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Photocatalytic performance of Ag/CuBi204/TiO:2 heterostructures
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In this study, CuBi,O4 materials were synthesized using a solid-state reaction method.
CuBi,04 and TiO, materials were mixed in different proportions. After verifying that
CuBi,04 and TiO; are in a 1:5 ratio, optimal photodegradation of methylene blue under UV
light irradiation is achieved. Under the existing heterostructure nanocatalyst of CuBi,O4 and
TiO,, when a little noble metal or rare earth element is doped, a little Ag is added to
understand the changes in photocatalysis and its characteristics. The Ag-doped TiO, powder
was ground with the optimal quantitative ratio of CuBi,O4 powder to form Ag/TiO,/CuBi,O4
heterostructure catalysts for photocatalytic degradation evaluation. Photocatalytic behavior
in methylene blue degradation under UV-light irradiation demonstrates that the
Ag/TiO,/CuBi,04 heterostructure nanocatalyst, doped with 11 wt.% Ag, achieves superior
photocatalytic activity. The degradation efficiency reaches 82.65% after 2 hours, which is a
significant improvement of 34.28% over the original CuBi,04/TiO,’s 48.37%. Finally, the
photocatalytic mechanism of CuBi,04/TiO; in Ag-doped heterostructure nanocatalysts was

discussed.
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1. Introduction

Clean water resources have always been a necessary element for human survival. With the
development of industrial technology, harmful substances have also polluted the environment,
particularly through wastewater pollution [1]. Generally, an effective treatment method for organic
wastewater is to use organic semiconductor materials for photocatalytic degradation [2-6].
Semiconductor materials often used in photocatalysis include TiO,, ZnO, WO3, SnO», SiO,, Bi»03,
Fe;O3 and BiFeOs [7-27]. Among them, TiO- has the best photocatalytic effect, so TiO» is frequently
used in photocatalysis [28, 29]. TiO,, an n-type semiconductor, exists in three distinct crystal
structures: anatase, rutile, and brookite. However, only the anatase structure has optical properties
and catalytic performance among these three crystal structures [25, 26]. Anatase-structured TiO»
features high oxidation energy, robust chemical stability, and is mnon-toxic [30].
At present, it stands out as one of the most promising photocatalytic materials. Given that the
energy gap of anatase TiO, is approximately 3.2 eV, it requires excitation of electrons from the
valence band to the conduction band. [7], the irradiation range of the photocatalytic active reaction
is the ultraviolet region [7, 28, 31], and in the photocatalytic efficiency capability under solar visible
light is only about 3~5% [28, 32]. Therefore, it has excellent photocatalytic efficiency capability
when used in ultraviolet light irradiation for photocatalytic reactions [33].

It is widely recognized that utilizing wide-bandgap and narrow-bandgap semiconductors for
sensitization is an effective strategy to enhance the photocatalytic efficiency of these catalysts [34,
35]. Compared with single semiconductors, composite photocatalysts have multiple advantages
under ultraviolet-visible light irradiation. First, light trapping can be significantly improved through
the simultaneous excitation of coupling materials [34]. According to some study reporters, wide and
narrow bandgap semiconductors with energy band potential often combine semiconductor materials
to improve the segregation of photoexcited electrons and holes while efficiently inhibiting and
preventing their recombination. Matching of combined heterojunction interfaces [25].

CuBi,0s is a typical p-type semiconductor photocatalytic material [36], with a narrow
energy gap band of 1.5-1.8 eV [36-38]; compared to the energy gap of n-type TiO» of about 3.2 eV,
CuBi,0s4 and TiO; are in the p-n heterojunction is a matched semiconductor material photocatalyst.
The heterojunction formation is a significant advantage of carrier transport at the interface [36].
Because they each have different energy gap bands, the heterogeneous combination of visible light-
absorbing photocatalysts and ultraviolet light-absorbing photocatalysts can obtain a wide light
capture range [39], which can effectively improve the charge separation and light absorption of the
photocatalysts. The catalytic activity combines photocatalyst heterostructures with high activity and
photo responsiveness [39].

In this experiment, the primary purpose is to use the quantitative ratio of p-CuBi,04/n-TiO>
heterostructure semiconductor material as the base material. Doping the noble metal Ag element can

mainly prevent electrons from recombination through electron transfer and improve photocatalytic
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efficiency [2, 40-43]. During the preparation process, a quantitative amount of TiO, powder was
first doped with different weights of Ag and then mixed with a quantitative amount of CuBi,0O4
powder and ground for three hours to study its photocatalytic performance and characteristics under
ultraviolet light irradiation. Employ techniques such as EDS (energy dispersive X-ray spectroscopy),
SEM (scanning electron microscopy), X-ray diffraction, UV-visible spectroscopy, UV-visible
spectrophotometry, and fluorescence spectrophotometry to explore and examine the differences in

the CuBi,04/TiO, doping weight ratio of powder to Ag.

2. Materials and methods

In this experiment, the primary photocatalytic materials were the preparation of CuBi,O4
[28], TiO; powder (Sigma-Aldrich), obtaining Ag from AgNO; (Fluka), and using methylene blue
solution as the organic pollutant.

CuBi,04 powder was prepared using a rapid vibro-milling method. Bismuth oxide powder
(Bi203, 99.0%, Alfa Aesar) and copper oxide powder (CuO, 99.0%, Alfa Aesar) were weighed at a
ratio of 1:1 After mixing and grinding through a planetary ball mill for three hours, the high-
temperature furnace is then subjected to sintering with a controlled heating rate of 5 °C per minute.
The sintering temperatures for synthesizing CuBi,O4 are 600, 650, 700, and 750 °C and maintained
for 25 hours.

In the first stage, CuBi,O4 powder and TiO, powder are mixed at a weight ratio of (1:10,
2:10, 3:10, and 4:10) respectively, and ground using a planetary ball mill for 3 hours and then mixed
with methylene blue for organic contamination. The solution was subjected to photocatalytic
experiments to confirm the optimal ratio of CuBi,04 and TiO; under photocatalysis.

In addition, the CuBi,O4/TiO, powder is not doped with Ag element. First, mix the silver
nitrate (AgNOs, Fluka) crystal grains and the quantitative titanium dioxide powder (TiO,, Sigma-
Aldrich) and add an appropriate amount of deionized water and stir before proceeding. Drying and
sintering, to obtain Ag element from AgNOs, sintering is performed for one hour at a temperature
exceeding the boiling point of AgNOs of 440 °C. Finally, quantitative TiO, was doped with different
weights of Ag (0, 1, 3,5,7,9, 11, and 13 wt.%), and a quantitative weight of CuBi,O4 was mixed
and ground with a planetary ball mill for 3 hours.

Finally, CuBi,O4 powder and TiO, were doped with Ag element materials of different
concentrations as photocatalytic materials and methylene blue organic pollutants for photocatalytic
experiments.

In this experiment, the structure of the powder was studied through X-ray diffraction (XRD,
Malvern Panalytical Aeris) analysis. The parameters were configured with Cu-Ka rays (A = 1.5406
A) as the light source, a voltage of 10 kV, a current of 8 A, a scan rate of 0.2°/s, and a scan range

spanning from 10° to 80°. The test results were compared with the diffraction peaks from the Joint
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Committee on Powder Diffraction Standards (JCPDS) card, and the Scherrer equation (1) was

utilized to determine the grain size [2]:
D =0.94/B cosb (1)

where D represents the crystallite size, § represents the full width at half maximum (FWHM) of th
e reflection, 6 represents the Bragg angle, and A represents the wavelength of the X-rays (Cu- Ka, A
=1.5406 A) [2].

A scanning electron microscope (SEM, Phenom ProX) was used to observe the surface
morphology of the samples and measure their size, length, and thickness. Energy dispersive
spectroscopy (EDS) measurements and mapping analysis of elemental components were also
performed.

The absorption spectrum and UV-visible spectrophotometer (Jasco, V-670) were used to
analyze the absorption intensity and energy gap of the sample. Excitation spectra in the 350 to 500
nm wavelength range were obtained using a photoluminescence (PL) spectrometer (Hitachi, F-7000)
with an emission wavelength of 260 nm.

In the photocatalytic activity experiment, two 8-watt UV lamps were used as the light source,
and the dye concentration was measured with a UV-visible light spectrum analyzer (Shimadzu,
UV-1800, UV spectrophotometer), used to analyze dye concentration and the photodegradation
effect. First, prepare 125 mL of 10 ppm methylene blue solution, add 0.1 g of photocatalyst into the
dye solution, and then use a magnetic stirrer in a dark environment under 20 °C to achieve
equilibrium between adsorption and desorption. The methylene blue solution containing the
photocatalyst was then irradiated with UV light, and the solution was withdrawn and centrifuged
every 20 minutes. Finally, the dye concentration is measured using a UV-visible spectrophotometer.

Degradation rate is calculated as follows [2]:
1 =5 x 100% @

where 5 represents the efficiency of degradation, Cy represents the initial concentration, and

C represents the concentration after exposure [2].
3. Results and discussions
XRD analysis was conducted on four samples at varying temperatures. Fig. 1 illustrates the

XRD patterns of CuBi,O4 synthesized through sintering at different temperatures. In Fig. 2, it is
shown that the central 20 peak diffraction angles of CuBi,O4 at 700 °C are consistent with the JCPDS
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card CuBiO4 (42-0334), which indicates that the CuBi,O4 crystal belongs to the tetragonal
geometric structure [44-46], The central peak (211) shows a notable increase in intensity, and the
product after CuBi,O4 sintering is in powder form [28]. The color of the sample changes from dark
green at 600 °C to black at 700 °C [28]. Therefore, it was found in the experiment that the optimal
reaction temperature for preparing CuBi,O4 photocatalyst is 700 °C [28]. In addition, calculated
through Scherrer equation (1), the grain diameter of CuBi,O4 is approximately 39.12 nm [28].
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Fig. 1. X-ray diffraction patterns of CuBi>O4 samples prepared at different temperatures.
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Fig. 2. X-ray diffraction patterns of prepared samples at 700 °C and the standard data.

To determine the optimal efficiency of CuBi,O4 and TiO; in photodegradation under UV
light, the ratios of CuBi,O4/TiO; photocatalytic materials were set to 1:10, 2:10, 3:10, and 4:10,
respectively. The powder was added at 0.1 g to 125 ml of solvent dye with methylene blue at a

concentration of 10 ppm. Then, samples of the methylene blue solution were taken out every 20
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minutes during the experiment, and centrifugation was performed to measure the concentration of
methylene blue and observe the photocatalytic degradation of methylene blue during the two-hour
photocatalytic experiment. Fig. 3 (a) and (b) respectively illustrate that in different weight ratios of
CuBi,04/TiO, the degradation efficiencies in a solution with a concentration of 10 ppm methylene
blue are 45.16%, 48.37%, 39.39%, and 30.44%, respectively changes in photocatalytic degradation
concentration per hour. The results show that the CuBi,04/TiO- ratio configuration of 2:10 is in the
heterostructure material with 10 g of TiO, added with 20 wt.% CuBi,O4, the maximum
photocatalytic activity is 48.37%.
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Fig. 3. (a) Effect of TiO: and different proportions of CuBi:Oy4 on the photocatalytic performance of MB and
(b) the concentration changes of MB solution in two hours in the presence of CuBi;O4/TiO, composite

materials under UV light irradiation.

Fig. 4 shows the XRD of CuBi,04/TiO; and seven sample powders doped with heavy Ag at
different concentrations. As the concentration of Ag doping increases, the peak intensity of Ag does
not increase significantly; in addition, substitute their peak measured values into Scherrer equation
(1) for the calculation and grain sizes were obtained in sequence as 34.17, 35.06, 26.66,27.97, 26.49,
32.32 and 31.64 nm, respectively. As shown in Fig. 5, the JCPDS Card contrast XRD peaks of
CuBi,04/TiO2/11 wt.% Ag and each compound are consistent with the XRD peaks of doped 11 wt.%

Ag metal elements.
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Fig. 4. X-ray diffraction patterns of CuBi;04/TiO; composites doped with different proportions of Ag.
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Fig. 5. X-ray diffraction patterns of CuBi;04/TiOx/'11 wt.% Ag composites compared to all JCPDS cards.
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Fig. 6. SEM images of (a) CuBi;Oy, (b) CuBi;04/TiO;, (c) CuBi:O4TiO>/1 wt.% Ag, (d) CuBi;04/TiO:/3
wt.% Ag, (e) CuBi:O4/TiOx/5 wt.% Ag, (f) CuBi:O4/TiOx7 wt.% Ag, (g) CuBi;:O4/TiO»/9 wt.% Ag, (h)
CuBi;04/TiOx/11 wt.% Ag, and (i) CuBi:O4/TiOx/13 wt.% Ag.

In this study, a scanning electron microscope (SEM) was employed to examine the surface
morphology of the mixed powder. Fig. 6 (a) is pure CuBi;O4 and (b)~(i) are SEM images of
CuBi,04/TiO, doped with 1 to 13 wt.% Ag. Fig. 6 (a) shows the sintered morphology of CuBi,O4
without ball milling, which displays a polyhedral and amorphous shape; Fig. 6(b)~(i) SEM images
show the CuBi,04/TiO, powder doped with different concentrations of heavy Ag, respectively. The
eight samples exhibit uniform particle size and consistent morphology, with no discernible changes
attributed to the increase in Ag concentration. To judge whether the sample is evenly mixed, in the
sample CuBi,04/TiO»/11 wt.% Ag powder, through EDS measurement and mapping detection, and
atomic content analysis, the ratio of the number of atoms in the sample and the distribution of the
detected atoms can be obtained case. The results are illustrated in Fig. 7 (a) and (c), displaying the
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SEM images of the sample along with the corresponding sampling range. Fig. 7 (b) is the EDS
analysis chart of each atomic element. In addition, Tab. 1 presents the SEM images for the various
nuclear components within the sampling range. The analysis results in the atomic number and weight
of each atomic element being close to the proportion of each component. In Fig. 7 (d)~(h), which
shows the distribution diagrams of O, Ti, Ag, Bi, and Cu elements, respectively, the atomic number
distribution of each element is uniform, and the atomic number of O and Ti elements accounts for
the majority. The number of atoms is relatively rare compared to Bi and Cu.

2 pm

2 pm

Fig. 7. The element mapping and EDS analysis, (a) CuBi:O4/TiOx/11 wt.% Ag elemental mapping of selected
area range, (b) EDS spectra, (c) The selected area imaged, (d) O mapping, (e) Ti mapping, (f) Ag mapping,
(g) Bi mapping, and (h) Cu mapping.
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Table 1. Weight and atomic percentage of the elements in CuBi>O4/TiOx/11 wt.% Ag composite materials.

Element |Element [Element |[Atomic Weight
Number |Symbol Name Conc. Conc.

8 (0] Oxygen 68.56 39.51
22 Ti Titanium 28.80 49.65
47 Ag Silver 2.38 9.26
83 Bi Bismuth 0.19 1.42
29 Cu Copper 0.07 0.16

A UV-visible light spectrum analyzer was used to analyze a mixture of 0.1 g of
CuBi,04/TiO; and CuBi,04/TiO; powder doped with varying concentrations of Ag in 125 ml of a
10 ppm methylene blue dye solution. Methylene blue dye solvent samples were extracted and
centrifuged every 20 minutes during the experiment; the methylene blue concentration was
measured, and the samples' degradation of methylene blue was observed within 120 minutes. Fig. 8
(a)~(h) shows the results and spectra of the two-hour degradation experiment of eight samples in
125 ml of a solution initially containing 10 ppm of methylene blue. Fig. 9 shows the changes in the
methylene blue solution containing CuBi,04/TiO»/11 wt.% Ag photocatalyst under UV light
irradiation for two hours. The methylene blue solution was sampled at 20-minute intervals to
measure its concentration. The color of the solution changes from blue to blue. Gradually, it turns to
light blue. Fig. 10 shows a graph of the degradation rates of all samples. The degradation efficiency
values are 48.37, 53.23, 59.48, 62.68, 69.60, 75.67, 82.65 and 78.43%, respectively. The results
show that with the CuBi,04/TiO»/11 wt.% Ag photocatalyst, methylene blue degradation reaches the
highest level, while with CuBi>O4/TiO2/13 wt.% Ag, the degradation of methylene blue begins to

reverse.
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Fig. 9. The degradation changes of the MB solution containing CuBiO4/TiOx/11 wt.% Ag photocatalyst

under UV-light irradiation for 2 hours.
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Fig. 10. The concentration changes of MB solution in two hours in the presence of

CuBi>04/TiO:/Ag composite materials under UV-light irradiation.

In the UV-Vis absorption analysis, the light absorption properties of the prepared
CuBi,04/TiO; and CuBi»04/TiO./Ag were evaluated by measuring the UV-Vis absorption spectra
within the wavelength range of 300~800 nm. The results are shown in Fig. 11, which shows the
absorption intensity of CuBiO4/TiO, and CuBi;04/TiO, powders doped with different
concentrations of Ag. However, with Ag doping levels rising to 11%, the absorption intensity in the
visible light region increases. However, with an increase in Ag content to 13%, there is a slight
decrease in absorption within the visible range. This result shows that CuBi,04/TiO2/11 wt.% Ag
has better absorption properties than base CuBi,04/TiO,.
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Fig. 11. UV-vis absorption spectra of different CuBi;04/TiO doped with 1~13 wt.% Ag.

The optical properties of CuBi»O4/TiO/Ag were detected through UV-visible light
absorption spectroscopy [46] since CuBi,O4 and TiO; are direct band gap and indirect band gap
materials respectively. The Kubelka-Munk function and the (ohv)™ versus hv plot allow for the
estimation of the band gap values of CuBi,04, CuBi,04/Ti0, and CuBi,04/TiO; with 11 wt.% Ag.
For index n, the value is n=2 for indirect band gap semiconductors and n=0.5 for direct band gap
semiconductors. The results are shown in Fig. 12 (a), (b), and (c). The corresponding band gaps of
CuBi,04, CuBi,04/Ti0,, and CuBi,04/TiO»/11 wt.% Ag are estimated to be 1.49, 3.24, and 3.19 eV,

respectively. The relationship between (ahv)'™ and photon energy hv according to equation (3) [34]:
(ahv)™ = C(hv - Eg) 3)

where a represents the absorption coefficient, v represents the optical frequency, Eg represents the
band gap energy, and C represents a constant [34, 47-49].

To investigate the optical properties of the prepared photocatalysts, UV-visible diffuse
reflectance spectroscopy was employed. CuBi>O4 possesses a narrow bandgap of 1.5 eV and is
designed to excite light under visible light. By contrast, TiO-, with its wide band gap of around 3.2
eV, requires ultraviolet light for excitation. Thus, the conduction band (CB) and valence band (VB)

of CuBi,04 and TiO; can be determined using the following equations [34, 50]:
Eyg =X —E, + 0.5E, “4)

Ecg = Eyp — Eg Q)
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In the formula, Ecp and Eys correspond to the energy at the edge of the conduction band and
valence band, respectively. X represents the absolute electronegativity of the semiconductor, which
is the geometric average electronegativity of the atoms. The X values of CuBi,04 and TiO; are 4.75
eV [51, 52] and 5.81 eV [51, 53], respectively; Eg represents the energy gap in a semiconductor,
while Ee represents the free electron energy at the hydrogen potential (4.5 eV). Subsequently, the
CB and VB values for CuBi,O4 were determined to be -0.5 eV and 1 eV, respectively, while for TiO»,
they were calculated as -0.29 eV and 2.91 eV, respectively.
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Fig. 12. Bandgap of (a) CuBi;Oy, (b) CuBi;04TiO>, and (c) CuBi;O4TiOx/11 wt.% Ag.

Fig. 13 illustrates a schematic representation of the potential mechanism for photocatalytic
degradation of MB by CuBi,04/TiO»/Ag under UV light irradiation. Under UV light irradiation, for
CuBi,04/TiO: heterojunction photocatalyst and doped Ag, the electrons (e¢7) on the VB of the
CuBi,04 catalyst are excited to the CB of the TiO» catalyst, so at the same time CuBi,O4 leaves a
larger number of holes (h*) on the VB. In addition, since the CB of TiO; is -0.29 eV and cannot
reach the O,/*O?" standard reduction potential (-0.33 V) [54], the electrons (¢) on TiO> conduction
cannot reduce O, to *O?". Moreover, the holes in the valence band (1 eV) of CuBi,Os are not enough
to oxidize OH/H»O to *OH because of the standard oxidation potential of OH/*OH and H,O/*OH
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(+1.99 eV) [54, 56, 57]. Due to this specific bandgap situation, proposing a Z-scheme heterojunction
is feasible. The photoexcited electrons (e7) in the TiO, conduction band and the holes (h*) in the
CuBi,04 valence band quickly combine under UV light irradiation. Excited electrons can be retained
on the CB of CuBi»Os due to their high electronegative nature and easy migration to the surface of
CuBi,0s, and they can be reduced with O, to generate *O* . Simultaneously, the large amount of h*
released from the valence band of TiO, can successfully degrade contaminant MB into harmless
products. This result demonstrates that the Z-type mechanism efficiently inhibits the recombination
of photogenerated electron-hole pairs in semiconductor materials, thereby allowing the
CuBi,04/TiO; semiconductor material to exhibit excellent photocatalytic performance for MB
degradation [54]. Furthermore, with the introduction of Ag into the CuBi>O4/TiO, system, the
specific surface area increases, at least within a certain doping range [58, 59]. Although Ag lacks
photocatalytic properties, its performance in photodegradation is subpar. [58, 59]. Introducing Ag
into the CuBi,04/TiO: coupling system results in a Schottky barrier at the silver-semiconductor
interface, reducing the recombination of photogenerated electrons (e¢”) and holes (h*), thus extending
their lifetimes [58, 60, 61]. This occurs because Ag has a lower Fermi level compared to CuBi,O4
and TiO,, allowing it to act as an electron trap when present on the catalyst surface [58].
"Additionally, these electrons can enhance the rate of oxygen photoreduction and increase the
quantity of photogenerated hydroxyl radicals [58, 62]. Furthermore, an excess of Ag on the catalyst
surface forms a physical barrier to incident electromagnetic radiation, reflecting ultraviolet rays [58].

Among these prepared samples, the CuBi;04/TiO»/11 wt.% Ag composite photocatalyst
exhibited the highest light harvesting. This is primarily due to the outstanding light absorption
characteristics of the CuBi,04/TiO, photocatalyst. As the amount of Ag doping increases, further
improving the light-harvesting efficiency provides an opportunity to enhance ultraviolet light-

induced photocatalysis.
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Fig. 13. Schematic diagram of the possible mechanism of CuBi;04/TiO/Ag degradation of methylene blue
dye under UV light irradiation.
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Photoluminescence (PL) emission spectroscopy is extensively utilized to assess the
efficiency of carrier capture, migration, and transfer. This technique is significantly related to
understanding the electron-hole recombination rate in semiconductor particles [47]. Light
electroluminescence emission is the result of free carrier recombination. An increase in PL intensity
corresponds to a higher carrier recombination rate, whereas a decrease in PL intensity indicates a
lower carrier recombination rate. Therefore, this study used 260 nm ultraviolet light as the excitation
source. The photoluminescence emission spectra for CuBi,O4/TiO, and Ag-doped CuBi,04/TiO:
photocatalysts were detected over a wavelength range of 350 to 500 nm [3-6, 28], as shown in Fig.
14. The trend of the resulting PL spectrum shows that the PL emission intensity of CuBi,04/TiO-
with 11 wt.% Ag is considerably lower compared to the original CuBi,04/TiO,, which shows the
photogenerated carrier recombination rate in CuBi,04/TiO»/11 wt.% Ag lowest, which also suggests
that the photocathode exhibits lower PL intensity, resulting in a reduced photogenerated carrier
recombination rate. Elevated Ag concentrations may function as recombination centers, promoting
unwanted charge recombination and consequently diminishing the material's photocatalytic
performance. The CuBi,04/Ti02/13 wt.% Ag photocathode exhibits greater PL intensity compared
to the more efficient CuBi,O4/TiO2»/11 wt.% Ag photocathode, enhancing the recombination of

photogenerated carriers.
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Fig. 14. Photoluminescence spectra of different CuBi;O+/TiO: doped with 1~13 wt.% Ag.

4. Conclusions

In this study, CuBi>O4 material was synthesized using the solid-state reaction method and
subsequently combined with TiO; in varying proportions. The optimal ratio was 1:5. The
degradation efficiency of the methylene blue dye solution dye reached 48.47%. In addition, different

concentrations of Ag are doped to form heterostructure composites. The Ag-doped catalyst degrades
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methylene blue when exposed to UV light. The CuBiO4/TiO2/11 wt.% Ag heterostructure
nanocatalyst demonstrated superior photocatalytic activity, achieving a degradation efficiency of
82.65%, a significant improvement of 34.28% over the original 48.37% of CuBi04/TiO,. A
tetragonal geometric structure was observed in the XRD measurement, and CuBiO4 was
successfully synthesized at 700 °C. It was observed in the SEM images that, except for the unground
CuBi,0ys, there was no noticeable difference in the appearance morphology of the other eight sample
powders, and their grain sizes ranged from 26 to 36 nm. Judging from the atomic distribution
analyzed by EDS and mapping measurements, the powder is evenly mixed, and the atomic
concentration and weight ratio of each element are similar. Finally, the photocatalytic mechanism of
CuBi,04/TiO; in the Ag-doped heterostructure nanocatalyst was discussed. Increasing the Ag
content boosts the light-harvesting efficiency, thereby enhancing the UV-induced degradation
capability of methylene blue dye.
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