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Table 1 Preparation conditions of titanium-based TiO,
nanotube electrode materials

Voltage/ Time/ Concentration/ Annealing
Number . B .
\Y% min mol-L temperature/ 'C
10 30 0.3 650
1 20 30 0.3 650
30 30 0.3 650
10 10 0.3 650
) 10 30 0.3 650
10 40 0.3 650
10 60 0.3 650
10 30 0.1 650
3 10 30 0.3 650
10 30 0.5 650
10 30 1.0 650
10 30 0.3 550
4 10 30 0.3 650
10 30 0.3 750
10 30 0.3 850

amperometry) /£ 0V U, B4 L, Wl 250 s
W - (-0 gk, 50 s FFE— YOk,
FEICHAN ARG AT R, I 300 s P9 T HL AV - (7]

(U-t) £ Copen circuit potential ). fE£=1 V ], 10 mV/s
49 3 O, gk AR % H A Clinear sweep
voltammetry) W75 I-V i1 £& .
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Bl 1a AR BRI B Uy, B by Tes
1d 735 4 4E 105 204 30 V [\fEE R T, ££ 0.3 mol/L
f) NH,F g rh, 484k 30 min 5 R TiO, 4K
FEFI R B e . TR, 76 10 VI ERR T
ST I NI ) TIO, 49K, FLARZYR 30 nm. FEHH
HLRR 3G, B TiO, 4K TFaRZTE, EHIR45
B Ko IXFER AL 10 V RIS RIE R, 9Kk
55 R e G B i 2R TR B T B AP, T R 4N
KBS e T KT 10 VO, ghkis A
P TAE /N T b i R, A A AR, R A A T

Kl 2a. 2b. 2c. 2d 25k 10 VIHERIET, 7E
AN [ B2 1) NHF HL A P 484K 30 min T JE 80 TiO,
QUK R B R . WTLUEH, WRE DN 0.1 mol/L
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EAT H I AR s NHAF %54 0.3 mol/L i
TE IR TiO, 40 2K A HE 5100 D) L A5 IR 45 440 775 AT 5 4 NH,F
WPEIE K F] 0.5 mol/L I, R B 45 W47 15, AR TITIR
ARPFARKN ;. NHLF 3 EH 1.0 mol/L i, TiO, 44K
R 370 B 43 R AE S s e, IR B 21 5 0 58 42V 2K
F A B R

Kl 3a. 3b. 3c. 3d AR AAE 10 VIEHEHIE T,
1t 0.3 mol/L & 5 (1) NH,F HL AR v AU A 7] I 18] T R 1)
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4 30 min B, FEFE TiO, 4K ALK, RiKZ L
SER IR SR AR, TERCT HEZINN . RN, R E
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W, EERA R, XMW T T g% Tio,
(I i b A A )t S e JEE Il i, 5 BRI
Bs BEA ST R A3E 0, Bl FH B s, 60 min K,
AP R EIR G R, T LUR WAV 2 NS
2, BARFRR “gkar” Bl BR T 4R K

g5 b, TiO, KA BES B I & 4 N 10V 1)
fE5E L Hs 5 0.3 mol/L ) NH4F HLUEW, BH B4 4L 30 min.
2.2 TiO, AR EES XRD FAE

Bl 4a S A AR KBS R [ TiO, 49K (1) XRD K
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Fig.1 SEM morphologies of original titanium sheet (a) and TiO, nanotubes prepared at different constant voltages:

(b) 10V, (c) 20 V, and (d) 30 V
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Fig.2 SEM morphologies of TiO, nanotubes prepared with different NH4F electrolyte concentrations: (a) 0.1 mol/L, (b) 0.3 mol/L,
(¢) 0.5 mol/L, and (d) 1.0 mol/L
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Fig.3 SEM morphologies of TiO, nanotubes prepared with different oxidation time: (a) 10 min, (b) 30 min, (¢) 40 min, and (d) 60 min
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Fig.4 XRD patterns of TiO, nanotubes prepared under different annealing temperatures (a), Fe concentrations (b), and

N concentrations (c)
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Fig.5 XPS spectra of Fe-1 (a~c) and N-1 (d~f) TiO, nanotubes: (a) XPS full spectrum of Fe-1 nanotubes, (b) Ti 2p orbit high resolution

XPS spectrum, and (c) Fe 2p orbit high resolution XPS spectrum; (d) XPS full spectrum of N-1 nanotubes, (e) Ti 2p orbit high

resolution XPS spectrum, and (f) N 1s orbit high resolution XPS spectrum
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Fig.6 Photoelectrochemical performance test charts of Fe-doped electrodes with different Fe concentrations: (a) transient photocurrent

curves, (b) open-circuit potential-time curves, and (c) linear voltammetry scan curves
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Fig.7 Photoelectrochemical performance test charts of N-doped electrodes with different N concentrations: (a) transient photocurrent

curves, (b) open-circuit potential-time curves, and (c) linear voltammetry scan curves

e HLR- I AR o e A DA 5T 2 S A A/ R T
S AT R R 1A R AR ST T LR, Fe-1.
Fe-5 7 IR s B e I P Y 2047 W S ) 2R 4, 158
AT AU Y, BA R =R . Il
IXFPIR G R, SR, SRR A
AR LRI AE 2R S GRG A B, LR AR T
T, FFEESIAHE, AT H RS H Fe9 JL
FERAZM, AW Fe THEBRE L, SHERIKEM
JeHLETE. B 6b 4 Fe-1. Fe-5. Fe-9 )M AR
W) U-r ik . R Fe-1 fEOGIBT L ARG R BA
W T BT, 755 0.345 V 2247 1T Fe-5 (G HLIG
PEREIOE], eI T B P9 Fe-9 (AR AN i .
Kl 6c & I-U 4  RILAEAH R HUE T, Fe-9 HATEE Fe-1.
Fe-5 F§ KMIHLIAL, AIREZ T Fe-9 H & 1 HBHE /).

& LTk, Fe-1 AAHELFHOLHMIN, B Fe JT
FMEAEBREN 0.1%.
242 N2 TiO, #h k% 69 547

Kl 7a &3 N-1. N-5. N-9 fJ It fizk. nJLLEH,

3 RiobEHA A BB AL, N-9 Afb ik, BAT RAFI
LU Y . B 7b O N-1. N-5. N-9 [#) U-r #h4k,
R 3 Bl LB O R 0 T % HEA 38 KT ARG IR, N-9
B 228 K, AU Ky 0.035 V; N-5 {66 RN (1) T %
WA K, 290 0317 Vi LU N-9, 4175 0.3 V.
Bl 7c ol 1-U B o I HE P e 22 1) N-1 S i B T
PO I 2P N S NPT AN R N R
PO 2 B R, BRI S Fe B4 45 IR AHAT

Zr b, N-9 HAROFOGHREE, mTi, —Ei
FIA, NGB E R S e 8k e s d ik g .

3 & it

1) TiO, 44K A B 51 dge A R il 4 45 A 24 10V HE
SE HL S, 0.3 mol/L (¥ NH,F HLfi# e, BH #4804k 30 min.
650 C 2k fe e 1 IR K B

2) BE# Fe JCHRBINRIEZ KR, &4 41 HIGEME
A ) 2 () /N B A, 06 vy BB A 45 2% B 1 9 B A KT
A% Fe HEHBMT 2, ST MG TE. 7T I,



° 620 -

GE AR N

%50 %

Fe JUZ 5 329K B 1078 A6 6 & 106 M B A AR 1 1
W, N JCRMNBAMES Fe AL, 2, BE N
TCERBARBER T, Ve R S, B N B¢
2 TiO, ks i AE K .

3) TiO, fiks 5 4% Feu N oo # o, M4y
RAETARE, HIGTE T e motm Ry .

4)Fe JLE B, Fe-1 BTG IIN; N
TLEBIT, N-9 HAEHFGHETEE. Fe-1 Al N-9
(1 - MZeAHEL, N-9 HAG T4 1 U N s R
SRS Fe-1 [ T i HELAT B =1 T N-9.

STk

[1] Li He(Z #%), Yao Suwei(%k##%), Zhang Weiguo(sk TLIH) er
al. Rare Metal Materials and Engineering(%i 5 &= )@ M Kl 5 T
)1, 2007, 36(10): 1749

[2] Zhang Yaping(5k WV %), Ding Wenming( ] X #), Zhu Haifeng
(R¥EE) et al. Journal of Inorganic Materials(FSHUM k) 2#
H[I], 2019, 34(8): 797

References

[3] Guo Tao, Wang Changzheng, Xu Ping et al. Global Challenges
[J1, 2019, 3(5): 1 800 084 (1-7)

[4] Liu Haijin(X)¥#3F), Liu Guoguang(Xl] [E )%), Hou Zehua(f 5
1£) et al. Rare Metal Materials and Engineering(%i 15 4 J@
B LRI, 2011, 40(4): 723

[5] Parnicka P, Mazierski P, Lisowski W et al. Results in Physics
[J1, 2019, 12: 412

[6] Wang Xiujuan(EF54H), Fan Xinmin(3#5r ). Chemical Enginee-
ring and Equipment(1k. % T.H2 52 25)[J], 2017(3): 1

[7] Dong Hao(# {%), Huang Qiuan(i £k %), Shi Dawei(f1 KHN)
et al. Journal of Hubei University, Natural Science(i#1b K2

S, HARBAIR)[I], 2018, 40(02): 119
[8] Niu Dongmei(4:%4#§). Science & Technology Vision(FHH: 1,
971, 2018, 36: 116
[9] Qiu Lanxin(IKi#%%), Dong Rong(# %), Cai Fanggong(%£ 7y
3t et al. Electronic Components & Materials(FiT JCF 5 #4
FH[I1, 2019(11): 1
[10] Yan Shuang(Fi ). Dissertation for Master(fil =1 3C)[D].
Qingdao: Qingdao University of Science and Technology, 2018
[11] Sun Yajing(#MHif). Dissertation for Master(fii =1 3C)[D].
Taiyuan: Taiyuan University of Technology, 2018
[12] Samadi A, Ahmadi R, Hosseini S M. Organic Electronics[J],
2019, 75: 105 405
[13] Fang Zhi(5 i), Zhou Qingxiang(Ji JK#¥). Acta Chimica
Sinica(ft.2% 2 )[J], 2012, 70(17): 1767
[14] Tan Chao(i i), Li Yijiu(Z* L. A), Liao Qiangqiang( B 5 i)
et al. Rare Metal Materials and Engineering(¥i 4= J@ M ¥}
5 TR, 2011, 40(3): 551
[15] Wu JiaG #£), Zhu Kai(Zk #l), Xu Hao(f&k ¥#5) et al
Chinese Journal of Catalysis(fit ft.2#)[J], 2019, 40(6): 917
[16] Purbarani M E, Sari F N I, Ting J M. Surface and Coatings
Technology[J], 2019, 378: 125 073
[17] Li Xiaobing, Zhang Tao, Chen Yubin et al. Chemical
Engineering Journal[J], 2020, 382(2): 122 783
[18] Wu Tong, Chen Changlong, Wei Yuling et al. Dalton Transa-
ctions[J], 2019, 48(32): 12 096
[19] Zhao Bin(i® &), Zhang Ruijing(5K /%), Shen Qianqgian(H
&) et al. Journal of Materials Engineering(# ¥l 1 F22%
)[I], 2019, 47(8): 90

Study on Photoelectrochemical Performance of Modified TiO, Nanotube Array Electrode

Jin Yuxin', Shi Yingzhe', Wang Xuan'*
(1. School of Ecology and Environment, Inner Mongolia University, Hohhot 010021, China)
2. Key Laboratory of Environmental Pollution Control and Waste Recycling, Inner Mongolia Autonomous Region, Hohhot 010021, China
y ry ycling g g

Abstract: In recent years, the research of doped modified TiO, nanotubes as photocatalytic materials has received widespread attention. In this
research, anodic oxidation method was used to prepare regular and ordered TiO; nanotubes on the surface of Ti plate, and the chemical reagents
containing Fe and N elements were directly added to the electrolyte to modify TiO, nanotubes. SEM, X-ray diffractometer and X-ray
photoelectron spectroscopy were used to characterize TiO, nanotubes, and the optimal preparation conditions of TiO, nanotubes were determined.
Finally, the transient photocurrent curve, open-circuit potential curve, and linear voltammetric scanning curve were used to compare their photo-
electrochemical performance. The results show that 1% Fe element doped material has better photoelectric response, and the open circuit potential
can reach 0.345 V under light; 9% N element doped material has the best photoelectric activity, and open circuit potential can reach 0.3 V.

Key words: anodic oxidation method; TiO; nanotubes; modify; photoelectrochemical performance
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