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AbstractTiO2 is an important material for photocatalytic oxidation to degrade organic pollutants, but its utilization
under visible light is low, recovery is difficult, and stability is poor. We prepared ZrO2-TiO2/CoFe2O4 (Zr-Ti/Co) photo-
catalyst with hollow core-shell structure by sol-gel method and layer-by-layer self-assembly method with tetrabutyl tita-
nate and Zirconium n-butoxide as main raw materials. The samples were characterized and analyzed by X-ray
diffraction (XRD), transmission electron microscopy (TEM), solid ultraviolet visible diffuse reflection (UV-Vis DRS),
fluorescence (FL), ultraviolet visible absorption (UV), vibrating sample magnetometer (VSM). It is concluded that the
TiO2 maintains a good anatase phase structure in the Zr-Ti-Co photocatalyst. Under UV light and sunlight, the degra-
dation rate of the photocatalyst reached 96.1% and 99.7% for 60 min, respectively, for Rhodamine B (10 mg/L) reac-
tion system. And after repeated use for five times, it still showed better regeneration and reuse.
Keywords: Photocatalytic Performance, ZrO2-TiO2/CoFe2O4 Photocatalyst, Sunlight, Regeneration and Reuse

INTRODUCTION

For the problem of environmental pollution, how to quickly and
easily control a variety of organic pollutants and conform to the
concept of green sustainable development has become an area that
people are constantly exploring [1,2]. Photocatalytic oxidation tech-
nology [3,4] has great application potential in wastewater treatment.
The most common semiconductor catalytic material is TiO2, which
has attracted extensive attention for its good photocatalytic perfor-
mance. Although TiO2 nanomaterials have the advantages of high
specific surface area, non-selective degradation, are available at room
temperature and pressure, non-toxic, with chemical and biological
inertness, high photochemical stability and low price [5-7]. However,
the forbidden band width of anatase TiO2 is 3.20 eV, so its solar
utilization is limited [8]. The difficulty of separation from the reaction
system limits the industrial development in photocatalysis [9,10].

The radius of titanium ions and zirconium ions is 60.5 pm and
72 pm, respectively. Because of their small difference in ionic radius,
zirconium-modified titanium dioxide can be used to induce nano-
TiO2 lattice distortion to form an electron trap, thereby achieving
the purpose of separating electron holes [11-13]. Moreover, since
TiO2 (3.2 eV) has a narrower band gap than ZrO2 (5 eV), and the
conduction band position of TiO2 is higher than that of ZrO2, photo-
induced conduction band electrons can be injected into the ZrO2

conduction band to generate effective electron holes [14-16]. There-
fore, the ZrO2 doped modified TiO2 can increase the quantum effi-
ciency and improve the photocatalytic efficiency of the TiO2 [17-20].

CoFe2O4 has high magnetocrystalline anisotropy, high coercive

force and magnetic saturation strength, and stable chemical prop-
erties [21,22]. The magnetic photocatalyst can be prepared by using
CoFe2O4 as the magnetic core to improve the magnetic recyclabil-
ity of the photocatalyst. Gao [23] showed that the removal rate of
Cr (VI) by CoFe2O4/TiO2 was 13% lower than that of TiO2 after
180 min. Because of the strong absorbance and darkening of the
magnetic core in the visible light region and the ultraviolet light
region, the defect of the light transmittance of the system is deteri-
orated [24], which tends to cause a decrease in photocatalytic activ-
ity. Laohhasurayotin [25] research shows that the 20 nm SiO2

interlayer can effectively inhibit the electron transfer induced by
TiO2 and Mn-Zn ferrite to maintain the photoactivity of the cata-
lyst. Yang [26] research showed that the TSC sample showed the
best photocatalytic activity when the Si/Co molar ratio was 28.
Because coating the SiO2 inert isolation layer on the magnetic core
can avoid an electron reaction, photolysis reaction, and absorption
of the magnetic core, and prevent the magnetic core from being
oxidized during the heat treatment [27,28]. The magnetic suspen-
sion-loaded photocatalyst has the characteristics of high specific
surface area and high mass transfer efficiency of the suspension
phase photocatalyst, and it can be recovered and reused by using the
magnetic property, which overcomes the shortcoming of the recov-
ery of the suspended TiO2 powder [29-32].

If the SiO2 coating of the composite material is etched, it is pos-
sible to prepare a composite material having a hollow structure,
which can increase the specific surface area of the photocatalyst
and prevent photolysis of the magnetic core. Therefore, the photo-
catalytic performance and the reusability of photocatalyst can be
further improved. In this study, a new photocatalyst Zr-Ti/Co (SiO2

etched) was prepared by sol-gel method and layer self-assembly
method, using tetrabutyl titanate, zirconium n-butoxide as the main
raw material. The photocatalytic properties of photocatalyst were
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studied under ultraviolet light and sunlight.

EXPERIMENTAL

1. Chemicals
Tetrabutyl titanate, tetraethyl orthosilicate, cobalt nitrate (analyt-

ical grade, Sinopharm Chemical Reagent Co., Ltd.); zirconium n-
butoxide (analytical grade, Kunming Yinlong Chemical Co., Ltd.);
ferric nitrate (analytical grade, Tianjin Fuchen Chemical Reagent
Factory); citric acid, glacial acetic acid, sodium hydroxide (analyti-
cally pure, Da Mao Chemical Reagent Co., Ltd.); ahydrous ethanol
(analytically pure, Sailboat Chemical Reagent Co., Ltd.); rhodamine B
(analytical grade, Beijing Chemical Plant); the above reagents were
not treated before use.
2. Preparation

Preparation of TiO2 photocatalyst. First, 10.0 ml of tetrabutyl
titanate was slowly added to 30.0 ml of absolute ethanol, and ultra-
sonically mixed to form a yellow clear solution A. Solution B was
mixed by deionized water 10.0 ml, glacial acetic acid 15.0 ml and
anhydrous ethanol 10.0 ml. Solution A was vigorously stirred in
25 oC constant temperature water bath, then solution B was added
dropwise to solution A until it was added dropwise completed, and
the mixture was stirred until the sol state. After aging for 24 h at
room temperature, it was dried in a constant temperature oven at
60 oC for 12 h, calcined at 600 oC for 2 h, and naturally cooled to
room temperature. After grinding for half an hour, a pure TiO2 pho-
tocatalyst was obtained. The Zr-Ti photocatalyst was synthesized in
the same manner by adding n-butoxyzirconium (mZrO2 :mTiO2=1 :14)
to form the solution A.

Preparation of Zr-Ti/Si/Co photocatalyst. Spinel cobalt ferrite
CoFe2O4 was synthesized by sol-gel self-propagating combustion
method. The 0.05 g CoFe2O4 powder was dispersed in a mixed
solution of 100ml of absolute ethanol, 25ml of deionized water and
3.5 ml of ammonia water and stirred by supersonic for 10 min. It
was vigorously stirred in 45 oC constant temperature water bath, and
0.4 ml of tetraethyl silicate solution (Si : Co molar ratio of 28 : 1)
[26] was slowly added dropwise. After stirring for 24 h, it was
washed alternately with absolute ethanol and deionized water. The
SiO2/CoFe2O4 (Si/Co) composite material was obtained by drying.
The 0.45 g Si/Co composite was dispersed in 150 ml of Zirconium
n-butoxide anhydrous ethanol solution (mZrO2 : mTiO2=1 : 14). It was
vigorously stirred in 45 oC constant temperature water bath, and
4.0 ml of concentrated ammonia water and 6.0 ml of tetrabutyl
titanate (Ti :Co molar ratio 50 :1) was slowly added dropwise. After
stirring for 24 h, it was dried, calcined, and ground. Then the Zr-
Ti/Si/Co photocatalyst was obtained.

Preparation of Zr-Ti/Co photocatalyst. The 1.0 g Zr-Ti/Si/Co
composite was dispersed in 100 ml 0.5 mol/L NaOH solution [33].
It was stirred in 80 oC constant temperature water bath for 4 h.
Then it was centrifuged, washed, dried at 60 oC for 12 h, calcined
at 600 oC for 2 h, natural cooled to room temperature and ground
0.5 h. Then the Zr-Ti/Co photocatalyst was obtained.
3. Photocatalytic Experiments

On the basis of experiments and correlated references, 50.0 mg
photocatalyst was added to 50.0 ml 10.0 mg/L rhodamine B solu-
tion in a beaker. When the mixed solution achieved adsorption equi-

librium by ultrasonic for 30 min, it was poured into an ultraviolet
light reactor, which was 15 cm distant from the mercury lamp. A
sample of 3.0 ml was sampled in a centrifuge tube at intervals of
15 min or 10 min. After centrifugation, its clear liquid was taken.
The absorbance of the clear liquid was measured by an ultraviolet-
visible spectrophotometer at 554 nm. At last a degradation curve
was drawn.

The photocatalytic reaction was carried out in the same way under
sunlight (sunlight at noon in mid-May, Taiyuan, Shanxi Province,
China, temperature was about 25 oC), and a degradation curve was
drawn.
4. Characterization

The crystal structure of the prepared sample was analyzed by
Cu-Ka radiation by an X-ray diffractometer (XRD, D/max-ray, Nip-
pon Science). The morphology was measured by a transmission
electron microscope (TEM, JEM-1011, JEOL Ltd.). The photolu-
minescence spectrum was measured using a fluorescence spec-
trometer (FL, F-2700, Hitachi High-Tech Co., Ltd.). The chemical
bonding state was evaluated by Fourier transform infrared spec-
troscopy (FTIR, FI-IR 4800F, Shimadzu Corporation, Japan). The
magnetic properties of the samples were obtained using a multi-
vibration sample magnetometer (VSM, VSM-7307, Lake Shore).
The ultraviolet visible diffuse reflectance spectrum was measured
using an ultraviolet-visible diffuse reflectometer (UV-vis, UV-2600,
Shimadzu Corp., Japan). The absorption spectrum curve was meas-
ured using an ultraviolet-visible spectrophotometer (UV, UV-2300,
Shanghai Tianmei Instrument Co., Ltd.). The photocatalyst degra-
dation diagram was measured using a photoreactor, which was
self-made and consisted of three 15 W mercury lamps placed in
parallel.

RESULTS AND DISCUSSION

1. XRD Characterization
Fig. 1 is an XRD pattern of samples. From the XRD pattern of pure

TiO2 in Fig. 1(a), it can be seen that the 2 values are 25.23o(101),
37.72o(004), 48.08o(200), 54.03o(105), 54.98o(211), 62.66o(204),

Fig. 1. XRD pattern of samples ((a) TiO2; (b) Zr-Ti; (c) Zr-Ti/Si/Co;
(d) Zr-Ti/Co).
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68.80o(116), 70.34o(220), 75.14o(215), which coincide with the ana-
tase TiO2 (JCPDS, No. 21-1272) diffraction peak, and it can be seen
that the characteristic absorption peaks appearing at 2 values of
27.45o(110), 41.25o(111), and 43.95o(210) are consistent with rutile
TiO2 (JCPDS, No. 21-1276) diffraction peak. The peak is narrow
and the intensity is high, indicating that the degree of crystalliza-
tion is good. From the XRD pattern of Zr-Ti in Fig. 1(b), one does
not observe the obvious ZrO2 diffraction peak, indicating that the
Zr4+ doping enters the TiO2 lattice and occupies the position of
Ti4+, so it does not form a stable crystal form [34]. And it does not
appear the absorption peak of rutile TiO2, because the crystal trans-
formation of TiO2 is inhibited by Zr4+. From the XRD pattern of
Zr-Ti/Si/Co in Fig. 1(c), it can be seen that the characteristic absorp-
tion peaks appearing at 2 values of 26.78o(642) and 35.60o(311)
are consistent with the diffraction peaks of SiO2 and CoFe2O4, respec-
tively. But their strength is weak because the surface is covered
with Zr-Ti outer layer, indicating that the effect of coating is good.
From the XRD pattern of Zr-Ti/Co in Fig. 1(d), it can be seen that
it is substantially similar to the peak shape of Fig. 1(c), except that
it does not observe the diffraction peak of SiO2. It is indicated that
the SiO2 is successfully removed by washing after being etched.
2. TEM Analysis

Fig. 2 is a TEM image of a photocatalyst. From Fig. 2(a), it can
be seen that the TiO2 nanoparticles are spherical and uniform dis-

tribution of particle size (average diameter 5-8 nm). As can be seen
from Fig. 2(b), the Zr-Ti photocatalyst exhibits a ball shape with a
particle size of about 10 nm, which is a little increased compared
with TiO2. Since the Zr4+ occupies the position of Ti4+, and the ion
radius of Zr4+ (72 pm) is larger than that of Ti4+ (60.5 pm). From
Fig. 2(c), it can be seen that the darker color is CoFe2O4 nanopar-
ticles, and a lighter SiO2 coating layer can be found around it, and
the outermost color is the TiO2 coating layer. It indicates that the
Zr-Ti/Si/Co core-shell nanoparticles were successfully obtained.
This is based on CoFe2O4, SiO2 is the protective layer, and TiO2 is
the shell. From Fig. 2(d), the lighter SiO2 coating layer coated on
the CoFe2O4 nanoparticles disappears. It forms a void layer with
the outer layer of TiO2 coating, indicating that the Zr-Ti/Co hol-
low core-shell nanoparticles are successfully obtained. It is based
on CoFe2O4 as a magnetic core, hollow as a protective layer and
TiO2 as a shell. Since the SiO2 layer is etched, the mass ratio of TiO2

is increased at a unit mass, and the hollow structure can prevent
photolysis of the core of CoFe2O4. So the hollow structure can play
a protective role and reduce the electron hole recombination rate
[27,28]. Therefore, the photocatalytic performance is better improved.
3. FTIR Spectroscopy

Fig. 3 is an infrared spectrum diagram of samples ((a) and (b)
are Zr-Ti/Si/Co, Zr-Ti/Co, respectively). As shown in Fig. 3(a), the
Zr-Ti/Si/Co photocatalyst exhibited stretching vibration of Si-O

Fig. 2. TEM image of samples ((a) TiO2; (b) Zr-Ti/Si; (c) Zr-Ti/Si/Co; (d) Zr-Ti/Co).
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bonds at 1,110 cm1 and the stretching vibration of the H-O bonds
at 1,627 cm1. After treatment with sodium hydroxide solution, the
stretching vibration of the H-O bond occurred in the Zr-Ti/Co
photocatalyst spectrum, but the stretching vibration of the Si-O
bond did not occur as Fig. 3(b). It is indicated that the SiO2 in the
Zr-Ti/Si/Co photocatalyst reacted with the sodium hydroxide solu-
tion and generated sodium silicate solution, and the sodium silicate
was successfully removed after the subsequent centrifugal washing.
4. VSM Analysis

The VSM curves of samples are shown in Fig. 4 and the mag-
netic parameters are listed in Table 1. From Table 1, it can be seen

that the Si-Co photocatalyst has the highest magnetism, because
the CoFe2O4, SiO2 and TiO2 are magnetic core, protective layer, and
shell respectively, but TiO2 and SiO2 are non-magnetic substances
[35]. The magnetism of the photocatalysts decreased with the in-
crease as the volume of the coating. The magnetism of Zr-Ti/Co is
slightly higher than that of the Zr-Ti/Si/Co photocatalyst, because
the SiO2 layer is etched. Above all, despite the decrease of magne-
tism compared to Si/Co, the Zr-Ti/Si/Co and Zr-Ti/Co photocata-
lysts can still be efficiently separated using an external magnet, which
can be seen from Fig. 4 inset. The results of the VSM proved once
more that the Zr-Ti/Co hollow core-shell nanoparticles are success-
fully obtained and have magnetic recyclable property.
5. Fluorescence Spectrum

Fig. 5 shows the photoluminescence spectra of samples, which
the emission wavelength is 290 nm. TiO2 shows absorption peaks
at wavelengths of 400.0 nm, 445.0 nm, and 467.0 nm, respectively.
And other samples have absorption peaks at similar positions, but
the fluorescence intensity of the emission peaks is different. From
the Fig. 5, the fluorescence intensity of the TiO2, Zr-Ti, Zr-Ti/Si/Co
and Zr-Ti/Co photocatalysts is sequentially decreased. The genera-
tion of the fluorescence spectrum is mainly derived from the recom-
bination of photogenerated electron-hole pairs. When the recom-
bination rate of photogenerated electron-hole pairs is lower, the
fluorescence intensity is smaller. Due to the doping of the Zr ele-
ment, a new Zr4+ ion is introduced into the TiO2 lattice. There-
fore, a defect is formed on the surface of the TiO2 lattice, which
can trap photogenerated electrons as a trap and improve the sepa-
ration efficiency of the photogenerated carriers, so the fluorescence
intensity is lowered [36-38]. Although CoFe2O4 is introduced in
order to increase the recovery rate of the photocatalyst, it has a
photolysis effect. The fluorescence intensity of Zr-Ti/Si/Co photo-
catalyst is further reduced, indicating that the SiO2 protective layer
not only prevents the negative influence of CoFe2O4 on photocata-
lytic performance, but also synergizes with TiO2 to reduce the photo-
electron-hole pair recombination. After the introduction and etch-
ing of the SiO2 layer in the Zr-Ti/Co photocatalyst, the defects of
the TiO2 lattice are further increased. Therefore, the holes and
electrons are effectively separated, and the recombination time is

Fig. 3. FTIR spectrum of samples ((a) Zr-Ti/Si/Co; (b) Zr-Ti/Co).

Fig. 4. VSM curve of samples ((a) Si-Co; (b) Zr-Ti/Si/Co; (c) Zr-Ti/
Co).

Table 1. Magnetic parameters
Parameters

Samples
Hc/Oe Ms/emu·g1 Mr/emu·g1

Si-Co 1656.12 8.03487 4.12354
Zr-Ti/Si/Co 1175.86 1.91463 0.90893
Zr-Ti/Co 1302.78 2.34320 1.08616

Fig. 5. Fluorescence spectrum of samples ((a) TiO2; (b) Zr-Ti; (c)
Zr-Ti/Si/Co; (d) Zr-Ti/Co).
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TiO2 photocatalyst is in the ultraviolet region of less than 400 nm.
However, the wavelength responses of the modified Zr-Ti, Zr-Ti/
Si/Co and Zr-Ti/Co photocatalysts are all red shifted to the visible
region, which increases the absorption and utilization of visible
light by the photocatalyst [39]. Fig. 6(B) shows the UV-visible dif-
fuse reflection (h)1/2~Eg transformation of samples. As can be

prolonged to cause a decrease in fluorescence intensity, but also
the fluorescence intensity of TiO2, Zr-Ti, Zr-Ti/Si/Co, and Zr-Ti/
Co composites is consistent with the photocatalytic activity.
6. UV-visible Diffuse Reflectance Spectroscopy

Fig. 6(A) shows the UV-visible diffuse reflectance spectrum of
the sample. It can be found that the wavelength response of the

Fig. 6. (A) UV-visible diffuse reflectance spectrum; (B) the UV-visible diffuse reflection (h)1/2~Eg transformation of samples ((a) TiO2; (b)
Zr-Ti; (c) Zr-Ti/Si/Co; (d) Zr-Ti/Co).

Fig. 7. Photocatalyst degradation diagram and kinetic diagram ((a) Degradation under ultraviolet light; (b) kinetic diagram under ultravio-
let light; (c) degradation under sunlight; (d) kinetic diagram under sunlight).
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the kinetics of photocatalyst under sunlight and and the primary
kinetic parameters are listed in Table 2. The kinetics of photocata-
lytic degradation of rhodamine B is in accordance with the Lang-
muir-Hinshelwood (L-H) kinetic model [42]. The fitting R of each
photocatalyst is kept at around 0.99. The k values of the TiO2, Zr-
Ti, Zr-Ti/Si/Co, and Zr-Ti/Co photocatalysts are 0.00796, 0.03774,
0.05053, and 0.08101, respectively. The results show that the deg-
radation rate of Zr-Ti/Co photocatalyst is about 10.2, 2.1 and 1.6-
times higher than that of TiO2, Zr-Ti and Zr-Ti/Si/Co photocata-
lysts under sunlight. Therefore, the order of the catalytic ability of
each photocatalyst under sunlight is Zr-Ti/Co>Zr-Ti/Si/Co>Zr-
Ti>TiO2, which is consistent with the catalysis under ultraviolet
light.
8. Renewability and Reusability Study

After completing a photocatalytic experiment, the Zr-Ti/Co pho-
tocatalyst was recovered by a magnet, washed three times with
deionized water, and dried at 60 oC. The results of the photocata-
lytic experiment under ultraviolet light irradiation are repeated as
shown in Fig. 8(a). The figure shows that the degradation rates of
Zr-Ti/Co photocatalyst in the five replicate experiments are 98.12%,
96.99%, 95.61%, 94.67%, and 94.05%, respectively. Fig. 8(b) shows
the kinetics of photocatalyst under ultraviolet light irradiation. The
kinetics of photocatalytic degradation of rhodamine B is in accor-

seen, the value of the intersection of the straight line extrapolation
and the abscissa according to the (h)1/2~Eg transformation dia-
gram is the forbidden band width value of each photocatalyst. It
can be concluded that the forbidden bands of TiO2, Zr-Ti, Zr-Ti/
Si/Co, and Zr-Ti/Co photocatalysts are 3.00 eV, 2.77 eV, 2.54 eV,
and 2.30 eV, respectively. The smaller the forbidden band width,
the smaller the energy required to generate free electrons and free
holes after the valence electrons transition to the conduction band
[40,41]. Moreover, the smaller band gap indicates that the photo-
catalyst is exhibiting a red shift, and the utilization of visible light is
increased, which enhances the photocatalytic effect of the photo-
catalyst under visible light. Compared with TiO2, the absorption
wavelength range of other photocatalysts increases and shifts to the
visible light region. The absorption wavelength of Zr-Ti/Co photo-
catalyst is the largest, so its photocatalytic performance under sun-
light is excellent.
7. Photocatalytic Performance

Fig. 7(a) is a degradation curve of TiO2, Zr-Ti, Zr-Ti/Si/Co, and
Zr-Ti/Co photocatalysts under ultraviolet light irradiation. At 30
min, the photocatalyst degradation rates are 56.45%, 71.96%, 76.46%
and 82.71%, respectively. At 60 min, the photocatalyst degrada-
tion rates are 89.00%, 93.66%, 96.06%, and 98.12%, respectively.
Fig. 7(b) is a kinetic diagram of a photocatalyst under ultraviolet
light irradiation and the primary kinetic parameters are listed in
Table 2. The kinetics of photocatalytic degradation of rhodamine
B accords with the Langmuir-Hinshelwood (L-H) kinetic model
[42]. The fitting R of each photocatalyst is kept at about 0.99, indi-
cating that the photocatalytic reaction occurs on the surface of the
material, so the photocatalyst can be regenerated. It is possible to
degrade the contaminants again. The k value can evaluate the cat-
alytic ability of the photocatalyst, so the larger the k value, the bet-
ter the photocatalytic effect. The k values of the TiO2, Zr-Ti, Zr-Ti/
Si/Co, and Zr-Ti/Co photocatalysts are 0.03984, 0.04811, 0.05336,
and 0.06581, respectively. The results show that Zr4+ doped TiO2

can effectively improve the photocatalytic effect; SiO2 (Si :Co molar
ratio of 28 : 1) is coated on CoFe2O4, which can effectively inhibit
the photolysis of TiO2 coated by magnetic core. And it can effec-
tively improve the photocatalytic effect. Therefore, the order of the
catalytic ability of each photocatalyst under ultraviolet light is: Zr-
Ti/Co>Zr-Ti/Si/Co>Zr-Ti>TiO2.

Fig. 7(c) shows the degradation curves of TiO2, Zr-Ti, Zr-Ti/Si/
Co, and Zr-Ti/Co photocatalysts under sunlight. At 60 min, the
photocatalyst degradation rates are 32.28%, 84.29%, 93.83%, and
99.23%, respectively. At 120 min, the photocatalyst degradation rates
are 60.28%, 98.70%, 100%, and 100%, respectively. Fig. 7(d) shows

Table 2. Photocatalyst degradation kinetic parameters
TiO2 Zr-Ti Zr-Ti/Si/Co Zr-Ti/Co

UV
light

k 0.03984 0.04811 0.05336 0.06581
b 0.20140 0.09310 0.11840 0.14930
R 0.99270 0.99090 0.99530 0.98850

Sun
light

k 0.00796 0.03774 0.05053 0.08101
b 0.06350 0.23800 0.13820 0.10010
R 0.98640 0.99000 0.99090 0.99550

Fig. 8. Zr-Ti/Co photocatalyst repeated degradation curve and kinetic
diagram.
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dance with the Langmuir-Hinshelwood (L-H) kinetic model [42].
The fitting R of each photocatalyst is kept at around 0.99. The
results show that the Zr-Ti/Co photocatalyst can be recovered, and
the photocatalytic effect of recycling five times is only slightly reduced.
This may be due to 1) the recovery of the photocatalyst by the
magnet cannot achieve 100% recovery; 2) Zr-Ti/Co photocatalyst
channel adsorption of a little rhodamine B is not cleaned [43]; 3)
The photocatalyst was not subjected to ultrasonication when it was
used again, resulting in agglomeration between the particles, so
the specific surface area decreased [44]. However, Zr-Ti/Co photo-
catalyst still has good recyclability. The photocatalyst can be recov-
ered in industrial process wastewater to prevent the photocatalyst
from being discharged into the environment as a secondary pol-
lutant, which reduces the cost of the photocatalyst.

SUMMARY

Zr-Ti/Co was successfully prepared by sol-gel method and layer
self-assembly method. XRD analysis confirmed the coexistence of
anatase TiO2 and spinel CoFe2O4 photocatalyst. Infrared spectros-
copy confirmed that the SiO2 component was successfully etched.
TEM studies showed that the Zr4+ doped TiO2 layer was depos-
ited on the Si/Co core, and the SiO2 layer was etched to form a
hollow structure. The VSM, FL and UV-Vis DRS showed that the
Zr-Ti/Co photocatalyst has magnetic property, the recombination
rate of photogenerated electron-hole pairs is lowest, and the
absorption wavelength is red shifted to the visible region, respec-
tively. Photocatalytic experiments showed that the degradation rate
of Zr-Ti/Co photocatalyst under UV lamp and sunlight is 98.12%
and 99.23% for 60 min, and it can still show better regeneration
and reuse after repeated use for five times.
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