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Abstract: The traditional photocatalytic oxidation technology was greatly limited by water translucency and light energy attenuation.
In this study, a high transmittance TiO,film was prepared by liquid phase deposition method, and an innovative reverse photocatalytic
oxidation system was constructed. The Rhodamine B (RhB) was employed as the targeted pollutant, and the degrading speed was
used to evaluate the performance of reverse photocatalytic oxidation system. The effects of film preparation parameters and mass
transfer efficiency on degradation were explored, while the comparisons between forward and reverse photocatalytic systems were
expounded. Moreover, the major contributors for RhB degradation and the stability of TiO,film were clarified. It was demonstrated
that the RhB degradation process in reverse photocatalytic system obeyed pseudo-first-order kinetics. The TiO,film with the
optimum photocatalytic performance was obtained at the following parameters: deposition temperature at 60 ‘C for 1.5h, heat
treatment at 700°C for 1h. The reverse photocatalytic system produced numerous active species (e.g. ‘OH), which dominantly
contributed to pollutant degradation. The traditional forward photocatalytic system presented significant degrading performance with
thin transparent liquid layer, while the reverse photocatalytic system displayed satisfactory degrading performance with the thick
transparent liquid layer. Additionally, stable photocatalytic performances were observed in the reverse photocatalytic system in the
case of TiO,reuse. The proposed reverse photocatalytic system has potential research and application values in the field of water
treatment with poor light transmittance.

Key words: reverse photocatalysis; light transmittance of water; film preparation parameters; comparisons of forward and reverse

systems

[ 1972 4F 43 50 K% Honda 2R BG40
TiO, FER BEWE 7 fif /K LUk, 525 B R 52 )
TR ARG BT M5 1976 4F
Carey 25T 9 2 B0 S8 SRR T 942K Tio, A1k AT
A 15 M 2B ) B¢ ft AT LA 22 S0 25 It 5, ) 1 =X )
T 2 FAR A B ATEAE N — Fh X B il L)
b HE T BT N T BB OR AP A K ] e AL

SEARRERL REAE AR 4T 58 B 2 1 IR R AR R
I HyOu Oy R WZER-OH A5 35 1k B H1 Y
JRPL-OH [k AT — AR H - Foud JiT LA RE
R, S N RE TG ks e, s Y HEA R AL HERE )

IgFS BHER: 2023-02-08
EEWMB: G2 hESEAAIE21R1(095920221346)
* SULAER, EI%EE, pangheliang00007@163.com



9 3 K2 5

S I HEAL A AR R K R RERT 9 RO TE A0 Y B ik 42 4569

E B RO LT AR G AR R . AR TR
B B A H AR T, A S UL BOR B O
2R ER TR b0 KSR/ Pt X B i ¥ N2 W N
DG W IS T A A4 BE U Vil HL B8 FEAIC, B BV 4% il A

£ [67]
25

S .

TEMRZ - S E AR 2 T Tio, T3k
5 A N 1 AT = TN ey 0y e A )
J§h N )32 IR AR T, 48 TiO, et bt
AT R v ARG 25 i T T AH 340 )
JELHT, X TiO, FIRFFELAGN KD Ak 3,15 TiO, 4Kk
TIRLARIR AN PN AL K fA b 5 o 2B BT R B,
ARAR 23 (R A i LA [T Wsc R U, L 1 5 4 WK b s
M FL % T P £, AN T 2% 25 4 K AR A 34 5L T it
R oL, F 1993 FEK b e 2 B Ak L1
FE H IS 3 4 ok B 7 280 7R O AR A R R T A
T IR 4 Dong 2SR 6 1
YRNT T NIRAR,HIAE T Rl B-Bis04C1 ¥RJZ T, IF
R A LW I AR B R A P8 P BRIV 1 K
AL B A WL (TOC) 1) 2 B e mr 20% LA |
FRREUR T A k% T — R B 2 Tio, b
KA I SR AR A AT S804 1) 5245 T FH DA A BTG R B
JE§ B R KA B L B 7 2 3 M R A A A i LR R
ZBRFIETE 4.2%, H A3 & RIBCRI AR e 1 B k25 4 .
Covei S 7 N FEAR, IS 5113 & TiO,-
WO;-rGO 8 15, i By 11V FF 2 1 AL HH AR e 11
FelE AL R SOR, FL I FE TR .

SR E 16 M Ak A 1 B FH Ak 0+ 20 A7 BR,
FBAE TR AR AR &40 Tk, g Tk, B2
AR I R AR KL B DA R 3 e 2 o O A 45
S ) B A R X AL T AR SR S B A T2
JE W A S ] 2 T A B K A b Y 2 T B i K
AR A fi e fi 281 R B 1, A 7 A I ER R SHS e)
HEAT B AR L3R 35 K A BB 53 AN [ AR BT A A 2 11
% W, eSS PR UE D e bl = oR . AT BT 9 4 1
BT 22 Mt LIRS 5 0. 5m K R,
TGN 15em SEREZERAE 10 1500 LR, H
A 7K Ak B AR P AT A7 P RO L — A )
T e bE ZE K R = e B AR M LU 1
LR R H A LR R FH AT AR A A
P 14 i A0, BT T e PR 2R

Sh R LA ) AR S 2 ) O AR,

Ryt 1 — A S n) S A A A A A 2R L B2 DLIE
T AR A ) A A R 8 ARG UR R B K 2 5T
A JEEE AR THYUR TiO, WM K 2 23T K
ez G2 K75 255 A SR I AT TIO, B, 3
KBRS S I AR A A R R AN R Bl K AR R
W g ek, i BEE A — e B B L SR IRk
S ENIIEPNiE

AW R A DTV A RIGTRELEE « DTAR
B RIS T Hl#E T TiO, W7 Al |, A
BTSSR W) ARG WL 2 FFH B(Rhodamine B,
RhB) A #1252 [IR 4 1F P I DB i Ab A ik &
{1 5 T 46 S G IR I T A% TR I m) Y A A
FRPER AR5 G 1) R BE SR A T ) e R A i 5 56 )
JE AR ZR B AT LTS G i) DTk xS LG T[]
SR I R RS ) A R R 2 T Ak T
T A AR ZR AR5 I 1, H IR iR b 3
SE PR AR AR SR BERE A

1 MR57FE

1.1 TiO, JeHEAb L1 1 &

TiO, YA AL I 25 1% 7755 2% T Huang 2512
FIF ST K& 45 300mL (NH,),TiFg (0.2M)fF)%
¥ 5 300mL H3;BO;(0.8mol/L)E 4 LATTAR TiO, T .
DU B8 O A, JE K B TR R 25 251 /KA
YR P T VG e L T TR AR DU W P AT
ORI R R AN [ (1) 2 (50°C . 60°C . 70°C)
5 MR (The 1.5h. 2h), [ W 5 T 2 F0 25 55 1
IR I SR 5 TN T s vh 24h. 5 i B RE il i
BT B AR EE(600°C . 700°C L 800°C) AR
1 7N (U B i3 26 :5°C/min).

1.2 I AR i W 2 R S A I

L 10mg/L RhB ¥ 1 B s 5 o VR A
REMIFERR RIS B (s 1 PoR), 28 1
TV S AR R AEAS R S EE A T A5 1
TiO, ¥ L' 4 b 1k g LA e A AL B, R~T R
06>27em(fI AR 650mL) ¥ TiO, TR F4AMT
B IAMUP TR SR AMT HE AL S S B

K N2 E 2 WAL e 1E ) YA R R 5 AR S
56 BT A S 1) R 1 DA A AR R TEAT X B R T AR
FEZE 2% O R JEG S, 42 B 1(b) B i i 1 48 6 U5
7SR 4 1 1) RS i) RO AR o R T AN A



4570 BOE R

R 43 4

JRIFREAGOURIE S R e O 2= 57
SEEGIEELIOEIE R 365nm ¥ TC S AMT (BL
UVA, RK ] B, 5 CR)), SE 36 7 BRI 4 1 T 14722,

il L St

K1 ScgmseE

Fig.1 The experimental device

1.3 Wik

K2 AT W4y H6 6 v (UV-2600A, G JE A,
S [F) T 556nm A E RhB VAR W 5% FH 42 41
A UL 66 AL (U-3900, H 37, H A )46 00 78 5 76 5
5 TG Y - 35908 2 A8 AT AL A3 bt
A (multi N\C, HB 5=, 4 ) I e A WL AR BE K H
B VR (LS 123 0K L, o [ ) 58 A e it

2 ZR5WE

2.1 RIAJEHEAA R TiO, M H] &S Lk

R 1R T &S8R
K T U5 32 3 B (350nm~385nm) P % 3 5 1 - 2
FIAR AR 2 PR A R e AR R, TiO,
LB R o EE R — S ARG IE )
SR ZAAE T TiO, T ARG SRR SN,
PR 3% e PR G 2 B BUR A kAT 231k 1 i
5K AR Ak T AR P4 P 538 Yt o s e TiO, Ut
FAUASTE A AN LAy BRI S A2 0 X B T 28 iR 1, O
HAS A& R et v e,

gh B B OR AEA R DURELRE B DURL IS [ 4iE
KB R LR B SA A  2 F U X iE
S M B B R UL B O R BRI
R IE 2 T4 OB L 55 ORI [ 38 K T e
(1 55 0 A [0 PR URR L B8 15 I ), 8 7 R 4
W BN 133 e R B A BRI B T s R B, LR A
Je T R ARSI E, TIO, Mk KR TS

T e S PSS g R KA FH 8 i, DT AR A o R 4
AT, TR YR AE 50%~T0% KX 1] PN g 3k 55
Ty FRAR R R

F1 AR TIO, BEHI &S

Table 1 Preparation parameters of variousTiO, films
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Fig.2 Transmittance of TiO, films with various preparation

parameters at UV band

2.2 RFEDCHEACAR RIS AT WL G B Al 2 he 55 30
125 M

K3 J B 4 2 AEAN R T 2250 T il 4 Tio, ik
% RhB [ Bt 2k S 303 J1 5 A P4 3(a) R,
FRCER S A oI B A A AR TR ORI
I A T S A T BE 0 O AN 2 AE A TR I
[A]IE 2 2h, Js 45 o5 I L 1 5 PATHIR R AL F
Ji 74 0 85, PO I TR ZE 1.5h LA 1 A M BLAR 2R
TRFFCHT SE . R B U W A DT I TR f 3
BUKE > TiO, LARURL AR B T 808 1) E AL
R AE AU BT T I3 F 1 25 50 I v BV e i A 2%
R, WA SR .



9 3] GRIDZ e i A S AR R SR R 9 SO SR YIRS ¥ B iR 1

4571

b
(a)l.o I & - ., ® 1.0
0.8 0.8
0.6 0.6
S o3
&) O
© 0.4 041
0.2 L —=—TUBEAR(50°C, 1h)-#8k5(700°C) * 02}
—e— i R4 A:(50°C, 1.5h)-1EE(700°C) —e— I BAAE(60°C, 1h)-4EEE(700°C)
—a—IIRSAE(50°C ,2h)- 4B 5E(700°C) —e— R4 (60°C,1.5h)-1B5%(700°C)
0.0 F —w— Ut A1 i 0.0 F —a—yi411(60°C2h)-H5E(700°C)
0 1 2 3 4 5 6 7 s 0 1 2 3 4 5 6 7 8
IFIA] (h) INFIA] (h)
(©) Lol () Lok
0.8 - 0.8 -
0.6 0.6 |
< S
) QO
0.4 0.4t
0.2+ . o b o 0.2 - . PN
—=—IRSAE(70°C, Th)-4E5E(700°C) —a— R4 (70°C, 1h)-4B4%(700°C)
—e— R4 A4 (70°C,1.5h)-HEE(700°C) —e— B4 AE(70°C,1.5h)- 4B 5E(700°C)
0.0 F —*—JTFLLAE(70°C 2h)-1EH%(700°C) 0.0 F —*—YIRI4AM(70°C 2h)-1B4%(700°C)
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
1] () IR 1% (h)
Bl 3 TiO, WEEAE [ M G fE AL 7R Z o6 RhB (1) [ it 2k
Fig.3 RhB degradation curve by TiO, film in reverse photocatalysis system
@30l = BiBKAHGOC, 1N 7007C) ®30l m BALRGE0C, h)-HEEE(700°C) ,
o JIRZAT(50°C,1.50)-1k%E(700°C) o YIARAAE(60°C,1.5h)-1BHE(700°C)
25 & VIBEAE(50°C,2h)-1B5E(700°C) 251 A PIALAE(60°C,2h)-HBEE(700°C)

2.0

In(CICy)

0 1 2 3 4 5 6 71 8 0 1 > 3 4 5 6 7 8
A1) (h) ISR (h)
©30L  w PBALT0C, I EEE7001C) D30l w PUBIAM60°C,1.5h)-HEHE(600°C)
o YIAHSAE(70°C,1.5h)- 15 (700°C) o UUARSME(60°C,1.5h)-1BHE(700°C)
251 A PURILAE(70°C ,2h)-15E(7007C) 251 A PURBILAE60°C,1.5h)-155(800°C)

-In(C/Cy)

4
IS T (h) IR 1] (h)
Kl 4 TiO, WEBEAE R GHEMAR R T AR RhB (3] )% i 4k

Fig.4 Dynamics curves of RhB degradation by TiO, films in reverse photocatalysis system

5 6 7 8



4572 HOE

B R %

43 %%

X 5 A ith 2 1R AT — 20 22 T S A i, e
BB 1) s e 25 R A ) A AR R T R e,
AR 2.

T R, In(CY/Co) 5 b BRI A A B
U256 L 28 2R T LK R, U sz v 34 %
PR BRI 6] LU A 23 B 76 AN [R] DRI BE 5 DU I
4 T I S E0Y 2 60°C TR 1.5h B J 3Al]
AT T S AR MBI e FBE 1 6 U 52 565 467 R] — HE vk LAAH
7] 2= K i) 2% 10 ol S 2 4 2 il RN 5 g b DA
600°C 700°C. 800°CHtie, kit f BEAT [FIAY: 1y i At i
5 R 3(d) B 4(d) TR SBpeil 1 B Xk
Fof it 2 6 1R s A A LE 2 N W A2, 700 °C 4B be 73 21
(1) TiO, FMEAA S L5 etk fe. 36 2 it
M —2 3 )57 B AR B T RIFE R 4518 X — 45 2R
SEFFA T, 700°C 1 #Au A B 5 I B 45 1) 45 4
RS RSB AL TiO, VA, SUAN S bt

@10l

09

0.8

crc,

0.7 |

0.6 L —=VIBAAR(50°C, 1h)-1Bike(700°C)
—e— B4 AH(50°C,1.5h)-4B5%(700°C)
—a— YR SAHE(50°C ,2h)- 4B 5E(700°C)
0.5 | —>—RUERAMGfE

.10 1 2 3 4
1] (h)

(©)
1.0
09|

0.8

e,

0.7

0.6 |
—a—Y R4 (70°C, Th)-JBHE(700°C)
—e— B4 (70°C, 1.5h)-1Bt £ (700°C)
0.5 —a B4 FF(70°C 2h)JEBE(700°C)

10 1 2 3 4 5 6 7 8
A (h)

FECBE B, JF (7 HL TR S A
A

*2 AFRESH TIO, HIRMERE RhB I hE S
Table 2 Dynamics analysis of RhB degradation by TiO, films

with different preparation parameters

Fefif— 8 Jy b

iR ) %5 24

K R?
1 50°C/1h-700°C 0.2092 0.9950
2 50°C/1.5h-700°C 0.2754 0.9978
3 50°C/2h-700°C 0.2525 0.9979
4 60°C/1h-700°C 0.3078 0.9960
5 60°C/1.5h-700°C 0.3808 0.9953
6 60°C/2h-700°C 0.2937 0.9922
7 70°C/1h-700°C 0.3067 0.9981
8 70°C/1.5h=700°C 0.2453 0.9922
9 70°C/2h-700°C 0.2547 0.9949
10 60°C/1.5h-600°C 0.1679 0.9938
11 60°C/1.5h-800°C 0.1075 0.9984
(b)
1.0 -
0.9 -
08}
Q
© 0.7 |
0.6 |-
—a— RS (60°C, Th)-48E(700°C)
—e— R4 (60°C, 1.5h)- 1B H%(700°C)
0.5 F —a—JRI5AFE(60°C,2h)-1EEE(700°C)

1 2 3 4 5 6 7 8
1A (h)

crc,

—e—JIR4AF(60°C,1.5h)- 4 E(600°C)
——IR 4 1(60°C,1.5h)-455¢(700°C)
| —a—TTRI4AH(60°C, 1.5h)-1BBE(800°C)
.10 1 2 3 4 5 6 7 8
1] (h)

0.5

K5 TiO, A I A DE AL AR R ot TOC 14 R

Fig.5 The TOC removal efficiency by TiO, films in reverse photocatalysis system

L5 BE TR IR Bl BEAT T B A HLER (TOC) s il
LAy LR AL R B S5 R 5 Bl s R 4LFE
TOC #RAT W I FEAR, 2 W B 1) e Ak AR R AT AL

75 Y 04 I A AN 2 5 0 1 2 T R T 2 R %
S G0 0E ) AL — FEREAT L N B A
WL E#4L  CO, Al H,O.TOC %% 5 RhB



9 3 K2 5

S I HEAL A AR R K R RERT 9 RO TE A0 Y B ik 42

4573

Foe i s A AR ABL, KL BOR, JU ZKAE TOC 25 B 2 AH
X ] S(b) T %L, 7E 60°C FYTLAL T 1.5h, 3T
700°CHAbH L J5 1) TiO, #,8h Y X FE & TOC
LBRIEF] 49.2%.
2.3 AR ISR I ) G A A TR AR S G R e
HH T B ) D' R AN A 3SR H A7 2808 THO, Dt fiE AL
N, TG VL3450 43 BT A A B K AR TR T S A A
A 1R L= O A B e AR R N DR AR R
T EA TS YY) TiO, WEMEAS T 78 73 A2 e 42 fnk, A
111755 v 3 A R 5 3 0 0 R i ) 3 o
TRIA [R50 1 2 SRR T AL JFT R R 06F I [ D' e A A
A& ) RhB I 8cRe, 45 Rl 6 Fro AL
PP 02 2 P THZ AR R X RhB ¥ [ fif i 2, R
A DL AR RS ) 100rpm HE4T 4 3E,8h 4 RhB ¢
fift e B LR BEAT BEFEEE 21 T 41.63%. 42 s Fi 3k
A o it e It 2 36 O AH b B A AR N B R
B 30 A ey B 4R, 24 B 300r/min B, 3 8h P
B it 2 LU 200r/min {4 T 3.82%.1f i — 0 4
e A i o e W) L P WA R A AR Ak DR I A T R

(a) N
1.0 - W RS :

1.8cm

051 —=—iE s
—e—Jx Ji A

04
0 20 40 60 80 100 120
fF i) (min)
(c) N
1.0 WEIZE: 2.7cm
0.9
0.8
S
) 0.7
0.6 -
0.5  —a—jF iRy
—e— 5 Jm] JRUG
0.4
0 20 40 80 100 120

60
I} 1] (min)

R A S 56 A S 1K) 2 ST AR AR R 1K) Ak B e L
AT B SE Wi, RIVAE — S 3 B P o otk 4 o 40
T T i T4 DK (H 2 B A IE B — 5 B e B A
HAPE .

1.0 -
0.8 |-
0.6 -
QO
O
0.4
—e— K
o2l —e—:33# 100r/min
) ——#£54200r/min
—v—/%3#300r/min
0.0 -  —e—#£34400r/min

o 1 2 3 4 5 6 7 8
INFTA] (h)

Ko DA RIEAFHEEESR FX RhB (IR RE
Fig.6 The RhB degradation efficiency by reverse

photocatalytic system at different stirring rates

2.4 1. RIEDCHEAARRMEREXS L AT

(b) o
1.0F WZEE: 2.2cm
09F
0.8
Sarl
S 07
0.6 F
051 —e—Erymst
—e— [ LA
04F
1 1 1 1 1 1 1
0 20 40 60 80 100 120
IS TA] (min)
(d) e
21000 | —=—)z)E%: 1.8cm
—e— 2R 2.2cm
——iR )2 2.7cm
18000
G
3]
= 15000
s
N
12000
pray
BN
2%
9000 -
6000

0 20 40 60 80 100 120
17 (min)

K7 AFRMUZEE FIES RIFEDCHEAAR RTINS B A IE [0 7R R R RO S s S o 2 AR 4

Fig.7 The comparisons of forward and reverse photocatalysis systems at various liquid layer thicknesses and the variation of

ultraviolet radiation intensity accepted at bottom of forward system



4574 A 43 %

75 HHTS 2 N IE DS AR R b e BER)
E SRR A 1 BN (R OR T 5
I e AL AR R IR e E B3 2k 32 EALOR B T fgs
A A G R LR M AT 0 5 % A AR I 2 1, PR
L RE N DA AS 30 G L3k i)

N T HE BRI A e AR AR (R e, A
M N 2 AT AN FIWUZ R EEMIE . BOBREL K
R LE S B, AR W 7 BT, 24 S A NS L
B (1.8cm) I, 1 1) G A4 10 28R B 0 1 e 1) Dl
HEAL IR 2R BEA R 2.2em N, K BLIE R IDGHE
MREARZBOR A Z2 0 sty 2 — 25 IR JE R, B 2.7em
(97K S, I T A 110 B2 gt = gl 2 v - LE 1,
FALHATT it S R A 3l T 45 AU Ah ik A
DA T T 1) ' e e R v S5 7 4 Je 7488 e 4 i
B (ym i o BE, 25 Rl 7(d)r R T LR B, 6K
BUZ J5 I, S 2R FL R R Y TiO, RS2 1) 28 ob
U S i PR W S i DR 58, XA A 1 R JE
o T T SRS FRD 6 A R o Ak 2R 1 B A S P
FE I AR R v, th T BESR R AR AN K, 213K
VR — 7K A T )58 AR S i B8 DU AN 2 S R AR
A AL, S I Y EA A R AE K FRIE DR R REROR
LT XA AT S G Kot e e AL 75

0.70

0.65 |
0.60 |

S L

S 0.55

0.50 |

045 1 —aifi iy

—e—Jx Ji) FEL IR

0.40

5 10 1112 15 14 15 16
LA JE (mW/em?)
8 AFDEIAM FIE, RmDEHEL AR 8RR
Fig.8 Changes in degradation efficiency of forward and

reverse photocatalytic systems at various light intensities

BRI A SCERGT T 1E S I I AR R AR
AN S i AR A ) 4 AR TR0 I Rl A R AR Ak
5 0L, 25 R Bl 8 P, v LU 21, 7E4K & b TiO, Yt
A 82 0 T WA 38 19 58 A/ S i AR IR 1 L T
FHIFI AT T I ) e e A A R A R 3 B vy, 1X S5 ) 7

JIT A 1) 48 SR 2 P K 7 F1 T i o ' i ) 36 7 48 o, S
DGR R RhB 1R B A 20502 AR A 5 A X ¢
ZIN R R R il 2R AR AL ARG B T A% 5 1 i) U e fi
A AR ZR I B O B 2 9 HLAE s i — PR
ZJ5 R ST R ) A R R L e T DAAHEN 1)
J2 E S R K A A B 1 b R P AP A A T AL
LI [B) R T B ) G A A A 2R A5 AR B O BEAR,
TMTZE I R] 22 5 WAL SE 1 e A 38R o vy
2.5 I AR NI BT

h T RTCR ) SRR R B AR A BT S 1
HLHIE 15 55 7% 8 1E 0] A A0 AR [R], #8027 A 6 1k )
SR WL B Dy A8 A I gk, AT R e 1 o
AT T B IR BUT BE(TBA) X A B (PBQ)
FEERRANAE )12 Nk o3 2 R 3 1 i JE(-OH) B4
H £ (05 ) LA RO AR 28 700 ) I P KT AE 35 2 56
YK A 3 T NN — 5 R 1 SR KR, R R K
o BEE 0. 1Tmmol/L [R5 Smmol/L [k
JEEREAT S5, 11 % FE 2L DU AR S A A 2457502720 A 4
SEEG 50 e R A AR UTRY TiO, B 445 ) i 4l
S 4 o R PR T VRS T e 4l

1.00 -

095

0.90 -

e,

—s— K
—e—{ ] /i#0.1mmol/L
—a—§ T ¥ 5mmol/L
0.80 F —v—XJ ZKJi0.1mmol/L
— X K Smmol/L

0.85

—<—T[R410. 1mmol/L

0.75 ——1 R4 Smmol/L
1 L L

1 1 1 1
0 20 40 60 8 100 120
i) (min)

B9 ARG SR B A F S e L& 2% RhB
016 T g
Fig.9 RhB degradation efficiency by reverse photocatalytic

system at various types and concentrations of masking agents

ERANPE 9 PR SIRALUR ML AL IA RAE 2h
PIXT 10mg/L ) RhB ¥ A %2 0 21.65%. TBA 1)
TN G PR ZR % Aot 23 400 1l 280 S £ 58 ,0. lmmol/L. i
Smmol/L ] TBA 7341 T 10.6% /& 15.3% HLE2
BB IR IR T4 B8 B A 2R (R R ASORAS 1B 3,
R/ R S T 3.5% 454511 PBQ I JL-F- 3 it



9 3 K2 5

S I HEAL A AR R K R RERT 9 RO TE A0 Y B ik 42 4575

B, FLIE —POREIGR 70 SRR BT R L (1
DL B R R A BT LR SRR,
GHEA AR A2 BL-OH 2 32 iR P ot 0 BAE
ST R R B G 1 e gt S DR A L e
TH Y e BE B HILS 55 Gy, Nk ik
FETHRAE L, 1T0-00 W WP AN B 2 2 AF A

Bl Se AR R K AL BT QT 10 s
ROMDCE S BN A B 5 AN
TiO, JHBE, AEW SR AN S e D T s et o

UV lamp substrate TiO, thin films

e

Ho

Air

.. Photogenerated hole

Photogenerated
electron

—4 LH = = J ﬁ\h

—A O AR TIO, firii LR GRBEHL T (e ),iX
AT PRANTRE IR, 50 1 2 A B A T
HEN G XA R L T T RS AL AT
S B2 AR IE HL ARG AR 2 R (), 3K e
Ys2s 53 ol 1) 1E SRR LT TiO, HEE SR KRF I g
UA S S JITP & LT PN ¥ S RS E W)
ERTIEP 1 &S ey LS 5 LT N el A S F3 A
"ER-OH -0, 4 X EE B i FEAEfE AL B e
AT RENS SEBLR AR AT BLI S A IR B A

S

degradation

T

contaminants

B10 Sl oA = AR RIBL

Fig.10 Mechanism of reverse photocatalysis system

2.6 S i T A A

—e—UV-vis
-

_G,
—
_—
_—
-
—

0.0

|||||||||||||||||||||||||
0246802468 0246802468024¢638
1A (h)

B DGR R TiO, #hBLAG ER R B 43 B

Fig.11 The films recycling performance in reverse

photocatalysis system

SEHEA IR0 BR A P ) S S b TR R
FH 7 S s e BRI S T 0k — 5 2 A R )
FeA A 22 P BB TR R 45 (6 TiO, Wb Ra 2 1k,
BT T 5 Woe MR SR Rt T E£5
K0 45 T ) O A A 38 AT R 39D 4 RIS N I A
AT I /K I YRR 1 5min, Bk 20 BT 210 1
HHS G 11 s, g0t TN AT G %

A2 1) At R 25K (S0 WS TR 599 , 2 U A B8 A R T e
fif 5y A LR FIAR T 2.9%F1 7.5%. 6 Ak il i
PERE N B J5 PR = ZEmT LUE g 5 — 2 /D& TiO,
HE AT DR R 5t 7 45 25 g — A SRR ) ] e S5 70
RS FH 5 ¥ L WA IS 1 P VR B 1T o 75 955 e e vk
SEANG LM BR, 5 B P AR R O b AR
6% 1) % 1100 ' A v PR L AT A e PR R i, B A% s
B A 7= N R ).
2.7 RIJCHEA AR Y TS i

ST SR A AR R I R T A S — e R b
SR T AR Y SR PR, A0 ' A B R A B i 3t
IR A= RS e AR RERE AR AT B — 20k
PR AZAMFR hg R B T S B A 0 RO AR 22 1K
PRERAL T — PP R B S A9 G et Sk PR B T K
B ARG A B B IR R A R TG RR AL Ak
B, K-OH RENS A R S° MBI RS 1K
A SR TR o A R v TR K AR A R R A 2k
T T A0 M TR e 1, 5T DA E PR AR 41 IR PR
TR vie = 1| v 2 3 B B N S R 1D e e b 2
ERENREN AT I EE L7/ TN o o I EWN
T SRR A



4576 LR 7 A & I 43 %

3 zél:i/t\. applications [J]. Chemical Engineering Journal, 2023,453:139755.

[7]1 Lincho J, Zaleska—Medynska A, Martins R C, et al. Nanostructured
- . photocatalysts for the abatement of contaminants by photocatalysis

3.1 ﬁéﬂﬂ #ﬁi*ﬁﬁ%ﬂ@i?ﬁ”%ﬁ‘] Ti02 {%Hﬁ# EEJH:FQ@ and photocatalytic ozonation: An overview [J]. Science of The Total

12 1) YA AR R 0 WG G HA R 1 g Environment, 2022,837:155776.

&&%’ij‘ /?é’é#@/ﬁ\%*;? E@H{‘K&ﬁ%@ﬁiﬂﬁ %{, [8] LiJ-Q, Zhou Z-W, Li X, et al. Synergistically boosting sulfamerazine
N . wr . degradation via activation of peroxydisulfate by photocatalysis of

&ﬁr’ﬂ: édp : ﬁj\*ﬁ’ﬁlz ’TZIX:%: EF‘ ?%ﬁrﬁuﬁrﬁﬂ%%%%&j\j 60°C Bi,O3-TiO»/PAC under visible light irradiation [J]. Chemical

YU 1.5h,J7E 700°C FHULEE 1h, ek 31 F i Engineering Journal, 2022,428(6):132613.

j\lﬁ{ﬁui’f%'l‘i ﬁ% [91 Mancuso A, Morante N, De Carluccio M, et al. Solar driven

N N ey N photocatalysis using iron and chromium doped TiO, coupled to

3.2 %Bi‘ﬁiiﬁfi IJEJ %{E ,H: ’foK,?\ B%ﬁﬁ Wgﬁ% E[,:J /)& moving bed biofilm process for olive mill wastewater treatment [J].

FE LA B R ) 56 it 30 6 [ 90 P 2 Tl T s T O Chemical Engineering Journal, 2022,450(3/4):138107.

H{EE%@(ZOOr/mm [J\_F)%/ﬁ:_li &ﬁ%ﬁ%’%’{%ﬁ [10] Yang L, Bai X, Shi J, et al. Quasi—full-visible-light absorption by

J‘iiu 300r/min U\J:, B%ﬁ@ﬁﬁ{%z:ﬁ %Z&ﬁz Eﬁ \E’[A D35TT103/g*C3N4 tor. synerglstlc persulfate actl\./atlon tovxfards

efficient photodegradation of micropollutants [J]. Applied Catalysis B:

. Environmental, 2019,256:117759.

3.3 IE. IDGHEA AR R REXT LL S8 23 1H, I ) [11] Augugliaro V, Litter M, Palmisano L, et al. The combination of

MX g\ E?ﬁ & lé % E E E iﬁf E ,Xﬂ‘ ﬁ[[ﬁ ﬁ% J'E‘: *’éiﬁf j( E[,:J ‘l\%: heterogeneous photocatalysis with chemical and physical operations: A

tool for improving the photoprocess performance [J]. Journal of

‘{JEL':F tk{géﬁ%{ﬁﬂi‘ﬁﬁﬁtﬁ’ﬂ’ﬂ‘:ﬁ TIO2 %{%ﬂ:;% Photochemistry and Photobiology C: Photochemistry Reviews,

i 2 T W SE SR G s AR AL I IS D0, 05 e (1 B 2006,7(4):127-144.

ﬁ@%[$§iiﬁ%,i‘$5ﬁﬁ§%E‘]*@@%%ﬁ‘ﬁ%é\ [12] Shan A Y, Ghazi T I M, Rashid S A. Immobilisation of titanium

34 }i [EJ jf{% {{{ZIS% 54#1: Qﬁj__E rcﬂ jlﬁ{/% /ch {Z’S ? ~1°$ dioxide onto supporting materials in heterogeneous photocatalysis: A

: - N review [J]. Applied Catalysis A: General, 2010,389(1/2):1-8.
F/EE U\ -OH %j 3\5 E(J 7% ‘l‘i #@jﬁ,ﬁxiﬁ%%#@lﬁﬁ?éﬁ’f’t [13] Dong Y, Xu D, Zhang J, et al. Enhanced antibiotic wastewater
B%E?F,#E—/ﬂ\: EF' -OH IEILZ l}%ﬁﬁ E[(] Eg‘ﬁ@(%‘ﬂa— ﬂ: gj;gﬁ degradation by intimately coupled B-Bi;O4Cl photocatalysis and
N biodegradation  reactor:  Elucidating  degradation  principle

%% I:U% ’Z'Kﬁﬁ %Fﬁ 1;@ i% E(] }i IJEJ jlﬁ{é /H: /TZIS:% %f% Hj Eﬁ} systematically [J]. Journal of Hazardous Materials, 2023,445:130364.

ke e YA R AR, LRI IR G FERE R ALY ) & s TLBORRIAET TiOWA SRR bR I iR

[ 7.5%, 5 52 o 7K A A5k b ELAS T Rl 16 1 FH 5 (9] " EEKHEK, 2020,36(9):83-88.

Wang Y, Chen W, Geng N-N. Degradation of humic acid by
TiO,/graphene photocatalytic materials [J]. China Water & Wastewater,

SE - 2020,36(9):83-88.

[1] Fujishima Honda. Electrochemical photolysis of water at a [15] Covei M, Perniu D, Bogatu C, et al. Photocatalytic composite thin
semiconductor electrode [J]. Nature, 1972,238:37-38. films with controlled optical properties based on TiO,, WOszand rGO

[2] Tosine HM, Lawrence J, Carey J H. Photodechlorination of PCB's in [J]. Surfaces and Interfaces, 2022,31:102075.
the presence of titanium dioxide in aqueous suspensions [J]. Bulletin [16] BASCE: B 3,55 A TiO, YefEALE TS K AL B i R
of Environmental Contamination & Toxicology, 1976,16(6):697-701. [J1. Zhaess kL, 2019,50(1):1035-1046.

[3] Kumar Patnaik R, Divya N. A brief review on the synthesis of TiO, Zhao W J, Hou H J, Liu P et al. Loaded TiO, photocatalysis in
thin films and its application in dye degradation [J]. Materials Today: wastewater treatment [J]. Journal of Functional Materials, 2019,50(1):
Proceedings, 2023,72:2749-2756. 1035-1046.

[4] Liu H, Ma Y, Chen J, et al. Highly efficient visible-light-driven [17] Rueda-Marquez J J, Levchuk I, Fernandez Ibafiez P, et al. A critical
photocatalytic degradation of VOCs by CO,-assisted synthesized review on application of photocatalysis for toxicity reduction of real
mesoporous carbon confined mixed-phase TiO»nanocomposites wastewaters [J]. Journal of Cleaner Production, 2020,258:120694.
derived from MOFs [J]. Applied Catalysis B Environmental, 2019,250: [18] Autin O, Romelot C, Rust L, et al. Evaluation of a UV-light emitting
337-346. diodes unit for the removal of micropollutants in water for low energy

[5] Kaewkam P, Kanchanapaetnukul A, Khamyan J, et al. UV-assisted advanced oxidation processes [J]. Chemosphere, 2013,92(6):745-751.
TiO, photocatalytic degradation of virgin LDPE films: Effect of [19] Xu D, Ma H. Degradation of rhodamine B in water by ultrasound-
UV-A, UV-C, and TiO;, [J]. Journal of Environmental Chemical assisted TiO, photocatalysis [J]. Journal of Cleaner Production,
Engineering, 2022,10(4):108131. 2021,313:127758.

[6] Yu Y, Huang H. Coupled adsorption and photocatalysis of g-C;Ny [20] Huang J-J, Ww M-J, Hsu C-F, et al. Liquid phase deposition of

based composites: Material synthesis, mechanism, and environmental

titanium oxide film on stainless steel substrate [J]. Surface and



K2 5

S I HEAL A AR R K R RERT 9 RO TE A0 Y B ik 42

4577

[21]

[22]

[23]

[24]

[25]

[26]

Coatings Technology, 2014,259:346-351.

Kong H, Li H, Wang H, et al. Fe-Mo—O doping g-C;Nsexfoliated
composite for removal of rhodamine B by advanced oxidation and
photocatalysis [J]. Applied Surface Science, 2023,610(4):155544.
Nasirian M, Mehrvar M. Photocatalytic degradation of aqueous
Methyl Orange using nitrogen—doped TiO,photocatalyst prepared by
novel method of ultraviolet-assisted thermal synthesis [J]. Journal of
Environmental Sciences (China), 2018,66:81-93.

ARV AHDTRUE A TiOw/Si MR R HOLRELIERE [D]. JRMI:
MR, 2015,

Li J J. TiO»/Si Photocatalyst prepared by liquid phase deposition and
its photocatalytic ability [D]. Suzhou University, 2015.

Elias M, Akter S, Hossain M A, et al. Fabrication of Zn3(PO4),/carbon
nanotubes nanocomposite thin film via sol-gel drop coating method
with enhanced photocatalytic activity [J]. Thin Solid Films, 2021,717:
138472.

RV S I, A A, A5 S P A SR T L OIG HEA RE D FRD 5% e [ 3%
[J]. MERERA2E T2, 2018,26(4):80-87.

LiuYY, GuB S, Zheng Y Y et al. Influencing factors of visible light
photocatalytic capacity of graphene oxide [J]. Materials Science and
Technology, 2018,26(4):80-87.

PRk E BT BN G RO AL S N AR R IORT SR R (D). B R
i, 2012,7:45-46,49.

loaded

Yao L-F. Progress in the study of suspension and

photocatalytic reaction systems [J]. Light Industry Science and
Technology, 2012,7:45-46,49.

[27] Ao X, Sun W, Li S, et al. Degradation of tetracycline by medium
pressure UV-activated peroxymonosulfate process: Influencing factors,
degradation pathways, and Chemical

Engineering Journal, 2019,361:1053-1062.

[28] Cai A, Deng J, Xu M, et al. Degradation of tetracycline by UV

toxicity evaluation [J].

activated monochloramine process: Kinetics, degradation pathway,
DBPs formation and toxicity assessment [J]. Chemical Engineering
Journal, 2020,395:125090.

[29] & Wi FR PEAE.Cu dthEA S ALK (g~ CoNa) AL K

A SRR BE e S HLELBE ST (9], FRBERME IR, 2020,40(5):
1692-1702.
Li H, Feng L, Song P, et al. The efficiency and mechanism for
photocatalytic inactivation of microcystis aeruginosa by Cu-doped
graphitic carbon nitride [J]. Acta Scientiae Circumstantiae, 2020,40(5):
1692-1702.

[30] Hao B, Guo J, Zhang L, et al. Magnetron sputtered TiO,/CuO
heterojunction thin films for efficient photocatalysis of Rhodamine B

[J]. Journal of Alloys and Compounds, 2022,903:163851.

VEB T T 9k (1997-), 53 1T T AN - BFFT AR, 3 BEHFFT 7 1l g
e KA FER A 5 W H .2x219971031@163.com.



