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ABSTRACT

The anodic oxygen evolution reaction (OER) remains a bottleneck for electrocatalytic water splitting due to its sluggish kinetics

and, thus, high overpotentials. This limits water electrolysis as a key technology for the generation of hydrogen as a sustainable
alternative to fossil fuels. For alkaline water splitting, perovskite phases (ABO;) with earth-abundant first-row transition-metals
have emerged as a promising material class for OER electrocatalysts. Among these, LaNiO; has been found to exhibit high intrinsic
OER activity. To increase catalyst utilization, a high surface area of the catalyst is desirable and can be achieved by impregnation of
porous templates. In this work, La-Ni-based oxides were prepared via impregnation of activated carbon and subsequent heating,
combining precursor calcination and template removal into one step. The phase structure of the samples is analyzed via powder
X-ray diffractometry, and the morphology is determined by scanning electron microscopy. The synergistic effect of B-site mixing
iron as well as A-site mixing strontium into LaNiO; is studied and found to increase its OER activity, confirming the activity-

enhancing effect of Fe in Ni-based OER electrocatalysts. To allow for facile technical application of the catalysts, the electrodes

are prepared by coating a perovskite ink onto Ni-metal as industrially relevant substrates, followed by calcination.

1 | Introduction

Hydrogen is a sustainable and ecologically friendly alternative
energy carrier to the limited fossil fuels when produced from
renewable sources [1-3]. A key technology for the generation
of such hydrogen is water electrolysis powered by renewable
energy sources. This hydrogen can be used as chemical energy
storage to solve the shift between the demand and intermittent
production of renewable energy and serve as a chemical feedstock
in a possible hydrogen society [1-6]. The electrolysis of water
(water splitting) consists of two half-cell reactions, the cathodic

reduction toward H, (hydrogen evolution reaction) and the
anodic oxidation toward O, (oxygen evolution reaction [OER]),
and takes place at an equilibrium potential of E® = 1.23 V.
Although both reactions require overpotentials to take place,
especially the OER poses the limiting bottleneck to the water-
splitting technology. The evolution of oxygen stoichiometrically
requires four electrons and proceeds according to the following
equation in alkaline media where the hydroxyl anion represents
the main charge carrier:

40H™ = 0,+2H,0 + 4e~ @
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This four-electron transfer and the formation of the oxygen-
oxygen bond is thermodynamically challenging and the sluggish
kinetics result in high overpotentials required [7-11].

In order to find suitable electrocatalysts, iridium- and ruthenium
oxide-based materials have been identified early to exhibit low
overpotentials [12, 13]. However, research efforts have been made
to develop transition metal-based OER electrocatalysts indepen-
dent of precious metals to allow for large-scale application of
the water-splitting technology. Materials based on the earth-
abundant elements iron, cobalt, and especially nickel show high
activity and stability in alkaline water splitting [14-17]. Among
different oxidic material classes, perovskites provide a promising
crystal lattice platform due to their wide compositional variability
and stability as well as finely tunable properties [18-20]. Per-
ovskite oxides follow the general structure ABO; where A is a
larger and B a smaller cation. Here, LaNiO; was found to exhibit
high OER electrocatalytic activity among the first-row transition-
metal-based perovskites [21, 22]. Furthermore, the activity of
perovskites can be tuned by mixing different cations to either the
A- or B-site or both sites. Generally, the presence of iron exerts a
beneficial effect on the activity of Ni-based OER catalysts [23-26].
For LaNiO;, Chiba et al. discovered an increase in conductivity in
the LaNi,_,Fe O; (0 < x < 1) with the maximum at about x = 0.4
[27]. However, only few reports can be found on the application of
different LaNi,_,Fe O, phases as OER catalysts. Here, the studies
from Zhang et al. [28], Gozzo et al. [29], Bak et al. [30], and Le
Wang et al. [31] report an enhancement of OER activity with
the incorporation of Fe into the LaNiO; host lattice. Each report
investigates different values for x and applies different electro-
chemical testing protocols, exacerbating the determination of an
optimum Ni/Fe-ratio in the LaNi,_,Fe O, phases. However, these
reports concur in reporting an activity maximum below or around
x = 0.5 and lower activities for both unmixed phases LaNiO; or
LaFeO, [28-31]. Adolphsen et al. in contrast found a lower activity
for the Fe-incorporated nickelate; however, this composition
exhibited increased phase stability [32]. Furthermore, oxygen
vacancies are reported to play a crucial role in oxide-based OER
electrocatalysts by facilitating elemental mechanistic steps [33].
In perovskite oxides, this can be achieved by A-site doping with
undervalent dopants such as Sr’* in the case of ferrites and
cobaltites, which results in an oxygen non-stoichiometry and,
thus, in the formation of oxygen vacancies [34-40].

In order to allow for large application of OER electrocata-
lysts in the foreseeable future, it is necessary to implement
economically feasible synthesis routes and apply industrially
relevant testing conditions already during catalyst development
based on literature-known high-performing materials. A further
step to facilitate technical utilization of electrocatalysts is their
investigation directly applied on industrially relevant substrates
such as nickel or nickel-based alloys [40, 41]. In this work, a
facile synthesis approach is used to prepare lanthanum-nickel-
based perovskites as OER electrocatalyst. The catalyst material
usage can be maximized with large surface areas and, thus, large
electrode-electrolyte-interfaces through syntheses yielding rough
particle surfaces, porosity, and small particle sizes. Following the
protocol of Schwickardi et al., activated carbon is used here as
a template to transfer its highly porous structure onto the per-
ovskite particles [42]. The activated carbon is impregnated with
dissolved metal salt precursors and then heated in air. During

this heat treatment, the precursors are calcined to the metal
oxides. Simultaneously, the templating carbon is combusted,
leaving carbon-free metal oxides. Therefore, the application of
activated carbon as templating material allows the combination
of precursor calcination and template removal into one step.
With this method, a series of La-Ni-Fe-oxide materials with
the respective stoichiometric La/Ni/Fe ratios of 1:(1 — x):x with
x = 0 (LN), 0.2 (LNF82), 0.4 (LNF64), 0.6 (LNF46), 0.8 (LNF28),
and 1.0 as well as a La-Sr-Ni-oxide with a La/Sr ratio of 8:2
(LS82N) is prepared. The crystallographic phase structures of
all samples are determined via powder X-ray diffractometry
(XRD), and their morphology visualized with scanning electron
microscopy (SEM). The materials are applied as inks onto nickel
electrodes and then electrochemically tested in the alkaline OER
electrocatalysis.

2 | Experimental Procedures
2.1 | Catalyst Preparation and Characterization

Activated carbon (NORIT CN1, Thermo Scientific), nickel foil
(Alfa Aesar, 0.5 mm thickness, annealed, 99.5%), La(NO;);-6 H,O
(Sigma-Aldrich, 99.99%), Ni(NO,),-6 H,O0 (Merck, EMSURE
ACS), Fe(NOs);-9 H,O (Sigma-Aldrich, >98%), Sr(NO;), (Roth,
>99%), Terpineol (Sigma-Aldrich, mixture of isomers), nitric acid
(Chemsolute, 65% puriss.), and KOH (Chemsolute, >85%) were
used as obtained without further purification. Aqueous solutions
were prepared with ultrapure (Milli-Q) water. An amount of
1.563 g activated carbon was impregnated with 2000 uL of aqueous
metal nitrate solution containing each 3 M total A-cation (La/Sr)
and 3 M total B-cation (Ni/Fe) concentration. The impregnated
carbon was heated with a 2 K min™ ramp at 800°C for 1 h
in stagnant air. The resulting powder was ground in an agate
mortar. XRDs were measured from the obtained catalyst samples
using Cu K, radiation (Bruker D2 PHASER) in a range of
26 = 10°-90° in steps of 0.02°. Electron micrographs were
recorded with a COXEM EM30-AXN tabletop SEM from gold-
sputtered powder samples.

2.2 | Electrode Preparation and Electrochemical
Evaluation

Catalyst inks are prepared by dispersing the catalysts powders
in terpineol (200 mg mL™) via sonification for 15 min and
vortexing. For the preparation of the Ni-substrate, an area of
1 cm? was unidirectionally polished with SiC-paper (grit 600).
After cleaning with absolute ethanol, the Ni-substrate was etched
for 4 min in concentrated nitric acid to increase its surface
roughness to allow for a better catalyst adhesion. The substrate
was subsequently washed with ultrapure water. A volume of
5 uL catalyst ink is dropcasted onto the as-prepared Ni-substrate
surface. The coated electrodes are heated with a rate of 10 K min ™
to 600°C for 1 h in order to remove the terpineol and increase
the mechanical binding of the catalyst to the Ni-substrate. The
electrochemical performance of the different catalysts was tested
and recorded in a three-electrode-setup consisting of the coated
nickel working electrode (WE), a Hg/HgO (1 M KOH, ALS Co.,
Ltd. RE 61AP) reference electrode (RE), and a glassy carbon
counter electrode (CE) with 1 M KOH as electrolyte at room
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temperature connected to a potentiostat/galvanostat (Metrohm
PGSTAT204).

Initially, the WE surfaces were conditioned by 30 cyclic voltam-
mograms (CVs) from —0.115 to 0.785 V versus Hg/HgO (1 M KOH)
at a scan rate of 100 mV s™'. The electrocatalytic activity of the
coated Ni-WEs was then determined from the forward scan of
the third out of three consecutive CVs recorded from 0.085 to
1.085 V versus Hg/HgO (1M KOH) with 10 mV s, For evaluation,
all potentials applied or recorded by the potentiostat E,,, were
iR-corrected and referenced to the reversible hydrogen electrode
(RHE) by adding the constant Hg/HgO (1 M KOH) RE potential
of 0.915 V versus RHE. The potential Ey;y referenced against the
RHE is obtained according to the following equation, where i
is the current, and R, the uncompensated resistance which was
determined via electrochemical impedance spectroscopy (EIS):

Egpp = Epgat +0.915V — i X R, @)

The EISs were recorded at 1.6 V versus RHE with a root mean
square perturbation potential amplitude of 10 mV for 10 fre-
quencies per decade between 100 kHz and 0.1 Hz. Galvanostatic
electrolysis (GE) measurements were performed with a glassy
carbon CE and no RE at an applied current density of 10 mA cm™2
in relation to the geometric area of the WE.

3 | Results and Discussion
3.1 | Catalyst Characterization

The XRD of the sample prepared with the activated carbon
impregnated by only La and Ni nitrates (x = 0, LN) as shown in
Figure 1 reveals basically no reflexes of the desired LaNiOs-phase,
rendered from the inorganic crystal structure database [43] entry
ICSD-93919 [44], but various other reflexes. The most intensive
reflex at 26 = 29.2° can be assigned to the (101) and (011) planes
of a trigonal La,0; phase (P-3ml, ICSD-7795 [45]) with further
reflexes at 26 = 28.4° and 25.8° attributable to the (002) and (10 0)
planes, respectively. Several further reflexes indicate the presence
of a hexagonal La,0,(CO;) phase (P6;/mmc, ICSD-202988 [46])
with the second most intensive reflex at 30.4° 26 attributable to
the (10 3) plane. To this phase, the reflexes at 26 = 25.8°,44.4°, and
47.4° can be assigned to the (101), (110), and (10 7) planes as well.
Furthermore, it appears that most of the nickel in this sample is
present in the form of NiO, as multiple reflexes, including those
at 26 = 37.2°,43.3°, 62.9°, 75.5°, and 79.4°, are in good agreement
with each the (111), (200), (220), (311), and (222) planes of
a cubic NiO phase (Fm-3m, ICSD-9866 [47]). The absence of
reflexes attributable to a perovskite phase implies no formation of
LaNiO; and, thus, the calcination of the metal nitrate precursors
to the respective unary oxides. Furthermore, the formation of
La,0,(CO;) could be explained by phases formed through the
incomplete combustion of the carbon. Thus, the LN sample can
be described as La,0;_,(CO;),-NiO with 0 < y < cl.

The XRD of LaFeO; on the other hand reveals reflexes at
260 = 22.5°, 32.2°, 39.7°, 46.1°, 51.9°, 57.4°, 67.4°, and 76.6° which
coincide well with those of the (002),(020),(022),(220),(222),
(024), (224), and (240) planes respectively of an orthorhom-
bic LaFeO; phase (Pbnm, ICSD-28255 [48]). Additionally, less

LaFeO,

LNF28

LNF46

Intensity / a.u.

LaNio,

IMLll.

10 30 50 70 90
20 1°

FIGURE 1 | X-ray diffractograms (XRD) of all prepared catalysts
with reference XRDs of LaNiO; (ICSD-93919) and LaFeO; (ICSD-28255)
both in black. Further observable phases are NiO (4, ICSD-9866),
La,0; (@, ICSD-7795), La,0,(CO3) (O, ICSD-202988), and Fe;0, (X,
ICSD-77588).

intensive reflexes can be assigned to a cubic Fe;O, phase (Fm-
3m, ICSD-77588 [49]) with the reflexes at 26 = 30.2°, 35.6°, 53.5°,
and 62.8° attributable to the (220), (311), (422), and (440)
planes. To similarly small extent, reflexes resulting from La,0,
are observable here which indicate small amounts of unmixed Fe-
and La-species. Nevertheless, it can be concluded that the LaFeO,
perovskite is successfully formed as the main phase for this sam-
ple. With decreasing Fe-content from LNF28 to LNF82 (x = 0.8,
0.6, 0.4, and 0.2), the relative intensity of the reflexes correspond-
ing to the LaFeO; phase also decreases, whereas the reflexes
corresponding to the La,0;_,(CO,),~-NiO-phases increase. Fur-
thermore, no shift of the most intensive reflex of the LaFeO, phase
at 32.2° toward the most intensive reflexes of the LaNiO; per-
ovskite phase at 32.8° and 33.2° is visible. This shift would indicate
a successful mixing of Ni and Fe on the B-site of the perovskite
phase [31]. Hence, this implies the formation of pure, unsubsti-
tuted LaFeO; mixed together with the different phases found in
LN, forming (LaFeO,),(La,0;_,(C0O5),~NiO),_, mixtures.

The electron micrographs of LN (Figure 2a,b) and LaFeO,
(Figure 2c,d) show irregularly shaped particles with a wide range
of particle sizes from the nanometer scale to the 100 um scale. All
particles show very rough surfaces which implies the successful
synthesis of catalysis particles with large surface area to allow for
optimized catalyst utilization.
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FIGURE 2 | Electron micrographs at different magnifications of (a and b) LN as well as (c and d) LaFeOs.

3.2 | Evaluation of the Electrochemical
Performance

As described in the experimental section, all samples were coated
onto Ni-substrates before investigating the OER performance in
1 M KOH electrolyte. A total of 30 CVs were then recorded
between 0.8 and 1.7 V versus RHE to condition the electrode
surfaces. Subsequently, the electrocatalytic activity is then deter-
mined from the forward scans of CVs reaching higher into
the OER overpotential region (>1.23 V vs. RHE) as shown in
Figure 3a,b. At lower potentials, no chemical reaction is taking
place as only very low currents are reached for all samples. For
potentials higher than 1.23 Vversus RHE, such low currents imply
activation barriers in the OER which require higher potentials
to be overcome. Above 1.5 V versus RHE, all samples show
an increase in current at different rates. The lowest OER-onset
potential can be found for LNF64 at about 1.55 V versus RHE.
Higher activity in the OER-electrocatalysis equals higher current
densities j reached at a given applied potential. Figure 3a shows a
trend of increasing activity from LN, which reaches a maximum
current of about 63 mA cm~2 to LNF82 reaching about 77 mA cm™>
with the highest activity obtained for LNF64 reaching about
94 mA cm~2. With further increasing the Fe-content, the activity
decreases from LNF46 to LNF82, which exhibit activities slightly
lower than that of LNF82 and LN, respectively. The lowest
activity is found for LaFeO;. As the LaNiO; perovskite phase
is not formed, a structure-related explanation of the activity
difference between LN and LaFeO, is difficult. Nevertheless,
NiO is identified as one of the main phases of the LN sample,

and NiO,-phases are well reported to exhibit high OER catalytic
activity itself [12, 14, 25]. Furthermore, the literature-known
enhancement of activity in presence of Fe can be observed here
[23-26]. With a further increasing percentage of Fe present,
however, the activity decreases below that of LN as mainly iron-
based OER electrocatalysts are well-reported to exhibit lower
activity than nickel-based OER electrocatalysts [12, 21, 25]. In
Figure 3b, the performance of equally treated but uncoated Ni-
substrate is included to allow for the estimation of the catalytic
effect of the coatings on the Ni-substrate. Indeed, this catalytic
effect is observable as the current densities reached with uncoated
Ni are the lowest among all samples. Furthermore, Figure 3b
shows a higher activity for the Sr-mixed LS82N sample in
comparison to LN, reaching to about 85 mA cm~2, which confirms
the synergistic effect of mixing Sr into a Ni-based oxide—even
without the presence of the main LaNiO; perovskite phase.

One benchmarking value to quantify and compare the activity
of OER-electrocatalysts is the overpotential » which describes
the additional potential needed to be applied in order to reach
a certain current density in comparison to the OER equilibrium
potential of 1.23 V versus RHE. In Figure 4, the overpotentials
710 Which are needed to reach a current density of 10 mA cm—
are compared. Here, the aforementioned catalytic effect of all
coatings is well observable as the overpotentials of all coated
electrodes are lower than that of uncoated Nickel with 501 mV.
The trend of an initially decreasing and then increasing activity
with increasing Fe-content is also observable well. The lowest
overpotential is reached with LNF64 at 386 mV, and thus, this

40f8

Fuel Cells, 2024

95US017 SUOUILIOD 9AI1E.1D) 3(cfedt|dde U Aq peusenob ke sspiie VO ‘8sn J0 sanJ o} Akeiq 18Ul UO A8|IA LD (SUORIPUOD-PUE-SWBILIOD"AB| 1M Ale.q Ul |UO//Sty) SUONIPUOD puUe SWid | 841885 *[7202/60/ET] U0 Akeiq178UliuO A8|IA *JelLeD Lo Jessay HAWID Yoline Winnuezsbunyasiod Aq 6£200£202 99N)/Z00T OT/I0p/wod | im Aleiq1jput|uoy/sciy Woiy papeojumod ‘0 ‘vS89STT



100} |,
(@)
80} ——ILN
N — LNF82
's 60} ——LNF64
o
< ——LNF46
g 40 ——LNF28
~
20¢
0 i _ i i i
1.2 1.4 1.6 1.8
E/V vs. RHE
100}
(b)
80' —LN
o ——LS82N
60 :
E Ni calc
<
E a0f
=~
20t
o i L L 1
1.2 1.4 1.6 1.8
E/V vs. RHE

FIGURE 3 | iR-corrected forward scans of the cyclic voltammograms
of (a) LN and all Fe-containing samples as well as (b) LN, LS82N and
uncoated Ni-substrate (Ni calc) recorded at a scan rate of 10 mV s~! in
1M KOH against a Hg/HgO (1 M KOH) RE and a glassy carbon CE. The
dotted horizontal lines depict the current density of 10 mA cm~2 where
the overpotential is determined. CE, counter electrode; RE, reference
electrode; RHE, reversible hydrogen electrode.
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FIGURE 4 | Overpotentials 7, determined at a current density of
10 mA cm™2 for all samples and uncoated Ni.
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FIGURE 5 | Nyquist plots of the EIS recorded at an applied potential
of 1.6 V versus RHE for (a and b) La-Ni-Fe-oxide-based samples as
well as for (c) uncoated Ni as reference and LS82N. EIS, electrochemical
impedance spectra; RHE, reversible hydrogen electrode.

ratio of Ni to Fe yields the highest electrocatalytic OER activity
among all tested compositions. This confirms the synergistic
effect of mixing Fe into Ni-based catalysts as reported in the
literature [24-26, 35].

EIS allows an insight into electrochemical reaction parameters
by comparing the frequency-dependent impedance behavior of
the electrochemical system to that of an equivalent circuit.
The parameters of the equivalent circuit elements can then be
assigned to corresponding reaction parameters [50]. One impor-
tant reaction parameter here is the charge transfer resistance
R, which describes the resistance needed to be overcome when
transferring charge between the electron-conducting electrode
and the ion-conducting electrolyte across the phase boundary
[50]. In a simplified perspective, typical electrochemical reactions
show semicircles in the EIS Nyquist plots which are characterized
by Randles equivalent circuits consisting of a resistor and a
capacitor in parallel [50]. The resistor in this Randles circuit
characterizes R, and can be quantified as the width of the
semicircle and, thus, as the difference between the two x-
axis intercepts [50]. Among other factors, the charge transfer
resistance impacts the activity of electrocatalysts as resistances
hinder the flow of current and, thus, the electrochemical reaction
itself. Figure 5a-c shows the Nyquist plots of the impedance
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spectra of all catalysts and of uncoated Ni as reference. Here, all
spectra show two consecutive semicircles with the first one being
unequally pronounced. This implies the presence of two separate
electrochemical processes [51]. One process can be assigned to the
charge transfer between the electrode surface and the electrolyte
resulting from the electrochemical OER taking place. As the EIS
of uncoated Ni shows the most pronounced first semicircle, it
can be concluded that the other electrochemical process does not
result from the catalyst coating itself. Upon heating the coated
and uncoated Ni-substrates at 600°C in stagnant air and, thus,
an oxygen-containing atmosphere before the electrochemical
measurements, the Ni-substrates develop a darker appearance,
indicating the formation of a NiO-surface layer. Therefore, the
first semicircle could be assigned to the process of charge transfer
across this NiO-layer. Subsequently, the charge transfer resistance
of all samples can be estimated from the width of the second
semicircles. In Figure 5a, decreasing widths of these semicircles
from LN to LNF64 are visible. Thus, the R, values show an inverse
trend to the activity of the different catalysts. Figure 5b then shows
an increasing trend from LNF46 to LaFeO;. The lower R, of
LS82N assessable in Figure 5c corresponds to its higher activity
in comparison to LN, whereas uncoated Ni shows a larger R.

In order to estimate the stability of the catalyst materials, Ni-
substrates coated with LN, LaFeO;, and LNF64 were applied in
GE at 10 mA cm™2 for 3 h. XRDs of the coated electrodes were
compared before and after GE as shown in Figure 6. The most
intensive reflexes for all samples before and after GE at 26 = 44.5°,
51.9°, and 76.4° can be assigned to the (111), (200), and (220)
planes of a cubic Ni-phase (Fm-3m, ICSD-37502 [52]) and, thus,
derive from the metallic Ni-substrate on which the samples are
applied to. The two most intensive reflexes of a cubic NiO-phase
at 26 = 37.2° (111) and 43.3° (200) can be found in Figure 6a in
the XRDs of the Ni-free LaFeO,-coated electrode which are absent
in the LaFeO; powder XRD shown in Figure 1. This confirms
the formation of a NiO-layer on the Ni-substrate upon heating
of the coated electrodes as mentioned earlier. Along with the
reflexes of metallic Ni, Figure 6b shows all observable reflexes
of the La,0;_,(CO;),-NiO-phases as found in Figures 1 and 6¢c
all reflexes of the phases present in LNF64 both before and after
GE. The main difference between the diffractograms is the loss
in relative intensity of the reflexes after GE compared to those
recorded beforehand. This can mainly be attributed to mechan-
ical instability in form of loss of catalyst from the substrate as
the adhesion of the catalyst layer is still subject to optimization.
However, as the reflex positions of each sample remain consistent,
it can be concluded that the catalysts remain chemically stable
and no different phases are formed. This implies the stability of
the catalyst coating under the applied GE conditions in 1 M KOH
at room temperature for the duration of 3 h.

4 | Conclusion

In this work, catalyst-coated Ni-substrate electrodes were pre-
pared for the electrocatalysis of the OER in alkaline water
splitting. The catalysts were synthesized by a facile preparation
method in which highly porous activated carbon is impreg-
nated by dissolved metal nitrate precursors. Upon heating the
impregnated carbon, the precursors are calcined, and simulta-
neously, the templating carbon is removed. XRD studies of the

s
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=
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>
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FIGURE 6 | XRDs of (a) LaFeOs;-coated, (b) LN-coated, and (c)
LNF64-coated Ni-electrodes before (blue) and after (grey) 3 h of gal-
vanostatic electrolysis at 10 mA ¢cm~2. The reference XRDs of the main
phases of each catalyst are included in black. ¢ denotes the reflexes
attributable to the formed NiO-surface layer on the electrodes. XRD, X-ray
diffractometry.

products reveal a mixture consisting mainly of the unary oxides
upon the impregnation with La- and Ni-nitrates described as
La,0;_,(CO;),~-NiO. The impregnation with La- and Fe- on the
other hand leads to the formation of a LaFeO; perovskite phase.
All samples were coated onto Ni-substrates to be investigated in
the alkaline OER electrocatalysis. Here, all samples show a cat-
alytic effect on the OER as the activity of uncoated Ni is lower than
for all coated Ni-electrodes. The electrochemical performances of
the Ni-Fe-mixed samples show a trend of initially increasing and
then decreasing activity with the lowest overpotential and, thus,
highest activity found for LNF64. This confirms the literature-
known synergistic effect of the presence of Fe on Ni-based
OER electrocatalysts. Sr-mixing (LS82N) also results in a higher
activity than LN, confirming the beneficial effect of Sr to the La-
Ni-oxidic catalyst material despite the absence of a perovskite
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phase. EIS reveals that the charge transfer resistances of all tested
samples follow the respective OER activity trends.

To conclude, this work successfully combines a facile synthesis
protocol [36] of OER catalysts based on literature-known high-
performing materials with directly implementing industrially
relevant conditions by coating Ni-substrates as base electrodes in
order to demonstrate a direct approach of preparing and testing
technically relevant water splitting anodes.

Nomenclature

E electric potential/V

i electric current/A

J current density/mA cm™2

R resistance/Q

zZ electric impedance/Q

7 overpotential/mV

6 angle between incident X-ray and crystal lattice plane/°®
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