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ABSTRACT

In this work, ZrW,0,/CdWO, nanotubes were synthesized by hydrothermal method. Electron beam
irradiation was used as a means to artificially etch the interface defects and realize the reverse
growth of Zr, . Cd W,0, at the interface of ZrW,0,/CdWO, nanotube. The micro-morphology and
the crystal lattice of the nanotubes have changed obviously after electron beam irradiation. The
XPS results for the Zr, Cd, W, and O elements confirmed the transformation of ZrW,O,/CdWO, to
substitution solid solution of Zr, . Cd W,O,. Fifty milliliters of 20 mg/L tetracycline could be com-
pletely degraded within 75 min by only 10 mg of ZCW-210 photocatalyst. Through fitting the kinetic
experiment data, the k value of ZCW-210 could reach 0.0447 min. Obviously, the photocatalytic
performance of ZrW,0,/CdWO, decorated with Zr, . Cd W,O, has been dramatically improved
compared with ZrW,0,/CdWO,. Besides, energy band gap of the photocatalyst after electron beam
irradiation has decreased from 2.86 to 2.35 eV, indicating a better utilization of visible light. Based on
these experimental data, electron beam irradiation could promote the formation of heterojunctions
and fabricate interface defects on the material, resulting in that the recombination of electron hole
pairs in the catalytic process was inhibited. The electron paramagnetic resonance results implied that
h*, *O;, and *OH were the main active substances in the photooxidation of tetracycline by ZrW,O,/
CdWO, decorated with Zr, . Cd W,O,.

Keywords: erzog/deo » Electron beam irradiation; Zr,  , Cd W,0,
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1. Introduction

The overuse of antibiotics has become a serious environ-
mental problem in recent years [1-3]. Tetracycline (TC), as
a typical antibiotic, is widely used in medical field, animal
breeding, and plant cultivation [4-6]. The abuse of antibiotics
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leads to continuous enhancement of bacterial resistance and
the reduction of human immunity [7]. The antibiotics can
flow into the human body along with water circulation and
food chain, causing great harm to the ecological system
[8,9]. The removal of antibiotics by photocatalytic degra-
dation could be one of the most environmentally friendly
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methods [10,11]. Zr is a kind of d° configuration metal that
is usually used in the synthesis of semiconductor materials.
Its oxide —ZrO, with negative conduction band (-1.0 eV) has
excellent reduction capacity and can be used in catalytic
hydrogen production [12,13]. WO, has a layered structure.
Its valence band is composed of O, and W hybrid orbitals
[14,15]. ZrW,0O, is a mixed oxide material, which is a nega-
tive thermal expansion material [16,17]. The heterojunction
materials, such as Bi,WO /CdWO, [18], Bi,0,CO,/CdWO,
[19], and WO,/CdWO, [20], have received a lot of attention.
They can not only overcome the defects of a single species,
but also show better catalytic performance [21,22].

The construction of interface defects on the material sur-
face has become an important means of material modifica-
tion [23-25]. In general, the interface defects are beneficial
for improving the performance of the material [26,27]. Some
investigations have proved that the nitrogen defect of C,N,
helps improve its performance as a battery electrode [28-30].
Electron beam irradiation can be a treatment method widely
used in sewage treatment [31], food preservation [32], and
functional material treatment [33]. It has been demonstrated
that high-energy particle bombardment can cause inter-
face defects on the material surface [34,35]. High-energy
electron bombardment may lead local chemical reactions,
change the structure of an atom, or can remove atoms in a
predetermined area [36]. Electron beam irradiation has been
used to synthesize the carbon nanotubes [37]. The electron
beam irradiation treatment is relatively stable with respect
to energy beams such as ion beams and laser beams [38-40].

In this work, electron beam irradiation was used as
the method of manufacturing interface defects. The role of
interface defect on the materials has been investigated by
changing different irradiation doses, focusing on the micro-
scopic morphology and catalytic capacity of the materials.
Transmission electron microscopy (TEM), energy dispersive
X-ray spectroscopy (EDX), X-ray diffraction (XRD), photo-
luminescence (PL), N, adsorption and desorption isotherm
(Brunauer-Emmett-Teller, BET), thermogravimetric analy-
sis (TG), contact angle measurement (CAM), electrochem-
ical impedance spectroscopy (EIS), solid UV visible diffuse
reflectance spectrum (DRS), electron spin resonance (ESR),
and other characterization methods will be used to study
the micro-morphology and the crystal lattice of the material.

2. Materials and methods
2.1. Chemical regents

Zirconium (IV) chloride (ZrCl), cadmium chloride
(CdCl,2.5H,0), sodium tungstate (Na,WO,-2H,0), hydro-
chloric acid (HCI), ethylenediamine (C,H,N,), tetracycline
(TC) were all bought from Sinopharm Chemical Reagent
Co. Ltd., Shanghai Province, China. Deionized water (DIW)
was supplied through a Milli-Q water purification system
and used in all experiments.

2.2. Catalyst synthesis

In order to synthesize CdWO, nanorods, 1 mmol
CdCl,2.5H,0 and 5 mmol of Na,WO,-2H,O were dissolved
in 20 mL deionized water. After that, 1 mL ethylenediamine
was dropwise added to the above solution under continuous

stirring. Hydrochloric acid solution was used to adjust the
pH of the aqueous nitrate solution to 7. The mixture was
transferred to the reaction kettle with continuously stirring
for further reaction. Then, the reactor was heated under
200°C for 3 h. The generated powder was separated by fil-
tration, and washed with ethanol and de-ionized water for
three times. The final product was dried at 60°C for 6 h, and
was named as CW.

The ZrW,0,/CdWO, composite was prepared by a
hydrothermal method. Firstly, 0.4 mmol ZrOCl, was dis-
solved into deionized water, and 1 mmol Na,WO,2H,0
was dissolved into 1 mol/L hydrochloric acid. And then, the
above two solutions were slowly mixed to maintain the pH
of the mixture at 1.2. After that, 1 mmol of the as-prepared
CdWO, was added to the above solution. The mixture was
transferred to a reactor and kept at 160°C for 24 h. The pre-
cipitate was washed three times with deionized water, and
was dried in an oven at 40°C for 24 h. Finally, the sample
was transferred to a combustion boat, and was heated in a
tube furnace at 600°C for 6 h. The ZrW,0,/CdWO, was got,
and was named as ZCW. Pure ZrW,O, was referred to be as
ZW in subsequent analyses.

2.3. Defects treatment

After the samples were uniformly dispersed on the
glass sheet, the materials were irradiated by electron beam
irradiation. The time required for each cycle of irradiation
was 7.5 min, and the irradiation intensity provided by one
cycle was 30 KGy. Therefore, 90, 210, and 480 KGy were
selected as the experimental exploration dose, and the
samples treated with corresponding irradiation dose were
named as ZCW-90, ZCW-210, and ZCW-480, respectively.

2.4. Photocatalytic experiment

The effect of interface defects on catalytic performance
of the material will be directly reflected by the degrada-
tion efficiency of TC. In these experiments, the concentra-
tion of TC was 20 mg/L, the mass of the photocatalyst used
was 10 mg, and the volume of the waste liquid was 50 mL.
In elimination of the interference of adsorption on the exper-
imental results, the photocatalyst and waste liquid will
be stirred continuously under dark conditions for 45 min
to achieve the adsorption equilibrium. The concentration
of waste liquid was measured by liquid chromatography.

2.5. Characterization

For better understanding the properties of the obtained
materials, TEM with an operating voltage of 200 kV (Tecnai
G2 F20 S-TWIN TMP, USA), XRD equipped with Cu Ka
radiation and the scat speed of 0.2°/min (X' Pert PRO,
Holland), BET (TriStar II 3flex, USA), TG (USA, TA Q500),
XPS operated at 10 mA and 15 kV (4.5 x 10~ Torr pressure)
(EscaLab Xi+, USA), DRS with BaSO, as reference (Lambda
750 S, USA), EIS (PP211 and CHI1030B, Germany), PL with
the scanning speed of 1,200 nm/min and the emission slit
width of 5.0 nm (F-7000, Hitachi, Japan), ESR (Bruker a300,
Germany) and other characterization methods have be
used in this work.
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3. Results and discussion
3.1. Effects of interface defects on the morphology of materials

An effect simulation diagram has been constructed
to simulate the load of ZrW,O, on CdWO, nanords and
the treatment of materials by electron beam irradiation, as
shown in Fig. 1. The obtained ZrW,0,/CdWO, presented
the morphology of rod-like structure with uniform particle
size with length of 100 nm and diameter of 25 nm. CdWO,
has occurred as the matrix, and ZrW,O, has been uniformly
attached on the interface of CdAWO,. Eelectron beam irra-
diation has reconstructed the interface between different
materials.

EDX spectrum (Fig. 2a) confirmed the elements compo-
sition of the ZrW,0,/CdWO, decorated with Zr, |, Cd W,O,.
The existence of strong signal peaks representing Zr, Cd, W,
and O in samples proved the successful synthesis of ZrW,0,/
CdWO, heterojunction. The element composition analy-
sis of the material was based on copper mesh, resulting in
that there was a strong Cu peak in the EDX spectrum. XRD
(about 20 mg sample) spectrum was used to evaluate the
crystal structure of the photocatalyst, as shown in Fig. 2b.
These data were consistent with the standard cards (JCPDS
No. 13-0514, JCPDS No. 50-1868). The photocatalysts after
electron beam irradiation had different signal peaks of 24.3°,
25.6°, and 34.2° that were different from the pure CdWO,
and ZrW,O,. These peaks might be corresponded to the for-
mation of Zr, .. Cd W,0; solid solution. It can be found that
the sample corresponding to the irradiation dose of 210 KGy
had the sharpest peak, indicating that the best effect of inter-
face reconstruction can be achieved at this dose. The signal
peaks appeared at 34.6° and 47.9° could be corresponded to
Zr® (JCPDS No. 65-3366) with the irradiation dose increas-
ing to 480 KGy. In this case, some Zr° quantum dots had a
large delocalization, resulting in leaving the original crys-
tal configuration and forming a single atom or substance.
Subsequently, these quantum dots can converge to produce
Zr clusters.

Synthesis

Irradiation

Interfacial defect
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HRTEM was used to clearly observe the specific
impact of electron beam irradiation on the material sur-
face. Figs. 3a-d corresponded to ZCW, ZCW-90, ZCW-210,
and ZCW-480, respectively. With the increasing of irradia-
tion dose, the crystal surface of the material changed from
ordered arrangement to disorder arrangement. At the
dose of 210 KGy, the migration and dislocation of atomic
arrangement began to occur, and the original regular lat-
tice arrangement of the material gradually disappeared.
At the dose of 480 KGy, the surface structure of the mate-
rial had serious defects and even eutectic phenomenon.
At larger doses, some bright spots were found on the
material’s surface. It was possible that the high electronega-
tive energy helped liberate the metal atoms bound by chem-
ical bonds. Thus, a single Zr atom may be produced. This
treatment strategy provides a new idea for the synthesis
of monatomic catalysts or quantum dot catalysts [41].

3.2. Effects of interface defects on specific properties of materials

Surface chemical states of ZCW and ZCW-210 have been
studied by the means of XPS analysis with 20-30 mg sample.
As shown in Fig. 4a, two main peaks of Zr 3d were 182.5
and 184.9 eV, which could be corresponded to Zr 3d5/2 and
Zr 3cl3/2 in consistent with Zr-O bond of ZrW,0,/CdWO,
crystal structure. The decrease of specific binding energy
was attributed to the change of the stable octahedron struc-
ture irradiated by electron beam. It can be seen that the
corresponding signal peaks of Cd in the material without
electron beam irradiation were 404.9 and 411.6 eV, while the
specific binding energy of Cd after treatment increased to
405.3 and 412.2 eV, respectively (Fig. 4b). Combined with
the XRD data, it can be inferred that, the interfacial defects
caused by electron beam irradiation leaded to the interfa-
cial reconstruction of the heterogeneous joint surface of the
material, resulting in the formation of Zr, ,, Cd W,O, solid
solution. Compared with the Cd-O bond, the newly formed
Cd-O-Zr bond had a stronger specific binding energy.
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Fig. 1. Schematic diagram of the synthesis process and TEM diagram of the final product.
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Fig. 2. ZrW,0,/CdWO, EDX spectrum data (a) and XRD pattern of the samples (b).

Fig. 3. TEM of ZCW (a), ZCW-90 (b), ZCW-210 (c), and ZCW-480 (d). The number represents the irradiation dose.
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Fig. 4. XPS results of ZCW and ZCW-210: Zr 3d (a), Cd 3d (b), W 4f (c), and O 1s (d).

Also, the specific binding energies of the two signal peaks
corresponding to the W, orbital have increased to a certain
extent. This inference could also be supported by the sig-
nificant increase in the orbital binding energy from 530.3 to
532.0 eV in Fig. 4d. The lattice hybridization caused by inter-
facial defect promoted the formation of solid solution. This
might be one of the reasons for the increase of the binding
energy of O 1s.

What's more, in order to investigate the influence of
electron beam irradiation on the specific surface area of
materials, BET (more than 500 mg) experiment has been
conducted with degassing time of 10 h and degassing tem-
perature of 150°C. The results are shown in Fig. 5, where
Figs. 5a—d represent ZCW, ZCW-90, ZCW-210, and ZCW-
480, respectively. The specific area of the material slightly
increased with the increase of irradiation dose. The pore
size distribution data of each material were also analyzed.
It was found that the increase of the maximum pore size in
the material was positively correlated with the increase of
the electron beam irradiation dose. It was noteworthy that
there was a different trend, that was, a large number of pore
structures with average pore diameter of about 7-8 nm
appeared when the irradiation dose increased to 210 and
480 KGy. The interface defect was beneficial to the increase
of the specific surface area. Moreover, interface defects
caused by larger dose of electron beam irradiation could

etch tiny holes on the surface of materials. It was conducive
to the adsorption capacity of materials and provided more
active sites when catalytic reactions occurred.

Thermal stability (20 mg sample) was one of indexes to
measure the stability of the photocatalysts. The atmosphere
of the test gas is nitrogen, and the heating rate of the test was
10°C/min. The detection range was from 25°C to 1,000°C.
The relevant results are shown in Fig. 6a. It can be seen that
the material had a rapid weightlessness with increasing
temperature before 100°C, which might be caused by the
partial removal of adsorbed water molecules. The thermal
weightlessness at the 100°C—400°C stage might be caused
by a small amount of ZrW,O,(OH),(H,0), produced in the
material synthesis process. At this stage, the material lost its
crystal water and disintegrated into ZrW,O,. Thereafter, the
mass of the material changed slightly, which was because
the lattice arrangement of the material gradually trans-
formed from orthogonal to tetragonal. In tetragonal system,
the bonding force between ZrO, octahedron and WO, tetra-
hedron of the material was small, and the coupling rotation
between the two polyhedrons was easy to occur. Another
severe weight loss at 850°C was caused by the decomposi-
tion of ZrW,0, into ZrO, and WO,, and WO, significantly
sublimated at this temperature. In general, there was less
crystallization water in the materials after electron beam
irradiation, and the interface defects generated by electron
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ZCW-480 (b4).

beam irradiation could not possess great impact on the
thermal stability of the material. The influence of electron
beam irradiation dose on the hydrophilic and hydrophobic
properties of the as-prepared photocatalyst was verified by
using contact angle tester, as shown in Fig. 6b. The contact
angles of the droplet experiments of ZCW, ZCW-90, ZCW-
210, and ZCW-480 were 47.9°, 46.6°, 34.3°, and 34.1°, respec-
tively, indicating that the surface roughness of the material
gradually increased with the increase of the radiation dose.

3.3. Photocatalytic properties of ZrW,0,/CAWO, decorated
with Zr, ., Cd W,0,

Specific photocatalytic experimental results are shown
in Fig. 7a. The higher the irradiation dose was, the better
the adsorption capacity of TC was carried out. The inter-
face defect was beneficial to the improvement of specific
surface area and the enhancement of adsorption capacity.
Comparing with ZW, ZCW with interface defects had better
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Fig. 7. Photocatalytic degradation of TC (a) and kinetic plot of different samples (b).

catalytic degradation ability to degrade TC. However, the
interface defects produced by excessive irradiation dose
were not conducive to the improvement of catalytic prop-
erties. Fig. 7b is the first-order kinetic equation fitting for
degradation rate, and the first-order reaction equation was
In(C,/C)) = kt. The larger k value represented the faster deg-
radation rate. The degradation capacity of ZrW,0,/CdWO,
heterojunction was twice that of ZrtW,O,, and the degrada-
tion capacity of the obtained photocatalysts with electron
beam irradiation dose of 210 KGy was nearly twice that of
untreated materials. Comparing with CdS/titano-oxo-cluster
nanocomposites which required complex synthesis methods
[42], the materials synthesized in this work can also achieve
70% of its high catalytic activity.

Exploring the cyclic stability of catalytic materials with
interface defects is quite important. The results are shown
in Table 1. The volume and concentration of waste liquids
in the cycle experiment stage were consistent with the first
experiment, and the catalyst was reused after centrifugation,
washing, and drying. The reference criterion for the digital
percentage was the first catalytic degradation efficiency.
Obviously, ZrW,0, showed poor cycle stability. Besides, the
photocatalyst with the radiation dose of 90 and 210 KGy
did not affect the stability of the material, and its catalytic
stability was similar to that of ZCW. However, when the
irradiation dose increased to 480 KGy, the cyclic stability
of the material got a decline. The electron beam irradiation
caused the material structure to be loose and easy to fall off
or disintegrate.

Band gap was an important index of the properties for
semiconductor materials. The ultraviolet diffuse reflection

Table 1

spectrum of the material at 200-800 nm was analyzed.
As shown in Fig. 8a, the optical response of the material
occurred within the absorption sideband range of 300-
450 nm. Fig. 8b is the material band gap data which is
obtained according to Tauc plot equation. It can be clearly
seen that the material treated by electron beam irradi-
ation had a smaller band gap, and the material treated
by 210 KGy irradiation dose had a significant reduction
from 2.84 to 2.35 eV. Electron hole pairs were more easily
used for catalytic degradation of materials after separa-
tion due to the shortened transport path of photogenic
carriers, and the utilization rate of photocatalytic materi-
als to photogenerated carriers was an index to measure
their catalytic ability. On this premise, the photolumines-
cence spectrum had been measured. The result is shown
in Fig. 8c. The lower the intensity signal is, the higher the
utilization of photogenerated carriers is. It was obviously
that the composition of ZrW,O, and CdWO, could effec-
tively improve the utilization of photogenerated carriers
than that of pure ZrW,0,. This meant that the recombi-
nation of electron-hole pairs was inhibited owing to the
participation of interface defect in the catalytic process.
When the irradiation dose increased to 480 KGy, the PL
strength of the material showed an increasing trend, indi-
cating that excessive interfacial defect inhibited the utili-
zation of photonic carriers. Interfacial defects might also
affect the photochemical properties of the materials, so
we characterized the transient photocurrent response and
electrochemical impedance of the products. As can be seen
from the electrochemical impedance diagram in Fig. 8d,
the Nyquist plot of ZCW-210 composite material was the

Catalytic capacity data of different samples (Pure ZrW,O,, ZCW, ZCW-90, ZCW-210, and ZCW-480) after different cycles

Cycle times samples 1 2 3 4 5

ZW 97.31% 95.12% 92.98% 91.06% 89.17%
ZCW 99.13% 98.32% 96.69% 94.27% 93.44%
ZCW-90 99.21% 98.26% 96.38% 95.00% 93.78%
ZCW-210 98.92% 97.94% 96.47% 93.88% 93.45%
ZCW-480 98.26% 96.33% 95.10% 93.41% 90.52%
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smallest compared with ZrW,0,/CdWO, and other dose-
treated samples. The above test results indicated that the
reconstruction of material heterojunction caused by inter-
face defect could improve the efficiency of charge trans-
port and reduce the recombination rate of carriers.

3.4. Study on degradation of tetracycline

Finding the catalytic active groups involved in the
reactionprocessisimportant. Beforethe photocatalyticexper-
iment, triethanolamine (TEOA), 1,4-benzoquinone (BQ),
and isopropanol (IPA) had been added into the reaction
system as the scavenger for hole (h'), superoxide radical
(‘O;) and hydroxyl radical (*OH), respectively [43,44].
The other conditions remained unchanged, and the con-
centration of waste liquid obtained after the same time will
be measured. The additional scavenger of TEOA and IPA
reduced the degradation efficiency to 37.84% and 32.16%,
respectively. This proved that both h* and *OH played key
roles in catalytic reactions. The addition of BQ dramati-
cally reduced the degradation efficiency of materials to
27.36%, which proved that *Oj; also played a crucial role
in the oxidation process of TC. In order to further confirm
this point, the experiment of oxygen removal was also car-
ried out, that is, nitrogen was injected into the solution.
The results showed that the entry of N, greatly hindered
the removal of TC, and the removal rate of TC decreased

from 96.21% to 57.67%, this proved that the dissolved oxy-
gen in water can combine with photogenic electrons to pro-
duce *O; free radical and then degrade TC [45]. The high
content of dissolved oxygen in water was conducive to the
catalytic degradation of materials. The above experimen-
tal results showed that the three catalytic active groups
were involved in the catalytic reaction, so we carried out
a further analysis of them. h* spin capture occurred in the
1% phosphate buffer solution containing 2,2,6,6-tetrameth-
ylpiperidine (TEMPO) spin capture reagent. The capture
of DMPO-*O; occurred in methanol solution, while the
capture of DMPO-'OH occurred in aqueous solution. Their
ESR data are shown in Figs. 9b—d, respectively. It was note-
worthy that holes had strong model peaks under dark
conditions, but when the illumination time was 5 min, its
signal peak decreased rapidly. This indicated that the holes
(h*) were effectively utilized in the catalytic process, which
suggested that the holes were the important catalytic active
group in the catalytic process. For DMPO-*0;, there was
no obvious characteristic peak in dark condition. After
5 min of light, several strong characteristic peaks appeared,
which validated that *O; was largely involved in catalytic
reactions. Besides, the results of DMPO-*OH were similar
to the DMPO-*O;. There was no clear signal in the dark, but
a high signal peak appeared after 5 min of light. The three
sets of data indicated that all the three active substances
participated in the photocatalytic reaction process of the
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Fig. 9. Comparison of effects of different scavengers on catalytic degradation of materials under illumination (a) and ESR spectra
of the ZCW-210 catalytic active groups at darkness and illumination for 5 min: TEMPO-h* (b), DMPO-"0; (c), and DMPO-"OH (d).

material and played a role in the degradation of tetracy-
cline. Combined with other characterization results, the
imperfection of the interface caused by electron beam irra-
diation was beneficial to the production of catalytic active
substances at the catalytic interface. Due to the formation
of solid solution heterojunctions, the conduction of active
electrons was more efficient, and the recombination of elec-
tron hole pair was strongly inhibited [46]. Herein, through
comparison of research by Chen et al. [47] the materials
synthesized in this experiment have significantly improved
the catalytic activity of h* and *OH in the catalytic process
of tetracycline. This made the experimental material at the
same catalyst dosage and the same tetracycline concentra-
tion, was more than twice its catalytic capacity.

Based on the analysis of known data and relevant liter-
atures, we speculated that ZrW,0,/CdWQO, heterojunction
materials generated electrons and holes in the light exci-
tation (e.1). Among them, h* took the lead in the degrada-
tion of tetracycline, and a demethylation process occurred
in tetracycline (e.2) [42]. As the catalytic process progresses,
the electrons combined with dissolved oxygen in the water
to form *O; (e.3), Meanwhile, h* reacted with water at the
catalytic interface of the material to form hydroxyl radical
("OH) and free H* (e.4). Subsequently, the generated h*, *O;,
*OH gradually degraded ‘TC, *CH, into small molecules of
CO, and H,O in the catalytic system (e.5). Since the diversity

of active substances in catalytic materials, and the generated
*TC was easy to combine with °*O; for oxidation reaction.
These may be the reason why the material can degrade
tetracycline efficiently [48,49]. The simulation of the entire
catalytic process is shown in Fig. 10.

ZrW,0,/CdWO, + hv —» e"+h* (1)
TC+h*— ‘"TC+*CH, )
O,+e =0, 3)
H,O+h"— *OH +H* 4)
e, h', 'Oy, *OH + *'TC, *CH, -» CO,, H,0 5)

4. Conclusion

In order to find a kind of material with superior pho-
tocatalytic activity for degradation of tetracycline under
visible light, several electron beam irradiation doses were
selected to control the interface defects onto CdWO,/
ZrW,0,, and realize the reverse growth of Zr, ,  Cd W,0,
at the interface of ZrW,O,/CdWQO, nanotube. Intuitively,
the micro-morphology of the material has changed, and
the lattice of the material tended to disorder due to a large
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Fig. 10. Diagram of the material degradation process.

degree of interfacial defect. Changes in XPS bandgaps of
Zr, Cd, W, and O indicated the transformation of ZrW,O,/
CdWO, to substitution solid solution of Zr, ,. Cd W,O,. The
catalytic performance for ZrW,0,/CdWO, decorated with
Zr, ,5,.Cd W,O, has been dramatically improved compared
with ZrW, 0O, alone. Degradation time of a certain amount
of tetracycline by the as-prepared materials treated with
210 KGy irradiation dose was reduced from 120 to 75 min.
Energy band gap of the photocatalyst decreased from 2.86
to 2.35 eV, which meant a better utilization of visible light.
Electron beam irradiation promoted the formation of hetero-
junctions and fabricated interface defects, resulting in that
the recombination of electron hole pairs in the catalytic pro-
cess was inhibited. From the results of photocatalysis, the
chaotic lattice might cause excessive conduction “paths” and
affect the conduction of electrons. Due to the participation of
h*, *O;, *OH, tetracycline was high-selectivity degraded by
ZrW,O,/CdWO, decorated with Zr, ;. Cd W,0,.
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