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Figure 1 (Color online) Band structure of (a) tetragonal scheelite,
(b) monoclinic scheelite, and (c) tetragonal zircon. (d) Tetragonal and
monoclinic phases. (¢) Phase transition process of BiVO, [8,10].
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Figure 2 (Color online) Common structures of POMs.
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Figure 3 (Color online) SEM images of BiVO, obtained under
different pH conditions: (a) pH=3.8; (b) pH=4.3; (c¢) pH=4.7;
(d) pH=5.2; (e) pH=5.5; (f) pH=8.5. (g) Schematic diagram of the
cross-linking structure of tetragonal BiVO, and monoclinic BiVO,.
(h) Degradation of the photocatalytic activity of MB under visible light
irradiation [31] (BiVO,-a: pH=3.8; BiVO,-b: pH=4.0; BiVO,-c:
pH=4.3; BiVO,-d: pH=4.7; BiVO,-e: pH=5.2; BiVO,-f: pH=5.5;
BiVO,-g: pH=8.5).
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Figure 4 (Color online) SEM images of BiVO, under different pH: (a) pH=2; (b) pH=4; (c) pH=6; (d) pH=8. (e) Visible light catalytic performance
of BiVO, prepared in different pH reaction solutions ((i): pH=2; (ii): pH=4; (iii): pH=6; (iv): pH=8; (v): no catalyst; (vi): no light) [32].
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Figure 5 (Color online) (a) Formation mechanism of BiVO, microsphere samples (the scale bars in the SEM images are 1 um). SEM images of
BiVO, under different pH preparation conditions: (b) pH=8; (c) pH=6; (d) pH=4; (e) pH=2. (f) High magnification and (g) low magnification TEM
images of BiVO, at pH=4. (h) Photocatalytic degradation efficiency of RhB by BiVO, at different pH values [33].
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Figure 6 (Color online) (a) The formation mechanism diagram of BiVO, crystals with different morphologies under different pH conditions at
180 C. (b) Photocatalytic performance curves of BiVO, under different reaction conditions (N5-180-12: pH=5, 180 ‘C, reaction time

12 h) [34].
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Figure 7 SEM images of BiVO, prepared by different chelating agents: (a) CA as chelating agent; (b) sodium carbonate as pH controller; (c) no
EDTA; (d) EDTA as chelating agent. (¢) Magnified TEM image of star product surface (inset: SAED pattern in marked area). (f) SEM images of
BiVO, obtained by no PVP template agent and (g, h) PVP as template agent [35,37,38].
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Figure 8 (Color online) SEM images of BiVO,: (a) before calcination without PEG-10000; (b) before calcination with PEG-10000; (c) after
calcination without PEG-10000; (d) after calcination with PEG-10000. (e) The formation mechanism of the as-prepared BiVO, sheets.

(f) Photocatalytic activity of samples without PEG addition-BiVO, and samples with PEG addition-BiVO, (a: samples without PEG addition-BiVOy,;
b: samples with PEG addition-BiVO,) [43].
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(100 uL))

Figure 9 SEM images of BiVO, sample (a) without guide agent and (b) with guide agent 60 uL. HRTEM images of BiVO, sample (c) without guide
agent and (d) with guide agent 60 pL in SEAD mode. Crystal diagrams of BiVO, sample (e) without guide agent and (f) with guide agent 60 pL.
(g) Correlation of oxygen evolution rate with (040)/(110) intensity ratio [44] (a: TiCl; (0 pL); b: TiCl; (25 pL); c: TiCl; (50 pL); d: TiCly (60 pL);
e: TiCl; (65 pL); f: TiCl; (100 pL)).
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Figure 10 (Color online) SEM images of BiVO, samples prepared by
hydrothermal method at different pH values: (a) pH=0.25; (b) pH=0.5;
(¢) pH=0.75; (d) pH=1.0; (¢) pH=1.5; (f) pH=2.5; (g) pH=3.0;
(h) pH=3.5; (i) pH=4.0. (j) Photocatalytic water oxidation of BiVO,
samples under different pH conditions [45].
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Figure 11 (Color online) SEM images of BiVO, nanocrystals of
different thicknesses (the scale bars in the insets are 2 pm): (a) 540 nm;
(b) 350 nm; (c) 260 nm; (d) 150 nm; (e) 120 nm; (f) 100 nm; (g) 85 nm;
(h) 70 nm; (i) 50 nm. (j—1) HRTEM characterization of BiVO,
nanocrystals and SAED mode. (m) Schematic diagram of BiVO,
nanocrystals exposed at (040) and (200) faces [46].
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B 12 (MKEEE) (a) BiVO,. (b) Pt/BiVO,. (c) MnO,/
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Figure 12 (Color online) SEM images of (a) BiVO,, (b) Pt/BiVO,,
(¢) MnO,/BiVO, and (d) Pt/MnO,/BiVO,. (e) Photochemical properties
of different types of photoelectrodes. (f) Photocatalytic water oxidation
properties of BiVO, [47].
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Figure 13 (Color online) SEM images of BiVO, samples prepared by
microwave hydrothermal method at different pH: (a) pH=0.59 (the scale
bar in the inset is 1 um); (b) pH=0.70; (c) pH=1.21; (d) pH=3.65;
(e) pH=4.26; (f) pH=7.81. (g) TEM image of BiVO, powder prepared at
pH=0.59. (h) TEM image and (i) HRTEM image of BiVO, powder
prepared at pH=7.81 (inset is SAED diffraction pattern). (j, k) The
relationship between RhB degradation by various photocatalysts and
ultraviolet irradiation time. (I, m) The relationship between the
photocatalytic degradation rate of RhB degradation by various
photocatalysts and simulated sunlight irradiation time [50].
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Figure 14 (a) Schematic diagram of microcrystalline structure evolu-
tion of BiVO, and (b) SEM images of BiVO, at different microwave
hydrothermal times: (ii) at the beginning; (iii) 20 min; (iv) 30 min;
(v) 60 min; (vi) 90 min; and (vii) 120 min [51].
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Figure 15 SEM images of BiVO, catalysts prepared at different alkali
concentrations of precursor solution: (a) pure water; (b) 2 mol L™
NaOH solution; (c) 4 mol L™' NaOH solution. Degradation rate-time
curve of RhB synthesized by BiVO, under different precursor liquid and
alkali concentrations under (d) ultraviolet light irradiation and
(e) visible light irradiation [52].
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Figure 16 (Color online) SEM images of BiVO, catalysts obtained by
the sol-gel method at different roasting temperatures ((a) 400 °C,
(b) 450 °C, (c) 500 °C, (d) 600 °C), at 500 °C, different retention times
((e) 0.5h, (f) 1 h, (g) 3 h), different pH values ((h) pH=7, (i) pH=10),
and different concentrations of CA ((j) 0.1 mol L™, (k) 0.2 mol L™,
(1) 0.4 mol L_l). Degradation RhB diagrams of the BiVO, sample at
(m) different heat treatment temperatures and (n) different heat
treatment times. Degradation RhB diagram of BiVO, catalyst at
(o) different pH values and (p) different molar concentrations [55,56].
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Figure 17 (Color online) SEM images of BiVO, catalyst obtained at
different molar ratios of EDTA and CA in sol-gel method ((a) 0.5/4,
(b) (0.5+0.2)/4, (c) (0.5+0.5)/4) and different pH ((d) pH=5, (¢) pH=9,
(f) pH=10). (g) TEM, (h) SAED and (i) HRTEM images of BiVO,
catalyst were obtained when the molar ratio of EDTA to CA was (0.5
+0.5)/4. Photocatalytic degradation efficiencies of MB with (j) different
ratios of EDTA to CA and (k) pH (S1 (EDTA:TA): 0.5/4; S2 (0.5+0.2)/
4; S4 (0.5+0.5)/4; S8: pH=5; S9: pH=9; S10: pH=10) [57].
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Bl 18 AFpHZ& M 432 BIBiVO,ME L FI I SEME J:
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Figure 18 SEM images of BiVO, catalysts at different pH: (a) pH=9;
(b) pH=10; (c) pH=11 [58].
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Figure 19 SEM images of BiVO, catalyst obtained by different
preparation methods: (a) ordinary urea method; (b) ultrasonic assisted
urea method; (c, d) hydrothermal urea method. (e) Photocatalytic
degradation curve of FN-3G under visible light (a: blank experiment
without a catalyst; b: BiVO, synthesized by ordinary urea precipitation;
c: BiVO, synthesized by ultrasonic-assisted synthesis; d: BiVO,
synthesized by hydrothermal urea precipitation) [59].
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Figure 20 (Color online) (a) BVO material synthesis process. The influence of EDTA on morphology of BiVO, catalysts with the hydrothermal
method and co-precipitation method: (b) hydrothermal method without EDTA; (c) hydrothermal method without EDTA calcination; (d) hydrothermal
method with EDTA; (e) hydrothermal method with EDTA calcination; (f) coprecipitation method without EDTA; (g) coprecipitation method without
EDTA calcination; (h) coprecipitation method with EDTA; (i) coprecipitation method with EDTA calcination. (j) Removal rate of DCF by different

catalysts [60].
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Figure 21 Relationships between BiVO, particle size and (a) Bi(NO;); concentration, (b) pH value of solution, (c) reaction temperature [61].
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Figure 22 TEM images of BiVO, catalysts with different V sources at
room temperature: (a) NH,VO; as V source; (b) NaVO; as V source.
TEM images of BiVO, catalysts obtained by adding different
surfactants at 70 C: (c) CTAB as active agent; (d) SDBS as active
agent [62].
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Bl 23 (MR HE) (a) PAURIRBRER AR H] % BiVO, 7S O
GOKERAE R BB (b) il & AIBIVO, 2 L 9K ER
SEMIJ (c) #/MBIVO,ZE LK BRI TEMIE )

Figure 23 (Color online) (a) Preparation process diagram of BiVO,
hollow nanospheres with colloidal carbon spheres as template; (b) SEM
images of the prepared BiVO, hollow nanospheres; (¢) TEM images of
a single BiVO, hollow nanosphere [64].
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B 24 (MKIEFEE) (a) Bi-V-0% 58 /2 25 O BRAKIE lid FER 78 B (b) Bi-V-O #5525 O ERISEMIER F; (c) Bi-V-OXL T2 45 L ER I
SEMIEF; (d) Bi-V-ORFEALERIITEMIE I (e) Bi-V-OXUFEZADERITEMIEF; () #ABi-V-OXFE A D ERIKTEMIE
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Figure 24 (Color online) (a) Schematic diagram of the formation process of Bi-V-O multi-shell hollow sphere; (b) SEM image of Bi-V-O single-
shell hollow sphere; (¢) SEM image of Bi-V-O double-shell hollow sphere; (d) TEM image of Bi-V-O single shell hollow sphere; (¢) TEM image of Bi-
V-O double shell hollow sphere; (f) TEM image of an individual Bi-V-O double-shell hollow spheres; (g) HRTEM image of an individual Bi-V-O
double-shell hollow spheres; (h) photodegradation kinetics of MB by Bi-V-O multi-shell hollow spheres under visible light [65].
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Bl 25 (M%IRZEE) (a) Y723 AR %PBAT/PLA/MWCNTsHY K 7 4145 R B & S 26; (b, ¢) AN EMWCNTsHIPBAT/
PLAZKAF4ESEMIE 5 (d, €) 2 MWCNTS/{IPBAT/PLAZNKAF4ESEMIE J; (f) LaOBr:Tb 9K &R 4. 4kt Al b a2 gk 2F
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Figure 25 (Color online) (a) Synthesis route of PBAT/PLA/MWCNTs nanofiber-sensor prepared by electrospinning technology; (b, ¢) SEM images

of PBAT/PLA nanofibers without MWCNTs; (d, ) SEM images of PBAT/PL

A nanofibers containing MWCNTs; (f) schematic diagram of formation

mechanism of LaOBr:Tb>" nanofibers, nanoribbons and hollow nanofibers and SEM images of LaOBr:3% Tb*" nanofibers, nanoribbons and hollow

nanofibers [66,67]; (g) diagram of electrospinning device.
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Bl 26 (MZHCEE) (a) B HYTLEOR I #BIVO LT YR
Bl ARl BiIR FE 5 B[ BIVO, L 4E ISEME F((b) 400°C
(c) 450°C. (d) 500°C. (e) 550°C)FITEMIRJ((f) 400°C.
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Figure 26 (Color online) (a) Diagram of BiVO, fiber preparation by
electrospinning; SEM images ((b) 400 C, (c) 450 C, (d) 500 C,
(e) 550 'C) and TEM images ((f) 400 'C, (g) 450 C, (h) 500 C,
(i) 550 'C) of BiVO, fibers obtained by roasting at different
temperatures [72].
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B 27 (MR E) ARG 2RI BiVO,LT4EH)
SEMFITEMI® /. SEM: (a) K5BERT; (b) 100°C; (c) 200°C;
(d) 300°C; (e) 400°C; (f) 450°C; (g) 500°C; (h) 550°C. TEM:
(1) 400°C; (j) 450°C; (k) 500°C; (1) 550°C. (m) A] WA, A
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Figure 27 (Color online) SEM and TEM images of BiVO, fiber at
different calcination temperatures. SEM: (a) before calcination;
(b) 100 C; (c) 200 C; (d) 300 C; (e) 400 C; (f) 450 'C; (g) 500 C;
(h) 550 ‘C. TEM: (i) 400 C; (j) 450 C; (k) 500 C; (1) 550 C.
(m) Catalytic activity of various photocatalysts at different roasting
temperatures for MB under visible light [75].
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Figure 28 SEM images of BiVO, fiber at different roasting temperatures: (a) raw fiber; (b) 400 C; (c, d) 500 C; (e) 600 C. (f) TEM images of
BiVO, fiber roasted at 500 ‘C. (g) Degradation of MB in BiVO, samples roasted at 500 and 600 ‘C for 1 h [76].
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Figure 29 SEM images of BiVO, nanofibers at different roasting temperatures: (a) 400 ‘C; (b) 450 C; (c) 500 C; (d) 550 “C. (e) Degradation rate of

RhB by BiVO, nanofibers prepared at different sintering temperatures [77].
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Figure 30 (a) Schematic diagram of the formation process of BiVO,
flower-like microtubules. SEM images of BiVO, catalysts at different
reaction times: (b) 3 h; (c) 6 h; (d) 15h. (¢) TEM image, (f) SAED
pattern, (g) HRTEM image of BiVO, flower-like microtubules [29].
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Figure 31 SEM images of BiVO, catalysts with different grinding
times [78].
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F 1 POMSs/BiVO,FMMOFs/BiVO, ML FIGAE AL B 5 e i s 26 A ATE 10T bl
Table 1 Comparison of test conditions and activity of POMs/BiVO, and MOFs/BiVO, catalysts for photocatalytic degradation of pollutants

AL AR E R IR LI JSIAFTE] (min)  FERECR (%) ZE R
BiVO,/MIL-125(Ti) (Bi:Ti=3:2) 25 mg RhB (10 mg L™ fffgﬁ“f) 180 min 92% [90]
BiVO,/NH,-MIL-125(Ti) (0.1BT) 20 mg RhB (10 mgL™") (51034\2%@5 60 min 95% [91]
Bivo“g}\lfﬁfgo';” (Ti) 100 mg RhB (20 mgL™") szg(f)ﬁ;f) 120 min 90% [92]
BiVO,/NH,-UiO-66 (BVNU40) 100 mg RhB (20 mg L") ao:o :;ﬁ“g 150 min 90% [92]
Ce-BDC/BiVOy, (3:1) 10 mg Rh]?f oyng ‘LJY)[O BA 180 min ];;11]33 :2586..(());://: [93]
MO:74.7%

10 wt.% PW ,/BiVO, 30 mg MB (10 mg L™ ;g%/ﬁég 360 min 93% [94]
BiBDC/BiVO, 20 mg TC (10mgL™" 2?34%5;‘5 30 min TC:97.9% [95]
BiBDC/BiVO, 20 mg %I;’A(Eg ::g’ E: 11)) ? ff:;;ﬁ;“g 60 min gi:;ésfu/z [95]

1 wt.% CoWO/BVO 50 mg MB (20 mg L™ ?ffé&ﬁnf) 150 min 97% [96]

1 wt.% CoWO/BVO 50 mg TC (20 mgL™") 22)34%5;‘& 120 min 78% [96]
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Figure 32 (Color online) (a) Comparison of catalytic effects of different catalysts with different Bi:Ti molar ratios under visible light;

(b) repeatability of BiVO,/MIL-125(Ti) composite catalysts with Bi:Ti of 3/2; (c¢) schematic diagram for RhB degradation over BiVO,/MIL-125(Ti)
composite catalysts with Bi:Ti of 3/2 under simulated solar light irradiation [90].
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Figure 33 (Color online) (a) Performance curves of BiVO, and BT samples for photocatalytic degradation of RhB; (b) study on the cyclic stability of
0.1BT photocatalyst; (c) possible photocatalytic mechanism of degradation of RhB by 0.1BT under visible light irradiation; (d) in visible light, the
degradation performance curve of RhB dye by BVNM series composites; (e) cyclic degradation efficiency of BVNM30 sample; (f) degradation
mechanism of RhB by BVNM composite photocatalytic material under visible light [91,92].
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Figure 34 (Color online) (a) Degradation efficiency of RhB by BiVO,, NH,-UiO-66 and BVNU composites under visible light; (b) cyclic
degradation effect of sample BVNU40; (c) photocatalytic degradation mechanism of BVNU composites under visible light [92].
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Figure 35 (Color online) Crystal structure of monoclinic BiVO,: (a) ball-and-stick model, (b) polyhedral model, (c) lattice diagram. (d) Band
structure diagram of Ce-BDC/BiVO, photoanode. (e) Charge separation and formation of internal electric fields at heterojunction interfaces.
Degradation efficiencies of Ce-BDC/BiVO, catalyst for (f) MB, (g) RhB and (h) MO when the molar ratio of Ce-BDC to BiVO, is 3:1 under visible

light [93].
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Figure 36 (Color online) Photocatalytic degradation efficiencies of (a) TC, (b) CIP, and (c¢) BPA with BiBDC/BiVO, catalysts; (d) degradation
mechanism of TC with BiBDC/BiVO, catalysts [95].
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Figure 37 (a) Photocatalytic degradation efficiency of MB with pure BiVO, and HPW/BiVO, catalysts; (b) visible photodegradation mechanism of
organic compounds with HPW/BiVO, catalysts; (c) cyclic degradation efficiency of 10 wt.% HPW/BiVO, [94].
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Figure 38 (Color online) (a) Schematic diagram of BiVO, and
CoWO/BiVO, synthesis; (b) MB degradation performance of different
photocatalysts; (c) cyclic test of 1CoWO/BVO degradation of MB;
(d) TC degradation performance of different photocatalysts; (e) cyclic
test of ICoWO/BVO degradation of TC; (f) degradation mechanism of
MB and TC on 1CoWO/BVO photocatalyst [96].
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3.2.1 MOFs/BiVO, & &k

Han%s A\""143 B MIL-100(Cr) FIMIL-100(Fe) 5
BiVO, & A T B B [)IMIL-100(Fe)/BiVO,AIMIL-100
(Cr)/BiVOE A AT, & mARME3%fR. MK
39b, cAN[AMBEALTIE B2 O, 1 RE XS EL I R B, MIL-
100(Fe) 5BiVO,E & Ja Re 4 =i 720,08 %, Jf HMIL-
100(Fe) 5 BiVO, [a] (1) EA7 5 el o' Ak 7= O, P RE.

* 2 POMs/BiVO,MIMOFs/BiVO, /AL 71 B A AL 43 K 0 2% A R P o) L

Table 2 Comparison of test conditions and activity of POMs/BiVO, and MOFs/BiVO, catalysts for photo-electro-catalytic water decomposition

HLT (A Q) e %
A R B i mihl b (SO R ot pmimmr % 2
ek @) o
8%MIL-100(Fe) LEDAT -
@BiVOKER  (1=420 nm, s g;i?i_]) 10%‘(‘%”:%'5 13 - 43 pmol - 4 [104]
(15 mg) 100 mW cm™2) p
8% MIL-100(Cr) LEDAT 454
@BiVOAKBIRL  (A=420 nm, s rf;{)?i_l) logqj?Lgi%”% 13 - 3.9 umol - 4 [104]
(15 mg) 100 mW cm2) P
. . 0.5 mol L™
- - e HE
Ov B%%‘FC‘;}N‘FG /?}\gol r'rsm(,}ii;i‘z) - K,BO;. 0.05 - ~ 53x0.15mAcm> - [105]
mol L™ V,05
. . 300 WHAT, 0.5 mol L™" Bz
BIV()(‘;;I;]‘DFS)MOF AM 1.5 G - 2R - - 4.16 mA cm™ ~ [106]
(100 mW cm ™) (pH=9.5)
. . AM 1.5 GRS Na,SO, 0.5 mol L™ o
NiFe-MOFs/BiVO, (100 mW cm_z) (1 mol L—I) K,BO; (pH=9.5) 3 2043 ymol  99.5 pmol  4.61 mA cm - [107]
-1
150 WHRAT, ! mgi; 3 KB
Bi-MOFs/BiVO, AM 1.5 Gt - PE=o - - - 235mAem”> -~ [108]
(100 mW em™ ) 0.2 mol L
¢ Na,S0,
300 Wi AT, 0.5 mol L-!
BiVO,/Zn-MOF B - PO - - 1.46 mA cm™ - [109]
(100 mW cm™) 2
25-MOF/BVO 150 W AT SN -1
(100 mg) (=420 nm) PR - 2.5 4.47 mmol g - - - [110]
. AM 1.5 G 0.5 mol L' 2
Cobim/BVO-20 (100 mW cm_z) - Na,SO, - - 3.1 mA cm - [111]
300 W4T, -1
BVO/ %’ie) MOF ™ AM 1.5 Gilg e - %]fi‘?oil;) - 124pmol  392mAcem™ - [l12]
(100 mW cm™2) P
. . AM 1.5 GHIR 0.5mol L™ -
CoNi-MOFs/BiVO, (100 mW cm_z) - Na,SO, — - 3.2 mA cm - [113]
{AT (400 W) .
BiVO/CoW;, (100 mW cm™) Naos‘i)m("%: 590) - - 189 pAem™  —  [114]
(7>400 nm) 2504 (PHES-
T (400 W) -
BiVO,/PW,, (100 mW cm ™) 0.1 mol L - - 12.0 pA cm™ - [114]

(7>400 nm)

Na,S0, (pH=5.9)
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Figure 39 (Color online) (a) Schematic diagram of the preparation process of MIL-100(Fe)@BiVOy,; (b) photoelectric O, production performance of
different catalysts; (c) the relationship between photoelectric O, production performance and time; (d) schematic diagram of O, evolution mechanism

with MIL-100(Fe)@BiVO, catalysts [104].

MIL-100(Fe) 155 & N8%H, Hi=0, & & 4iBiVO,H
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(Fe)/BiVO, K A 4L~ T 43 umolf10,. 411&39d
WL 5T AT LAAS %0, MIL-100(Fe)R S5 67 B EEBiVO,
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PLEEIE. AR, SRR A CB KIS
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Figure 40 (Color online) (a) Schematic diagram of core-shell Ov-BiVO,@NiFe-MOFs catalyst synthesis; (b) J-V curves for different catalysts;

(c) Ov-BiVO,@NiFe-MOFs OER mechanism diagram [105].
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Figure 41 (Color online) (a) Schematic diagram of synthesis of BiVO,/NiFe MOF (CHDA), BiVO,/NiFe MOF (PTA) and BiVO,/NiFe MOF
(BPDC) photoanodes; (b) LSV curve under light irradiation; (c) long time of /-¢ curve; (d) BiVO,/NiFe MOF (BPDC) photoanode PEC water oxidation

mechanism diagram [106].
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Figure 42 (Color online) (a) Synthesis schematic diagram of NiFe-MOFs/BiVO, composite electrode; (b) the amount of H, and O, produced
compared with the theoretical value and the Faraday efficiency of the NiFe-MOFs/BiVO, photoanode; (c) photocurrent density versus applied potential
curves; (d) the PEC water oxidation mechanism diagram of NiFe-MOFs/BiVO, [107].
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Figure 43 (Color online) (a) Preparation diagram of Bi-MOFs/BiVO, electrode; (b) I-V curves of different catalysts; (c) stability of BiVO, and M2/
BiVOy; (d) O, Faraday efficiency of BiVO, and M2/BiVO, [108].
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Figure 44 (Color online) (a) Synthesis process of BiVO,/Zn-MOFs; (b) mechanism diagram of PEC water splitting over BiVO,/Zn-MOF photopole

[109].
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Figure 45 (Color online) (a) Schematic diagram of synthesis of BiVO,, Mg-MOF-74 and Mg-MOF-74/BiVO,; (b) H, production of monomer and
composite catalyst; (c) cycle test of 25-MOF/BVO H, production; (d) H, photocatalysis diagram of Mg-MOF-74/BiVO, [110].
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Figure 46 (Color online) (a) Schematic diagram of manufacturing
process of Co,(bim), modified BiVO, photoanode; (b) the crystal
structure of Co,(bim)y; (¢) J-V curves for pure BiVO, and Cobim/BVO
photoanodes [111].
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Figure 47 (Color online) (a) Schematic diagram of BVO/CoFe MOF (NA) photoanode synthesis process; (b) LSV curves of different materials;
(c) the amount of O, produced by BVO and BVO/ CoFe MOF (NA) in the water decomposition process of PEC and the corresponding Faraday
efficiency; (d) schematic diagram of charge generation, separation and transfer process of PEC water oxidation for pure BVO and BVO/CoFe MOF
(NA) photoanodes and energy level diagram [112] (J,, .. and K, represent global recombination kinetics and OER Kkinetics, respectively).

1 Add V source y
(a) I Heat & J (b)) 100 ORR =
1T Soak in NaOH 45° tilt placement iz <§:.';’=: = 3.0]— CoNi-MOFvBIVOL
- — - — S o detected Hz L 80 5 CoNi-MOFs/BiVOx in dark
BiOI film = E 100 o detected Oz S & 25
— calculated 11 E &+
: Z 80 _:.Z:.::.a o : 60 & z20
; Hydrothermal || 481 g e
Elcctrodeposited Y & go-e-Farawem: 2 s
3 Ot-Fana% 0, hao 2
' f R & S Lo
- 53/ S 20 5 05
55 2 20 S -
;? L 0 " 00
X g 0 1800 3600 5400 7200 9000 10800 02 04 06 08 10 12
FTO substrates P CoNi-MOFs/BiVO, Time (s) Potential (V vs RHE)
(d) 40
3.54 CoNi-MOFs/BiVOs
3.0
25
2.5
§
2.04
<
£ 1.5
-
l.0-¥ pure BiVO«
0.5
0.0 T T T T T
1800 3600 5400 7200 9000 10800

Time (s)

B 48 (MZHCEE]) (a) CoNi-MOFs/BiVO,E IR G MOTiZon B (b) SEAREA L Hy MO0,/ L CoNi-MOFs/
BiVO GBI EFL 520K, (¢) BiVO,MICONI-MOFs/BiVO,fE G RIS 26 1 F (K - L s 2k v i 26, (d) CoNi-MOFs/
BiVO,FI4iBiVO,[fiFa i HE; (e) CoNi-MOFs/BiVO,J: FHHPEC/K Stk Al 3 )

Figure 48 (Color online) (a) Schematic diagram of the synthesis method of CoNi-MOFs/BiVO, composite electrode; (b) the amount of H, and O,
produced compared with the theoretical value and the Faraday efficiency of the CoNi-MOFs/BiVO, photoanode; (c) linear current-voltage curves of
BiVO, and CoNi-MOFs/BiVO, under the conditions of light irradiation and dark; (d) stability test of CoNi-MOFs/BiVO, and pure BiVO,;
(e) mechanism schematic diagram of CoNi-MOFs/BiVO, for PEC water oxidation [113].
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Figure 49 (Color online) (a) LSV of BiVO,, BiVO,/PW,, and BiVO,/CoW,, photoanodes in visible light; (b) mechanism diagram of photo-elctro-
catalystic water oxidation over BiVO,/CoW, and BiVO,/PW, photoanodes [114].
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Research progress on synthesis methods of BiVO, and photocatalytic
properties of POMs/BiVO, and MOFs/BiVO, composite catalysts
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Abstract: Bismuth vanadate (BiVO,) is one kind of excellent photoresponsive catalyst possessing several advantageous
properties, including narrow band gap, high photostability, low toxicity, and environmental friendliness. However, the
practical applications of BiVO, were limited due to the rapid recombination of electrons and holes, resulting in
diminished photocatalytic activity. In recent years, some works in mitigating electron-hole recombination of BiVO,
through enhanced synthesis techniques and structural modulation of catalysts have been done by researchers. This paper
reviews the various synthesis methods for BiVO, catalysts as well as the advancements of POMs/BiVO, and MOFs/
BiVO, composite catalysts, concerning photocatalytic degradation of organic pollutants, photocatalytic water splitting,
and photocatalytic oxidative desulfurization. Additionally, we summarize the current research status and look into the
future prospects of BiVO, catalysts, which can provide a theoretical foundation for subsequent investigations.

Keywords: BiVO,, polyoxometalates, metal-organic frameworks, photocatalysis degradation contaminant, photo-
electrocatalytic splitting water, photocatalytic oxidative desulfurization
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