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This study investigates the interface reactivity between Lag 1 Srp9C005Mng503_s (LSCM) protective coat-
ing layer and Crofer22H interconnects. Additionally, we report the mechanism of Cr poisoning of the
LageSro.4CopgFep203_s (LSCF) cathode’s electrochemical properties. The phase, chemical composition,
and element distribution of compounds formed at the LSCM-Crofer22H interface are analyzed by X-ray
diffraction (XRD) and electron dispersive microscopy (EDS). After heat treatment at 800 °C for 100 h, the

Igei',‘:jvord,;" el cell LSCM/Crofer22H sample contains SrCrOs, a compound with good conductivity; the area specific resis-
lstérc(:gn:c: elce tance (ASR) for the LSCM/Crofer22H interconnect is approximately 17-40 mS2 cm?. We found that the

amount of (Mng ggFeg 02 )(Mng o2 Feg 4sCry.5)04, Cr304, and (Fe,Cr), 03 oxides form in LSCF/LSCM/Crofer22H
is significantly less than that in LSCF/Crofer22H. LSCF conductivity after heating at 800°C for 100 h, is
notably higher when in contact with LSCM/Crofer22H than it is when in contact with Crofer22H. These
results demonstrate that the LSCM protective coating prevents LSCF cathode poisoning by Cr evaporated

Protective coating layer
Chromium poison
Cathode

from the Corfer22H interconnects.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Solid oxide fuel cells (SOFCs) efficiently produce electricity
in a silent and environmentally friendly manner. SOFCs offer
many advantages such as high power density, low pollution, and
fuel source flexibility by using hydrocarbon fuels [1]. However,
SOFC high operating temperatures cause cathode poisoning by
chromium species that diffuse from the metal interconnector,
and thus, material compatibility between the electrolyte, elec-
trode, and interconnector are significant challenges. The SOFC
interconnect must exhibit high electrical conductivity, low ionic
conductivity, high mechanical strength, and stability under both
wet hydrogen and air atmospheres. The (La,Sr,Ca)(Cr,Mg)0O3-based
perovskite ceramics were originally used as the interconnect; this
material offered a coefficient of thermal expansion (CTE) similar
to that of other components, and was stable against oxidation
at high temperatures. However, its manufacture is difficult and
expensive. Recently, SOFC operating temperatures decreased to an
intermediate temperature range of 600-800°C, and thus, metal
interconnects now have the potential to supplant the traditional
ceramic interconnect. Metal interconnects offer many advantages
over the ceramic interconnect, including (i) low cost; (ii) mechan-
ical stability; (iii) provide an effective barrier to gas; (iv) good
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conductivity; (v) high thermal conductivity; and (vi) ease of manu-
facture. Additionally, the metal interconnect must exhibit excellent
high-temperature corrosion resistance. Among the available metal
alloy interconnect materials, ferritic stainless steels are good can-
didates because of the high electrical conductivity oxide thin film
that forms on their surface, ease of manufacture, matched CTE,
and low cost. However, high Cr volatility results in poisoning of
the SOFC cathode electrochemical properties. Crofer22 series alloys
have been widely applied as an SOFC interconnect with low area
specific resistance (ASR) after long operating times [2-5], due to
the formation of (Mn,Cr)3;04 and other Cr-rich compounds. How-
ever, Cr volatility still causes degradation in cell performance.
ThyssenKrupp VDM recently developed Crofer22H, a new material
with better mechanical strength and creep characteristics at high
temperature than those of Crofer22 APU. Crofer22 APU required
vacuum casting, while Crofer22H can be produced in air. The Cro-
fer22H elemental chemical composition is shown in Table 1.

The chromium content of a metal alloy diffuses toward the
interconnect-cathode interface where Cr,0j3 is formed. The Cr,03
can react with water to form CrO,(OH),, which then diffuses into
the cathode electrode to form Cr,03 at the cathode-electrolyte
interface. The formation of Cr,O3 on both sides of the cathode,
between interconnect and electrolyte [6-9], prohibits electron
flow into the cathode, and causes an apparent increase in cath-
ode resistance. In addition, the oxygen reduction reaction (ORR)
is prohibited due to reaction of electrons with gaseous CrO,(OH),
to form Cr,03; this significantly decreases the rate of oxygen ion
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Table 1

Chemical composition of Crofer22H.
wt.% C S Cr Mn Si Ti Nb Cu Fe P Al w La
Crofer22H 0.007 <0.002 22.93 0.43 0.21 0.07 0.51 0.02 73.26 0.014 0.02 1.94 0.08

transport to the electrolyte. This process results in an increase in
electrical resistance, and decreases the cathode’s oxygen catalytic
activity, causing SOFC performance and stability to decrease grad-
ually [10-12].

To prevent Cr in the metal interconnect from poisoning the cath-
ode, a protective oxide coating on the metal interconnect surface
may provide high electrical conductivity with low Cr diffusion at
high temperatures. Many types of protection layer materials are
in use, including LaggSrp1MnOs3 [13], LaggSrg4CogaFeqg03 [14],
LaggSrg2Co05 [5], Ag-perovskite [15], yttria/cobalt or yttria/gold
[16], CuMn; 804 [17], and Y or Co [18]. Among these protection
layer materials, (Mn,Co)304-based materials are most widely used
[19-23]. However, the CTE of (Mn,C0)30; is about 11.5 x 10-6 K-
[24], which is less than that of the La,Sri_xCoyFe;_,05_s5 (LSCF)
cathode, with a CTE of 15-19 x 10-6K~! [20]. A CTE mismatch
between cathode protection layers may cause cracking, and cause
unstable SOFC performance after a long period of operation.

Lag 1Srp9C005Mng503_5 (LSCM) is a potential material for the
protection layer because it has high electrical conductivity and
matched CTE, similar structure, and electrochemical composition to
the LSCF cathode. Perovskite LSCM has CTE values of approximately
15.6 x 10~ K~1 [20], which is close to that of the LSCF cathode
material. Additionally, LSCM conductivity is 175Scm~! at 800°C
[20], greater than that of Mn; 5C01.504 at 90 S cm~! [23]. Good con-
ducting compounds, such as SrCrO3 and Mnj 5CrOg4, are expected
to form within the LSCM protection layer, which should prevent Cr
from diffusing into the LSCF cathode [25-27]. To minimize the for-
mation of Cr,03 and Cr304, we used LSCM to form a low resistance
and high electrical conductivity oxide coating on Crofer22H, and
prevent poisoning of the LSCF cathode.

In this study, the Crofer22H surface was coated with
Lag1Srp9Co095Mng503_5 (LSCM) by screen-printing, followed by
heat treatment at 800 °C for 100 h. The phase, element distribution,
and microstructure of the oxidized film were analyzed in detail.
Additionally, we investigated the effect of the LSCM protection
layer on the electrochemical performance of the LSCF cathode.

2. Experimental

LSCM powder was prepared by citrate—EDTA complexation [29].
Ethylenediaminetetraacetic acid (EDTA, Riedel-dehaen, 98%) was
mixed with 6 M NH3 to form an NH3-EDTA solution. La(NO3)3-6H,0
(Alfa Aesar, 99.0%) was added, and the mixture was gently
heated and stirred. Meanwhile Sr(NOs), (Alfa Aesar, 99.0%),
Mn(NO3),-4H,0 (Fluka, 97.0%), and Co(NOs3),-6H,0 (].T. Baker,
99%) were combined in a second vessel containing 6 M NH4OH solu-
tion, and the two solutions were then mixed with stirring before
citric acid (J.T. Baker, 99.8%) was added. The resulting mole ratio of
EDTA:citric acid:total metal ions was 1:1.5:1. The pH was adjusted
to pH 6 by addition of 6 M NH4OH solution. The final solution was
heated to 100 °C on a hotplate, and stirred until the water had evap-
orated, leaving a sticky gel. This gel was heated at 200 °C for 3 h and
calcined at 1100°C for 12 h to obtain the LSCM powders. The LSCM
protection layer was coated on Crofer22H interconnect by screen-
printing. A slurry of LSCM at a suitable viscosity for screen-printing
was typically prepared by ball-milling a mixture of LSCM with ethyl
cellulose-terpineol (J.T. Baker) binder. After screen printing, the
LSCM/Crofer22H composite was baked at 400 °C for 3 h.

The electrical conductivity of symmetrical samples was mea-
sured continuously for 100h at 800°C in air, using four DC
terminals. Silver was used for the metal electrodes. Data acqui-
sition was performed using Agilent Technologies 34970A, 6645A
data acquisition and switch units with a separate power supply
(GWINSTEK GPS-3030DD). Fig. 1(a) shows a schematic diagram
of the experimental setup. Sample ASR depends on the following
relation:

ASR = Tsts + Tolo (1)

where 75 and ¢ are the resistance and thickness, respectively, of the
metal interconnect, while t, and ¢, are the resistance and oxidation
thickness, of the surface oxide layer. The resistance of alloy is sig-
nificantly lower than that of the surface oxide layer, and therefore,
the alloy’s resistance could be neglected. Therefore, the ASR of the
protection layer/interconnect sample is described by the following
equation:

ASR = 150 (2)

To investigate the effect of Cr on the electrical conductivity and
resistance of LSCF cathode electrode, the LSCF rectangular bar and
symmetrical LSCF/Ceg gSmg 019 (SDC, Gimat)/LSCF cells were con-
tacted with Crofer22H and LSCM/Crofer22H respectively, as shown
in Fig. 1(b) and (c), and heated at 800 °C for 100 h. Composite elec-
trode disks comprising LSCF-30 wt.% SDC were screen printed on

a ! l

b
Crofer22 H
LSCF
c
Crofer22 H
LSCF/SDC/LSCF

Fig. 1. (a) Schematic of ASR measurement device for with and without protective
layer for Crofer22H samples. Schematic of (b) LSCF cathode and (c) LSCF/SDC/LSCF
symmetry cell samples for conductivity and AC impedance measurements.
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both sides to prepare symmetrical cells for use in electrochemi-
cal impedance spectroscopy (EIS). The SDC substrate disks, 10 mm
in diameter and 0.5 mm thick, were prepared by solid-state sin-
tering at 1600°C for 4h. A slurry at an appropriate viscosity for
screen printing was typically obtained by ball-milling a mixture
of 0.3 g LSCF with 0.13 g SDC powder and ethyl cellulose-terpineol
binder. After screen-printing, the cells were baked at 120°C and
then sintered at 1050°C for 5h.

The electrical resistance of LSCF samples was measured in air
using a DC four-terminal approach (Fig. 1(a)), and sample electrical
conductivity was calculated from the following equation:

L
where o, electrical conductivity (Scm~1), L, specimen thickness
(cm), A, cross-sectional area (cm?), £2, resistance (ohm, £2).

The EIS was performed using an impedance analyzer (HIOKI,
3532-50) at 30mV, and operating at frequencies ranging from
0.01 Hz to 1 MHz, at temperatures ranging from 600 to 800 °C.

The phases present in the oxidation layers on Crofer22H and
LSCM/Crofer22H following heat treatment was determined using
an X-ray powder diffractometer (LabX, XRD-6000), and low grazing
angle XRD (Rigaku 18 kW Rotating Anode X-ray Generator) with Ni-
filtered Cu Ka radiation. Diffraction angle scanning was from 15° to
80° in 0.01° steps at a rate of 1° min~!. The analyses of microstruc-
ture and element distribution were conducted using field emission
scanning electron microscopy (FE-SEM) (JEOLJSM-6701F) and elec-
tron dispersive spectroscopy (EDS) (INCA HP12 3SE, UK).

3. Results and discussion

Fig. 2 shows the Glancing Angle X-ray Diffraction (GAXRD) pat-
terns of the Crofer22H surface, the LSCF/Crofer22H interface, the
LSCM/Crofer22H interface, and LSCF with LSCM/Crofer22H after
heat treatment at 800 °C for 100 h. Fig. 2(a) shows that Cr, 03 (JCPDS
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Fig. 2. GAXRD patterns after heat treatment at 800 °C for 100 h of (a) Crofer22H, (b)
LSCF and Crofer22H interface, (c) LSCM and Crofer22H interface, and (d) LSCF and
LSCM/Crofer22H interface.

84—0315) and (Mn().ggFeO'oz )(MH0.02 Feg4gCris )04 (JCPDS 89—3746)
oxides formed on the surface of Crofer22H during heat treatment.
Fig. 2(b) shows that the presence of SrCrO3 (JCPDS 20-1192), LaCrO4
(JCPDS 49-1710), CoCr,04 (JCPDS 80-1668), Cr304 (JCPDS 12-
0559), (Mng ggFeq02)(Mng o2 Feg48Cry5)04, and (Fe,Cr);03 (JCPDS
02-1357) oxides formed at the interface between LSCF and Cro-
fer22H. The (Fe,Cr);03 oxide is the main component of rusting
iron, and the compound has a high electrical resistance. Thus, it is
anticipated that the ASR of LSCF/Crofer22H should increase due to

Elements Atomic(%) Elements Atomic(%0)
O 70.37 O 63.24
Cr 4.97 Cr 0
Fe 2.86 Fe 283 (2)
Co 8.48 Co 11.79 (8)
Sr 6.38 Sr 10.13 (4)
La 6.94 La 12.01 (6)
Total 100 Total 100

Fig. 3. SEM micrographs and EDS results of LSCF cathode coated (a) Crofer22H, and (b) LSCM/Crofer22H after heat treatment at 800 °C for 100 h.
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Fig. 4. SEM cross-sectional micrographs and EDS line-scans of (a) LSCF/Crofer22H, and (b) LSCF/LSCM/Crofer22H after heat treatment at 800 °C for 100 h.

the formation of (Fe,Cr),03 oxides. Fig. 2(c) shows phases present
at the LSCM and Crofer22H interface include SrCrOs, LaCrOg,
Mn; 5CrO4 (JCPDS 44-0909), (Mn,Co)Cr, 04 (JCPDS 36-0546 and 80-
1668), and Cr304. The Cr,03, which was apparently present at
the Crofer22H surface, was not observed in this sample. Fig. 2(d)
shows that phases formed at the interface between the LSCF cath-
ode and LSCM/Crofer22H include SrCrOs, LaCrO4, and Mn; 5CrOy.
None of the high electrical resistance compounds Cr30g4, Cry03,
or (Fe,Cr),03 were detected. We expected that conductivity of
the LSCF/LSCM/Crofer22H sample would be greater than that of

LSCF/Crofer22H, and that the LSCM protection layer could prevent
the LSCF cathode from poisoning by Cr evaporated from the Cro-
fer22H [28]. The conductivity and electrochemical properties are
discussed below.

There was large quantity of (Mn, Co)Cr,04-based compounds
formed at the LSCM/Crofer22H and LSCF/LSCM/Crofer22H inter-
faces. However, only small amount of MnCr,04 compound formed
at the LSCF and Crofer22H interface, due to the small quantity of
manganese present in Crofer22H (Table 1). Therefore, the conduc-
tivity of LSCF/LSCM/Crofer22H should be much greater than that of
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Element ements
B La(% Sr(%) Co(%) Cr(%) Fe(%) Cl(%) O(%) p La(%) $r(%) Co(%) Mn(%) Cr(%) Fe(%) Cl%) O(%)
011 o1n!

1 5 - 941  90.59

1 E - 1482 8513
2 3.01 277 382 - 037 330 8173

2 1551 8449
3 779 670 1121 1.26 277 70.27
3 936 869 1036 1077 370 51.12 4 865 603 1158 046 117 3.51 68.60
4 1657 459 2451 3087 659 -~ 16.87 5 771 1045  6.36 1.96 1.90 349 67.63
6 3.93 603 1274 036 0.94 0.36 68.59

5 1657 721 1873 8352 698 41.99
7 1.67 307 040 016 2.18 92.52

6 5.28 893 425 1182 223 - 6749
8 0.29 609 490 225 5.47 1.22 79.49

1977 60.92 - 19.31
s 9 1463 30.03 - 19.91 35.43
10 - 1498 4436 40.65

Fig. 5. SEM cross-sectional micrographs and EDS point-scans of (a) LSCF/Crofer22H, and (b) LSCF/LSCM/Crofer22H after heat treatment at 800 °C for 100 h.

LSCF/Crofer22H because of the formation of highly stable and con-
ductive MnCr,04. Additionally, trivalent Cr in (Mn, Co)Cr,04 would
not diffuse into the LSCF cathode by either solid-state or gaseous
diffusion mechanisms.

Fig. 3 shows surface morphology micrographs and EDS
results for the LSCF cathode coated on both Crofer22H and
LSCM/Crofer22H after heat treatment at 800 °C for 100 h. The EDS
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Fig. 6. Variation in ASR for (a) LSCF/LSCM/Crofer22H, and (b) LSCF/Crofer22H at
800°C for 100 h.

results show that 4.97% Cr was present in the LSCF/Crofer22H sam-
ple; however, no Cr was detected in the LSCF/LSCM/Crofer22H
sample. It was intended that the LSCM protection layer would
prevent Cr diffusion and poisoning of the LSCF electrochemical
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Fig. 7. Conductivity of LSCF cathode contacting with (a) Crofer22H, and (b)
LSCM/Crofer22H after heat treatment at 800 °C for 100h, as a function of tempera-
ture.
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Fig. 8. Impedance spectra of (a) LSCF/LSCM/Crofer22H/LSCF, and (b) LSCF/Crofer22H/LSCF symmetry cells and measured at (A) 600°C, (B) 650°C, (C) 700°C, (D) 750°C, (E)

800°C. (F) depicts the equivalent circuit for fitting the impedance spectra.

properties. However, the surface EDS results depend on the
thickness of the LSCF and LSCM layers, so we carried out EDS
cross-section line-scans of samples to confirm the elemental dis-
tribution. Fig. 4 shows the SEM cross-section micrographs and EDS
line-scan results for LSCF/Crofer22H and LSCF/LSCM/Crofer22H
samples. The figure shows that Cr did not diffuse to the LSCF cath-
ode, and that the LSCM protection layer effectively prevented Cr
ion diffusion. However, in the absence of an LSCM protection layer,
the Cr apparently diffused into the LSCF layer.

To investigate the Cr distribution in detail, we conducted EDS
point-scan analysis of sample cross-sections. In Fig. 5(a), points 1
and 2 result from epoxy resin, and point 7 is the Crofer22H inter-
connect. The points 3-6 are from the LSCF layer. We found that
high Cr concentrations in the LSCF cathode contacting Crofer22H.
Apparently, Cr had diffused from the Crofer22H interconnect
to the LSCF cathode. According to the XRD pattern shown in
Fig. 2(b), the main phases are (Mng ggFeg g2 )(Mng g2Feg 4g8Cry5)04
and (Fe,Cr),03. These are compounds with high electrical

resistance. In Fig. 5(b), points 1 and 2 are respectively, epoxy resin
and the LSCF cathode, and point 10is the Crofer22H interconnect. Cr
was not detected in the LSCF outer layer (point 2). Point 5 represents
the LSCF and LSCM interface. The interface contains greater concen-
tration of Sr, Cr, and Mn compared to that represented by points 4
and 6. We suggest that large amounts of SrCrO3 and Mn 5CrOy,
and a small quantity of LaCrO4 formed at both LSCF/LSCM and
LSCM/Crofer22H interfaces. The points 8 and 9 represent the oxide
layer in Crofer22H. Cr tended to react with Sr and Mn to form
SrCrO3 and Mnq 5CrO4 at the LSCM/Crofer22H interface, which is
consistent with the XRD pattern shown in Fig. 2(d). Accordingly,
elemental distribution results showed that the LSCM protection
layer is effective in preventing Cr diffusion into the LSCF cathode.
The concentration of Cr in LSCF coated onto LSCM/Crofer22H was
much less than that in LSCF coated onto Crofer22H.

Fig. 6 shows the ASR of LSCF/LSCM/Crofer22H and
LSCF/Crofer22H samples after heat treatment at 800°C for 100 h.
The figure clearly shows that the ASR values of the LSCF/Crofer22H
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Table 2
Resistance values of (a) LSCF/LSCM/Crofer22H/LSCF and (b) LSCF/Crofer22H/LSCF
symmetry cells as a function of temperature.

Temperature Impedance
R2 (Q cmZ) Rtota](g2 sz)

600°C (a) 10.50 172.86 183.36 60%
600°C (b) 1.67 72.46 74.13 160%
650°C (a) 0.64 50.66 51.30 46%
650°C (b) 0.02 27.58 27.60 v46%
700°C (a) 0.02 18.31 18.33 439
700°C (b) 0.002 10.49 10.49 Vas%
750°C (a) 0.56 4.97 5.53 31%
750°C (b) 0.25 3.54 3.79 3%
800°C (a) 0.15 1.97 212 o
800°C (b) 0.14 1.27 1.41 133%

increase from 60 to 105mS$2cm? during the heat treatment,
and the increase in the ASR slope is 0.4686m&cm?h~1. The
LSCF/LSCM/Crofer22H sample ASR value only increases from 17
to 40m2 cm? during heating, the increases in the ASR slope
is 0.2648 mQ2 cm? h~!. Comparing the ASR values and slopes of
LSCF/LSCM/Crofer22H with LSCF/Crofer22H shows that the LSCM
protection layer can efficiently protect the LSCF cathode from
poisoning by Cr, and retain low electrical resistance after long
periods of heating.

To investigate the effect of Cr poisoning on the LSCF cath-
ode’s electrical and electrochemical properties, we used a 4-probe
DC method and AC impedance spectroscopy to measure the con-
ductivity, and polarization of the LSCF cathode electrodes while
contacting with Crofer22H and the LSCM/Crofer22H interconnect
during heating. The LSCF electrode conductivity, in contact with
LSCM/Crofer22H, fell in the range of 907-601Scm~! from 50 to
800°C (Fig. 7). This range that is about 1.5 times greater than
that of the LSCF electrode (593-314Scm~') when in contact with
Crofer22H. This finding apparently demonstrated that LSCF in the
absence of the LSCM coated layer, will be poisoned by Cr diffu-
sion from the Crofer22H interconnect, due to the formation of
CI'304, (Fe,Cr)203 and (MHO.QSFE0.0Z)(Ml’l(),()zFeO.4gCI'].5)O4 oxides.
The LSCM protection layer prevents Cr diffusion into the LSCF cath-
ode; therefore, LSCF conductivity remains high at 800°C for 100 h.

The charge transfer and oxygen ion diffusion-polarization of
LSCF cathodes, contacting with Crofer22H and LSCM/Crofer22H,
were measured by AC impedance spectroscopy in the temper-
ature range 600-800°C. The equivalent circuit [30], shown in
Fig. 8(F), was used to fit the impedance spectra. R1 includes the
electrolyte, electrode, and lead ohmic resistance; R2 corresponds

200
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Fig. 9. Resistance of (a) LSCF/LSCM/Crofer22H/LSCF, and (b) LSCF/Crofer22H/LSCF
symmetry cells measured at 600-800 °C.

to resistance arising during the charge transfer process. R3 corre-
sponds to the adsorption-desorption of oxygen, oxygen diffusion
at the gas-cathode interface, and surface diffusion of intermedi-
ate oxygen species. Table 2 and Fig. 9 are the resistance values
of LSCF/LSCM/Crofer22H/LSCF and LSCF/Crofer22H/LSCF symme-
try cells as a function of temperature. These results indicate that
Riota) for the sample coated with LSCM, is much smaller than it is
for the uncoated sample. The resistance to diffusion of oxygen ion
becomes serious when the LSCF was poisoned by Cr, and leads to
the conversion of oxygen molecules into oxygen ions; oxygen ion
diffusion then becomes more difficult. The extent of oxygen ion
diffusion into the electrolyte significantly decreases, resulting in a
drastic decline in SOFC power efficiency. The polarization of the
LSCM coated LSCF cathode contacting with Crofer22H was much
smaller than that of uncoated LSCF cathode contacting Crofer22H,
at low temperatures in particular.

4. Conclusions

The ASR of LSCF/LSCM/Crofer22H increased from 17 to
40 mS2 cm?, which was a much lower increase than that seen for
LSCF/LSCM samples. Additionally, the conductivity of LSCF contact-
ing LSCM/Crofer22H at 800°C was about 601-907 Scm~!, which
was much higher than that for LSCF contacting Crofer22H. The
resistance to oxygen charge transfer and oxygen ion diffusion
by the LSCF cathode contacting LSCM/Crofer22H at 800°C was
significantly lower than that of LSCF contacting with Crofer22H,
especially in the lower temperature range of 600-700°C. These
results suggest that the LSCM layer was effective at preventing Cr
diffusion or evaporation from the Crofer22H interconnect into the
LSCF cathode, and so prevent the reduction of oxygen and sub-
sequent oxygen ion diffusion. XRD and EDS results confirm that
the LSCM coating layer could produce high conductivity oxides,
including SrCrO3, LaCrO4, Mn; 5CrOg4, and (Mn,Co)Cr,04 and pre-
vent the formation of large quantities of low conductivity Cr3Og4,
(Mno‘ggFeo'oz)(MH0.02F60.43CI'].5)O4, and (Fe.Cr)203. We conclude
that the performance of LSCF/LSCM/Crofer22H is superior to that
of LSCF/Crofer22H.
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