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Resear ch progress on application of photocatalytic
technology in water treatment

YANG Yuewu, LING Ranran, ZHOU Shukui’, DUAN Yi', JIANG Peixuan, WANG Kun
( School of Civil Engineering, University of South China, Hengyang 421001, Hunan, China )

Abstract: The water treatment application of photocatalytic technology, a technology with broad application
prospects, not only can improve water quality safety, but also alleviate the global water resource shortages.
In this review, the basic principles of photocatalytic technology and the characteristics of common
photocatalysts were introduced, followed by an emphatic review on the application of photocatalytic
technology in odor removal and disinfection in drinking water, dye wastewater, oily wastewater,
pharmaceutical wastewater, catalytic reduction of heavy metal ions, aquaculture wastewater, and coking
wastewater. Meanwhile, it was found that free radical and non-free radical pathways played important roles
in this technology. Among photocatalytic materials, TiO,, metal-organic frameworks (MOFs) based
photocatalytic materials and other similar materials (such as MIL series, ZIFs series, etc.) could produce
more *OH; While TiO, and g-C;N, based photocatalytic materials could produce more O, and ¢, and CdS,
TiO, and g-C;N, based photocatalytic materials could produce more h'. Finally, the photocatalytic
mechanism, photocatalytic materials, future development in water treatment direction and practical
application were summarized and prospected.
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heavy metal ions; aquaculture wastewater; coking wastewater
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Fig. 1 Principles of photocatalytic materials and their
application in water treatment
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Table I Common photocatalytic materials and their characteristics
Jefigfe  Stfifl A WAl AR i . 2%
MEZER bR B WK /mm  FERE/eV SCHiR

AR RA TiO, Biekw AL, e 387

AR Mk

2.96~3.20 iz MRAA | TR MR LN HEEFESAMDEIXKRI, {XAgm [13-15]
RGP BRAN LA, L% I 4%ZE A M REEFRE LA

F- B NEERE

CdS SEOTAHINBRGT, 490 2.42 LR, AT B kA ez, ek -z ok [16-17]
FITARETBE I X o E A
AR WO, ANJIVSLJTLIE 480 2.4~2.8  REkRR . i, TR, R ATHOEMIBIAENAR. HRmAL [18-20]
A2 =RHALERR AAK . WA fit, hT CB &k, Juk
& 13 Fh LT =25 O A 5 R AR
AgPOs  ZFE |- "k, 527 245 SRR SRR S A SRR R E, Aot [21]
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Sefigfe etk AREEN WA AR i B 5%
MRZRE kR gy | Pek/mm  FEEE/eV SRk
M5 C3Ny 0-C3Ny -CsNy. - 475 2.7 feptk e . P RaErER,  HAEFEIEEeX R, oA [22-23]
g-C3Ny Ao . BA R IDEEY TS RN SES, RHEEE
LK 5 il % 7 54 R
BiOI o R R A 615 177 BiOI #4Fa M R . AT WOBm BiODG R 3 748 & i, [24-25]
#5 (PbFCL) i PR . Sl LR SRR BT
eS|
BiOBr 400  2.64 BiOBr HA MR LR MM, £ BiOBr KHEHIH R, &7F
BBRT AR, . b BORU BB TR R AE
e P ik
BiOCI 345 3.22~3.50 BIiOCl faEME . W@, J& BiOCl SEem et Aok, [ HER
FIFE . WAL FHE 4N
3 S RITE kAL TE dh Yy Y AU SCHEAE AT RO A S M R R 4548, SR et

TR, K E RIS UI H G bR R AR
R LEOE R RIETE GEZBA . E R RS  12 2.
SRS RS . REDERIL . S RIUR . MR ),

2 OCMEAA K AL B R

Table 2 Application of photocatalytic materials in water treatment

KAk P . R,
_— . eyt R b B PTI. o T e T A T e TEARUEL  BER/% REE B%
i;;;c REALT (BT B sl i) GROTE BARTT I RO SRR Bk CBEfRo ) (Wlmin) PSR SR
8 Fe-Zn-TiOy(1 g/L) MR 4 % 08 & Bk - - 100(90) *OH. h"  [26]
(1x10* CFU/mL) e
BiSnSbOe-TiO(500 mg/L) R AR 2 v A L K — — 73.33(180) . «OH. h*  [27]
B, 4w Ak 100.00(240). i1 ¢
IR T ORI 100.00(180).
] 2% 112 B T R 100.00(360) .
BAKE 61.16(300)
g-C3N/Fe;04/Ag(3 g/L) IR KT H(1x10° CFU/ - - 100(30) *OH [28]
mL) ., A4 EEF AL T 100(150)
(1x10° CFU/mL)
Ag/OKCN(0.5 g/L, 0.20 g/L) — RN WHE. KR - - 80.4(60) . .0, [29]
#hodk B (>71ogCFU/mL) 100(60)
e TiO,-USY FEREN  FRBORRSKN — 3(97.5) 99.0(120) «OH [30]
R 1x107')
Pd/WO5(150 mg/L) MUBR A R 21.0 ug/L) — 4(94) 99(20) *OH [31]
Zn-Al-La-MMO(1 g/L) IeytyEk 2- F 3 5 B EE (200 — — 95(360) «OH, - 0; [32]
ng/L)
Fe-N/TiOx(1 g/L) I -BEIRETE 2- L S (1 pg/L) — — 99.90(300)  «OH, +0; [33]
Yokl g-CiN@Zr0,(0.025 g/mL) ek %P BT R 4L - 5(> 85) 100(50) <0, . h"  [34]
Wk H 1x107)
NaNbO3/g-C3N4(0.25 g/L) BAIRAY: % B(10 mg/L) — —  95.900) «OH..0; . [35]
h+
TiO,/rGO(1.2 g/L) IR B B/ — 5(82) 94.55(120)  -OH [36]
4 1.5%107)
CdS/BiV04/g-CsN, (10 mg) KL AV F 3L (20 mg/L) — 5(94.5) 94.5(120) <0; [37]
A ZrO,-TiOy(1 g/L) VI8 e VIl A SDBS 1R - 4(81) 95(300) < 0; [38]
JE K G W (SR
1x107%)
L HNE(UV)/TIONH05(1.5 g/L)  WFRA1: WIE( g/L) H,0,(3mL)  5(60.00)  98.43(40) «OH [39]
#1221k TiO, Bk + e R R R 41 H2Oo(1 mol/L) 100(240) *OH [40]

(B4 B0R 4x107%)
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Iiiuﬁ PEALFR (B e B el i) B BERTG Y R B AT Rk BEfRZme) (M lmin)  PEISH it

#25  NHp-MIL-125(Ti)/TisCo-Mxene  JA#|#4E  TC(20 mg/L). — 5(95). 5(96) 96(50). <0, [41]

gk T EU/ZnIngS, (0.3 g/L)

SMZ(30 mg/L)

98(40)

BiOBt/MIL-101(Cr)(0.5 g/L) WRIME TC-HCI(20 mg/L) — 5(84) 94(100) «OH, -0, [42]
Ag@Ag;PO,/TiO,-(F2)(200 mg/L) 7Kk TC-HCI(10 mg/L) — 5(81.05) 94.14(150) <OH, 0, [43]
ZnO 44K #2/Bi,MoOg/ WRIIE TC( M &2 4 BN — 5(89.1). — 96.1(60),  <OH, h', [44]

MIL-101(Fe)(0.38 g/L) 2x107%) . TOC(J& & 87.4(90) .0;
SN 2x107%)
g MTCA WK Hg A1 U(VD)(0.75 mg/L) — — 99.61(15)  «0, . e [45]
HE K
JiB  2D/ID Ti;C; MXene/CdS(0.2 g/L) #4261 U(VI)( & & 2 0 h _ 3(85) 97(40) ht. e [46]
e 5x107%)
Ti04/g-C3N4(0.5 g/L) KL U(VI)(1.78 mg/L) — — 85.64(60) e~ [47]
CdS/g-C;N, KA U(VD)(Jsi & 73 5k - 3(100) 100(6) <0, . e [48]
2x107%)
#5  CNTS-TiO»(60 mg) TI-BERETE A (10 mg/L) H,0,(0.5 g/L) — 75.78(150) *OH [49]
K TiOy/CF(2.0 g/L) PRI -BEITE 2 A (30 mg/L) H,0,(0.8 g/L) — 93.25(60)  +OH [50]

1% Zn0(0.4 g/L) BRI 2 A((100 mg/L) H,0,(J5i 5 734X — 86.66(60)  «QH, +0; [51]
7 4x107%)
YK Fe,03-Sn0,(0.4 g/dm®) eyt &R (50 mg/dm?) — — 85.1(120)  «OH [52]
fz4r,  Fe-BiOBr/rGA(50 mg) B IRA T (R R H,0,(50 uL)  5(91.64) 99.50(30)  *OH [53]
Wk H 2x107)
Ag;PO,-LaFeOy/EB-40%(0.5 ¢/L) JEMIHAL-  ZEMH(20 mg/L) — 4(81.6) 97.0300)  -OH. h"  [54]
PLIE TR
Fe-BiOBr(0.6 g/L) e ST IR S8 H,0,(50 L) 5(90.00) 98.23(60)  «OH. h*  [55]
S 2x107%)
: Ag/OKCN fRF Ag fusl 0. K LB g-C3Ny; USY B Y WA MMO RREBIRE 4B ALY ; GO RFEBIL AL

1 sH 5 SDBS AR Tl 20+ e SRR B ; MIL ARG WA PUHELE KL SMZ AR — I wE; TOC R EAPLIK; MTCA
fi3E MnO,@TiO,@CAS@Au; CNTS AR AKE ; CFARME 4 rGA RO BIHTBER; EB URM I L.

31 FERAKFHIR A

KK DA% 4 5 AT fa iR BLEAHOG, 7EK
ABER JRUKGE H T ELE AT IR EE . DOUE . g,
BEIX 4 DCHAPER, H ISP RECEE, Bh
THBE L FE B T KK 22 B0 20 R 25 A 5 AR f hR
PG AEAER 2, e, BRRAE KA AN v] 22
M, WFFRE R, FOCHEAE AR TSR TR A 4k
b, AT LIS BB A A FEASCR
3.1.1 A&

SEAHE AR TR A AR R S B R AR R
A, B EEYE, BRI NS, Y
W) B A 0 1) TE AR A 8, B R TR I R
MLERINE 2 FrRle, & Ag B ZnO-Ag B &+ KL,
TR ENNES, W T EEA (ROS)
A, R R T BUR RS, ROS. &R
BT AR KFIURE AT LA & A 40 AN Y )
ROS F14: J& B 71T LI45i457 DNA | S 14 Fn 41 B 2
JBT, % 24t L R 24 ) JH b B 43 it o AR Ak 1z

W, TRIAS, GO BURE 45 AA) T 5 A A0 L BE 0 A AR Ak
N, EEGKAEEE AR, ZRLIBHA. R, =
AL N BRI B T 2 BR K b KR A 20
e, (R Se B8R AT S R T R R
B B RN R e S ol T A B AR U RT L
TXCEEGI e, 1 A R K T T AR T EE A
RIAZ ZPOLE R 3 Fe. Zn JiiB24
TiOo( HiELH™ )4 B Fe-Zn-TiO, 4K A A RH(NC ),
TE Fe: Zn FefEim Ll 0.1 : 04, BIRIRE N
300 °C. A WG ARG A 90 min B, X4 ¥ (55
EIERT PR RN 100%, 5 KGFFEAMHLE, X4 %6
IR BR T K R BCR T LF , CHEN 2227V [ A B g v
4 BiSnSbOg 1 TiO, fHIKIE Al T 74 57 Ji1 44 BiSnSbOs-
TiO,, AR 3. 4, 3, 6 fl Sh, XF40RE AR .
KIGFFE . &R EEAERE . AR 2R R . Hsk
115 B TR R P € A B TR Y B A SR 43 T 3K 73.33%
100%. 100%. 100%F1 61.16%, SEH— BiSnSbOg
M Tio, ML, BAMEREICREME, HAS™
AR, FEEE. GHODSI Z:2R F K44
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B TR SRR g-CsNy/Fes04/Ag, TE4KE
AR R 3 g/L. EHEE AN 1x10° CFU/mL .
pH=7 B, KT TR R B8 2 00T BT 8 A7 380K 37 43l
TEE 30 Al 150 min, [EA#FLE 100%, LU
K — % S0 A SR Dy g T — i AR

Visible

*0; light

0,

\CBE‘_C‘_{ €
uviight N § 700 4

E~3.27~3.19 eV

ROS

Ag MBI A O, K 4B A4 g-CN, Ot i 1k 7
( Ag/OKCN ), Y4 pH=5.73, 7E 60 min P 7] KR
80.4% MU ZE (TC), S&Jils g-CiNy [ 4.98 £,
[, Ag/OKCN A 1] 5¢ 42 K i K F 71ogCFU/mL )
KIGFF .

H;0; /
H:0.

«0H °*0:

{0) / :

Bacteria’!
activation

N *OH

0; «OH 07 y [
\ p

*OH 4

K2 Sefi bR SR

Fig. 2 Disinfection principle of photocatalytic technology

gi b, kIR | BEUESEX TiO,. g-CiNy
T &R M. e EUURMME, A m
*OH 75 4 T (0 5] 785 BR T8 A K T BT 1) 22 B3 v ke 32 22
VERT, E H T 4 0 (0,78 20 35K 17 40 e i phy JOk 38 0 A
BERRLL A, HoA0 MRE (38 3B P g, i KM FT R
THAME S AIME, fLEA . IBEA ML
Wi, Horh g 2 WA IR, f£—
FERE FBHAS TOBMALF rheOH HEA4IM, X
H 1 A R 55 T & AT BRI, AT LA AR T
JG#H BRBORAEEACT RIS . Fit, I En g
Yo} 9 5 T 200 R 3 7 fR) AR AL TRV A, TR
WAL A& e, LA RE DL —RhOG Ak 57 )
X6 Z2 5 Ye A T R A
312 B#

RRE AMTPEM AR KK B B S 80, 1E
PARRY R BE T (2~16 ng/L) BIRliEs, ik, 7k
b A A Z B K rR 4 R 2R EUR L S WA
REA SR AR K 1 SR IR Kb B T v
HOR WAL B AR | AL B R . A Ab B
AR A T EEZM T TR R A, B L
R MELE SR e SR W R o e WL 3BT o, 2-Hf
FHEWRE (2-MIB) fI+RZE (GSM) 2T U
K EA R WL RRY R, fEfE 5K
AbBR, AR AN T R I M e o - R AR SR Ao
A Ak SV Bh Y R 1T RE S BUE B R T AR
L, FEFHmbE RS @ . SRS, DHEHE
I A et e AR 2 F 2 B S

WEE %508 14 % 2 = B 2 k6 4 7 B A
FROEMEM TiO, f1 Y WA B &2 (TiO,-USY ), £
UL, IR R 35 °CHf, HFE 120 min 4] %
fift 1 L F KR (RESECN 1x107"°) 99.0%H)
+RE, EmTR—Wha A Tio,, EREMH 3K

[26]

&, BEMRATS AT A 97.5%, XUE 255 o LR &
il TH (Pd) IR = A4k (WO,) Jefiifk
), AR BHYEHE ™ MK H 2Bk GSM, 7 20 min
pH=5.0~9.0. &4 (DO ) A 1.8 mg/L AT, W]
Rt 99%I1 GSM, TEHEMH] 4 WG, it
FFIE 94%, GUO LT EARMA A Y (LDH )
MORHRRE, SRAIEDOE LG T — RIS A Lo
FW( La )Y Zn FHR G 48 5 P( Zn-Al-La-MMO ),
24 2-MIB #I4G B i B A 200 ng/L B, 6 h Ji HiFFfg
Rk 95%Lh 1o XUPHEPLR R IR -EE ik il % T
Fe-N 42241 TiO, (HigkA™ ) MEILFIR, 1EBRIR
FER 500 °C. n(Fe) : n(N*)=0.001 : 0.5, A WOGIE
PR 5 h, ZKAR 2-MIB BYFEA#EZN 99.90% .,

Zi b, fEBR RS, Eid4&E T KRB Ak
FARMLFIREMS AL e O . «OH BYA R, RRFEE, 2
PG PEFL AT 2-MIB Fl GSM ik . FFER, (fi 45
Frp g C—O # . C—H #EWrd, AR ICH e,
IRIESE . SR, &4 6 CO,. H,0
FTCALRR o 31X 2 B o 5 P 78 S Ak A 2 5L 4 ot
() S A FR AN

F A E+hy— Al (e™ +hip) (1)

e +0,—°0, (2)
*0; + GSM/2-MIB— &L= #) (3)
*OH + GSM/2-MIB— 41k =4 (4)

32 FEEKLEFMEA

IKIG Y B G N — A BRIV B BREE (), AE K
TR 2 m eI B 25 20 . = 250 A Tl S5 HE Y
BHEYY, XEH YL R e K PR .
. REAMESR, Hul KZEOKGHE T (Y.
fh2tik . ik . A T1T25% ) ok o bR it
K1Yy, MOCHEABAR NS A B i A S0t X
BOME R 0B B K V5 Y b B R 22—
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A TR EES T Z—, TgkEK
B HE AL — ELAL T Tk oK HERS B AR S,  JRERE
AL K R ZORIR, IR KA = BEXE R
RAENE, BAEOER, WES. KEERK. K

Gra2 2k pH R RAERE AL, JURUE KR SR K 1A
ANRER AW BRI, SBORBOKR FgdE, H2
fe T NR A A RS b SO b R BAT R
M. RREER A

P 3 MEUBE SRR A2 K R B A T
Fig. 3 Classification of olfactory odor and typical odor-causing substances

R T fRARE K ekl YANG %P4 i
¥ MOF-808 Hidkiks = REMIRA FES P
i, BT —FRINEA ZALEMN ¢-CN,@Zr0, &
HRRE, ZEAMEAE 50 min NAEE SR B
(RhB) JLTF5Eakb, git 5 WIRHRLR, 24
BT RhB BYREAR R T 5 85%LA E . YAN 2550
ARG R T NaNbOs/g-CsN, 45t
fEF], NaNbO; HKLMIETE g-CiN, K1, Mk T
g-C3Ny JEAEAb T h 30 7Pk 52 & Fn 0 1 Sk ik
JERE T T RER IR, f F 2R 0 0 5 1 [l ef 8 s 4
RIE R RE ST, A R A% RhB, ik ] Do BR 5
FUE A IR s B U RIFE A, NaNbOs/g-C3N, ( NaNbO;
) SR A IO 1 43 R 5% )5 T 45 P 7E pH K 6.8 .30 min
N FEAR 95.9%11) RhB ¥R, W R HE 5 (k) J&4l
g-C3N, 19 2.7 f%, ALWAN 25005 i fa7 2R ik $4
LR T — RIE A A BIE (1GO ) RIEW

[571

TARARER YK B AR ( TIOLrGO ), TERAE AT
( pH=9 4847578 Ky 1.2 g/L 58 BEIHE] &y 120 min ),
TiO,/rGO (rGO Wit /3 4CH 5% ) KB G+
BEXE RhB AR 94.55%, %Ak E S MRHE
TEIME T 5 WRFEA#% A 82.00%, RANJITH 25057
K HGERI 4 T CdS/BiVO,/g-C3N, (CBG) =T
AAL AR AL T I T R PR L 05, 45
WERM, H5EHEME (CdS) Al CdS/BiVO, ML,
CBG 244k 1 4k o m AL 5 (64 AL 1 14:( 120 min
JEBEfRE 94.5% ), Frifil & O CEATIAE 5 IRTEHR
Ja, LR RILARANA , RIFH A RIFE
SE PRI AT E A A R

A AL TR B i e B R K EZE S LT 2 Rl
fil: (1) B NSk, Gk AL
R WG, T A2 e A 2 o T, DT
BT TR, SRIG KA o0 il oG 7% v ey 4
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fb o, X FPHLHI T E YR T 5 e A —
FIREICE , LA A G (2) AAb/AR 5 R %
REff ekl e a3 Xl i T 5K SR AR N,
ATEPESE A (WN-OH ., <0 ), XEIEIEEY RIS
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Fig. 4 Schematic diagram of experimental setup (a) and

Inner tube TiO, layer

ring photoreactor (b)!”
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Fig. 5 Schematic diagram of photocatalytic mechanism for TC-HCI degradation by BiOBr/MIL-101(Cr) composites through

Z-scheme heterostructure under visible-light irradiation™?
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Fig. 6 Schematic diagram of catalytic removal of ammonia
nitrogen by TiO,/CF composite material®®
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