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Fig.1 FESEM images of Ni(OH),/NTOs electrode prepared for different impregnating time: (a) 0 h, (b) 0.5 h, (¢) 6 h, (d) 12 h, and (e) 18 h
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Fig.2 CV curves of Ni(OH),/NTOs electrode prepared for dif-
ferent impregnating time (a) and the relationship between

impregnating time and peak current density (b)
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Fig.3 FESEM images of Ni(OH),/NTOs electrode impregnated in the NiCl,'6 H,O solution of different concentrations mixed

with ethanol: (a) 0.16 mol/L, (b) 0.18 mol/L, (c¢) 0.2 mol/L, and (d) 0.24 mol/L
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Fig.4 CV curves of Ni(OH),/NTOs electrode impregnated in
the NiCl,-6H,O solution of different concentrations
mixed with ethanol (a) and the relationship between
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Fig.6 CV curves of Ni(OH),/NTOs electrode in 1 mol/L KOH in
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12 . -
— 10 mV's 3-1,"/-
——-20mVs’ Y/

8F---- 30mvs’ 4
—-- 40mVs" 1'5,'

S

Current Density/mA-cm”
N

0.0 02 0.4 0.6 0.8
Potential/V (vs. SCE)

4t b
2r 1,20.00697v"*-0.56611
R=0.975

’_\'\'\'\.

Current Density/mA-cm™
o

_2 I 12
1 =0.344v'"=0.036
_al R=0.9954
_6 1 1 1 1 1
3 4 5 6 7

V2 mv-s™h”

K 7 Ni(OH)/NTOs HMAE 1 mol/L KOH F AR [A i % T
BB IR AR 22 IS B Doy o' B 3R 25

Fig.7 CV curves of Ni(OH)/NTOs electrode in 1 mol/L KOH at
scan rate of 10, 20, 30, 40, 50 mV-s™ (a), Ipa-v”2 relation-

ship and Z,-v'"”? relationship (b)



. 640 ¢ Fifq < JE A RL S LR 47 %
40
50 : 5
o ]
540} - 30k .
E 30} \.\
2 20} n
£20
2 10}
510f
QS) ot - Of =
0.0 0.5 1.0 15 2.0 00 05 1.0 1.5 20 25
Concentration of Methanol/mol- L™ Concentration of KOH/mol-L"
1 st C 50 d
a 60F---200t .
E | 400 th aor
D — = 600 th —
E 40k 800 th —
= 1000 th 30F T
=
220t 20F
5
= 10+
3 0 2
0.0 0.2 04 0.6 0.8 1.0 0 200 400 600 800 1000
Potential/V (vs. SCE) Cycle Number
K8 UEHIR TS HEREM LR, BHREES KOH KIEM KR, Ni(OH)/NTOs HUHK IR PERE T4, LA K V&l i 2% 1%

ST NVE (P

Fig.8 Relationship between concentration of methanol and peak current density (a), relationship between concentration of KOH

and peak current density (b), CV curves of Ni(OH),/NTOs electrode for 1000 cycles (c), and the relation-ship between cycles

and peak current density (d)

MR KA BB RS o Ly 50", L 5 v Bk
IRUFIZPE R R . R HEARAE 1 mol/L KOH ¥ 1)
SR 5 I A 7 g i e R

Kl 8 JEAEAIR S B 5 Ni(OH)/NTOs i) H
HEALTE BE RO BEAS o AE 0~2 mol/L A Y Fs o B2 0 Rl A
A U FL R B A TR A R 3 O G K, I HLBE
HRFE R, W M B i A 2% (B 8a).
FEL AW P e e v P i A7 e B R, o O REIR R T
F 2 BRHIS SHRT, T LA e 38 3 R R AAR BT,
Kl 8b fiT/n, fE 0~2 mol/L [f] KOH &y iy, %1k
U L R BT KOH. ¥ 52 348 K 52 R S 448 K s 9 /s
. fEm KOH WKREET, WREMSER—ZR
SAL A, Y AR AR R, AR
PE VST SRR . R SREER KOH i
(A T AT J,  BELRS T FFE 23 7 RO B, AN R
W SRS

8c, 8d #& Ni(OH),/NTOs A% (K11 3 i i 5 .
B G IR CE B, W RSP AR R . S
MR M EL, #2205 1000 RAGFF 5, W FEL 3 235 FE AN R
K 24.3%, RWIRAEIEAE ) 75.7%. XK B HLAR 1T

IR MERE A, &AKW1
B, LTS S0 W BRSO 1) NG, R AR B K R R A
OH", Ni(OH), JAfr A KAESL IR KT, HAER M4 &1t
Uf, MR RSB . NTOs & H LS5,

PEw T MR A AL R 0 S R R ME A R AR, )
i, Ni FEAEAL B8 (T CO R P fg, 4l 3 Ni(OH),/
NTOs HLH; A0 5 (1 15 P A e 1k

3 &%

1) SKH S B vk, R4 0 B AR SR A 2%
) Ni-Ti-O 44K 551 (NTOs) _F 71 Z40K Ni(OH),.
A 4% Ni(OH),/NTOs HEL# .

2) Bifi A5 ¥ 15T A [ PR B KR N J50R B (38 n, FR
A b G A e A K RO RSH IR K, AR e FRLUARL
WPE TR B . MKURAE 0.2 mol/L 1) NiCly-6H,0 %
F A 0.2 mol/L ) NH4OH 1) LBV %% 0t 12 h
Ji 45 11 Ni(OH)/NTOs FLB S FBEA K 4F )ik Ak vk
fE. SFALIE R E I N 38.41 mA-cm™.

3) 412K Ni(OH)/NTOs AR ZE 7 0 1 4840 I8 5
RNSEy i dld R, AR . KOH WREEY 4552 mm

i



H2H S 4K Ni(OH)o/NI-Ti-O G0KAE P41 5 A v 1 o6 B HOx PR IR AL S A P e

- 641

AR AL PR RE . AR AT R AP I A REE P, 1000 X
e, DT EE 24.3%.

% 3k

[1] Liu H, Song C, Zhang L et al. J Power Sources[J], 2006,
155(2): 95

[2] Hameed R M A, El-Sherif R M. A4ppl Catal B-Environ[J]],
2015, 162: 217

[3] Liu Shibin(xJ{:3it), Han Bing(§# %), Zhang Zhonglin (5K &
). Rare Metal Materials and Engineering(¥i i & &M ¥l 5
TFE)[J], 2011, 40(8): 1483

References

[4] Zhang K, Yang W, Ma C et al. Npg Asia Mater[J], 2015(1):
153

[5] Fleischmann M, Korinek K, Pletcher D. J Electroanal Chem[J],
1971, 31: 39

[6] Hameed R M A, El-Khatib K M. Int J Hydrogen Energy[J],
2010, 35(6): 2517

[7] He H, Xiao P, Zhou M et al. Int J Hydrogen Energy[J], 2012,
37(6): 4967

[8] Raoof J B, Ojani R, Hosseini S R. S Afrr J Chem[]], 2013, 66:
47

[9] Tong Y, Gu C, Zhang J et al. J Mater Chem A[J], 2015, 3(8):

4669

[10] Yuan L, Zheng Y, Jia M et al. Electrochim Acta[J], 2015, 154:
54

[11] Cao H, Fan Z, Hou G et al. Electrochim Acta [J], 2014, 125:
275

[12] Hassan H B, Hamid Z A. Int J Hydrogen Energy[J], 2011,
36(1): 849

[13] Zhang Zhonglin(5K {4 #K), Song Hui(K ), Liu Shibin(xI] it
%K). Rare Metal Materials and Engineering(¥i 3 4 J@ M K 5
TFE)[J], 2012, 41(1): 58

[14] Li Zhaohui(Z¢3HI), Ding Dongyan( ] 4 Jff), Ning Conggin
(T HEEE). Semiconductor Technology(*\-3: 41 K1[J], 2014,
36(10): 774

[15] Ding L, Wang A, Li G et al. J Am Ceram Soc[J], 2012,
134(13): 5730

[16] Chen D, Minteer S D. J Power Sources[J], 2015, 284: 27

[17] Asgari M, Maragheh M G, Davarkhah R et al. Electrochim
Actall], 2012, 59: 284

[18] Xu W, Zhu S, Li Z et al. J Power Sources[J], 2015, 274: 1034

[19] Tarru’s X, Montiel M, Valle’s E et al. Int J Hydrogen
Energy[J], 2014, 39(12): 6705

Preparation of Ni-Ti-O Nanotube Arrays Supported Nano-Ni(OH), Electrode
and Its Electrocatalytic Oxidation of Methanol

Xie Yunyun, Hou Guangya, Cao Huazhen, Tang Yiping, Wu Liankui, Zheng Guoqu
(Zhejiang University of Technology, Hangzhou 310014, China)

Abstract: Ni-Ti-O nanotube arrays (NTOs) were fabricated by the anodized Ni-Ti alloy and then annealed in hydrogen atmosphere at 500
°C for 2 h. The Ni(OH)»/NTOs electrodes were prepared by a convenient impregnating method. The FESEM, XPS and CV were used to
characterize the microstructure, surface electronic states and catalytic performance of Ni(OH),/NTOs. The effect of the process factors
such as impregnation time and concentration of Ni*" on catalytic activity were investigated. The results show that with prolonging
impregnation time and increasing concentration of Ni*', the catalyst particle size gradually increases and the peak current density firstly
increases and then decreases. When the Ni-Ti-O NTs is impregnated in 0.2 mol/L NiCl,-6H,O ethanol solution and 0.2 mol/L NH,OH
ethanol solution for 12 h in sequence at 25 °C, the resulting sample has the best catalytic performance and its peak current density is 38.41
mA-cm™. Meanwhile, the peak current density of Ni(OH),/NTOs remains 75.7% of the original value after a consecutive sweep for 1000
times, indicating its excellent cyclic stability.

Key words: direct methanol fuel cell (DMFC); nickel-based catalyst; impregnating method; Ni-Ti-O nanotube array; electrocatalytic

oxidation
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