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ABSTRACT

The structural, thermal and electrical characteristics of calcium- and nickel-doped yttrium chromites
were studied for potential use as the interconnect material in high temperature solid oxide
fuel cells (SOFCs) and other high temperature electrochemical and thermoelectric devices. The
Yo.sCap2Cr;_xNiyO3,s compositions with x=0-0.15 showed single phase orthorhombic perovskite struc-
tures between 25 and 1200°C over a wide range of oxygen partial pressures. Nickel doping remarkably
enhanced sintering behavior of otherwise refractory chromites, and densities 94% of theoretical density
were obtained after sintering at 1400 °C in air with 15 at.% Ni. The thermal expansion coefficient (TEC)
was increased with nickel content to closely match that of an 8 mol% yttria-stabilized zirconia (YSZ)
electrolyte for 0.05 < x <0.15. Nickel doping significantly improved the electrical conductivity in both
oxidizing and reducing atmospheres. Undesirable oxygen ion “leakage” current was insignificant in dual

Conductivity
Sinterability

atmosphere conditions. No interfacial interactions with YSZ were detected after firing at 1400°C.

Published by Elsevier B.V.

1. Introduction

Solid oxide fuel cell (SOFC) represents one of the environmen-
tally clean and versatile means of efficiently generating electrical
power utilizing various fuel sources. In SOFC stacks, multiple cells
are electrically connected in series via interconnects to accumulate
the output voltage, and one of the recognized materials-related
challenges in the SOFC technology is the development of inter-
connect materials. Since the interconnect is exposed to a large
oxygen partial pressure gradient and makes electrical connection
between cells, there are rigorous requirements in the material’s
properties such as chemical and dimensional stability, high elec-
tronic conductivity and negligible ionic conductivity in oxidizing
and reducing atmospheres, good sinterability, thermal expansion
match and chemical compatibility with other cell components.

Currently, there are two major approaches in developing
interconnect materials: metallic and ceramic [1,2]. The major
advantages of metallic interconnect are high electronic and thermal
conductivities, low cost, and ease of manufacturing [3,4]. How-
ever, the operating temperature of the SOFC with the metallic
interconnect is limited to ~800°C or below to prevent an exces-
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sive chromium oxide scale growth and cathode poisoning [5-9].
Certain SOFC stack designs which offer their own practical mer-
its at high temperature operation require ceramic interconnects
despite their lower electrical conductivity and higher materials cost
compared to the metallic interconnects. Currently, acceptor-doped
lanthanum chromite is the state-of-the-art ceramic interconnect
material [10-13]. It is electrically conductive and chemically sta-
ble in wide oxygen partial pressure range, and thermal expansion
can be matched with yttria-stabilized zirconia (YSZ) electrolyte by
adjusting A-site- and B-site doping [10,14-18]. The major challenge
for lanthanum chromite-based materials for SOFC interconnect
applications is their extremely inferior sintering behavior in air
which has been attributed to the development of a thin layer
of Cr,03 at the interparticle necks during the initial stages of
sintering [1,19]. In addition, lanthanum chromite can react with
the YSZ electrolyte at high temperatures causing the formation
of a highly resistive lanthanum zirconate (La;Zr,07) phase [20],
which makes cost-effective co-firing processes impractical. There-
fore, developments of an advanced interconnect material with high
electrical conductivity and stability in dual atmospheres, improved
sinterability in air, and chemical compatibility with YSZ would be
extremely advantageous.

Acceptor-doped yttrium chromite is considered to be one of
the promising alternatives to acceptor-doped lanthanum chromite
because it is more stable with respect to the formation of
hydroxides in SOFC operating conditions, and the formation of
impurity phases can be effectively avoided at co-firing temper-
atures (~1400°C) [21,22]. In addition, calcium-doped yttrium
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chromite exhibits higher mechanical strength than lanthanum
chromite-based materials [23]. Researchers have studied thermal
and electrical properties of doped and undoped yttrium chromite
[21,22,24-26], and the major drawback of yttrium chromite
is considered to be its lower electrical conductivity than lan-
thanum chromite [2]. Improved properties can possibly be obtained
through doping yttrium chromite with iso- and/or heterovalent
cations. In this work, calcium- and nickel-doped yttrium chromites
were synthesized using the glycine nitrate method. The effect of
nickel doping on chemical stability, sintering and thermal expan-
sion behavior, microstructure, electronic and ionic conductivity,
and chemical compatibility with YSZ (i.e. the properties essential
for the SOFC interconnect application) was studied. Details of the
study on electrical conductivity and dimensional stability, includ-
ing a defect model, are reported separately [27].

2. Experimental

The compositions of Yg gCag2Cry_xNixO3, s (x=0-0.3) were syn-
thesized using the glycine nitrate process [28]. The precursors of
yttrium, calcium, chromium, and nickel nitrates were standard-
ized by gravimetric analysis, and mixed according to the desired
stoichiometry with glycine. The glycine/nitrate mixtures were
combusted, and the raw powders were calcined at 1200°C for
2h in air. After calcination, the phase purity was verified using
X-ray diffraction (XRD) analysis (Philips 3100 XRG, Philips Ana-
lytical Inc.). The chemical stability in reducing atmosphere was
confirmed by annealing the powders at 800 °C in humidified hydro-
gen (pO;=4x10"22atm) for 12h and examined via XRD. The
phase stability between 25 and 1200 °C was studied using a Philips
X'Pert-MPD X-ray diffractometer with secondary beam graphite
monochromated Cu Ko radiation, equipped with an Anton Paar
HTK1200 high-temperature chamber.

Rectangular specimens were prepared by uniaxial pressing at
35 MPa followed by isostatic pressing at 200 MPa. Sintering shrink-
age was measured at temperatures up to 1400°C in a dilatometer
using ~3 mm x ~3 mm x ~14 mm bars, and the sintered samples
were used to measure thermal expansion coefficients (TECs) in the
temperature range of 100-900 °C in air. Samples for scanning elec-
tron microscopy (SEM) analysis (JEOL JSM-7600F equipped with
energy dispersive X-ray spectroscopy (EDS) detector) were sintered
at 1400 °C for 4 h, polished, and thermally etched at 1375 °C. Grain
size was determined using the line intersection method.

Electrical conductivity measurements were performed by a
four-probe DC method using ~3 mm x ~3 mm x ~30mm rect-
angular bars sintered at 1400-1700°C for 12h to achieve the
maximum density. The electrical contacts were made using Pt
wires and Pt paste, and conductivity was measured in the tem-
perature range 600-900°C while varying the oxygen partial
pressure by mixing oxygen and nitrogen for oxidizing atmospheres
(pO, =0.001-0.21 atm), and carbon dioxide and forming gas (3% H
in N,) for reducing atmospheres (pO, =10-17-10-11 atm).

Oxygen permeation measurements were performed on a
~98% dense YggCag2CrggsNig.1503 disc in the temperature range
400-900°C. The ~2.5mm thick disc was uniaxially pressed at
35 MPa and isostatically pressed at 200 MPa followed by sintering
at 1550 °C. It was mounted between two alumina tubes and sealed
with gold o-rings at 900 °C by pressure loading. Forming gas was
fed to the permeate side, and air was supplied to the feed side, each
ata constant flow rate of 30 cm3 min~!. The oxygen partial pressure
of the Hy /N, output gas on the permeate side was measured using a
zirconia-based oxygen sensor, and the oxygen flux through the disc
was calculated based on the assumption that the increase in the
total amount of oxygen in the permeate gas (resulting in increases
in the oxygen partial pressure, ApO,, and water vapor partial pres-

Fig. 1. XRD patterns of Yo gCap2Cri_xNixO3.5 (x=0-0.3) powders after calcinations
at 1200°C in air for 2 h.

sure, ApH,0) is entirely due to oxygen ion permeation through the
disc. The gas composition of the output gas was obtained from the
H,-H,0 equilibrium condition using the measured oxygen partial
pressure. The oxygen flux through the sample (jO, ) was determined
as:

(ApOy +(1/2)ApH,0)-Q
- 5 (1
where Q is the flow rate of the sweep gas and A is the exposed disc
area.

In chemical compatibility studies, YggCag2CrogsNip 15034
powder was mixed with 8 mol% YSZ powder to obtain a 50:50
weight ratio, ball-milled for 24 h and fired in air at 1400°C for 12 h.
The resulting specimen was crushed and the powder was analyzed
by XRD.

JjO2

3. Results and discussion
3.1. Phase structure and stability

Fig. 1 shows the XRD patterns of YggCag;Cri_xNixOs.s
(x=0-0.3) powders after calcination in air. The XRD patterns show
the single phase formation of an orthorhombic perovskite structure
up to x=0.15. Secondary phase peaks such as NiO and Y,03; were
observed at x > 0.2. Therefore, the substitutional limit of nickel for
the formation of a single phase solid solution is betweenx =0.15 and
0.20.The phase stability of Yo gCag 2 Crg g5Nig 1503.5 after annealing
at 800°C for 12 h in a reducing environment (pO, =4 x 1022 atm)
was confirmed using XRD. XRD patterns indicated no phase change
due to the exposure to reducing atmosphere.

Chromite-based perovskite oxides can undergo an
orthorhombic-rhombohedral phase transformation which is
likely to cause problems during thermal cycling due to non-
linear thermal expansion behavior [14] and loss of mechanical
strength [29]. Especially, calcium-doped lanthanum chromite
was reported to show a significant degradation in mechanical
properties between 300 and 500 °C because of the orthorhombic-
rhombohedral phase transition [23,29]. The phase stability of
Yo.8Cag2Crpg5Nip.1503.5 between 25 and 1200°C was examined
using high temperature XRD, and a single orthorhombic phase
was found in the entire temperature range. Therefore, calcium-
and nickel-doped yttrium chromite is expected to show better
mechanical strength during thermal cycling than calcium-doped
lanthanum chromite. Fig. 2 shows the thermal evolution of (11 2)
and (200) peaks. Fitting these XRD peaks allowed obtaining the
lattice parameters listed in Table 1. The unit cell volume showed
a linear increase with temperature as given in Fig. 3, and the
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Fig. 2. Thermal evolution of selected XRD peaks of Yo gCag 2 Crog5Nig 1503.5 obtained
in the temperature range 25-1200°C in air.

Table 1
Unit cell dimension of Yo gCag2CrogsNio 1503.s calculated at different temperatures.
Temperature (°C) a(A) b (A) c(A)
25 5.250 5.499 7.514
250 5.267 5.503 7.540
500 5.289 5.512 7.570
750 5.308 5.519 7.595
1000 5.325 5.523 7.617
1100 5334 5.524 7.627
1150 5.338 5.526 7.632
1200 5.341 5.526 7.636

thermal expansion coefficient (TEC) of Y gCag2CrggsNig1503.5
was estimated to be 11.3 x 1076K-1 from the cubic root of the
unit cell volume [30]. As reported below, this TEC value was
additionally verified with dilatometry measurements.

3.2. Sintering behavior

Fig. 4 shows the sintering behavior of green rectangular bars of
Yo0.8Cap2Cri_xNixO3,5 (x=0-0.3) between 900 and 1400 °C. Sinter-
ability was remarkably enhanced with nickel doping up to x=0.15,
while further increase in the amount of nickel impaired the sinter-
ing properties. Therefore, it appears that nickel doping improves

Fig. 3. Change of Yy sCag2Crogs5Nio 1503.5 unit cell volume as a function of temper-
ature between 25 and 1200°C.

Fig. 4. Sintering behavior of YogCap2Cri_xNixO3.5 (x=0-0.3) in the 900-1400°C
interval.

the sinterability in a single orthorhombic perovskite phase, while
the second phase formation due to the excessive doping suppresses
the densification. Chromium-containing oxides are known to be
extremely difficult to densify due to volatilization of chromium
species and formation of a thin Cr, 03 layer at the interparticle neck
[1,19]. Sinterability of lanthanum chromites has been reported to
improve with transition metal doping due to the transient liquid
phase formation [31] and/or chromium stabilization resulting in
reduced volatilization rate of chromium species [16]. Sinterabil-
ity of yttrium chromite is considered to be improved by Ni-doping
for similar reasons. In Fig. 4, inflection points are observed in the
sintering curves between 1200 and 1300 °C for x=0.05-0.15. Inflec-
tions in sintering curves generally suggest a change in the sintering
mechanism at that point. Pronounced curvature change in sin-
tering curve is usually an indication of the generation of a liquid
phase [32], and further study is required to elucidate the sinter-
ing mechanism of this system. The relative densities measured
through the Archimedes method showed that ~94% of theoret-
ical density can be obtained for x=0.15 at 1400°C while 81%
and 65% of theoretical density were observed for the same com-
position at 1350 and 1300°C, respectively. Since an acceptable
relative density of ceramic interconnect is >94% [33], the present
study indicates that adequately dense interconnects can be fab-
ricated by co-firing at ~1400°C with an optimum amount of Ni
dopant in the YggCagCri_xNixO3 system. Fig. 5 shows the SEM
images of YggCap2Cri;_xNixO3.s (x=0, 0.15 and 0.3) sintered at
1400°C for 4 h and thermally etched at 1375 °C. The sample with-
out nickel, Fig. 5(a), was highly porous (55% of theoretical density)
and the average particle size was ~0.4 pm, which indicates a lim-
ited amount of sintering and coarsening of the powder. Open pores
significantly decreased and the average grain size increased with
nickel doping, Fig. 5(b) and (c). In addition, backscattered electron
image and EDS analysis revealed the formation of secondary phases
(nickel oxide and yttrium oxide: dark area) at a higher nickel con-
tent of 30%, Fig. 5(c), which was consistent with XRD observations
(Fig. 1).

3.3. Thermal expansion

Fig. 6 shows the TECs of YggCag2Cri_xNixO3,s (x=0-0.3) in
air in the 100-900°C temperature interval measured by dilatom-
etry. There was no indication of non-linear thermal expansion
behavior within the measured temperature range, which further
confirms the phase stability. TEC increased from 9.7 x 10-6 K1
to 11.5 x 1076 K~1 with increasing nickel content from x=0 to
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Fig. 5. Microstructures of YogCap2Cry_xNixOs.s sintered at 1400 °C for 4 h and ther-
mally etched at 1375°C: (a) x=0, (b) x=0.15, and (c) x=0.3.

0.15, and the results are reasonably consistent with the values
estimated by high temperature XRD (Table 1 and Fig. 3). It is
important to match the thermal expansions of the cell compo-
nents in order to minimize the thermal stress in the SOFC stack
caused by thermal cycles, and it closely matches that of 8 mol% YSZ
(~10.8 x 10-6K~1 [34]) when x is between 0.05 and 0.15. Without
Ni-doping, the TEC of calcium-doped lanthanum chromite linearly
increases with calcium content, and requires more than 30% cal-
cium for the TEC to match that of YSZ [2]. However, chromite-based
materials with more than 25% of calcium doping are considered
to be less stable due to the secondary phase formation of calcium
chromate (CaCrO4) [2,22]. Therefore, it would be advantageous
to control TEC of yttrium chromite by adjusting the amount of

Fig. 6. Thermal expansion coefficients (TECs) of Yo gCap2Cr;_xNixO3.s (x=0-0.3) in
air in the temperature range 100-900°C.

nickel doping and keep the calcium content below 25% to maintain
stability. Further increase in nickel content above x=0.2 is seen
to decrease TEC, Fig. 6, likely due to the formation of secondary
phases.

3.4. Electrical conductivity

The electrical conductivity of YggCag2Cri_xNixO3.s (x=0-0.3)
was measured in the temperature range 600-900°C in air as
shown in Fig. 7. The electrical conductivity increases with tempera-
ture, which indicates a thermally activated conduction mechanism.
Nickel doping on the B-site leads to a substantial increase in con-
ductivity, and the maximum conductivity value was obtained for
x=0.15. In particular, the conductivity at 900°C increased from
10.2Scm™! for x=0 to 34.0Scm™! for x=0.15. The conductivity
of Yo.gCap2CrogsNig 1503.4 is higher than that of LaggCag,CrOs3 4
reported by Sakai et al. [35] (~20Scm~! at 1000°C). Further
increase in nickel content lowered the electrical conductivity, pos-
sibly due to the secondary phase formation. It is known that
calcium-doped yttrium chromite conducts electricity via the small
polaron hopping process [26]. In thermally activated small polaron
hopping transport, the number of charge carriers is constant or

Fig. 7. Plot of In(oT) versus 1000/T for YogCap2Cri_xNixO3.5 (x=0-0.3) in air in the
600-900 °C temperature interval.
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Fig.8. Changeinelectrical conductivity of YogCapCryi_xNixOs.5(x=0and 0.15) with
oxygen partial pressure and linear fits at 900 °C.

weakly depends on temperature while the mobility is exponen-
tially dependent on temperature [36]. In the adiabatic small polaron
hopping conduction, where the carrier is able to jump to an adja-
cent unoccupied site whenever an atomic displacement favoring
the jump occurs, the mobility is expressed as:

2
u=-0(52) e (-i7) @

where x is the fraction of sites occupied, e is the unit charge, a is the
distance between the sites, v, is the optical phonon frequency, Ey, is
the mobility activation energy, and k is the Boltzmann constant. The
electrical conductivity is proportional to the product of the carrier
density and mobility, and since the charge carrier density is weakly
dependent on temperature as shown above, the electrical conduc-
tivity, o, for adiabatic small polaron hopping can be expressed as
[25,37]:

a:%\ exp (—i—;’) (3)

where A is a charge carrier and material dependent constant. The
linear behavior in a plot of log(o'T) versus 1/T in Fig. 7 confirms that
the adiabatic assumption is valid. The activation energy decreases
with nickel doping from 0.22eV for x=0 to 0.15eV for x=0.15.
Further increase in nickel content increases the activation energy.
Obtained values are close to previously reported activation ener-
gies of 0.17-0.22 eV for calcium-doped yttrium chromites [21,25].
Nickel doping was reported to lower the activation energy for
electric conduction of lanthanum chromites [38], which is also con-
sistent with our findings.

Fig. 8 compares the electrical conductivities of Yy gCagCrOs, 5
and Y gCap1Crog5Nig 1503, as a function of oxygen partial pres-
sure between 10-17 and 1 atm at 900°C. The conductivity remains
constant throughout the high oxygen partial pressure region, and
decreases with decreasing oxygen partial pressure below a criti-
cal oxygen partial pressure, which confirms the p-type conduction
mechanism. At high oxygen partial pressure, the charge imbalance
caused by the introduction of aliovalent dopants is compensated by
the formation of holes. Therefore, the number of charge carriers is
determined by the amount of doping, and the conductivity is inde-
pendent of oxygen partial pressure. At low oxygen partial pressure,
thermodynamic equilibrium between the defect species and sur-
rounding atmosphere is established through the oxygen exchange

reaction which is expressed using Kroger-Vink notation as [39]:
1
OF + 2Cr¢,® — Vo** +2Cr8, + 502 (4)

Eq. (4) indicates that in reducing atmosphere, loss of lattice oxy-
gen to the atmosphere creates a doubly charged oxygen vacancy
and consumes two holes. Therefore, the conductivity develops a
strong dependence on oxygen partial pressure as the ionic charge
compensation becomes predominant. Improved conductivity with
nickel doping at high oxygen partial pressure can be understood
as a result of increased charge carrier concentration because most
of the nickel ions are divalent and act as acceptor dopants in
chromite-based oxides [40]. In the low oxygen partial pressure
region, the plot of log(o) versus log(p0O; ) for YggCag2CrO3, 5 shows
p0,1/4 dependence. This trend is consistent with the observation
of Carini et al. [24], and indicates that ionic charge compensa-
tion is predominant and hole concentration is significantly lower
than the oxygen vacancy concentration [25,41]. The electrical con-
ductivity of YggCag,CrggsNig 1505, starts decreasing at a lower
oxygen partial pressure (10712 atm) than that of YggCag2CrOs.
(10-19atm), and the slope of the plot of log(c) versus log(pO,)
is 0.144, which indicates that the system does not reach the
extreme reducing condition, and both ionic and electronic com-
pensation mechanisms are operative. It was reported that B-site
doping of chromite-based perovskite oxides significantly affects
oxygen vacancy formation because of the stronger bonding of
B-O than A-O [39]. It could be suggested that nickel doping on
B-site stabilizes the defect structure of yttrium chromite and sup-
presses the oxygen vacancy formation in reducing environment,
and further studies are required to clarify the mechanisms of defect
structure stabilization upon nickel doping. The electrical conduc-
tivity of Yg.gCag2Crp g5Nip.1503.5 at 900 °C in reducing atmosphere
(pO2~10-17 atm) was 5.8 Scm~!, which is more than an order of
magnitude higher than that of YygCag,CrO5,5 (0.2Scm™1).

3.5. Oxygen permeation

The electrochemical oxygen permeation through the intercon-
nects can cause significant efficiency loss, especially for SOFC
stack designs employing thin interconnects with high surface area
because the SOFC interconnects are exposed to a large oxygen
chemical potential gradient. Oxygen ionic leak current leads to an
electrochemical consumption of fuel and reduction in the energy
conversion efficiency. There have been different approaches to
investigate the oxygen permeation through the interconnect mate-
rials, including the electrical conductivity relaxation method [42],
electron blocking electrode method [43,44], oxygen tracer diffusion
method [45,46], and electrochemical method employing zirconia
oxygen pump [45,46]. Most of these experiments were performed
under a homogeneous or small step of oxygen partial pressure,
and the estimation of oxygen permeation flux under the large oxy-
gen chemical potential gradient is controversial [42,43,45]. In this
study, the SOFC operating condition was simulated by exposing
one side of a dense Y gCag,Crggs5Nig 1503, disc to an oxidizing
atmosphere (pO, =0.21 atm) and the other side to a reducing atmo-
sphere (pO, =~10-20 atm). The oxygen permeation flux through
the sample was determined by direct measurement of the oxygen
partial pressure change in the reducing sweep gas. Fig. 9(a) shows
the oxygen flux normalized by the sample thickness (2.5 mm) as a
function of temperature. Oxygen flux through the sample was neg-
ligible below 600 °C, which verified the gas tightness of the system.
It was assumed that the oxygen transport through the sample was
diffusion-controlled because the sample was sufficiently thick to
ignore the contribution of the surface exchange reaction. There-
fore, the oxygen flux through the sample, j[O,], is determined by
the ambipolar conductivity of the sample, and the relationship is
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Fig. 9. (a) Oxygen flux through Y gCag2CrossNig 1503.5 normalized by the sample
thickness at different temperatures and (b) Arrhenius plot for the ionic conductivity
calculated from the oxygen flux.

given by the Wagner equation as:

ot
= /“P[ 2]wdlw[ozl (5)
I

jl0] =~
LF2L J1, 0, el + Oon

where R is the gas constant, F is the Faraday constant, L is the sam-
ple thickness, o is the electronic conductivity, and oj,, is the ionic
conductivity. If the ionic conductivity is much smaller than the
electronic conductivity, the ionic conductivity can be expressed as:

p[o(zfeed)]

JI02]4%F2L In
p[o(zsweep)]

Ojon = RT (6)

where p[O(szEd)] and p[O(zsweep)] are the oxygen partial pressures
of the feed side and sweep side, respectively. Fig. 9(b) shows the
temperature dependence of the ionic conductivity calculated by
Eq. (6). The relationship between In(oi,,T) and 1/T shows a linear
dependence, and the activation energy obtained from the slope is
107 kJmol~1. The leakage current density, i, through the intercon-
nect due to oxygen permeation was calculated using the measured
oxygen flux according to:

i = 4Fj[0] (7)

The leakage current density between the oxygen partial pressures
of ~1020 and 0.21 atm at 800 °C was calculated to be 3.2 mA cm—2
for a 20 pm thick interconnect. This value is slightly lower than the
estimated leakage current of Lagg7Srg13Crq,0303 under the simi-
lar condition (3.9 mA cm~2) reported by Suzuki et al. [43], and is

Fig. 10. XRD pattern of 50 wt.% of Yo gCag2Crogs5Nip 15035 and 50 wt.% of YSZ mix-
ture after firing in air at 1400 °C for 8 h. No secondary peaks were noticed.

considered to be acceptable for practical use, because it has been
reported that a permeation current density above 0.1 Acm~2 can
greatly affect the cell efficiency [45].

3.6. Chemical compatibility

Chemical compatibility of the interconnect material with other
cell components is a very important issue because chemical reac-
tions between them can lead to an increase of the cell resistance
and/or thermal stresses which cause subsequent cell failure [2].
The chemical compatibility of Yo gCag 2Crg.g5Nig 15035 with 8 mol%
YSZ was studied using XRD analysis. Fig. 10 shows the XRD pat-
terns of mixtures of 50 wt% of Y gCag2CrggNig 15035 and 50 wt%
of 8 mol% YSZ fired at 1400°C in air for 12h. The peaks of the
composites correspond to those of the individual constituents,
Yo0.8Cap2Crpg5Nig.1503.5 and 8 mol% YSZ. No reaction products
(such as CaZrOs [20]) were observed. Since the conventional
Ca-doped LaCrOj3 interconnect material can possibly react with
zirconia under similar firing conditions and form a highly resis-
tive La;Zr,07 secondary phase [47], lanthanum replacement with
yttrium in the A-site is considered to be beneficial in suppressing
the undesired reactions.

4. Conclusions

In this work, the effect of nickel doping on thermal, struc-
tural, and electrical characteristics of calcium-doped yttrium
chromite was studied. In the compositions of Yo gCag 2 Crq_xNixO3 .5
(x=0-0.15), nickel doping significantly improved sinterability and
electrical conductivity. Secondary phase formation of yttrium oxide
and nickel oxide was observed with higher than 20% Ni-doping,
which suppressed densification and lowered electrical conductiv-
ity. Thermal expansion can be closely matched with that of 8 mol%
YSZ through an optimum amount of nickel doping, and oxygen ion
leakage current due to exposure to dual atmospheres was shown to
be acceptably low using oxygen permeation experiments. A chem-
ical compatibility study between Yy gCagCrogsNig.1503.5 and YSZ
indicated that the formation of detrimental secondary phases is
not expected. Based on the results presented in this paper, yttrium
chromite with ~20% calcium on A-site and 10-15% nickel on B-site
is a promising candidate for interconnect applications in high tem-
perature SOFCs because it offers advantages over the conventional
ceramic interconnect materials in terms of the electrical conduc-
tivity, sinterability, chemical compatibility and thermal expansion
match with the other cell components.
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