The morphology of the
samples was observed using a scanning elec-
tron microscope (SEM JEOL series 7600F).
Fourier infrared spectroscopy (FTIR, Madison,
WI, USA) was performed to determine the
Zn—0, B-0, and O—H bonds (in Zn—0O-H and
H—-O-H) in the research sample.

2.3 The Preparation of Materials

The synthesis process of ZnO and B/ZnO
was carried out according to the previous paper
with some modifications [18]. ZnO and B/ZnO
nanoparticles were synthesized by simple me-
chanical combustion (Figure 1). In the synthe-
sis, initially, 2.195 g zinc acetate dihydrate and
2.521 g oxalic acid dihydrate were mixed and
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ground in an agate mortar for 10 min to obtain
a viscous mixture of zinc oxalate dehydrate and
acetic acid (with a strong odor show). Then, bo-
ric acid (source also B) was added to the above
mixture and the grinding process was contin-
ued for another 10 min to obtain the precursor.
Finally, the precursor was calcined in air at
500 °C for 3 h with a heating rate of 10 °C/min,
then ZnO and B/ZnO were obtained. To investi-
gate the effect of the content of B doping on
ZnO on the photocatalytic efficiency, the mass
of boric acid was taken so that %wt B doping on
Zn0O was 1, 3, 5, and 7, and the samples were
named B/ZnO-1, B/Zn0O-3, B/ZnO-5 and
B/Zn0O-7, respectively.

2.4 Photocatalysis Procedure

The photocatalytic activity of the material
samples was evaluated by degrading tetracy-
cline hydrochloride (TCH). The experimental

2195 ¢ 2521 ¢
Zn(CH,C00),.2H,0 C,H,0,.2H,0
| |

Ground for 10 min

Paste of Zn oxalate

HBO; dehydrate and acetic acid

Ground of 10 min

Calcination 500°C for 3h
with the heating rate of
10°C/min

B/ZnO

Figure 1. Synthesis of B/ZnO nanoparticles by
mechanochemical combustion method.

3.0
(a) ZnO
2.5 - —B/Zn0O -1
—B/Zn0 -3
B/ZnO -5
2.0 ——B/Zn0 -7

Absorbance
—
h

| Adsorption edge

iy
=

0.5 -

0.0 T T T T T
250 300 350 400 450 500
Wavelength (nm)

procedure is as follows: 0.05 g of catalyst was
placed in a 250 mL beaker containing 100 mL
of TCH solution of known concentration and
sonicated for about 5 min to disperse the mate-
rial evenly. The reaction beaker was stirred
continuously at an average speed of 250 rpm
and placed in the dark to achieve the desired
state of adsorption/desorption. Then, the reac-
tion cup was irradiated with a 250 W Hg lamp.
After each specified time interval, 3 mL of the
suspension was filtered through a Millipore fil-
ter (0.45 um PTFE membrane) and the residu-
al TCH concentration was measured using a
UV-Vis spectrometer (Agilent 8453) at a maxi-
mum wavelength of 375 nm. The degradation
efficiency (DE), the rate constant, and degrada-
tion capacity (DC) of the TCH are calculated
according to Equations (1), (2), and (3), respec-
tively [9,26]:

pE = =% 100 (1)
ln(%j =kt 2)
(C,-C,)xV
DC="—""— 3)
m

where, C is the solution concentration at time
t; Co is the initial solution concentration; k is
the degradation rate constant; ¢ is the time; V
is the solution volume; m is the mass of cata-
lyst.

3. Results and Discussion

3.1 The Optimal Boron Content Survey

Figure 2 shows the UV-Vis/DR spectrum
and the graph of band gap determination of the
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Figure 2. (a) The DR/UV-Vis spectra and (b) Tauc plot of samples ZnO and B/ZnO-1, B/Zn0O-3,

B/Zn0O-5, B/ZnO-17.
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samples ZnO, B/ZnO-1, B/Zn0O-3, B/ZnO-5,
and B/ZnO-7. Through Figure 2(a), it was
found that the dispersion of B particles on ZnO
increased the absorption of B/ZnO material
compared with pure ZnO, especially the curve
showing the absorption of B/ZnO-3 has the
highest increase compared to the remaining
samples. All samples have strong absorption in
the UV region. From the graph of the relation-
ship between (hv) and (ahv)?, it 1s possible to
calculate the band gap energies of the samples
through the Tauc method [25] according to the
equation:

(ahv)" = A(hv-E,) 4

where, Eg is the band gap energy; « is the ab-
sorption coefficient of the material; h is the
Plank's constant; v is the frequency of light; A
1s a constant; n is determined by the optical
transition type of the semiconductor.

Here, ZnO exhibits a direct optical transi-
tion so the value n = 1/2. As shown in Figure
2(b), the band gap energy value of the ZnO
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Figure 3. (a) The TCH decomposition ability of
the catalyst with different concentrations of
boron doped on ZnO; (b) kinematic curves.

sample is 3.10 eV, which was 3.06 eV for both
samples B/ZnO-1 and B/Zn0O-5, and 3.07 eV
for B/ZnO-7. Meanwhile, the band gap energy
of B/ZnO-3 1s 3.05 eV, the lowest of all sam-
ples. Therefore, the optimal doped boron con-
tent was 3 wt%.

In addition, Figure 3 shows the degradation
of TCH with ZnO and B/ZnO catalysts with dif-
ferent B-doped content on ZnO under the same
conditions: antibiotic concentration [TCH] = 20
mg/L, catalyst content = 0.5 g/L, the light
source was 250W Hg lamp. Because the TCH
concentration was small, below 30 mg/L, and
the degradation mechanism of TCH in the cat-
alyst followed the generation of free radicals,
the photocatalytic degradation rate of TCH can
be studied using the first-order kinetic model,
which was expressed as Equation (2) (in sec-
tion 2.4). The graph in Figure 3(b) shows plots
of In (Co/C) versus time. The slope value was
used to determine the degradation rate con-
stant (k). R2 values for all the B/ZnO samples
were near 1. This shows that the first-order ki-
netics model is in good relation to the photo-
degradation process and can be employed to
study the kinetics. This is completely con-
sistent with the studies on the photocatalytic
decomposition of organic matters [6,11-14].
The first-order rate constants determined for O,
1, 3, 5 and 7% mass of boron on ZnO were
0.021, 0.048, 0.054, 0.046 and 0.030 min~!, re-
spectively. We see that, in 90 min, the TCH de-
composition efficiency was 90% and the first or-
der rate constant (¢ = 0.054 min~!) was the
highest. Thereby, the B/ZnO-3 sample can be
concluded as the most effective photocatalyst to
degrade TCH among as-prepared samples.

Combining the above factors, it can be con-
cluded that the optimal content of doped boron
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Figure 4. The XRD spectrum of ZnO and
B/ZnO samples.
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on ZnO was 3 wt%. Therefore, the B/Zn0O-3
sample was used to analyze the structural and
morphological characteristics through SEM,
XRD, and FT-IR analysis to compare with ZnO.
Also, the B/ZnO-3 sample was used to study
the factors affecting the ability of photocata-
lysts to degrade antibiotics in water treatment.

3.2 Characterization of Prepared Photocata-
lysts

3.2.1 Structure properties

The XRD diffraction images of the synthe-
sized ZnO and B/ZnO samples are shown in
Figure 4. Comparing the XRD spectrum of pure
Zn0O and B/ZnO samples, no obvious difference
was found. Besides, no impurity peaks were ob-
served on all the synthesized material samples,

F) > z y v g
- i o

Figure 5. The SEM images of (a—b) ZnO, and (c—d) B/ZnO with different resolutions.

thereby showing that the synthesized catalyst
materials had high purity. All samples had lat-
tice planes (100), (002), (101), (102), (110),
(103), (112), and (201) corresponding to 20 =
diffraction peaks of 31.87; 34.57; 36.37; 47.65;
56.77; 63.00; 68.14; and 69.28° can be assigned
to the hexagonal wurtzite structure of ZnO
(JCPDS data: 036-1451) [27]. Thus, boron dop-
ing did not change the ZnO crystal structure.
All the B/Zn0O samples showed that the peak
(101) was the strongest and the intensity of the
peaks was decreased as the boron content in-
creased. However, in the XRD spectrum of
B/ZnO, no boron-related peaks were found.
This could be explained by the low boron con-
tent and low crystallinity. The related peaks
being covered by the peaks of ZnO and nano-
particles boron was very small.

Table 1. The crystal sizes at different planes and average sizes of ZnO and B/ZnO samples.

100 002 101 102 110 103 112 201 D (nm)
7Zn0 195 194 183 157 159 133 13.0 125 16.0
Crvstallit B/ZnO-1 122 116 11.2 95 105 90 88 9.3 10.2
rystalite - p7n0-3 95 79 90 76 83 72 63 87 8.1
size D (nm)
B/ZnO-5 82 71 85 80 79 69 65 88 7.7
B/ZnO-7 80 66 84 75 82 71 63 90 7.6
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We calculated the size of the ZnO and
B/ZnO nanoparticles based on the Scherrer
equation [18]:

__K4 (5)
Pcosb

where, K is a constant that depends on the
crystal shape (usually K = 0.9); A is the X-ray
wavelength (1.5406 A); 0 is the Bragg diffrac-
tion angle; § is the line width of the sample cor-
responding to half the maximum intensity in
radians (FWHM).

As the results are shown in Table 1, the
average crystal size of ZnO nanoparticles was
16.0 nm and B/ZnO samples for 1, 3, 5, and 7
wt% of B were 10.2, 8.1, 7.7, and 7.6 nm,
respectively. We see that the crystal size was
decreased with increasing boron content. This
size reduction might be due to the deformation
in the crystal lattice of ZnO in the presence of
boron in composites [18].

3.2.2 Morphological properties

Figure 5 shows the SEM images of ZnO and
B/ZnO materials with different magnifications.
Through the SEM image, it could be seen that
the size and shape of the ZnO material changed
when more boron was doped on the surface.
The ZnO sample was observed to have hetero-
geneous morphology and unequal size as shown
in Figure 5(a). As shown in Figure 5(b), it can
be seen that ZnO was formed from zinc oxide
nanoparticles of about 30—80 nm in size, which
were closely arranged with each other. It can
be seen from Figure 5(c) that as boron doping
increased, the structure became tighter and
formed bulks. Furthermore, the size of ZnO
particles also became smaller with the size of
about 30-50 nm (Figure 5(d)).

——B/ZnO

Transmittance (%)

863 689

3600 3200 2800 2400 2000 1600 1200 800
Wavenumber (cm™)

Figure 6. The FT-IR spectra of ZnO and B/ZnO
samples.

The efficiency of the photodegradation reac-
tion highly depended on the morphology, size,
aggregation, and band gap energy of the photo-
catalyst [18]. The above research results show
that although B/ZnO had a bulk shape and its
structure was tighter than ZnO, its crystal size
and band gap energy were smaller than ZnO.
It was the expected morphology to increase the
photocatalytic activity of the B/ZnO composite,
which was presented in Section 3.1.

3.2.3 Fourier transform infrared spectroscopy

The FT-IR spectra of the ZnO and B/ZnO
samples are shown in Figure 6. The bands at
3352, 1627 cm™! and 3464, 1632 cm™! corre-
sponding to the IR spectra of covalent activity
of O—H in adsorbed water (H-O—H) on B/ZnO
and ZnO, respectively [18]. The relatively weak
bands at 2297 and 2320 cm~! were attributed
to possible oscillations of C—H valence bond in
environmental conditions [18]. The correspond-
ing strong band at 1337 cm™! on the IR spec-
trum of B/ZnO was attributed to the valence vi-
bration of the B—O bond, indicating the associ-
ation of boron with ZnO [18]. The small bands
at 863 and 689 cm~! of ZnO and 967 and 681
cm~! of B/ZnO were thought to arise from the
oscillations of the O—H bond in ZnO-0O-H, re-
spectively [28].

3.3 Investigation of Factors Affecting the Pho-
tocatalysis Process

3.3.1 Initial antibiotic concentration

In the study of materials, the effect of the
initial antibiotic solution concentration on the
photocatalytic efficiency is an important part.
The initial concentration of TCH antibiotic so-
lution was investigated in the range of 10-30
mg/L under the same reaction conditions as the
catalyst content of 0.5 g/L, the light source was
a 250W Hg lamp, and the results are shown in
Figure 7. We see that an increase in the con-
centration of TCH caused a decrease in the de-
composition efficiency. At initial concentration
of 10 mg/L, TCH was completely decomposed in
about 30 minutes. Meanwhile, after 90
minutes, B/Zn0O achieved a degradation effi-
ciency of 82% with the TCH concentration of 30
mg/L. The first-order rate constants of the TCH
degradation reaction with initial concentra-
tions of 10, 15, 20, 25, and 30 mg/L in the pres-
ence of photocatalyst B/ZnO were 0.126, 0.115,
0.054, 0.042, and 0.036 min~!, respectively.
This result could be explained by the following
reasons: the formation of *OH- and <02 on
the surface of the catalyst and the probability
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of *OH- reacting with the antibiotic molecule.
As the concentration of TCH increases, the pho-
tons are intercepted before they can reach the
catalyst surface, and the generation of *OH-
and °*02" radicals decrease, meaning that the
decomposition efficiency of the TCH solution
decreases. In addition, a large number of adsor-

1.0 —m—10mgL
—9—15mg/L
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Figure 7. (a) Effect of initial TCH concentration
on photocatalytic efficiency of B/ZnO materials;
(b) Kinetic curves and (c¢) Degradation capacity.

bent antibiotics can compete for a constant to-
tal number of active sites available for adsorp-
tion at fixed catalyst concentrations [28]. How-
ever, when the concentration of TCH solution
increases, the decomposition capacity also
tends to increase. As shown in Figure 7(c), we
see that the decomposition capacity with an in-
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Figure 8. (a) Effect of B/ZnO catalyst concen-
tration on TCH degradation efficiency; (b) Ki-
netic curves and (c) Degradation capacity.
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itial TCH concentration of 30 mg/L in 10 and
30 min were 17.19 and 25.58 mg/g, respective-
ly, which were higher than other concentra-
tions.

3.3.2 Catalyst content

Figure 8 shows the effect of catalyst mass on
the degradation of TCH. When the catalyst con-
tent used increased from 0.25 g/L to 1.00 g/L,
the TCH decomposition efficiency also in-
creased under the same reaction conditions as
the initial concentration of TCH solution of 30
mg/L and the light source of a 2560 W Hg lamp.
Looking at Figure 8(a), we see that, in 90 min,
when the catalyst content was 0.25 g/L, the
TCH degradation efficiency was 58%. At the
catalyst content of 1.00 g/L, about 90% TCH
was decomposed. The value of the rate constant
k, corresponding to the B/ZnO content of 0.25,
0.50, 0.75, and 1.00 g/L, were 0.021, 0.036,
0.048, and 0.059 min-!, respectively. However,
as shown in Figure 8(c), the decomposition ca-
pacity of TCH per gram of catalyst for 10 and
90 min were decreased with increasing catalyst
content. The influence of catalyst mass on the
degradation process could be explained by the
following reasons: an increase in catalyst mass
leads to an increase in the number of active
sites available on the catalyst surface and the
density of the catalyst particles in the illumi-
nated area. Therefore, the photocatalytic abil-
ity of the material is leading to a rapid increase
in antibiotic degradation efficiency [28,29].
However, because the catalyst mass increased
faster than the degradation efficiency, the anti-
biotic degradation capacity was decreased
while the reaction efficiency and rate could be
improved.

NH,

TCH;* TCH® TCH TC*
3.3 7.3 9.4

3.3.3 The pH of the initial antibiotic solution

The pH value of the starting solution is also
an important parameter in the photocatalysis
of the material [30]. In this study, the effect of
initial solution pH on TCH depletion was in-
vestigated in the pH range from 2 to 11. under
fixed conditions (catalyst content 0.5 g/L, ini-
tial TCH concentration 20 mg/L, and the light
source of 250 W Hg lamp), and the results are
shown in Figure 10.

The TCH structure consists of rings con-
nected with many ionizable functional groups.
TCH could exist in different forms because of
the three pKa. With a pH below 3.3, TCH was
converted to the cation TCH3* by protonating
the dimethyl-ammonium group. In the pH
range = 3.3-7.3, TCH existed as an amphoteric
ion (TCH?) due to the loss of a proton from the
phenolic diketone radical. At the pH higher
than 7.3, TCH converted to anionic form (TCH-
and TC2-) due to proton loss from the tricar-
bonyl group and phenolic diketone radical [31].
In addition, the UV-Vis spectrum of TCH at
different pH also showed a correlation between
the pH values and a change in the absorption
spectrum of the antibiotic (Figure 9).

For solutions with pH of 2, 4, 6, 9 and 11,
the first order rate constants of antibiotic deg-
radation were 0.001, 0.055, 0.050, 0.048, and
0.045 min~1, respectively (Figure 10(b)). It was
found that in the pH range from 4 to 11, the
rate constant of TCH decomposition was al-
most the same and the optimal pH for efficient
degradation of TCH on B/ZnO material was 4.
In 90 min, 97% of TCH had been decomposed.
Degradation capacities of TCH at 10 and 30
min were 13.59 and 24.12 mg/g, respectively,
(Figure 10(c)). At pH = 2, the TCH degradation
efficiency was almost non-existent, which was
because of that ZnO was dissolved in an acidic
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Figure 9. (a) Structure and pH-dependent surface speciation of TCH, (b) The UV-vis absorption spectra

of TCH at different pH.
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environment to give the corresponding salt
(ZnO ¢ + 2H* (aq) — Zn2+ + H20).

In addition, the surface charge properties of
the nanoparticles are also pH dependent. The
pHpzc value of a material is the pH value at
which the surface charge is zero. When the pH
is below the pHpzc value, the solution gives
more H* ions than OH- ions, so the catalyst
surface becomes positively charged, resulting in
better anion adsorption. Similarly, when the
pH is higher than the pHpzc value, the adsor-
bent surface carries a negative charge, which
will better adsorb cations [12,32]. The pHpzc
value of B/ZnO was studied to reach 7.6 as
shown in Figure 10(d). Therefore, at pH = 11,
the catalyst surface poorly adsorbs TCH ani-
ons and lead to a significant decrease in antibi-
otic degradation with a reaction rate of 0.045
min-1. But the highest TCH degradation capaci-
ties at 10 and 30 min were 17.07 and 31.72
mg/g, respectively. Which significantly in-
creased compared to other pHs (Figure 10c).
This can be explained that: at pH = 11, solution
creates the large amount of OH- ions on the
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surface of the nanoparticles as well as in the
reaction medium, facilitating the formation of
*OH. As a result, the degradation capacity in-
creased but the efficiency and reaction rate
were decreased.

3.4 Recovery and Reuse of B/ZnO Materials

One of the important factors determining
the economic efficiency of materials in industri-
al applications is the reusability of the catalyst.
In this study, the reusability of B/ZnO materi-
als was evaluated through the photocatalytic
efficiency of TCH on catalyst after three con-
secutive cycles. After first treatment, the pow-
der catalyst was filtered, washed with distilled
water and ethanol several times, dried at 80 °C
for 12 h, and then reused for the next experi-
ment. As the results showed in Figure 11, the
efficiency of TCH degradation by B/ZnO under
a 250 W Hg lamp was decreased from 90% to
46% after three consecutive cycles. This
showed that B/ZnO was a less stable material
with limited recovery and reuse. Therefore, im-
provements are needed to overcome this limita-
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Figure 10. (a) Effect of pH of the initial TCH solution on the photocatalytic efficiency of B/ZnO; (b) Ki-
netic curves; (¢) TCH degradation capacity at different pH and (d) pHPZC determination graph.

Copyright © 2022, ISSN 1978-2993




Bulletin of Chemical Reaction Engineering & Catalysis, 17 (4), 2022, 795

tion so that the material can be put into practi-
cal applications in wastewater treatment. The
decrease in TCH degradation efficiency can be
attributed to the loss of active sites after regen-
eration, the reduction of the interaction sur-
face, and the partial dissolution of the catalyst
after each experiment.

3.5 Photocatalyst Mechanism

The photocatalytic mechanism of B/ZnO ma-
terial is shown in Figure 12. When there is an
incident photon energy higher than the band
gap energy of B/ZnO, the electron in the va-
lence band (VB) is excited and jumps to the
conduction band (CB) with a higher energy lev-
el, and at the same time in the region valence
appears holes. The electron-hole pairs (e"and
h*) and charge, can interact with oxygen and
water on the surface of B/ZnO materials to pro-
duce oxidizing substances including H203, * O2",
and other substances. original *OH. Under the
effect of the light of the Hg lamp, the * Oz and
OH agents will combine with antibiotic mole-
cules to form intermediate compounds by oxi-
dation, mineralization, etc., and finally convert
into harmless compounds CO2 and H20.

We have the following reaction scheme:

H>0 — H*+ OH~- (6)
Zn0O + hv — ZnO (e + h") @)
e +02 — 02 (8)
02+ H* — HO2* 9
HOz+ + HO2* — H202+ O2 (10)
H202+ Av — 2°-OH (11)
h*+OH — -OH (12)

Because boron is an electron-deficient sub-
stance, it 1s easy to attract OH- to the surface
of the material, increasing the ability to create
*OH oxidizing radicals, thereby improving the
photocatalytic performance of ZnO. Boron can
act as an electron trap that prolongs the life-

100
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Degradation efficiency (%)

1 2 3
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Figure 11. The regeneration capacity of B/ZnO

after three consecutive TCH degradation cycles.

time of electrons and holes [33]. The band gap
energy of ZnO decreases when it is further
doped with boron, thus B/ZnO materials easily
absorb light energy to create electron-hole
pairs (h* and e”). Therefore, B/ZnO materials
have a higher photocatalytic performance of
TCH decomposition than ZnO.

4. Conclusion

Successfully synthesized ZnO and B/ZnO
materials by simple mechanical combustion
method. The ZnO sample with irregular mor-
phology and unequal size was formed from ZnO
nanoparticles with the size of about 30-80 nm,
they were tightly arranged together. B doping
did not change the original structure of zinc ox-
ide. The structure of B/ZnO became tighter and
formed aggregation forms. Furthermore, the
7ZnO particle size was decreased to about 30-50
nm. The optimal content of doped B on ZnO
was 3 wt%. The study of factors affecting the
photocatalytic ability to degrade TCH of B/ZnO
materials showed that the optimal conditions
were: initial concentration of TCH solution was
10 mg/L, the appropriate catalyst content was
0.5 g/L, and the initial solution pH was 4.
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