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Preparation and characterization of visible-light-sensitive
anodic Cu-Ti-O nanotube arrays
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Abstract: Well organized Cu-Ti-O nanotube arrays with enhanced visible light response were prepared on Cusz(Tiy alloy
substrate by anodization. The influences of anodization time on the morphology, crystalline structure and photocatalytic
activity of Cu-Ti-O nanotube arrays were further investigated. The results show that the stronger visible-light-sensitive
care observed at the wavelength of 400—650 nm, the intrinsic and visible light absorption edge are red shift to about 470
nm and 760 nm, respectively. The oxygen vacancies induced by the high concentration Cu dopant into the Cu-Ti-O
nanotube play a favorable role in determining anatase to rutile phase transformation. With prolonging anodization time,
the Cu-Ti-O nanotube length increases while the wall thickness decreases as well as rutile phase transformation
increasing after crystallization in O, annealing at 450 ‘C for 2 h.
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Fig. 1 FESEM images of CusoTi;, substrate before (a) and

after (b) anodization



24 1L o3, S AT RTY Cu-Ti-O 9K B 51 () BH AR AU Ab 1 4% e RAL 2829

PAHT, CusoTiqg ZEAATTAELEPIAN TESHBAR AN [FI 1 X 35k
h T AR A IR A, A kAT T
EDS £k, WK 1@, KPR EXER Cu 5
W, NE CuMl, n(Cu)n(Ti=1/2, AL
MR B AR E T T8RS, AE Tifl, Cu 5 Ti
JEIR LN 1.73:98.27.

Bl 1(b) T 7 Ay BHAR AR A S5 S R 2 T T 3R i
KA%%T FESEM 1%, & 1(b) /T LAE H, Cu-Ti &43
AT BARR AR AN SN 5 BAEAE P AN TEZAS [ X 45,
B Cu AH BRI IR AR €078 BSEBH B AR B 2 s 1R
IR, 17 E Ti AHE I PR A R B2 s AR B T
IREIAEIEIR . FEBIR A NS5 R s, v o
BT V2 AR R, XA T Cu LT
(I R I BRIV o AH R, AE BHARER A 4l T FE AR 1y 2
U A RSB S 1 R

2 Fios A BB A4 5. 304 60, 120 AT 180 min
Ji & Cu MAE Ti A E Cu-Ti-O 9K BES| 1 TSR
ff) FESEM 1%. #EBH4AL Smin J&, & Cu MHEHAT
KWEEREY, WE 2@ EE Ti A EAKR
Cu-Ti-O #KEKERMHA R, WK 200)pr
715 AERARAE AL 30 min J5, @11 2(c)Fl(d) 7w, Cu-Ti-O
YUORE PG P RENE N, & Cu ARG — 5
BHEY, CuTi-O YPKEHFFRERAL, HIFHmlaE g
JEEZE, MR Ti ML Cu-Ti-O 4K FESE K204
250~300 nm,

E 2(e)F, & Cu A LA K Cu-Ti-O 9K 11)
AP FERTT D AT LG 0, HL BT A L 52 31
Cu HMFIE Ti AHHHFPIARME R 5 T BUW R RS
AR Ak, 72 20, B Ti A EAE K Cu-Ti-0 gk
EREZ4 500 nm. B P SEAGI [R] ) ZE K, 71 20V
H T AR 4846 120 min J5 » & Cu A EAEK ) Cu-Ti-O
PR AR, WK 2fiR; ® T AHEAEKW
Cu-Ti-O GKEKEL K 600 nm, U 2(0)FTiR. 1
20V fE K N FHIAR4AL 180 min J5, & Cu AH XA K1)
Cu-Ti-O KA B RE )R LR R ARAK, WElG)FT
7N, B Ti Ml b, Cu-Ti-O 4K KEZ ) 800 nm,
R JEL R AR SRR I A B, il G)h AL B
A C FF7R. 15 0,50 450 CIBKik 2 h S,
Cu-Ti-O UK FEFIYERF T EH Se i M AK A 458

S Ti BEREARRIHRE S &SRR
A= TiO, GRS AR E T, [FIFER IS A R A
Ti-ze"%, Ti-Tal'", Ti-6A1-4VPES SRR b, X
TR T 540 Ti AL, EIRZM Ti A4h k&
B a5 pAHFEAF IO SE R, S, a AN
SHERALERI(HCP), I, BRI SR

R AL ER G T A8 ESE, MHE W V. Mo, Nb,
Mo Fl Ta % BLA R GE 007 7 45/ (BCC) G 2 2%
GIE A LT 45K p AT s . BT LA Eoos
1 HAL 27 B AR S AR 0 AR v AT AN ) A 22 A
TR VIR, [RIG, X TiO, 99K BEI AT Pt
HEZ W,

2.2 WS

3 Pz A 20V 8 Hs B AAE 120 min F1 180 min
Ja HE K Cu-Ti-O 4K BEFIAE O, U5 1 450 "CIRK
pnft 2 h J5 1 XRD 1% . (& 3 o] LA H, ALY
15 260 2y 25.6°F1 27.8°FHT 43 ) Hh L T 8K 4H(101)
FG 2047 AH (110) it T RFAE AT 5 0, DAAE PRI 3R
W, S - AR 45 24 (B AR A A 1 45 1) TiO, 4K B
IS, (EZER Ti A TFHRRAANN Tio, HKE
AHEEAR W IS, (e 4 it VB AH AR B LR FF 2 800
C. HILERW, O, 450 CIBKMk 2h 5, 1
XRD i mv H IR 4 20 A7 AH (110) & THURE AR AT 56 068 2t 1
T Cu BB 24N TiO, dit, FAE—m 8 Byt
T Cu-Ti-O 49 KE RS PR 7] £ 40 A1 A AR

I, XIN S5EPE R S P HBH0E T7E Cu
2211 Cu-TiO, YKMH AT, Cu B2 FIFERE IS LB
W I LA AR, AEF R AT Cu B85
SRR GG . —J7 1, R RS oA 400
R EAZAL S, AR T BT 1 S 20 A AR, )
—J7 1, TiO, K A AL HE T TiOg \ 44
JE 7 A, AR F A LA I AR R AT ISR P,
TERE BRI A 16 TiO, GH KA MR 2132 1ot T i 1R Al
PR IR KL T SEEL TiO, Ak 1Y Cu 52, IEY
REB IR TIO, AKE IR LRI, Cu B¢ TIO,
YPKETE 650°CiR K S JE1E— e AL I T Bk
WG 20 AR, X ARSI N 25 1R I U A -
T EE AT I A T DA, R IB AR TiO,
YR RS Ti SR IR K S AL BRI, S0 5
AR FEEEYE T Ti FEARFVE RN (5 IFE Tio, 44
KA PR AR IRV BUARI™ ) G 24 AR AR

BEAk, 7620 2920 3204k, I HBL T —AN R A
MIRTHTVEE, ZATHNIEXS B T Ti Cu O, AR A T S L
TERIALE ). Cu 524 TiO, I 7] BES [ IR S W
WIrs

Cu0—"% 5Cuy" + VS + 0, (1)
2Cu0—9% 5 Cuy" +Cu* +20, 2)

£ O, AAH 450°CIE K imtbry, (ORI IE
) I N KB S Eegg, DR, AT DA, RATIR D E



2830 o E A e fE R 2014411 H

B2 BIRAEAAFEINE G Cu-Ti-O 44K FE 52 H AU HJE 3 FESEM 14
Fig. 2 FESEM images of Cu-Ti-O nanotube arrays grown on Cu-rich phase for (a) 5 min, (c¢) 30 min, (e) 60 min, (g) 120 min, (i)
180 min and Ti-rich phase for (b) 5 min, (d) 30 min, (f) 60 min, (h) 120 min, (j) 180 min, respectively
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Fig. 3 XRD patterns of Cu-Ti-O nanotube arrays annealed in

0, at 450 °C for 2 h after anodized for 120 and 180 min
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Fig. 4 Raman spectra of Cu-Ti-O nanotube arrays annealed in
0, at 450 °C for 2 h after anodized for 120 and 180 min on
Ti-rich (a) and Cu-rich (b) phases
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Fig. 5 XPS spectra of Cu2p ((a), (a")), Ti2p ((b), (b")) and Ols ((c), (c")) on surface of Cu-Ti-O nanotube arrays annealed in O, at
450 °C for 2 h after anodized for 120 ((a), (b), (c)) and 180 (a"), (b"), (¢) min
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