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Abstract

Titanium dioxide (TiO:) nanotube arrays were etched by anodic oxidation method using titanium
sheet as the substrate material, and then anodized twice to obtain regular tube arrays. NiSn/Ti0.-C/Ti
electrode was prepared by electrodeposition of NiSn alloy on the surface of TiO.-C/Ti, which was ob-
tained by high pressure hydrothermal reaction with glucose as carbon source. The samples were
characterized by transmission electron microscopy (TEM) and X-ray powder diffraction (XRD) and
the influence of different reaction conditions on the solar photoelectrocatalytic performance was
investigated. The experiment results showed that the TiO; on the electrode surface is tubular
structure and regular arrangement, which is composed of rutile and anatase mixed crystal. The
optimum conditions were applied voltage 5 V, pH of methyl orange solution 3, and the degradation
rate of 10 mg/L methyl orange solution reached 97.4% in 90 min.
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1. 5I8

ITHEAE, B AR AR R, AREUREEMERY, P R IR RS Y IR EE R B o 1 i Uk
i —[1]. SKKIGGeh TR Y faE R ABIXE, fE8m. HEl, WFRERE 2RS4
TiO, VE AT Tk i K HBEAT FEMR, R 7K o BR G £ T BRI A WL S B A i e BN T fa
1] CO, 1 H,0. TiO, & —Flt n B p0R, I rb T Ab S A0 381 3 222 BBk B (Anatase) TiO,
A4 214 B (Rutile) TiO, [2], 18 Anatase %! TiO, il Rutile # TiO, KI5 BRAEY>3.0 eV, HIOGAERK T HE
By RKRFE T Tio, 7E KPP AL TEE. g Tio, 5l WOEFIHFRAL. HAERR TFREA X &M
B, AMIEREE R ERUTR . BT84 PSREEES . AYIIEE T BOS K Tio, AL FIET L
PE[3]e — A TRC/NEES W BB, S — T PO T

BT 7 A TE] L TiO, MRFRT & AR GO A B RES . 2k, 2F4E. RSS2 MIEIN4]. B
ERFRKRILRIR, HRGBIEE, BEHl& AR S, A5 R 90K Tio, 24k i g7 %4
13, BAE T2, PERIEHESS, HR&ERE, MLUKHEE A, ST [5]. 1M TiO, 4K FE
FIRT DU I VAT &, BRI . AR SCIORE E nr i ARSI k5 gy, AR TiO, fi
PERERI LAY BRI AE = T8, BRAREAS, (3 TiO, 2 SARMRIAE Y6 AL S AL AR ) T b AL HERE

2. SCUGER4Sy
2.1 AFISYEE

BRF(99.5%, Lz efmblmARAR), ERR, NKEMRE, LR (AR, T TH M A
AR, BAHAR, TUBER AR AR AR), UKEER(AR, BRI THRAA), HE AR,
HEMBERAARAA]), FTNHLBHAR, KeHKE2mARAR), 47N LR AR, K
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WBIEAL 2R ), K ZFE(AR, B 2R A TR A F).
A W6 H(V-1200, RESERIBHEABRAR), X Sk @i i (DSADVANCEC, Broker AXS
AT, BEHEBI(TEM, JEM-2100F %, HAH THR24h).

22. SEWAEE

2.2.1. TiO, XK ERES K&

KEERFT (2 x 2.5 x 0.5 cm) H AP AT BE st bR L AL, RN 2% HF AL 2B, Hedf T4 B
RN NHF. HO T LW, 705l 25 58 70 B8 0.5%AM 10% AR AW, e B A HLHL AR
CATRAE B OB A AR N B, BREE MM, AN 30V, FEA HLHLAR P AT FHAR AL 2 he BE)S
N 347 450°CHREHE 3 h, 33— R TiO, 9K . BAIEYE 20 min, BRE—KIUE TiO,
AR, BUUHANLE AR 1h, S5 2RI — RIS AL IS 1 TiO, HUKERESIITI.

222 BZIEERKRTE
PL0.02 g/mL A7 AT FEA BN HUBRIR, B IR PR AL 1510 TiO, 9K B 471 578 41 B OBON
EE R BIZEF, 160°C R 24 he &AW 450°C, BAGERY G, 53] TiO,-ClTi.

223 BEERFANISnEE
FRE 0.2376 g NiCl,-6H,0, 0.1896 g SnCl,, 0.6724 g 2 & VU Z. B8 — 4N, FE/KPHtERE M, W35 pH
10 724, DL RCABER, TiO.-C NIAMK, #MmHEE 2.5V, HPE 7 min, 183 NiSn/TiO,-C/Ti.

2.3. GAIRIESMEREMIR

2.3.1. ELAREOSRIE
KH TEM ML %2 NiSn/TiO,-C/Ti HLb R LS« FIH XRD HEAT St A4 45 1 i 52 AR AE, CuKa 5148,
AN 0.15418 nm, LAEHR 40 mA, TLAEHE 40kV.

2.3.2. ERAYERILEFMEREMIR

LA 10 mo/L (9 W RSV B R FEARY), 55 W U VEGIRREAT e e AL B AR S0, $R 7T pHL LK
TR P AR R R o

ISR AN - AT IS e B I SE B RV R AR RIS VRO RE s SRR BE I R T SRR R,

BRI AT
_S-CG_A-A
Co A
H——&fRF, Co——URINIKEE, Co——t N ZITEIA L, Ac—— IR IURIGOLIE, A——tIFZ]
IR -

3. &ER5vHe
3.1. XRD MR LR

B LA A B AR HU R TiO,. TiO,-CANiSn/TiO,-C (1) XRD i ] . NiSn/TiO,-C f# 4k FfI7E 20 2 25.3°,
37.8°, 48.1° [T (IHFAEIE A TiO, BiEkH 74(101), (004), (200)IHFAEATETIE[6]. 7E 20 v 53.9° 11 62.8°ff
IR A 40 A (211),  (002) FIAFAEATETIE[7], 20 A 25.3°BH I AOARAEAT ST I FE AR BE, B rAR R
[ TiO, BN #H S S L0 A AHIAE, BT A G 2 . IR BT R g, HRT6E
BT A, MM = ARG s A 1t R
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Figure 1. XRD patterns of the obtained sample (A) TiO,/Ti; (B) TiO,-C/Ti;
(C) NiSn/TiO,-C/Ti

1. #mH XRD BI(A)TiO,/Ti; (B) TiO,-C/Ti; (C) NiSn/TiO,-C/Ti
KR el LB B A H TiO, FEMTEB 2458 C A NiSn &4 )5, Bk B TiO, S ERT i g & A4 W BAm A2,
X AR AT B TN B TiO, g AR T #0708 T AR I T AT (8] . 7E XRD & K se ] BA5 3

JEeJm C A1 NiSn & & HIAFIERTSTIE, 7T REZ RIS A UKD B C Ml Nisn & &g i thALs, s
KA H o

3.2. TEM &8 49

15.0kV x40.0k

Figure 2. TEM images of the NiSn/TiO,-C/Ti
2. NiSn/TiO,-C/Ti 89 TEM

Ni-Sn/TiO,-C/Ti HiItk) TEM B 2 Fis, TiO NEARE M, A WRMIF O, HARIHBCA M,
ENAEZ19 80~100 nm, EEEIEZIJY 10 nm, i BT I R BIAR SE AL AT DL RO EDIRGK TiO,.
EPIREF LR Tio, BRI R AR, (15 5 ra A i 0 B bR F AR08 2, SRR At 7 i P& AmHuE,
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TR FRERS BIMEAL TR, AR TG AR, M B i B AR PR v AR R RE[9]. P R REIH B
F| C A1 NiSn & &k, Al RER KR NS m B> HER /N
3.3. HAREMEEMIX AR

L 10 mo/L B BEEVAWCA B FRIEARYD, NiSnTIOL-CITi IR, Hlks AN, W pH. AN &
AMINETR S HIRSE A B, AT R ARSI .
3.3.1. /& pH X RCHPERR I RERI RN

& 3 /%0, pH A 2 5 pH A 3 B NiSN/TIO,-C/Ti EA GRS 2ZEAE, ST 10 mg/L FIEEHF
TRAEAL 90 min J5 K B4 51 N 97.7%H1 97.4%. 24 pH Ay 4 WAL RO B B BRI, AT RE 2 K N s ER 1 4%

PR, WAL, AT S9RYE R T A S M, IF HERIERAE T, NiSn/TiO,-C/Ti
R R T 17 IE AT, B 5 WK PR R B R AT B R [10]
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Figure 3. Time curve of degradation rate under different pH conditions
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Figure 4. Time curve of degradation rate under different applied voltage
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3.3.2. ghhmea FExt e AR St e P AR 4 BE RO 20D

B 4wl A, FEEOR, SCHREMRCR L, SAMnBES A5V, 7V, 9V B, NiSn/TiO,-CITi
FELR X S RE VA VR 1 B AR 2R I9TE 97% LA b MR RE N 3 VI, BEMRACRIA R NI, (X 78.5%, TJL,
H O M AR PR — R E R R . 14h, MRS ZE 9 VN, BMESCREAHERE, H
I AN REE A 52 HE A, 1S5 FL R A @ A AN R B Ve

3.3.3. 3. HXHELFIBF T
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Figure 5. Time curve of photodegradation, electrolysis and photodegradation
rate of NiSn/TiO,-C/Ti electrode

[&] 5. NiSN/TiO,-C/Ti EBARCHR . AR, SCHPEARERAT A fhek &

5 K], DG FEARRCR 5 Al AL PR AR ZZ AR, U S B r il . AL
— T HINIE T AN EA R LR, S5, AR TR N E Y, T A R
U&l\%ﬁ% TRBEGAE BT O I 7 8, BEMAR THEALPERE[11]. AR %, JLFAE, RE
R REAEER T R TiO, R E D, JFHNK Tio, g E ek S L S5ioat Ml b .

3.3.4. BRI EAFIERERIRMT
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Figure 6. Time curves of photodegradation rate of different electrodes
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6 KW, NiSn/TiO,-C/Ti HIARNT H BRI B AR SUR B fF, 90 min J& PR 2R IL 97.4%, TiO,-CITi &4
TR, 90 min J5 ' HLFEME R A 32.1%, AT NiSn/TIO,-C/Ti FAR AL R . 1M 5.4l TiO/Ti Fikk
X} F BRIV ) B R RO B 22, 10 10.7%, ERAK T4 Ti BB RCR . X ATREE RN Tio, NP5
e, HSHEMEAWMAE R, BUE G RO R 2 . I m R KRR NATE Tio, RSBk TSR
Wotz. —JiH C ATHUR TiO, dids i) O, M @i R AEWAR, F= A8 VRN s S — 07, did4Bk
BT RIE S 7S Tio MR H M, —#F BREEHE & Tio, MOt AR . £ CITIO, BIJEA: F
HLPE NiSn &4, & JBIBAAE TiO, A Al Sl i g N Re g, 4% 1 TiO, MIZEFT 58 /%, $m 1
Wt eI WoE IR R . T & @A m v FEIER, KRB E T ARk i B AR SUR

34. BEUFINESEREL

2RI, NISNTiO-CITi AR E R A 10 Ik, Bl frfr 95%LL b, RUIZ AR iAa € Tk
Bt

4, gig

1) PR Dk et i B S A 2 TiO, WT LURFAEAL I E A B A B IR b, ok R AL FRIAS 53 [m]
WAC L3 B G G T AL e v K AR S AT BV IR AE TiO, b8 T R AR ), IR B Al

2) NiSn/TiO-C/Ti AR i & T2 HAE S 34, Do b PR R W@ AR Va5 o0, £ 2 I
Ja, HAREIRERSCRKIE, BT RIFFOERREE SPURRE, AMRAOE i E R IR

3) SRR Al AR R ZE AR, T BLAZ AR A7 B A 7 3 8] A e v 2 T4 5

4) NiSn/TiO,-C/Ti HBK I f5eish B A 25 A 9wl LGRS T, AMINFLIE 5V, W pH 4 3.
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