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Heter ojunction piezoelectric photocatalytic materials:
New opportunitiesfor advanced water treatment
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Abstract: In recent years, with the rapid development of medical treatment, chemical industry and other
fields, a large number of pollutants have been produced and discharged, which has gradually affected the
ecological environment and human health. Photocatalytic processes have been at the forefront of
environmental/catalysis due to their "green" properties and may play an important role in future carbon
neutrality. Heterojunction piezoelectric photocatalytic materials have become a promising photocatalyst due
to their efficient utilization of solar energy, and many kinds of heterojunction piezoelectric photocatalytic
materials have been developed trying to solve the environmental pollution crisis. However, the current
research needs to be further deepened, expanded and innovated. Herein, the synthesis and modification
methods of heterojunction piezoelectric materials were reviewed, with emphasis on the materials'
piezoelectricity, the synthesis methods, types and modification of heterojunction. The influencing factors on
the catalytic efficiency of heterojunction piezoelectric materials were then summarized, such as the shape of
piezoelectric catalysts, ultrasonic vibration, pH, coexistence of inorganic anions, with the degradation
mechanism of pollutants further discussed. The application of heterojunction piezoelectric materials in
water treatment was introduced. The challenges facing the treatment of persistent organic pollutants by
heterojunction piezoelectric materials were discussed, and the corresponding strategies and future
development directions were proposed.
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Fig. 3 Schematic diagram of structure mechanism of different types of heterojunction
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BiOBr, BTO and BiOBr/BTO (d), the inset is relationship between (ahv)? versus hy!'?



557 H

WAL, AF SRBREN IR RO RRE: R OK A B BB

- 1443 -

I 7o b2 BT (EIS ) AT,
BiOBr/BTO 9 EIS 2 ZE Wk B BB/, £
B2 R A -2 SO AR SO, I R A
i, MRPE SRR R (& 7c) AN 7d 3R
BTO #1 BiOBr FAHXf CB 1 VB fii ‘&, #Eill &
Tt LR

FEN] WIS R IR SN AR R, & A MR
WhgR (hv) A/NFaBEF = -2 708 (X
(1)), FaHF (e) M p BESRE) CB 3] n £
PR CB Y, IR SESAE RGBSR A
HEAET (+0,) (X (2)), O i FAbF= A Ead
HHHE (<HO, ) 5H#ikAY B 7456 4 il H,0, fFE
FHHE (OH)(X3) M= (4)], Azt (h)
M on % VB [n] p B VB #5301, H-5K5FA A -OH

SGEAETE A AL, ERBBROKRAEH (E) 1
(30 (5)) 23U g ] 2 fe S5t o Ak ) o4 A Ak
R A R VA I N T Y R R | AN )
e PE PR AFAE — 2 KT, i & B A AR 9 1 A e
fEJs, & 8 HAYIE P [ B RE T A pLis ALy,
AT /INEY A, B E A SR A SR A AT A
[fc ( 6 )] [35,129,132]O

Catalyst+hv+polarization—Catalyst +e +h* (1)

Photocatalysis

Oyte —+0; (2)
e +2H'+*HO,—H,0, (3)
H,0,+e —OH +OH (4)
h*+H,0—+OH+H" (5)
Organic pollutants++O,+*OH—
CO,+H,O+intermediates (6)
Piezophotocatalysis

REVOTET

Bl 8 EAMENF-11 6 (a) FEHDGAEML (b) PLERTEREDY

Fig. 8 Schematic diagram of photocatalytic (a) and piezoelectric (b) photocatalysis mechanisms of NF-11 composites

5 ZRIBERE

ST LSRRG S R B S T 2 AR R B
. ARBEFE MR s A B T4 sh sl 75 B me U IR 34 4L
ek vk kIR Mg aie R, Wik, SR EE
WERME AL | BRI Rl 4 A5 LA T R o FH R 5
B 25 L A A b B AL SR 2 AR 2 AR I &R
FIEEH, WgRgs k. SRS . pH. LHLBHEF
MR B SE, 5o — e bR B, 54
FEHE AR R A SO Ty RS R T . B
EOE RV NGEN b = DO | REOWE N ooy Py R BN
P B EEE R L AL T A g R
GRS R . BN

&AMk, SRR T
LY R S5 WA VLG I Y, T HRAER HLE R
1) B it A T 10— 25 08 5 0] A4 A A0 S e B 1) Ao sl X
HAEME ST . DS BRSE R i 5 A A A B4R A
PEA LIS Y Y B A I B Pk SRR AR IS 4 SR W A
R

[35]

(1) BARFREE AL S A A B A 5 e
MIRCREGF, (A M2 32 2R R BURIAR 284 1Y
BRI, JF EOCE ., w2 A R T RORAF R T
XEERF RIS FPE . S A TR LA A S AR R &
WO R 2%, RTMERE R s AR, MELLSERR
ST, DR s A ek o] o 075 vk i e S B S
r TERE R S o I AL 2 R AR A RS B A SR
AR, W, N TR BERGE MR &
JRARME TR B . N TR BEF AP AR~ vl DL
IRRIES g YR FAR 1N é O NS L L O N
SR, ML > b Ab Tk Y BE, An el e AL AR 2
BT ERBRIBIGE . R, R HIHL G2 > R
TERTRIGUORBARL, LU R K AL BEAY 55K 5

(2) FerappRHE A A 5 e ) 2 27 b P A —
TR BTG K B S AT, (A S BRHERR TS
KBRS NG S, N T LR, FEEIEE L
ARSI R . fldn . R, TR FIHLBEEg)
A 2 BB X SE PR B = LR s 73 5b, 55 I8
A FFREL LRI, G, BARKIBESE, ME



. 1444 -

A% 4m 4 T FINE CHEMICALS

42

FEARA MR 2 ST Y KR

(3) S J504h e AL A AP R R B — AR AR R A
TE T Z X A AL A4 2= 1T BE AR, A TTER
] 5 SIS B AR i PERE BT 7 o T LA S 4G
Fe s A AR S5 R RPAE . ZHAR . RIDRAE . AT
B AR S T5 TR Y B 2 PR B T AR BT 5, B W
FECHEMLERAN L R N3R5 [N, M) P DR i 2 I A
BB (TAM ) BESERS 53 5045 1 LA 3l ) 24 iz
L TAM FA, A BB R R 5™ o i 5 i n]
AL . TAM #F5E0T LA B4 f A F i i i 5 S 2% 1 %
i o R S ASDURN B 3 23 A A T A S 45
Fe s AL R PEIR AT o B, S s AL A
TEAPRHE N — T AT AL ), 5 2 — 2D /Y
FORMYLEOESE, Pofel s T2, WL SCPr AT

i 5o

SE 30k

[1] JIANG W X, HAN J G, GUO H. Highlight the plasma-generated
reactive oxygen species (ROSs) dominant to degradation of emerging
contaminants based on experiment and density functional theory[J].
Separation and Purification Technology, 2024, 330: 125309.

2] LU WY, DONG D C, XU L J, et al. Sulfite activation by ultrasound
for the degradation of emerging contaminants: The dependence of
pollutant property and mechanistic study[J].
Purification Technology, 2024, 340: 126738.

[31 MUNTER R. Advanced oxidation processes-current status and
prospects[J]. Proceedings of the Estonian Academy of Sciences
Chemistry, 2001, 50(2): 59-80.

[4]  SCARIA J, GOPINATH A, NIDHEESH P V. A versatile strategy to

eliminate emerging contaminants from the aqueous environment:

Separation and

Heterogeneous Fenton process[J]. Journal of Cleaner Production,
2021, 278: 124014.

[5] ISSAKA E, AMU-DARKO J N O, YAKUBU 8, et al. Advanced
catalytic ozonation for degradation of pharmaceutical pollutants-A
review[J]. Chemosphere, 2022, 289: 133208.

[6] WU ZZ, GONG S C, LIU J, et al. Progress and problems of water
treatment based on UV/persulfate oxidation process for degradation
of emerging contaminants: A review[J]. Journal of Water Process
Engineering, 2024, 58: 104870.

[77  MONTOYA-RODRIGUEZ D M, SERNA-GALVIS E A, FERRARO
F, et al. Degradation of the emerging concern pollutant ampicillin in
aqueous media by sonochemical advanced oxidation processes-
Parameters effect, removal of antimicrobial activity and pollutant
treatment in hydrolyzed wurine[J]. Journal of Environmental
Management, 2020, 261: 110224.

[8] AVIEZER Y, LAHAV O. Removal of contaminants of emerging
concern from secondary-effluent reverse osmosis retentates by
continuous supercritical water oxidation-Parametric study and
conceptual design[J]. Journal of Hazardous Materials, 2022, 437:
129379.

[9] SANDOVALM A, CALZADILLA W, VIDAL J, et al. Contaminants
of emerging concern: Occurrence, analytical techniques, and removal
with electrochemical advanced oxidation processes with special
emphasis in Latin America[J]. Environmental Pollution, 2024, 345:
123397.

[10] LI H, CHENG B, ZHANG J, et al. Recent advances in the
application of bismuth-based catalysts for degrading environmental
emerging organic contaminants through photocatalysis: A review[J].

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

[23]

[24]

(23]

[26]

[27]

Journal of Environmental Chemical Engineering, 2023, 11(5):
110371.

YASIR M, ALI H, MASAR M, et al. Design and fabrication of
TiO,/Nd polyurethane nanofibers based photoreactor: A continuous
flow kinetics study for estriol degradation and mechanism[J]. Journal
of Water Process Engineering, 2023, 56: 104271.

GUL S, OZCAN-YILDIRIM O. Degradation of Reactive Red 194
and Reactive Yellow 145 azo dyes by O3 and HO»/UV-C processes[J].
2009, 155(3): 684-690.

NORADOUN C E, CHENG I F. EDTA degradation induced by
oxygen activation in a zerovalent iron/air/water system[J].
Environmental Science & Technology, 2005, 39(18): 7158-7163.
KAVITHA V. Global prevalence and visible light mediated
photodegradation of pharmaceuticals and personal care products
(PPCPs)-A review[J]. Results in Engineering, 2022, 14: 100469.

LIS J, CAIMJ, LIU Y P, et al. Constructing CdysZnysS/Bi,WOg
S-scheme heterojunction for boosted photocatalytic antibiotic
oxidation and Cr(VI) reduction[J]. Advanced Powder Materials,
2023, 2(1): 100073.

YUE J P, YANG H P, LIU C, et al. Constructing photocatalysis-
self-Fenton system over a defective twin C3Ny4: In-situ producing
H,0, and mineralizing organic pollutants[J]. Applied Catalysis B:
Environmental, 2023, 331: 122716.

ZHU D D, ZHOU Q X. Action and mechanism of semiconductor
photocatalysis on degradation of organic pollutants in water
treatment: A review[J]. Environmental Nanotechnology, Monitoring
& Management, 2019, 12: 100255.

ZHANG Q, GONG W R, CHE H N, et al. S doping induces to
promoted spatial separation of charge carriers on carbon nitride for
efficiently photocatalytic degradation of atrazine[J]. Chinese Journal
of Structural Chemistry, 2023, 42(12): 100205.

PAN L, SUN S C, CHEN Y, et al. Advances in piezo-phototronic
effect enhanced photocatalysis and photoelectrocatalysis[J].
Advanced Energy Materials, 2020, 10(15): 2000214.

WANG D B, JIA F Y, WANG H, et al. Simultaneously efficient
adsorption and photocatalytic degradation of tetracycline by Fe-based
MOFs[J]. Journal of Colloid and Interface Science, 2018, 519:
273-284.

ZHAO C, L1Y, CHU H Y, et al. Construction of direct Z-scheme
BisO71/UiO-66-NH, heterojunction photocatalysts for enhanced
degradation of ciprofloxacin: Mechanism insight, pathway analysis
and toxicity evaluation[J]. Journal of Hazardous Materials, 2021,
419: 126466.

LIN DY, DUAN P, YANG W T, et al. Facile fabrication of melamine
sponge@covalent organic framework composite for enhanced
degradation of tetracycline under visible light[J]. Chemical
Engineering Journal, 2022, 430: 132817.

WANG H, ALMATRAFI E, WANG Z W, et al. Self-assembly
hybridization of COFs and g-C3;N4: Decipher the charge transfer
channel for enhanced photocatalytic activity[J]. Journal of Colloid
and Interface Science, 2022, 608: 1051-1063.

YIN C (B##), LIU Y L (XA, LYU S Y (H#&FH), er al.
Photocatalytic degradation of tetracycline by PS synergizing with
Z-type heterojunction two-dimensional BiOI/g-CsNy[J].  Fine
Chemicals (F541k T.), 2022, 39(7): 1457-1463, 1480.

WANG J F, HU J D, LU X H, et al. Molecular scale influence
mechanism of reaction raw materials on catalyst particle size and its
piezoelectric catalytic performance[J]. Ceramics International, 2024,
50(3): 5285-5292.

WANG H R, ZHANG X B, HU C P, et al. Layered perovskite
piezoelectric Bi;TiNbOy as a piezo-photocatalyst: Synergistically
enhanced catalytic activity and mechanism[J]. Applied Surface
Science, 2024, 650: 159214.

XIE C,NIU B T, GUO H X, et al. Piezoelectric-catalytic degradation
of organic dyes and catalytic reduction of Cr(VI) with BaCO;@BaTiO;



57

WAL, AF SR BRAS R AOGAEARRE: R OK AL B A E LIS

- 1445

(28]

[29]

[30]

(31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

microspheres[J]. Inorganic Chemistry Communications, 2023, 154:
110922.

LIU Y, XU H Y, KOMARNENI S. The piezoelectric and piezo-
photoelectric effects: Emerging strategies for catalytic performance
enhancement of low-dimensional nanostructures[J]. Applied Catalysis
A: General, 2024, 670: 119550.

ZHAO D, GAO Y, B YANG L, et al. Critical roles of multiphase
coexistence in boosting piezo-catalytic activity of BaTiOs-based
piezoelectric ceramics[J]. Ceramics International, 2024, 50(1):
2350-2362.

LI G Q, SONG T H, GAO Y J, et al. Piezoelectric polarization
coupled with photoinduced catalytic oxidation technology for
environmental pollution control: Recent advances and future
prospects[J]. Science of the Total Environment, 2023, 905: 167284.
ALTOWIREB S M, GOUMRI-SAID S. Core-shell structures for the
enhancement of energy harvesting in piezoelectric nanogenerators: A
review[J]. Sustainable Energy Technologies and Assessments, 2023,
55:102982.

UMA S, SHOBANA M K. Band structure and mechanism of
semiconductor metal oxide heterojunction gas sensor[J]. Inorganic
Chemistry Communications, 2024, 160: 111941.

DAS S, PAL M. Review-non-invasive monitoring of human health
by exhaled breath analysis: A comprehensive review[J]. Journal of
the Electrochemical Society, 2020, 167(3): 037562.

WANG Z M, YUE X Y, XIANG Q J. MOFs-based S-scheme
heterojunction photocatalysts[J]. Coordination Chemistry Reviews,
2024, 504: 215674.

PRIYADARSHINI N, MANSINGH S, DAS K K, ef al. Macroscopic
spontaneous piezopolarization and oxygen-vacancy coupled robust
NaNbO;/FeOOH heterojunction for pharmaceutical drug degradation
and O, evolution: Combined experimental and theoretical study[J].
Inorganic Chemistry, 2023, 63(1): 256-271.

LIJ L, LIU X L, ZHAO G X, et al. Piezoelectric materials and
techniques for environmental pollution remediation[J]. Science of the
Total Environment, 2023, 869: 161767.

SHEN Y, YUAN Z H, CUI Z, et al. The g-ZnO/PtSe, S-scheme
heterojunction with controllable band structure for catalytic hydrogen
production[J]. International Journal of Hydrogen Energy, 2024, 56:
807-816.

SHARMA P, KUMAR A, DHIMAN P, et al. Recent progress in
photocatalytic applications of metal tungstates based Z-scheme and
S-scheme heterojunctions[J]. Journal of Industrial and Engineering
Chemistry, 2024, 132: 1-21.

SALAZAR-MARIN D, OZA G, REAL J A D, et al. Distinguishing
between type Il and S-scheme heterojunction materials: A
comprehensive review[J]. Applied Surface Science Advances, 2024,
19: 100536.

SHARMA P, KUMAR A, SHARMA G, et al. Recent advances in
oxygen vacancies rich Z-scheme and S-scheme heterojunctions for
water treatment and hydrogen production[J]. Inorganic Chemistry
Communications, 2024, 161: 112112.

KUMAR A, RANA S, DHIMAN P, et al. Current progress in
heterojunctions based on Nb,Os for photocatalytic water treatment
and energy applications[J]. Journal of Molecular Liquids, 2024, 399:
124360.

DANG T T, NGUYEN T L A, ANSARI K B, et al. Chapter
7-Perovskite materials as photocatalysts: Current status and future
perspectives[M]. Nanostructured Photocatalysts. Elsevier, 2021:
169-216.

KUMAR A, RANA S, WANG T T, et al. Advances in S-scheme
heterojunction semiconductor photocatalysts for CO, reduction,
nitrogen fixation and NO, degradation[J]. Materials Science in
Semiconductor Processing, 2023, 168: 107869.

RANA S, KUMAR A, SHARMA G, et al. Recent advances in

[43]

[46]

[47]

[48]

[49]

[50]

(511

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

perovskite-based Z-scheme and S-scheme heterojunctions for
photocatalytic CO, reduction[J]. Chemosphere, 2023, 339: 139765.
HAO P Y, CHEN Z, YAN Y J, et al. Recent advances, application
g-C3Ny-based
photocatalysts[J]. Separation and Purification Technology, 2024, 330:
125302.

LIU J W, SHI J, DENG H P. Current status of research on
BiOX-based heterojunction photocatalytic

and prospect in S-scheme  heterojunction

systems:  Synthesis
methods, photocatalytic applications and prospects[J]. Journal of
Environmental Chemical Engineering, 2023, 11(5): 110311.

JABBAR Z H, GRAIMED B H, AMMAR S H, et al. A critical
review describes wastewater photocatalytic detoxification over
BisO7I-based heterojunction photocatalysts: ~ Characterizations,
mechanism insight, and DFT calculations[J]. Journal of
Environmental Chemical Engineering, 2024, 12(2): 112241.

DAI'Y Q, LU P, CAO Z M, et al. The physical chemistry and
materials science behind sinter-resistant catalysts[J]. Chemical
Society Reviews, 2018, 47(12): 4314-4331.

LI Z X, HU M L, WANG P, et al. Heterojunction catalyst in
electrocatalytic water splitting[J]. Coordination Chemistry Reviews,
2021, 439: 213953.

ZHENG Z, ZU X T, ZHANG Y, et al. Rational design of type- Il
nano-heterojunctions for nanoscale optoelectronics[J]. Materials
Today Physics, 2020, 15: 100262.

WANG J, WANG Z L, DAI K, et al. Review on inorganic-organic
S-scheme photocatalysts[J]. Journal of Materials
Technology, 2023, 165: 187-218.

LIU M, HUANG J Z, XIE H H, et al. Constructing a novel type- Il
ZnO/BiOCOOH heterojunction microspheres for the degradation of
tetracycline and bacterial inactivation[J]. Chemosphere, 2024, 346:
140664.

HU Y Y, REN G H, WANG X J, et al. BisO;l/BiOBr type- Il
heterojunction broaden the light absorption range to achieve high
photocatalytic activity[J]. Materials
Processing, 2023, 163: 107551.

XU C X, JIN Z H, CUI J G, et al. One step grinding method to
prepare BiFeOs/a-Fe;O; type- Il heterojunction for enhancing phenolic

Science &

Science in Semiconductor

wastewater degradation[J]. Materials Science in Semiconductor
Processing, 2023, 155: 107242.

BAO T F, TANG C X, LI S M, et al. Hollow structured
CdS@ZnlIn,S,
photocatalytic hydrogen evolution and selective benzylamine
oxidation[J]. Journal of Colloid and Interface Science, 2024, 659:
788-798.

CHE L, PAN J L, CAI K X, et al. The construction of p-n

heterojunction  for

Z-scheme  heterojunction  for  bifunctional

enhancing photocatalytic performance in
environmental application: A review[J]. Separation and Purification
Technology, 2023, 315: 123708.

TIAN M, YAN Y M, ZHANG Y, et al. Construction of biomass
and g-C3Ns
photocatalyst for removal of Rhodamine B[J]. Inorganic Chemistry
Communications, 2023, 158: 111578.

BALAPURE A, DUTTA J R, GANESAN R. Recent advances in
A detailed
fundamentals of photocatalysis, charge transfer mechanism and
materials[J]. RSC Applied Interfaces, 2024, 1(1): 43-69.

PEI Z Z, GUO H. Synthesis of SiO,-doped BiOX (X=Cl, Br) Il -type
and 2H-MoS,-doped SiO,@BiOX Z-scheme
heterojunctions: A comparative study[J]. Journal of Physics and
Chemistry of Solids, 2023, 176: 111236.

KANG Z H, KE K H, LIN E Z, et al. Piezoelectric polarization
modulated novel Bi;WOg/g-C3N4/ZnO Z-scheme heterojunctions

carbon decorated TiO, Z-scheme heterojunction

semiconductor  heterojunctions: review of the

heterojunctions

with g-C;N, intermediate layer for efficient piezo-photocatalytic

decomposition of harmful organic pollutants[J]. Journal of Colloid



- 1446 -

A% 4m 4 T FINE CHEMICALS

42

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

(71]

(721

(73]

[74]

(73]

[76]

and Interface Science, 2022, 607: 1589-1602.
LYU Y, CHEN P F, FOO ] J, et al. Dimensionality-dependent MoS,
toward efficient photocatalytic hydrogen evolution: From synthesis
to modifications in doping, surface and heterojunction
engineering[J]. Materials Today Nano, 2022, 18: 100191.

SHARMA P, KUMAR A, SHARMA G, et al. Recent advances in
oxygen vacancies rich Z-scheme and S-scheme heterojunctions for
water treatment and hydrogen production[J]. Inorganic Chemistry
Communications, 2024, 161: 112112.

DAI M F, HE Z L, CAO W R, et al. Rational construction of
BN/MXene/Znln,S, with

engineering for efficient photocatalytic hydrogen production and

S-scheme heterojunction interface

chlorophenols  degradation[J]. Purification
Technology, 2023, 309: 123004.
LI Y Y, YANG H X, LI W, et al. P-doped ultrathin g-C3;N4/In,S;

S-scheme

Separation  and

heterojunction  enhances photocatalytic —hydrogen
production and degradation of ofloxacin[J]. Physica B: Condensed
Matter, 2024, 685: 416053.

LIU Y X, WEI J, ZONG Q, et al. Enhancing photocatalytic
norfloxacin degradation: Synergistic engineering of heterojunctions
and oxygen vacancies in Fe-based MIL[J]. Optical Materials, 2024,
150: 115158.

LAI C X, LUO L M, CHEN'Y, et al. In-situ construction of S-scheme
BisOs1,/BiOl heterojunctions with enriched oxygen vacancies and
enhanced photocatalytic properties towards destruction of Rhodamine
B and tetracycline[J]. Inorganic Chemistry Communications, 2023,
158: 111622.

HE M R, SUN K W, SURYAWANSHI M P, et al. Interface
engineering of p-n heterojunction for kesterite photovoltaics: A
progress review[J]. Journal of Energy Chemistry, 2021, 60: 1-8.

ZHU Y Q, CHEN H H, WANG L, et al. Piezoelectric materials for
pollutants degradation: ~State-of-the-art accomplishments and
prospects[J]. Chinese Chemical Letters, 2024, 35(4): 87-98.

LIU D M, JIN C C, SHAN F K, et al. Synthesizing BaTiOs
nanostructures to explore morphological influence, kinetics, and
mechanism of piezocatalytic dye degradation[J]. ACS Applied
Materials & Interfaces, 2020, 12(15): 17443-17451.

WU J, QIN N, BAO D. Effective enhancement of piezocatalytic
activity of BaTiO; nanowires under ultrasonic vibration[J]. Nano
Energy, 2018, 45: 44-51.

KUMAR A, RANA S, DHIMAN P, et al. Current progress in
heterojunctions based on Nb,Os for photocatalytic water treatment
and energy applications[J]. Journal of Molecular Liquids, 2024, 399:
124360.

LING J S, WANG K, WANG Z Y, et al. Enhanced piezoelectric-
induced catalysis of SrTiO; nanocrystal with well-defined facets
under ultrasonic vibration[J]. Ultrasonics Sonochemistry, 2020, 61:
104819.

JIANG L, XIE N, HOU Y W, et al. Enhanced piezocatalytic
performance of (Bij;Naj;)i-»Ba,TiO3 piezoelectric material with
morphotropic phase boundary for degradation of RhB[J]. Catalysis
Communications, 2023, 181: 106735.

LIT, HU C P, LI H T, et al. Piezoelectric polarization and interfacial
electric field synergistically promote piezo-photocatalysis of in-situ
transformed heterojunction[J]. Applied Surface Science, 2023, 630:
157478.

ZHANG JF,LIN Z L, YU Z S, et al. Simplified synthesis of direct
Z-scheme Bi;WO4/PhC,Cu heterojunction that shows enhanced
photocatalytic degradation of 2,4,6-TCP: Kinetic
mechanistic insights[J]. Journal of Hazardous Materials, 2023, 459:
132065.

CHEN Q D, WU L, ZHAO X L, et al. Fabrication of Zn-Ti layered
double oxide nanosheets with ZnO/ZnTiOs heterojunction for
enhanced photocatalytic degradation of MO, RhB and MBJ[J].

study and

(771

[78]

[79]

(80]

(81]

[82]

[83]

[84]

[85]

[86]

[87]

(88]

[89]

[90]

(o1

Journal of Molecular Liquids, 2022, 353: 118794.

KAUR P, KHAN M A, LI Y D, et al. Investigating the effectiveness
of bifacial mixed metal MOF electrodes for the photoelectro-catalytic
treatment of municipal wastewater[J]. Journal of Cleaner Production,
2023, 392: 136165.

FENG Y F, TAO Y, QU J H, et al. S-scheme P-doped g-C3N4/BiOBr
heterojunction with oxygen vacancy for efficient photocatalytic
degradation of phenanthrene: Enhance molecular oxygen activation
and mechanism insights[J]. Chemical Engineering Journal, 2023,
472:145053.

KAUR P, KHAN M A, L1 Y D, et al. Investigating the effectiveness
of bifacial mixed metal MOF electrodes for the photoelectro-catalytic
treatment of municipal wastewater[J]. Journal of Cleaner Production,
2023, 392: 136165.

CHENG T T, GAO H J, LIU G R, et al. Preparation of core-shell
heterojunction photocatalysts by coating CdS nanoparticles onto
Bi4Ti30,, hierarchical microspheres and their photocatalytic removal
of organic pollutants and Cr(VI) ions[J]. Colloids and Surfaces A:
Physicochemical and Engineering Aspects, 2022, 633: 127918.
ZHOU H, WANG H, YUE CY, et al. Photocatalytic degradation by
TiO,-conjugated/coordination polymer heterojunction: Preparation,
mechanisms, and prospects[J]. Applied Catalysis B: Environment and
Energy, 2024, 344: 123605.

HUANG J H, ZHU B K, SONG D B, et al. Synergistic
photocatalysis for naphthalene (NAP) removal in seawater by
S-scheme heterojunction Bi,S3/CeVO4: Mechanistic investigation
and degradation pathways[J]. Chemical Engineering Journal, 2023,
464: 142784.

PARIDA V K, DHAKAD R, CHOWDHURY S, et al. Facile
synthesis of a 2D/3D Z-scheme Cu-g-C;N4/BiOBr heterojunction for
enhanced photocatalytic degradation of ciprofloxacin under visible
light irradiation[J]. Journal of Environmental Chemical Engineering,
2023, 11(6): 111569.

YU Q Q, DAT'Y Z, LING Y L, et al. Z-scheme heterojunction
WO5/BiOBr supported-single Fe atom for ciprofloxacin degradation
via visible-light photocatalysis[J]. Journal of Environmental
Chemical Engineering, 2022, 10(6): 108693.

CHEN Y X, YUAN Y M, YANG H Y, et al. Hierarchical porous
with
adsorption-photocatalysis for water remediation[J]. Separation and
Purification Technology, 2024, 330: 125435.

GAO Y W, LI Y X, ZOU D L. Unraveling the synergistic effect of
adsorption-photocatalysis in magnetically recyclable Fe;Os/metal-

tannic-acid-modified MOFs/alginate particles synergized

organic gels/sodium alginate beads for chlortetracycline hydrochloride
elimination[J]. Chemical Engineering Journal, 2024, 480: 148049.
GUO Y J, YAN J Y, CHEN Z, et al. Synergistic adsorption-
photocatalysis effect of a-Fe,Os-loaded acyl chloride-covalent
organic framework (AC-COF)@MIL-101 porous composites for
boosted tetracycline removal[J]. Journal of Environmental Chemical
Engineering, 2024, 12(2): 112481.

YU Y T, HUANG H W. Coupled adsorption and photocatalysis of
g-C3N, based composites: Material synthesis, mechanism, and
environmental applications[J]. Chemical Engineering Journal, 2023,
453:139755.

VAYA D, SUROLIA P K. Semiconductor based photocatalytic
degradation of pesticides: An overview[J].
Technology & Innovation, 2020, 20: 101128.
UBAIDULLAH M, AL-ENIZI A M, NAFADY A,

Photocatalytic CO, reduction and pesticide degradation over

Environmental

et al.

g-C3Ny/Ce;S; heterojunction[J]. Journal of Environmental Chemical
Engineering, 2023, 11(3): 109675.

WANG M J, FENG Y N, MENG Q Q, et al. Constructing a narrow
band gap ZnIn,S4/Fe;O; Z-scheme heterojunction for improving

degradation activity of atrazine and methylene blue[J]. Materials



57

WAL, 45

S A TR DG AL RL i Sk Ak B BT LIS

- 1447 -

[92]

(93]

[94]

[95]

[96]

[97]

(98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

Science in Semiconductor Processing, 2024, 175: 108290.

CHAWLA H, GARG S, ROHILLA J, et al. Visible LED-light driven
photocatalytic degradation of organochlorine pesticides (2,4-D &
2,4-DP) by Curcuma longa mediated bismuth vanadate[J]. Journal of
Cleaner Production, 2022, 367: 132923.

YANG C Y, CHAI H, XU P, et al. One-step synthesis of a 3D/2D
Bi;WOg/g-C3Ny heterojunction for effective photocatalytic degradation
of atrazine: Kinetics, degradation mechanisms and ecotoxicity[J].
Separation and Purification Technology, 2022, 288: 120609.
RIVERO M J, RIBAO P, GOMEZ-RUIZ B, et al. Comparative
performance of TiO,-rGO photocatalyst in the degradation of
dichloroacetic and perfluorooctanoic acids[J].
Purification Technology, 2020, 240: 116637.

LIU F Q, GUAN X H, XIAO F. Photodegradation of per- and
polyfluoroalkyl substances in water: A review of fundamentals and
applications[J]. Journal of Hazardous Materials, 2022, 439: 129580.
DEVENDRAPANDI G, LIU X H, BALU R, et al. Innovative
remediation strategies for persistent organic pollutants in soil and

Separation and

water: A comprehensive review[J]. Environmental Research, 2024,
249: 118404.

DUAN L, WANG B, HECK K N, et al. Titanium oxide improves
boron nitride photocatalytic degradation of perfluorooctanoic acid[J].
Chemical Engineering Journal, 2022, 448: 137735.

LIU X Q, DUAN X G, BAO T, et al. High-performance
photocatalytic decomposition of PFOA by BiOX/TiO; heterojunctions:
Self-induced inner electric fields and band alignment[J]. Journal of
Hazardous Materials, 2022, 430: 128195.

ALOMAIRY S, GNANASEKARAN L, RAJENDRAN S, et al.
Nanosized core-shell (NiFe,04/TiO;) heterostructure for enhanced
photodegradation against polycyclic aromatic hydrocarbons[J].
Chemosphere, 2023, 343: 140274.

JAWADUDDIN M, SU Z 'Y, SIDDIQUE M S, et al. purifying surface
water contaminated with azo dyes using nanofiltration: Interactions
between dyes and dissolved organic matter[J]. Chemosphere, 2024,
361: 142438.

ZHONG S Q, WANG Y B, CHEN Y, et al. Improved piezo-
photocatalysis for aquatic multi-pollutant removal via BiOBr/BaTiOs
heterojunction construction[J]. Chemical Engineering Journal, 2024,
488:151002.

SHI H X, XIE Y, WANG W, et al. In-situ construction of step-
scheme MoS,/Bi4OsBr, heterojunction with improved photocatalytic
activity of Rhodamine B degradation and disinfection[J]. Journal of
Colloid and Interface Science, 2022, 623: 500-512.

LANJWANI M F, TUZEN M, KHUHAWAR M Y, et al. Trends in
photocatalytic degradation of organic dye pollutants using
nanoparticles: A review[J]. Inorganic Chemistry Communications,
2024, 159: 111613.

XIAO Y, HAN D M, CURRELL M, et al. Review of endocrine
disrupting compounds (EDCs) in China's water environments:
Implications for environmental fate, transport and health risks[J].
Water Research, 2023, 245: 120645.

ROUT D R, JENA H M. Facile synthesis of novel Z-scheme
GO-modified ternary composite as photocatalyst for enhanced
degradation of bisphenol-A under sunlight[J]. Journal of the Taiwan
Institute of Chemical Engineers, 2023, 147: 104914.

WANG Y Q, LU N, QUAN X S. Surface-surface contacted direct
TiO»-BiVO4-PI
photoelectrocatalytic degradation of bisphenols under solar driven[J].
Chemosphere, 2024, 351: 141210.

LIU T Q, ANIAGOR C O, EJIMOFOR M 1, et al. Technologies for
removing pharmaceuticals and personal care products (PPCPs) from

Z-scheme heterostructure for  enhanced

aqueous solutions: Recent advances, performances, challenges and

recommendations for improvements[J]. Journal of Molecular

Liquids, 2023, 374: 121134.

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

BHATTU M, SINGH J. Recent advances in nanomaterials based
sustainable approaches for mitigation of emerging organic
pollutants[J]. Chemosphere, 2023, 321: 138072.

LIN K Z, WANG R, HAN T Z, et al. Seasonal variation and
ecological risk assessment of pharmaceuticals and personal care
products (PPCPs) in a typical semi-enclosed bay-the Bohai bay in
northern China[J]. Science of the Total Environment, 2023, 857:
159682.

OLUWOLE A O, OLATUNII O S. Synthesis and characterization of
binary bismuth tungstate-graphitic carbon nitride (BWO/g-C;Ny)
heterojunction nanocomposites for efficient photodegradation of
ibuprofen in aqueous media[J]. of Water
Engineering, 2023, 54: 104045.

JABBAR Z H, GRAIMED B H, AMMAR S H, et al. Design and
ternary  BisO;1/Cdy sZng sS/CuO

photocatalytic system for boosted photodegradation of antibiotics via

Journal Process

construction of a  robust
dual-S-scheme mechanisms: Environmental factors and degradation
intermediates[J]. Environmental Research, 2023, 234: 116554.
JIANG Y G XI H Q, LI LY, et al. Mechanism of action of the
heterojunction structure of the photocatalyst ZnO-g-CsN4@TiO, and
its application to the degradation of acetaminophen[J]. Journal of
Photochemistry and Photobiology A: Chemistry, 2023, 445: 115010.
ROY N, KANNABIRAN K, MUKHERIJEE A. Integrated adsorption
and photocatalytic degradation based removal of ciprofloxacin and
sulfamethoxazole antibiotics using Fc@rGO-ZnO nanocomposite in
aqueous systems[J]. Chemosphere, 2023, 333: 138912.

SAMUEL O, OTHMAN M H D, KAMALUDIN R, et al. Treatment
of oily wastewater using photocatalytic membrane reactors: A critical
review([J]. Journal of Environmental Chemical Engineering, 2022,
10(6): 108539.

DENG W X, XIANG X, CHEN D Y, et al. A bifunctional
heterostructured membrane for efficient emulsion separation and
photocatalytic degradation of waterborne organic pollutants[J].
Chemical Engineering Science, 2023, 282: 119344.

GAO T, YU S, WANG H H, et al. MOFs-based photocatalytic
self-cleaning membranes for highly efficient wastewater treatment: A
review[J]. Chemical Engineering Science, 2023, 278: 118891.

LI S S, ZHANG L Y, YIN X Y, e al. Efficient photocatalysis
improves the self-cleaning property of the superwetting nanofibrous
membrane toward emulsified oily wastewater[J]. Journal of
Membrane Science, 2022, 650: 120440.

LI J S, SUN Y L, ZHANG L H, et al. Visible-light induced
CoMoOs@Bi:M00Og
photocatalytic property and high precision separation toward

heterojunction membrane with attractive
oil-in-water emulsion[J]. Separation and Purification Technology,
2021, 277: 119568.

SAHU S, PURKAYASTHA D D. WO;°H,0 micro-flowers decorated
PVDF/Ti;C, MXene membrane for oily wastewater treatment[J].
Separation and Purification Technology, 2024, 330: 125486.

YU Y X, WU K, XU W C, er al. Adsorption-photocatalysis
synergistic removal of contaminants under antibiotic and Cr(VI)
coexistence environment using non-metal g-C;Ny4 based nanomaterial
obtained by supramolecular self-assembly method[J]. Journal of
Hazardous Materials, 2021, 404: 124171.

MURUGALAKSHMI M, MAMBA G, MUTHURAJ V. A novel
In,S3/Gd,O5  p-n type
photocatalyst for dual role of Cr(VI) reduction and oxytetracycline
degradation[J]. Applied Surface Science, 2020, 527: 146890.

YANG R X, ZHU Z J, HU C Y, et al. One-step preparation
(3D/2D/2D)  BiVO4/FeVO4,@rGO
photocatalyst for the removal of tetracycline and hexavalent

visible light-driven  heterojunction

heterojunction  composite
chromium ions in water[J]. Chemical Engineering Journal, 2020,
390: 124522.

(T#% 1491 R )



