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Advances on photocatalytic treatment of microplasticsin water

ZHONG Wanzhen, SHAN Bin, TAN Weigiang, LUO Siyi
( School of Environmental and Municipal Engineering, Qingdao University of Technology, Qingdao 266000, Shandong,
China )

Abstract: In recent years, environmental problems caused by pollution of microplastics (MPs) have
received extensive attention. The treatment of aqueous environment, the main pool of microplastics, has
become a research hotspot. Due to its chemical stability, easy migration along with environmental media,
and enhanced toxicity caused by the adsorption of other pollutants, the MPs could not be removed
efficiently and thoroughly via conventional water treatment technologies. Photocatalysis can convert MPs
to water-soluble hydrocarbons and CO, at a laboratory scale, showing great potential for the complete
degradation of MPs. Herein, the advanced research on MPs removal by photocatalysis were summarized,
followed by detailed review on the photocatalytic degradation mechanism, the research progress of single
component catalysts and composite catalysts, and the characteristics of MPs and environmental factors
affecting catalytic degradation. Finally, the development directions of photocatalytic degradation of MPs in
complex aqueous environments as well as development of new catalysts were discussed.

Key words. aqueous environment; microplastics; photocatalytic oxidation; degradation mechanism;
photocatalyst
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Fig. 1 Migration of microplastics in the environment
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Table 2 Recent studies on the removal of MPs by TiO,-based photocatalysts

AL 5 IR SR eV OB RS TR AR S A WP/ RERRECR/% SO0k
Ag/TiO, — PE: 100~150 um 254 nm UV 4 68 [43]
Ag/TiO,/RGO 76
Ag/TiO, — PE: 100~150 pm uv 2 100 [57]
Ti0,/f-SiC — PMMA: 105 nm UV-A 7 50 [64]

PS: 104, 508 nm —
PRZ P N-TiO, 3.1 HDPE: 382, 814 um 400~800 nm LED 4T 50 4.65, 0.22 [61]
HDPE: 3 nmx3 nm 1.38
5 nmx5 nm 0.97
EH VR N-TiO, 2.9 HDPE: >500 um 400~800 nm 7] ULYGAT 20 6.4 [62]
FEHIH CN-TiO, 2.9 HDPE: (725+108) um 400~800 nm LED T 50 71.8 [63]

Ak 4 JB 45 2% 0T 3 35 X TiO, HEF T4 B 52 FR i
Z= SR RSO IR /NS v BE A T BRAT B B e
e R LY, i AR RB A EA 2.
TFEER S, P NITEEA S O mREFE IR,
W LR e B FRRss, Xl N B4
B AT A B TiO, 1T UL YEAE A7) ) 5 3 2 — 199,
LLORENTE-GARCIA UL JRE N N BiiAS W T
AfL N-TiO,, X} % R M (HDPE ) MPs FIik
BRFE 2 M (LDPE ) MPs #E47 A] WG G R N ,
45 WL W], HDPE MPs fil LDPE MPs HY [ fi 2416 1
— RN TR, BB 2 MPs [ RFFDE
AREGFE ORI /N | B R R 2 ) R
ARIZA-TARAZONA Z51210) 51l s 01 26 (9 5 AR
E N N FIMAE T N-TiO, I T 1] W% F Y6 fifk
/Ky HDPE, MR DI IR N-TiO, BY2EH7 v B
(2.9 eV) HWIRZFIA N-TIO, (3.1 eV) HE, H
AWK 427 nm JEWRE S, I HIEB T K2k
LTI ) T 1 S I A S A A B R ) b A A
ARIZA-TARAZONA 2585 — 4 i T CN-TiO,,
PRI AL R4 fif HDPE o 72 rp 938 Y R VR T,
GER W R TR T2 54 A -0H i Y8
R MR E 2 CEEMER, JFH NN R
3R W H05)5, e FI«OH MIAEAEW ] AT & [ fit
S o

R T i — A i pe AR A R R R R T Y n)
ALLE 2510 Ti0,-P25/4-SiC iR e A Ak 70 1 FH )
W AR, T RBRE K T R gk Bk
SERLRW, AE 112 W/m® (4R RS8R | 10 mL/min fY

KA pH=6.3 MG 55T, 817 7h RPN
iR H g (PMMA ) 40KERAGEA PR (TOC) 2Bk
RN 50%; PS 1EAIK pH (4~6 ) FIA/K 8 [ it o
PR, ELRTURE 6N R A SR BT
322 HALE ASEAF

B4 R N DTRUR £ 8 B 7 1Y 18 2 3 2 XHE fb 5
MO A ROR A ) B4R B I S AL T
IR E R R E M. BEAh, R AR T
AR, SR A B A G U BT TR AE AN ()
TOFA 217 7nO FRH A (Pt) GRKFURG &
AL EE ZnO #2055 T 25 13%, )6k 175 h )5,
RFER AR B B T 13%H1 15%. 4 Pt
SFEUTEZN T ZnO-NPs i, AT UL XSG ISCR g T
78% 1, LAM ML nt S JFURL, i ad 4R (A R
2l £ Fe (B ZnO Pk, 1545 Fe-ZnO 7 B {4
B ZnO W/NT 0.14 eV, AR TN S, HA
TR RE T FDE2E AR T4 Fe-ZnO B & 41K
( LDPE/Fe-ZnO ) 7EA] WY& F XF LDPE [ REARECHE
J 41.3%, 5% T4l LDPE ( 6.1% ) il LDPE/ZnO
(16.1% ) BFEFRSCR . 2 SR E &R S e
PERER E 1R 12, ACUNA-BEDOYA 1815 vk fdi
PHAR AL IRAS A Cu, O W] WG i fL B fi# PS-NPs,
T Cu,0O/CuO MR A 4L A ZFL 25 F s T L+
a7 E A, NPT 50 h J5 PS B 5%
K2 23%, SCELT Rk 15%MT 1k,

AALR (CN,) LAITCHE. BaE . R e
PRI TiO, A eI 1 Bt & ik
B CN, b A B Ni P A 500 0 B g 43 B8 4 e 1



5 6 1] PRoEE, %5

K ARG AL B 3 R

* 1183 -

HEALPERE, UEKERT U LIBEMY . JGEEAY CNNi,P
FAEACFIBFSE TR BHYE T PET. RFLER (PLA)
HIRES . 5 HASCAAE IR R, % i e v
«OH JLEAEMEM, H CNNLP dE4 6L R 4
WL PET M PLA S8 %9 JFR D) A= iR VR Hao 1%
B W EELGERAY AT, ORI,
1M e W 57K S0 A B Hy, AILERANE 9 s
3.3 RELRAEEA

FEAE LTI A AT IREE T 3R = e 1 B
BEhRE, PN FESIRLT, MPs MBSk T, Wbk
T2 5 gk TR AR A Ik AT AR, R
ki I N — 2 iz sh s, R X — 4Rk A
B BRK H ) MPs BU0RL, YGHEIR L8 ATE R 2= 1)
WP HA CHIEE” AR AR RE T,
TiO, Yo (bR A MPs 324 T —Fpr B, ik
SRR ) 25 B AN Ry BR S b L R AR o

WANG 272 551 H Au@Ni@TiO, e AL 5],
PR 7RG Sh IR B, 3 OB AR A i R

a H,
H,0 + UV
80F n
==--2eH2H
g 60} 4
=2 a go
VB Z 40
2H,0 g
. 3 20 ¢
2h* > 205 »
pm
+ 0 .
0,-+2H a s
S, ;485
] *%
. o >
o Do °.’.C

Sikwy#sh s, PS WEEZ A shmige LER, Wi 10
B, WORHLEPIARE (H,O0 F H,0, ) HEFE
B HIC T PS BPEfi4E, (25 H0 ML,
TE Hy0, 7 IR P RS B B2 PR

hv 3 H,0

Nip P

Plastics

Organics

19 CNNioP AL R 3R A LB R 2

Fig. 9 Schematic diagram of CN,|Ni,P photocatalytic
degradation of polymers!’”

b H,O
C H202

H,0,+UV

-=--2¢+2H* 80 .
2
g 60+
S
H,0, 240
+ Q
2h' 3
2201
0,+2H* 0
0 32?933;;”00 9% s % o

B 10 SAMERIRSN T, HO (a) I 4341 0.1% Hy0, (b)) Au@Ni@TiO, (38 S B & PS 1 i BRai )
Fig. 10 Track lines and PS removal of Au@Ni@TiO, in H,O (a) and mass fraction 0.1% H,O, (b) solution driven by

ultraviolet light!”>

BELADI-MOUSAVI Z:V% B 1 ] WL Y6 9K
LIS BiVOy/Fes04, HEMSH R A [ 1
Rl FilE PLA FIERCNER (PCL), ik
PLES ARG, Oy @RISR, XFMICREFER A
T ARAES RS, 8 TR R B AR 2
IZHAR WIS E T X SR A i 3k 38 K T e i
BRPE, CHKE IS SR 5T SR A )

4 ke MPs SEAEL BERR R0 E R

KARATTEUE] T OCHEILREAE MPs B al 477k, (HA

[ S 26 1 T R RCRATE R —E 225, OBk

AE . DCAETRINERE FNPRIE A 28 SR 0 T I e i i

R S ORZ IR IN R (R EIR  pH FIIELE
AF ) SRR F SRR T AR ) 32 2R T

41 MPsHERRZEN

MPs [N T 25 RBURL AR /NG PR 2R 38 5 52 i)
554 AT LA R 1 P A A 1 e R o S R ) T
B RV ZHAO 25 T MR 4644 F Tio, X
PS il PE [REMEACE, HIHLT PS, PE 25H4 i
(E3 € i TN ¢ L RN I N IV N s - A ] 5
%%, LLORENTE-GARCIA 21 I} N-TiO, Yt i
fbkEf# HDPE fUBRFIERIR I, FHRiE R 814 Fi
382 um (1 T34 98 L Sk K B i 850 % 0 Bl R 0.22% AN
4.65%, TR 3nmx3 nm 17 78 5 15 B 3R 2
5 nmx5 nm FAREY 1.42 £%; Aok nl W, kR 728k
JIN L R A O, HL HDPE ek B s
BB AE . [FRE, ] TiO./B-SiC FEfE/K i PS
kL, Kift 140 nm #Y PS ORL L RIAR 508 nm Y
7 A i i RO MBS A B A, BEOIR MPs T



* 1184 -

A% 4m 4 T FINE CHEMICALS

540 &

Sy TRAEKI, BHRRAEAL I G R e, HA B thwfe
ESMEAE R A, X PR A A R R s RS O
TAHT, BNIERL, H R R, AR S Sk
TR ek 3 A 3 v 4 M 2B SR AR S R OO A, R
IR SRS, B AR ORI TR (SR BT
42 fEHLFIE NG

AR LA T 114 235 A N T2 5 i e S Ak ) o4 A 38
Ho $B4% Cr 3 Mn 1Y TiO, BB FRAL, 10 V.
Mo #l W B2 e b Rt T PS kM, B
Z2eltE TiO, X PSR fif R B T I BB 19 7%
i, BEE BRI T, A Mn R Cr 179842
FHERE T TiO, fhIARZEH N BAKT e AS M &40 A, (%
fiff R FAEAREY pEAh, B 44500 A 23l ok e A
feFRifE . FERE AL, SRV AR5 B T R E
WG R AR BT B, KA B T AR
FIZE BIASHE 25 P RE 06 2 B W 4 A ML R, 25
B JE A XY B4 i) 91 R K1

A AL 7R 4 0 it 55 A AR CR IF A 2 BLE B
3 o WA YA AL S0 3 25 5 44 Ak R0 9 45 o i B EL
{EREE BN AIE L, Wi ) a8 . LEE 4514
T 1S Y 1 Rl (T @28 S A o o 2 L A VA
%2 T RALIA, #E—25 SR 1 fh & A e
RN s BEE AR R £, Sef b 7E 8
REREHER, IR T REMATEEN T, WHRT
SN P b 5 T R 1 ik
43 RRBEHRIEIE
43.1 BE

ANTE] MPs AN TR], YA AL IR A R 32 1R %
B A 5¢ 4 A1 Rl . ARIZA-TARAZONA Z:2If i
X FM, BEabE b HDPE fEMIGHE (0 °C) FPikiAs
BENLg/N, HAS S Tio, M EAER . TOFA 20139
R, BEEREEAL, LDPE B BAMEAAG, ffk
AR R T S A A SR AL AT R AR
ORI NG . MRy, HeRmARE K, e T 54k
I BTG PEFE AR B LR . M, 78 PVC &
fi AR R, THEA BT SRR = R iR 20
432 pH

it pH ¥ HBARS D, 8 i o2 ik ) A
MPs BT FRME, Jnsm AL 90K Bk 5 MPs 19 41
AR, R 0ER A% . ALLE 22 % 30, 764K pH( 4~6)
LK PMMA, B2 R 50%, R
R P, ARIZA-TARAZONA S5 HEFE R IF T
X —2518, K HAFE T, TiO, R Ay IEHL , PMMA
A, EMEWS]; FEFE pH S 3 B,
TiO, 4 KPR AL T 1 g i, A5 13,
ARG R TE; H B Sk AROER R, itk
HEEf. i pH LT 30, SIANBHEFEL, &5

MPs a4+ TiO, BTG TEN 5, FEURILSCR TR,
433 REBEE

B RN R RN Geap o [ A e | =TT 1 R s
R B 43 BRIV 4 TR DA AL B % . LIU
LD UMD s b 2 B, 2 mW/em?® Y
AN R B IRTY PE-SH 4k R 9 K B R L
1 mW/cm?” {4 48 A1\ 5 5 1R 56 A T 5 18 24%

5 ERIFESRE

MPs {E J 58 BURE ANEAT HLTS G W) 7 45 Fh RS/
B R AR, AR RS Y, O N
FRE) “BROERT . tHHLFRHOBEIITEME £, %
I R R R R AR B AL %A MPs 78 5L
R DR ekt v TR TR, EARAE S
[H N ARESE 20k, (KR MIFR A5 R R VDML
I T R A Y R R PR R R PR B RO A R P
e B TERIAGMBKME, e s 3
FLAE R/ [ A EREE h R K BREE (R e Ak 25 BR A
FEE . WL, SO BT S Ak A R iR A i
(A IR, AT 3 e B e D e e 7 T 2 s i, Al
R A0 PR R BORE 55 A 700 K R [ AR A R

W2 A A R S YA Al S g ) — AN AR,
PRAT HIF 5 R B A A 5 4 Tk 7] 3 T e fr A
ORI RN 2 —, E AR SRA
PLHEZRZEFS (MOF ) JHF i b i W o 22 ok o 36
Tk, MOF FIAH LA A HELLZ5H) (COF ) K
ik A (CN,) 0] T e bR g iAot .
1A Tl SR AL i gt AR AL R 4R P 7 TiO, M1 ZnO, {H R PR
FEERAMECIE I, sk B mT LA A 70475 2 A SR A
R EFE M2 —, Gln. e etEERFE
ARG 4 . B RIS

HTiT, % MPs S AL AR i 858 248 i fE 5K
B3 B PRI SR ST, X O DL R A A o )
PR G-t . AR, 53RN A
—ER 2R, W E—MIbE . WELRIE
X E AT o MPs (1 R A8 21 0 20, Iz
PEAUEIERE . BLAh, BUA B — AR AR & B s ek
i MPs 52281k, 22T AT K 2 RSk i
FEE 8

S 3k :

[1] EBRAHIMBABAIE P, YOUSEFI K, PICHTEL J. Photocatalytic and
biological technologies for elimination of microplastics in water:
Current status[J]. Science of the Total Environment, 2022, 806:
150603.

[2] PHAM T H, DO H T, PHAN T L A, et al. Global challenges in
microplastics: From fundamental understanding to advanced
degradations toward sustainable strategies[J]. Chemosphere, 2021,
267:129275.



5 6 Wi PoEE, S KT OB EDC A AL B < 1185+

[3] OECD (Organisation for Economic Co-operation and Development). treatment[J]. Chemical Engineering Journal, 2019, 359: 159-167.
Plastic leakage in 2019 [Z/OL]. 2022. https://doi.org/10.1787/108fd7fd-en. [25] PERREN W, WOJTASIK A, CAI Q. Removal of microbeads from

[4] THOMPSON R C, OLSEN Y, MITCHELL R P, ef al. Lost at sea: wastewater using electrocoagulation[J]. ACS Omega, 2018, 3(3):
Where is all the plastic?[J]. Science, 2004, 304(5672): 838. 3357-3364.

[5] DU H, XIE Y Q, WANG J. Microplastic degradation methods and [26] MIAO F, LIU Y F, GAO M M, et al. Degradation of polyvinyl
corresponding degradation mechanism: Research status and future chloride microplastics via an electro-Fenton-like system with a
perspectives[J]. Journal of Hazardous Materials, 2021, 418: 126377. TiO,/graphite cathode[J]. Journal of Hazardous Materials, 2020, 399:

[6] GENG F (kJX). Distribution and characteristics of microplastics in 123023.
global water and sediments[D]. Harbin: Harbin Institute of Technology [27] LUO H W, ZENG Y F, ZHAO Y Y, et al. Effects of advanced
(W 7RI Tl K2, 2020. oxidation processes on leachates and properties of microplastics[J].

[71 SHARMA S, CHATTERIJEE S. Microplastic pollution, a threat to Journal of Hazardous Materials, 2021, 413: 125342.
marine ecosystem and human health: A short review [J]. Environmental [28] WANG Z F, LIN T, CHEN W. Occurrence and removal of
Science and Pollution Research, 2017, 24(27): 21530-21547. microplastics in an advanced drinking water treatment plant

[8] LIZR (ZFE5R), IM (ZR), ZHAO Y X (BilH), et al. Visual (ADWTP)[J]. The Science of the Total Environment, 2020, 700:
analysis of global microplastics research status and hotspots[J]. 134520.

Environmental Chemistry (F351k2%), 2022, (041-004): 1124-1136. [29] KIM S, SIN A, NAM H, et al. Advanced oxidation processes for

[91 AVES A R, REVELL L E, GAW S, et al. First evidence of microplastics degradation: A recent trend[J]. Chemical Engineering
microplastics in Antarctic snow[J]. Cryosphere, 2022, 16(6): 2127-2145. Journal Advances, 2022, 9: 100213.

[10] WRIGHT S L, KELLY F J. Plastic and human health: A micro [30] IBHADON A, FITZPATRICK P. Heterogeneous photocatalysis:
Issue?[J]. Environmental Science & Technology, 2017, 51(12): 6634. Recent advances and applications[J]. Catalysts, 2013, 3: 189-218.

[11] WEBER A, RANDOW M V, VOIGT A L, et al. Ingestion and [31] FUIJISHIMA A, HONDA K. Electrochemical photolysis of water at a
toxicity of microplastics in the freshwater gastropod Lymnaea semiconductor electrode[J]. Nature, 1972, 238(5358): 37-38.
stagnalis: No microplastic-induced effects alone or in combination [32] ZHAO X U, LI Z, CHEN Y, et al. Solid-phase photocatalytic
with copper[J]. Chemosphere, 2020, 263: 128040. degradation of polyethylene plastic under UV and solar light

[12] MENG Y, KELLY F J, WRIGHT S L. Advances and challenges of irradiation[J]. Journal of Molecular Catalysis A: Chemical, 2007,
microplastic pollution in freshwater ecosystems: A UK perspective 268(1): 101-106.

[J]. Environmental Pollution, 2020, 256: 113445. [33] CAI L Q, WANG J D, PENG J P, et al. Observation of the

[13] RAGUSA A, NOTARSTEFANO V, SVELATO A, et al. Raman degradation of three types of plastic pellets exposed to UV irradiation
microspectroscopy detection and characterisation of microplastics in in three different environments[J]. Science of the Total Environment,
human breastmilk[J]. Polymers, 2022, 14: 2700. 2018, 628/629: 740-747.

[14] WANG C H, ZHAO J, XING B S. Environmental source, fate, and [34] NABI I, BACHA A U R, LI K, et al. Complete photocatalytic
toxicity of microplastics[J]. Journal of Hazardous Materials, 2021, mineralization of microplastic on TiO, nanoparticle film[J]. iScience,
407: 124357. 2020, 23(7): 101326.

[15] LIAF (ZZI), YAN C (F/®), QIU J B (BBVLE%). Progress on the [35] TOFA T S, KUNJALI K L, PAUL S, et al. Visible light
main components, analytical methods and adverse effects of microplastic photocatalytic degradation of microplastic residues with zinc oxide
leachate[J]. Periodical of Ocean University of China (7 K2 nanorods[J]. Environmental Chemistry Letters, 2019, 17(3): 1341-1346.
A ARBRARR), 2022, 52(10): 1-14. [36] ZHU K C, JIA H Z, ZHAO S, et al. Formation of environmentally

[16] LI A, ZHU W J, LI C C, et al. Rational design of yolk-shell persistent free radicals on microplastics under light irradiation[J].
nanostructures for photocatalysis[J]. Chemical Society Reviews, Environmental Science & Technology, 2019, 53(14): 8177-8186.
2019, 48(7): 1874-1907. [37] JIANG R R, LU G H, YAN Z H, et al. Microplastic degradation by

[17] HARRISON J P, SAPP M, SCHRATZBERGER M, et al. Interactions hydroxy-rich bismuth oxychloride[J]. Journal of Hazardous Materials,
between microorganisms and marine microplastics: A call for 2021, 405: 124247.
research[J]. Marine Technology Society Journal, 2011, 45(2): 12-20. [38] RAJAKUMAR K, SARASVATHY V, THAMARAI C A, et al. Natural

[18] PREMRAIJ B J, RAJA S, BHAVESH N S, et al. Solution structure of weathering studies of polypropylene-Effect of climatic conditions[J].
2',5'd(G4C4): Relevance to topological restrictions and nature’s Global Journal of Environmental Science and Technology, 2009, 17:
choice of phosphodiester links[J]. European Journal of Biochemistry, 191-202.

2004, 271(14): 2956-2966. [39] BRACCO P, COSTA L, LUDA M P, et al. A review of experimental

[19] SEKIGUCHI T, SAIKA A, NOMURA K, et al. Biodegradation of studies of the role of free-radicals in polyethylene oxidation[J].
aliphatic polyesters soaked in deep seawaters and isolation of Polymer Degradation and Stability, 2018, 155: 67-83.
poly(e-caprolactone)-degrading bacteria[J]. Polymer Degradation and [40] GE J H (%#4€), WEI Z (TI), WU W (=4), et al. Research
Stability, 2011, 96(7): 1397-1403. progress on photocatalytic oxidation degradation of microplastics[J].

[20] GRBIC J, NGUYEN B, GUO E, et al. Magnetic extraction of Modern Chemical Industry (BlR4L T0), 2022,42(10): 44-50.
microplastics from environmental samples[J]. Environmental Science & [41] BORA T, DUTTA J. Plasmonic photocatalyst design: Metal-
Technology Letters, 2019, 6(2): 68-72. semiconductor junction affecting photocatalytic efficiency[J]. T

[21] BJERRUM S K, WiRTZNER K I D, GREVE V C, et al. Sorption of Nanosci Nanotechnol, 2019, 19(1): 383-388.
fluorescent polystyrene microplastic particles to edible seaweed [42] DOMINGUEZ-JAIMES L P, CEDILLO-GONZALEZ E, LUEVANO-
Fucus vesiculosus[J]. Journal of Applied Phycology, 2018, 30: 1-5. HIPOLITO E, e al. Degradation of primary nanoplastics by photocatalysis

[22] HIDAYATURRAHMAN H, LEE T G. A study on characteristics of using different anodized TiO, structures[J]. Journal of Hazardous
microplastic in wastewater of South Korea: Identification, Materials, 2021, 413: 125452.
quantification, and fate of microplastics during treatment process[J]. [43] FADLI M H, IBADURROHMAN M, SLAMET S. Microplastic
Marine Pollution Bulletin, 2019, 146: 696-702. pollutant degradation in water using modified TiO, photocatalyst

[23] MA B W, XUE W J, DING Y Y, et al. Removal characteristics of under UV-irradiation[J]. IOP Conference Series: Materials Science
microplastics by Fe-based coagulants during drinking water treatment[J]. and Engineering, 2021, 1011(1): 012055.

Journal of Environmental Sciences, 2019, 78: 267-275. [44] LEE JM, BUSQUETS R, CHOI I C, ef al. Photocatalytic degradation

[24] MA B W, XUE W J, HU C Z, et al. Characteristics of microplastic of polyamide 66; Evaluating the feasibility of photocatalysis as a

removal via coagulation and ultrafiltration during drinking water

microfibre-targeting technology[J]. Water, 2020, 12(12): 3551.



* 1186

A% 4m 4 T FINE CHEMICALS

540 &

[45]

[46]

[47]

(48]

[49]

(50]

(51]

[52]

[53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

(61]

[62]

QIK Z, CHENG B, YU J G, ef al. Review on the improvement of the
photocatalytic and antibacterial activities of ZnO[J]. Journal of
Alloys and Compounds, 2017: S0925838817328712.

TOFA T S, YE F, KUNJALI K L, et al. Enhanced visible light
photodegradation of microplastic fragments with plasmonic platinum/
zinc oxide nanorod photocatalysts[J]. Catalysts, 2019, 9(10): 819.
UHEIDA A, MEJIA H G, ABDEL-REHIM M, et al. Visible light
photocatalytic degradation of polypropylene microplastics in a
continuous water flow system[J]. Journal of Hazardous Materials,
2021, 406: 124299.

CHAKRABARTI S, CHAUDHURI B, BHATTACHARIJEE S, et al.
Degradation mechanism and kinetic model for photocatalytic
oxidation of PVC-ZnO composite film in presence of a sensitizing
dye and UV radiation[J]. Journal of Hazardous Materials, 2008,
154(1): 230-236.

RAGHAVENDRA V B, SHANKAR S, GOVINDAPPA M, et al.
Green synthesis of zinc oxide nanoparticles (ZnO NPs) for effective
degradation of dye, polyethylene and antibacterial performance in
waste water treatment[J]. Journal of Inorganic and Organometallic
Polymers and Materials, 2022, 32(2): 614-630.

PINO-RAMOS V H, BUCIO E, DIAZ D. Fast photocatalytic
polypropylene degradation by nanostructured bismuth catalysts[J].
Polymer Degradation and Stability, 2021, 190: 109648.

ZHANG K H, CAO W L, ZHANG J C. Solid-phase photocatalytic
degradation of PVC by tungstophosphoric acid-A novel method for
PVC plastic degradation[J]. Applied Catalysis A: General, 2004,
276(1): 67-73.

GUNASEKARA, SUNANDA, BANDARA, et al. Is nano ZrO; a
better photocatalyst than nano TiO, for degradation of plastics?[J].
RSC Advances, 2017, 7(73): 46155-46163.

VENKATARAMANA C, BOTSA S M, SHYAMALA P, et al.
Photocatalytic degradation of polyethylene plastics by NiALO,
spinels-Synthesis and characterization[J]. Chemosphere, 2021, 265:
129021.

LIU G L, ZHU D W, ZHOU W B, et al. Solid-phase photocatalytic
degradation of polystyrene plastic with goethite modified by boron
under UV-Vis light irradiation[J]. Applied Surface Science, 2010,
256(8): 2546-2551.

KIM S H, KWAK S Y, SUZUKI T. Photocatalytic degradation of
flexible PVC/TiO, nanohybrid as an eco-friendly alternative to the
current waste landfill and dioxin-emitting incineration of post-use
PVCIJ]. Polymer, 2006, 47(9): 3005-3016.

LI N (Z7%), ZHANG W (3kff), L1 G X (& 5), et al. Research
progress of TiO, photocatalysts[J]. Fine Chemicals (f54ifk T.),
2021, 38(11): 2181-2188.

MAULANA D A, IBADURROHMAN M, SLAMET. Synthesis of
nano-composite Ag/TiO, for polyethylene microplastic degradation
applications[J]. IOP Conference Series: Materials Science and
Engineering, 2021, 1011(1): 012054.

SHIY Q, YU Z Y, LI Z J, et al. In-situ synthesis of TiO,@GO
nanosheets for polymers degradation in a natural environment [J].
Polymers, 2021, 13(13): 2158.

SU Y L (J#E¥), LI Y (%), DU Y X (F:BEH), et al
Visible-light-driven catalytic properties and first-principles study of
fluorine-doped TiO, nanotubes[J]. Acta Physico-Chimica Sinica (4
FEAEEAR), 2011, 27(4): 939-945.

ZHANG Q (3Kf), WANG Y D (E¥&il), GAO F (Fil%), et al.
In-situ synthesis and photocatalytic performance of N-TiO»/Ti;C,
composite[J]. Fine Chemicals (F§4l{L T°), 2022, 39(3): 525-532.
LLORENTE-GARCIA B E, HERNANDEZ-LOPEZ J M, ZALDIVAR-
CADENA A A, et al. First insights into photocatalytic degradation of
HDPE and LDPE microplastics by a mesoporous N-TiO, coating: Effect
of size and shape of microplastics[J]. Coatings, 2020, 10(7): 658.
ARIZA-TARAZONA M C, VILLARREAL-CHIU J F, BARBIERI

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

(73]

[76]

[77]

[78]

V, et al. New strategy for microplastic degradation: Green
photocatalysis using a protein-based porous N-TiO, semiconductor
[J]. Ceramics International, 2019, 45 (7, Part B): 9618-9624.
ARIZA-TARAZONA M C, VILLARREAL-CHIU J F, HERNANDEZ-
LOPEZ J M, et al. Microplastic pollution reduction by a carbon and
nitrogen-doped TiO,: Effect of pH and temperature in the
photocatalytic degradation process[J]. Journal of Hazardous Materials,
2020, 395: 122632.

ALLE P H, GARCIA-MUOZ P, ADOUBY K, et al. Efficient
photocatalytic mineralization of polymethylmethacrylate and polystyrene
nanoplastics by TiO»/f-SiC alveolar foams[J]. Environmental Chemistry
Letters, 2020, 19(36): 1-6.

NGUYEN D T, HONG S S. Synthesis of metal ion-doped TiO,
nanoparticles using two-phase method and their photocatalytic
activity under visible light irradiation[J]. J Nanosci Nanotechnol,
2016, 16(2): 1911-1915.

CHEN H, ZHANG B, LIANG X, et al. Light alloying element-
regulated noble metal catalysts for energy-related applications[J].
Chinese Journal of Catalysis, 2022, 43(3): 611-635.

LAM S M, SIN J C, ZENG H, et al. Green synthesis of Fe-ZnO
nanoparticles with improved sunlight photocatalytic performance for
polyethylene film deterioration and bacterial inactivation[J]. Materials
Science in Semiconductor Processing, 2021, 123: 105574.
ACUNA-BEDOYA J D, LUEVANO-HIPOLITO E, CEDILLO-
GONZALEZ E I, et al. Boosting visible-light photocatalytic
degradation of polystyrene nanoplastics with immobilized Cu,O
obtained by anodization[J]. Journal of Environmental Chemical
Engineering, 2021, 9(5): 106208.

LIN L H, YU Z Y, WANG X C. Crystalline carbon nitride
semiconductors for photocatalytic water splitting[J]. Angewandte
Chemie International Edition, 2019, 58(19): 6164-6175.

UEKERT T, KASAP H, REISNER E. Photoreforming of nonrecyclable
plastic waste over a carbon nitride/nickel phosphide catalyst[J]. Journal
of the American Chemical Society, 2019, 141(38): 15201-15210.
WANG L, POPESCU M N, STAVALE F, et al. Cu@TiO, Janus
microswimmers with a versatile motion mechanism[J]. Soft Matter,
2018, 14(34): 6969-6973.

WANG L, KAEPPLER A, FISCHER D, et al. Photocatalytic TiO,
micromotors for removal of microplastics and suspended matter [J].
ACS Applied Materials & Interfaces, 2019, 11(36): 32937-32944.
BELADI-MOUSAVI M, HERMANOVA S, PLUTNAR I, ef al. A
maze in plastic wastes: Autonomous motile photocatalytic microrobots
against microplastics[J]. ACS Applied Materials & Interfaces, 2021,
13(21) :25102-25110.

SONG Y K, HONG S H, JANG M, et al. Combined effects of UV
exposure duration and mechanical abrasion on microplastic
fragmentation by polymer type[J]. Environmental Science &
Technology, 2017, 51(8): 4368-4376.

ZHAO X, LI Z W, CHEN Y, et al. Enhancement of photocatalytic
degradation of polyethylene plastic with CuPc modified TiO,
photocatalyst under solar light irradiation[J]. Applied Surface
Science, 2008, 254(6): 1825-1829.

RICARDO I A, ALBERTO E A, SILVA JUNIOR A H, e al. A
critical review on microplastics, interaction with organic and
inorganic pollutants, impacts and effectiveness of advanced oxidation
processes applied for their removal from aqueous matrices[J].
Chemical Engineering Journal, 2021, 424: 130282.

KEMP T J, MCINTYRE R A. Influence of transition metal-doped
titanium( V) dioxide on the photodegradation of polystyrene[J].
Polymer Degradation and Stability, 2006, 91(12): 3010-3019.

LIU G L, ZHU D W, LIAO S J, et al. Solid-phase photocatalytic
degradation of polyethylene-goethite composite film under
UV-light irradiation[J]. Journal of Hazardous Materials, 2009,
172(2): 1424-1429.



