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Elucidating the Influence of Catalyst Cycling and
Activation on the Activity of Ni-based Layered Double
Hydroxides for Electrochemical Oxidation of Ethylene

Glycol to Formate

Ina Kohlhaas and Regina Palkovits*

The efficient production of green hydrogen is a crucial step
toward the development of economically effective ecological
alternatives to fossil fuels. However, current water electrolysis still
struggles with the high overpotential of the oxygen evolution
reaction (OER). Replacing OER with electrochemical ethylene
glycol oxidation (EGOR) would not only decrease the needed
reaction potential for anode oxidation but also make use of
the large amounts of polyethylene terephthalate (PET) waste pro-
duced every day. Ni-based layered double hydroxides (LDH) have

1. Introduction

The intensive use of fossil fuel resources as a means to supply a
majority of the energy needed has resulted in a massive rise in
CO, emissions directly causing climate change and global warm-
ing.!" Emission-free renewable energy sources like wind, water, or
solar energy, while in theory economically competitive with fossil
energy sources, currently only contribute to less than 10% of the
global energy supply;**' main reason being their daily and sea-
sonal fluctuations resulting in an inconsistent energy supply.
Implementing energy storage, for example, in form of hydrogen
could easily circumvent this problem.”*! At present, most of our
utilized hydrogen is still obtained from fossil fuels, however, it can
be derived from electrochemical water splitting in an inexpen-
sive, emission-free process.”

The main disadvantage of water electrolysis is the corre-
sponding oxygen evolution reaction (OER) on the anode side
of the electrolyser. With a thermodynamic potential of 1.23V

I. Kohlhaas, R. Palkovits

Institute for Technical and Macromolecular Chemistry
RWTH Aachen University

Worringerweg 2, 52074 Aachen, Germany

E-mail: palkovits@itmc.rwth-aachen.de

R. Palkovits

Institute for a Sustainable Hydrogen Economy

Forschungszentrum Jiilich

Marie-Curie-Str. 5, 52428 Jiilich, Germany

Supporting information for this article is available on the WWW under https://
doi.org/10.1002/celc.202500190

© © 2025 The Author(s). ChemElectroChem published by Wiley-VCH GmbH. This
is an open access article under the terms of the Creative Commons Attribution
License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.

ChemeElectroChem 2025, 00, 202500190 (1 of 6)

previously found increased attention for their cost effectiveness,
stability, and high catalytic activity in OER. This work discusses the
applicability of Ni-based LDH materials in EGOR and investigates
their catalytic ability in electrolysis, taking commonly used acti-
vation methods like cyclic voltammetry conditioning and chro-
noamperometric activation into account. The results confirm
highly selective oxidation towards formate with yields of up to
30.7% for NiMn LDH and NiCo LDH at 1.4V versus RHE, reaching
Faraday efficiencies and carbon balances >90%.

and an additional high overpotential, the sluggish kinetics of
the OER present the limiting factor of the reaction lowering
the reaction rate of hydrogen production and causing a high
energy demand. Furthermore, the produced oxygen has little
commercial value decreasing the overall economic feasibility
of electrochemical water splitting.’®”

Plastic materials are indispensable in our modern everyday
life as well as in industry. Post-consumer plastic waste currently
accounts for 260 Mt of waste produced annually and corresponds
to 2% of global CO, emission, numbers which are predicted to
increase further in the next years.”® Applying recycling methods,
the materials can be regained and used again, decreasing not
only the amount of waste but also the CO, production of plastic
manufacturing."® Chemical recycling in particular is of high inter-
est as polymers can be cleaved to regain access to their mono-
mers. Polyethylene terephthalate (PET), for example, can be
depolymerized by hydrolysis in alkaline media to obtain tereph-
thalic acid (TA) and ethylene glycol (EG). Afterwards EG can
undergo electrochemical conversion (electrochemical ethylene
glycol oxidation, EGOR) toward formate/formic acid (jointly
abbreviated as FA), which is a potential hydrogen carrier for
energy storage and a valuable base chemical for industry."!
Furthermore, the oxidation of EG can be coupled with hydrogen
production at the cathode, leading to an alternative to electro-
chemical water splitting, optimizing both economic value and
reaction efficiency.®'® Noble metal catalysts made from Pt, Pd,
or Au document high activity in EGOR but are cost-intensive,
vulnerable to poisoning and exhibit low selectivity, leading
to a mix of C1 (FA, CO,) and C2 products (glycolaldehyde,
glycolate/glycolic acid (GA), oxalate/oxalic acid (OA)).o1°
Non-precious transition metals are inexpensive and show high
stability and activity under the respective reaction conditions.
Recently numerous transition metal catalysts were reported to
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have high selectivity for EGOR toward FA."® Ni-based materials
are cheap and abundant catalyst materials and among the best-
performers for OER in alkaline water splitting. Due to its low-redox
potential Ni is exceptionally well suited for reactions in alkaline
solutions and has demonstrated promising activity in the forma-
tion of FA from EG."'%'3 Especially Ni(OH), is commonly used
either alone or in combination with other metals like Au nano-
particles achieving high FA selectivity >99% and good current
densities above 100 mA cm~21014

Ni-based layered double hydroxides (LDH) are currently
among the best-performers in alkaline water splitting making
them interesting candidates for testing in alternative anode reac-
tions to OER.®'>""”) Combining Ni with a secondary metal that
enables multiple oxidation states reportedly increases delocaliza-
tion of charge within the hydroxide layer, facilitating OER by
improving M—O bond cleavage (Scheme S1, Supporting
Information).'®'®! In case of EGOR it was observed, that the
favorable distribution of electron density was able to improve
substrate adsorption on the catalyst surface and facilitate
C—C bond cleavage (Scheme S2, Supporting Information).2*2"
Contrasting to pure hydroxide catalysts, the stabilization of
the charge fluctuation is superior in LDH materials due to
compensation of the increased positive charge by the interlayer
anions."®™ Wang et al. published a method for direct
formation of NiFe LDH on Ni foam enabling exceptional results
for many anodic oxidation reactions, reporting EGOR toward
FA at 99% conversion and 82% Faraday efficiency (FE) at initial
current densities of up to 632 mA cm~2? In 2025 Ma et al. incor-
porated Mn into NiFe LDH, increasing the catalytic activity of the
material, reaching FE values of up to 90% at 1.5V versus RHE.
Additionally, the group performed DFT calculations investigating
the mechanism of EGOR on the LDH surface.?" Despite these
promising developments, Ni-based LDH materials are still often
overlooked in EGOR research and insights on material optimiza-
tion and structure activity relations remain rare.

In this article, we investigate the influence of the secondary
metal on the electrocatalytic performance of Ni-based LDH mate-
rials in EGOR towards FA. The catalysts are characterized and
examined regarding the influence of their composition on
EGOR. The catalysts are subsequently tested in electrolysis
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evaluating the impact of electrode conditioning and activation
on LDH materials.

2. Results and Discussion

NiMn, NiFe, and NiCo LDHs were synthesized with intercalated
carbonate anions applying a co-precipitation method based on
Berger et all'®?¥ Catalyst materials were characterized using
XRD, IR spectroscopy, and ICP to check for LDH structure and mate-
rial composition. All materials exhibit LDH characteristic reflexes at
20 =12°(003), 23° (006), 35° (012), and 60° (110) (Figure 1), which
can be attributed to the metals in the host layers. Intercalated
anions are unlikely to be sufficiently organized to result in reflexes
and usually hold low scattering intensity.l'>?*2%) Additional reflexes
observed for NiMn LDH can be attributed to unreacted Mn(NOs),,
which is generally not reported to have activity in electrochemical
oxidation and therefore activity is assigned to formed LDH
materials.?28 20 values of the (003) reflex are utilized to calculate
the basal spacing of the LDH material using the Bragg equation.
Reflexes appear at similar values of 20 =11.60° 11.78° and 11.84°
for NiMn, NiFe, and NiCo LDH, resulting in basal spacings of 7.62,
7.50, and 7.47 A, respectively, indicating carbonate to be the inter-
layer anion in all synthesized catalysts. IR transmission spectros-
copy (Figure S1, Supporting Information) was conducted to
prove the intercalation of COs>~ as interlayer anion. The resulting
signal at 1384 cm™" can be attributed to CO5*>~ while the signal at
1645 cm™"' can be assigned to interlayer H,O. ICP results confirm a
Ni to secondary metal ratio of 0.45 for NiMn, 0.47 for NiFe and 0.51
for NiCo, respectively.

Afterwards, catalyst materials were coated ontoa 1 x 1 cm Ni
sheet and electrochemically characterized for OER and EGOR in
1M KOH and 0.1 M EG in comparison to pure Ni. Figure 2a shows
the obtained CVs without EG. For all synthesized LDH materials
much lower onset potentials for OER compared to pure Ni are
observed. However, while NiMn and NiCo perform similarly
regarding the onset potential, NiFe exhibits a significantly lower
onset potential of 1.42V versus RHE in contrast to 1.50V versus
RHE obtained for NiMn and NiCo. Additionally, NiFe owns a much
steeper increase in current density than the other tested
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Figure 1. a) XRD of NiMn, NiFe, and NiCo LDH and b) position of (003) reflex of synthesized materials.
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Figure 2. Cyclic voltammetry at 10mV s~ normalized to geometric area and 100% iR corrected a) in 1 M KOH and b) in 1M KOH with 0.1 M EG.

materials. The superior activity of NiFe is in good agreement with
literature regarding the OER activity of LDH materials.'6*%*°
Interestingly, literature presents no consistent results for the activ-
ity of NiMn and NiCo LDH.**>*% Focusing on the CVs for the EGOR
(Figure 2b), similar onset potentials of 1.28 V versus RHE can be
noticed for all tested catalysts; the reason being that EG oxidation
reportedly proceeds via a non-electrochemical follow-up reaction
of the rate-determining electrochemical Ni**/Ni** oxidation, which
has similar onset potentials for all tested materials during the CV in
1M KOH without EG (Figure 2a).'"**" In contrast, while still
assumed the catalytically active species for OER, NiOOH formation
during the Ni™?/Ni*™ oxidation is not the potential limiting step in
OER, increasing the onset potential compared to EGOR (Scheme S1
and S2, Supporting Information)."®'**? Comparing the material
performance in EGOR, again NiFe possesses the highest catalytic
activity whereas NiMn and NiCo both reach similar activities
towards EGOR. Supporting the results of OER, both NiMn and
NiCo outperform pure Ni after the start of competing OER at
around 1.56V versus RHE. The delayed onset of OER in presence
of EG could origin from a higher reaction rate of EGOR at lower
potentials inhibiting oxygen evolution.®" Electrochemical imped-
ance spectroscopy (EIS) results without EG (Figure S4a, Supporting
Information) show charge transfer resistances (R.) of 0.89, 0.86,
0.33, and 1.04Q for Ni, NiMn, NiFe, and NiCo, respectively. As
R.: describes the electron transfer from the electrode into solution,
it models the overall rate of the electrochemical reaction and
should therefore be in line with other results describing the activity
of the catalyst material.*® However, in case of OER, results for R
do not follow activity trends observed in CV and therefore do not
align with the expected trends. Based on CV results, it would have
been predicted that Ni exhibits the highest R, of the tested
materials while NiMn and NiCo were anticipated to perform simi-
larly. All R values rose when introducing EG into the system
(Figure S4b, Supporting Information). NiFe provided the lowest
increase of the measured samples yielding a R, value of 0.65Q,
while NiMn exhibited the maximal value of 3.10 Q. Ni and NiCo
reached R values of 2.52 and 3.03 Q. Here, the results of EIS meas-
urements again deviate from the expected trends based on CV,
indicating that charge transfer is not the only influencing factor
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for catalyst activity. The double-layer capacitance (Cy) (Figure S5
and S6, Supporting Information) was calculated based on the
obtained current densities of CVs at different scan rates. CV values
which had not reached a linear behavior in the area used to
determine capacitive currents and outliers were excluded from Cy
calculation (and marked). This way, more precise trends for the
overall behavior of the measurement could be achieved.
Figure S5 and S6, Supporting Information indicate similar
trends for both OER and EGOR. Cy values grew in the order
Ni < NiMn < NiCo < NiFe, reaching values of 35, 39, 48, and
50 uFecm=2 for OER and 37, 39, 42, and 43 uFcm™2 for EGOR,
respectively. A possible explanation being the difference in particle
size between the different LDH catalysts (Figure S2a, Supporting
Information), leading to varying degrees of dispersion on the
electrode surface and therefore varying Cy values.

Electrolysis experiments oxidizing EG were performed for a
duration of 2 h with and without additional conditioning or cata-
lyst activation. For conditioning, CV cycles were recorded prior to
electrolysis without EG between 1.2 and 1.5V versus RHE cover-
ing the Ni**/Ni** oxidation and reduction peaks. For activation,
10 min of chronoamperometry (CA) without EG were conducted
at a reaction potential of 1.4 V versus RHE to increase the number
of active species on the electrode surface before EG oxidation.
The product yield was normalized to Cy of the catalyst on Ni foam
(Figure S7, Supporting Information) to account for the variation in
electrochemical surface area. Looking at the results of the elec-
trolysis experiments (Figure 3a—c), the main product observed
was FA with only small amounts of OA and negligible amounts
of GA. Interestingly, in all cases the electrolysis results do not
follow the trends of the CV studies (Figure 2) regarding catalyst
performance. In results for electrolysis without pretreatment
(Figure 3a), pure Ni foam exhibits the highest total yields
of 249+07% FA and 0.6+0.6% OA. NiMn LDH on Ni
foam presents the best outcome of the LDH materials of
19.6 + 1.0% FA but still lower than pure Ni foam. NiCo LDH results
in a slightly lower total yield of 18.2 +1.8% (17.1 & 1.1% FA and
1.1+ 0.7% OA), while NiFe LDH, the best-performer in CV meas-
urements, only obtained a total yield of 9.6 + 4.7% (9.4 & 4.4% FA
and 0.2 4+ 0.3% OA). All catalysts, besides NiCo LDH (70.0 + 0.5%),
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Figure 3. Electrolysis of 0.1 M EG in 1 M KOH a) without conditioning, b) with conditioning, and c) with activation. Electrolysis experiments were conducted

for 2 h using Ni foam (CE) and Hg/HgO (RE).

show similar FE between 83.9 +5.2% (NiFe) and 87.8 + 0.2%
(NiMn) toward FA formation, which are comparable to litera-
ture.2?? All catalysts reached similar carbon balances (CB) of
around 94.2 +2.3% (NiCo) to 98.9 £0.5% (NiMn). A decrease
in FE while maintaining similar levels of CB and FA selectivity indi-
cates elevated occurrence of OER as competing reaction to EGOR.
Cq trends on Ni foam (NiFe < Ni < NiCo < NiMn) (Figure S7,
Supporting Information) and SEM images (Figure S2b, Supporting
Information) suggest that NiMn and NiCo are more evenly
deposited on the Ni foam than NiFe, therefore, leading to a higher
active surface area, changing reactivity trends between CV
and electrolysis results. Additionally, coated foam electrodes
for electrolysis have a higher catalyst loading compared to the
sheet electrodes used for CV studies. As LDH materials
possess a lower conductivity in contrast to pure Ni, increasing
the amount of catalyst would lessen the conductivity of the
electrode and by comparison lead to better performance of
pure Ni*Y Furthermore, CA results (Figure S8a, Supporting
Information) showcase that despite reaching initially higher cur-
rent densities, matching CV results, the catalyst activity of NiFe
shrank drastically over time, while the current densities of
NiMn and NiCo improved. When conditioning the catalyst for
100 CV cycles without EG before electrolysis, no significant
impact on pure Ni foam and NiFe LDH on Ni foam could be seen
(Figure 3b). Yield, FE and CB stayed similar, however, the selec-
tivity toward FA rose slightly compared to the reactions without
any pretreatment and CA results confirm elevated catalyst stabil-
ity over time (Figure S8b, Supporting Information).

In contrast, both NiMn and NiCo saw drastic enhancement in
yield when conditioning before electrolysis (Figure 3b). In
these cases, the FA yield improved by 10.1% and 13.6% from
196+1.0% to 29.7+20% (NiMn) and 17.1+1.1% to
30.7 £ 0.47% (NiCo). Additionally, for both LDH materials the
OA yield increased. While the CB and FE of NiMn kept the same,
NiCo reveals a growth in FE, now reaching similar levels to the
other catalysts, indicating less competing electrochemical
reactions compared to the reaction without pretreatment.
Commonly the effect of conditioning is explained by the transi-
tion of Ni(OH), (Ni*") to NiOOH (Ni**). The amount of formed
NiOOH is hereby depending on the oxidizability of the catalyst
material®*>” In case of NiMn and NiCo, electrodes show a
color change after pretreatment as well as a change in XRD
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reflexes (Figure S9, Supporting Information) and XPS energies
(Figure S10a,c, Supporting Information), while NiFe measure-
ments (Figure S9, Figure S10b, Supporting Information) retained
more of the initial LDH structure, indicating a higher degree of
oxidizability for NiMn and NiCo LDH. Literature reported the
transformation of Ni forming a catalytically active hydrous
NiOH, layer with an anhydrous oxide layer underneath. It was
observed that during conditioning the anhydrous oxide layer
is partially reduced during cathodic sweeps facilitating a subse-
quent oxidation toward the hydrous NiOH, species.>*%3
Furthermore, they saw a reduction of OER activity of Ni after con-
ditioning and theorized an extended charge transport limitation
from crystallinity of the formed NiO,H, layers canceling out the
overall improved activity of the catalyst in some cases, which
could explain the results observed for Ni and NiFe LDH.B25404"]
The rise in activity for NiMn and NiCo after cycling, could be
attributed to a possible additional oxidation of Mn and Co, which
is reported to be advantageous for electrochemical oxidation,
forming species that could act as additional active sites together
with formed NiOOH."2¢

10 min of CA activation without EG at reaction potential was
conducted to possibly stimulate the formation of Ni** from Ni**,
CA activation results in a decreased performance of Ni and NiFe
in comparison to no pretreatment and CV conditioning to
182+ 1.5% for FA and 0.4+ 0.2% for OA (Ni) 4.1 +0.8% for
FA and 0% for OA (NiFe) while FE and CB stayed similar
(Figure 3c). NiMn showed a growth in FA yield to 29.9 + 2.4%
compared to reactions without pretreatment and reached similar
values to results with CV conditioning, while maintaining both FE
and CB. The OA yield declined slightly to 0.8+ 0.3% against
results using CV conditioning. For NiCo (Yield FA: 19.5 + 2.4%,
OA: 0.7 £ 0.7%), no significant impact of CA activation as opposed
to no pretreatment was observed and activity remained below
the results with CV pretreatment. However, the OA yield
dropped slightly. Additionally, the results illustrate an improved
FE (81.6 +2.3%) to electrolysis experiments without pretreat-
ment. All experiments confirm enhanced catalyst stability over
the measurement duration compared to the base experiment
(Figure S8c, Supporting Information). The difference in results
between conditioning using 100 CV cycles (duration approx.
10 min) and activation at 1.4 V versus RHE for 10 min can indicate
a difference in the number of active species formed. Results

© 2025 The Author(s). ChemElectroChem published by Wiley-VCH GmbH

35UBD1 7 SUOWILLIOD 9A a1 3ol [dde ay) Ag peusenob ale sajolie YO ‘8N Jo sajni 1) Akelq1auljuQ A3]1AA UO (SUOIIPUOD-PUR-SWLLBYW0D AS 1M AReld 1 pU L {UO//SdNY) SUORIPUOD pue SWid | au) 39S *[5202/80/.2] Uo Ariqiauliuo 8|1 ‘BuebuesBunuyosy Benuez AiseAluN Uaydey My Ag 06TO0SZ0Z 2 P2/200T OT/I0p/Wwod A8 [Im"Aelq i pul|uo-adoine-Ans iwayd//:sdny wouy papeourpad ‘0 ‘91209612


http://doi.org/10.1002/celc.202500190

Chemistry
Europe

European Chemical
Societies Publishing

Research Article

ChemElectroChem doi.org/10.1002/celc.202500190

support the assumption of Son et al. that Ni transforms, similarly
to CV conditioning, into a catalytically active hydrous NiO,H, with
an anhydrous oxide layer underneath. In contrast to CV condition-
ing CA activation is not able to reduce the anhydrous layer,
therefore resulting in a thinner catalytically active layer.2>47

Overall, this study highlights the need to investigate electro-
catalysts for EGOR not only in an as made state but also studying
the impact of catalyst conditioning and activation to derive opti-
mum candidates.

3. Conclusion

In this work, we investigated Ni-based LDH for application in
EGOR. NiMn, NiFe and NiCo LDH were synthesized and electro-
chemical characterized using CV, EIS, and Cg. Results confirm that
Ni-based LDH materials are not only highly active OER catalysts
but also promising candidates for EGOR, reaching high catalytic
activity with onset potentials as low 1.28V versus RHE. LDH
materials were tested in electrolysis, investigating the impact
of catalyst conditioning and activation on the materials.
Results illustrate a growth in FA yield of up to 30.7% for NiMn
and NiCo after conditioning, indicating the formation of highly
active NiO,H, as well as a possible formation of oxidized Mn
and Co species. In case of Ni and NiFe LDH, catalytic activity
dropped after CV conditioning for 100 cycles between 1.3 and
1.6V versus RHE, leading to the assumption of growing charge
transfer limitation caused by increased crystallinity of NiOH,
which was previously reported in literature.***°*! Catalyst activa-
tion via CA at 1.4V versus RHE for 10 min led so similar results as
CV conditioning but was not able to reach them completely. The
observed results could be explained by the partial reduction of
anhydrous NiOH, layers during CV conditioning, which blocks
further formation of active hydrous NiOH, layers on the catalyst
surface. This reduction is not possible during CA activation, lead-
ing to lower amounts of hydrous NiO,H,.5>*”

4. Experimental Section

All chemicals and solvents are of analytical grade, commercially
available and were used without further purification. Ni electrode
materials were purchased from Goodfellow. Sodium carbonate
(anhydrous), iron(lll) nitrate nonahydrate, nickel(ll) nitrate hexahy-
drate, and ethylene glycol were used from Merck. Cobalt(ll) nitrate
hexahydrate was bought from Roth and manganese(ll) nitrate
hexahydrate at abcr. Potassium hydroxide, ethanol and hydrochloric
acid were available from Chemsolute. Nafion solution (5%) was
purchased from Sigma Aldrich. All experiments were conducted
using MilliQ water to prepare electrolyte solutions.

NiMn, NiFe, and NiCo were synthesized via co-precipitation simi-
lar to Berger et al.">** 0.066 mol Ni(NO;),-6H,0 and 0.033 mol of
either Fe(NO;);:9H,0, Mn(NO;),-6H,O or Co(NOs),-6H,O were dis-
solved in 40 mL of Milli Q water, in the following called solution A.
Solution B was formed by dissolving 0.05 mol Na,CO; in 100 mL
Milli Q water. Solution A was added to solution B slowly under stirring
to form the respective LDH material. Simultaneously, a 3.4 M NaOH
solution was added dropwise to keep the pH value of the reaction
solution at pH 10. The obtained suspension was stirred for 24 h at
room temperature before filtrating and washing until the washing
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water turned pH 7. The solid was dried at 80 °C over night and ground
in a ball milled at 50 rps for 5 min before use. X-ray diffraction pat-
terns were collected using a Bruker D2 Phaser under CuK, radiation
(A =1.54 A) with 1° incidence angle and 26 ranging from 10° to 90°
with 0.02° steps.

Electrochemical analysis of the materials was performed in a
three-electrode cell with a Ni counter electrode (CE) and a Hg/
HgO (1 M KOH) reference electrode (RE). The catalyst ink was pre-
pared by mixing 5mg of prepared LDH with 0.9 mL water and
0.9 mL ethanol and 10 pL Nafion solution (5%). The ink was sonicated
for 30 min before use and drop casted on a 1 x 1 cm surface of a Ni
sheet electrode 3 x 10uL, resulting in a catalyst loading of
80 ugcm™. Ni electrodes were cleaned using 3M HCl, acetone,
isopropanol and MilliQ water before coating.

Ni foam electrodes for electrolysis were cleaned using 3 M HCl,
acetone, isopropanol and MilliQ water. Working electrodes (WE) were
pressed before use to mark a non-pressed 1 x 1cm and coated
with an ink made of 10 mg LDH, 0.9 mL water and 0.9 mL ethanol
and 10 uL Nafion solution (5%), aiming for a catalyst coating of
3.5mgcm~2 The electrode was covered in Teflon tape, leaving
the coated 1 x 1cm surface area open. Electrolysis measurements
were conducted in a three-electrode cell with a Ni foam CE and a
Hg/HgO in 1 M KOH RE for 2 h at 1.4V versus RHE in 1 M KOH with
0.1M EG. During electrolysis measurements with conditioning,
conditioning was performed prior to electrolysis as 100 CV cycles
between 1.2 and 1.5V versus RHE at 100 mV s™" in 1 M KOH without
EG. Catalyst activation during electrolysis with activation consisted of
30 min chronoamperometry at 1.4V versus RHE in 1 M KOH without
EG. The results were analyzed using HPLC.
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