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Experimental methods

Sample preparation

AlyjgoxNix (x =5, 10, 15, 20, 25) alloy ingots were produced by arc-melting high purity
(>99.9%) elements of Al and N1 under a Ti-gettered argon atmosphere in a water-cooled copper
crucible. The alloy ingots were re-melted more than five times to improve the compositional
homogeneity, then suction casted into a water-cooled copper mold with 2 x 6 x 30 mm
rectangular cavity. Alloy specimens were cut into smaller pieces with 10 mm length using
grinder. The surfaces of prepared Al-Ni alloy specimens were polished using sandpapers with
grit number of 800, 1200, and 2000 in sequence. To selectively etch the aluminum from Al-Ni
alloy, pristine specimens were immersed into a 6M KOH solution at room temperature for 12
hours, until no obvious bubbles were produced. During the reaction, the color was changed
from metallic white to matte brownish-black. Dealloyed AI-Ni catalysts were rinsed with
deionized water and methanol in sequence to remove residual KOH solution and trapped gas

bubbles in the dealloyed Al-Ni specimens, and then dried under room temperature.

Structural characterization

Phase identification of the samples was conducted by X-ray diffraction (XRD) on a D8
advance X-ray diffractometer (Bruker Miller Co., Germany) with Cu Ko radiation (A = 1.5418
A). Dealloyed Al-Ni alloy samples were ground to powder before placed on a holder. The
microstructure of the samples was characterized with Field-Emission Scanning Electron
Microscope (SUPRA 55VP, Carl Zeiss, Germany) at an accelerating voltage of 2 kV. Pristine
Al-Ni alloy samples were polished using 0.1, 0.05 and 0.01 mm size alumina particles in
sequence. The microstructures of alloys were observed in back-scattered electron (BSE) mode.
Microstructures of dealloyed AI-Ni alloy samples were observed in secondary electron (SE)

mode.

Preparation of dealloyed Al-Ni catalyst electrode

Dealloyed Al-Ni alloys were prepared as electrodes by attaching to Ni foil substrates.
Before using, a Ni foil was cleaned by a chemical treatment, immersed in aqueous solutions of

10% volume fraction of hydrochloric acid (HCl) for 1 min at 65 °C. After the cleaning



procedure, the Ni foil was rinsed with deionized water. The dealloyed Al-Ni alloy was attached
on the Ni foil by using a silver conductive epoxy (Epoxy Technology, Epo-Tek H70E).
Exposed substrate and side area of the catalyst was masked with an epoxy (Loctite, Hysol EA
9460) to define the catalytic surface area and exclude the contribution of electrochemical

reaction on Ni foil.

Preparation of dealloyed Al-Ni powder coating electrode

Dealloyed AlggNij alloy catalyst was ground to fine powder by a mortar. The ink was
prepared by mixing dealloyed Al-Ni powder, activated carbon, polyvinylidene fluoride
(PVDF), and N-Methyl-2-pyrrolidone (NMP). Herein, PVDF was used as a polymer binder
and NMP was used as a solvent. The mass ratio of activated carbon, PVDF and NMP in the
ink was 1: 1: 25. Prepared ink was coated on a Ni foil by controlling the loading amount of
catalyst per unit area to be 2 mg cm?2, 5 mg cm, 10 mg cm2, and 25 mg cm2. Before coating,
the Ni foil substrate was roughened with a sandpaper (grit number 100) to improve adhesion.
Prepared electrode was cut into pieces with geometric surface area of the catalyst to be 1 cm?

for electrochemical measurements.

Electrochemical measurements

All electrochemical experiments were conducted in a three-electrode system. Hg/HgO
reference electrode (1.0 M KOH, ALS Co., Ltd) and Pt foil counter electrode was used. The
inner solution of Hg/HgO reference electrode was exchanged with freshly prepared 1.0 M KOH
24 hours before the experiments. Electrochemical tests were carried out at room temperature
using a potentiostat (VSP-300, Bio-Logic Science Instruments) in a 1.0 M KOH solution. The
electrode potential versus Hg/HgO was converted to the RHE scale, using the following
equation: E(RHE) = E(Hg/HgO) + 0.928 V. Additionally, overpotential was calculated by the
difference between the iR-corrected potential (V = Vypiica — 1IR) and thermodynamic potential
of the hydrogen evolving reaction. Chronoamperometric measurements were performed for
dealloyed Al-Ni catalyst electrode at each applied potential and the steady-state current density
was measured minimizing the contribution of charging current. The powder coating electrode
was measured by cyclic voltammetry with scan rate of 1 mV s''. During the analysis, the

electrolyte was stirred by a magnetic bar to remove the hydrogen bubbles on the surfaces of



the electrode.



at% Al Ni

Al;Ni, 1 63.76 36.24
phase 2 60.92 39.08
Average 62.34 37.66
Al;Ni 3 75.34 24.66
phase 4 74.18 25.82
Average 74.76 25.24
Eutectic 5 96.74 3.26

phase 6 95.09 4.91
Average 95.91 4.09

at% Al Ni

Al;Ni, 1 59.06 40.94
phase 2 57.49 42 .51
Average 58.28 41.72
Al;Ni 3 73.46 26.54
phase 4 75.94 24.06
Average 74.70 25.30
Eutectic 5 96.58 342
phase 6 92.95 7.05
Average 94.77 5.23

Figure S1. BSE image and EDS results of (a) AlgoNiyoand (b) Al;sNips alloy. Position 1 and
2 indicate white Al;Ni, phase, position 3 and 4 indicate bright gray Al;Ni phase, and position
5 and 6 indicate dark gray eutectic phase. Average values of the composition from each phase

are shown in the tables.



Figure S2. Scanning electron microscopy image of (a) AlgsNiys, (b) AlgoNiyg, and (¢) AlggNipg
alloys after etching.
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Figure S3. Non-faradaic cyclic voltammograms of (a) dealloyed AlysNis catalyst, (b)
dealloyed AlgoNiq catalyst, (c) dealloyed AlgsNi;s catalyst, (d) dealloyed AlgoNi,g catalyst,
and (e) dealloyed Al;sNiys catalyst at different scan rates (0.05, 0.035, 0.02, 0.01 mV s7!) in
1.0 M KOH.
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Figure S4. Determination of double layer capacitance of dealloyed Al-Ni catalysts from scan

rate dependence of the charging current.
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Figure S5. XPS analysis of Ni 2p spectra of dealloyed (a) AlgsNis, (b) AlggNiyg, (¢) Al75Nips
catalysts. Similar chemical states of Ni° (metal Ni) and Ni?* (NiO) were observed for all
samples. The different ratios between multiplet peaks of Ni?* indicate higher proportion of

low-coordinated NiO on rod-like structures of dealloyed AlgsNis and AlggNij, catalysts. The



highest activity was observed for dealloyed AlyyNi, catalyst, where both Ni0 sites and rod-

like structures coexisted.



(a) Before electrolysis (b) After electrolysis

*—

Figure S6. Pictures of contact angle of electrolyte droplet on dealloyed AlygNi;o powder
coating electrode (a) before and (b) after the electrolysis for 2h. The contact angle changed
from 48° to 13°, showing time-dependent wetting of the electrode, which can be the reason

for the increase in current density during the electrolysis.



Table S1. HER activities of dealloyed Al-Ni catalysts and reported Pt-based and NiMo-based

catalysts in alkaline media.

Catalysts N, (mV) | n  (mV) Tafel 1| Ref.
(mV dec )
Dealloyed Al Ni, catalyst 84 >200 138.7 This work
Dealloyed Al Ni, catalyst 12 83 68.9 This work
Dealloyed Al Ni, .catalyst 19 97 74.8 This work
Dealloyed Al Ni, catalyst 46 112 59.4 This work
Dealloyed Al (Ni, catalyst 29 126 93.1 This work
Pt plate 50 145 442 1
Pt wire 33 120 62 2
Pt/C (20wt%) 24 - 68 3
Pt/C (20wt%) 39 73 34 4
Pt/C (20wt%) 59 - 48.5 5
PY/C (20wt%) 80 - 63.2 6
NF@Ni—Ni, ,Mo, ;N NRs 15 - 39 7
MoNi,/MoO,_ NWs 17 52 36 8
Porous NiMo alloy 18 150 36 9
NF@NiMoCo 23 - 34 10
NiMo-NWs/NF 30 - 86 11
O-NiMoP,/Ni 31 - 62.11 12
Ni,Mo /NF (500 °) 32.2 69.6 37 13
Ni-Mo alloy 35 136 45 14
NiMo-EDA 72 - 89 15
Mo-Ni,P NW/NF 78 - 109 16
NiMo HNRs/Ti 92 - 76 17
porous NiMoN 109 165 95 18
MOoNiNC 110 - 65 19
Ni/MoC,@NC 130 - 84 20
Mo-NiCo 1323 - 108 21
Ni-MoSe, 206 - 81 22




Table S2. Tafel slopes of dealloyed Al-Ni catalysts and reported Ni metals for HER in alkaline

media.

Catalyst Tafel -1 Ref.
(mVdec )
Dealloyed Al Ni catalyst 138.7 This work
Dealloyed Al Ni, catalyst 68.9 This work
Dealloyed Al Ni,  catalyst 74.8 This work
Dealloyed AlyNi, catalyst 59.4 This work
Dealloyed Al Ni,.catalyst 93.1 This work
Electrodeposited Ni 118 23
Ni metal (in NaOH + NaCl) 130 24
Electrodeposited Ni electrode 115 25
Ni plate 120 26
Ni metal 121 27
Solid Ni 118 28
pure Ni electrode 105 29
Pure Ni metal ~100 30
Polycrystalline Ni 136 31
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