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Abstract: Effects of direct reduction time of vanadium titanomagnetite concentrate (VICE) on the
preparation and photocatalytic performance of calcium titanate were investigated in this study. It was
found that extending the reduction time could not only promote the formation of calcium titanate, but
also facilitate the reduction of iron minerals in the reduction products. The optimum reduction time
was 180min under the conditions of CaCO; dosage of 18wt%, reduction temperature of 1400°C and
lignite dosage of 70wt %. The reduced iron (Fe grade of 90.95wt%, Fe recovery of 92.21wt%) and calcium
titanate were obtained via grinding-magnetic separation. Moreover, calcium titanate prepared via the
direct reduction method could be used as a photocatalyst, where the degradation degree of methylene
blue increased from 25.13% to 60.14% with the addition of calcium titanate. Furthermore, Langmuir
Hinshelwood fitting results indicated that the degradation of methylene blue by the calcium titanate
prepared under different reduction times conformed to first-order reaction kinetics, where the
photocatalytic degradation rate of methylene blue was noted to be the highest for a reduction time of
180 min.

Keywords: vanadium titanomagnetite concentrate, calcium titanate, direction reduction, metallic iron,
photocatalytic performance

1. Introduction

Increasing attention is being paid to the degradation of pollutants by photocatalysts, which has become
a new method for solving environmental pollution problems (Singh and Borthakur, 2018; Ani et al.,
2018). Perovskite-type photocatalyst is widely used in producing hydrogen by photocatalytic
decomposition of water (Alsayegh et al., 2019; Sreethawong et al., 2009), degrading of organic dyes (Xiao
et al., 2008), and producing organic substances by photocatalytic reduction of CO; (Yue et al., 2019; Pan
et al., 2007) since its unique structures. As a typical perovskite structure, calcium titanate has a wide
application prospect in the fields of photoelectric sensing, catalysis, dielectric and optics, etc. (Li et al.,
2011; Deng, et al., 2020). The conventional methods for synthesizing calcium titanate mainly include
solid phase reaction, mechanical synthesis, the sol-gel process, and hydrothermal synthesis (Deng et al.,
2020; Lei et al., 2017; Zhang et al., 2012). Among them, the solid-state synthesis method has been widely
used in industrial production owing to its advantages of a high yield, a simple process, and mature
technology. Through this method, the calcium titanate can be prepared via a conventional solid-state
reaction between TiO; and CaCOs or CaO at a temperature of approximately 1400-1600°C (Zhao et al.,
2013; Palaniandy and Jamil, 2009). However, the particle sizes of the calcium titanate powder prepared
via this method vary widely, which is not conducive to applications. Additionally, the method requires
a high TiO, purity (Li et al.,, 2011). Hence, it is necessary to develop an environment-friendly and low-
cost alternative for the preparation of calcium titanate.

Vanadium titanomagnetite is an associated and coexisting mineral, that has a high comprehensive
utilization value because it contains various useful elements such as Fe, Ti, and V (Pan et al., 2017; Imtiaz
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et al, 2015; Li et al., 2019;). Vanadium titanomagnetite in Panxi Sichuan is a significant source of Fe and
Ti in China (Li et al., 2019). However, because of the high contents of Fe and Ti in the vanadium
titanomagnetite in Panxi, the traditional grinding method leads to approximately 53% of the Ti entering
into the Fe concentrate, and forms blast furnace slag containing 20%-25% Ti after blast furnace
ironmaking (Mao et al., 2013; Zhang et al., 2018). Numerous studies have focused on the process of “acid
(Li et al, 2016), alkali (Sun et al., 2015), high-temperature carbonization and low-temperature
chlorination (Yang et al., 2000)” to recycle titanium resources, but the utilization level of titanium
resources in Panxi remains lower. Direct reduction has become one of important processes for Fe-
making and Ti-recycling owing to certain advantages of simple operation, relatively short process and
low energy consumption (Zhang et al., 2017; Yu et al., 2015). Fe was preferentially reduced to metallic
iron, while Ti still existed in the form of oxides during the direct reduction process, which was
conducive to separating them via magnetic separation. Ti slag with a TiO; content of exceeding 40%
could be obtained after magnetic separation. Unfortunately, this Ti-slag is still not a raw material
qualified for use in the production of Ti-dioxide, because of its high impurity contents (Chen et al., 2014;
Man et al., 2014; Zhao et al., 2019; Yi et al., 2013). Thus, there are still many problems in separating iron
and titanium slag via the direct reduction process.

Recent studies (Chen et al., 2017; Li et al., 2020a; Li et al., 2020b) revealed that mixing VICE with
magnesium or calcium compound can reduce iron to metallic iron and transform titanium into
magnesium titanate or calcium titanate through the direct reduction of VTCE. If the preparation of
magnesium titanate or calcium titanate can be achieved while recovering iron via the reduction of
VTCE, this will not only shorten the preparation process of such titanium-containing nonmetal
materials, but also provide a new method for the efficient utilization of titanium resources in the Panxi
area. However, while ensuring the reduction effect of iron minerals, the foregoing studies focused only
on the effects of the calcium compounds, reduction temperature and reductant types on the formation
of calcium titanate. The properties and applications of calcium titanate prepared during the direct
reduction of VICE were not investigated. So this paper aims to further optimize the reduction
conditions and determine whether this calcium titanate can be used as a photocatalys, and the effect of
direct reduction time of VICE on the preparation and photocatalytic performance of calcium titanate
were also investigated.

2. Experimental
2.1. Materials

The vanadium titanomagnetite used in the test was obtained from Panxi, China, and was subjected to
low-intensity magnetic separation to obtain VICE. The results of chemical analysis are presented in
Table 1, indicating that the TFe and TiO, contents are 56.80wt% and 12.75wt%, respectively. Fig. 1 shows
the X-ray diffraction (XRD, Rigaku D/Max 2500, Japan) pattern of VICE, where Fe exists in the form of
magnetite (Fe3O4), Ti is mainly present in the form of ilmenite (FeTiOs).

The analytically pure CaCO; and methylene blue used in this study were sourced from Sinopharm
Chemical Reagent Co Ltd, China, where the colour index of methylene blue is C. 1. 52015.

The reductant used in this study was lignite with a particle size of less than 1 mm, in which the
contents of fixed carbon, ash, volatile matter and moisture were 42.39wt%, 9.46wt%, 32.43wt% and
15.72wt%, respectively.

Table 1. Chemical compositions of the VICE

Component TFe TiO, CaO MgO AlLOs SiO» V205 MnO
Content / wt% 56.80 12.75 0.57 244 3.6 221 0.56 0.32
2.2. Methods

The experiment methods mainly include mixing and pelletizing, reduction roasting and grinding-
magnetic separation, where the specific experiment process is shown as Fig. 2.
Mixing and pelletizing: 100g of VTCE was mixed with 18wt% CaCOs, and pellets with diameters
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Fig. 2. Reduction roasting and grinding-magnetic separation flow sheet

of approximately 10mm were produced by adding water. The pellets were dried at 100°C for 5h to obtain
green pellets.

Reduction roasting: First, 70wt% lignite together with three green pellets were placed in a graphite
crucible with a diameter of 50 mm and height of 70 mm. The green pellets were completely embedded
in the lignite to ensure enough reduction atmosphere. The purpose of using embedding method was to
prevent the ash in lignite entering the calcium titanate product. The graphite crucible was removed from
the furnace. After heating and maintaining for a certain time at 1400°C, the graphite crucible was taken
out from the furnace when the temperature had decreased to 60°C, and the reduction products were
obtained after the graphite crucible was cooled to room temperature in air.

2.3. Analytical techniques

The analytical techniques used in this study included metallization degree analysis, XRD and scanning
electron microscope energy dispersive spectrometer (SEM-EDS) analyses and photocatalytic
performance analysis.

2.3.1. Metallization degree analysis

The metallization degree of the reduction product was calculated using Eq. (1), in which, orr. is the
weight percent of total iron (TFe) in the reduction product, wt%; and ear. is that of metallic iron (MFe)
in the reduction product, wt%.

Dy, = wyg,/ wrg, X 100% @
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2.3.2. XRD and SEM-EDS analyses

A roast pellet was cut along the center line; one half of it was ground to -0.074mm of 80wt% to analyze
the changes of mineral composition by XRD (Rigaku D/Max 2500, Japan). The other half was used to
analyze the changes of microstructural and the distribution of Fe and Ti by SEM-EDS (CAMBRIDGES-
360, VO18, Carl Zeiss, Germany).

2.3.3. Photocatalytic analysis

Photocatalytic degradation of methylene blue as the target of calcium titanate was performed in a
photochemical reactor. A Hg lamp with a dominant wavelength of 365 nm and an ultraviolet light
intensity of 300W was set in the reactor. The Hg lamp was separated from the reaction liquid via a
quartz tube with cooling water circulation to maintain a temperature at about 25°C. Then, 3g/L calcium
titanate was added to 100mL of a methylene blue solution at a concentration of 10mg/L, the magnetic
stirrer was used to keep catalyst in suspension. It should be noted that the optimum dosage of calcium
titanate was 3g/L according to the previous test results of photocatalytic conditions, so in order to
ensure the uniqueness of the test variables, the calcium titanate dosage was still set as 3g/L in this study.
Before the photocatalytic reaction, the reaction solution was stirred for 30min in the dark to ensure the
reaction solution attained adsorption/desorption equilibrium. After the photocatalytic reaction, 10mL
of the supernatant was centrifuged every 0.5h to measure the absorbance by UV-Vis spectrophotometer
(UV-2800(A)), where the Amax for the concentration of methylene blue was 664nm. The absorbance
value was converted to the concentration according to the standard curve, and the degradation degree
of methylene blue was calculated using Ep. (2) to evaluate the photocatalytic activity of the calcium
titanate.

n= (a,—a;)/ayx 100% 2
where 7 is the degradation degree; a is the methylene blue concentration after reaching adsorption

equilibrium, which as the initial concentration of photocatalytic reaction; a; is the methylene blue
concentration at time t.

2.3.4. Kinetic analysis of photocatalytic reaction

According to the Langmuir Hinshelwood (LH) model, first-order reaction fitting was performed for the
photocatalytic degradation of methylene blue by calcium titanate at different reduction times. The effect
of the reduction time of VICE on the kinetics of photocatalytic degradation of the methylene blue by
calcium titanate was calculated.

3. Results and discussion
3.1. Effect of reduction time on calcium titanate formation in direct reduction of VT CE
3.1.1 Effect of reduction time on phase composition of reduction products

A previous study (Li et al., 2019a) revealed that the addition of 18wt% CaCOs to the direct reduction
of VICE can synchronously form calcium titanate while recovering iron. To further optimize the
reduction conditions and determine the optimal reduction time, an XRD analysis was performed on the
reduction products at various reduction times, and the results are shown in Fig. 3.

As shown in Fig. 3, the reduction time significantly affected the phase compositions of the reduction
products. When the reduction time was 60min, Fe of reduction products was mainly present in the form
of metallic Fe and ilmenite (FeTiOs). The Ti mainly existed in ilmenite and calcium titanate (CaTiOs).
According to the XRD analysis of the VICE in the materials, most of the Fe in the VTCE existed in the
form of magnetite (Fe3Oy), and a small amount existed as ilmenite (FeTiOs), Ti in VTCE existed mainly
in the form of ilmenite (FeTiO;). The results indicated that magnetite was completely reduced to metallic
Fe at 60min, while only a small amount of ilmenite in the reduction product reacted with CaCO; and
formed calcium titanate; most of the Ti still existed in the form of ilmenite. When the reduction time
was extended to 90min, the diffraction peaks of ilmenite in the reduction product disappeared,
indicating that extending the reduction time was beneficial for the formation of calcium titanate. Beca-
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Fig. 3. Effect of reduction time on phase compositions of reduction products

use of the diffraction peaks intensity of calcium titanate in the reduction product was still weaker, the
reduction time should be continued extension. When the reduction time was higher than 90min, the
phase compositions of the reduction product no longer changed, Fe and Ti were mainly present in the
form of metallic Fe and calcium titanate, respectively. Meanwhile, their diffraction peak intensities
gradually strengthened with the extension of the reduction time, and better formation was achieved at
180min. However, a further increase in the reduction time had little effect on the formation of calcium
titanate.

3.1.2. Effect of reduction time on metallization degree of reduction products

To ensure the comprehensive utilization of Ti and Fe resources in VTCE, the beneficial effect of iron
reduction should also be ensured during the investigation of the effect of the reduction time on the
preparation of calcium titanate in the reduction of VTCE with the addition of CaCOs. Thus, a chemical
analysis was performed on the reduction products at different reduction times. The result is shown in
Fig. 4.

As shown in Fig. 4, the metallization degree of the reduction product increased with the reduction
time. When the reduction time increased from 60 to 180min, the metallization degree of the reduction
products increased from 85.45wt% to 91.90wt%, 94.36wt%, 95.84wt% and 96.20wt%. Clearly, extending
the reduction time was conducive to increasing the metallization degree of the reduction product. And
these results indicate that the formation of calcium titanate has no adverse effect on the reduction of
iron minerals in VTCE. Although the metallization degree of the reduction product increased from
96.20wt% to 96.33wt% when the reduction time was extended to 210min, it changed little change
between 180min and 210min. The results indicate that the reduction effect of iron in reduction product
was better when the reduction time was 180min, and that the effect of extending the reduction time on
the metallization degree was not significant. This phenomenon was consistent with the XRD results.

3.1.3. Effect of reduction time on microstructure of reduction products

Considering the calcium titanate formation and the reduction product metallization degree, the
optimum reduction time was 180min. For an in-depth investigation of the generation and purity of
calcium titanate and metallic iron particles, SEM-EDS analysis was performed on the reduction product
with a condition of CaCO; dosage of 18wt%, a reduction temperature of 1400°C and a reduction time of
150min to 210min. The results were shown in Fig. 5.

Fig. 5 performed the SEM-EDS results for the reduction products at different reduction time.
According to the elements contents in Fig. 5(d), the lower brightness particles in the reduction products
were of calcium titanate with a uniform distribution, and the particle size was approximately 50pm. The
reduction time significantly affected the particle size of the calcium titanate. The calcium titanate
particle size in the reduction product increased from less than 10pm to more than 20pm when the
reduction time increased from 150 to 180min, indicating that the extension of the reduction time was
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Fig. 5. SEM-EDS analysis of reduction product under optimum roasting time

conducive to the growth of calcium titanate particles and the subsequent separation of calcium titanate
and metallic iron through grinding magnetic separation.

Similarly, according to the elements contents in Fig. 5(e), the brightest particles in the reduction
products were metallic iron. Clearly, the particle size of the metallic iron particles in the reduction
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product was above 50pm at different reduction time, which indicated that the extension of the reduction
time had little influence on the metallic iron particle size in the reduction product. However, there were
fine-grained materials distributed in the metallic iron particles in the reduction product when the
reduction time was 210min, which was not conducive to the subsequent recovery of iron. Therefore,
considering the calcium titanate and metallic iron formation, the optimal reduction time was 180 min.
Additionally, as indicated by the energy spectrum in Figs. 5(d) and 5(e), there were no impurity
elements other than the constituent elements in the metallic iron and calcium titanate particles in the
reduction products, suggesting that the purity of the calcium titanate and metallic iron particles was
higher at 180min.

In summary, extending the reduction time can not only promote the formation of calcium titanate,
but also facilitates the reduction of iron minerals in the reduction products. The optimum reduction
time was 180min under the conditions of CaCOj; dosage of 18wt %, reduction temperature of 1400°C and
lignite dosage of 70wt%. Where a better generation effect was achieved for both the calcium titanate
and metallic iron could be achieved.

3.2. Effect of reduction time on photocatalytic performance of calcium titanate prepared via the
direct reduction of VICE

Under the conditions of a CaCOs; dosage of 18wt % and a reduction temperature of 1400°C, the formation
of calcium titanate in the reduction products was improved when the reduction time was increased
from 150 to 210min. To determine whether the calcium titanate prepared in the reduction of VTCE could
be used as a photocatalyst, the photocatalytic properties of the calcium titanate prepared via this method
were systematically investigated.

3.2.1. Separation of calcium titanate and metallic iron

Before the effect of the reduction time on the calcium titanate photocatalysis was investigated, the
reduction products at different times were firstly separated via magnetic separation to obtain calcium
titanate and reduced iron. The results of reduced iron index were shown in Fig. 6. The conditions of the
grinding magnetic separation were as follows: the primary grinding time was 10min, the first magnetic
field intensity was 279kA /m, the secondary grinding time was 10min, and the secondary magnetic field
intensity was 127kA /m.

As shown in Figs. 6(a) and 6(b), with an increase in the reduction time, the Fe grade in the reduced
iron first increased and then decreased, the Fe recovery rate in the reduced iron gradually decreased.
Meanwhile, the TiO; content in the reduced iron first decreased and then increased. When the reduction
time was 150min, the Fe grade, Fe recovery rate and TiO. content in the reduced iron was 89.72wt%,
94.00wt% and 1.57wt%, respectively. When the reduction time was 180min, they were 90.95wt%,
92.21wt% and 0.95wt%, respectively. When the reduction time was 210min, they were 87.13wt%,
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Fig. 6. Reduced iron index at different reduction time
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90.58wt% and 1.65wt%, respectively. Clearly, the reduced iron obtained at 180min was a qualified iron
product as the Fe grade and recovery rate in the reduced iron were higher than 90wt%, and the TiO»
content was less than Twt%.

According to the above analysis results, the optimum reduction time was 180min under the
conditions of CaCO; dosage of 18wt%, reduction temperature of 1400°C and lignite dosage of 70wt%,
where the reduced iron with Fe grade of 90.95wt% and Fe recovery of 92.21wt% can be obtained by
grinding-magnetic separation. So, the XRD quantitative analysis was only carried out on calcium
titanate obtained under the reduction time of 180min, the results are shown in Table 2.

Table 2. XRD quantitative analysis of calcium titanate

Mineral name calcium titanate diopside Spinel Forsterite iron

Content / wit% 68 15 6 7 4

It can be found from Table 2 that the content of calcium titanate is the highest at 68wt %, followed by
diopside at 15wt%. The content of spinel and forsterite is 6wt% and 7wt% respectively, and the lowest
content of iron is 4wt%, which indicates that calcium titanate is the main phase composition in the non-
magnetic product after magnetic separation, but its purity is relatively lower, so further optimizing the
reduction conditions and conducting acid leaching test, etc. will be the focus in the future study.

3.2.2. Effect of reduction time on photocatalytic property of calcium titanate

According to the foregoing analysis results, a qualified iron product with an Fe grade of 94.84wt%, Fe
recovery rate of 89.98wt% and TiO, content of 0.82wt% was obtained through the grinding-magnetic
separation in the reduction of VTCE with the addition of CaCO:s. To further find out whether the calcium
titanate prepared during the direct reduction of VICE could be used as a photocatalyst, the
photocatalytic properties of this calcium titanate prepared at different reduction times were
investigated. The results were shown in Fig. 7.
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Fig. 7. Effect of reduction time on the degradation degree of methylene blue with or without calcium titanate

As shown in Fig. 7, the calcium titanate prepared in the reduction of VTCE with the addition of
CaCOs had the ability to degrade methylene blue. Without the addition of calcium titanate, the
degradation degree of methylene blue increased gradually with the extension of the UV irradiation
time, approaching an equilibrium after 3h of reaction and reaching to 25.13%. Clearly, the degradation
of methylene blue was poor without the photocatalyst under the UV irradiation conditions. After the
addition of the calcium titanate, the degradation degree of methylene blue was significantly increased,
confirming that the calcium titanate prepared during the direct reduction of VTCE had the ability to
degrade methylene blue under the UV irradiation, while its photocatalytic activity exhibited a
significant dependence on the reduction time changes. When the reduction time was 150min, the
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photocatalytic degradation degree of methylene blue by calcium titanate increased gradually with the
extension of UV irradiation time, approaching equilibrium after 3h of reaction and reaching to 52.68%.
When the reduction time was extended 180min and 210min, the photocatalytic degradation degree of
methylene blue by calcium titanate was 60.14% and 47.34%, respectively. The photocatalytic activity of
calcium titanate obtained after 180min of reduction was significantly better than that of the calcium
titanate obtained after 150 min and 210 min of reduction. Thus, considering of the effect of the reduction
time on the reduced iron index and calcium titanate photocatalytic performance, the optimum reduction
time was 180min.

It can be seen from the foregoing analyses that calcium titanate prepared in the direct reduction of
VTCE shows better photocatalytic performance. However, according to the relevant literatures (Han,
2010; Wang et al., 2018), it can be known that the photocatalytic degradation rate of methylene blue by
pure calcium titanate synthesized by solid-phase reaction can reach more than 75% under similar
conditions. Although the photocatalytic degradation rate of methylene blue by calcium titanate
obtained by the direct reduction method is relatively lower, the calcium titanate is obtained
simultaneously in the reduction of iron in VT'CE, which is conducive to the comprehensive recovery of
titanium and iron resources in VICE. In addition, in order to improve the photocatalytic activity of
calcium titanate prepared by direct reduction method, optimizing reduction conditions and separation
methods, and changing photocatalytic conditions (including calcium titanate dosage, methylene blue
concentration, and pH of reaction solution) will be the focus in the future research.

3.2.3. Effect of reduction time on the photocatalytic reaction kinetics of calcium titanate

The degradation kinetics of the photocatalytic reaction are usually described by the Langmuir
Hinshelwood model. According to the kinetic mechanism of Langmuir Hinshelwood, the reaction
solution conformed to the first-order reaction kinetics. Assumed that the photocatalytic degradation of
methylene blue by calcium titanate conformed to the first-order reaction kinetics, the rate equation was
expressed by Eq. (3), and the Eq. (4) was obtained after integration.

= ke, 3)

C,

n C—; = —kt (4)
where k was the first-order reaction rate constant, co was the methylene blue concentration after reaching
adsorption equilibrium, which as the initial concentration of photocatalytic reaction; c¢; was the
methylene blue concentration at time t. The photocatalytic degradation degree of methylene blue at
different reduction time was converted according to equation (3), and the kinetic characteristics of
photocatalytic degradation of methylene blue by calcium titanate at different reduction time were
studied by linear fitting with In (c,/c,) as the ordinate and time as the abscissa.

As shown in Fig. 8, the straight line fitted under different reduction time conditions indicated a linear
relationship. The correlation coefficient R, indicated that the fitting curves under the conditions of 150
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Fig. 8. Effect of reduction time on the photocatalytic degradation of methylene blue by calcium titanate
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Table 3. Kinetic fitting equations and related parameters of photocatalytic degradation reaction at different
reduction time

Time/h Dynamic equation k/h R? Tos/h
150min In (¢, /cy) =-0.2532¢-0.0127 0.2532 0.9962 2.7370
180min In (c;/c,) =-0.3073t-0.0123 0.3073 0.9984 2.2551
210min In (c;/cy) =-0.1995¢t-0.0545 0.1995 0.9796 3.4736

min, 180min and 210min exhibited better correlation, indicating that the photocatalytic degradation of
methylene blue by calcium titanate at different reduction times conformed to the first-order reaction
kinetics model. It can be seen from Table 3 that with an increase in the reduction time, the photocatalytic
degradation rate of methylene blue by calcium titanate first increased and then decreased, and the
optimum effect was obtained when the reduction time was 180min.The results of SEM-EDS and
grinding-magnetic separation revealed that at reduction times of 150min and 210min, the calcium
titanate particles were too fine to be well separated with metallic iron, which reduced the contact area
between the calcium titanate particles and the methylene blue, and reduced the adsorption capacity of
the calcium titanate on methylene blue. Additionally, the numbers of electron hole pairs on the surfaces
of calcium titanate particles and hydroxyl radicals with strong oxidation were reduced, which may be
the reason for the poor degradation of methylene blue by calcium titanate under this condition. The
mechanism of the photocatalytic degradation of methylene blue by calcium titanate prepared via the
direct reduction method will be further investigated in future research.

4. Conclusions

Effect of direct reduction time of vanadium titanomagnetite concentrate on the preparation and
photocatalytic performance of calcium titanate was investigated, and the conclusions were shown as
follows.

1) The extension of the reduction time can not only promote the formation of calcium titanate, but
also facilitate the reduction of iron minerals in the reduction products. The optimum reduction time
was 180min under the conditions of CaCO; dosage of 18wt%, reduction temperature of 1400°C and
lignite dosage of 70wt %, where the metallization rate of iron reached 96.20wt%.

2) Under the conditions of the first magnetic field intensity of 279kA/m, the secondary magnetic
field intensity of 127kA/m, the reduced iron (Fe grade of 90.95wt%, Fe recovery of 92.21wt%) and
calcium titanate can be obtained by grinding-magnetic separation.

3) Without calcium titanate, the degradation effect of methylene blue was poor, approaching
equilibrium after 3h and reaching to 25.13%. After the addition of calcium titanate obtained with 180min
of reduction, the degradation degree increased to 60.14% under the same conditions, indicating that the
calcium titanate prepared in the direct reduction of VTCE can be used as a photocatalyst.

4) Langmuir-Hinshelwood fitting results indicated that the methylene blue degradation by the
calcium titanate basically conformed to the first-order reaction kinetics, and the photocatalytic
degradation rate of methylene blue is highest when the reduction time is 180 min.
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