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A B S T R A C T

For mixed conductor La0.6Sr0.4Co0.2Fe0.8O3-x (LSCF) in solid oxide fuel cells (SOFCs), cation surface segrega-
tion such as volatile Sr and consequently losing conductivity and active sites for the oxygen reduction reac-
tion (ORR) are problematic. To mitigate the cation segregation, a practical approach is to apply a conformal
surface coating. Nevertheless, the coating layer would inevitably alter the ORR pathways that initially take
place on the backbone surface. In this study, the unary electrocatalyst of Pt or CoOx was applied to the LSCF/
Sm-doped CeO2 (SDC) composite electrode of inherently functional SOFCs. Both ALD coating layers evolve
strong interaction with the composite cathode. Upon operations, the Pt coating layer remains conformal on
LSCF grain surfaces but turns into discrete particles on SDC. For the CoOx coating, the conformal layer grows
to be the discrete nano-grains on both the LSCF and SDC grains. ALD coating of the cathode alone reduces
the cell ohmic resistance. The ALD-induced conductivity change is ascribed to different mechanisms. This
study presents a novel and feasible approach to apply a conformal, dense coating layer on the surface of a
mixed conductor, simu ltaneously increasing the conductivity and durability of the SOFC cathode.

1. Introduction

In comparison with the solar, wind, and tidal power that is site-
specific and intermittent, solid oxide fuel cells (SOFCs) offer unrivaled
high efficiency and excellent fuel flexibility. However, current SOFC
technology is still hindered by high production costs and insufficient
durability. For utility-scale stationary power systems, the SOFCs are
expected to have durability towards 40,000 h (5 years) continuous op-
eration. The low conductivity and the sluggish electrode kinetics in
SOFC cathodes are still causing significant ohmic and polarization
losses over the prolonged operation at elevated temperatures. Cur-
rently, the perovskite La0.6Sr0.4Co0.2Fe0.8O3-x (LSCF) serves as one of the
most promising cathode materials because of its high electrical and
ionic conductivity at an intermediate temperature of ~750 °C [1]. Un-
fortunately, LSCF based cathodes have been found to experience sub-
stantial long-term degradation [2,3] which is frequently associated
with Sr enrichment at the LSCF surface. The insulating nature of segre-
gated Sr species blocks the oxygen reduction reaction (ORR) active sites

or passivates the entire surface of the cathode. The Sr surface segrega-
tion is also accompanied by a reduction in transition metal concentra-
tion in the perovskite phase, causing the deterioration and decomposi-
tion of the LSCF backbone [4–9]. Surface modification through solu-
tion infiltration has been extensively investigated to enhance cathode
surface functionality while retaining the advantageous qualities of the
cathode backbone [10–12]. However, the effect of the infiltration
largely depends on the microstructure of the infiltrate and its interac-
tion with the backbone. The solution infiltration often ends up with dis-
crete particles and uncontrolled distribution of infiltrated materials.
Accordingly, the impact of infiltration of discrete catalyst to suppress
the Sr surface segregation is limited. In addition to the solid-state phase
segregation, Sr surface segregation also leads to volatile Sr species
[13,14] such as SrO, Sr(OH)2, SrCO3, and their further interaction with
volatile Cr evaporated from the interconnects of SOFC stacks [15]. To
effectively mitigate the LSCF degradation associated with the Sr sur-
face segregation, the surface coating layer on LSCF should be confor-
mal over the entire internal surface of the cathode.
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Because the LSCF surface provides the electrocatalytic active site
for the ORR at elevated temperatures, the protective conformal coating
layer needs to be both Sr-inert and electrocatalytic. Among the electro-
catalyst, Pt [16] and CoOx [17] could be the appropriate candidates
for forming a conformal coating layer. Catalytic Pt is immiscible with
SrO with limited cation exchange with all elements in LSCF and pro-
vides a block of the Sr outward diffusion. On the other hand, CoOx may
have cation exchange with Fe from LSCF. CoOx has limited diffusion of
La or Sr at operating temperatures. Therefore, a CoOx topping layer
could also block the Sr cation outward diffusion. However, the cat-
alytic activity of CoOx on different cathode backbone remains contro-
versial. CoOx has been reported as an effective ORR catalyst for LSM
[18]. However, for the thin film La0.6Sr0.4CoO3-δ, performance degra-
dation was even observed upon coating CoOx by atomic layer deposi-
tion (ALD) [19,20] and its catalytic impact on LSCF is not clear. Re-
gardless of the catalytic activity, the as-deposited conformal coating
applied to the backbone surface could interact with the backbone ma-
terials, resulting in the subsequent structure evolution and losing the
conformity on the backbone surfaces at elevated temperatures.

Furthermore, once a coating layer is managed to be stabilized to be
conformal on the backbone surface, it will inevitably shift the ORR
pathways and potentially introduce additional electrical or ionic path-
ways that affect the conductivity. Here we studied the ALD [21,22]
coatings of conformal Pt or CoOx layer, respectively, onto the internal
surface of LSCF/SDC cathode of inherent functional cells, and explored
the possibility of forming an appropriate conformal coating layer and
its resultant reaction pathway changes on the backbone surface. Upon
the electrochemical operation, the ALD coated cell has resulted in the
reduction of both the ohmic resistance (Rs) and polarization resistance
(Rp). The electrochemical and nanostructure origin of the SOFC perfor-
mance enhancement was systematically investigated using the combi-
nation of electrochemical impedance spectroscopy, the corresponding
impedance spectra deconvolution, and post-operation nanostructure
imaging and chemistry study.

2. Experimental section

Commercially available, anode-supported solid oxide button cells
fabricated by Materials and Systems Research, Inc. (MSRI, Salt Lake
City, UT) were employed for all the experiments described in this paper.
MSRI cells are composed of five layers as follows, starting from the an-
ode: a ~700 μm thick Ni/YSZ cermet layer which supports the cell
structure; a ~10 μm thick Ni/YSZ active layer; a ~10 μm thick YSZ
electrolyte; a thin (2–3 μm), dense Sm2O3-doped CeO2 (SDC) barrier
layer, a ~10 μm thick LSCF/SDC active layer; and a 50 μm thick, pure
LSCF current collecting layer. The cell active area (limited by the cath-
ode) is 2 cm2. The exposure area of the anode to fuel is about 3.5 cm
[2].

The ALD coatings were performed in a commercial GEMStar-8 ALD
reactor (Arradiance Inc). The precursors used in this study were all pur-
chased from Strem Chemicals, Inc. The (trimethyl)methylcyclopentadi-
enylplatinum(IV), (99%) and the deionized water were used as Pt pre-
cursor and oxidant for depositing Pt layer; and the bis(cyclopentadi-
enyl)cobalt (II), (min. 98% cobaltocene) and ozone were used as Co
and oxidant, respectively, for CoOx layer growth. During the deposi-
tion, the (trimethyl)methylcyclopentadienylplatinum and bis(cy-
clopentadienyl)cobalt containers were maintained at 75 °C and 90 °C,
respectively; and the reactor chamber was set at 300 °C. Total 90 cycles
were performed for each element deposition, leading to an ALD coating
of ~7 nm Pt, or 7 nm of CoOx, respectively. No masking or specific
treatment is applied on the NiO/YSZ anode of the as-received cells be-
fore ALD processing. In practice, the thick and very dense NiO/YSZ an-
ode prevents precursor penetration during the ALD processing, and the
impact of ALD coating on the Ni/YSZ anode is negligible. No surface
pretreatment was applied to the cells, and no heat-treatment was ap-

plied before or after the ALD coating either. The cell electrochemical
operation was carried out directly after the ALD coating.

Three cells, including one baseline cell (cell no. 1), one with the ALD
coating of Pt (cell no. 2), and one with the ALD coating of CoOx (cell
no. 3), were examined. All cell tests were performed on a test stand. The
platinum mesh was used for anode and cathode lead connections. The
fuel and air stream flow rates were controlled separately using mass
flow controllers. Cell testing was performed at 750 °C. During the oper-
ation, a 400 mL/min air flow rate and a 400 mL/min fuel flow rate
were used. Before any electrochemical measurements, both cells were
current-treated for approximately ~15 h under a small current density
of 0.1 A/cm2 to ensure they were activated. The samples were loaded at
a constant current of 0.3 A/cm2 for 24 h, and then the cyclic voltamme-
try and impedance data were collected. The cell performance was ex-
amined using a TrueData-Load Modular Electronic DC Load, which
guarantees voltage and current accuracies of 0.03% FS of the range se-
lected±0.05% of the value. The cell impedance spectra were examined
using a potentiostat/galvanostat (Solartron 1287A) equipped with a
frequency response analyzer (Solartron 1260). Impedance measure-
ments were carried out using a Solatron 1260 frequency response ana-
lyzer in a frequency range from 50 mHz to 100 KHz. The impedance
spectra and resistances (Rs and Rp) presented are those measured under
a DC bias current of 0.3 A/cm2. On a Nyquist plot, Rs is determined by
the intercept at the higher frequency end, and Rp is determined by the
distance between two intercepts.

After the electrochemical operation, the ALD coated cells were sec-
tioned and subjected to nanostructural and crystallographic examina-
tion using high resolution (HR) Transmission Electron Microscopy
(TEM). On the cathode, due to the ALD coating is indifferent to sub-
strate shape and substrate crystal orientation, both the cathode current
collecting layer and the cathode active layer, the ALD coating layer is
presumably covering both the LSCF current collecting layer and the
LSCF/SDC active layer, that is presenting the interaction of ALD layer
with both the LSCF and SDC grains. All the TEM examinations were
conducted in the cathode active layer. TEM samples were prepared by
mechanical polishing and ion milling in a liquid-nitrogen-cooled
holder. Electron diffraction, diffraction contrast, and HRTEM imaging
were performed using a JEM-2100 operated at 200 kV. Chemical
analysis was carried out under TEM using energy dispersive X-ray Spec-
troscopy (EDS).

3. Results and discussion

3.1. Increased conductivity and shifted ORR pathway introduced by ALD
coating of Pt

As shown in Fig. 1, upon the electrochemical operation at 750 °C for
24 h, the baseline cell no. 1 possesses a peak power density of
0.949 W/cm2, with Rs of 0.111 Ω cm2 and Rp of 0.238 Ω cm [2]. By
contrast, at 24 h operation, cell no. 2 with ALD coating of Pt on the
cathode backbone shows the immediate higher peak power density of
1.286 W/cm2, which is 36% enhancement in comparison to that of the
baseline.

The power density increase is accompanied by the simultaneous re-
duction of Rs to 0.080 Ω cm2 by 28%, and Rp to 0.217 Ω cm2 by 8.8%,
as shown in Table 1. The enhanced conductivity in the electrode can be
seen by the decrease in Rs in the Nyquist plot. To identify the physical
origin of polarization resistance changes, we retrieved the dynamic
constant in the impedance data by evaluating the relaxation times and
relaxation amplitude of the impedance-related processes using decon-
volution [23–26] (shown in Fig. 1d). The cells exhibit two arcs P1 and
P2, with the frequency ranging at 2–4 Hz and 20–40 Hz, respectively,
and the P1 is dominating. The P1 of ALD coated cell shifts to the higher
frequency end compared to that of the baseline. In general, the physical
processes occurring at the characteristic frequencies of 1–150 Hz range
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Fig. 1. Power density and impedance plots for the baseline cell no. 1, cell no. 2 LSCF cathode backbone with 7 nm Pt layer, and cell no. 3 LSCF cathode
backbone with 7 nm CoOx layer. a Terminal voltage as a function of current density for the cells at 750 °C. b Nyquist plots of four cells at a constant current of
0.3 A/cm 2. c Bode plots of cells at a constant current density of 0.3 A/cm 2. d Corresponding deconvolution spectra of the impedance data collected from two
cells. Two major arcs with the frequency ranging at 2–4 Hz and 20–40 Hz are indicated by P1 and P2, respectively.

Table 1
Impedance and peak power density of the baseline cell no. 1, cell no. 2
with 7 nm Pt layer, and cell no. 3 with 7 nm CoOx.

Cell
no.

Operating time
h

Ca thode
ar chitecture

Rs
Ω
cm2

Rp
Ω
cm2

Peak Power
density
W/cm2

1 24 Baseline 0.111 0.238 0.949
2 24 With 7 nm Pt 0.080 0.217 1.286
3 24 With 7 nm CoOx 0.094 0.238 1.136

could be assigned to cathode activation polarization resistance during
the ORR. Depending on the cell backbone chemistry, the peaks could
shift slightly to either direction under identical cell operation conditions
[27]. Since the baseline and ALD coated cells possess similar anode
structures and operated under identical conditions, the slightly de-
creased P1 arc at 2–4 Hz is attributable to a decrease of gas diffusion
and higher ORR resistance in the cathode.

The increased conductivity and change in the polarization resis-
tance reveals that the ORR kinetics have been significantly altered in
cell no. 2. The ORR and oxygen ion transport kinetics are largely af-
fected by the nanostructure and chemistry of active electrode surfaces
where the electrochemical reactions are taking place. The nanostruc-
ture and chemistry of the ALD coated cell no. 2 are thus subjected to the
TEM imaging and analysis.

As shown in Fig. 2, Pt remains ~7 nm thick conformal coating layer
after cell operation and covers the entire LSCF phase. Pt presents the in-
different deposition between the LSCF grains and grain boundaries.
The Pt layer keeps well-defined atomic-scale binding with the LSCF
grains. Moreover, there is a well-defined crystal orientation relation-
ship between the LSCF and Pt phases in the local interface region, as
shown in the Fourier Transformation. Therefore, due to the large lattice

parameter difference, the interface from the well-epitaxial film is
highly strained.

At the LSCF/SDC surface interfaces, the conformal coating layer
extends to the SDC grains for ~100 nm. Pt phase becomes discrete fur-
ther away from the LSCF/SDC surface interface. And the Pt discrete
particles grew to ~70 nm in size on the SDC surface grain boundaries.
According to the nanostructure analysis, the distribution of Pt in cell no.
2 is schematized in Fig. 3.

There is no cation exchange between Pt and LSCF/SDC backbone.
However, the bimodal nanostructure distribution of Pt indicates that
the as-deposited conformal Pt layer must have undergone a self re-
assembly procedure and developed strong interaction with LSCF/SDC
backbone during the electrochemical reactions. According to the Pt-Ox
phase diagram, the as-deposited ALD nano Pt could be vaporized as
Pt–O gas species in the air at elevated temperatures. However, Pt-Ox is
readily reduced during the ORR and re-assembled preferentially at the
electrochemically active sites, where the oxygen partial pressure is the
lowest on the cathode internal surface [28–31]. In an LSCF/SDC cath-
ode, the oxygen adsorption and dissociation reactions take place on the
LSCF surface. Subsequently, reduced oxide ions transport to the vicin-
ity of the ionic conductor through either surface or bulk diffusion path-
ways. This creates a reduced atmosphere on the LSCF local surface
upon the electrochemical reactions. Therefore, once the Pt is coated on
LSCF, Pt remains as a dense conformal layer on the LSCF grain sur-
faces.

As shown in Fig. 3d, the LSCF phase and Pt phase formed an atomic
bonding interface. The LSCF backbone surface seems to lose its activity
for the ORR since it is entirely covered by the dense conformal Pt layer.
Correspondingly, the cathode ORR sites and the related mass and
charge transfer are entirely altered. The oxygen adsorption, dissocia-
tion, and the ORR take place on the Pt surfaces instead. When the Pt
surface is enriched with negative oxygen ions, the dissociated oxygen
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Fig. 2. TEM examination of the operated cell no. 2 with 7 nm Pt coating. a Conformal fully dense Pt film covering the LSCF backbone. b High-resolution
TEM image and the related Fourier transformation showing the Pt layer is epitaxial with LSCF grain. The LSCF/Pt interface is highly strained due to the lat-
tice mismatch. c Pt extended from the LSCF grain to the SDC grain surface. d Pt accumu lated at the SDC surface grain boundaries.

Fig. 3. Schematic of the surface architecture of the baseline cell no. 1 and cell no. 2 LSCF cathode backbone with 7 nm Pt layer. (a) Baseline LSCF phase and
SDC phase and their phase boundary (interface). (b) Active ORR sites for baseline cell no. 1. (c) cell no. 2 cathode backbone with as-deposited conformal Pt
layer. (d) Distribution of Pt surface layer after the electrochemical operation at 750 °C. (e) Distribution of electrocatalyst after the operation. (f) Distribution of
ionic conductor after the operation. (g) Distribution of electrical conductor after the operation. (h) Expected cathode active ORR sites for cell no. 2.
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ion could go through the Pt surface diffusion, through the “spillover”
mechanisms, to the LSCF/SDC interface since the Pt has very low intra-
granular oxygen ion permeability [32]. This is consistent with Fig. 2,
showing the conformal Pt layer is stable across the LSCF/SDC interface
and extends ~100 nm onto the SDC surface, which is the electrochemi-
cally active region that can be extended through polarization.

Interestingly, there is an accumulation of the Pt on the SDC surface
grain boundaries, as shown in Fig. 2c. In general, the SDC is an excel-
lent ionic conductor with negligible electrical conductivity in the air.
Since the Pt is deposited solely on the electrochemical reaction sites
with reduced local atmosphere, the distribution of Pt grains reveals that
the SDC/SDC surface grain boundaries are the active sites for the oxy-
gen reduction reaction, and SDC/SDC surface grain boundaries are car-
rying the sufficient electrical conductivity. Furthermore, it is well-
known that the SDC is a mixed conductor under a reducing atmosphere
due to the mixed-valence state of Ce4+ changes to Ce3+ [33]. The elec-
trical conductivity along the SDC surface grain boundaries is expected
to be further enhanced due to the deposition of the Pt and subsequent
further oxygen reduction reactions taking place at the SDC surface
grain boundaries [34]. In other words, for the SDC surface that is origi-
nally not active for electrochemical reactions, the existence of catalytic
nano-Pt on the SDC surface enabled the formation of the electrochemi-
cally active sites over the entire surface of SDC for enhanced electro-
chemical reactions and reduced polarization resistance.

Rs of the ALD coated cell is also decreased. At elevated tempera-
tures, Pt shows much higher electrical conductivity (~2.7x106 S/m for
Pt at 750 °C, extrapolated data) [35] and negligible ionic conductivity
compared to LSCF. The reduced Rs could be attributed to the additional
faster electrical pathway from the Pt layer. Meanwhile, it is worth
pointing out that the Pt and LSCF have atomic-scale bonding, and the
LSCF grains are significantly strained due to the large lattice mismatch
between the LSCF and Pt, as shown in Fig. 3. Since the Pt is with a lat-
tice parameter of 3.912 Å and smaller than the LSCF lattice parameter
of ~3.925 Å, there is a compressive strain imposed on the LSCF grain
surface. Such compressive strain would decrease the local ionic conduc-
tivity of the LSCF surface layer and offset the conductivity increased
by the Pt layer [36,37]. For the LSCF/SDC coated with Pt, all reaction
steps other than the transport of oxide ions in the mixed ionic and elec-
trical conducting electrodes are facile. Once the conformal layer itself
carriers higher conductivity, even if it is very thin such as ~7 nm, it
would substantially lower the Rs of the cathode and, consequently, the
entire cell. This is very different from the impact of discrete nano-
particles introduced by solution-based infiltration. To the best of our
knowledge, all the effective solution-based infiltrations for the cathode
only result in the reduction of the polarization resistance, not the series
resistance. For the LSCF/SDC mixed conducting cathode backbone, our
result of the conformal coating of Pt unveils that Rs of the entire cell
can also be significantly reduced by applying a nano-scale thin film on
the mixed conducting cathode backbone. This conclusion offers re-
markable tuneability of the conductivity by further engineering the in-
ternal surface of inherent functional SOFC.

Overall, the Pt coating could have introduced two ORR pathways
on the LSCF grain surfaces and SDC grain surfaces, respectively, as
shown in Fig. 3. On the SDC grains, there are active sites along the SDC
surface grain boundaries. On the LSCF backbone, the ORR sites are
lifted from the original LSCF surfaces to the Pt surfaces. However, due
to the low oxygen ion permeability in Pt and the conformality of Pt, the
active sites on the LSCF backbone are limited to the LSCF/SDC inter-
face region. Lower oxygen partial pressure of the LSCF grains could
stabilize the Pt to a metallic state, ensuring the long-term stability of
the LSCF without the Sr surface segregation. Because the conformal Pt
coating layer does not have the Sr diffusion from the backbone either,
covering the LSCF with a conformal ALD layer appears feasible to pre-
vent the Sr surface segregation that is originally taking place on the

LSCF grain surface, and such conformal ALD coating is expected to in-
crease the cell durability over the long term.

3.2. Strained interface for accelerated ionic conductivity introduced by
ALD coating of CoOx

The different Pt interaction with LSCF than that of the SDC is pre-
sumably due to their different conductivity, especially the locally dif-
ferent surface properties and different local oxygen partial pressure on
the grain surfaces. There are significant synergetic interactions be-
tween the ALD layer and the backbone. Such interaction is further con-
firmed and manifested by the ALD coating of a CoOx layer on the cell
with an identical LSCF/SDC cathode.

Cell no. 3 with a 7 nm CoOx layer shows the immediate higher peak
power density of 1.136 W/cm2, which is a 20% enhancement compared
to that of the baseline cell no. 1. The power density increase is accom-
panied by the reduction of Rs to 0.094 Ω cm2 by ~18%, while the Rp of
0.238 Ω cm2 remains unchanged to the baseline cell.

The as-deposited CoOx layer is polycrystalline with a grain size of
~10 nm, and the layer thickness is ~7 nm over the backbone surface
[38]. The CoOx coating layer interacts strongly with the backbone
upon the operation and experiences different morphology evolution de-
pending on backbone phases. After the operation, the CoOx layer grew
into discrete nano-particles with smaller ~20 nm CoOx grains on the
LSCF surfaces (in Fig. 4 a) but much larger ~100 nm CoOx islands on
the SDC surfaces (in Fig. 4 b). Specifically, the CoOx on the LSCF sur-
face is high density and is close to the neighboring grains. EDS exami-
nation indicates the CoOx grains on the LSCF surface is doped with Fe
of ~2%.

The nanostructure evolution of the CoOx layer and the resultant
electrical and ionic pathway changes on the LSCF/SDC backbone are
schematized in Fig. 5. The ALD coated cell remained the same polariza-
tion resistance as that of the baseline, and this is because the CoOx pos-
sesses inferior catalytic activity than LSCF. When the discrete CoOx is
covering the LSCF grain surface, it reduces the catalytic activity of
LSCF. Meanwhile, there is no solubility of Co inside the SDC grains. It
has been demonstrated that a pronounced increase of the Ce3+ compo-
nents comparing the pure CeO2 was present in Co3O4/CeO2 composite
materials containing up to 30% of Co [39]. In the present study, when
the CoOx sits on the mixed conducting SDC grain boundaries, the SDC
surface conductivity could be further enhanced during the oxygen re-
duction reactions due to the change of Ce4+ to Ce3+. The SDC surface
decorated with CoOx becomes the active site for oxygen reduction reac-
tion and compensates for the increase of the polarization resistance on
the LSCF grain surface. Overall, the ALD coated cell depicts the compa-
rable polarization resistance in comparison with that of the baseline.

On the other hand, Rs of the CoOx coated cell is decreased by 18%.
Such a reduction is smaller than that of cell no. 2 with Pt coating. Con-
sidering the discrete nature of the CoOx phase on both the LSCF/SDC
grains, such a reduction of Rs is impressive. On the LSCF surface, the
CoOx grains is with a minimal amount of Fe, implying cation exchange
between deposited Co and Fe from LSCF may occur. For the perovskite
LSCF, Co ions on the Co/Fe sites have smaller binding energy for oxy-
gen than that with Fe ions. Increasing the Co content in LSCF could in-
crease the electrical conductivity of the LSCF backbone [2]. Simultane-
ously, the deposited CoOx layer on the SDC surface developed into the
larger CoOx grains. The discrete CoOx grains exhibit a well-defined
crystal orientation relationship with the underneath SDC phase, as
shown in the Fourier Transformation in Fig. 4 c.

Due to the large lattice parameter difference [40,41], the interface
from the well-epitaxial CoOx grains and the SDC backbone is highly
strained. The strained interface between the SDC and CoOx might also
provide fast ionic conducting pathways and increased electrocatalytic
activity [42]. However, the CoOx on SDC grain surface is discrete. So
the effectiveness of the increased conductivity due to CoOx coating on
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Fig. 4. TEM examination of the operated cell no. 3 with 7 nm CoOx coating. (a) CoOx interacts with LSCF, discrete (Co0.98Fe0.02)Ox, pinned on LSCF. (b) CoOx
discrete nano-grains on the surface of mixed conductor SDC. (c) High-resolution TEM image and the related Fourier transformation show that the CoOx layer
is epitaxial with SDC grain, and the CoOx/SDC interface is highly strained due to the lattice mismatch.

Fig. 5. Schematic of the surface architecture of cell no. 3 LSCF cathode backbone with 7 nm CoOx layer. (a) Cell no. 3 cathode backbone with as-deposited conformal
CoOx layer. (b) Distribution of surface discrete CoOx particles after the electrochemical operation at 750 °C. (c) Distribution of electrocatalyst after the operation. (d)
Distribution of ionic conductor after the operation. (e) Distribution of electrical conductor after the operation. (f) Expected cathode active ORR sites for cell no. 3.

SDC could be much inferior to that of Pt coating. Rs is expected to be
further lowered if the CoOx can be managed to be a continuous layer.

4. Summary

There is significant interaction between the backbone phases and
the ALD Pt or CoOx layers during the electrochemical operations. Both
the Pt and CoOx surface layers went through the re-assembly during the
electrode reaction. Although the Pt and CoOx undergo completely dif-
ferent nanostructure evolution, they share the same feature of a bi-
modal distribution on different-phase surfaces. The surface layer re-
assembly depends on the ALD layer chemistry, the electrochemical ac-
tivity of the LSCF/SDC backbone surface, and the related local oxygen
partial pressure. For the ORR taking place on the LSCF/SDC electrode
surface, it is feasible to apply an electrocatalytic conformal layer to
prevent cations out-diffusion and mitigate the cation surface segrega-
tion. This study also unveils that the series resistance of the entire cell
can be reduced by applying a nano-scale thin film on the mixed con-
ducting cathode backbone. This offers remarkable tuneability of the
conductivity by further engineering the architecture from the internal
surface of a porous electrode.
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