Journal of Electrochemistry

Volume 17

Issue 3 Special Issue of Chemo/Biosensing
Tech)nology(Editor: Professor ZHANG Zong-
rang

2011-08-28

Photogenerated Cathodic Protection of Stainless Steel

Cheng-Gang LIN
Ze-Quan LIN
Jing LI

Chang-Jian LIN

Recommended Citation

Cheng-Gang LIN, Ze-Quan LIN, Jing LI, Chang-Jian LIN. Photogenerated Cathodic Protection of Stainless
Steel[J]. Journal of Electrochemistry, 2011, 17(3): Article 13.

DOI: 10.61558/2993-074X.2846

Available at: https://jelectrochem.xmu.edu.cn/journal/vol17/iss3/13

This Article is brought to you for free and open access by Journal of Electrochemistry. It has been accepted for
inclusion in Journal of Electrochemistry by an authorized editor of Journal of Electrochemistry.


https://jelectrochem.xmu.edu.cn/journal
https://jelectrochem.xmu.edu.cn/journal/vol17
https://jelectrochem.xmu.edu.cn/journal/vol17/iss3
https://jelectrochem.xmu.edu.cn/journal/vol17/iss3
https://jelectrochem.xmu.edu.cn/journal/vol17/iss3
https://jelectrochem.xmu.edu.cn/journal/vol17/iss3/13

B1TE FE3MW
2011 4 8 f

W, 46
ELECTROCHEMISTRY

Vol.17 No.3
Aug. 2011

CE S :1006-3471(2011)03-0312-06

SEF(Co’" )i84 TiO, MK EMET B
S 4 BB AR AR AP IT

R, WiFR, &

i, e’

(TR e T2 b, BRI AL [ 5 R 20, fmad B2 0] 361005)

E

S P FRL A2 B S A A A BR T R TR 3 TiO, AN KA 800 I, 5 Bl 8 S5 f6 e X A KA B ) A

BF(Co™" ) B2 M7 534BT (SEM)  X-S5F 26 AT 4 (XRD) L5 B2 10 T 450 A0 A, 58 b vl L MG Wi e
(UV-Vis) JerL A% 53 HIHK Co®* $525% TiO, A B AN ) I 430 FE 1A 1 ' o 7 e RO A B 17 7
N, F 5% Co’ T BA X TiO, YUK MU R USRI L PERE M5 . 45 LR W] 1B %08 it Co® ™ JE LI 24
PEREG AT A R AL TiO, HFBRTERE  IFAEma R & 2 0] ILJEIX. Co® " #8324 TiO, YK FEFIIEAE 400 ~ 650 nm
e A B IR, X 403 TR A AR BIAR AR 4 FH A .

XEEA .
FESES: 0046

TiO, J&—Fh 5 A9 2 AR B}, DAL 5 1
D= [ A = SR TR & R R =22 Y i
TORESFAN A, FEEAE AL T L K PH BE L b | R AU TR
I Al R & ANA e 7/ = s 1 S < Il N
57 Yuan 1 Tsujikawa 2 5542 6 A BIAR 4R 4
BHES:, JERIT TiO, 2R SR i A iy T 647 42 8
AR B4 1 {H TIO, HYBRELFE (E, =3.0 ~3.2
eV) , HAEM ik K /N T 387 nm A%, ISR AR K
FHSY 2 I8 20 o] LB A5 28 2R (R FHBE A
TR 4% ) 3 55 —J7 T, Ti0, Yk LR eLE
TSR A e T RN R B TR
AT IO S B B A LR R, B TiO, RE
FEOCAE IR O AP BOR Oy T A% LA S BR W 00 201 i
DR SCHE MR : 1) BRAIR TiO, 2847 i B, B sy FLm] I
FEWI 52 ) Wk 28 A T2 O B A R 3)
SEAT R AR L TR LU TiO, 7RSS R UL RE
G B AR . 324, B A AR E T B KA
S IERGE TSR Sn (1IV) 1 Ce0,
WO, " CdS' A TiO, 44K BB TiO, 44k
SRR 304 BB AR A B AR AR A
A1, B LA 428 (Fe \V Mn  Co,Cr Ni) ™' k4 )8

Wk H 49 :2011-02-24 81T H 1 :2011-05-24

TiO, ARG FEFIE; HBIF (Co™" ) 482 ML PR Bt IR

ERARISED: A

(N.S.C.P) 2 45 2% Ti0, SZHL Al WG 7 Y [
AR ABAT o5 4% TiO, 40K A5 R 51 S % il 45
K A B AR AR 37 2% 07 AT 58 38 5 0 i 3. AR SC
FEFTAE DR T AL B g r Ak P R
PRkl 45 1 TiO, 40K 4 FE S AR 45 B 1 (Co™ )
BaelhE , B EOR R 118 2% 1 X4 TiO, 40K 8 FE 51
JIEE'E F M o S H Y A BRI A 377 350 ) 52

1 SCIGER4y

1.1 TiO, giKEFI &

PEHEEERTE (99% ) Hil A% 1 cm x2 em # f,4K
WH R FK ToK LB N EE 75 35 PE 10 min. %=
T, LUEKSE R BE , 1 R X LM, #F 0. 5%  (by
mass) HF HLAZ P, i fin 20 V | K, F8% 19 FE
T BHR AL 30 min 2 J5 B K9, S B R & 2
BFOKPYE, BRI T4 H.

1.2 $#B%

B UL L il 19 TiO, 9HKAE I 51 I AE AN [R) ik
FE B BEPRES WE (0. 01 ~ 0. 05 mol/L) Hr, 75 30
min 5 , R RR T 20 he B S 57 B 258 1K
e, HARN T, 5 T AU T 450 CHBHbe 2 h.

« JWIRVEZE , Tel ; (86-592)2189354 , E-mail ; ¢jlin@ xmu. edu. cn

[l [ AR 40T H (51072170, 50731004, 21021002) , [ %% 863 H-%I37 H (2009AA03Z327 ) % B



53 401 PRSI T-(Co™ " ) 12 TiO, WK BRI 962 BT (R 47T £ 313 -
X LRI A R B BRSO EE T 2.1 Co** 82 TiO, MK EREFIER R

K, HE AP AR ).
1.3 TiO, X E IR SR

fii ]l LEO-1530 %Y 37 J& 5 49 4 b1+ B Sl 4%
(SEM) (f&[E LEO /Aw], in#kf e 10 kV ) A4
B2 Ti0, YK ; Panalytical X'pert PRO #37K
X S 2 A7 54X ( Philips 23 7], CuKoo #8, 487 H3 s 40
KV, 45 HL I 30 mA ) A 49 K A8 T AR S AR 25
QUANTUM 2000X H£k)ar T g 154X ( 3% [ Phsical
Electronics /A H] ) £E XPS U 2. i 2 4. o fk
AlKo, e 1486.6 eV, HLE 15 kV; TR 25 W diBE
FAE 100 wm, L F 1 4T 4 45°, 45 A fig LA Cls =
284.5 eV JpELifE.
1.4 KREFET|ESC B ERERAE

Hi Cary5000 # %58 4b- AT UL-3fx 21 40 43 St BE 1
(UV-Vis-NIR spectrophotometer, 3¢ [ Varian /\ &) )
FAEGHK R 0 M R

FH AT 4256 10 0 A 2 6 FH 2R 49 DU e 40 oK
W5 R 2 T Bt A 5 10 K 722 Ak 7 s R 3 i)
N, L AR A IR &R G R O IR (LPX150 AT A
SBP300 Sl H %A , Ak s 5 S DOEANER A ) B
P (5031 TURGHE T AR i R AX 263 T AL A3 Y
YR DL TiO, GRS W5 IR S B , 5122 B b
Xt B, A H R AR (SCE) S 2 LAl , HL A
WA 0.1 mol/L Na,SO, ¥ , A K 4% 250
~ 600 nm.
1.5 SR EFES R 4 AR AR 3P R AL

B 403 REEM A (1 em x 2 em) 435 K BEAD
YA AL O, SR LA T S BUBE T , SR J5 AR TN
i JC7K B = IR FE I KGR 7R 1 Uk T4

DL E A TR 20 28 1 % e B 2R 8 e B
W AR RN , T2 ZE A 25 6 A o - okt e A Tt
IR A &R, 6 A L b FL R M 0. 1 mol/L
Na,S0,,Co** #:2¢ TiO, G KA M (1 cm x 2
em) 1 % BH AR ; J& 1ok AL A b F A VR 0.5 mol/L
NaCl %W ,403 NEEH A (1 em x2 em) HHFFTH
e ; Z L ELARCH IR AT H SR il (SCE) . 22 S840
FHA 5 403 ANE5H0 T/ i 42, 26 5 150 W
FEARKTVE J 0GR, T 403 A4 4K i i ri o7 Bt G R
AR R

2 GRS

P 1k H Aoy BH R S 48 9 266 TiO, (a, b)
B Co™* (¢, d) TiO, 44 KA K5 51 5 1F 1 A1)
SEM B nJ 75 Y IZ G0 K B B 90 I B AT B 2 10 4
ARFHE, HEFN B FE A 17, RSP 15), £L48 24 90 ~ 100
nm, BEJEZ] 18 ~23 nm, &K £ 380 ~450 nm. [F51]
JBEEE 3 Rahky dw B2 BT O ER Y ) A 4
IR, Hhie]— 2 B Y Tio, BHEYJZ , &4
YRGS 4R ERIEIR. 25 Co™ " B MUK A [
GBS BAT KA B AR A, AT DR A s A P L
RS R B S5 K. TiO, 9K BG 51 I A 45 # B
AT ) HRIR 2) 353 7 Y 40K 4 1
H AR B RE 6% 1 H o ) A i R . R
HE R G EBE.

d Co-TNT

| gL L A

K1 2l TiO, g K48 B 51 5 I 1 (a) AN (b) LK
Co® " 5% TiO, YK AF IE 1 () FIE (d) 9 SEM
MR
Fig. 1 SEM images of the TiO, nanotube arrays (a,b) and
the Co’>* doped TiO, nanotube arrays (c,d)

a,c, top view; b,d, cross-sectional image
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Fig.2 XRD patterns of the pure TiO, nanotube arrays and
Co** doped TiO, nanotube layers
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Fig.3 XPS spectra of the Co** doped TiO, nanotube ar-

rays
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Fig.4 UV-Vis absorption spectra of the pure TiO, nano-
tube arrays and Co’>* doped TiO, nanotube layers
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Fig.5 Photocurrent spectra of the pure TiO, nanotube ar-
rays and Co’* doped TiO, nanotube layers
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a. coupled with TiO, nanotube arrays, b. coupled

with Co** doped TiO, nanotube arrays
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A Study on Co-Doped TiO, Nanotube Arrays for Photogenerated

Cathodic Protection of Stainless Steel

LIN Cheng-gang, LIN Ze-quan, LI Jing, LIN Chang-jian”
(State Key Laboratory of Physical Chemistry of Solid Surfaces, College of Chemisiry and Chemical Engineering,
Xiamen University, Xiamen 361005, Fujian, China)

Abstract: A highly ordered Co™ doped TiO, nanotube layer was fabricated by potentiostatic anodization of pure
titanium in fluorinated electrolyte solutions followed by ion-exchange method. The structure and composition of
the as-prepared Co™ doped TiO, nanotube layer were characterized by SEM,XRD,UV-Vis,and XPS. The effects
of dopant content on the morphologies, structural and photochemical properties of the TiO, nanotube arrays were
investigated. The performances of photogenerated cathodic protection and the photoelectrochemical response for
the Co-doped TiO, nanotube arrays under illumination and dark conditions were evaluated through the electro-
chemical measurements. The Co-doped TiO, nanotubes showed a stronger absorption in the visible light range,
due to a low recombination of photogenerated hole-electron. The open-circuit potentials of 403 SS (stainless steel )
coupled with the Co-doped TiO, nanotube arrays shifted negatively under visible light irradiation. It was indicated
that the Co-doped TiO, nanotube arrays were able to provide an effective photogenerated cathodic protection for

metals under regular sunlight conditions.

Key words: anodic oxidation; TiO, nanotube; Co-doped; photocathodic protection; visible-light
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