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KEYWORDS Abstract In this study, a novel ternary Agl/ZnIn,S;/BiVO4(AZB) composite photocatalyst was
Photocatalysis; successfully prepared by hydrothermal method and in-situ precipitation method. The as-
Agl/ZnIn,S4/BiVOy; synthesized samples were characterized by XRD, SEM, TEM, XPS and so on, and the photocat-
Dual Z- alytic activity was evaluated through photocatalytic degradation of tetracycline (TC) under visible
Scheme heterojunction; light irradiation. When the molar ratio of Bi to Ag was 1:1, the degradation rate of TC can reach
Tetracycline 91.44 % within 150 min. The AZB heterojunction demonstrated outstanding efficiency with the

apparent reaction rate constants of 0.02118 min~! for TC removal, was 4.68, 3.27 and 3.27 times
higher than that of pure BiVO,, Agl and ZnIn,S,. Based on active species trapping experiments
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and ESR analysis, a dual Z-Scheme pathways among BiVO,, Agl and ZnIn,S, for effective sepa-
ration of photogenerated charges was recommended. This work provided a promising insight for
the design of ternary dual Z-scheme heterojunction with multilevel electron transfer to present
greater photo-absorption, charge separation, and photodegradation for environmental decontami-

nation.

© 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

With economic development in recent years, environmental pollution,
especially antibiotic pollution, have become increasingly serious (Li
et al., 2022a; Lu et al., 2022a). Confronted with the difficult degrada-
tion of various antibiotic contaminant, photocatalytic oxidation with
semiconductor have attracted considerable attention due to their low
toxicity, high stability and environmental-friendly (Zhang et al.,
2020a; Guo et al., 2020; Guo et al., 2021). Among different photocatal-
ysis materials. Bismuth vanadium oxide (BiVOy,), as an n-type semi-
conductor with a narrow bandgap, has been considered as a
promising visible light semiconductor catalyst due to its non-toxicity,
low price, good chemical stability and response to visible light (Lu
et al., 2018). Over the years, various efforts have been made to enhance
the photocatalytic activity of BiVO,, such as morphology control
(Zhang et al., 2018), noble metal modification (Zhu et al., 2020),
element-doping (Regmi et al., 2017), forming heterojunction (Singh
et al., 2016), and so on. Theoretically, the construction of heterojunc-
tion composite photocatalyst is the most convenient and effective
method to improve the photocatalytic performance of photocatalytic
materials. Compare with type II and p-n heterojunction, Z-scheme
heterojunction has a unique advantage that can retain the prominent
redox potential of each semiconductor photocatalyst(Lu et al.,
2022b). Successful cases, Znln,S4/AgeSi,O; (Kong et al., 2021), NiFe,-
04/Ag3V0O4/Ag,VO,PO, (Su et al., 2021), MoSe,@Bi,S3/CdS (Wang
et al., 2021a), PCN-SboMo0O¢-Bi,O; (Zhang et al., 2021a), Bi,WOg/
GQDs/WO; (Zhou et al., 2020), and so on. With the in-depth study
of Z-scheme, S-scheme, which combines the advantages of Z-scheme,
has become the research target of many researchers in recent years.
S-scheme can accelerate the separation and transfer of interfacial
charge, and give the photocatalysis better redox ability. Successful
cases, Ni;P modified step-scheme SnNb,O4/CdS-diethylenetriamine
(Hu et al, 2020), CdSe/SnNb,Og S-scheme heterojunction (Ke et al,
2021), BiyS;3/BiVO4/Mng sCdy s ternary S-scheme heterojunction
(Zhao et al, 2022), TaON/Bi;M0Og core-shell S-scheme heterojunc-
tion (Li et al, 2022b), Step-scheme g-C3N4/Zng,CdggS-DETA com-
posites (Mei et al, 2020), and so on.

ZnlIn,S, is a new type ternary sulfide photocatalyst with a narrow
band gap, which has excellent photochemical conversion and stable
physical chemical capabilities. More importantly, ZnlIn,S, has a nega-
tive valence band position can suit well to catalysts with positive con-
duction bands to form Z-scheme heterojunction, which makes it
possible to effectively promote the separation of photogenerated
charges and retain the prominent redox potential (Jo et al., 2016).
Zhang et al. synthesis 2D/1D Z scheme CeO,/ZnIn,S4 by growing
ZnlIn,S, nanosheets in situ on the surfaces of CeO, nanorods (Zhang
et al., 2020b), which could enhance the photocatalytic performance
of aromatic alcohols and hydrogen evolution. Furthermore, a serious
of ZnIn,S4-based Z-scheme heterojunction has been construct, such
as Cu3P/ZnIn,S, (Yang et al., 2020), ZnIn,S4/Nb,Os (Wang et al.,
2020a), ZnIn,S,/LaNiO; (Wang et al., 2020b), and so on. In addition,
there are many studies on ZnIn,S4/BiVOy, such as Znln,S,/BiVO, for
efficient CO, photoreduction (Han et al., 2021), ZnIn,S,/BiVO, for
organics degradation (Yuan et al., 2020), and so on.

Agl is an outstanding photosensitive material, with a suitable for-
bidden band width (~2.8 eV), which has potential performance in pho-
tocatalysis. However, the large particle size and poor stability also

limits its practical application (Chen et al., 2013; Liang et al., 2015;
Wang et al., 2016). Fortunately, after loading Agl particles on other
photocatalyst can form heterojunction, such as Agl-Bi,WOg4 (Xue
et al., 2019), Agl/B-Ag,Mo0, (Zhang et al., 2017), Agl/BiVO, (Chen
et al., 2016), AgzVOy4/Agl (Zhang et al., 2018b), Agl/BIOCOOH (Li
et al., 2018), which could enhance the stability and photocatalytic
activity of pure Agl. Moreover, dual Z-scheme photocatalyst with a
higher photocatalytic activity than normal Z-scheme photocatalyst.
For example, Zhang et al. prepared ternary Agl/LaFeOs/g-C3Ny4 dual
Z-scheme composite by ultrasound-assisted hydrothermal approach,
and had an obviously enhanced photocatalytic degradation of nor-
floxacin (Zhang et al., 2020c). Therefore, Combine the band structure
respective strengths of Agl, ZnIn,S, and BiVOy,, a ternary Agl/Znln,-
S4/BiVO, dual Z-scheme composite photocatalyst was constructed to
improve the migration and separation of charge for efficient photocat-
alytic performance with following dual Z-Scheme pathways.

Herein, the ternary Agl/ZnIn,S,/BiVO, dual Z-scheme heterojunc-
tion was successfully synthesized by hydrothermal method and in-situ
precipitation method. The structure and properties of Agl/ZnIn,S,/
BiVO, heterojunction were analyzed by a series of characterizations.
Tetracycline (TC) was selected as the target organic pollutant to eval-
uate the photocatalytic activity of the as-synthesized photocatalyst
under visible light irradiation. In addition, the stability of the compos-
ite photocatalyst was studied through cyclic experiments. Moreover,
the possible degradation mechanism was discussed. Subsequently, this
Agl/ZnIn,S,4/BiVO, photocatalyst has provided a novel route to fabri-
cate dual Z-scheme heterojunctions for the practical application of
effective environment remediation.

2. Materials and methods

2.1. Synthesis of ZnIn,S,, BiVO, and ZnIn,S,/BiVO,
composites and Agl/Znln,S,/BiVO , composite photocatalyst

All chemicals used in the present work were analytical grade
and were used without any further modification. 0.378 mmol
Zn(CH3COOQ),:2H,0, 0.756 mmol In(NOs3);-4H,0O and 3 mmol
C3;H,NO,S were dissolved in 50 mL of deionized water. After
magnetically stirring for 30 min, the mixed solution was trans-
ferred to Teflon-lined stainless-steel vessel and heated at
180 °C for 12 h. After cooling to the ambient temperature,
the products were washed with deionized water and absolute
ethanol, and vacuum dried at 60 °C for 12 h. The obtained
powder was collected and named as ZIS.

4.85 g Bi(NO3)3-5H,0 was dissolved in 40 mL deionized
water to form A solution, 1.17 g NH4VO; was dissolved in
30 mL deionized water to form B solution. Stirring separately
until completely dissolved, solution B was transferred to solu-
tion A. Then, 2 g SDS and a certain amount of ZIS were added
into the above solutions, and the mixed solution was stirred for
30 min. Subsequently, the mixed solution was transferred to
Teflon-lined stainless-steel vessel, then heated at 180 °C and
kept for 24 h. The obtained products were washed several
times with deionized water and ethanol. After drying at
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60 °C, the ZnlIn,S4/BiVO, composite was obtained and
marked as ZB. Pure BiVO, was prepared without Znln,Sy
and named as BVO.

5 mmol AgNO; and KI was dissolved in 30 mL deionized
water to form solution A and B, respectively. ZB was added
into solution A at a molar ratio of Bi to Ag of 5:1, 2:1, 1:1,
and 1:2, respectively. Stirring separately for 3 h until com-
pletely dissolved, and then solution B was transferred to solu-
tion A. Then, stirring in the dark for 3 h. Then the resulting
precipitate was centrifuged, washed with deionized water and
dried at 60 °C for 12 h in the oven. The molar ratios of Bi
to Ag of 5:1, 2:1, 1:1, and 1:2 in composites were record the
samples as AZB 5, AZB2, AZB1 and AZBO0.5, respectively.
Pure Al was prepared without ZB named as Al.

The schematic illustration of preparation procedure of
AZB heterojunction photocatalyst was shown in Scheme 1.

2.2. Photocatalytic performance tests

The photocatalytic activity of the as-synthesized samples was
evaluated by the degradation of TC under visible light. In a
traditional draft, 30 mg photocatalyst was dispersed in
50 mL 20 mg/L TC solution. Then, the mixture has been exe-
cuted by magnetically stirring for 30 min in the dark to achieve
absorption—desorption equilibrium before 300 W Xenon lamp
(A > 420 nm) turned on. After the dark reaction, the Xenon
lamp is turned on to start the photocatalytic reaction.
(4) mL of the solution were collected every 15 min during
the photoreaction. After centrifugation, the supernatant was
collected. Then, the concentration of TC in the supernatant
was analysed by an ultraviolet—visible spectrophotometer at
A = 356 nm. The degradation rate was calculated by the fol-
lowing formula:

Degradation (%) = [(1 ——C;/Cy)] x 100%

Where C is the absorbance of the initial solution and C; is
the absorbance of the solution after the reaction.
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Fig. 1 XRD patterns of as-prepared samples.

2.3. Capturing experiment

Similar with the photocatalytic tests, 1 mmol IPA, 1 mmol
EDTA-2Na, and 1 mmol BQ were used to conduct active spe-
cies trapping tests to capture the hydroxyl radicals (eOH),
photogenerated holes (h") and superoxide anion radicals
(005), respectively. The detailed information about character-
ization is listed in Supporting Information.

3. Results and discussion

The XRD diffraction patterns of as-synthesized photocatalysts
were displayed in Fig. 1. All the diffraction peaks of pure
BVO, ZIS and AI were obviously assigned to the monoclinic
phase BVO (JCPDS NO.14-0688) (Wang et al., 2021b), hexag-
onal phase ZIS (JCPDS NO. 65-2023) (Wang et al., 2022) and

180°C 24h

—

i ZnIn,S,/BiVO,

o

Magnetically *'Q.)

stirring

A —

+

AgNO, @ KI

Schematic of Agl/ZnIn,S,4/BiVO, heterojunctions photocatalyst preparation.
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cubic phase AI (JCPDS NO.09-0399) (Guo et al., 2018),
respectively. After the recombination of BVO and ZIS, the
7ZB materials maintains the monoclinic phase BVO, and the
ZIS diffraction peak at 27.7° and 47.5° were close to the
BVO diffraction peak at 28.9° and 47.3°, which led to the over-
lap of above peaks. Moreover, the intensity of these diffraction
peaks gradually strengthened with the increasing mass ratio of
Al Similarly, as the Al composite ratio increases, the BVO
diffraction peak in AZB samples become weaker than that of
pure BVO. Furthermore, no other impurity peak was observed
in AZB samples meant the well purity and crystallinity, indict-
ing the successfully synthesis of AZB heterostructure.

As displayed in Fig. 2, SEM was employed to investigate
the morphology and structure of the as-synthesized photocat-

! ';z‘,\-.;;“'
IR
AN

ol 130

alysts. In Fig. 2a, pure BVO microspheres are formed by fast
and tight combination of irregular nano-particles with an aver-
age radius of about 2 um. As shown in Fig. 2b, the ZnIn,S,
possessed a micron flower with the radius of 1.5-2 pm, which
was composed of numerous nanosheets. In Fig. 2c, Al pos-
sessed the fusiform with the radius of 300 nm. After combing
ZIS with BVO_ it can be clearly seen that ZIS was wrapped in
microspheric BVO with a radius of 2 um to form ZB. In
Fig. 2d, the surface and voids of ZB sample were effectively
wrapped by Al particles, making the surface of the AZB
nanocomposites heterojunction rougher than that of pure
BVO, ZIS, Al and ZB samples. Subsequently, the intricate
crystal structures of AZB were investigated by TEM and
HR-TEM. In Fig. 2e, and a large number of Al particles are

Fig. 2 SEM images of (a)ZnIn,S,, (b) Agl, (c) (d)ZB, (e) (f) AZBI.
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wrapped on the surface of ZB samples with close contact
between the components, which shows that ZIS were well
attached to the Al

The microstructure of AZB nanocomposites was further
studied by transmission electron microscopy (TEM) and high
resolution transmission electron microscopy (HRTEM).
TEM images of AZB1 composite in Fig. 3a and 3b clearly
show that AI nanoparticles are well dispersed on the surface

———— 500 0m

o s AR 1 s

Fig. 3

of ZB microspheres. Fig. 3c is the high-resolution HRTEM
image of AZB. Three types of lattice fringes with a lattice spac-
ing of 0.230 nm, 0.308 nm and 0.322 nm can be observed, cor-
responding to the (200) crystal plane of AI (Chen et al., 2019),
the (121) crystal plane of BVO (Pham et al., 2020) and (102)
crystal plane of ZIS (Hussain et al., 2020), respectively. In
addition, Fig. 3d shows the element plot of the AZB1 compos-
ite, showing a uniform spatial distribution of the Ag, I, Zn, In,

0.322nm \/
ann:slunzﬁ\

0.230nm
Agl (2203

5nm

(a, b) TEM and (c) HRTEM images images of AZB1 sample. (d) HAADF and elemental mapping images of AZB1 sample.
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S, Bi, V and O clements, consistent with the element in AZB
composite, further indicating a successful synthesis of the
AZB composite. In addition, Fig. SI demonstrated the N,
adsorption—desorption isotherms and the corresponding pore
size distribution of as-prepared AZB1 sample. The BET sur-
face area, pore volume and average pore diameter of AZBI,
were 2.0525 m? g~', 0.012170 cm® g~! and 22.2033 nm, which
were also summarized in Fig. S1.

XPS spectra were conducted to exhibit the composition and
valence of chemical elements of the as-prepared AZB1, Al, ZIS
and BVO samples. Fig. 4a and 4b, displayed the survey spectra
of AZBI1, Al, ZIS and BVO, which indicated the as-prepared
samples consists of their own elements and no other elements
existed. In Fig. 4c, the diffraction peaks of S 2p and Bi 4f
was overlapped around the region of 160 eV. After analysis
by 2j + 1 condition typical constraints of the spin—orbit split-
ting (Morales-Lun et al., 2017), Bi 4f can be divided into two
diffraction peaks Bi 4f;;, and Bi 4fs), respectively found at
159.4 eV and 164.1 eV. Meanwhile, it was also possible to
deconvolve two diffraction peaks of S 2ps;, and S 2p;,, at
160.5 ¢V and 162.3 eV, confirm that the Bi element and S ele-
ment were Bi*" and S* in the sample (Lu et al., 2019). Com-
pared with ZIS and BVO, the XPS spectra peaks of Bi 4f and
S2p had a slightly shift to positive position. Fig. 4d showed the

V 2p XPS spectrum, the binding energy peaks of AZBI at
517.0 €V, 524.2 €V and of BVO at 516.7 ¢V and 524.1 eV cor-
responded to V 2psj; and V 2p; », respectively, proving that the
V element was existence of + 5 valence (Wang et al., 2021b).
From Fig. 4e, the high-resolution spectrum of Zn 2ps, as well
as Zn 2p; ), at 1025.1 eV and 1022.0 eV indicated Zn *. Simi-
larly, it can be known that Zn?" exist in ZIS and AZBI. In
Fig. 4f, the band energy of In 3d at 441.9 eV, 452.6 ¢V and
442.0 eV, 452.7 eV were corresponded to In 3ds, and In
3ds),, respectively, proving the presence of In*" in ZnIn,S,
and AZB1. From Fig. 4g, two characteristic peaks of Ag
3ds, and Ag 3ds, were located at a binding energy of
368.4 eV, 374.3 eV and 368.6 eV, 374.5 eV, which proved the
existence of Ag™. Fig. 4h showed the characteristic diffraction
peaks at 619.3 eV and 630.7 eV, corresponded to I 3ds; and I
3ds),, respectively. Same argument the characteristic diffrac-
tion peaks at 619.3 eV and 630.7 eV, corresponding to I
3ds), and I 3d3p, in the AL In Fig. 4i, the diffraction peak of
ABZ1 at the binding energy of 530.7 eV is the characteristic
peak of O 1 s, which was respectively attributed to lattice oxy-
gen in Bi-O (529.8 ¢V), V-O (531.8 ¢V) and O—H (530.4 ¢V)
adsorbed on the surface (Gao et al., 2017). For BVO, O 1 s
spectrum peaks at 528.2 eV and 530.0 eV, corresponding to
the lattice oxygen and surface-adsorbedoxygen species. In
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summary, it could be proved that BVO, ZIS and Al coexist in
the AZB sample, which was consistent with the XRD results.

UV-vis were performed to investigate the light absorption
performance of as-prepared photocatalysts. As can be seen
in Fig. 5a, the adsorption edges of both pure Al and BVO were
up to 466 nm and 570 nm in the visible light region, which
meant they can utilize visible light. Since the ZIS was black
powder and the absorption of light was strong, the ZB and
AZBI1 samples combined with ZIS could absorb more light
in the visible region than pure Al and BVO, indicating that
the composite photocatalytic system had a strong response-
ability in the visible light region. The band gap energy of as-
prepared samples was calculated by Tacu equation (Zhang
et al., 2021b) and displayed in Fig. 5b. Since BiVO, Al and
Z1S were direct bandgap semiconductors (n = 1 for direct
transition), the calculated E, of them were 2.40 eV, 2.70 eV
and 2.20 eV, respectively. The positions of valence band were
conducted by the positions of conduction band and valence
band. In Fig. 5c, the Eyg of BiVO, Al and ZIS were 2.76 V,
2.36 Vand 1.66 V (vs NHE), respectively. Further, the conduc-
tion bands of BVO, Agl and ZIS could be calculated as 0.32 V,
—0.34 V and —0.54 V, respectively.

The photocatalytic activity of the as-prepared samples was
evaluated by photodegradation of TC under visible light irra-
diation. In Fig. 6a, that TC wastewater was hard to degrade
under light without photocatalyst, indicating TC had good sta-
bility under light irradiation. The TC removal efficiency of

~_
&
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——BZ
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——BZAl

——BVO .
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»
1 1 1 S 1

200 300 400 500 600 700 800
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Fig. 5
bandgap of Al » ZIS and BVO.

pure BiVO, Agl and ZIS only 42.11 %, 60.71 % and
54.19 % in 2 h, respectively. After combined with Agl and
ZnlIn,S,, the composite photocatalyst inhibited the recombina-
tion of photo-generated electrons and holes, and accelerated
the conduction speed of the photo-generated carriers in the
composite. The photocatalytic activity of AZB composite pho-
tocatalysts was higher than that of pure BVO, Agl and ZIS,
indicating that the photocatalytic performance of the sample
has been significantly improved. Furthermore, with the
increasing ratio of Al, the degradation rate of TC wastewater
for AZB composite photocatalysts increased firstly. Among
them, AZBI1 had the best photocatalytic activity for TC
wastewater, with the degradation rate of TC up to 91.44 %.
When the composite ratio of Al continued to increase, the
decrease of photocatalytic activity can be attributed to the
weakness of the synergistic effect among BiVO, Al and ZIS.
Moreover, all photocatalytic reactions performed conform to
the first-order reaction kinetic equation in Fig. 6b. The reac-
tion rate constants for BVO, Al, ZIS, ZB, AZB5, AZB2,
AZB1 and AZBO0.5 were 0.00452, 0.00647, 0.00648, 0.00633,
0.00949, 0.01395, 0.02118 and,0.01329 min~'. The reaction
rate of the AZB1 composite photocatalyst was 4.68, 3.27 and
3.27 times higher than that of pure BVO, Al, and ZIS, indicat-
ing that the synergistic effect among BVO, Al, and ZIS could
improve the photocatalytic properties. In addition to photo-
catalytic efficiency, TOC and COD removal are also very
important performance for photocatalyst. As shown in
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Fig. 6¢, the TOC and COD removal efficiency of AZB1 sam-
ples were 57.85 % and 64.89 %, respectively, which were lower
than photocatalytic properties. This is because TC in the solu-
tion does not completely degrade into inorganic substances,
but existed as intermediate. Moreover, the stability and repet-
itiveness of photocatalysts were significant for practical appli-
cation. As shown in Fig. 6d, AZBI1 still remained high
degradation rate (82.16 %) for TC wastewater after 10 cycles,
which was only about 9 % lower than that of the first time.
The above results prove that the formation of AZB composite
heterojunction effectively inhibits the photo-corrosion
phenomenon of the catalyst, and has excellent photocatalytic
stability and recyclability.

Transient photocurrent response and electrochemical impe-
dance spectra were employed to analyze the generation and
separation efficiency. As illustrated in Fig. 7a, the photocur-
rent response of AZB1 was much stronger than that of pure
BVO, Al, and ZIS, indicating that more photo-generated car-
riers were generated (Zhou et al., 2021). Moreover, the EIS
Nyquist plots were opposite to the photocurrent intensity
which mean the AZB composite photocatalyst had the fastest
photo-generated electron transfer efficiency. From the above
results, it was drawn that the AZB could inhibit the

recombination of photo-generated carriers and accelerate the
migration rate of photo-generated electrons.

To verify photocatalytic mechanism, active radical captur-
ing experiments and electron spin resonance (ESR) spec-
troscopy were employed to explore the role of O3, h™, and
eOH in Fig. 8. BQ, EDTA-2Na and IPA were selected as trap-
ping agents and added into the reaction system capture O,
h™, and eOH, respectively. It can be seen from Fig. 8(a) after
adding BQ, the removal rate of TC was reduced to 41.76 %,
indicated that e, also played a certain role in the degradation
process. After adding trapping agent EDTA-2Na, the pho-
todegradation  efficiency was  significantly  inhibited
(32.51 %), indicated that h™ played an important role in the
photocatalytic degradation reaction. Moreover, the degrada-
tion effect of TC solution was decreased to 52.39 % after the
addition of IPA capture agent, which indicated that e¢OH
was also exist as the main active group. Since capturing h™
also inhibit the generation of eOH, the photodegradation effi-
ciency of adding EDTA-2Na is slightly higher than adding
IPA, indicating h* directly oxidize a small amount of TC.
The above results indicated that h™, eO; and eOH were all
involved in the reaction system for photocatalytic degradation
of TC solution, and e0, and O, were the main active species.
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To further verify the existence of free radicals, the ESR analy-
sis was performed under visible light. As shown in Fig. 8b, no
EPR signals regular of DMPO-e0O; and DMPO-eOH was
observed under dark conditions. However, a series of obvious
characteristic peaks was received under light conditions, indi-
cating that eO; and eOH free radicals were involved and
played critical roles in photocatalytic reactions (Li et al., 2020).

According to the above results, the probable photocatalytic
mechanism of AZB heterojunction was recommended in
Fig. 9. If no interfacial effect was recognized after the con-
struction of AZB heterojunction, the dual type-II photocat-
alytic mechanism was referred as shown in Fig. 9a. Under
light illumination, the photoinduced electrons would shift
from the CB of ZIS to the CB of Al then to CB of BVO.
On the contrary, the photogenerated h™ will transfer from
the VB of BVO to the VB of Al then to VB of ZIS. However,
the CB potential of BVO (vs NHE, 0.32 V) is more positive
than that of O,/e05(-0.33 V vs NHE) and the VB potential
of ZIS is more negative than that of OH /eOH (2.40 V vs

NHE), indicating no O, and eOH was achieved, which is
not consistent with ESR results (Shi et al., 2022). In Fig. 9b,
if AZB heterojunction followed dual Z-scheme heterojunction,
the photoelectrons on the CB position of Al and ZIS can move
to the VB of ZIS and BVO via the Z-scheme route, respec-
tively. Simultaneously, leaving the h™ on the VB of BVO
(2.76 V vs NHE) and e on the CB of ZIS (-0.54 V vs NHE),
e0, and eOH were generated in photocatalysis reaction.
Therefore, ¢O; and ¢OH should be the main active species,
and h™ is also participating in the reaction and directly
degrade TC, which was consistent with the result of active spe-
cies trapping. This dual Z-scheme heterojunction not only
effectively promote the separation of photogenerated charges,
but also retain the prominent redox potential. Finally, the pho-
tocatalytic degradation process of TC by AZB was described
as follows:

Agl/ZnIn,S4/BiVO, + hv — Agl(e™ +h')/ZnlIn,S,

(e +7)/BiVOose— +h7) D
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Agl(e™ +h")/ZnIn,S4(e~ +h*)/BiVOy(e~ +h*)

— Agl/ZnInySy(e™)/BiVO,(h*) @
e + 0,—0,” (3)
h*+ OH™ —eOH (4)
h*/eO,” /éeOH + TC — degradation products (5)

4. Conclusions

In summary, a novel ternary Agl/Znln,S4/BiVO, dual Z-scheme
heterojunction was successfully synthesized by hydrothermal method
and in-situ precipitation method. Subsequently, the morphology, crys-
tal structure, elemental composition analyses, composition and photo-
electrochemical properties, as well as the charge carriers transfer
mechanism of Agl/ZnIn,S,;/BiVO, dual Z-scheme heterojunction have
been explored in detail. Agl/Znln,S,/BiVO, heterojunction showed
higher photocatalytic activity than that of pure Agl, Znln,S, and
BiVO, towards degradation of TC. In addition, the most excellent
photocatalytic activity was obtained by the molar ratio of Bi to Ag
in the heterostructure is 1:1, which can be attributed to the formation
of dual Z-scheme heterojunction effectively promotes the separation
and transfer of photogenerated electron-hole pairs and greatly extends
the life of carriers. Finally, a probable photocatalytic mechanism of
AZB heterojunction with dual Z-scheme pathways were recommended
by ESR and active species trapping experiments. The present work
suggested a promising approach for the design of ternary dual Z-
scheme heterojunction with multilevel electron transfer to present
greater photo-absorption, charge separation, and photodegradation
for environmental decontamination.
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