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ABSTRACT

Brownmillerite-type CaFeCoOs (CFCO) is a highly active electrocatalyst for the oxygen
evolution reaction (OER). In this study, we identified the actual catalytically active phase of this
oxide formed via the long-term OER and, moreover, demonstrated that the active phase can persist
during the OER for four weeks without significant loss of electrocatalytic activity. The long-term
durability tests were carried out on CFCO via continuous galvanostatic OER in 4 mol dm™ KOH
aqueous solution for periods ranging from a few hours to one month, and the specimens submitted
to the tests were characterized by means of electrochemical measurements and structural analysis
using scanning electron microscopy, X-ray diffraction, transmission electron microscopy, Auger
electron spectroscopy, and X-ray absorption fluorescence spectroscopy. CFCO was readily
converted to amorphous cobalt oxyhydroxides with 10% of Fe substituents through the OER
process, and these compounds had a similar local rearrangement to the layered y-CoOOH-type
structure. This transformation involved large morphological changes of the oxide particles because
of the extensive dissolution of Ca and Fe, yielding skeletal grains made of oxyhydroxide nanosheet
aggregates. The extended durability studies with total polarization charge density of the order of

10° C cm™ revealed that (Co, Fe)OOH like compound is the actual electrocatalytic phase.
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1. INTRODUCTION
The oxygen evolution reaction (OER) is one of the most important reactions for renewable
energy conversion and storage systems.' For instance, this reaction is widely applied for water

24 charging metal-air secondary batteries,>'® and artificial

splitting for hydrogen production,
photosynthesis.!! !> However, the four-electron OER pathway requires a large overpotential.'*
Some precious-metal-oxide-based catalysts such as RuO, !* and IrO; '° are widely used as OER
electrocatalysts, but the scarcity of these platinum-group metals has resulted in an urgent need to
develop transition-metal-based alternatives with high OER activity and long-term stability in
strongly alkaline media.!” 2

Intense research in this field, particularly over the last decade, has led to the discovery of many

types of transition-metal-oxide electrocatalysts,!”*

some of which have been practically used in
alkaline electrolysis technology. Recently, Tsuji et al.?’> reported that Brownmillerite-type
CaFeCoOs (CFCO) shows pronounced catalytic activity for the OER in concentrated alkaline

media, yielding an OER current of 5.0 mA per oxide-catalyst surface area at 1.6 V vs. the reversible

hydrogen electrode (RHE), which is an order of magnitude larger than the corresponding values



for Ru0,.2> More recently, Kowalski et al. reported that CFCO is readily transformed into an
electrocatalytically active amorphous phase through OER in highly concentrated alkaline solution
with the formation of edge sharing CoOs clusters.”? Extended X-ray absorption spectroscopy
measurements have clarified that the amorphous phase is made of Co-based oxyhydroxide having
a y-CoOOH like local arrangement. Although CFCO is a promising OER catalyst for alkaline
electrolysis and air batteries because of its very high activity, earlier results have revealed concerns
over the long-term stability of CFCO catalysts, i.e., whether the deformation and dissolution of
CFCO catalysts can be terminated. Moreover, it is of fundamental and technological importance
to identify the actual active phase of CFCO catalysts that form during the long-term OER if the
deformation is terminated within a reasonable period. Herein, we demonstrate that Brownmillerite-
type CFCO catalysts are transformed to amorphous oxyhydroxide phases comprising exfoliated -
CoOOH type nanosheets modified with Fe, and this transition is mediated via the dissolution of
the Ca and Fe contents. Finally, the spherical grains of Brownmillerite-type CFCO are converted

to 100 nm sized skeletal agglomerates after the OER for four weeks.



2. EXPERIMENTAL

Synthesis of Ca2FeCo0Os: For the synthesis of Ca;FeCoOs (CFCO), the following reagents were
used as starting materials: Ca(NO3)2:4H,O (Kanto Chemical, 99.9%), Fe(NO3)3-9H>O (Kanto
Chemical, 99.9%), and Co(NO3)2-6H20 (99.9%, Wako Pure Chemical). Appropriate amounts of
these reagents were dissolved in Milli-Q water to which an equal molar quantity of citric acid
(Wako Pure Chemical, 98%) was subsequently added as a complexing agent. The citrate solution
was stirred and heated at 60—70 °C to promote polymerization. The gelatinous product was pre-
fired in air at 450 °C for 1 h and, then, fired at 600 °C for 12 h. Details of the preparation procedure
have been described elsewhere.?? The X-ray diffraction (XRD) patterns of CFCO and its precursor
are shown in Fig. S1. All the peaks of CFCO are assigned to Brownmillerite-type structure so that
the single phase CFCO can be obtained at 600°C. In contrast, Brownmillerite-type phase was
absent in the precursor, which contains Ca(NQO3)2, Fe203, Co203 phases.

Electrochemical measurements: The carbon support (acetylene black (AB), STR Chemicals)
(10 mg) and CaxFeCoOs (50 mg) were dispersed ultrasonically in a mixture of 0.2 mL of 5 wt%
Na'-exchanged Nafion solution (Wako) and 4.8 mL of ethanol to obtain a homogenous black
suspension. Nafion was added as a binder and was neutralized before dispersion to prevent CFCO

from acidic dissolution.?* The AB additive was pretreated by immersing a commercial AB powder



into concentrated nitric acid at 80°C overnight, followed by filtering and drying at 100°C overnight.
For electrocatalyst activity evaluation, 20 pL of the suspension was pipetted onto the surface of a
5 mm diameter glassy carbon (GC) electrode with a rotation rate of 600 rpm. For durability tests,
150 uL of the suspension was pipetted onto the surface of a 15 x 10 mm? carbon paper electrode
(ElectroChem, Inc., EC-TP1-060T). This area was demarcated using epoxy resin. On the basis of
the above treatments, the catalyst loading on the working electrodes was 1.0 mg cm™. The
electrochemical measurements were carried out in a three-electrode system using a Princeton
Applied Research VersaSTAT 3 potentiostat. A pure carbon sheet and Hg/HgO/4 mol dm™ KOH
were used as counter and reference electrodes, respectively. All the measurements were carried
out at room temperature (approximately 25 °C) in an aqueous 4 mol dm KOH solution (pH 14).
The potential (E) was iR-corrected with a solution resistance measured by AC impedance
spectroscopy before each experiment and converted from the Hg/HgO/4 mol dm KOH reference
scale to the RHE using the following equation.??
E vs. RHE = Eus 1gtgo/4 mol dm™ ko + 0.098 + 0.059 x pH (1)
Characterization: The electrode surface material morphologies were observed by low-voltage
field-emission scanning electron microscopy (SEM, Carl Zeiss Microscopy, Sigma-500) at 1.5 kV.

The crystallinity of the CFCO electrode was determined using an X-ray diffractometry (XRD,



Rigaku, Ultima IV) using Cu-K, radiation. High-resolution transmission electron microscopy

(HRTEM) was carried out using a Titan-3 G2 60-300 scanning transmission electron microscope

equipped with an energy dispersive X-ray spectrometry (EDS). For TEM observation, the sample

electrodes were washed with ethanol (99.5%, Kanto chemical) and sonicated, resulting in a

dispersion of the supported catalyst from the electrode. This dispersion was dropped onto the

carbon-coated copper TEM grid (Ohken shoji, NP-C15) and used as a TEM sample. The chemical

composition was evaluated using scanning Auger electron spectroscopy (AES, JEOL, JAMP-

9500F) with a field-emission electron gun at an accelerating voltage of 5 kV and a beam current

of 10 nA. The chemical ratios of Co and Fe were determined by fitting the obtained spectrum using

the “Spectra Investigator” program (JEOL). The molar ratios of Ca and Co were determined by

the relative factor method using the “Auger Master” program (JEOL) from the local maximum

value of each element peak.

Extended X-ray absorption fine structure (EXAFS) spectra were obtained for Co and Fe K-edges

at the BL28XU beamline of SPring-8 (Hyogo, Japan). The synchrotron radiation X-ray from the

storage ring was monochromated with a Si(111) double-crystal monochromator. The X-ray

absorption near edge spectroscopy (XANES) spectra were measured in the transmission mode

using two ionization chambers. Data reduction was carried out with the Demeter program package.



3. RESULTS

Figure 1 shows linear sweep voltammetry (LSV) curves of the CFCO electrodes with and

without the AB additive, as measured by a rotating disk electrode (RDE) system at of 800 rpm in

aqueous 4 mol dm™ KOH electrolyte. The onset potential, which was defined as the potential to

achieve the anodic current of 5.0 mA cmisk, equals 1.54 V vs. RHE without addition of the AB

conductive support. CFCO has a relatively low conductivity,® and therefore the onset potential of

the OER shifts to 1.48 V vs. RHE with the addition of AB. Moreover, The CFCO electrode with

AB additive exhibits markedly increased current compared with the AB-free CFCO electrode at

higher overpotentials, probably because of the reduction of the electrode resistance.
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Figure 1. OER LSV curves of CFCO with and without the AB conductive supports measured by
a rotating disk electrode (RDE) at 800 RPM in aqueous 4 mol dm KOH solution with a potential

sweep rate of 1.0 mV s\, The LSV curves of a bare GC electrodes are shown as a reference.

To evaluate the long-term durability, the OER was continuously carried out for AB/CFCO
electrodes for four weeks, in which 2 h cycles of chronopotentiometry at 40 mA cm™ and
subsequent 15-min rest periods at the open circuit potential (OCP) were repeated for four weeks
in 4 mol dm KOH solution. During the four weeks of durability test the specimen was polarized
with total electric charge of 9x10* C cm™. Figure 2a shows the potential-time curve of the OER
durability test for four weeks indicating that the overpotentials for the OER increase by about 150
mV in the first 24 h of reaction, whereas the potential is maintained around 1.78 V vs. RHE after
24 h throughout the four weeks test. Figure 2b shows the LSV curves for the OER of the specimens
subjected to long-term durability tests. To measure the LSV, the test cycles were suspended
temporarily at the beginning of the rest period during different periods of time leading to
polarization with a charge density of 0, 4x102, 3x10%, 4.5x10%, and 9x10* C cm™. These results

confirm that the OER activity of the CFCO catalysts persists for four weeks without the need for



carbon fillers at the onset potential region, proving the good durability of the CFCO catalysts for

the OER in strongly alkaline conditions.
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Figure 2. (a) Potential change of the AB/CFCO electrode during OER durability testing in aqueous
4 mol dm™ KOH solution for four weeks leading to total electric charge of =10° C cm?, (b) OER
LSV curves obtained at 10 mV s for AB/CFCO polarized with electric charge of 0 - 9x10* C cm’
2. The AB/CFCO electrode was prepared by immersion of the carbon paper in the catalyst-ink
solution; the LSVs were performed on carbon sheet electrode (0 RPM). Durability tests and OER

measurements were carried out in the nitrogen-saturated electrolyte.
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Figure 3 shows the XRD patterns of the AB/CFCO electrodes before and after the durability
tests. A couple of diffraction peaks of a Brownmillerite-type phase are evident around 32° in the
pattern of the electrode before the durability test, but these peaks disappeared after 3 h OER,
confirming that the CFCO catalyst is transformed to an amorphous phase by OER.?* Combining
the results of electrochemical and XRD analysis, we determined that the amorphous phase derived

from CFCO has well maintained electrocatalytic activity and durability.
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Figure 3. XRD patterns of AB/CFCO electrodes at various periods during OER durability test.
The star symbol indicates the Brownmillerite phase. Oh, 3h, 20h, 2 weeks, and 4 weeks of
polarization are corresponding to a charge density of 0, 4x107, 3x103, 4.5x10*, and 9x10* C cm™?,

respectively.

Figure 4 shows backscattered-electron SEM images of the AB/CFCO electrodes after various
periods of OER in the durability tests, in which the dark and bright particles are assigned to AB
and CFCO, respectively. The SEM images of the electrodes before the durability test show
agglomerates of 100-nm-sized CFCO nanoparticles embedded in the AB conductive filler (Fig.
4a). However, these AB fillers are depleted after 3 h of continuous OER (Fig. 4b), almost
disappearing after 20 h (Fig. 4c). In addition, the Nafion binder film is bare at the surface of the
specimens after 20 h (Figs. 4c—e). This could be attributed to the oxidative consumption of AB
particles under OER potentials because carbon is electrochemically oxidized at potentials above
1.0 V vs. RHE in strongly alkaline media.?*-%’

The morphology of the CFCO particles changed greatly during OER, despite the stable catalytic

performances (Fig. 2a). The as-prepared CFCO particles have a spherical shape with an average

diameter of about 40 nm (Fig. 4a). These particles are apparently etched, and, thus, the surface was

12



roughened by the OER for 3 h (Fig. 4b), ultimately resulting in the formation of “skeletal” grains
of 100-nm diameter after the OER for 20 h (Fig. 4c). Such skeletal grains tend to be connected to
each other with increasing OER duration, coagulating into micrometer-sized agglomerates after

four weeks OER (Figs. 4d and 4e).

BSE In lens
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Figure 4. Backscattered-electron SEM images (left column) and In-lens SEM images (right

column) of AB/CFCO electrodes at (a) 0 h, (b) 3 h, (c) 20 h, (d) 2 weeks, and (¢) 4 weeks of OER

durability tests. The SEM images were obtained at acceleration voltage of 1.5 kV.

The corresponding structural and compositional changes were further examined by using high-

resolution transmission electron microscopy (HRTEM) and AES. Figure 5 shows the HRTEM

images of CFCO before and after the durability tests. The as-prepared CFCO is a well-defined

crystalline phase, showing clear lattice fringes identical to the (141) plane of the Brownmillerite

structure (Fig. 5a). The crystalline structure is, however, deformed after 3 h of OER, resulting in

the formation of an inhomogeneous amorphous phase, in which nanocrystalline domains (0.5-2

nm) of Brownmillerite residues, are dispersed in the amorphous matrices (Fig. 5b). Figure 5b

shows the clear contrast of the oxide matrices, which can be attributed to the presence of pores on

the particle surface. This feature is in agreement with the SEM observation for the etched surfaces

of the catalyst particles (Fig. 4b). The HRTEM images of the CFCO after the OER for 2 weeks

and 4 weeks show a mosaic-like pattern of the amorphous phase, as well as sub-nanometer sized

crystalline domains with lattice spacings corresponding to the (003) planes (approx. 0.43 nm) of

v-CoOOH (Fig. 5d). EDS-TEM analysis of the 4 weeks OER specimen confirms that the molar

ratio of Ca/Fe/Co is equal to 1/1.2/15 (Table 1), which confirms that most of the Ca and Fe cations

14



are leached out during the OER process. These results unequivocally prove that CFCO is converted
to amorphous Co-based oxides (or oxyhydroxides), including a small fraction of the y-CoOOH
type crystalline moiety, by the OER catalytic process.

y-CoOOH has a layered crystal structure®®>!

, as shown in Fig. 5f, in which two-dimensional
linkages of edge-shared CoOs octahedra form [CoOz], molecular layers, and the [CoO:], layers
are orthogonally stacked via hydrogen bonding. Low-magnification TEM reveals that the skeletal

grains of the catalysts are made of crumpled sheet-like materials after 4 weeks of OER (Fig. Se),

which suggests that the skeletal grains are aggregates of exfoliated CoOOH nanosheets.

0.264 nm
* BM 141

==

y-CoOOH 003 f\
0.431im
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Figure 5. HRTEM images of CFCO at (a) 0 h, (b) 3 h, (c) 2 weeks, and (d) 4 weeks of OER
durability test. (¢) Low-magnification TEM images of the skeletal grains formed after 4 weeks of

OER. (f) Crystal structure of layered y-CoOOH. The hollow regions of CFCO after 3 h duration

(Fig. 5b) were surrounded with the yellow dashed lines.

Table 1. EDS elemental analysis of CFCO after various periods of the OER durability tests.

Co / at% Ca/ at% Fe / at%
Oh 24.7 51.7 23.7
3h 65.5 18.9 15.5
2 weeks 73.5 11.5 15.0
4 weeks 87.0 5.9 7.2

To determine the chemical composition of the amorphous phase more precisely, AES was
carried out on a catalyst particle with an electron probe focused on a 10-nm diameter region. Figure
6 shows the differential Auger electron spectra for the AB/CFCO electrodes tested for different
OER durations. In these spectra, the KLL transition peaks of C, Ca, O are evident at around 272,

300, and 505 eV, respectively. Fe yields LMM transition peaks at around 598, 651 and 703 eV,

16



and Co yields those at 656, 716, and 775 eV. Concerning Ca and C in the range of 250 to 300 eV

(Fig. 6b), the relatively strong signal of Ca disappears, whereas the C signals remain unchanged

after 3 h OER, confirming that most of Ca are leached out from CFCO catalyst during the OER.

The very weak Fe signal observed at around 600 eV disappears after 3 h of continuous OER

suggesting leaching of iron in the initial stage of durability test. The Fe signals overlapping with

Co at 651 and 703 eV are present even after 4 weeks of OER (Fig. 6¢) suggesting that a small

amount of Fe remains in the catalyst after long term durability test.

Curve fitting analysis was performed for the AES spectra containing Fe and Co peaks from 350

to 800 eV. This curve fitting was used to determine the chemical composition of the catalysts. As

shown in Fig. 6c, the Fe and Co signals are overlapped between 650 and 800 eV; thus, the

deconvolution of these spectra was assisted by using the data for the standard peak shift database.

The Ca/Co/Fe molar ratios are listed in Table 2. The Ca/Co/Fe ratio of the as-prepared CFCO

equals 1.5/1/1, which is roughly in agreement with the value of the Brownmillerite phase. The Ca

and Fe contents are significantly decreased by 3 h OER, and the Ca/Co/Fe molar ratios of the 4

weeks OER specimen are 0/1/10. In combination with the results of HRTEM measurements, it is

unequivocally demonstrated that the catalytically active phase of the CFCO catalysts comprises

Fe-modified Co oxides or oxyhydroxides.
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Figure 6. (a) AES spectra of CFCO submitted to OER durability tests for 0 h, 3 h, 2 weeks, and 4

weeks. (b) and (c) are the expansions of (a). In Fig. 6 (c), solid and dashed lines are the

experimental and curve-fitted results, respectively.
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Table 2. Chemical composition determined by curve fitting of AES spectra

Duration time of durability test Co/ at% Ca/at% Fe / at%
0h 27.9 42.2 29.9
3h 83.3 6.3 10.5
2 weeks 83.4 7.4 9.2
4 weeks 87.9 0.0 12.1

Finally, we examined the local coordination environment around Co and Fe atoms by EXAFS

at the K-edge. Figure 7a shows the normalized adsorption Co K-edge XANES region for CFCO

subjected to the OER for various periods. In the spectra, the CFCO samples do not show a

systematic chemical shift of the Fe and Co absorption edges over the 4 weeks OER tests (insets of

Figs. 7a and 7b), confirming that the oxidation states of both cations are not affected by the OER

electrocatalytic process. The structure near the main absorption peak at around 7730 eV was

changed significantly by 3 h OER and was not significantly modified by further increasing the

OER duration, indicating that the amorphization of CFCO during OER slowed after a few hours,

as observed by XRD. The EXAFS measurements provide a clear identification of the
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electrocatalytically active phase of the CFCO catalysts, suggesting that the phase comprises Fe-
modified cobalt oxyhydroxides with short range ordering in a y-CoOOH-type arrangement.

The radial distribution functions (RDF) and related k-space oscillation profiles obtained from
Fourier transform EXAFS of the Co K-edge are presented in Figs. 7c and 7e, respectively. For the
as-prepared CFCO, a strong peak in the first coordination shell at around 1.0-2.0 A can be
attributed to the shortest Co-O bond, and broad features of the second and third coordination shells
distributed in the range of 2.0—4.0 A are assigned to coherence with Ca and Fe neighbors. As
expected from the XRD and HRTEM results, the CFCO RDF is drastically changed after the OER.
The 3 h OER specimens show a relatively sharp peak corresponding to the second coordination
shell in the region of 2.0-3.0 A compared to that of the as-prepared sample, together with a strong
peak for the first Co-O coordination shell in the region of 1.2-2.0 A. This feature provides clear
evidence for the locally ordered structures of the amorphous CFCO catalysts. The Fe-K RDF is
similar to the Co-K RDF: the OER results in a strong peak corresponding to the second
coordination shell, probably because of the Fe-Co or Fe-Fe separation of 2.7 A in addition to the
first Fe-O coordination shell having a separation of 1.5 A (Figs. 7d and 7f).

The curve fitting analysis of the first and second coordination shells was carried out for CFCO

after 3 h, 2 weeks, and 4 weeks of continuous OER by using the atomic coordinates for the y-

20



CoOOH phase.*! The fitting was conducted for k-space oscillation profiles weighted by &> (k: wave
number), and the calculated k-space oscillation replicates the observed profile well; thus, the
calculated RDF also fits the observed data well (Figs. 7c—f). The fitting parameters are summarized
in Table S1. As for Co, the EXAFS profiles around Fe atoms also replicated the y-CoOOH
structural model very well; however, the spinel-type Fe3O4 structure was not adopted, which is a
clear suggestion of the formation of Fe and Co mixed oxyhydroxide phase with a y-CoOOH like
local coordination environment. The coordination number (CN) of Co-O is not dependent on the
duration of the OER, but the CN of the Co-Co or Co-Fe second coordination shells decreased with
increasing OER duration. This result implies that Fe-substitution of Co is increased so that the
symmetry of second coordination sphere decreased with increasing OER duration. Notably, in the
EXAFS spectra the Co and Fe in the aged materials seem very different. The Debye-Waller factor
for Fe case (Table S1) is relatively large after one month of polarization, which means that
symmetry of the second shell is very low. Taking the above into the consideration one may
consider that the fraction of iron is doped, and other fraction may exist in low symmetric phase,

e.g. as precipitate. It is, however, difficult to distinguish both cases from existing EXAFS data.
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Figure 7. (a) Co and (b) Fe K-edge XANES of CFCO at various periods of the OER durability

tests. Radial distribution function around Co (c) and Fe atoms (d) obtained by Fourier transforming

the EXAFS profiles and related curve fitting to the first (M-O; M = Co or Fe) and second

coordination shells (M-M). k-Space oscillation profile around Co (e) and Fe (f) atoms and related

optimal fitting curves. (¢)—(f) Continuous and dashed lines are the observed and curve-fitted results,

respectively.

4. DISCUSSION

Based on our reported results, we concluded that Brownmillerite-type CFCO is modified in situ

into a catalytically active phase of amorphous Co oxyhydroxides with 10 mol% Fe substitution

during the OER process. In the initial stage of the deformation (ca. 3 h), the CFCO particles are

etched by extensive dissolution of Ca and Fe cations under OER conditions, thus becoming porous

particles (Fig. 4b). Because the leaching of Ca and Fe is accelerated by the porous surface, the

amorphization of Brownmillerite-type CFCO proceeds because of the reduced diffusion length;

thus, the bulk amorphization and elemental dissolution decay within a few hours, even at room

temperature (Fig. 6 and Table 2). As a result of the structural deformation, the morphology of the

catalyst particles changes to skeletal grains after 20 h of OER (Fig. 4¢) and the grains coagulate to
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micrometer-sized agglomerates after further OER (Figs. 4d and 4e), possibly driven by the applied
electric field*? or mechanical stress leading to cracking due to the metal cation dissolution®>.

After carrying out the OER for longer than 3 h, the phase becomes X-ray amorphous, and the
samples obtained after OER for more than 2 weeks contain mainly amorphous phases, as checked
by HRTEM (Figs. 5c and 5d). Meanwhile, EXAFS measurements reveal that local coordination
environments around both Fe and Co atoms are similar to those of the y-CoOOH-type structure,
which is based on a two-dimensional network of edge-shared CoOs octahedra (Fig. 5f). TEM
measurements show the nanosheet like microstructures of the skeletal grains in the 4 weeks OER
specimen. These results indicate that the OER active phase of CFCO catalysts comprises
aggregates of randomly stacked (Co, Fe)OOH nanosheets. Thus, the amorphous Fe-modyfied
cobalt oxyhydroxides derived from Brownmillerite-type CFCO are promising OER catalysts with
good electrocatalytic activity and long-term durability under strongly alkaline conditions.

The in situ formation of an OER electrocatalytically active CoOOH phase has been also reported
in other systems.>>*! Zhou et al. reported that catalysts based on the simple Prussian blue analog
Na,CoFe(CN)s form a CoOOH active phase with the replacement of oxygen vacancies by the
hydroxyl groups driven by an applied electric field.*> Kanan et al. reported that the amorphous
cobalt phosphate precipitates formed by the electrolysis in potassium phosphate solution show
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pronounced OER activity in neutral media.** In this case, the active phase has been assigned to y-

1.3° Enman et al. found that

CoOOH clusters embedded in phosphate glass matrices by Yoshida et a
Fe species in CoOOH avoid the oxidation of Co spices and proposed the different OER mechanism
in CoOOH and Fe-doped CoOOH.*® Most of the above-mentioned studies show that catalyst might
undergo modification through clusters formation and/or surface modification under standard OER
conditions. Herein, we extended the durability studies to one month leading to polarization of the
catalyst with total electric charge of the order of ~10° C cm™. Such extended studies lead to
structural changes that would not be simply noticeable in classic LSV/CV polarization, and
therefore might be helpful to understand the actual phases which are responsible for true catalytic
activity of some catalysts, such as Brownmillerite-type and Perovskites.
5. CONCLUSIONS

We have demonstrated the structural and chemical changes of an OER catalyst (Ca2FeCoOs) in
the OER environment in highly concentrated alkaline solution. The CFCO particles change to
skeletal grains of Fe-modified CoOOH nanosheet aggregates through the dissolution of Ca and Fe
cations. The resultant oxyhydroxides show enhanced OER activity and long-term stability under

strongly alkaline conditions and, thus, retain catalytic performance for continuous OER over one

month.
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