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Abstract

In this study, a ZnCo2O4/Ag3PO4 composite catalyst was prepared by the precipitation method, and its photocatalytic

degradation activity for methyl orange (MO) was studied. The catalysts were characterized by TEM, XRD, EDX, HRTEM,

SAED, SEM, XPS, and UV-Vis-DRS. The results indicate that 0.1 ZnCo2O4/Ag3PO4 The composite system has a good

photocatalytic degradation effect on methyl orange. Under 30-minute simulated sunlight conditions, the degradation rate can

reach 94%. The results show that the maximum reaction rate constant of 0.1 ZnCo2O4/Ag3PO4 is 0.05301 min-1, which is three

times the size of pure Ag3PO4 and 52 times the size of pure ZnCo2O4. After three cycles, 0.1 ZnCo2O4/Ag3PO4 still degraded

methyl orange (MO) at a rate of 84.4%. The trapping experiment showed that hole (h+) and O2- played the most important

roles in the photocatalytic degradation field of methyl orange (MO) by 0.1 ZnCo2O4/Ag3PO4, and hydroxyl radical (OH·)
played a partial role. The energy level structure of ZnCo2O4/Ag3PO4 is conducive to the effective separation of photogenerated

electrons and holes, improving the lifespan of photogenerated charges. Among them, the photocatalytic performance of 0.1

ZnCo2O4/Ag3PO4 is the most excellent.
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Abstract: In this study, a ZnCo2O4/Ag3PO4composite catalyst was prepared by the precipitation method,
and its photocatalytic degradation activity for methyl orange (MO) was studied. The catalysts were charac-
terized by TEM, XRD, EDX, HRTEM, SAED, SEM, XPS, and UV-Vis-DRS. The results indicate that 0.1
ZnCo2O4/Ag3PO4The composite system has a good photocatalytic degradation effect on methyl orange. Un-
der 30-minute simulated sunlight conditions, the degradation rate can reach 94%. The results show that the
maximum reaction rate constant of 0.1 ZnCo2O4/Ag3PO4is 0.05301 min-1, which is three times the size of pu-
re Ag3PO4 and 52 times the size of pure ZnCo2O4. After three cycles, 0.1 ZnCo2O4/Ag3PO4still degraded me-
thyl orange (MO) at a rate of 84.4%. The trapping experiment showed that hole (h+) and O2

- played the most
important roles in the photocatalytic degradation field of methyl orange (MO) by 0.1 ZnCo2O4/Ag3PO4,
and hydroxyl radical (OH·) played a partial role. The energy level structure of ZnCo2O4/Ag3PO4is conducive
to the effective separation of photogenerated electrons and holes, improving the lifespan of photogenerated
charges. Among them, the photocatalytic performance of 0.1 ZnCo2O4/Ag3PO4is the most excellent.

Keywords: methyl orange; photocatalytic activity; photogenerated carriers

1. Introduction

At present, the form of global environmental pollution is severe, and environmental problems pose a major
threat to mankind [1-3]. Solar energy is a renewable energy source, but its development is greatly limited
due to its low utilization rate and severe environmental pollution. Therefore, how to efficiently use solar
energy and effectively manage environmental pollution has become an important issue that human society
is facing and urgently needs to solve [4-5]. Semiconductor photocatalytic technology provides a new choice
for solving the problem of global environmental pollution [6-7]. Since TiO2 was first used as a photoanode
to decompose water under UV irradiation in the 1970s [8], the application of nano-TiO2 semiconductor
photocatalytic oxidation technology in the field of environmental pollution control has opened a new chapter.
The so-called photocatalytic reaction is a process in which the reaction system containing the catalyst
excites reaction molecules under light irradiation or excites the catalyst to form complexes with reaction
molecules to transform light power into chemical power and improve reaction efficiency [9]. However, due
to the large band gap of TiO2, its photocatalytic reaction can only be carried out under ultraviolet light,
and the utilization rate of sunlight is low. In response to this practical issue, people have been committed
to developing efficient visible-light catalytic materials. In response to this issue, this project aims to further
optimize the photocatalytic performance of TiO2 based on preliminary work. At present, the main research
methods include precious metal deposition, co-doping, metal ion doping, etc. At the same time, they are also
researching new photocatalytic materials.

Ag3PO4 has high photocatalytic efficiency and can degrade organic pollutants under the conditions of sun-
light and visible light. However, Ag3PO4 is easily reduced to elemental Ag under visible light irradiation
[10], which restricts its practical use. In order to better utilize sunlight as a clean energy source, people have
conducted extensive research and development. Therefore, people organically combine these two types of
semiconductors with different band structures, hoping to accelerate the separation of photogenerated charge
carriers and enhance their photocatalytic activity.

Zhang et al. prepared an Ag3PO4/SnO2 composite photocatalyst by combining Ag3PO4 and SnO2, which not
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only showed strong photocatalytic performance but also enhanced the stability of the composite [11]. In the
experiment of degrading methyl orange wastewater, the reusability and stability of Ag3PO4/TiO2 composite
photocatalytic material prepared by Li et al. were significantly improved compared with Ag3PO4 and TiO2

[12]. Liu et al. synthesized Bi2GeO5/Ag3PO4nanocomposites by a two-step method and formed Z-type he-
terojunctions through a subsequent photocatalytic process, which significantly improved their photocatalytic
activity and stability [13].

In this paper, ZnCo2O4 nanoparticles were prepared by microwave assisted method and then deposited on
Ag3PO4 surface by precipitation method to form ZnCo2O4/Ag3PO4composite catalyst. The structure of
the composite was characterized, and its degradation performance in methyl orange wastewater was studied
under visible light. Results indicate that ZnCo2O4 can availably improve the stability and photocatalytic
degradation properties of Ag3PO4.

2. Experimental section

2.1. Experiment reagents

The reagents used in the experiment are shown in Table 1.

Table 1 Experimen reagents

Medications designation Chemical formula Purity Manufacturer

Zinc nitrate Zn(NO3)2.6H2O AR Sinopharm Chemical Reagent Co
Cobaltous nitrate hexahydrate Co(NO3)3.6H2O AR Sinopharm Chemical Reagent Co
Urea CO(NH2)2 AR Sinopharm Chemical Reagent Co
Ammonium fluoride NH4F AR Sinopharm Chemical Reagent Co
Silver nitrate AgNO3 AR Sinopharm Chemical Reagent Co
Disodium hydrogen phosphate Na2HPO4·12H2O AR Sinopharm Chemical Reagent Co
1,4-Benzoquinone C6H4O2 AR Sinopharm Chemical Reagent Co
Triethanolamine N(CH2CH2OH)3 AR Sinopharm Chemical Reagent Co
Isopropanol (CH3)2CHOH AR Sinopharm Chemical Reagent Co
Ethanol CH2CH3OH AR Sinopharm Chemical Reagent Co
Methyl orange C14H14N3SO3S AR Sinopharm Chemical Reagent Co

2.2. Characterization instruments

The characterization instruments and test conditions used in the experiment are shown in Table 2.

Table 2 Characterization instruments

Characterization instruments Version Test Conditions

Scanning electron microscope (SEM) JSM-6510 /
High resolution transmission electron microscope (HRTEM) JEM-2100 /
X-ray diffraction (XRD) Rigaku D/max-2500 X-ray diffractometer at 35 kV, ranging from 10 to 80°
X-ray photoelectron spectroscopy (XPS) ESCALAB 250 /
UV-visible diffuse reflectance spectra (DRS) UV-2550 wavelength between 200 and 850nm

2.3. Preparation of catalyst

2.3.1. Synthesis of the ZnCo2O4

A microwave-assisted synthesis method was used to synthesize ZnCo2O4 particles. The specific preparation
process is as follows: 7.5 mmol of Zn(NO3)2·6H2O, 15 mmol of Co(NO3)3.6H2O, 60 mmol of CO(NH2)2 and
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12 mmol of NH4F were successively added to 100 ml of deionized water, using a magnetic stirrer to stir for
30 minutes and ultrasound for 30 minutes to completely dissolve the medicine and form a light pink solution.
Then transfer the mixed solution to a 300 ml polytetrafluoroethylene reaction tank, assemble the reaction
instrument, and place it in the microwave device, heating at a rate of 8 °C/min and microwave reaction at
130 °C for 30 min. When the reaction is complete, the product temperature is brought to room temperature,
and then the drug is collected by centrifugation, filtration, and repeat washing with deionized water, dried
in the oven at 80 °C for 10 hours, and finally calcined in the tubular muffle furnace at 350 °C for 2 hours at
a heating rate of 1 °C/min to obtain the product, which is collected for standby.

2.3.2. Preparation of the ZnCo2O4/Ag3PO4Composites

0.612g AgNO3 was added to 30 ml of silver nitrate solution, and also ZnCo2O4 (0.1g, 0.2 g, and 0.3g) was
added to the silver nitrate solution, sonicated for 30 min to disperse ZnCo2O4 evenly, then slowly added to
30 ml of solution having 0.43g Na2HPO4·12H2O and stirred at room temperature for 120 min. After that, the
product was filtered and precipitated by centrifugation, cleaned with deionized water and anhydrous ethanol,
dried at 60 °C, and three ZnCo2O4/Ag3PO4catalysts with different ZnCo2O4contents were obtained, which
were labeled as 0.1 ZnCo2O4/Ag3PO4,0.2 ZnCo2O4/Ag3PO4, and 0.3 ZnCo2O4/Ag3PO4, respectively. A
single Ag3PO4 was prepared for comparative study.

2.4. Photocatalytic experiment

The photocatalytic experiment was carried out in a photochemical reactor. A xenon lamp (1000 W) simulates
sunlight. Weigh 50 mg of photocatalyst, scatter it into a beaker with 50 ml of 10 mg/L methyl orange, put
it in the photochemical reactor, close the box door to avoid alternating light and dark, stir and adsorb for
20 minutes, turn on the light source, take 4 ml of samples every 5 minutes, and take the supernatant after
centrifugation. The absorbance of the methyl orange solution before and after the reaction was measured
by a UV-Vis spectrophotometer at 464 nm. During the reaction, hold the reaction suspension at about 10
°C. Beer Lambert’s Law was used to calculate the degradation rate of photocatalytic degradation of MO.
Characterization of photocatalytic degradation of MO using the kinetic equation method:

{t

{0=
At

A0
(1)

At +Kt = −ln(Ct

C0
) (2)

A0 and At show the absorbance of the solution at the initial and post-irradiation times, and C0 and Ct show
the corresponding initial concentration of the solution and the solution concentration after t time.

Catalyst cycle stability analysis: collect the photocatalyst after each use, wash and dry it many times, and
repeat the above steps twice to investigate its cycle stability.

Free radical capture experiment: Using isopropanol (IPA) as hydroxyl radical (OH·) trapping agent, trietha-
nolamine (TEOA) as hole (h+) trapping agent, and p-benzoquinone (BQ) as superoxide radical (O- 2· )
trapping agent, the active factors in the catalytic degradation process of the objective contaminant were
analyzed through the change in degradation efficiency before and after the addition of trapping agent.

3. Results and Discussion

3.1. Catalyst characterization

Figure 1 The XRD optical spectrum of Ag3PO4, ZnCo2O4, 0.1 ZnCo2O4/Ag3PO4, 0.2
ZnCo2O4/Ag3PO4and 0.3 ZnCo2O4/Ag3PO4.

The XRD spectra of the prepared Ag3PO4, ZnCo2O4, 0.1 ZnCo2O4/Ag3PO4, 0.2 ZnCo2O4/Ag3PO4, and
0.3 ZnCo2O4/Ag3PO4catalysts are shown in Fig. 1. It can be seen from the figure that the diffraction peaks
located at 18.96°, 31.22°, 36.81°, 44.74°, 59.28°, and 65.15° in the XRD pattern of ZnCo2O4(JCPDS No. 23-
1390) belong to the (111), (220), (210), (311), (400), (511), and (440) crystal planes, indicating that ZnCo2O4

was synthesized by the microwave-assisted method. The characteristic diffraction peaks located at 20.9°, 29.7°,
33.3°, 36.6°, 47.9°, 52.8°, 55.1°, 57.4°, 61.7°, and 72.0° in the XRD spectrum of Ag3PO4catalyst correspond to
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the (110), (200), (210), (211), (310), (222), (320), (321), (400), and (421) crystallographic planes of Ag3PO4,
which are consistent with the standard card of Ag3PO4 (JCPDS No. 70-0702). The characteristic diffraction
peaks belonging to ZnCo2O4 in the XRD pattern of ZnCo2O4/Ag3PO4became more and more obvious with
the increase in the amount of ZnCo2O4, which indicated that the ZnCo2O4 particles were successfully loaded
onto the surface of Ag3PO4 to form the ZnCo2O4/Ag3PO4composite catalyst.

Figure 2 a Low and b high-magnification SEM images of ZnCo2O4; c SEM images of Ag3PO4; d SEM
images of ZnCo2O4/Ag3PO4;e TEM image of ZnCo2O4/Ag3PO4;f HRTEM image of ZnCo2O4/Ag3PO4and
g SAED pattern of ZnCo2O4/Ag3PO4.

Fig. 2a shows the spherical ZnCo2O4successfully synthesized by the microwave-assisted method with a

5
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diameter range of 3–8 μm. Fig. 2b shows the structure of a single ZnCo2O4 microsphere, which can be seen
from the figure as a stack of nanosheets. Fig. 2c shows Ag3PO4 crystals with a regular hexahedral structure
and a particle size range of 0.4–1 μm. Fig. 2d is an SEM image of the composite ZnCo2O4/Ag3PO4. It can
be seen from the figure that the particle size range of ZnCo2O4/Ag3PO4is also 0.4–1 μm, which is caused by
the recrystallization of ZnCo2O4 and deposition on Ag3PO4 during the synthesis process. To further observe
the morphology of ZnCo2O4/Ag3PO4, Fig. 2e shows the TEM image of ZnCo2O4/Ag3PO4, from which it
can be seen that the recrystallized ZnCo2O4 is attached to the Ag3PO4 crystal surface. Fig. 2f shows the
HRTEM image of ZnCo2O4/Ag3PO4, which further verifies that the recrystallized ZnCo2O4 is successfully
attached to the Ag3PO4 crystal surface, and the lattice spacing d is 0.244 and 0.269 nm for ZnCo2O4 and
Ag3PO4, corresponding to the (220) and (210) crystal planes of ZnCo2O4 and Ag3PO4, respectively. Fig. 2g
shows the SAED plot of ZnCo2O4/Ag3PO4, in which the bright diffraction rings of ZnCo2O4/Ag3PO4can
be seen, indicating that it is polycrystalline. In addition, the lattice distances of 0.244 nm and 0.269 nm
for the two crystal planes can be clearly seen in Fig. 2g, which is in agreement with the results of HRTEM
plots. In summary, it can be clearly seen that the composite catalyst ZnCo2O4/Ag3PO4is formed by loading
the recrystallized ZnCo2O4 onto the Ag3PO4 crystal surface.

Hosted file

image3.wmf available at https://authorea.com/users/630614/articles/650303-construction-of-

znco2o4-ag3po4-composite-photocatalyst-for-enhanced-photocatalytic-performance

Figure 3 XPS spectra of ZnCo2O4/Ag3PO4:(a) survery scan, (b) Ag 3d, (c) O1s,(d) Zn 2p, (e) P 2p, (f)
Co 2p.

The XPS of ZnCo2O4/Ag3PO4is shown in Fig. 3. Fig. 3a shows the full spectrum scan of ZnCo2O4/Ag3PO4,
from which it can be seen that the product has six elementary substances: Ag, O, Zn, C, P, and Co, where
C is the substrate. Fig. 3b shows the XPS spectrum peaks of Ag 3d. The peaks at 367.85 eV and 373.8 eV
in Ag 3d correspond to Ag 3d5/2 and Ag 3d3/2, respectively. Ag 3d5/2 can be decomposed into two peaks at
367.75 eV and 368.20 eV, while Ag 3d3/2 can also be decomposed into two peaks at 373.8 eV and 374.4 eV.
The peaks appearing at 367.75 eV and 373.8 eV belong to Ag+, while the peaks at 368.2 eV and 374.4 eV
belong to Ag0 monomer, which indicates that the Ag in the catalyst exists mainly in the form of Ag+ [13,
14]. Fig. 3c shows the XPS spectrum of O1s. The whole peak can be split into three feature peaks: 530.35
eV, 530.8 eV, and 532.2 eV. Among the three characteristic peaks, 530.35 eV and 530.8 eV corresponded to
Ag3PO4 and ZnCo2O4 lattices in the material, respectively. The peak at 532.2 eV manifests H2O or OH-

adsorbed on the material surface [15]. Fig. 3d is the XPS analytical diagram of Zn 2p. There are two main
peaks at 1021.6 eV and 1044.7 eV, corresponding to the regional of Zn 2p3/2 and Zn 2p1/2 [16, 17]. It can
be seen that the peak of Zn 2p3/2 is a single peak near 1021.6 eV, which is typical of the oxidation state
of Zn2+. Fig. 3e indicates the XPS peak of P 2p, corresponding to P5+ in PO3+ 4 structure at 132.45
eV. Fig. 3f is the XPS analytical diagram of Co 2p. There are two main peaks at 780.8 eV and 795.9 eV,
corresponding to the regional of Co 2p1/2 and Co 2p 3/2, and the obvious satellite peaks observed at 780.8
eV are characteristic peaks of the Co3+ oxidation state [18, 19]. XPS analysis further proved that ZnCo2O4

and Ag3PO4 were compounded.

Figure 4 a UV-Vis DRS results of Ag3PO4, ZnCo2O4 and 0.1 ZnCo2O4/Ag3PO4;b Plots of (αhv)2 as a
function of energy (hv) for bandgap energies of Ag3PO4, ZnCo2O4 and 0.1 ZnCo2O4/Ag3PO4.

Fig. 4a shows the UV-Vis diffuse absorption spectra of Ag3PO4, ZnCo2O4, and 0.1
ZnCo2O4/Ag3PO4catalysts. The light absorption intensity of ZnCo2O4 is stronger in the whole wavelength
range, while Ag3PO4 absorbs wider in the visible light region with an absorption boundary of approximately
530 nm. The addition of ZnCo2O4 widens the Ag3PO4 light absorption range and also raises the light
absorption intensity, which indicates that ZnCo2O4 has a synergistic effect with Ag3PO4.

According to the Kubelka-Munk formula, the band gap width of Ag3PO4 and ZnCo2O4 can be counted [20]:

αhv = A (hv − Eg)
n
2 (3)

6
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In this equation, and h are the absorption coefficient and Planck constant, Eg is the energy band gap, V is
the optical frequency, and a is the constant. n represents the optical transition type of the semiconductor.
When the semiconductor has a direct band gap, n is 1, and when the semiconductor has an indirect band
gap, n is 4. Since ZnCo2O4 and Ag3PO4 are direct semiconductors, n is taken as 1 [19, 21]. Fig. 4b shows
the (αhv)2versus energy (hv) of band gap energy for Ag3PO4, ZnCo2O4, and 0.1 ZnCo2O4/Ag3PO4catalysts,
in which the band gap widths of ZnCo2O4 and Ag3PO4 are 2.63 eV and 2.45 eV, respectively.

In order to show the carrier transfer of ZnCo2O4/Ag3PO4catalyst in the process of photocatalytic reaction,
the VB and CB potentials of ZnCo2O4 and Ag3PO4 were forecasted by this formula [22]:

ECB = X − Ee− 0.5Eg (4)

EVB = ECB + Eg (5)

Where x is the absolute electronegativity of the semiconductor, Ee is the potential of the free electron relative
to the standard hydrogen electrode (about 4.5 eV), Eg is the band gap width of the semiconductor, and ECB

and EVB are the conduction band and valence band potentials of semiconductors, respectively. X values
of ZnCo2O4 and Ag3PO4 are 5.96 eV and 6.17 eV, and the EVB values of ZnCo2O4and Ag3PO4 can be
calculated to be 2.775 eV and 2.9 eV, respectively. Therefore, the ECB values of ZnCo2O4 and Ag3PO4 are
estimated to be 0.145 eV and 0.45 eV, respectively.

3.2. Photocatalytic properties and mechanism

Figure 5 a Visible light scanning pattern of MO degradation by 0.1 ZnCo2O4/Ag3PO4;b Effects of different
catalysts on photocatalytic degradation of MO under visible light; cFirst-order kinetic fitting plots of MO
degradation by each catalysts; d Cycling runs of Ag3PO4 and 0.1 ZnCo2O4/Ag3PO4for the degradation of
MO.

Table 3 Photodegradation rate constants and linear regression coefficients of different catalysts obtained
according to the formula: –ln(C/C0) = kt.

K(min-1) Regression equation R2

0.1 ZnCo2O4/Ag3PO4 0.05301 -ln(C/C0)=0.05301x+0.34031 R²=0.70906
0.2 ZnCo2O4/Ag3PO4 0.0229 -ln(C/C0)=0.0229x+0.18005 R²=0.77862
0.3 ZnCo2O4/Ag3PO4 0.02006 -ln(C/C0)=0.02006x+0.15152 R²=0.76032
Ag3PO4 0.01793 -ln(C/C0)=0.01793x+0.16102 R²=0.83218
ZnCo2O4 0.00102 -ln(C/C0)=0.00102x+0.02698 R²=0.92847

In Figure 5a, the photocatalytic degradation of 0.1 ZnCo2O4/Ag3PO4was analyzed using UV-vis full wave
scanning of methyl orange molecules. The results showed that the characteristic peak intensity of methyl
orange molecules decreased with the prolongation of reaction time near 464nm, and after 30 minutes, its
peak intensity approached 0, indicating that methyl orange had been completely degraded. Fig. 5b shows
the photocatalytic degradation of MO by different catalysts Ag3PO4, ZnCo2O4, 0.1 ZnCo2O4/Ag3PO4, 0.2
ZnCo2O4/Ag3PO4, and 0.3 ZnCo2O4/Ag3PO4. The results showed that the photocatalytic effect of pure
ZnCo2O4 was the worst, and the photocatalytic degradation rate was only 5% within 30 min. While Ag3PO4,
0.2 ZnCo2O4/Ag3PO4, and 0.3 ZnCo2O4/Ag3PO4showed 56%, 69%, and 65% photocatalytic degradation
at 30 min, respectively. The results showed that the 0.1ZnCo2O4/Ag3PO4 catalyst had the best photoca-
talytic degradation effect on methyl orange, and after 30 minutes, the degradation rate of methyl orange
could reach 94%. This study found that ZnCo2O4 can effectively improve the photocatalytic degradation
performance of Ag3PO4. Fig. 5c shows that the reaction of ZnCo2O4/Ag3PO4photocatalytic degradati-
on of methyl orange follows the pseudo first-order reaction kinetic model. As shown in Table 3, calculate
the k-value of each sample after linearly fitting the curve, and the reaction rate constants of Ag3PO4,
ZnCo2O4, 0.1 ZnCo2O4/Ag3PO4, 0.2 ZnCo2O4/Ag3PO4, and 0.3 ZnCo2O4/Ag3PO4were 0.01793min-1,
0.00102min-1, 0.05301min-1, 0.0229min-1 and 0.0206min-1, respectively. The maximum reaction rate constant
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of 0.1 ZnCo2O4/Ag3PO4is 0.05301min-1, which is 3 times that of Ag3PO4 and 52 times that of ZnCo2O4.
These results indicate that the combination of Ag3PO4 and ZnCo2O4 has a synergistic effect, which can
improve its photocatalytic performance. Figure 5d shows the test of stability consequences of Ag3PO4 and
0.1ZnCo2O4/Ag3PO4recycled three times. From the figure, it can be seen that after three rounds of re-
cycling, the degradation rate of MO by Ag3PO4 is only 21.8%, while the degradation rate of Mo by 0.1
ZnCo2O4/Ag3PO4is 84.4%, which indicates that the use of Ag3PO4 and ZnCo2O4 for compounding can
improve the stability of the photocatalyst.

Figure6Trapping experiments of active species during photocatalysis reaction.

Fig. 6 shows the effect of different capture factors on the reaction rate of 0.1 ZnCo2O4/Ag3PO4photocatalytic
degradation of MO. From the figure, it can be seen that the addition of IPA has little influence on the
photocatalytic degradation of MO. It can be seen that in the photocatalytic degradation of MO by 0.1
ZnCo2O4/Ag3PO4, holes (h+) and superoxide ions (O-2· ) play the most important roles in the photocatalytic
degradation, and hydroxyl radicals (OH·) play a partial role in the degradation.

Scheme 1 Schematic diagram of photocatalytic mechanism of ZnCo2O4/Ag3PO4.

Based on the aforesaid analysis, the reaction mechanism of the ZnCo2O4/Ag3PO4photocatalytic degradation
process was proposed. The valence band potential energy level of Ag3PO4 is about 2.9 eV, and the conductive
band potential energy level is about 0.45 eV, so its band gap is 2.45 eV. The conduction band potential level
of ZnCo2O4 is 0.145 eV, the valence band potential level is 2.775 eV, and its band gap width is 2.63 eV. Both
ZnCo2O4 and Ag3PO4 can be excited by visible photons to form electron-hole pairs (Eq. (6-7)). With the
accumulation of photogenerated electrons in the CB of Ag3PO4, Ag3PO4 was photoetched, which makes part
of the Ag+ converted to singlet silver (Eq. (8)) [13]. Silver nanoparticles can absorb visible photons and form
photoexcited electron hole pairs (Eq. (9)). [23]. Photogenerated electrons formed in Ag nanoparticles are
captured by dissolved oxygen to form superoxide anions (O- 2· ) (Eq. (10)). The strong oxidation property of
O- 2· degrades MO to produce carbon dioxide and water (Eq. (11)). Meanwhile, the photogenerated electrons
in the conduction band of ZnCo2O4 combine with the photogenerated holes generated by Ag nanoparticles
to prevent further corrosion, making the catalyst itself self-stabilizing. The holes left in the valence bands
of Ag3PO4 and ZnCo2O4 directly decomposed the MO oxidation to water and CO2 (Eq. (12)). This is
consistent with the active factor capture results.

Ag3PO4 + hv → e− + h+ (6)
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ZnCo2O4 + hv → e− + h+ (7)

Ag+ + e− → Ag (8)

Ag + hv → e− + h+ (9)

e− +O2 → O−
2 (10)

O−
2 + RhB→ CO2 +H2O(11) h+ + RhB→ CO2 +H2O (12)

4. Conclusion

In this paper, ZnCo2O4 was prepared by a microwave-assisted process, and then ZnCo2O4 was loaded onto
Ag3PO4 by in-situ chemical precipitation method to obtain a composite photocatalyst. The catalytic activity
and cycle stability were evaluated under visible light, and the catalytic reaction mechanism was proposed.
The main conclusions are as follows:

(1) ZnCo2O4/Ag3PO4exhibits high photocatalytic performance and good stability under room temperature
and visible light conditions. The photocatalytic degradation rate of pure ZnCo2O4 within 30 minutes is only
5%, and the photocatalytic efficiency is very low. The results show that the degradation rate of MO by the
0.1ZnCo2O4/Ag3PO4composite system can reach 94% within 30 minutes, and MO is basically degraded.
Research has found that ZnCo2O4 has a significant promoter effect on the photocatalytic degradation of
Ag3PO4.

(2) In the stability test, after three cycles, the degradation rate of MO by 0.1 ZnCo2O4/Ag3PO4remained
at 84.4%, while the degradation rate of Ag3PO4 was only 21.8%, indicating that the stability of the 0.1
ZnCo2O4/Ag3PO4composite was significantly improved compared with Ag3PO4. The photocatalytic activity
was the highest at 0.1 ZnCo2O4/Ag3PO4. This study will play an important guiding role in pollution control.

(3) The visible light degradation of MO solution by Ag3PO4 is very easy to inactivate. The addition of
ZnCo2O4 can accelerate the separation of photoelectron holes and improve the stability and catalytic activity
of the catalyst.
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