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Supporting information

Table S1: Nominal composition of 304L, Ti-6A1-4V, Inconel 625 and 718

304L steel | Fe Bal Cr17.5 | Ni8.0-10.5 | Mn2.0 Sil.0 P0.045 | C0.03 S 0.015

Ti-6Al-4V | Ti87.6- | Al5.5- V3.5-45 Fe<04 | 0<02 |C<0.08 | N<0.05 | H<0.015
91 6.75

Inconel Ni Bal Cr223 Mo 9 Fe 4.5 Nb 3.5 Ti0.2 Al0.19 S10.16

625

Inconel Ni Bal Cr184 | Mo3 Fe 18 Nb 5.0 Ti0.9 Al 0.6 Si0.08

718
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Figure S1. XPS spectra of a) Ti 2p, b) Pt 4f, c) Ni 2p, and d) Co 2p of the swarf electrodes



Table S2: Details of HER and OER electrocatalyst loaded on the swarf electrodes using atom
sputtering

Swarf Electrocatalyst Deposition time (s) | Amount of electrocatalyst
electrode loading (mg cm2)
Ti Pt 45 0.013

Ti Pt 90 0.0275

Ti Pt 180 0.060

Inconel 625 | Co 45 0.0149

Inconel 625 | Co 90 0.030

Inconel 625 | Co 180 0.068

Inconel 625 | Ru 45 0.016

Inconel 625 | Ru 90 0.025

Inconel 625 | Ru 180 0.0490

Table S3. Comparison of EIS parameters of the HER and OER electrodes

Electrodes Rg Rsc Reat Ry R, Csc Ceat Cu
@ @ @ @ (MFem?)  (uFem?)  (uF em?)

HER

Ti 2.5 1365 - 11.1  1376.1 197 - 268
Pt13-Ti 2.7 96.9 1.3 1.06 109.26 204 289 119
Pt28-Ti 275 873 3.5 0.47 12.7 382 366 84.6
Pt60-Ti 2.6 206 397 0.6 25.17 282 220 91.2
SST 3.0 205 - 6.6 211.6 268 - 256
Pt13-SST 3.2 144 176 134 162.94 301 306 149
Pt28-SST 2.6 65.5 11.9  1.28 78.97 507 355 118
Pt60-SST 2.6 150 21.0 157 172.57 404 395 214
Pt28-Ni 2.6 12.5 1.49 0.48 14.5 844 815 295
OER

Ni 1.88  9.49 - 0.37 11.68 2806 - 971
Col5-Ni 1.9 3.5 021 0.27 3.98 4679 7642 277
Co030-Ni 1.8 2.27 0.2 0.05 2.52 12340 21160 4160
Co68-Ni 1.9 3.05 0.45 0.1 3.6 5350 8630 3992
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Figure S2. Tafel plots for Pt plate, Pt28-Ti, Pt28-Ni, and Pt28-SST.
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Figure S3. The hydrogen evolution activities of the Ni, Pt28-Ni, SST, Pt28-SST, Ti, and Pt28-Ti
measured in 1 M KOH solution at scan rate 10 mV s-! vs. Hg/HgO. The current values are normalised
to the ECSA values of the corresponding electrodes.

The HER activity is in the order of Pt28-Ti > Pt28-Ni > Pt28-SST, which is similar to the activity
obtained normalised to the electrode’s geometric area (Figure 1a), showing that the intrinsic activity of
the electrodes do not alter.
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Figure S4. a) Comparison of HER activities of Pt28-Ti, Pt28-Ni, Pt28-SST, commercial Pt plate, glassy
carbon, Pt28-glassy carbon, graphite, and Pt28-graphite electrodes, b) overpotential derived from LSV
polarisation curve at 10 mAcm= for Pt28-Ti, Pt28-Ni, Pt28-SST, and commercial Pt plate (note: the
current density value of the glassy carbon and graphite rod electrodes not included).
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Figure SS5. Long-term stability test of Pt28-Ti, Pt28-Ni, and Pt28-SST in 1 M KOH at a constant
potential of -0.5 V vs RHE.
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Figure S6. Overpotential derived from LSV polarisation curve at 10 mAcm2 for SST, Co30-SST, Ni,
and Co30-Ni (note: the overpotential value for Ti and Co30-Ti were not included as they are not able
to produce 10 mA cm?).
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Figure S7. OER performance of the Ru25-Ni, Co30-Ni electrodes in 1 M KOH (5.6%) at scan rate 10
mV s vs. Hg/HgO.
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Figure S8. HER performance of a) bare SST, Pt13-SST, Pt28-SST, Pt60-SST, b) bare Ni, Pt13-Ni,
Pt28-Ni, Pt60-Ni in 1 M KOH at scan rate 10 mV s! vs. Hg/HgO.



Electrochemical active surface area calculation:

The electrochemically active surface area (ECSA) of the electrodes was calculated

based on the double-layer capacitance at the electrode-electrolyte interface using
equation 9.

c
EcsA= 2
C

s ©)

To determine the Cgy, we measured the non-faradaic capacitive current associated with
double-layer charging using cyclic voltammetry. This was performed at various scan
rates ranging from 20 to 100 mV s-! within the potential range of 0 to 0.2 V vs. Hg/HgO.
The CVs of the Ti swarf electrode series including Ti, Pt13-Ti, Pt28-Ti, and Pt60-Ti
show the increased capacitive current while increasing the scan rates (Figure S9). The
double-layer capacitance values were determined by analysing the current-scan rate plot
(Figure 2e and f). To compute the ECSA of the electrodes, we divided the Cg4 by the
specific capacitance of the planar surface per unit area under identical electrolyte
conditions. We estimated the Cg to be 40 uF cm2in experimental conditions (typical Cg
values for alkaline solutions range from 22 to 130 uF cm2).['l Notably, we did not
consider other possible contributions, such as pseudo capacitance due to ion adsorption
and chemical capacitance due to electron trap states, in the measured Cy,.
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Figure S9. Cyclic voltammograms of a) Ti, b) Pt13-Ti, ¢) Pt28-Ti, and d) Pt60-Ti measured in 1 M
KOH solution at the scan rate of 20, 40, 60, 80, and 100 mV s''. All current is assumed due to the
double-layer charging. The current difference between forward and backward sweep at 0.1 V was used

to plot a scan rate vs. current graph, which gives the slope value corresponding to the double-layer
capacitance.



Table S4. The double-layer capacitance of the HER and OER electrodes and their ECSA

Electrodes Double layer capacitance Electrochemical active surface area
Ca (0F) Cpy

(ECSA = s ) em?

HER

Ti 34.80 0.87
Ni 110.0 2.75
SST 113.50 2.84
Pt13-Ti 46.50 1.16
Pt28-Ti 282.70 7.07
Pt60-Ti 92.30 231
Pt28-Ni 267.0 6.6
Pt28-SST 182.5 4.56
OER

Co15-Ni 119.00 297
Co30-Ni 170.63 4.34
Co68-Ni 127.00 3.17
Co30-SST 122.60 3.06

Co30-Ti 88.56 221
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Figure S10: SEM images of the a) bare Ti, and b) bare Ni swarf electrodes.
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Figure S11: EDX spectra of o) Pt on Ti (Al and V are part of the Ti alloy) and p) Co(OH), on Ni (Cr

and Fe are part of the Ni alloy).
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Figure S12. Photograph of the full-cell comprised of Ti-Pt (medium) and Ni-Co(OH), electrodes and
are separated by an anion exchange membrane.
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Figure S13: Comparison of OER activity of the Inconel 625 (balance%Ni, 22.3%Cr, 9%Mo, 4.5%Fe,
3.5%Nb, 0.2%Ti, 0.19%Al, and 0.16%Si) and Inconel 718 (balance%Ni, 18.4%Cr, 3%Mo, 18%Fe,
5%Nb, 0.9%Ti, 0.6%Al, 0.08%Si) commercial alloys swarf after depositing 30 pg cm? of cobalt
measured in 1 M KOH (5.6%) at scan rate 10 mV s! vs. Hg/HgO.
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Figure S14: A photograph of a tailor-made sample holder for Pt atoms deposition on the swarf
surface.

Figure S15: A photograph of the Pt atoms deposited on the filter papers with three weight loadings.
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Table S5: Comparison of the present HER half-cell performance with earlier reports under

alkaline (1 M KOH) conditions

Electrodes Over potential | Faradaic Tafel slope Electrocatalyst loading | Reference
at 10 mA cm2 | Efficiency (%) | (mV dec™)

SST-NiP 0.268 V N/A 70.5 Electrodeposition forms | [2I
large dendrite structure

NPSSF-Pt 0.07V N/A 76.8 In-situ reduction forms | [3]
-100 nm particles

SST- NiFeP 0210V N/A 119 Electrodeposition of 4]
Ni, Fe and P (60, 35 and
5%wt)

Ti-NiCo 0.125 N/A 47 Electrodeposition of (3]
NiCo thin film

*Cu foam-PtNC | 0.033 N/A 61 In-situ wet chemistry | [6]
growth of ~30 nm pt
nanocrystals with 0.3
mg cm? loading

*CP/PtgCo 0.047 N/A 50 Wet chemistry method | [/
synthesis of PtCo and
0.045 mg cm? loaded on
carbon paper

*CP/C-Pt 0.187 N/A 124 Commercial Pt/C ink | []
drop-casted on carbon
paper

3D carbon | 0.105 N/A 0.105 Electrodeposition ~ of | [®

foam-PtNPs forms ~50 nm PtNPs
and 0.06 mg cm? loaded
on carbon foam

Ni  foam/NiO- | 0.050 N/A 25 Electrodeposition ]

PtSA

Ni foam/PtNPs | 0.200 N/A N/A Sputtering of PtNPs | [10
forms film and 38wt%
of Pt loaded on Ni foam.

Swarf Pt-Ti 0.183V 100% 103 Atomic deposition of Pt | This work

directly on Ti swarf with
0.028 mg cm? loading

*Previous reports utilized Ag/AgCl as a reference electrode in a 1 M KOH electrolyte. However, the
corrosive nature of KOH adversely affects the microporous frit at the tip of the reference electrode,
compromising the electrocatalytic performance of the materials. Consequently, the reliability of these
results is questionable. To address this issue, we strongly recommend employing Hg/HgO reference
electrode for enhanced accuracy and stability in future investigations.
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Table S6: Comparison of the present OER half-cell performance with earlier reports under
alkaline (1 M KOH) condition

Electrodes Over potential Faradaic Tafel slope | Electrocatalyst Reference
at 10 mA cm? efficiency (%) | (mV dec!) | loading

*SST 037V 96 30 N/A (]

Ti/NiCo 0331V N/A 60 Electrodeposition | [

forms NiCo film
on titanium foil

*T1/TiOx-BCN 0.400 V 100 N/A Plasma CVvD | [12]
deposition forms
TiOx-BCN film on
titanium foil

SST-NiP 0238V N/A 41.24 Electrodeposition | [
forms large
dendrite structure
of NiP

SST-NiFeP 0.305 N/A 88 Electrodeposition | 4

of Ni, Fe and P on
SST substrate with
60, 35 and 5%wt

SST- Ni,Fe,O, 0.22 100 49 Electro-oxidation | [13]
of AISI 304 steel
*SST-Co304 0.298 N/A 105 Microwave [14]

synthesis  forms
Co304 with 1.17
mg cm? weight
loading

*C/Co(OH),- 0.443 N/A N/A Polyol method | [3]
Mg(OH), synthesis Co(OH),
and Mg(OH); ang
21.7% Co and
11.5% Mg

GC-m-Co-OH 032V N/A N/A Wet  chemistry | 6]
synthesis forms m-
Co-OH thin film
on glassy carbon

GC/BN-graphene/ 0.295 97.4 57 Wet chemistry u7

CoOx NP

GC/Co(OH),/SWNTs | 0.235 N/A 60 Wet chemistry s
Thin film

Co-Ni 035V 100 54.6 Atom deposition This work
0.03 mg cm? or
0.085wt%

*Previous reports utilized Ag/AgCl as a reference electrode in a 1 M KOH electrolyte. However, the
corrosive nature of KOH adversely affects the microporous frit at the tip of the reference electrode,
compromising the electrocatalytic performance of the materials. Consequently, the reliability of these
results is questionable. To address this issue, we strongly recommend employing Hg/HgO reference
electrode for enhanced accuracy and stability in future investigations.
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