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a b s t r a c t
Herein, we report the synthesis of cobalt oxide (Co3O4), copper bismuth oxide (CuBi2O4), and 
Co3O4/CuBi2O4 composite by a co-precipitation method. The effect of Co3O4 addition on phase 
composition and microstructure of CuBi2O4 is studied using X-ray diffraction, transmission 
electron microscopy, scanning electron microscopy-energy-dispersive X-ray spectroscopy. The 
surface area and pore structure have been studied by nitrogen adsorption–desorption isotherm 
based on Brunauer–Emmett–Teller theory. Optical properties of all photocatalysts are also inves-
tigated by diffuse reflectance spectra UV-Vis measurements. The intensity of photoluminescence 
is also used to measure the electron hole recombination in the unmodified Co3O4 and CuBi2O4 
compared with the composite sample. The photocatalytic activities of the prepared samples are 
evaluated under visible light in the presence of the target pollutant, methylene blue (MB). The 
results show that coupling Co3O4 with CuBi2O4 could effectively promote photogenerated elec-
tron transfer in heterojunction, which is able to retard recombination process and thus improve 
their photocatalytic performance. In this system, Co3O4/CuBi2O4 exhibits the best photocat-
alytic activity in degrading 22% of MB within 120 min under visible irradiation. The apparent 
reaction rate constant (k) of the composite is 3.8 times greater than that of pure CuBi2O4, and 
around 1.3 time compared to pure Co3O4. Hence, the formation of a heterojunction between 
two photocatalysts is an efficient way to degrade the environmental pollutants in wastewater 
with the usage of photon energy, that can be further adapted for practical application.
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1. Introduction

The problem of water pollution stems from the 
industrial wastewater. Due to the rapid expansion of 
the textile and garment industries, several fabric dyeing 
industries have been built leading to fast developments 
in both production processes and exports [1]. Water is 
the latter used in all processes such as fiber manufactur-
ing, spinning, weaving, knitting, and dyeing. It needs to 
be treated properly to meet the effluent standards before 
releasing to the environment. Typically, textile industry- 
processing effluents contain dyes in the range between 
10 and 200 mg/L. Most textile dyes can be detected at a 
rather low concentration of even < 1 mg/L by the human 
eye [2]. Therefore, treatment of wastewater from textile 
industry can be obtained by physical and chemical meth-
ods such as coagulation [3], electrochemical processes [4], 
adsorption [5], and microwave catalysis [6].

Even these methods are conventional approaches used 
to treat wastewater, they can generate secondary waste. 
The pollutant molecule is only adsorbed but not degraded 
to become less-toxic products. Thus, advanced oxidation 
process (AOP) for photocatalytic contaminant degradation 
using photocatalyst is an alternative method to help remove 
these contaminants in the traditional wastewater treatment 
system since it can mineralize the pollutants by redox reac-
tions to less toxic compounds [7–10]. The mechanism of 
photocatalysis in oxidizing organic compounds in water can 
be classified into three main steps:

• e−/h+ pairs are generated on the surface of semiconductor 
photocatalyst under light irradiation with the required 
photon energy equal to or higher than the band gap 
energy level.

Photocatalyst + photon energy → Photocatalyst (e−
CB + h+

VB)

• photogenerated charges (e−/h+) migrate to the surface of 
the photocatalyst.

• e– and h+ induce redox reactions on the surface that facil-
itate destruction of organic pollutants.

h+
VB + H2O → H+ + OH• (valence band)

h+
VB + OH− → OH• (valence band)

e−
CB + O2 → O•

2
− (conduction band)

O•
2
− + H2O → 2OH• (conduction band)

OH• + Pollutant (dye) → CO2 + H2O + small molecules

Among the several metal oxide photocatalysts, cobalt 
oxide (Co3O4) has been recognized as one of the promising 
photocatalyst materials for photo-degradation under visi-
ble light. The spinel cobalt oxide Co3O4 is a p-type semi-
conductor containing cobalt ions in Co2+ and Co3+ oxidation 
states. The mixed valence states of Co3O4 are very helpful 
in redox reactions for dye degradation by photo-Fenton 
reaction [11]. Because of its relatively narrow band gap 

(1.48–2.19 eV), Co3O4 can be activated by visible light and 
natural sunlight, which challenges in practical applica-
tion [12]. In addition, low photocatalytic activity is shown 
for Co3O4 due to its narrow band gap, which correlates 
to the rapid recombination of electron–hole pairs.

There are two common methods applied to modify the 
visible-light-active Co3O4: (i) doping with metal/nonmetal 
elements and (ii) forming heterojunction semiconductors 
[13]. Fabricating heterostructures is one of effective strat-
egy for improving the photocatalytic performance of Co3O4 
photocatalyst. Compared with the single Co3O4, the coupling 
system can bring a series of formations and functions.

Some photocatalysts presented in literature including 
BiVO4 [14], ZnO [15], CdS [16], and TiO2 [17] were selected 
as photocatalyst materials to combine with Co3O4. These 
composites exhibited high performance toward the deg-
radation of dye pollutants, CO2 reduction, and benzene 
oxidation.

Long et al. [14] summarized the design p-n heterojunc-
tion semiconductor Co3O4/BiVO4, and applications of het-
erostructures for phenol degradation under visible light 
irradiation. The results showed that optimum addition of 
5% Co3O4 with 95% BiVO4 enhanced the degradation of 
phenol by 30.1% in 180 min. Li et al. [15] fabricated a hol-
low structured p-n heterojunction catalyst, polydopamine 
(PDA)-ZnO/Co3O4 and tested it for photocatalytic CO2 
reduction. The resulting PDA-modified ZnO/Co3O4 com-
posites exhibited an impressive CO2 reduction. Yang et al. 
[16] reported the heterostructure of Co3O4@CdS hollow 
spheres with the synergistic effects on the photocatalytic 
activities through phenol and dye degradation. The Co3O4@
CdS composites with the assistance of the zeolitic imidaz-
olate frameworks (ZIF-67) exhibited the highest photodeg-
radation activity. Approximately, 90% phenol was degraded 
after 2 h of visible-light irradiation. In the first 30 min, RhB 
dye was degraded by almost 70% and completely degraded 
in 1 h of irradiation. Shi et al. [17] chemically assembled 
Co3O4/TiO2 nanocomposites to achieve higher efficiency 
of light-driven thermocatalytic benzene oxidation under 
UV-Vis infrared irradiation. The optimum Co3O4/TiO2 
nanocomposite (Co/Ti molar ratio, 0.3) showed excel-
lent durability for benzene reduction and caused a great 
enhancement of 489 times in benzene mineralization rate.

In addition, bismuth-containing materials such as visi-
ble-light-active BiVO4, Bi2O3, BiOI, and CuBi2O4 displayed 
better activities than the photocatalyst with single com-
ponent [18–21]. Among various narrow band gap semi-
conductors, the AB2O4 spinel type such as copper bismuth 
oxide (CuBi2O4) is an attractive material for the photo- 
oxidation of pollutants because of its suitable band gap 
and diverse crystal structures [22,23]. CuBi2O4 is a p-type 
semiconductor material with a low band gap (1.5–1.8 eV) 
that is ideal for use in photocatalytic processes when 
exposed to visible light [21–23].

In a typical heterojunction, the type II band alignment 
(staggered gap) offers the best charge separation because 
the relative positions of the valence and conduction bands 
allow the mobility of electrons from the conduction band of 
photocatalyst A to that of photocatalyst B [24]. Herein, for 
matched band alignment, CuBi2O4 have been chosen to form 
heterojunction with Co3O4 as the potentials of conduction 
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band (CB) and valence band (VB) edges of these two mate-
rials are expected to favor for charge transfer. Structural, 
morphological, surface, and optical characterizations of 
the composites compared to the pure photocatalyst were 
fully characterized. The photocatalytic degradation mech-
anism for MB degradation under visible light irritation 
were also proposed.

2. Experimental

All the start materials were used as received from 
authentic companies without further purification. Herein, 
cobalt(II) acetate tetrahydrate, citric acid, copper(II) nitrate 
trihydrate, bismuth(III) nitrate pentahydrate, ethylene gly-
col (EG), isopropanol, sodium hydroxide, and distilled 
water were used for the preparation of the photocatalysts.

2.1. Preparation of cobalt oxide (Co3O4)

Co3O4 was prepared by co-precipitation method. 
Typically, cobalt(II) acetate tetrahydrate (0.05 M) was dis-
solved in 60 mL ethylene glycol under vigorous magnetic 
stirring. Citric acid was dissolved in 60 mL isopropanol 
under vigorous magnetic stirring. Then, the citric acid 
solution was slowly added dropwise to cobalt(II) acetate 
solution under continuous stirring for 30 min to form a 
homogeneous solution. Next, 0.1 M NaOH (100 mL), the 
precipitating agent, was added dropwise into the mixture 
under continuous stirring for 6 h at 60°C. The precipitate 
was filtered using centrifugation machine (5,000 rpm, 
5 min), washed with DI water for several times, and dried 
at 100°C for 12 h in a hot air oven. Finally, the black powder 
of Co3O4 was obtained after calcination at 600°C for 2 h.

2.2. Preparation of copper bismuth oxide (CuBi2O4)

In a typical experiment, copper(II) nitrate trihydrate 
(0.05 M) and bismuth(III) nitrate pentahydrate (0.05 M) was 
dissolved separately in 25 mL DI water with continuous 
stirring for 30 min [21]. All mixed solutions were adjusted 
to a constant pH value of 14 by 2 M NaOH and further 
stirred for 10 h. The filtered powders were washed and 
dried at 100°C for 2 h. The obtained CuBi2O4 powders were 
then calcined at 600°C for 3 h.

2.3. Preparation of Co3O4/CuBi2O4 composites

Co3O4/CuBi2O4 composite heterojunction was prepared 
with the mass ratio of 1:1. Before adjusting the pH value 
of the mixture to 14, different amounts of Co3O4 powders 
were added to the above solution. The Co3O4 particles were 
kept dispersed in the mixed suspensions and stirred for 
10 h at room temperature. After stirring, the Co3O4/CuBi2O4 
composites were collected, washed and dried at 100°C 
for 2 h, respectively. Finally, the produced Co3O4/CuBi2O4 
composites were calcined at 600°C for 3 h, as shown in Fig. 1.

2.4. Material characterizations

Crystallographic structures and phase composition 
were detected by an X-ray diffraction instrument (XRD, 
Philips X’PERT MPD). The morphologies were studied 

using field-emission scanning electron microscope (FESEM, 
HITACHI SU-8030, Japan) equipped with energy-dis-
persive X-ray spectrometer (EDS) for elemental analysis. 
Transmission electron microscopic (TEM) images were 
acquired from a JEM-2100 Plus transmission electron 
microscope (JEOL JEM-2100, Japan). The specific surface 
area was determined from N2 adsorption/desorption iso-
therms based on the Brunauer–Emmett–Teller (BET) theory 
(Micromeritics TriStar II 3020, USA). The photolumines-
cence (PL) benchtop spectrophotometer excited with a 350 
nm light source was used for analyzing the emission wave-
length (HORIBA Jobin Yvon FluoroMax-4, France). Optical 
studies for reflectance, absorbance and band gap analy-
sis were analyzed using diffuse reflectance spectra (DRS) 
on a UV-Vis spectrophotometer (Shimadzu UV-3101PC).

2.5. Photocatalytic degradation

The photocatalytic activities were conducted by 
adding 0.05 g of the prepared photocatalysts into 50 mL 
of 3 ppm (C0) methylene blue (MB) solution. Before light 
irradiation, the solution was stirred for 30 min in the dark. 
Under visible light irradiation, the photocatalytic deg-
radation of MB was studied in home-made photoreac-
tor combined with 18 W halogen lamp. The MB solution 
was collected every 30 min (0, 30, 60, 90, and 120 min) 
under light irradiation. The remaining concentration of 
MB dye in solution (Ct) at the wavelength of 664 nm was 
evaluated using a double beam UV-Visible spectropho-
tometer (Shanghai Mapada Instruments Co., Ltd.). The 
absorbance (A) of the MB solution is then converted to 
the remaining concentration (Ct) using the equation for 
the standard curve (Beer Lambert Law). A linear calibra-
tion curve was conducted by preparing a series of known 
MB concentrations (0, 1, 2, 3, 4, and 5 ppm).

In the part of hydroxyl radical trapping, terephthalic 
acid (TA) was used as trapping reagent. This method is 
based on the fluorescent properties of hydroxytereph-
thalic acid (TAOH). Typically, 0.05 g of photocatalyst was 
added in 200 mL of a 0.5 mM TA aqueous solution con-
taining 2 mM NaOH as a solvent and continued stirring 
for 30 min in the dark. After that, the level of hydroxyl 
radicals were subjected to generate in the reaction system 
under visible light irradiation. The suspension was then 
centrifuged, and the fluorescence intensity in the superna-
tant solution was measured at 425 nm with the excitation 
wavelength at 315 nm (Fluoromax-4 Horiba Jobin Yvon).

3. Results and discussion

The XRD characterization method was used to investi-
gate the crystal phases, crystallinity degree, crystal sizes, 
and phase purity of the prepared photocatalysts [25]. The 
XRD patterns of conventional Co3O4, standard CuBi2O4, 
and synthetic Co3O4/CuBi2O4 heterojunction are pre-
sented in Fig. 2. The diffraction peaks of CuBi2O4 were 
consistent with the tetragonal phase (space group P4/ncc) 
(JCPDS no. 00-42-0334) [26]. The main diffraction peaks 
of Co3O4 corresponded to a cubic form in the Fd-3m space 
group (JCPDS no. 01-073-1701) [27]. There were no addi-
tional peaks present in the XRD patterns. In the case of  



P. Thammaacheep et al. / Desalination and Water Treatment 267 (2022) 283–292286

Co3O4/CuBi2O4 composite, a mixture of cubic Co3O4 and 
tetragonal CuBi2O4 phase was observed from the sharp 
characteristic peaks.

The scanning electron microscopy (SEM) and TEM 
characterization techniques were used to investigate and 
characterize the shape, size, crystallinity degree, and com-
position state of bare Co3O4, CuBi2O4, and Co3O4/CuBi2O4 
composites. As shown in Fig. 3, SEM images of Co3O4 
showed a spherical morphology with an irregular par-
ticle size of roughly 0.15 µm (Fig. 3a), while sheet-like 
form with a length of approximately 0.76 µm was found 
SEM images of CuBi2O4 (Fig. 3b). According to the Co3O4/
CuBi2O4 SEM image, the as-synthesized Co3O4/CuBi2O4 
composite exhibited a well-defined combination of Co3O4 
and CuBi2O4 phases by the dispersion of Co3O4 particles 
supported on the CuBi2O4 surface (Fig. 3c). As shown in 
Fig. 3d, EDS result displayed that Co3O4/CuBi2O4 mainly 
contained Co, Cu, Bi, and O elements. In the EDS result, 
the appearance of high intensity between 1–2 KeV can be 
related to the coated Au for SEM analysis. In the case of 
TEM analysis, the Co3O4 sample consisted of aggregated 
spherical particles with the broad size less than 100 nm 
as displayed in Fig. 4a. In addition, Fig. 4b confirmed 
the rod-shaped and plate-like morphology of CuBi2O4. 
In Fig. 4c, mixed morphology of two materials was 
observed in composite sample, which revealed the dis-
persion of small Co3O4 particles in CuBi2O4 medium.

The N2 adsorption–desorption isotherms of the as- 
synthesized Co3O4, CuBi2O4, and Co3O4/CuBi2O4 composite 
were also investigated to study porosity of the materials. 
It was observed that the curve of composite was similar 
to that of bare CuBi2O4 and Co3O4 (Fig. 5a). During the 
progress of adsorption, desorption was enhanced with 
hysteresis loop, which was a typical characteristic of 
the type IV isotherm adsorption curve with mesoporous 
(2 nm < pore size < 50 nm) [28]. It can be seen from the 
Table 1 that the pore sizes of all samples were basi-
cally distributed in 4.41–4.83 nm, indicating that the as- 
synthesized photocatalysts were mesoporous materials. 

This is associated with the pore size distribution calcu-
lated by Barrett–Joyner–Halenda (BJH) method [29]. As 
shown in Fig. 5b, pore size distributions of all samples, 
calculated by the BJH analysis, are relatively narrow and 
center at around 2 and 10 nm which are in accordance 
with characteristic of mesoporous material according 
to IUPAC classification [30]. The specific surface area 
and the pore volume of composite sample (5.00 m2/g 
and 0.0052 cm3/g) were slightly higher than that of bare 
samples, which may be beneficial for enhancing the 
photocatalytic activities due to more reaction active 
sites during the photocatalytic process.

The optical properties including reflectance spectra (R), 
absorption characteristics and band gap of the samples are 
shown in Fig. 6. Firstly, the solid samples were analyzed in 
term of UV-Vis diffuse reflectance spectra (DRS), as shown 
in Fig. 6a. Then the absorption data was calculated from the 
Kubelka–Munk function, F(R), as a function wavelength 

Fig. 1. Schematic representation for the preparation of Co3O4/CuBi2O4 composite.

Fig. 2. XRD patterns of Co3O4, CuBi2O4 and Co3O4/CuBi2O4 
composite.
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derived from the measured diffuse reflectance spectra (R). 
It can be written in the following form;

F R
R
R

� � � �� �1
2

2

 (1)

As shown in Fig. 6b, all samples had a strong absorp-
tion at wavelength above 400 nm, confirming its beneficial 

light response in the visible area that can lead to reactiv-
ity under visible light. A Tauc plots ([F(R)hν]2 vs. photon 
energy (hν) were then obtained in Fig. 6c. The band gap 
(Eg) was determined from the extrapolation of the linear 
fit for the Tauc plot to the x-axis [31]. It was estimated 
that Eg values of the bare Co3O4 and CuBi2O4 were 2.0 
and 2.7 eV, respectively. The band gap of the composite 
sample was calculated as 2.5 eV, which was closed to the 
value of CuBi2O4 host material.

Fig. 3. SEM images of (a) Co3O4, (b) CuBi2O4, (c) Co3O4/CuBi2O4, and (d) EDS diagram of Co3O4/CuBi2O4

Fig. 4. TEM images of (a) Co3O4, (b) CuBi2O4, and (c) Co3O4/CuBi2O4.

Table 1
Specific surface area, pore volume and pore size

Samples Specific surface area (m2/g) Pore volume (cm3/g) Pore size distribution (nm)

Co3O4 4.54 0.0039 4.83
CuBi2O4 4.43 0.0040 4.51
Co3O4/CuBi2O4 5.00 0.0052 4.41
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The efficiencies of photoexcited charge transfer, immi-
gration, trapping, and electron–hole recombination of the 
prepared samples were investigated using photolumi-
nescence. In general, the lower the PL intensity, the lower 
the recombination rate, and the higher the photocatalytic 
activity. As shown in Fig. 7, the PL emission intensity of 
Co3O4/CuBi2O4 composite was lower than that of bare Co3O4 
and CuBi2O4 samples, suggesting that the charge carri-
ers (electron and hole) were trapped by the electron–hole 

transfer on the heterojunction, leading to enhancing 
the charge separation efficiency.

The photocatalytic degradation of MB dyes was inves-
tigated in the presence of Co3O4, CuBi2O4, and Co3O4/
CuBi2O4 composite. The percentage of MB photocata-
lytic degradation was investigated as a function of visi-
ble light irradiation time as shown in Fig. 8a. The results 
indicated that making composite materials can enhance 
the photocatalytic performance. The un-doped Co3O4 and 

Fig. 5. (a) The N2 adsorption–desorption isotherms and (b) the pore size distribution by BJH method.

Fig. 6. (a) UV-Vis diffuse reflectance spectra, (b) Kubelka−Munk absorbance spectra, and (c) band gap estimation according to 
Tauc’s model.
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CuBi2O4 showed only ~1% MB dark adsorption, while 
Co3O4/CuBi2O4 composite exhibited ~3% of MB dark 
adsorption which related to the specific surface area from 
BET study. Under the visible irradiation, Co3O4/CuBi2O4 
composite shows better photocatalytic performance (22%) 
than that of bare Co3O4 (16%) and CuBi2O4 (7.5%) after 
120 min irradiation.

The kinetics plot for of the MB photodegradation 
was found to be pseudo-first-order kinetics, as shown 
in the following equation [32,33]; where Co is the initial 
MB concentration and Ct refers to the concentration of 
remaining MB.

� �ln
C
C

kt

o
t  (2)

The slope of the linear fit gives the rate constant (k, 
min–1) of the degradation process. As seen in Fig. 8b, the 
composite catalyst displayed rate constants of 0.0031 min–1 
which was 3.8 and 1.3 times higher than of bare CuBi2O4 
(0.0008 min–1) and Co3O4 (0.0011 min–1), respectively. This 
better photocatalytic activity can be explained by electron 
transfer through Co3O4/CuBi2O4 heterojunction working 
under visible light.

The VB and CB edge position of semiconductor are esti-
mated from the electronegativity [34] and experimental 
band gap values using the following relation:

E E EgCB VB� �  (3)

E EgCB � � �� 4 5 0 5. .  (4)

where χ is the absolute electronegativity (5.90 eV for Co3O4 
and 4.59 eV for CuBi2O4) [35,36], Eg is the estimated band 

gap energy of Co3O4 and CuBi2O4 from this study (2.0 and 
2.7 eV), EVB and ECB are the valence band edge and con-
duction band edge, respectively. The calculated values of 
the CB and VB potentials of Co3O4 and CuBi2O4 are listed  
in Table 2.

The possible photodegradation mechanism and band 
structure of the Co3O4/CuBi2O4 heterojunction is propo-
sed in Fig. 9a. The matching band potentials between two 
semiconductors are recognized to be the driving factor 
for charge transfer. According to the valence band (VB) 
and conduction band (CB) potentials of CuBi2O4 (1.44 and 
–1.26 eV, respectively) and those of Co3O4 (2.40 and 0.40 eV, 
respectively) reported in this study, the prepared compos-
ites provide matching energy band structures as type II 
band alignments (staggered band gap).

Under visible-light illumination, both Co3O4 and 
CuBi2O4 are photoexcited to generate electrons and holes. 
These photogenerated electrons on the CB of CuBi2O4 
migrate from CuBi2O4 with a higher CB position to Co3O4, 
which has a lower CB position, and could effectively react 
with O2 adsorbed on the surface of CuBi2O4 to produce 
superoxide radicals (O2

‒). Then, the superoxide radicals are 
turned into hydroxyl radicals (•OH). After that, hydroxyl 
radicals could finally react with MB molecule adsorbed 
on the photocatalyst surface. The hydroxyl radicals as 
active species can react directly with MB molecules on 
the photocatalyst surface to decolorize the MB dye, and 
the small molecules can be mineralized to form CO2, H2O 
[37]. Since the VB position (1.44 eV) of CuBi2O4 is less than 
the VB position of Co3O4 (2.40 eV), the photogenerated holes 

Table 2
Calculation of the CB and VB potentials of Co3O4 and CuBi2O4

Sample χ Eg (eV) ECB (eV) EVB (eV)

Co3O4 5.90 2.0 0.40 2.40
CuBi2O4 4.59 2.7 –1.26 1.44

Fig. 7. PL spectra of bare Co3O4, CuBi2O4 and Co3O4/CuBi2O4 
composite.

Fig. 8. (a) Photocatalytic degradation efficiency over different 
photocatalysts and (b) pseudo-first-order kinetic plot.
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in the VB of Co3O4 will move to the VB of CuBi2O4 to reacts 
with surface bound H2O to produce hydroxyl radicals. 
In this case, Co3O4 acted as an electron sink and CuBi2O4 
behaved as a hole sink. Therefore, an effective charge sep-
aration of electron and hole could be achieved, resulting 
in enhancement of photocatalytic activity in the composite 
sample. To confirm the presence of the hydroxyl radicals 
(OH•) generated in the catalytic process, the terephthalic 
acid (TA), the non-fluorescent substance, was utilized 
to react with OH• yielding 2-hydroxyterephthalic acid 
(TAOH) as the fluorescent product [38,39]. The fluorescence 
intensity of TAOH at 425 nm can be related to the amount 
of the OH• generation. Fig. 9b shows time- dependent flu-
orescence emission TAOH solutions generated by Co3O4/

CuBi2O4 under visible-light irradiation. The PL intensities 
of TAOH at 425 nm steadily increased with the increased 
irradiation time from 60 to 120 min. Therefore, this result 
confirmed that the amount of OH• generated upon light 
irradiation was directly proportional to the irradiation time.

4. Conclusion

In conclusion, the Co3O4/CuBi2O4 heterojunction was suc-
cessfully prepared using the co-precipitation method. The 
photocatalytic degradation of MB over Co3O4, and CuBi2O4 
compared to Co3O4/CuBi2O4 composite was summarized in 
this paper. Co3O4/CuBi2O4 composite exhibited the greatest 
photodegradation efficiency among the studied materials. 

Fig. 9. (a) Schematic of photocatalytic reaction over the composite and (b) fluorescence spectra of TAOH solutions generated by Co3O4/
CuBi2O4 composite.
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The higher photocatalytic performance of the Co3O4/CuBi2O4 
composite could be the result from the synergistic impact 
of Co3O4 and CuBi2O4 as the formation of heterojunctions of 
the two materials led to the efficient separation of electron–
hole pairs that could retard electron–hole recombination. 
The conversion of TA to TAOH confirmed the OH• gener-
ation through photocatalysis reaction which indicated the 
successful transfer of photogenerated charge carriers and 
separation. Finally, this work provided an idea for modifica-
tion strategies to design optimized composite systems with 
better photocatalytic performance for future environmental 
applications.
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