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Hydrogen evolution properties of (Ni-W-P)-TiO, composite coating
as electrode materials prepared by electrolytic co-deposition

LI Ai -chang, LUO Peng-fei, LIU Ying

(Faculty of Chemistry and Material Science, Langfang Teachers College, Langfang 065000, China)

Abstract: (Ni-W-P)-TiO, composite coating used as electrode materials was prepared by electrolytic co-deposition at
constant current. The effects of concentration of TiO, particles suspended in the plating bath and depositing time on the
catalytic activity of the electrode for the hydrogen evolution reaction (HER) were discussed. The surface morphology and
phase structure of (Ni-W-P)-TiO, coating were observed by SEM and XRD. The catalytic activity of the HER was
evaluated on the basis of electrochemical steady-state polarization curves. And the reaction mechanism was presumed.
The results show that the (Ni-W-P)-TiO, electrode consists of TiO, crystalline and Ni-W-P nano crystalline in solid
solution. The composite electrode is catalytically more active than Ni-W-P or Ni alloy electrode. The apparent exchange
current density of the composite electrode in 0.5 mol/L H,SO, solution is 2.7 times that of the Ni-W-P electrode, and 53
times that of Ni electrode at 25 . The polarization overpotential for hydrogen evolution of the (Ni-W-P)-TiO, electrode
is 176 mV lower than that of Ni-W-P electrode and is 581 mV lower than that of Ni electrode at the current density of 100
mA/cm’. The increased catalytic activity for the HER of the (Ni-W-P)-TiO, composite electrode is mainly due to the
change in the reaction mechanism caused by the synergistic electronic effect of the Ni-W-P alloy and the TiO, nano
particles on the electrode surface.
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Table 1 Bath compositions and experimental conditions of
(Ni-W-P)-TiO, electrode

p(NlSO46H20)/ p(N32W042H20)/ p(C6H807H20)/
gL L™ (gL
17 60 57
NH;-H,0)/ H;PO5)/
9(NH; f ) p(H; 73) Ji(Aem?)
(mL-L™) gL
100 20 0.15
Stirring rate/ p(TiO,)/
t/ pH 4 5
(rmin ") (gLl
30 6 380 2.5-15.0
12

FEI Quanta 200 FEG

(a)—Electrode a, 2.5 g/L
0.14F (b)—Electrode b, 5.0 g/L
(c)—Electrode ¢, 7.5 g/L.
0.12 (d)—Electrode d, 10.0 g/L
(e)—Electrode e, 12.5 g/LL
0.10F ()—Electrode f, 15.0 g/L

0.08F

0.061
0.04+

Current density/(A-cm™2)

0.02F

-0.3 -0.4 =0.5 -0.6 =-0.7
Electrode potential/V

1 TiO,
Fig.1 Effects of concentration of TiO, particles suspended in

plating bath on catalytic activity for hydrogen evolution

reaction
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Fig.2 Effects of depositing time on catalytic activity of

electrode for hydrogen evolution reaction
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Fig.3 SEM images of different coating electrodes: (a) Ni-W-P;
(b), (¢) (Ni-W-P)-TiO,
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Fig.4 XRD patterns of different coating electrodes: (a)

Ni-W-P; (b) (Ni-W-P)-TiO,



20 4 (Ni-W-P)-TiO, 715
Ni-W-P 176 mV Ni 581 mV
TiO, Butler-Volmer 3
2 2 25
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3 44.51° 51.85° 76.37° (Ni-W-P)-TiO, H,SO0y4
W 3 40.26° 58.36° 73.38° P
3 37.98° 54.58° 68.36° Ni-W-P
XRD W 2 Tafel
W P Table 2 Tafe kinetic parameters of catalytic activity of
Ni electrodes for hydrogen evolution
Ni-W-P Ni W P Jo/ N
. . Electrode t/ bV 5 r’m
Ni-W-P Ni (mA-cm™)  (kJ'mol ™)
w P Ni Ni 25 01578 0.068 -
17 W
Ni-W-P 25 02260  1.358
(Ni-W-P)-TiO, Scherrer
. 35 02384 2454
2.14 733 nm
. . . Ni-W-P 45  0.2439 3.190 29.94
(Ni-W-P)-TiO, TiO, !
733 nm Ni-W-P 55 02464 3.985
65 0.2632 6.327
25 0.1948 3.606
2.3 35 0.1866 4.794
Ni-W-P)-TiO
23.1 Tafel ( ) 45 02029 8.387 27.51
5 Ni Ni-W-P (Ni-W-P)- ’ 55 01886 9793
5 100 mA/cm?
Ni -1.124 V Ni-W-P 932
—-0.719 V. (Ni-W-P)-TiO, —0.543 V o
i Arrhenius
Ni-W-P
Jo( Jr 0)
)
0.40 AGr
(Ni-W-P)-TiO, NGO
- lgJo = lg(FKe)- 2= (1)
< F K c
) .
% 020+ Ni-W-P R Ji o (1) Jo
'FE’ K lgJy UT
E 010} Ni X6 °
O
0 . . Ni-W-P
-02 -04 06 08 -1.0 -I2 29.94 kJ/mol (Ni-W-P)-TiO, 27.51
Electrode potential (vs SCE)/V
kJ/mol TiO, Ni-W-P
5 25 0.5 mol/L H,SO, 243
kJ/mol (Ni-W-P)-TiO,
Fig.5 Cathodic polarization curves of different coating (

electrodes in 0.5 mol/L H,SO, at 25
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