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diatomite ternary compound
reduces Cr(VI) ion in aqueous solution effectively
under visible light

Zhuhuan Jiang,†ad Haitao Zhu,†b Wanmi Guo, *acd Qifang Ren,acd Yi Ding,*acd

Shaohua Chen,b Jing Chend and Xinyu Jiad

In recent years, the conversion of Cr(VI) to Cr(III) ions by semiconductor photocatalysis technology has been

considered to be an effective method to solve this problem. In this paper, a kind of ternary composite,

Ag3VO4/g-C3N4/diatomite (AVO/CN/DT), was synthesized by a two-step method (annealing–

precipitation). Through a series of characterization analyses, the crystal morphology, microstructure,

optical properties and photoelectrochemical properties of the material were characterized and analyzed.

The band edge of g-C3N4 was red-shifted due to the addition of Ag3VO4 and diatomite. Consequently,

the visible light response of the composites was intensified. Taking Cr(VI) in aqueous solution as a target

pollutant, the degradation efficiency using 4AVO/CN/0.06DT reached 70% within 60 min under visible

light irradiation, far exceeding the degradation efficiency using the pure substances. The cyclic

degradation performance of the composite material was tested, and it still had a stable degradation

effect after three cycles. The degradation efficiency in solution at different pH values was investigated.

When the pH value of the solution gradually increased, the degradation efficiency gradually decreased,

which was mainly caused by the different forms of Cr(VI) under different pH values. A corresponding

degradation mechanism was proposed. Diatomite provided a reaction site for Ag3VO4 and g-C3N4,

which promoted the photoreduction of Cr(VI). This work provides some reference significance for

deepening the application field of diatomite and treating heavy metal ion wastewater.
1. Introduction

Nowadays, people pay more and more attention to the problem
of environmental pollution, especially toxic heavy metal ions in
water, which is directly related to the life and health of human
beings. Among the pollutants discharged from industry, hex-
avalent chromium usually exists in the wastewater from chro-
mate production, electroplating, lacquer making, leather
tanning and other industries.1–4 Hexavalent chromium (Cr(VI)) is
easily absorbed by the human body, entering through digestion,
the respiratory tract, skin and other ways. It accumulates in
organisms and can lead to cancer. The toxicity of Cr(VI) poses
a signicant threat to human health.5–7 Studies have shown that
when Cr(VI) is reduced to Cr(III), the toxicity of chromium can be
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greatly reduced.8,9 Since solar semiconductor photocatalytic
technology has the advantages of sustainability, non-toxicity,
low cost and environmental protection, it has received exten-
sive attention.10–12 Using semiconductor photocatalytic tech-
nology to convert Cr(VI) to Cr(III) is an ideal method to solve this
problem. It is particularly important to design and construct
effective photocatalytic materials for Cr(VI) reduction. In recent
years, many researchers have successfully constructed reason-
able semiconductor photocatalytic materials to effectively
photoreduce Cr(VI) to Cr(III).13 For example, Yi et al. reported
a new Z-scheme g-C3N4/UIO-66 heterojunction photocatalyst
prepared by the ball milling method, which was composed of
two-dimensional g-C3N4 and 3D UIO-66 heterojunction photo-
catalyst. It has excellent photoreducing ability for Cr(VI) in
solution.8

Diatomite (DT) is a kind of porous siliceous sedimentary
rock formed by the remains of ancient diatoms.14,15 Among
naturally occurring materials, DT has excellent characteristics
such as high porosity, high permeability, small particle size,
high surface area, low thermal conductivity and chemical
inertia.16,17 DT is an excellent photocatalyst carrier material due
to its wide distribution, abundant reserves and low price in
China.18,19 The abundant micro-/nanostructure on the surface of
DT can provide a good composite anchor point for catalytic
RSC Adv., 2022, 12, 7671–7679 | 7671
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View Article Online
particles, which is conducive to the uniform dispersion of
catalytic particles and the reduction of polymerization between
particles, thus increasing the active sites of catalytic reac-
tion.20,21 DT-based composite photocatalytic materials oen
have excellent adsorption performance, which can effectively
improve the contact probability between a catalyst and pollut-
ants and improve the photocatalytic degradation activity, which
is also conducive to overcome the difficult adsorption of
pollutants due to the small specic surface area of the cata-
lyst.22,23 Tanniratt et al. used zinc dust waste and DT waste
extracted from the beer industry as raw materials to load ZnO
particles onto DT carrier through a simple impregnation and
calcination method, successfully improving the photocatalytic
activity of ZnO and realizing efficient reuse of waste.24

Among the widely studied photocatalytic semiconductor
materials, graphite-like carbon nitride (g-C3N4) (about 2.70 eV)
has attracted a lot of attention due to its simple preparation
process and certain response in the visible spectrum range.25–27

However, its poor optical response performance and low
quantum efficiency are still problems that must be solved.28 In
order to apply carbon nitride in the eld of photocatalysis and
energy as soon as possible, it is urgent to improve its photo-
catalytic efficiency.29 To date, many methods have been
explored to improve the photocatalytic performance of g-C3N4,
including liquid-phase stripping,30 alkaline treatment of g-
C3N4,31 element doping32 and coupling with other photo-
catalysts.33 Among these methods, coupling with other semi-
conductors is an effective and simple method, which can
improve the separation efficiency of photogenerated electrons
and holes, and is widely used. For example, g-C3N4–CdS,34 g-
C3N4–ZnO35 and other photocatalysts have shown high catalytic
activity. Due to its relatively narrow band gap and wide response
range to visible light, Ag3VO4 has attracted much attention for
its excellent performance in decomposing organic pollutants,
antibacterial activity and water decomposition under visible
light irradiation.36,37 Although pure Ag3VO4 shows excellent
photocatalytic activity, its quantum yield is relatively low. In
order to overcome the above shortcomings, many attempts have
been made to improve the separation of photoinduced
carriers.38,39 The two-dimensional nanostructure of g-C3N4 has
a large specic surface area, which can effectively transfer
photogenerated electrons and improve the photogenerated
quantum yield, such as Bi2WO6/g-C3N4,40,41 g-C3N4/AgBr.42

Based on previous studies, we modied Ag3VO4 with g-C3N4 to
form a new composite material for further study of its photo-
catalytic activity.

In the present work, a novel ternary Ag3VO4/g-C3N4/diato-
mite composite photocatalyst was synthesized by a two-step
method using natural DT as the base material. Through the
related characterization, the crystal phase, morphology, optical
properties and electrochemical properties of the composite
material were comprehensively analyzed. Cr(VI) in aqueous
solution was used as a target degradable substance, and Cr(VI)
was converted into Cr(III) under the condition of light to reduce
the toxicity of chromium ions. In addition, the reduction
process of Cr(VI) and the transformation mechanism of Cr(III)
were studied in depth, which provided a new method for the
7672 | RSC Adv., 2022, 12, 7671–7679
further utilization of DT and the removal of heavy metal ions
from industrial pollution.
2. Experimental section
2.1. The synthesis of Ag3VO4/g-C3N4/diatomite

Ag3VO4/g-C3N4/diatomite composite material was prepared by a
two-step method. The specic steps were as follows: DT (0.02 g,
0.04 g, 0.06 g, or 0.1 g) was weighed into 30 mL methanol
solution and dispersed by ultrasonication for 0.5 h to obtain
a suspension of DT. 4 g of urea was added and stirred vigorously
for 1 h. The product was moved to an air-blast drying oven and
dried for 8 h at 60 �C. The product was fully ground and moved
to an alumina crucible, wrapped tightly with tin foil paper, and
calcined in a muffle furnace at high temperature. The calcina-
tion process is the same as in the preparation of g-C3N4 (prep-
aration of g-C3N4: urea was heated to 80 �C at 5 �C min�1 in
a muffle furnace and held for 2 h, then heated to 580 �C at
5 �C min�1 and held for 2 h). Aer calcination, the product was
fully crushed, ultrasonically dispersed with ethanol for 8 h, and
the product was dried to obtain g-C3N4/diatomite material. 0.2 g
g-C3N4/diatomite was added into 20 mL water and super
dispersed for 0.5 h. Then, 0.155 g of solid AgNO3 was weighed
into 30 mL water and magnetically stirred for 0.5 h in the dark.
The Ag+ solution was added to the suspension of g-C3N4/diat-
omite material and magnetically stirred in the dark for 1 h.
Then, 0.056 g of solid Na3VO4 was weighed into 30 mL of water
and magnetically stirred until the solution was clear and
transparent. The Ag+/g-C3N4/diatomite solution was then added
dropwise to Na3VO4 solution while stirring vigorously. Aer
complete addition, NaOH (0.1 M) was used to adjust the pH
value of the solution to 11, and the solution was continued to be
stirred in the dark for 3 h. Aer stirring, the product was
centrifugally washed, washed alternately with ethanol and
deionized water for 5 times, then placed in a drying oven and
dried at 70 �C for 10 h. The products were labeled as 4AVO/CN/
0.02DT, 4AVO/CN/0.04DT, 4AVO/CN/0.06DT, and 4AVO/CN/
0.1DT according to the quantity of added DT.
2.2. Characterizations

The crystal structure of samples was characterized by powder X-
ray diffraction (TD-3000) with Cu–K radiation (l ¼ 0.1541874
nm) at an angle of 10–70�. FT-IR spectra were recorded with
a Thermo Nicolet IS10 FTIR analyzer, and KBr was used as
reference. The morphology of the samples was characterized
with a JEOL-7500B eld emission scanning electron microscope
and a JEOL-2010 transmission electron microscope. X-ray
photoelectron spectroscopy (XPS) analysis was performed with
an Escalab-250xi system. Solid UV-visible spectra were
measured with an SP-752 spectrophotometer. Photo-
luminescence (PL) spectroscopy was performed using a Hitachi
F-4700 with excitation wavelength at 350 nm. A Chi 660E elec-
trochemical workstation was used for photochemical charac-
terization. Ag/AgCl and Pt were used as control electrodes, and
0.5 M Na2SO4 solution was used as electrolyte. Electron spin
resonance (ESR) was measured with a Bruker A-300
© 2022 The Author(s). Published by the Royal Society of Chemistry
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spectrometer, and DMPO was used to capture free radical
signals during photocatalysis.

2.3. Photocatalytic experiments

In the photocatalytic experiments, a 500 W xenon lamp (Beijing
Zhongjiaojinyuan Company) with a 420 nm cutoff lter was
used as the light source for irradiation. The concentration
change of Cr(VI) was used as the expression of the degradation
effect of catalyst. A UV-visible light spectrophotometer (UV-
5500PC) was used to measure the absorbance value of Cr(VI)
in solution at a wavelength of 350 nm.43,44 50 mg photocatalyst
was added to 100 mL potassium dichromate solution
(10 mg L�1, pH ¼ 2) and stirred for 30 min under dark condi-
tions to achieve adsorption–dissolution equilibrium. Then,
every 10 min, 4 mL of the suspension was extracted with
a syringe under light conditions, and the solution to be tested
was separated with a 0.22 mm microporous lter membrane.
The absorbance value of the solution was measured with a UV-
visible light spectrophotometer. The initial pH value of the
solution has an obvious effect on the degradation of Cr(VI). A
series of Cr(VI) solutions with different initial pH values were
prepared for degradation to explore the best pH value. The
stability of the photocatalyst is an important index to evaluate
the material, and the material is degraded in three cycles.

3. Results and discussion

The XRD patterns of samples are shown in Fig. 1. It can be seen
that the characteristic peak of pure DT is at 26.7� from Fig. 1a,
which is the characteristic peak of opal.18 The characteristic
peaks of pure CN (JCPDS no. 87-1526) are 2q ¼ 13.1� and 2q ¼
27.74�, corresponding to plane (100) and plane (002), respec-
tively.35 The XRD pattern of CN/0.06DT composite synthesized
by impregnation and calcination method was obtained, the
characteristic peaks of DT and carbon nitride successfully
appeared, there were no other impurity peaks, and the surface
of the two were successfully combined. The main characteristic
peaks of the synthesized Ag3VO4 (AVO) in Fig. 1b appear at 2q ¼
32.7� and 2q ¼ 33.8� corresponding to the (�121) and (121)
crystal planes of Ag3VO4, respectively, which correspond to the
standard card of Ag3VO4 (JCPDS no. 43-0542). As shown in
Fig. 1b, the XRD pattern of 4AVO/CN/0.06DT ternary composite
Fig. 1 XRD patterns of the sample (a) DT, CN and CN0.06DT and (b)
AVO, 4AVO/CN and 4AVO/CN/0.06DT.

© 2022 The Author(s). Published by the Royal Society of Chemistry
successfully showed characteristic peaks of DT, g-C3N4 (CN) and
AVO, and no other impurity peaks appeared, indicating that the
presence of the three did not change the crystal structure of the
material, nor did they bring about other impurity phase peaks.
The results show that the synthesis of the composite is
successful.

The functional groups of the prepared samples were
analyzed by infrared spectroscopy. Fig. 2 shows the infrared
spectra of the prepared samples. In the infrared spectrum of
DT, the strong band at 1054 cm�1 and the two bands at 796 and
468 cm�1 correspond to asymmetric tensile vibration,
symmetric tensile vibration and bending vibration of Si–O–Si
bond, respectively, which are characteristic peaks of DT.45 In
Fig. 2, the peak of the infrared spectrum of pure CN at 808 cm�1

corresponds to the stretching vibration of the structural unit of
triazine ring.46 The absorption peak between 1650 and
1200 cm�1 can be expressed as the stretching vibration peak of
triazine ring structure skeleton.35,47 In addition, the absorption
band from 3500 cm�1 to 3000 cm�1 corresponds to the
stretching vibration of the terminal NH2 and the NH groups
generated by the incomplete condensation of CN. In the
infrared spectrum of pure AVO, the peak at 875 cm�1 corre-
sponds to V]O double bond vibration.48,49 As can be seen from
the infrared spectra, the absorption peaks of the composites
CN/0.06DT, 4AVO/CN and 4AVO/CN/0.06DT are consistent with
those of the above prepared samples.

The microstructure of the prepared material was observed by
SEM and TEM. Fig. 3a shows the SEM image of DT. It can be
observed that the microscopic morphology of DT is disk-like,
and the surface is distributed with holes of uniform size. Such
structure has good adsorption effect. Fig. 3b shows CN prepared
by calcination method. It can be seen that aer a long time of
ultrasonic stripping, the carbon nitride presents a lamellar
structure, which is stacked layer by layer, greatly improving the
specic surface area of the carbon nitride. As can be seen from
Fig. 3c, the size of AVO nanoparticles is uniform, but the
agglomeration phenomenon is serious, which greatly limits the
activity of AVO. Fig. 3d shows the scanning image of 4AVO/CN/
0.06DT composite material. It can be seen that carbon nitride
Fig. 2 Infrared spectra of samples.

RSC Adv., 2022, 12, 7671–7679 | 7673
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Fig. 3 Scanning images of (a) DT, (b) CN, (c) AVO and (d) 4AVO/CN/0.06DT. Transmission images of (e) DT, (f) CN, and (g)–(j) 4AVO/CN/0.06DT
and high-resolution image of (k) 4AVO/CN/0.06DT. (l) Mapping of C, N, Si, O, Ag, V elements of 4AVO/CN/0.06DT composite.
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nanosheets and a large number of AVO nanoparticles were
attached to the disc of DT, indicating that the composite
material was successfully prepared by the impregnation–depo-
sition–roasting method. In order to further observe the
morphological characteristics of the material, we used trans-
mission electron microscopy for characterization. Fig. 3e and f
show the transmission images of DT and CN respectively. It can
be seen that the surface of DT has a uniformly distributed pore
structure of the same size. The carbon nitride stripped by
ultrasound also showed a lamellar morphology, and the specic
surface area was greatly increased. Fig. 3g–j show transmission
images of 4AVO/CN/0.06DT composite material. It can be seen
that there are a large number of lamellar carbon nitride nano-
sheets attached to the disc of DT. Due to the localized effect of
large surface area of carbon nitride and DT, AVO nanoparticles
are uniformly distributed on the disc of carbon nitride and DT,
and the agglomeration effect is signicantly improved. This is
consistent with the results of scanning electron microscope
imaging. Fig. 3k shows a high-resolution transmission image of
4AVO/CN/0.06DT composite material. Aer analysis, the
spacing of lattice fringes is 0.191 nm, corresponding to the (220)
plane of Ag3VO4.48 In addition, in order to observe the elemental
distribution of the composite material, we used SEM mapping
to observe the distribution of each element. The results are
shown in Fig. 3l. The six elements C, N, Si, O, Ag and V are
evenly distributed, indicating the successful preparation of the
composite material.

XPS can be used to characterize the elemental composition
and bond type of the samples. A sample of 4AVO/CN/0.06DT was
investigated by XPS, and the individual peaks of each component
of the sample can be seen in Fig. 4. Fig. 4a shows the full element
7674 | RSC Adv., 2022, 12, 7671–7679
spectrum of the sample, and it can be seen that all the elements
O, C, N, Ag, V and Si contained in the sample appear in the
spectrum. Fig. 4b shows the 1s peak display map of O, and it can
be seen that there are three groups of peaks, 530.40 eV, 531.63 eV
and 533.11 eV respectively, corresponding to V–O bond in
Ag3VO4, O in the surface hydroxyl group and Si–O bond in DT.38,47

Fig. 4c shows a 1s high-resolution map of C, showing three
groups of peaks at 284.5 eV, 286.2 eV, and 287.3 eV, respectively,
corresponding to the characteristic bond type of graphite carbon
(C–C), the C–NH2 bond of C and sp2 hybrid carbon atom bonded
to N in aromatic ring (C]N).7,36 Three groups of peaks can be
observed in the N 1s high-resolution map (Fig. 4d), and the peak
values of these three groups are 398.06 eV, 399.08 eV, and
400.61 eV respectively: 398.06 eV corresponds to sp2 hybrid
nitrogen in the triazine ring (C]N–C); 399.4 eV to the third N
atom in the N–(C)3 group; 400.7 eV to the characteristic peak of
amino nitrogen (N–H).50 Fig. 4e shows a high-resolution map of
the 3d orbital of Ag, showing two sets of peaks, 368.67 eV and
374.74 eV, corresponding to the 3d5/2 and 3d3/2 orbitals of Ag.48

Fig. 4f shows a high-resolution display map of V element. Peaks
at 516.38 eV and 523.73 eV correspond to the 2p3/2 and 2p1/2
orbitals of V, respectively. From the above analysis, it can be seen
that DT, CN and AVO are bonded together by chemical bonds
rather than simple physical mixing, which also proves the
successful preparation of 4AVO/CN/0.06DT composites.

UV-vis-DRS was used to study the optical absorption properties
of the preparedmaterials. As shown in Fig. 5a, comparedwith CN,
AVO and composite materials, DT has the lowest light absorption
rate, which may be attributed to the light scattering effect
generated by the composition and structure of natural minerals.18

For CN and AVO, the visible light absorption boundaries are
© 2022 The Author(s). Published by the Royal Society of Chemistry

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d1ra09295b


Fig. 4 XPS spectra of 4AVO/CN/0.06DT.
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about 456 nm and 578 nm. The absorption boundary of the 4AVO/
CN composite has a certain red shi, which is about 595 nm,
compared with that of CN and AVO. But the absorption intensity
is reduced. This may be because the addition of DT has a certain
dispersion effect on photosensitive particles, resulting in the red
shi of the absorption boundary of the sample. In addition, DT
has a poor absorption of light, so the absorption intensity of the
composite material decreases. According to the band gap width
plot in Fig. 5b, for direct and indirect gap semiconductors, the
value of n is 1/2 and 2, respectively. AVO and CN are direct gap
semiconductors, so the value of n here is 1/2. As shown in Fig. 5b,
the values of Eg of AVO and CN were 2.10 eV and 2.70 eV,
respectively, which are almost the same as previous reports.51,52

The band gaps of 4AVO/CN and 4AVO/CN/0.06DT composites are
2.46 eV and 2.30 eV, respectively.
Fig. 5 (a) UV-vis-DRS spectra of DT, AVO, CN, 4AVO/CN and 4AVO/C
4AVO/CN/0.06DT.

© 2022 The Author(s). Published by the Royal Society of Chemistry
The photoreduction of Cr(VI) by various catalysts under
visible light was studied. In the absence of light or catalyst,
there is no photoreduction. Under visible light irradiation with
4AVO/CN/0.06DT, the photoreduction rate of hexavalent chro-
mium is 70% within 60 min, and the photoreduction rates with
CN, AVO, DT and AVO/CN are 8%, 3%, 1% and 49%, respectively
(Fig. 6a and b). Fig. 6c shows the photoreduction performance
of 4AVO/CN/0.06DT for Cr(VI) at different initial pH. When the
initial pH value gradually increases, the degradation efficiency
of the photoreductant decreases rapidly, which is mainly due to
the different existing forms and reaction principles of Cr(VI) in
aqueous solution with different pH values.6 Related studies
indicate that under acidic conditions, Cr(VI) mainly exists in the
form of HCrO7

�, and H+ in the solution needs to be consumed
in the process of converting Cr(VI) to Cr(III). According to Le
N/0.06DT. (b) Band-gap width diagrams for AVO, CN, 4AVO/CN and

RSC Adv., 2022, 12, 7671–7679 | 7675
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Fig. 6 (a and b) Degradation renderings of Cr(VI) for samples of CN, AVO, DT, xAVO/CN and 4AVO/CN/xDT. (c) The effect of pH value on Cr(VI)
degradation. (d) Cyclic degradation diagram of 4AVO/CN/0.06DT sample.
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Chatelier's principle, H+ in strong acidic solution can promote
the conversion of Cr(VI) to Cr(III), and promote the reaction to
move in the positive direction. Under alkaline conditions, Cr(VI)
mainly exists in aqueous solution in the form of CrO4

2�. In the
process of producing Cr(III), OH� ions will be generated, and the
decrease of solution acidity will inhibit the forward movement
of the reaction.53,54 Moreover, the generated Cr(OH)3 precipitate
will be deposited on the surface of the photocatalyst, blocking
the active sites and further restricting the photocatalytic
reduction of Cr(VI).55 The photocatalytic performance of 4AVO/
CN/0.06DT ternary material decreased to a certain extent aer
three cyclic degradation tests, which may be caused by the loss
of photocatalyst during sample recovery.

The electron–hole pair recombination efficiency of CN, AVO
and 4AVO/CN/0.06DT was determined by the PL technique. The
higher the uorescence intensity value, the greater the recom-
bination rate of electron–hole pairs, and the lower the photo-
catalytic activity. As shown in Fig. 7a, CN is excited at 350 nm
and has a strong excitation peak around 435 nm. For pure AVO,
the intensity of the excitation peak at a similar position is much
lower than that of pure CN. The PL spectrum of 4AVO/CN/
0.06DT ternary composite is similar to that of pure AVO, but
its strength also decreases obviously. PL results clearly show
that the electron–hole pair recombination rate of 4AVO/CN/
0.06DT ternary composite is much lower than that of pure CN
7676 | RSC Adv., 2022, 12, 7671–7679
and AVO, which indicates that its photocatalytic performance is
the best. In order to further investigate the effect of hetero-
junction formation on the enhancement of photocatalytic
activity, electrochemical impedance spectroscopy (EIS), photo-
current and Mott–Schottky curves were used to study the
photochemical properties of the products. EIS is an effective
technique to study the charge transfer efficiency on electrodes.
Generally speaking, the smaller the arc radius, the higher the
charge transfer efficiency, which is attributed to the smaller
charge transfer resistance on the electrode surface.6 Fig. 7b
shows the EIS results of CN, AVO and 4AVO/CN/0.06DT
samples. The EIS changes of CN, AVO and 4AVO/CN/0.06DT
are seen in the gure. This indicates that 4AVO/CN/0.06DT
composite can promote the transfer of photoelectric charge
across the interface of the semiconductor hybrid material, thus
improving its photocatalytic activity. Fig. 7c shows the response
curve of photocurrent over time of photocatalysts. All the pho-
toelectrodes showed stable photoelectric response for four
switching cycles under light. The photocurrent density of 4AVO/
CN/0.06DT ternary composite is obviously higher than that of
pure CN and AVO, which indicates that the photoelectric
separation efficiency of the composite has been signicantly
improved. Fig. 7d shows the Mott–Schottky curves of CN, AVO
and 4AVO/CN/0.06DT composite. This is a typical n-type semi-
conductor characteristic prole. The conduction band (CB)
© 2022 The Author(s). Published by the Royal Society of Chemistry

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d1ra09295b


Fig. 7 (a) PL emission spectra of CN, AVO and 4AVO/CN/0.06DT samples. (b) Electrochemical impedance spectroscopy results of CN, AVO and
4AVO/CN/0.06DT samples. (c) Photocurrent chromatograms of CN, AVO and 4AVO/CN/0.06DT samples and (d) Mott–Schottky chromato-
grams of CN, AVO and 4AVO/CN/0.06DT samples.
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values of CN, AVO and 4AVO/CN/0.06DT can be determined by
the intersection of the tangent line of the curve and the hori-
zontal axis, and the values of the three are �0.83 eV, �0.16 eV
and �0.41 eV, respectively.

In order to determine the main active species of 4AVO/CN/
0.06DT composite in the process of photocatalytic reduction
of Cr(VI) and understand the reaction principle, we used ESR to
determine the active species of composites. As shown in Fig. 8a
Fig. 8 ESR spectra of the captured active substances: (a) cOH radical an

© 2022 The Author(s). Published by the Royal Society of Chemistry
and b, cO2
� and cOH characteristic ESR signals were detected in

solution under the irradiation of white light, and the signals of
both were signicantly strong. But in the dark, no signal was
detected, indicating that no active substance was formed in the
absence of light.

In summary, the degradation mechanism of Cr(VI) in pho-
tocatalytic reduction by 4AVO/CN/0.06DT ternary composite
was proposed, as shown in Fig. 9. In the photocatalytic reaction
d (b) cO2
� radical of 4AVO/CN/0.06DT composite.
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Fig. 9 Degradation mechanism diagram of Cr(VI) by 4AVO/CN/
0.06DT composite.
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system, DT, as the matrix material, provides the reaction
interval, and the excellent pore structure of DT has a good
adsorption effect on degradable pollutants in solution, which
promotes the reaction to a certain extent.18,23 According to the
above UV-vis-DRS and photoelectrochemical analysis, the band
gaps of CN, AVO and 4AVO/CN/0.06DT are 2.70 eV, 2.10 eV and
2.30 eV. The valence band (VB) edge energy can be obtained
from EVB ¼ ECB + Eg. Their VB values are 1.87 eV, 1.94 eV and
1.89 eV, respectively. CB values are �0.83 eV, �0.16 eV and
�0.41 eV, respectively. As can be seen from the gure, the VB
value of CN is lower than that of AVO, and the photogenerated
hole is transferred to the lower VB of CN. Since the VB value of
AVO is 2.27 eV, which is basically equal to the standard reaction
potential of H2O/cOH radical of 2.27 eV, cOH is generated by the
reaction with water in the process of illumination.8 The CB
value of CN is �0.80 eV lower than the CB value of AVO of
�0.11 eV. The generation of photogenerated electrons will move
to a higher potential direction and transfer to the CB of AVO. At
this time, Cr(VI) will obtain photogenerated electrons and be
reduced to Cr(III). Since the CB value of CN is �0.80 eV lower
than the potential of O2/cO2

� of �0.33 eV,56 part of the photo-
generated electrons convert the dissolved O2 in the solution to
cO2

�, which reacts with Cr(VI) in the solution and reduces it to
trivalent Cr(III). The following chemical equations for the reac-
tion mechanism are presented:

Cr(VI) + 3e� / Cr(III)

O2 + e� / cO�
2

Cr(VI) + 3cO�
2 / Cr(III) + 3O2
4. Conclusion

In summary, 4AVO/CN/0.06DT ternary composites were
synthesized by a two-step method. Through a series of charac-
terization analyses, the crystal morphology, microstructure,
optical properties and photoelectrochemical properties of the
7678 | RSC Adv., 2022, 12, 7671–7679
composites were determined. Taking Cr(VI) in aqueous solution
as a target pollutant, the degradation efficiency of 4AVO/CN/
0.06DT reached 70% within 60 min under visible light irradia-
tion, far exceeding the degradation efficiency of the constituent
pure substances. The cyclic performance test of the composite
material showed that it still had a stable degradation effect aer
three cycles. The degradation efficiency in solution at different
pH values was investigated. When the pH value of the solution
gradually increased, the degradation efficiency gradually
decreased, which was mainly caused by the different forms of
Cr(VI) under different pH values. Diatomite provides a reaction
site for Ag3VO4 and g-C3N4, and promotes the photoreduction of
Cr(VI). This work provides a certain reference signicance for
the treatment of industrial heavy metal wastewater.
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