5547 % 55 8 /I S Vol.47  No. 8
20194F 8 H 45 90—96 11 Journal of Materials Engineering Aug. 2019  pp.90—96

TiO, A EFEF E KR NiBEXT CdSe/TiO,
SRREFERCB A F R 2 N

Influence of annealing temperature of TiO, nanotube array
on photoelectrochemical properties of CdSe/Ti0,

heterojunction thin films

R KPR R B R KRR E B R A

(1 R JEHT R ARG s 5 8 RE 4% ) 207 A B A S B0 %, KL 0300245
2 RIFH TR Fp B R 5 TR HE A A8 5%, KA 030024;
3 RJE TR MOBR A5 TR B K 0300245

4 RIFH TR 525 TR BE . KJE 030024)

ZHAO Bin',ZHANG Rui-jing”* ,SHEN Qian-gian® , WANG Yi*?,

XUE Jin-bo?* ,ZHANG Ai-qin**,JTIA Hu-sheng”*

(1 Key Laboratory of Advanced Transducers and Intelligent Control System
(Ministry of Education) , Taiyuan University of Technology, Taiyuan
030024 ,China;2 Key Laboratory of Interface Science and Engineering in
Advanced Materials (Ministry of Education) , Taiyuan University of
Technology, Taiyuan 030024 ,China;3 College of Materials Science

and Engineering, Taiyuan University of Technology, Taiyuan

030024 ,China;4 College of Textile Engineering, Taiyuan

University of Technology, Taiyuan 030024 ,China)

FE . @ A DIRUE R TIiO, KA RES (TNTs) R ZE R H #5 CdSe/TiO, B4 il . B3 TiO, 94K 45 M5 2
ATRE K BE (200,350,450,600 CH X CdSe/ Ti0O, St Jifi 4% W G o Ak 22 P RE A9 S i . R ] SEM, XRD, UV-Vis, Hi k2%
DS J7 6 00 E i A TROML I 0 L AR 25 4 O Ak 2= Ve RE SR AT R AE . S5 R W] Sr J7 S B Ay CdSe 40K UKL 1 5] TR AE
TiO, K E RIS 0 LB RE I, TiO, K4 BES A 258 k R JGR B 200 CHE, 8 To i BUAS 78 TiO, g9k B 5 -
PR CdSe 4K BRI B I b RAF /N, S T4 WO i PR AR 4 22 O ML i LT o8 & . Bl & IR JOIR B2 T8 3] 350 °C L TiO,
Y KA BB L TG 1 B AR 35 48 s HLUUARTE TiO, 41Kk LY CdSe ki £, RF 3K Shdfb 2zt #g . B kR
B 450 CH G AL P AE B Bl R, 4. 05mA/em® . 23R R B 35 B 600 C B, TiO, 9K A 4 41 /1 A5 1 3, CdSe i kL
AN BRI G B A PR RE T R

K4 . CdSe/TiO, 5 R4S ;iR JOI B 5 Yo B Ak 24 PERE s A% A8

doi: 10. 11868/j. issn. 1001-4381. 2017. 000057

FES%ES: TMI4 XERARIRED: A MEHE: 1001-4381(2019)08-0090-07

Abstract; CdSe/TiO, heterojunction thin films were prepared by electrodeposition of CdSe
nanoparticles on TiO; nanotube arrays(TNTs). The effect of annealing temperature of TNTs (200,
350,450, 600'C) on photoelectrochemical properties of CdSe/TiO, heterojunctions thin films was
discussed. The microstructure, crystal structure and photoelectric chemical properties of the samples
were characterized by SEM, XRD, UV-Vis, electrochemical test and other methods. The results
show that the cubic CdSe nanoparticles are uniformly deposited on the nozzles and walls of TNTs.
When TNTs is amorphous without annealing or with annealing at 200 C , CdSe nanoparticles deposited
on TNTs appear with less quantity and smaller size. The photoelectrochemical properties of CdSe/
TiO, heterojunctions thin films is very poor, and photocurrent density value almost reaches zero. As

the annealing temperature increasing to 350C, anatase phase is observed in TNTs. Consequently,
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CdSe nanoparticles show more quantity and lager size. Furthermore, the photoelectrochemical

performance improves. The photocurrent density reaches the maximum value 4. 05mA/cm® at the

annealing temperature of 450 C. However, when the annealing temperature continually increases to 600°C,

rutile phase is formed in TNTs, CdSe nanoparticles become small and few and the photoelectrochemical

performance decreases.
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Fig. 1 SEM images of TiO; nanotube and CdSe/TiO; heterojunction thin films prepared by annealing with different temperatures
(a)pure TiO; nanotube; (b)unannealed; (¢)200C ; (d)350°C ;(e)450°C ; (£)600°C
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Fig. 2 XRD patterns of CdSe/TiO; heterojunction thin films

prepared by the TNTs annealed with different temperatures
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Fig. 3 UV-Vis absorption spectra of CdSe/TiO, heterojunction thin

films prepared by the TNTs annealed with different temperatures
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prepared by the TNTs annealed with different temperatures
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Fig. 5 Photocurrent response curves of CdSe/TiO; heterojunction thin

films prepared by the TNTs annealed with different temperatures

2.5 CdSe/TiO, BREHERM J-V & o 47

& 6 AR R E R k5 1Y TiO, /CdSe 53 Jfi 45 v
BEwy J-V o2, AL A S 5 45 MR i fin e P O
B HC 7 A B O HL A Ry AR, ELBE B i 1] SO 9 5 )
% Bl 7 AS W7 38 0, 3 158 B 1 S T 4% 8 B E Na, S L it
WP R n BE SIRA R . Y RIS R &R
SR L AR S L I Y AR IR R S — 1. 25V, B AR
R BE IR B 200 C L 7 A2 b HL I Y R IR A R 1) B OE
(9 75 1) D B8 o 88 10 A A% AR /. 4B IR BE T )

350 CAA 450 C B & 45 I = & A= T BT 5 A9 D 5 . DA
—1.25VIgi/NE] —1. 05V, B %R ki 5 5 600°C,
A6 i FE 4k 2k ) B E R A2, S — 0.9V, DL E I
L THO, 99K 8 18 TR BE X S I 245 T ) o vl 1
FWENEW, HFEEZ HE TiO, 49K R Xl
FER T TiO, 245 S 23R & X A F T CdSe 72 H 3K 1
YU . CdSe WYAEFE AT DL B S 0l 35 55 I 245 v 1 8 ] L
6 R (o R R BE (FE R S b 2 A5 BE S0 sk
JEULY CdSe k2 HY TiO, 4 il #k &%, gt %
Gy TSN R AR F R = AR e g . R, S T 4G
HRE P A N FL A P AR B I TR 2= B THO, 4K IR KT
FE T N . 2 BE T 3] 600 C B, BUAR CdSe
MR AR AR T & 20 A A AR 7 - 5 814k
WA AR L BT 58 BE TR W/ o LSl IS 1 7 B BT A
PRI T 75 L 7 2 0l L 9 ) A i R 2 AR AR /N

| — Unannealed
—2007C
—350C
—450C
—600C

N

Current density/(mA-cm)
N

o

12 10 -08 06 04 02 00
Potential/V

P 6 TiO: 49K 58 2 AS )l B IR K ) 45 )
CdSe/TiO, 545 WM J-V il 2%
Fig. 6 J-V curves of CdSe/TiO; heterojunction thin films

prepared by the TNTs annealed with different temperatures
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Table 1 Photoelectrochemical properties parameters of

CdSe/TiO, heterojunction thin films

Temperature/ C  Voo/V  Ji/(mA « cm™ ?) FE/%  9/%
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Fig. 7 Profiles of V. decay of CdSe/TiO; heterojunction thin films
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Fig. 8 Electron lifetime of CdSe/TiO; heterojunction thin films

prepared by the TNTs annealed with different temperatures
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