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Research progress on modification of TiO, photocatalyst

Zeng Jiesheng Wang Ruibin He Lei

(Guangdong Shunde Innovation Design Institute, Foshan 528311)

Abstract TiO, was semiconductor and widely applied in the fields of catalysis, sensing, hydrogen generation,
optics and optoelectronics, benefited from its many advantages such as chemical stability, green to environment and low
toxicity s etc. However, On the one hand, TiO, only can be excited by UV ,on the other hand,the rapid recombination of
electron-hole (e~ —h") pairs after excitation that leading to decrease of catalytic activity and quantum efficiency. The
latest research progress on four main modification methods of TiO, including surface deposition of noble metal,
semiconductor composite.ion doping and dye sensitization was introduced respectively. These all methods were aimed to

make full use of the sunlight,or to induce crystal surface defects to restrain the recombination of electron-hole pairs.

Finally . the modification of TiO, photocatalyst in the future was predicted.

Key words

IJL fk

B Tl A= = P o % R T S B0 R A TS G LB
Y5 AR v IFE H 25 7™ s AR kR, ﬁ@%,uﬂé
SR B AT AR R A 1 AL B AR R T AT
S AT e SR E T — R A ROR RS
Y = ORI R BHBE A9 A RGE 12 . 1972 4F, Fujish-
ma ' 7E Nature 228 B AR T KT n B SR R
FRAR CT1O,) LM b0 i /K I 4R  FFRE TGk
S, TiO, A8 H H AT 2228 AR R R =
A (WO, = AL 8 (Fe, O,) 5 AL 16 P T
s W S AR (ZnO) (B AR AR (CAS) 55 2F S 4RO IR
WSO AR 2 AN B 7 AR DGR S DR 5T AR 22 B
GE 0 S TE X T3 G W) 6 A LA S 3 fig oK 7= &0 07 T
(1% IO ) O BRUAS T 28 KR HE R HE 2R

afi Ti0, S 16 A48 AR A1 kL, AL 5 3 Fil
TR Y 7 R I SR AW S U L KR N T VI S i T
B FE A 25 ¥ # 2 Ti0, VTR, R [F) & 8 A 2

EE B AN (1989, 55 Wl -, TR UM DA S 4 J 90 K b Rt

TiO, , photocatalyst, semiconductor, modification method,degradation

TiO, #5175 3045 % 4207 sUR AR . BBk ™ Al 4 41
A JE T 05 A AR E PR L 38 R T T O
PR o e B BR AT 14 DG At A 3 1 i o PR X R
ML TR TiO, B /N T8k B, & %)
SHEOLA W T RNE A, AU TiO, HAT
IR BE | i B A B 3R DL B AR A L B AL 3
JCAHE A A AR AE — R PR B IR A AF T i
PERERER G RERE b o nl A 69 fe 22 fE L DL 2t Ak &
Wi A 2 B AR B AR . THO, R Z B RE B
ST R T BRE A AL 2 S A R A
T W BRATE B 5 Y BOL A2 L TR IE LR A L
MW R = o S S N G T e

X Sl b SRR A T A B 3 SR 1
SO TR AR A A R el B s o A

SRAEALRE Tyl 5 TiO, 3R W R Y 7K 23 7 Bl
ALV AR A A, BRI A SR A

B B T T BT S



< 28 - o T BB ow 5 46 &

Sy Ui i A A Tr 20K 2 B0 2 A LI & P I A
KTIO, RIS T (HI2 B A5 2 TiO,
AUE 58 A0 A R I 55 1 AR AT L' B A 1
TN BT 2 S FF A A ns G DI BT A
MOEERTERESE S RTHCRE. W TR
TiO, MCHEILRE ST, o b AT Rl P Ak BE

1 REREENR

W RIS g% TiO, £HUTH 548 & —
FpaT LAAS 800 B AR -8 O] s B KO T 1 o0
FFAI O, AR TiO, £ IE W 90k 51
W A T SR N B A R BT RS R DL BR
KAEH K = 1) TiO, SR M RSB #. &
) WG 35 14 2 K BB A ] L 3R 1 R i 4 22 il S A Dt
&85 TiO, B LI . JeAd 7 5t 48 R T
LA R A A o TiO, Sk R T, an
Ivi) T L R ) R I ol L S AP R T R P o PR A
G, FHMREEAR (A& (Aw . 4
(PO B (PD) £ (Rh) FET (Rw) %,

Kotolevich 255 R AL F UUBUEAE CE IR EE R
a3 & A/ AR R (Au/TiO,) 4/ 8/ — 584k
B CAu/Fe/TiO, ). 4 /8/ = A b 5k ( Au/Mg/
TiO.) . XJ b =38 XF 1F = B 1Y 2040 B i oF 98 b &
M. Au/Mg/TiO, A& T @i iE . 4558 %W
7 TiO, FRTH BP0 Au® ™ X 3 B % i 1% A 12 F
PERT LT Au B 716 Au/Fe/TiO, £ 5 3 & 1L IR
&,5 Au/TiO, FEB KL FRZES AR, Au/Mg/
TiO, Mk Au 8740 F G 38 19 b ] F i S A s
R LI AR AL R A S R B0 o A RE . )
Hh i &k B L DURRAE Au/Mg/TiO, F K Au
YRR ATORLIL AR T /DN 30K 0 2 A R0 T o 00 D R 2
— . Klein 555 Fi| H &5 8 48 44 38 5L 78 TiO, (P25)
T UL R B — RN XU F iR (Pd L Pt, Ag/Pd. Ag/Pt.
Pd/Pt) . 34347 il £ 7 1 %o e i P B RS2 R . BT 5T
KA/ A AR BK (PA/P-TiO,) T H 3 1 4
J& KRR e /N A Anm, PR TE 28 41T OGS
FELXT FF 2 6 ik B8 ) B i 5 76 1) 4% 7 1 X b rp & B
— 25 % P A R R T L Y T P R R T 1 R i
RE T SR ey 3X 2 H T T b R4 B Sh 7R DL AR AR
B RV . S BORE 5 T THO, 2 1 A 00k A 42 AR
NomEEmBRM S ER FHEAESMIKRA S T
Zhang 21 G R UURUE RS Au 98K BURE DT A
FERR R ER AL B TiO, FIT . Au 44K Tk 75 B B+

FARRE 1 A BT K T #2370 1) 74, 7E pH=
6.5 & AT X WIS 1 gL okk i B i 3235 B 97.6 %0,
Padilla 58 F H A B /9 75 I B A U0 AL 1k, AU
10~20s ¥ Au.Cu.Pd.Pt fil Au-Pd, Au-Cu. Au-
Fe.Au-Co.AuPt-Au-Rh fl Au-Ru & — &% B —
WA A RE R R PUBE TiO, Fim L, 78 = 5l
VOGEREE T 145359 AuPd(Au: Pd B9 B0 & Ll
3:1) /TiO, Ak 7 5 i B L A6 Yot ) 7% Ak 36 0 s
EHAMAE S 2~3 5 1

HHB oy Bt 4 A AT HE R ELAR & B AR
Ag B X BE /N AR B AK . Jaafar 0 F R
FY JEAT LAk 2050 Ag 9K BRI VT RLZE TiO, %
M. 5 pH=05 &/ F X &M 4T 7 6h oY [ i
iR R Ag-TiO, AT e b3 ik 94 %, it
oA AR . AR AR -AEK (Ag-O-Th) b 2 5 —
FE AR b 2 BEAR AR M A T 1 HJ2 Ag A IR
B FURE Ak 3 T 4R 25 A0 B T B 2 RO A H T
BIF 119 5 ke 3 BHL1E 728 O B A R .

2 ¥BHKESR

il VS AL TiO, 571 B s 19 25 707 B &
W AT A AR _E A LA TiO, BEA7 16 46 Al 3t
R b2 A TE 4 oK RUBE A8 R & R DL AE K
T2 O A G A B TR SRR T AW IR
NI K T AR FE AT WG XA .
TR S B A A [ 19 B Al 25 4, R b o 2 2f
AN R e SR e ol e a O N i ) MO SRS N
ST TIO, 47 3 A 800 1 1 4y B AR

Arabzadeh 5" 38 i 20 R 28 B 4 B AL
B (CASH YIRS TiO, 9Kk i1 & 8 %
FERRGE ML . FE HOC RS L mifbdR/ — A dk
R (CAS/TIONH T 2~ 3min 5t JLF- 58 4= B i
Fefs PR MP P B 3 FhA ALY R, CdS &
GRS K R T 520nm 1 H BOLT A
W ST 7 o AP A G2 S A AR A OB BT
T 3 B3 1) S5 SO 45 ), 33K e AL PR B T AR e 1 TR R
Z—o Wu SEU R U UE 1k A R D A b Bk
(FeVO,) (41K E)H-TiO, & & 4k 7], I A X NO
SR AL 256 v K B XA R i R JE FeVO,
(GIRRD-TIO, B A MEAFIK 1.5 520 b, I EAK
BAMFEAE ., FeVO, (99KA)-TiO, fEfLH
BT AR E R FAh bR R RET
FeVO, i 3R M RE MY &b AL 1H , 2 6 it 2 &



%5 3 AN A 45 THO, B AL R ik B BT 52 i 2 .+ 29 -

o SR I ST L (R R b R R T R T 2
TS . Chua 55270 ) FH AR 570 32 i 4 — il 1k
- AL (MoSe,-TiO,) & A #ALH, T Cr®
WIE, AT UL OGBS 120min J5 . 4B MoSe, 5 4l
TiO, X} Cr®" (3 B B fif A 4 o 6105 2%,
1M & A AL ) MoSe,-TiO, % 4L R85k 91%.,
Das 8511 i) FH s Be -6 e s il 4 R — Ak - — Ak
R (ZrO,-TiO) & & 2 AR AL 5] IF 78 Tl Bp
Y R K AR FE L A5 TS Y ) B i R R OR R P
T SR IR] pHL L HE T v B2 R A Ak ) ik B 45 2 0] Y
KRB WS Y W ) e B X R i 2R 04 2 )
K. Shen 7SR FR AL 24 5 A R RS 2 4L
LER AR (In VO, BUER AR R SF Z2 AL 284 B A AL iR (g-
Cy N UKL, I 43 7 76 2% 18 ] 75 55 22 948 K & kL 1Y
TiO, , B KRR ZALEW BRIk R IKE S MK
SR E SSZ A R TR 2 R AR B G ot O vk R T
P T RN A - 22 FL25 R IR B R T MR L 3R T
ARSNTTE: B A VAT € XA /-f = | R4 o e =3
XoF B 4

L5 A B TIO, A, A S &
AT DL R Ab 0 FE DG IR P BB L -2 U B R
05 1 AT N TR R B B4R . Gao 28R G A TR IT
S A2 DU R L L 1 45t Pt RD CdS 40 oK 580k St
EME TiO, KA, 78 1] W6 T 6 B 5648 Y R i B
fift ik ) 91. 9%, i 3 & T 4 TiO, . Pt/TiO, Al
CdS/TiO, B G HEMAA ., PR REY.CIS 5
Pt A AR T CdS W 5128 708 00 ol 5t 4
J& PR B BT RS X SRR AR o T A MRS
J6F Y 3K AR DL K B F W 4> B A%, Feng
SEUOR K SR il £ 2 2 IR E A TIO, 41K
RS, 75 K FHAT BT % A 4k 570 2 51 20min
A 80min #t AT LA 5 4 K fift p-filf By f1 % LI B A
MUY KL, Tz E A 3 R A 5 45 44 1Y DCC fig
WL SRR TR E 2S5 EY BB R SN
HL Y, I RO A B P 52 S sl 5 % L Lk
B —BH PR RS H AR = T 3R BROR
A RN -2 O A

3 BFEBH

BT B A B T AN R R R B2 = 2 AR
REA W UL R A T k2 — . BL7E 1982 4, Bor-
garello BR BS 1- (Cr* B2 F TIiO, s Bal i
TR, BFBA—Jr e Sk SRR T

W BE Iy — 5 T AT AR ) 5 5 664 B 4l 356 Fl R s
T I8 2090 B - O B A ER . BB
] LU TiO, i 40500 % W e i S0 W 20 38 3 42
56 HLAE K BH 6 Y0 R g . AR B 2 T R
A, FE RGBS FBRANESE S T3k,

3.1 EEBETFBZE

& BB R TiO, JeME g M PLEE # &
B AR ZH RS 72 R E BB L K B AR HL
15 Y WA S AR B 2 MR RO 7 A —E R . Y
B REE TERYS TiO, 2T mf, 8 24 M X &
Yo BAAT LIRS TIO, 94K & 45 5 5, HAE#
BFR T 51 A T B B AR e 2SR B DA T B
A5 TIO, MEfRTEY: . B2 &R E 7 Lk it
EaRE T EEEET.

HESEE FAYEE T (Fe'' ) B T (Co*)
FHES 7 (Cu®" ) 4, Wang 251220 ) F a7 2 A% 7K 34
B R Fe'T B4 TiO, 44 ok 45 B 5 4 1k 7).
Immol/L Fe'" ¥ B T il £5 (4 2F T 4 i £k 57 78 K BH
AEAT PR T FHIS 120min xf Y 58 W8 Y Rl 1 [ i R
iK% 98.79% ;180min WX Cr® B4 #5034 5 3 3k 3|
83. 79 % AHXT 4l TiO, F A8 (39. 6 Vo) 4w T AR
Z ., BEREY Fe' NESWIR & A T 09K E
PNEEH AN Fe' ' B 28 18 TiO, s b At 1 4
ARBABE, L F-25 U0 Y 4 B AR AR B 3 R
Inturi 255 F) A 3 Fhifil 4 05 75 6115 Cr't 8244 TiO,
G R IORL AR AR R I 76 B 5 v R B M W 55 T BT
il 5 9 45 2 R G JEG Al ) 4 vk EL A R A
AE , 5 4 FE S TE T IO JR 1 T X R By 20k 5h By %
fife AL R IR B 6120, 0 B A9 1L M BB 1S 25 Tk
S IS 55 ST+ 4 1 48 oK JBURE EL AT A v 1 b 2 T A
BTG VE S L AE TiO, SR B BT A Y 2
JRBES . Ma S5 ] 00 € v 45 88 (Mg) \ Zn,
Cr 3 FpEs 7348 2% TiO, 9K F, 3 H T B i
MISRZTYe R}, W58 & B MgZnCr-TiO, ¥ f 78 7] L
S 3 Bl A Ak B8 B A3 40min XA BIL 4Lkt i 7 1k
Rk 98%0 . & it 5 W AR IS i Ak 1 BE AR SR R F5 A
. GIAZ I E R BT — B R LA R T U EE
FH A0 TiO, G4k 5 1 2 K R A AR 6 Ak i & 2 i
fit TiO, KGR FE 5 A 2 ALk EE RS

i e e E R TiO, Y 2 1 Ak B 70 ok 42
BRI M B S R L B A ISR L PR R AR AR B
Wk, ML ESES 7.8 87 A RK
(R LT 2 25, R 0 AT BLIE A 23 (0 5d BLil  Horp



.+ 30 - o T BB ow 5 46 &

AT LAAE Hf S Z m s -d AEZ kL
REERAE , 3 A o0 R A L N 0 2] 14 &
ALY R IR A2 L 3 R P 2 At e 3 BT AN L
#wH, MtEREE TR BT ESE LRB IR
V4B RS BT LG TiO, &b i AE , 5]
Z LB I AR -2 IR AR AN B B L 1 5 2 S AR A
AR 1 £ T 00

Villabonaleal 25"/ 4381 T 8 (La) . 4ili (Ce) | fli
(Pr) it (ND 42 (Sm) Vi (Ew) 4L (G 3 7 Flf
+&JEB AR TiO, WLk RE . LUK AE B R A LY
B P s R R SR KR ITR R TP
BORTVR B2 25 5% W 4 Ak 590 04 1 B R A2t R bE SR AR 1
B 2= et X T D S W R e R R, A AED S i
KL 10 Eo® 824 TiO, .58 &3 Eu-
TiO, &l TiO, BA W 248 & bt fe . B 22 =
BTIO, Ak AE K = AR T 2 0 A0 A 0 1 3R 1 B P
EEREHE F A L8, Malengreaux %577 38 i ¥ fig-
BERS L& Fe ™ \Cr'" (La’" (Eu’" 4 B 1 5k
Bar R 3B 2 TiO, S AL, /258 4h-n] L
G I La-Fe-Ti0, Ak 7 AH X JHAth A% b [ fige %
TS FE A I RE S B f . BLAh Fe' ™ #iik i Fe' ™ I
DIAT B8R AR 28 7 Ry 36 1 s o 3 S 9 3] T R IR
HL 25 O B A R IER .

3.2 ¥EEBEFBE

k48 B 18 4402 M A HE 4 )8 oo Z Ut Tio,
B4 O JC &, il il TiO, B A EfE L H] ., Asahi
sl g B 3 N 482 TiO, RE  NBS F 35
C.N.F.P.S BURBLR T AL TiO, H s A i i 2
FRELVRIEEIE T OM 2p i S5E 8 8 P RES
5 BE R AT Y p BUE 22 b5 . Ml i ik RS 2R
Vi BEAH N AR A 4 T MPRHEE AT DO X R 5 5 4
B 2438 0] LA ] & ok AR L TO, Y bl 3% 1 FR 4
kR SR E AR . W R E & BB e
ICEA N.C.F.ClfI S %,

Simsek 4 I FH #7770 75 & 0l (B) B T
B2k TiO, ALF, I8 T 045 2 i L pH X B il
IEE15 R an W -A L @R B S, 45 R R W]
SN R S 300min Z5 44 F L 4l TiO, 5 B-TiO,
X AR W B B R 430 R 75, 7005 89. 7 Vo s XL
By A R R A0k 97.3% 5 99. 1% 5 76 7] WOk
S 300min, 4l TiO, 5 B-TiO, X &K W i% %
il 243 ) R 20, 2% A 75. 1% . %F WL A Y i %
G350 46. 0% F1 97. 7% . B BAJE Ml TiO, 3k

(RS 58 BE /N, S B0t S5 A R FE T e X B
W R, 3 Ah B A R IE LT B—O—Ti 5
B—O—B X WM b5, B 1 4 A% PR R 4 Ho AT
VER 6 B F I AR B BE . He 590 R K AL &
B C ICEB I TiO, 49K fik 4k 1, I F 2
BEVE MR JE A ARS8 Ti0, B Z LS. i
H= ¥y Ti-C A AR #F T 2% 10 8028 000 198 B, 9
HEG AR T XA LA F W SR AR T WO iR
SF R X NO SRRk 5] 71 %,

ZWAMAE S BB RUEEE — E R ERS
TiO, BIEALAE J1. Elsheikh 2509 ] J— 45 k $ ik
A C N JEE B4R TiO, 99Kk H, IEF HA
[Fi] JBE 7 Ve B 1) T S R (i b R 5 A R [ BC 6 B 1 R ek
/B, AT OLOGBRGER L 2E TiO, X A i 25 1 B
fie AT 11. 1%, il J& C-N-TiO, B fiff 5 50 1% 5
100% . HA 5 1 A 58 77 10 B T 48 2% I 4 ok
LI BE 2 T AU KL AN e B S TiO, A B
WA TES, AR T IREE R TiO, 1k
MR, KBS R — LKk H & T A
A Al YA AL IS E Y F-N-Ti0, /RGO G& JF & 1k
VEE: 2 DN=RERIVD i X 0 I R SR IRCE Y Y D o
R A fg A b 5 4l TiO, AH FE 52 A 6 A Ak 35 X A5
PUA LI K b B RS A e i ol 4R i T 1. 8 . DR
BIAE N 878 TiO, fts Bt O JE sl N—Ti #,
F ICZ AR HEA R 3R 100 77 AR AU BB SRR T THO, 1Y
HBRAE G 5 T AT UL A AR, A C—Ti S
BEAIE L RGO 5 TiO, B4 485 7 A mE
o A5 0 0% AT R o T A H - ORI B K
2R, Zhang S5 K #0245 A AL A BRI (GO)
5 F ot #HB 2 TiO, . 058 & BAE 15min 7, 24
JGAR B IZ A AL T XHIR R £ 1 Ak R it 90%, F
BB TiO, A KbhE LR AE®
LI AERY 001) b 1T WL A GO B &1 55 1y i § 4
A, H KB bR T AU A LA T A R G 4 A B
155G AT FUMPE A i T I RS 0K
3.3 BREB%

EamE Fhn 5488 FIkEBa. #ie b
B Z AR BOM # A JE A # . Lei 550 F K #4
LS Fe N, C ot R L4 % TiO, 99K MELF, 78
X Cr®" VA W) 8 D % i 1F 5% 7 & B Fe-N-C-TiO,
HEALFI B B 4L R IK B T 100% , 11T & T C-TiO, .
N-C-TiO, % H AL . Chen 255 3 1 I I -15E
RIS Ce N FH48 2% TiO, . I8 A Gk i L Fok,



%5 3 AN A 45 THO, B AL R ik B BT 52 i 2 + 31 -

B RE GO R. HT NEFBARRK
Praf AR T )5 TiO, AR 98 S T Ce TR
HRRBR I AT RE M R 6 A= HL A 1 A AR B B
IFE 240min 1 A] LG BREGF, Ce-N-TiO, /G #H Xt
oAt AR TR X 4 D B 2 R M AR A 1 B % LT
iKF] 100% . Han 50 F) W -5 0 125 il 4% Zr,
Ni N 422 TiO, A, I 78 7 0% B G 2% 1
T X NO K SO, SRRy 6 A5, 4 328 [ 5 o8 K 8§
WO (Zr Ni.N)B AR TiO, #EALH 7 IR T4
A ST SR RBHE AT L DX A W i B R
T M R R A0 AL

4 FHREL

SR AL S A TEHLBA P & a5 DR 4
Ak 27 X U U K ) i 7 3 R L LAk B R
SE P B W) TR 2 R SRR T . X ) R — A
HLYLRE 78 1T 0L T 5 A 58 WO B AR &R 963 4 fif
BN A ILOGIK, Z R Y kL oy PR FIEA SRR
PR REI Tl bk SR T 5O A i A A
[ P RRAE . DRt S AR IS A 2f S5 4 i Ak 3R ATk i o
TE/INT5R A6 0 aT LG & Gk B B AR TS e i H
(18 o DA 1 5 7E K BH G X 02 . DA AR 2 S5k e )
S ALy T A F 5 32 R TR BH A H b RO Ak
7SI, AR R SR S Bk 1 B R R A AT
HLY5 G ) 51 3% 0F 52 3 10 A0, B R e TiO, k5
N R N N R SNV R AR E SN S
T AR TR TG 21 45

Wan 257 ) Rt 5 0 7K 38 K 813 &2 A il 2%
Bl f5 b o Bk B9 TiO, /RGO &4 40 K #: 4l 1k
5 AE ] DL B ST 0 SRR SR A YRk Y [ A R A
92% S22l TiO, 94 K5 B W 4.3 f5. Zoltan
EUAEZ R TiO, By oK LRI 3 Bl A X B Ak 7
[5- R 35 2K 3)-10, 15, 20- = HE LN ok, Cu 11 )-
Rk Zn CILD)-RBb 47 S0P 0 o F M 2R 21 G e
I KB Zo CID -G8t TiO, 12 S0k
A 700 938 AR 2003 e v o JF A A A ) R ik S8R AN
F T b A R AR 5 55 R SR 4T 22 A A e HE R
M2 1 ZaCID-AbBOE L TiO, #E 5 A 77
PRI B . U B ARE S 15 Y 0 1 8 i 2 T DL IR O fiff
JFH E X S A 50 i 45 204 T 53— 5 i, Zn CID)-rp
WA 114 9 & B 9 T 422 30T AT DO IX ek R E Pk S o S
AT LTS W 22 A 80 Ok AR A U, Wed
DRI Y o S A TR 9 3 i Fe (D Av-P (4-2

IO N T TiO, 99K R I b, ek s
149 2 T A A R0 A T DY BRSO I Y R R A R
fift BT 90 Y0, ELH T 6 YRJG MR AR PR 5 FoUE 1Y) B 1t
fit 1. Zhao SFVVH UK L B R FL AR IRk 1) Cu,
Co.Zn &JREL AW 5 i+ TiO, #Ef7estb. 76%F
it 5 5% Ty A1 % figp A0F 5% P L3RR IR S B9 2 S AR Ak
R Ay TiO, A 7 & s Hoh Co-PRMk-TiO,
M R AR ) X R T Cu B FEILR
ML 7 22 1R, T 25 B W 5 | H T Dk B RS IR A, AT
IKF A3 B 28 SR, Wed S0 F1) K #5 & [m] 37
P AL A CuCIDD) A-P0 (4-38 2K 58) nh ik . RGO
OB TiO, K BOGHE L, 78 120min 7] ILOG
FEURE T % ST P i ) 1Y) B i e R b 95 %0, S Al
TiO, 195 i, B 6 KJa MR BRFFR i fiE 1L s
PE. CuCll) meso-PU (4-¥R K H) bk 5 RGO #f &
fl 2 T R e A W J5 . DR G B8 5 T Rk S e A AR
B8 W PR BT HRAE ; 3 AR TE L AL TiO, 2 K
MR R AR HE T T C— T B A B IR R
B AT WL W A, IR B TX TS e A IR

Chowdhury 584 F| F B8 21 44 kL 4P TiO, #17
AL, UK TiO, R RES A 98 B9 /D 1eV, H
Ak J5 AR R T UL X AT a8 0 N B 2T 5 o 32
WOE T EA S TIO, Sk, k8 5064 A
[ ) D) 6E

Altin 557 38 o 7 I -BE L, IR A L4 R
Bic & 9 1) BK 3 G BT A 0 6 Co-TiO, 40K 458 44
LT OGO AL BT, 2 S 1A 1 700 W2 Wi K B
WETRS B T AL AE I WO X R . FE XS
ey 5% vh B, R R kT 20 3 T TR 1 R A5
1) Y S A b 79 B A 4 BE B A, 7E 150min (19 7] I
SR B R X 3 A Yokt (1omg /1) #Y [ i 5k 5|
60.3% . Albay %5 ) I 7 SR 04 0 B 4 B 2 11
CuC ID)-BR#E T AE Y AL AE TiO, 94K iR £ 1w, ik
FDCHALSCEE R . 2551 R OB EU X TiO, fOW
TE SR M AN, T B Ak 5 0 2 F A 38 5 T X a] Dl S
B I 15 B 3 7 T WG A TR XS O i R A LA R R
B HE 1 ERIE T e 2l TiO, 9 KA F 80 .

5 #iE
X TiO, BT EEA 4 . (DO F TiO, Fm

DURR Bt < Jm 38 A Al 17 <5 Jim 2 T A) T 4 DA TG 410 A
W T WA IR 5w A% B S BURAS BT



. 32

& T BB OB

546 4

() B A2 R A TR 4155 1 21 3 R 32 fi , 75 2%
Wk RG] 36 R 3 AR RN TiO, &
LA R -2 AR E AL RS SR A
A FHEARTFAFAIEN 5 (3) B FB 24 0 & E i 4 )8
BT ke EE Tl HE R A BN TiO, 1M,
FE 2 A 25 48 2 1T P B B L B 22 1 T 1 6 T LA
PR A 3R T YW 4 F LA A e A L S N B
H ARJE B A% K 1B 2 0 e (0 R B T SR
T AN BR T S SO A AR 50 A A Ak T R AIGs (40 Yt
RHE R LBl 2 1A Xk AT ' ELAT 5 I A A 6
ORI EAL ) TiO, #8218, 32 ] WL YR & iy
FHEAF TIO, W54 L TiO, 2k T & MK
N G2 E/ A NI (SRR e e Y B ) A 7 N R e 3 N
TR S IR, XX 4 FR RS R4S BB i
M 2 R EEE 3 Rh Ry IR AL G R T
TiO, B2 457 5 A BOGAHE AR A K 31 e i 3
A RGER . Ho o B E s BUA kL Hofk 2
PETRR E T HL R A 5 R RS R L X TiO,
S Ak TR 11 e Ak B ELAT R R Y R R T S i
S BIE 5 RS

£ % Uk

[ 1] Fujishima A.Electrochemical photolysis of water at a semi-
conductor electrode[ ] ].Nature,1972,238:37-38.

[ 2] Zhang J,Wu W, Yan S,et al.Enhanced photocatalytic activity
for the degradation of rhodamine B by TiO; modified with
Gd; O3 calcined at high temperature[ ] ]. Applied Surface Sci-
ence,2015,344:249-256.

[ 3] Koparde V N, Cummings P T.Phase transformations during
sintering of titania nanoparticles[ ] ]. ACS Nano, 2008,2(8):
1620-1624.

[ 4] Matthews R W, Mcevoy S R. A comparison of 254nm and
350nm excitation of TiO; in simple photocatalytic reactors
[J].Journal of Photochemistry and Photobiology A Chemis-
try»1992,66(3) :355-366.

[ 5] Kochuveedu S T, Kim, D P, Kim D H. Surface-plasmon-in-
duced visible light photocatalytic activity of TiO; nanospheres
decorated by Au nanoparticles with controlled configuration
[J].The Journal of Physical Chemistry C,2012,116(3) :2500-
2506.

[6] PuY C,Wang G,Chang K D,et al. Au nanostructure-decora-
ted TiO; nanowires exhibiting photoactivity across entire UV-
visible region for photoelectrochemical water splitting [ ] ].
Nano Letters,2013,13(8):3817-3823.

[ 7] Bian Z,Tachikawa T,Zhang P,et al. Au/TiO; superstructure-
based plasmonic photocatalysts exhibiting efficient charge

separation and unprecedented activity[ ] ].Journal of the A-

£9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

merican Chemical Society,2013,136(1) :458-465.

Kotolevich Y,Kolobova E,Mamontov G.et al. Au/TiO, cata-
lysts promoted with Fe and Mg for n-octanol oxidation under
mild conditions[ J].Catalysis Today,2016,278:104-112.

Klein M, Nadolna J,Golabiewska A, et al. The effect of metal
cluster deposition route on structure and photocatalytic activi-
ty of mono- and bimetallic nanoparticles supported on TiO;
by radiolytic method[]J]. Applied Surface Science,2016,378:
37-48.

Zhang D F, Wang ] X.UV-visible light-activated Au@ pre-
sulphated, monodisperse TiO, aggregates for treatment of
congo red and phthalylsulfathiazole [ ] ]. Journal of Water
Process Engineering,2015.7:187-195.

Padilla R H,Priecel P,Lin M,et al. A versatile sonication-as-
sisted deposition-reduction method for preparing supported
metal catalysts for catalytic applications[ ] ].Ultrasonics Sono-
chemistry,2017,35:631-639.

Jaafar N F,Jalil A A, Triwahyono S, et al.Direct in situ acti-
vation of Ag’ nanoparticles in synthesis of Ag/TiO; and its
photoactivity[ J]. Applied Surface Science,2015,38:75-84.
Arabzadeh A, Salimi A. One dimensional CdS nanowire @
TiO; nanoparticles core-shell as high performance photocata-
lyst for fast degradation of dye pollutants under visible and
sunlight irradiation[ ] ]. Journal of Colloid and Interface Sci-
ence,2016,479:43-54.

Wu G,LiJ,Fang Z T.et al. FeVO, nanorods supported TiO>
as a superior catalyst for NH3-SCR reaction in a broad tem-
perature range[ J |.Catalysis Communications,2015,64:75-79.
Chu H,Lei W, Liu X, et al. Synergetic effect of TiO; as co-cat-
alyst for enhanced visible light photocatalytic reduction of Cr
(VI) on MoSe; [[J]. Applied Catalysis A General,2016,521:
19-25.

Das L,Basu J K.Photocatalytic treatment of textile effluent u-
sing titania-zirconia nanocomposite catalyst[ J].Journal of In-
dustrial and Engineering Chemistry,2015,2:245-250.

Shen J, Yang H,Shen Q,et al. Template-free preparation and
properties of mesoporous g-C3N,;/Ti0O, nanocomposite pho-
tocatalyst[ J].Cryst Eng Comm,2014,16(10) :1868-1872.
Shen J, Yang H, Feng Y, et al. Synthesis of 3D hierarchical
porous Ti0:/InVO, nanocomposites with enhanced visible-
light photocatalytic properties[ ]J].Solid State Sciences, 2014,
32(3):8-12.

Gao H, Wang H,Jin Y,et al.Controllable fabrication of im-
mobilized ternary CdS/Pt-TiO; heteronanostructures toward
high-performance visible-light driven photocatalysis[ J].Phys-
ical Chemistry Chemical Physics,2015,17(27):17755-17761.
Feng H,Tang N,Zhang S, et al.Fabrication of layered (CdS-
Mn/MoS; /CdTe)-promoted TiO> nanotube arrays with supe-
rior photocatalytic properties[ J].Journal of Colloid and Inter-
face Science,2017,486:58-66.

Borgarello E, Kiwi J, Graetzel M, et al. Visible light induced



34 AN A 45 THO, B AL R ik B BT 52 i 2 .+ 33 -

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

water cleavage in colloidal solutions of chromium-doped tita-
nium dioxide particles[ ] ].Journal of the American Chemical
Society,1982,104(11) :2996-3002.

Wang Q. Jin R, Zhang M, et al. Solvothermal preparation of
Fe-doped TiO; nanotube arrays for enhancement in visible
light induced photoelectrochemical performance[ J].Journal of
Alloys and Compounds,2017,690:139-144.

Inturi S N R,Suidan M, Smirniotis P G.Influence of synthesis
method on leaching of the Cr-TiO; catalyst for visible light
liquid phase photocatalysis and their stability[ ] ]. Applied Ca-
talysis B Environmental,2016,180:351-361.

Ma C,Wang F,Zhang C,et al.Photocatalytic decomposition of
Congo red under visible light irradiation using MgZnCr-TiO;
layered double hydroxide[ J].Chemosphere,2017,168;80-90.
Villabonaleal E G,Lopez-Neira ] P,Pedraza-Avella J A, et al.
Screening of factors influencing the photocatalytic activity of
TiO:Ln(Ln=La,Ce,Pr,Nd,Sm,Eu and Gd) in the degra-
dation of dyes[J].Computational Materials Science,2015,107
(6):48-53.

BAd, T T AL BT 2 U A B A RO Ol A Ak 1 R F
FELI0. b [ I i 24 BE 2 41 2015, 26 (1) : 80-86.

Malengreaux C M, Pirard S L, Léonard G, et al.Study of the
photocatalytic activity of Fe?™ ,Cr** ,La*" and Eu®" single-
doped and co-doped TiO; catalysts produced by aqueous sol-
gel processing[ J . Journal of Alloys and Compounds, 2017,
691:726-738.

Asahi R,Morikawa T,Ohwaki T, et al. Visible-light photoca-
talysis in nitrogen-doped titanium oxides[ J]. Science, 2001,
293(5528):269-271.

Simsek E B.Solvothermal synthesized boron doped TiO; cata-
lysts: photocatalytic degradation of endocrine disrupting com-
pounds and pharmaceuticals under visible light irradiation[ J].
Applied Catalysis B Environmental,2017,200:309-322.

He D,Li Y,Wu J,et al.Carbon wrapped and doped TiO, me-
soporous nanostructure with efficient visible-light photocatal-
ysis for NO removal[ J]. Applied Surface Science,2017,391:
318-325.

Elsheikh S M,Khedr T M, Hakki A,et al.Visible light activa-
ted carbon and nitrogen co-doped mesoporous TiO; as effi-
cient photocatalyst for degradation of ibuprofen[]J].Separation
and Purification Technology,2017,173:258-268.

TROB AR F R R . 55 R A 298 e T AUk Bk /8 R AL
A R 2 G G AR AL R Bt A B AT e Al i L) .k R #h
S#,2015,43(7) :919-925,

Zhang Y, Li L, Liu H, et al. Graphene oxide and fco-doped
TiO, with (001) facets for the photocatalytic reduction of
bromate: synthesis, characterization and reactivity[ J ]. Chemi-

cal Engineering Journal,2017,307:860-867.

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Lei X F,Zhang Z N,Wu Z X, et al.Synthesis and characteriza-
tion of Fe,N and C tri-doped polymorphic TiO; and the visi-
ble light photocatalytic reduction of Cr( VI)[J].Separation and
Purification Technology,2017,174.:66-74.
Chen Y, Liu K.Fabrication of Ce/N co-doped TiQO>/diatomite
granule catalyst and its improved visible-light-driven photoac-
tivity[ J . Journal of Hazardous Materials, 2017, 324, 139-
150.
Han Y. Zhang J, Zhao Y. Visible-light-induced photocatalytic
oxidation of nitric oxide and sulfur dioxide: discrete kinetics
and mechanism[J].Energy,2016,103:725-734.
Wan J,Wei M,Hu Z,et al. Ternary composites of TiO» nano-
tubes with reduced graphene oxide (RGO) and meso-tetra (4-
carboxyphenyl) porphyrin for enhanced visible light photoca-
talysis[ ] ].International Journal of Hydrogen Energy.2016,41
(33):14692-14703.
Zoltan T, Rosales M C, Yadarola C.Reactive oxygen species
quantification and their correlation with the photocatalytic ac-
tivity of TiO; (anatase and rutile) sensitized with asymmetric
porphyrins[ ] ].Journal of Environmental Chemical Engineer-
ing,2016,4(4):3967-3980.
Wei M, Wan J, Hu Z, et al. Preparation, characterization and
visible-light-driven photocatalytic activity of a novel Fe C[l[)
porphyrin-sensitized TiO, nanotube photocatalyst[]J]. Applied
Surface Science,2017,391,267-274.
Zhao X, Liu X, Yu M, et al. The highly efficient and stable
Cu.Co,Zn-porphyrin-TiO, photocatalysts with heterojunction
by using fashioned one-step method[ ] ]. Dyes and Pigments,
2017,136:648-656.
Wei M,Wan J,Hu Z, et al. Enhanced photocatalytic degrada-
tion activity over TiO; nanotubes co-sensitiz by reduced gra-
phene oxide and copper ( Il ) meso-tetra (4-carboxyphenyl)
porphyrin[J]. Applied Surface Science,2016,377:149-158.
Chowdhury P, Athapaththu S, Elkamel A, et al. Visible-solar-
light-driven photo-reduction and removal of cadmium ion with
eosin y-sensitized Ti0O: in aqueous solution of triethanolamine
[J].Separation and Purification Technology, 2017, 174 109-
115.
Altin T, Sskmen M, Biyiklioglu Z.Sol gel synthesis of cobalt
doped TiO; and its dye sensitization for efficient pollutant re-
moval [ ] ]. Materials Science in Semiconductor Processing,
2016,45:36-44.
Albay C,Koc¢ M, Altin I,et al. New dye sensitized photocata-
lysts: copper ( [l )-phthalocyanine/TiO: nanocomposite for
water remediation[ ] ].Journal of Photochemistry and Photobi-
ology A:Chemistry,2016,324.117-125.
W B #A:2016-12-06
&R B 2017-12-12





