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Abstract

The nickel-molybdenum-tungsten ternary alloy microcolumns were prepared by a micro-anode guided
electroplating (MAGE) method and their electrochemical characters to serve as a cathode of water electrolysis in
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1.0 M KOH for hydrogen production was explored. An advantage of the microcolumns is to construct 3-
dimensional array of electrodes on a tiny area to offer effectively catalytic hydrogen reduction as compared to a
wide thin-film electrode. On the other hand, the synergistic effect among Ni, Mo and W benefits a superior
reactivity in hydrogen reduction than the usual ternary Ni-alloys. In MAGE, a Pt-wire (in a diameter of 127 pm)
mounted with glass capillary to expose a disc of the area at 0.1267 mm? was used as a micro anode; an enameled
copper wire (0.643 mm in diameter) to expose one end in 0.325 mm? was the cathode. A bias of 6.5 V was set
between the microanode and cathode and their separation was fixed at 20, 40, 60, 80 and 100 pum to perform the
electroplating. The bath was formulated by 0.38 M ammonium chloride, 0.36 M sodium pyrophosphate, 0.15 M
nickel sulfate hexahydrate, 0.064 M sodium molybdate dihydrate and 0.04 M sodium tungstate dihydrate. After
1472, 1780, 2514, 3083, and 3227 seconds of electroplating, microcolumns with a height of 1 mm are plated out.
The surface morphology of microcolumns was examined through SEM, chemical composition was determined
by means of EDS, and crystal structure analyzed with XRD. The effect of electric field on the morphology,
chemical composition, crystal structure of the columns was of interest. Then, cyclic voltammetry (CV), Tafel
polarization of the alloy microcolumns in 1.0 M KOH were explored to estimate the availability of the
microcolumns to act the cathode in the alkaline electrolysis of water in production of hydrogen gas.

Keywords: MAGE, Nickel-molybdenum-tungsten alloy, Hydrogen evolution reaction (HER), Tafel polarization.
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Schematic diagram of micro-anode
guided electroplating (MAGE). (a) Power
supply ~ (b) CCD Lens ~ (c) Platform
controller ~ (d) Pump ~ (¢) Micro anode
(f) cathode.
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Figure 3 EDS composition analysis diagram of
microcolumn deposited with deposition

voltage of 6.5 V and deposition gap of 20,

40, 60, 80, and 100 um.
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Figure 4 Deposition gap (a) 20 pm (b) 40 pum (c)
60 pm (d) 80 um (e) 100 pm The surface
morphology of the prepared microcolumn
as observed by SEM at 500 times
magnification.
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Table 1 The electroplating voltage is 6.5 V, and the electroplating distance is 20, 40, 60, 80, and 100 um of the

nickel-molybdenum-tungsten alloy microcolumn. EDS quantitative analysis of elemental composition.

L AT EE (um) e (at.%) sHEE(at.%) e E(at%)
A 20 26.81+ 2.25 63.93 + 2.48 9.26 + 0.50
B 40 24.27+ 250 64.35 + 2.64 11.38 £ 0.73
c 60 25.44 +2.32 64.70 + 2.33 9.87 +0.52
D 80 19.69 + 2.19 68.59 + 2.94 1172+ 0.74
E 100 18.92 + 1.90 69.09 + 2.71 11.99 + 0.66
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Figure 5 XRD analysis chart of 1 mm nickel-

molybdenum-tungsten microcolumns
deposited from different gaps of A, B, C,
D and E.
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Figure 6 COMSOL electric field simulations of

gaps A, B, C, D and E. The
microcolumns model is set to have a
bottom width of 160 pm, a top width of
100 pm, and a top semicircle with a
radius of 55 pm.
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Figure 7 Polarization curves of 1 mm nickel-

molybdenum-tungsten microcolumns
deposited from A, B, C, D and E at
different gaps in a 1.0 M KOH aqueous
solution (scanning rate 0.5 mV/s).
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microcolumns deposited from different
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hydrogen production reaction in 1.0 M
KOH. The scan rate is 0.5 mV/s Tafel
polarization plot.
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Table 2 The exchange current density ~ the Tafer slope and overpopential obtained when nickel-molybdenum-
tungsten alloy microcolumn with different deposition gap undergo hydrogen evolution reaction in a 1.0
M KOH solution.
Eeq Exchage current density Tafel slope
Hr#g s (V v.s. RHE) (mA/cm?) (-mV/dec) N1o (MV) N100 (MV)
A -0.122 1.77 71.3 54 238
B -0.130 2.16 70.6 46 206
C -0.132 2.21 64.8 43 184
D -0.139 2.00 83.0 61 272
E -0.136 1.83 87.0 65 290
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Figure 9 The 1 mm nickel-molybdenum-tungsten

microcolumns deposited from A, B, C, D,
nd E at different gaps are overpotential or
hydrogen production reaction in 1.0 M
KOH aqueous solution.
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Table 3 Cyclic voltammetry was performed on nickel-molybdenum-tungsten alloy microcolumn with different
deposition gaps in 1.0 M KOH solution at a rate of 50 mV/s. The peak value of the cathode reduction
current and the onset potential of the hydrogen evolution reaction were show.

i e A 5 c 5 -
Cathodic peak 446.41 462.54 581.95 43151 425.43
(mA/cm?)
Eonset fOr Hy evolution i ] ] ] _
V vs RHE) 0.1501 0.1368 0.1230 0.1633 0.1767

200 +

400 4

Current Density (-mA/cm?)
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LAY 1 mm SRIHIS AR 1.0 M
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Figure 10 Cyclic voltammetry current diagram of 1
mm nickel-molybdenum-tungsten
microcolumns deposited from A, B, C, D
and E at different gaps in 1.0 M KOH
aqueous solution at 50 mV/s.
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Figure 11 The 1 mm nickel-molybdenum-tungsten
microcolumns deposited from the gaps C
were subjected to 50 cycles of cyclic
voltammetry in a 1.0 M KOH aqueous
solution at 50 mV/s.
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Table 4 The nickel-molybdenum-tungsten alloy microcolumn obtained from the separation and plating of gap C
was semi-quantitatively analyzed by EDS before and after the hydrogen production reaction in 1.0 M

KOH.
1% $72 = (at.%) $HE B (at.%) 2845 (at.%)

Hra S R 25.44 + 2.32 64.70 + 2.33 9.87 + 0.52
MrasER 25.10 + 2.27 64.20 + 2.01 10.70 + 0.64
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Table 5 In this experiment, the nickel-molybdenum-tungsten alloy which plating of gap C microcolumn was
compared with the Tafel slope and the onset potential of the hydrogen production reaction of nickel,
nickel-molybdenum and nickel-tungsten alloy.

B T(‘;f] o /Z'gge v Fom 5 Solution Ref,

NiMow 64.8 -0.123 1.0 M KOH This study
Nig: /M03g 3 115 -0.180 1.0 M KOH [20]
NigWio ; -0.138 1.0 M KOH [21]
NigoW,; 130 ; 1.0 M KOH [22]
Ni 225 ; 1.0 M KOH [23]
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Figure 12 The surface morphology of the 1 mm 4, SE4ERE & o BURE 15 BE BT B I B E Y SR B
BRI AR KR BT E A &

& 12

nickel-molybdenum-tungsten
microcolumn deposited from the gap C
before the hydrogen production reaction

(left) and after the hydrogen production WA E S
reaction (right) in a 1.0 M KOH aqueous

solution, as observed by SEM at a -
magnification of 500 times. ﬂ?ﬁ
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