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ABSTRACT: In this paper, the principle of photoelectrochemical cathodic protection technology was introduced briefly.
The influencing factors summarized based on the main research reports in this field over years were proposed. Some of
the research work of the author group’s were also introduced briefly. Finally, further development and application of
photoelectrochemical cathodic protection technology was prospected.

KEY WORDS: photoelectrochemical cathodic protection technology; photoelectric semiconductor material; corrosion

protection

EIEBE R ARFAT RN R, SR
BHE A IR IREE f 5 3R B8 [ A AR O 2R 25 I A 1k
B, SEESAAE . kR, BN T
PLOBEBUR Y, SRR EHIL, ERAETHL, M
T RS, i Ha s i R Tl F e, fa
N R AN 22 40000 4 I e e 52 1 3 [
e AT, A SR GETt, 45 1447 4 R I ok i Py 468

B 2017-04-11; {&ITHHEA: 2017-05-11

e 2y 5 R AE P Sl (GDP) 1 3% ~ 5%, LR T H
SR ICFE R A2 O B AG HR K B AS AT 4 S A et
o 1) F5 % 22 By 2 i) [ RS 8 5 R AL e ] R 2 SR 1K)
EEHRNEZ—,

AR JGE Tk A R A RN AT SR G ), L e R
PIgE ] o S B R T B, 4R A B A B il
Jiti, AR R R R IR B Ay . H R Z B

E£TH: BRAKAHAFEAELAR (LT 41576114, 41376126). HHFTRAFMMAEAFRA (A5 15-10-3-15-(39)-zch ). FH AR 4

5133t % (#EF: 14-2-4-4-jch)
fEEE T :

X 2R (1993—), WAA, MEHTE, TEHRHTQAEBRXAIMIME FPIEZHL,

BHAEE: BEL (1970—), ZBA, HE, BRER, ZRAARF QA EFRABIRAIE . AR F & Fo By 37 33 AT R AR AL 5 MR 5

M BT o



. B OB TR

2017 4F- 6 H

7 065 D b AT AR | IR E R
R SERA | iR EAR T A2 B i A B
BIg I P BT A o X e HR A A DL, A IR
TR LA T ok 1 B A B 2 5K e TR 6 2 S8 B
A4, 2R3 T A DR U T BB 2 P g ol R R R
X A 2 T AR B0 25K L 5 G2 Pl R AR ME R T
TF AR 2 5 s B AR R AP B AR 5 AT B R 54k
TR IR, RS B TARRAR K . ARXE T H A AR I
A, BARRARIFEA N HIFE B LEB) 2, BOARA X ik,
LPNARAR . ARk, S AR R IIE B O
AR PR B A S — BT R

I LA S BB O B 2 M P 2o €2 355 1 19 K BH g
WG L A <5 S A4 LR JE ik, DR AP G A R — T
BRI FIR R P B AR o LB A 2 A TR R RETE DL
SR 7 Sy Sl N e S U B RS A0 N DS GIANE S SR S
TR IR ZOGTUR ™ HE B C A v T 56 7% B IS 6 s b1 )
e T A B o RS 5 S S5 BRI AR A BA A v O R
AIEEA o TG R Ao IR AR 3P BRI R BH AiE>
AP G B BB, T H AR 78 I AT 25
FEBTIERRIAS B, N TTAT B RCA R AR B DR 8=
P e 2 BIE S X B @R E s, BAT
2 BN A5

1 StEAFRRFERPFRAHERR
T8 F0 82 M F =

1.1 BEARRE

IR S 8, ZEA TR R F SRR
RGN ARSI % AL 13 T ok
TEAEC AR AT o 1 A ol T T BT 5
SRS, SR I R T 7E4
ST, XS TA45 5 S, RN o iy
T T USSR T, ARG B T 36425 i it TR
&, FEANRIIIERT . WA SR . O E
SR 5 P A 26500 T 0 8678 (1 Bt TR S AR OF
FRL AT MR 00 5 PR R 1 it TR 25
2590, L, FEE SR T, SR s TR
oL TN

0o R R R SRR R S 4R 5k Bk
WERTR (20 n B QRBP4 16 b
5 A B T S SRR N,
Hfle E= hv > E, (E, Rk SRS S0 ) 0f,
SRR T A AERSRRAT B S RO 1
Y FRL T ST 6 B T E R R o SR
RIS . S zs SO RS 5k SR I S ERHE P
LT L 2 R o M n TRk A (I 1
TR ] ELAT 3 0 i 3 DR RN, b S A bR 7

(6 AE Ll T LA A2 31 5 2 R A e Jm A e, A
7 (B A <5 S AR F 7, 500 i BB O G
PETARE, MTES BRI AR /R o A A & R A4
BHC R AL B AR BB, AnlE] 1 TR

4H 4o —2H,1  40H —de—2H,0+0,1

(IS iR ot S S 7S AL E

1.2 RSEUFAREPHOHZHES

1) BEAFES I S HALAYRE IR o e TR DGR S
PRRPREXT 4 B HEAT E AL 27 BT AP B BEE, 2f Rk
BRI St v LB 0, A R T3 B A Y
EFDCRAC TR M A e R SR R S b
oA 23 ST AE £ AL BE 0 o X e A HL 7 7 R L
JerR AL I R RO R B R E AR R
T AL R RS B R AR, IR 2 S ] R A
I BLIN, A 22 IR FDEHR AL IR AR P BORSOCR . 5
T, AR REN A5 . & Jm AR A E
(OVANEE N TR S DN DR 7N R VA A b0 B SR e o ]
BRI OR > R

2) JCHLIRIZEFRTRL T RS o BPRDRIAR B
N, FCHER IR 2B, % AR BRI S
G BRI H ik S 7 ) 2 T AR IR B A, SN SR AR
FUHE o RN, BOBPRLAR BN, S R TR S
IR BRI, JLAE T 525U “IRE A LR
M, e AR RERUR R . L, ORI R T R
ROV REAR K H P = YE HL e B8R o e Ah, S TR —#4
BHRA AR B, BT 20 B R A AN ]
A B AR BE AN L AL 2 B AR AR 3P R
ENCIE

3) JERIRIEMRIR IR . AR R
TS PELL Sy, ARAESENT, AT AT RO E R T,
HOEAE RS U IR E A o LAk, E SRR R
FLERAR | REK GRS | 1B KHIAL B RS I R n]
RES2 MR B BRI Fi A 2 e P e KOG HEL Ak 2 B AR AR
ke .

4) SLHIREMBIAERIES . MWHRRRA KB
SUHDCRTRIZFRL, WA | GORL RS 254 DL K
ZANGZ G RORL, #RATRERE HECAE BT RIS o DBk
L B RS G, R S BN @ Jm iR O AL B
AR 4 FRL U R B 7, x4 e O L Al o BT A 4



B 14 Hell

X R Sz IR PR B4 s B R T 5t e °3-

PEREH AT B2 3L

5) AR B R AT 2 A A
BB B 56 2 S A R B TR B A 6 Jm R T
ARCR rTREAN ] o ASUSOEBHAR T, F= 2 4 s 56
A ) Y R 3 ) SRR BB e A i 1 R AT AL B L
T OB B AR R B A 2875 22, AL JEOEEL
RO AR AL | eS0T A SR Bl 7 [ R, AT
SR PR G 23 I RSO AR B R A U
2 S AR VP T AL 1 AR A 5 A7 5 [ R 2021

2 REAFARFRIFHOARER

21 B—HASNXBUFEHARRFPHBBOFF

25U

A5G A 2E B R AR P 403K, I 2% 3% 22 1 ) L B fig
AN P A= kA N L DAL £19 I = A K N I = S = W A o 7 N 1 ]
AN 3.2 eV, AIXFIE /N T 387 nm U AMG
Mol 7, WSO A A 2R A 67 AR G Ak S B M RE
Tsujikawa %522 g & BLEAT 6 M e th BEAY — 41k
BRI T X &R IR R S . 25,
Ohko %52V Yun 2 PHgE— 4 — S ALk B T XA
B0 AL IR, IS TR IRCER
KB AL 4%, SRR BH G A F)
BRI 5 HOG AL 2E AR AR P i BE W LN K
SRR X R BHYE A 2 i A X 2 AR A R R T
PR 200 fifi 2 BB A% R R BH G P i 43% A9 7T LG,
g O AR IR AR Rk BE . Fk, BT
UL 7 4 RT R 1 '  AR 2 B AR AR B 1) 2 AR )
WA & ok, BLAh, HAT B IR AR5 i B
2K SURMRE, A FHF AL A A R RR R A
AR

22 ESANSNXBUFERREFMHEF
®x5HK

FOEHAL AR R E AR B R4, BFTie
AR R ARk, Tl B2 AR AR
RO S ) — SR A B EAT ek P A AL, (R ATS R
AV ZHERERE AP B A B, i SO DL i it
BOSFEE AT BRI B B0 . TR, WP E AT
He ARG HAb SRR R A, XA REF
PR Z R B0 £, SCRETE & AT S T 1L A
SRR, PR T R S . XA
JE A, AR SRR 22 18] B4 52 Ok R D't
LA 2 AR AR TR A B e P L S5 PS 4 T
PSR rE i AL BOE AR, R U BAT 1R 5241 S nT
UL xR A A IR AR S i PR . Li S0
3T AR A B LR ) R AR BRI A 4 81D

HI, DIRARLSR (CdSe) /3d A7 s b/ — SR ALk aH
KA TR R, KA R T W EHL
AR ARG L RE .

2.3 rRfEREMBIEESRERREAPITAR

It HL B R RE 7 ' R B A5 08 T X 42 Jm SE 3R B
JERERY, MAE R S N WIS AR . N T #
PRI — R, BRI A TG RR A RE, KOk IR
WMETENZOAER FEARE, HTIOLR
) B A5 B 0 4 T A Rp sk B AR OR3P . BFSR R B, Ak
By AR R A T AL IR TR R Y 6 H D RE A
FIBY Tatsuma 2BV Zhou 2P 5l 4 T &
RSB A A TG RR 2, UESE T b/
AL A A GEREVE o Subasri Z5P9F Zhou %5
BT ERFFE T Ak sk /A AL B SUZ 1 — Ak k-4
W8 E AW IE DG A= B AR g, YR SE A
HAAS B TRE T, AT SEEE IS A 5 X 4
Ja& ) FE B B AR AR

25 LRTIR, YL DI RE IR JZ A BT 4 I8 0 B OR3P
YER A R aT RS . PR BIE AR, B2
T RETR K FHAESE LA o BeAh = A e AR 25 7 T R il
JA B A ALY, % 4w B A P J b B 4 AT — e Bk
B, I, xS ER LR S ', 2,
FE MR TAEE TR A= IR e &
AT T REHER, 0 BB B PR 5T T 51
SRR B0 W T R ARl A T kS R A A
BS01 0 DA TR R B R 0%, fEE N
A, AR TAE AR T8 RR, 1 02 2% S0k
[51—65].

3 ZEHERIHARIIE

S BV A i Al A AR PR 47 T 1l E AT T
ZAFMBTIE T AR, BFSE A 2L e s A s B
PRI K LLBAH B ALER BRI, TF &l &6 1 —
B 1P ER S LTS il v p SIS IE/N S W) e R A L
PRAP o A b A S B R

31 AEHBRAULRRIIMBHELBHLFER
BRI IERERI BT R

FALBRAE Sy —FloR B G D RE AL RL ), JLGA
FLALECHA, (G AT N7 0 4 e 1) 't i Ak 2 B AR AR 4
e, i B RO — A AL TR E AR, B A sk
RERGUE « M ARTR G . HAT A REE M, ARIE T I K
PR R i B A LT Z ARG 6w R AT O Ao
BeARAP o SR B R — I e 4 77 0k il 2 4 80 4 2B A
RACBRFRL, K HE 5 304 55 i A A TR0 A L T B
TRAIPRCR, 7En] OGRS, A S AL R



<4 o H TR

2017 4F- 6 H

B rT LA B 304 AR IRAEZ 6 pA/em® 1Y
S Y AL R AT < N o081 M N 7 2 2R ) 4 I B e G
T AR T2 25 20 pA/em?®. A Z LR AT RHEA
AL A2 B AR AR s SR L7

h T — A R AR R O Ak B A A
PikfE, 28 Goettmann 114 J7 2% & T A FL A7 B8 A1
RAALIRAHE 1 AAEE CNy@ZnO YK FEREE &
L ATRHSY YEfU RN 1% me-CsN, A AL AR
e, 304 R HLA B L E] —0.40 V (vs.
Ag/AgCl) , FaECHMAE 10 pA/em® L |, BAHK
U () B AR PR AP R o K TR G B2 A AR G
b vk e 4R TH Y SR 3 2 i A B AL
W MBI B T A 5 T 5 o 4, Ryt T L, DA
M T R4 T2 U A B AR . A, il &
T AFLA 2B AH B ARk 0 7 Y S AL AR IS 7 A% 45 R G L
PR, BT 304 NEEAKELA L B S A AR A Bl
RALBRAR =5 1 LAk 2 B B A 4 v D)

3.2 MUMEMBIHIEENFARARIPIERET R

3E A X0 B — A AR A T R, T T
St L AR 2= BAR OR3P P BB A 2 o SR P I e - R g 12k ol
T Ni A0 A ARERTY, K HOma 1 3% B 28 Ak
S YRR TR WG, B T AR AT WO R TR
ERDEAE X 304 AN B G AL 2= B AR O P P
fit. o Tigo9sNig.oosOr EMEHIK S 304 ANEFEHIH
PRI AR 2R BB A R BEIR 300 mV DL B, —FZ
A B B T B B A 14 nA/em?, B BT A B
PRI . Ji4h, XL SRR T T ad Al
SANTRTAT PR T SRR O B SRR AR o B R
EHAERT WS X 304 ANEEWAEHE LA MR
PERETS 2] T — 28T, i 2 iR,

Noe0
@.‘K&” 2
IWfﬁm%
2.0 0 O ) \'i/ln“” il
S-10 PP  H.
% " +ST-S]
g E =248 eV
= +1. ¢
& >
2. ht &
+3.0 ®
H,0,-4b#in0, AR

F 2 AN EALSRTETT ILG RS T X 304 REEMGH
Al B A 3 PE e A PILEE
3.3 E&MBEXELZRRAIFEREK
=
YT A AL B A B S s, HH S Fvy
A LRI BT AR BR B S A A AR e a2 T,
TH S A G T VT ECR R R A AR . R, Al

e ALK R R A AL ok R, W& T
In,03/TiO, F1H R A A5 KL, FEAFSE T Hxt
304 NG RL LA BB AR BEUY . S5 IR AR,
SE PR R R AR TR T B T K R A S S A 2
PRt T RS SO B, i R R e
FARFRT NayS WY 78 7] W% K 406 B T 35 3¢
BT HE PR — In,O5 M B— TiO, AR &5 1) G B Ak 24 B A
PRy EPE

UEok, EALBELE R 55— Fhw UL A BN O A Ak
A, H 3.2 eV WS TERE IR I T =T Tz (N
F, SRR S A R0 7t mT LA 3k i 4 s HO'E
W) 7 365 1 5 12 2 e i 17 R 7, ek ml O R e 3k
TF BB R FRCR, 328 0] U6 6 B b 22 7 s
P o AB SFURAL A 4 0 A TR T 1 A A A oK A 1 471 4
R, b TR A= & TR, R R AT 0GR
SR TR 304 RNFHWE U9 B A2 IR AR
PrERE, HP In,Sy/Zn0-400 E 41K R B HL IR K
1 FLAVE B (~ — 300 m V) A K 14 5% A B 3L 2 3 (~280
uA/emH ) HnE 3 FR

Kl 3 In,Sy/Zn0 E-SEEX 304 ANEEMAY ] WOGGr Ak
FAA 4 A L FER

3.4 fiE R4 RLEYE B S R AL FIARAR A
BETF R

S5 it FRURE AR SR A e A e B P RS TR Ol L 4k
5 FRR AR [ U A RO AR o 2 T AR B it 1
(IRETT, 28 T B Ab B 40 K TR R AR 1 4h K AE IR ALk
BRERE, BFFE T HT IR X 304 REEN & Q235 Bk
B G L Ak B AR A B P BE SO BB S B S S T A B
SEFAM AR PERETS . B TR T A F B 20
A, BB T, REOTIOEEA T RiL R LA )
ZAHIEAE B T2 L Na,WOs IE R ABTE R . 24
JEREE IR, B PR S R Ok, IR
FIE IR 4 )8 b LAFR AL AE i BB AR

RS E A S e — P O B PR A A R, (R
SEAF LT IR AR S R T g — ),
5T AR -E AL AR R A A A IR TR R e Ak
2 AR PR A7 BB K S s B R PR BB . FE IR R
W JFE AL A B I TN G AR R R AR R i a2



B 14 Hell

X JRAE e b IR R4 B S R A5 it i -5

LeAefils, PR AT i, R RO Y
M A5 N I RS A R L RE

4 RE

BT b, AR BB PRI AR — R B
LREIRETARAR I AR . B TARSERBIEEAR,
JerL A BB R AP B AT i A BT 5 ol e L Ty
S TN SRR O AR, R, %
FRBAWIZR N TS . i TOLR A2 AR AR 4
ARETARCHI W Beb Tk | & Jm 5 2 MR R RLE
B EE AR R, LRSS R A
27 AT T RE PR AR, JFIAS T ER
(EBS SRR b S A — 5 BIHES o iZBAR ZE I
FISEPR TR R, I 75 B AT B SRR R B
K, PREFORNEE | AR P LA R b BR A R ] 45 D T
PEAT R T AR

BT UL, e A AR AR P HOR AR A
JRE T3 1) R ik 55 fife ke f) T B () Rl A LR JLAS T T
It

IDIEFYSE S S LN E L UP R A S i P e TP e
HL T 7 SR B RO RRE P, A ST X P AR SR 4%

SEs (p-n 4. nn &) (KR FRIRIES . 4745
FBEH A SARATRE, LIR R R0 JZ e AL 2 B
ARIPRCR, R B PR AP B AR R R e JE 7 1)
Zz—

2) BRI . — Bk, B
A G R R A A B T, BT RS R
(1 L (SN, U FE - S A B AA R A2 0 (IR ) < s 2
BOCR IR fESEbrscsa, A BIF AR L2
SRR A TR R A LA, RITRT LR AR
PR o SEHLAE 2 BAAR PR 7 BE AT RE 2 22 h 2 SRR R
AR A T A ESORRES T 20 . I, andey
PE— 27 00 Al i 7 BUR DG A FL T R HE R OR BELR,
X B A5 B8 et Fb 57 B 600 2 JeR s BA DG B AR
TRAPBIAE T, 20 A 2 B AR AR B AR B P v s 2
P 73— E B A

3) PABOEHMN AT AL B . G BT AR
AR ER T AR A AR SR A B AL,
I T EEORAE G HL AR B9 4 FL 65 AT 8 M T T oK B
IR A SRR L o IR A AT AEBA 23 T AR A AE
MBS HARFEAE T, BEEA 2 7R 7 TRk 2 2
e, T 73 B AR B UM T OR3P R A <52 R 1Y
HA o B, el A R e SRR i o 2 A7)
s R L B OR 7 AR B P A 24 R T

4) P T ORI G B3 L A 2 B
PRAPAE RG] o AR BEAT RO ROWAE KIE R L 45
Hy, JHEOCHRBRLS SEREA BRI IT O S & A5 5K

et AT s (] 447 195 285 X (R 463 g Ay B AR R 3
—J7 HHATE SR ME A, e B A O B ) 24 R 3 ) e A
ST T FEIT )2 IR A RIS

S 30k

(11 EZH, TH, Ked B840 LWEmerss .
FE AR, 2016, 45(12): 36—42.

[2]  ERREEE, BER, RIEAR, 45 UKIIES COyH,S fEih
FTikR ], FEHAR, 2016, 45(8): 7—13.

[3]  WOMESR, K, BUSC, 5. CO, Mk e ity vt R
[J]. FEBAR, 2016, 45(8): 14—21.

[4]  Z=H, 8K, R, 4R BRI U S i N E K
BB E AR BRI, R, 2016, 45(3): 24—
30.

5] A EBL BREIEE, 2N, 55, BRXTENAT Ok 8 ik i i
FLLEIR[T]. FHFA, 2015, 44(9): 89—95.

[6] EEz, Wk, iGN, % S8R R-EERBE
TR R RS HERT]. RIEHAR, 2015, 44(6): 75—S81.

[71 4RmME, 2208, k. BEKE B AR B
U AT ERE[T]. FRmEHIR, 2015, 44(3): 15—24.

(8]  IguS, BEAATY, 3%, S5 WERUNEE A A 1E IR 1
IRBE S ph T PR A R [T). RIHAR, 2015, 44(3):
63—68.

91  THENI, #hak, JoRE, 45 BREEFLHIH A & R 9K &
S IEBAE MR I BERR D). FlHIAR, 2015, 44(3):

81—88.
[10] BREIC. MRS BT A M. dEat: Bl
HRREE, 2011,

[11]  XUPF, REEAR, BRE, % BEaa ABEREI T
R[N FHEHA, 2016, 45(12): 28—35.

[12]  BRAR, 22k, Rypk, 55 RmuR sl iR iR 2 m e phbk
BERTSY[T]. FMFAR, 2016, 45(12): 174—179.

[13]  H74, HER, R, 55 ZARPIRE T 2R
X X70 5 CO, JEMBSEm[I]. KHEEAR, 2016, 45(8):
74—79.

[14] Z=H, N, P22, H2S04 TR bl Bo g it Xt
WG E[I]. FRMHR, 2016, 45(7): 62—67.

[15] ORBRE, BUIEIR, 250, 4% 304 AEEMTESRMLEN B
HROS IR R BB [)]. RTEIR, 2015, 44(4): 123—
126.

[16] KA #EER, SHEH. TEKA s IR R R
G E FAFSE[)]. FRMEHR, 2015, 44(6): 88—92.

(171 AR, BRAIOR, 20K, 5. SA 2 om0 B i ik
REITSE[)]. FEHA, 2015, 44(4): 127—131.

(18]  XUREL, AFFh, D, PP deat: B
F Tk RREE, 2011

[19] HAGFELDT A, GRAETZEL M. Light-induced Redox
Reactions in Nanocrystalline Systems[J]. Chemical Re-
views, 1995, 95(1): 49—68.

[20] HOFFMANN M R, MARTIN S T, CHOI W, et al. Envi-
ronmental Applications of Semiconductor Photocatalysis
[J]. Chemical Reviews, 1995, 95(1): 69—96.

[21] LENG W H, ZHANG Z, ZHANG J Q, et al. Investigation
of the Kinetics of a TiO, Photoelectrocatalytic Reaction
Involving Charge Transfer and Recombination through



2017 4F- 6 H

[22]

(23]

[26]

[27]

[31]

(32]

[33]

[34]

Surface States by Electrochemical Impedance Spectros-
copy[J]. The Journal of Physical Chemistry B, 2005, 109
(31): 15008—15023.

IMOKAWA T, FUJISAWA R, SUDA A, et al. Protection
of 304 Stainless Steel with TiO, Coating[J]. Zairyo-to-
Kankyo, 1994, 43(9): 482—486.

OHKO Y, SAITOH S, TATSUMA T, et al. Photoelectro-
chemical Anticorrosion and Self-cleaning Effects of a
TiO, Coating for Type 304 Stainless Steel[J]. Journal of
the Electrochemical Society, 2001, 148(1): B24—B28.
YUN H, LIN C, LI J, et al. Low-temperature Hydrother-
mal Formation of a Net-like Structured TiO, Film and its
Performance of Photogenerated Cathode Protection[J].
Applied Surface Science, 2008, 255(5): 2113—2117.

LIJ, YUN H, LIN C J. A Photoelectrochemical Study of
n-doped TiO, Nanotube Arrays as the Photoanodes for
Cathodic Protection of SS[J]. Journal of the Electrochem-
ical Society, 2007, 154(11): C631—C636.

LEI C X, FENG Z D, ZHOU H. Visible-light-driven
Photogenerated Cathodic Protection of Stainless Steel by
Liquid-phase-deposited TiO, Films[J].
Acta, 2012, 68: 134—140.

OHKO Y, SAITOH S, TATSUMA T, et al. Photoelectro-
chemical Anticorrosion Effect of SrTiO; for Carbon
Steel[J]. Electrochemical and Solid-state Letters, 2002,
5(2): B9—BI12.

LIJ,LIN CJ, LIJ T, et al. A Photoelectrochemical Study
of CdS Modified TiO, Nanotube Arrays as Photoanodes
for Cathodic Protection of Stainless Steel[J]. Thin Solid
Films, 2011, 519(16): 5494—5502.

LI H, WANG X, LIU Y, et al. Ag and SnO, Co-sensitized
TiO, Photoanodes for Protection of 304SS under Visible
Light[J]. Corrosion Science, 2014, 82: 145—153.

LI H, WANG X, ZHANG L, et al. Preparation and Pho-
tocathodic Protection Performance of CdSe/Reduced

Electrochimica

Graphene Oxide/TiO, Composite[J]. Corrosion Science,
2015, 94: 342—349.

TATSUMA T, SAITOH S, OHKO Y, et al. TiO,-WO;
Photoelectrochemical Anticorrosion System with an
Energy Storage Ability[J]. Chemistry of Materials, 2001,
13(9): 2838—2842.

TATSUMA T, SAITOH S, NGAOTRAKANWIWAT P, et
al. Energy Storage of TiO,-WO; Photocatalysis Systems
in the Gas Phase[J]. Langmuir, 2002, 18(21): 7777—
7779.

NGAOTRAKANWIWAT P, TATSUMA T, SAITOH S, et
al. Charge—discharge Behavior of TiO,-WO; Photocata-
lysis Systems with Energy Storage Ability[J]. Physical
Chemistry Chemical Physics, 2003, 5(15): 3234—3237.
SUBASRI R, SHINOHARA T.
Sn0,-TiO, Composite Photoelectrodes for Corrosion
Protection[J]. Electrochemistry Communications, 2003, 5
(10): 897—902.

ZHOU M, ZENG Z, ZHONG L. Photogenerated Cathode
Protection Properties of Nano-sized TiO,/WO; Coating
[J]. Corrosion Science, 2009, 51(6): 1386—1391.
SUBASRI R, SHINOHARA T, MORI K. TiO,-based

Investigations on

[37]

[38]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

Photoanodes for Cathodic Protection of Copper[J]. Jour-
nal of the Electrochemical Society, 2005, 152(3): B105—
B110.

ZHOU M J, ZENG Z O, ZHONG L. Energy Storage
Ability and Anti-corrosion Protection Properties of TiO,-
SnO, System[J]. Materials and Corrosion, 2010, 61(4):
324—327.

[38]LIU L, HU J M, LENG W H, et al. Novel Bis- si-
lane/TiO, Bifunctional Hybrid Films for Metal Corrosion
Protection both under Ultraviolet Irradiation and in the
Dark[J]. Scripta Materialia, 2007, 57(6): 549— 552.

LIU L, HU J M, ZHANG J Q, et al. Improving the For-
mation and Protective Properties of Silane Films by the
Combined Use of Electrodeposition and Nanoparticles
Incorporation[J]. Electrochimica Acta, 2006, 52(2): 538—
545.

VIR, XIARYE, BN, A DU & WO3 Hipk
FHEXT Cu 7] WG GHAF R[], &85, 2007,
43(7): 764—768.

ZHU Y F, DU R G, CHEN W, et al. Photocathodic Protec-
tion Properties of Three-dimensional Titanate Nanowire
Network Films Prepared by a Combined Sol-gel and Hy-
drothermal Method[J]. Electrochemistry Communica-
tions, 2010, 12(11): 1626—1629.

SHEN G, CHEN Y, LI J, et al. Preparation of the
Ti0,-SnO, Composite Films and Its Function of Photo
generated Cathodic Protection of 316L Stainless Steel[J].
Journal of Chinese Society for Corrosion and Protection,
2006, 26(2): 1009.

ZHU Y F, XU L, HU J, et al. Fabrication of Hetero-
structured SrTiO;/TiO, Nanotube Array Films and their
Use in Photocathodic Protection of Stainless Steel[J].
Electrochimica Acta, 2014(121): 361—368.

B, BRI, MREME. 41K TiO,-SnO, & & HiK
A AR AR SV AL 5E[T]. b R ol 5 B g2
%, 2009, 26(2): 109—114.

B, mUT, MREME. BBIR TIO, GRS
B E A A AR (7). BB F 3R], 2007, 23(12):
1886—1892.

MR, MRPER, 258, % BB T(Co™)B 4% TiO, 4
KAGBEINIRSCAE IR AT R3], HLfkaE, 2011, 17(3):
312—317.

SRAA, Aleld, SR, SF. HUEBTXS TiO, KA I 5
A B AR P 80N B 2 W [0, s A o A A o e

2013, 34(10): 2408—2414.

ZEfh, UL, B Tio, 49K ERESAY Tl 45 B ot
316 AEEBOCA AR EHIRBESE[]. Ak, 2007,
13(4): 367—371.

BTG, AR, SkiE, % TiO, PRSI A Hl &
Lexf 304 ANEGEHIROCA BRI RN [T]. DUREMS KL,
2012, 43(9): 1147—1150.

e, ORI, ?ﬁ% . IKIIE TR TiO, KL
PR EA B AR S M RE[T]. k22254, 2010, 26(9):

2349—2353.

LEI C X, ZHOU H, WANG C, et al. Self-assembly of
Ordered Mesoporous TiO, Thin Films as Photoanodes for
Cathodic Protection of Stainless Steel[J]. Electrochimica



B 14 Hell

X R Sz IR PR B4 s B R T 5t e -7

[52]

[53]

[58]

[59]

[64]

[65]

[66]

[67]

[68]

[69]

Acta, 2013, 87: 245—249.

YUAN J, FUJIISAWA R, TSUJIKAWA S. Photopotentials
of Copper Coated with TiO, by Sol-gel Method[J].
Zairyo-to-kankyo, 1994, 43(8): 433—440.
[53]KRASOVEC U O, TOPIC M, GEORG A, et al.
Preparation and Characterisation of Nano-structured
WO;-TiO, Layers for Photoelectrochromic Devices[J].
Journal of Sol-gel Science and Technology, 2005, 36(1):
45—52.

UZUNOVA M, KOSTADINOV M, GEORGIEVA J, et al.
Photoelectrochemical Characterisation and Photocatalytic
Activity of Composite La,0;—TiO, Coatings on Stainless
Steel[J]. Applied Catalysis B: Environmental, 2007, 73
(1): 23—33.

TETER D M, HEMLEY R J. Low-compressibility Car-
bon Nitrides[J]. Science, 1996, 271(5245): 53.

IR, WIARLT, SR IREEXT Zn $82% TIO, WEDLH
AP RE I RZ IR [T]. TIBER AL, 2013, 44(6): 826—830.
TIUKAE, PR, HIEH, 45, Zn-Co-TiO, KL
J2 B 6 A BT AR A R P (0], o S ol 5 7 4 2 4
2012, 32(4): 327—332.

BUIHE. TiO,, SnO, S5 9K # KA B LR
PEREWTSE[D). & v IR, 2010.

JHRAS, SIRIK, #hEE, 4. 49K TiOy/Sb,0s WIZHDE
A IR AR T]. TEHLAERER, 2009, 24(3): 525—
530.

KNI MWCNT/TiO, 525 W 1o il 255 06 A= AR £
PPPERERTSE[D]. &y PR, 2012,

TR, W, ESOE, S ZREGDRIRE/TIO B4
R ) 2 SO BB AR PERERIESE(T]. vh R ok 5 Bl 4
2242, 2012, 32(6): 485—490.

MRS, SRR, BES. 490K Tio, WZAEALIKN I
HB R PERET]. L SR, 2006, 25(12): 33—35.
PR, EAM, M, SF. G IEEEXT TiO, 44k
B BRI AE I AR AP P RE RS2 (], TP A
J& 24, 2009, 19(6): 1119—1123.

ZUT. BCIERIAK TiO, A5 R LAE IR AP BT
[D]. EiT: EI'TR, 2008.

T K AR A BRI £ S ALK
e BT AR I PERERT ST [D]. 75 8 T EITETE R,
2010.

WANG X, MAEDA K, THOMAS A, et al. A Metal-free
Polymeric Photocatalyst for Hydrogen Production from
Water under Visible Light[J]. Nature Materials, 2009,
8(1): 76—80.

BU Y, CHEN Z, YU J, et al. A Novel Application of
g-C3N,; Thin Film in Photoelectrochemical Anticorro-
sion[J]. Electrochimica Acta, 2013, 88: 294—300.
GOETTMANN F, FISCHER A, ANTONIETTI M, et al.
Chemical Synthesis of Mesoporous Carbon Nitrides Us-
ing Hard Templates and Their Use as a Metal - Free Cat-
alyst for Friedel-Crafts Reaction of Benzene[J]. Angew-
andte Chemie International Edition, 2006, 45(27): 4467—
4471.

BU Y, CHEN Z. Highly Efficient Photoelectrochemical

[70]

[71]

[72]

[74]

(78]

[79]

Anticorrosion Performance of CsN;@ ZnO Composite
with Quasi-shell-core Structure on 304 Stainless Steel[J].
RSC Advances, 2014, 85(4): 45397—45406.

SUN M, CHEN Z, BU Y. Enhanced Photoelectrochemical
Cathodic Protection Performance of the C;N,@ In,O;
Nanocomposite with Quasi-shell-core Structure under
Visible Light[J]. Journal of Alloys and Compounds, 2015,
618: 734—741.

SUN M, CHEN Z, YU J. Highly Efficient Visible Light
Induced Photoelectrochemical Anticorrosion for 304 SS
by Ni-doped TiO,[J]. Electrochimica Acta, 2013, 109:
13—19.

SUN M, CHEN Z, BU Y. Enhanced Photoelectrochemical
Cathodic Protection Performance of H,O,-treated In,O3
Thin-film Photoelectrode under Visible Light[J]. Surface
and Coatings Technology, 2015, 266: 79—287.

LYU J, KAKO T, LI Z, et al. Synthesis and Photocatalytic
Activities of NaNbO; Rods Modified by In,O; Nanopar-
ticles[J]. the Journal of Physical Chemistry C, 2010, 114
(13): 6157—6162.

DI QUARTO F, SUNSERI C, PIAZZA S, et al. Semi-
empirical Correlation between Optical Band Gap Values
of Oxides and the Difference of Electronegativity of the
Elements. Its Importance for a Quantitative Use of Pho-
tocurrent Spectroscopy in Corrosion Studies[J]. The
Journal of Physical Chemistry B, 1997, 101(14): 2519—
2525.

FUJISHIMA A, RAO T N, TRYK D A. Titanium Doxide
Potocatalysis[J]. Journal of Photochemistry and Photobi-
ology C: Photochemistry Reviews, 2000, 1(1): 1—21.
SUN M, CHEN Z. Enhanced Photoelectrochemical Ca-
thodic Protection Performance of the In,O3/TiO, Compo-
site[J]. Journal of The Electrochemical Society, 2015, 162
(3): C96—C104.

JING J, CHEN Z, BU Y. Visible Light Induced Photoele-
ctrochemical Cathodic Protection for 304 SS by In,S;-
sensitized ZnO Nanorod Array[J]. International Journal of
Electrochemical Science, 2015, 10(10): 878—879.

JING J, CHEN Z, BU Y, et al. Photoelectrochemical Cathod-
ic Protection Induced from Nanoflower-Structured WO;
Sensitized with CdS Nanoparticles[J]. Journal of The Elec-
trochemical Society, 2016, 163(14): C928— C936.

WEI H, YAN X, WU 8§, et al. Electropolymerized Polya-
niline Stabilized Tungsten Oxide Nanocomposite Films:
Electrochromic Behavior and Electrochemical Energy
Storage[J]. The Journal of Physical Chemistry C, 2012,
116(47): 25052—25064.

GILLASPIE D T, TENENT R C, DILLON A C. Met-
al-oxide Films for Electrochromic Applications: Present
Technology and Future Directions[J]. Journal of Materials
Chemistry, 2010, 20(43): 9585—9592.

ZHANG J, TU J, ZHANG D, et al. Multicolor Elect-
rochromic Polyaniline-WO; Hybrid Thin Films: One-pot
Molecular Assembling Synthesis[J]. Journal of Materials
Chemistry, 2011, 21(43): 17316—17324.



