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Abstract

Highly sinterable yttria-doped ceria powder (YO,;) .,
(CeO,), . (x = 0-1-0-33) was fabricated by an opti-
mized coprecipitation route. Compacted bodies could
be sintered to impermeability at 1200°C and near
Sull density at 1300°C, among the lowest temperatures
reported for doped ceria densification. Ceria diffusion
is important above 1400°C. Excellent conduction
properties were observed: high ionic conductivity
(6-5 8 m™ at 750°C for CeysY,,0,,), low activation
energy (07 eV) and vanishing grain-boundary
resistance. © 1996 Elsevier Science Limited.

1 Introduction

Doped ceria is a solid electrolyte that is becoming
increasingly attractive for use in solid oxide fuel cells
(SOFC) because of its high oxygen ion conductivity,
among other advantages. Whereas the routinely
used but less conducting yttria-stabilized zirconia
(YSZ) electrolyte has long been established in
SOFC application in terms of fabrication methods,
mechanical strength and chemical stability, these
topics are now under investigation for the ceria-
based materials.

In terms of a fabrication method, we focused
on the powder preparation of doped ceria for
tape casting,’ which is a practical, industrial
technique. The simple and reliable doped ceria
preparation method yields active powder that is
sinterable to high densities at low temperatures.
High density, which was found difficult to achieve
for ceria even at high temperatures until recently,’
results in better mechanical and conduction
properties:
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As for chemical stability in the SOFC environ-
ment, a popular solution tends towards the combi-
nation of doped ceria with a thin protective layer of
the established and very stable YSZ electrolyte.??
This goal in turn re-emphasizes the requirement
for ceria to densify at lower temperatures than
usually employed (1600°C) if, for example,
cofiring of a double-layered tape-cast ceria—zirconia
structure 1s pursued. Low temperature cofiring
(<1500°C) is necessary to avoid interdiffusion. For
the same reason, yttrium is used as a dopant
rather than the more popular gadolinium or
samarium, since the thin zirconia is yttria-doped.
Furthermore, ceria is known to exhibit evaporation
— or dissociation — problems at high temperature.*

In this study, sintering of compacts of Ce.q;
Y.3330,.433 (33YDC) is investigated at temperatures
between 1200 and 1600°C, with attention to
densification and evaporation of the samples. A
composition with a high yttrium content was pur-
posely chosen since it supposedly densifies with
greater difficulty than compositions of lower dopant
concentration.’

Low grain boundary conductivity is also a well-
known problem of ceria-based electrolytes.®® It
sometimes dominates the overall conductivity at
low temperature, and may persist up to operation
temperature (700°C). For SOFC application, the
grain-boundary resistivity should ideally vanish at
the projected operating temperature. The grain-
boundary resistivity is reported to be a strong
function of the dopant content.” !

Powders in the composition range 10-33% YO, 5
dopant concentration were synthesized and sin-
tered to fully dense compacts in order to study the
grain-boundary and total conductivity of YDC as
a function of the composition. The maximum in
ionic conductivity is generally believed to lie at
around 5% oxygen vacancy concentration,'? hence
around 20% doping with the trivalent yttrium,
but experimentally reported to range between 8
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and 20% of YO,; doping, depending on the
temperature.'®!3-18

Finally, an example of the correlation between
density and conductivity will be given, illustrating
the relevance of pursuing high density for solid
electrolytes to ensure, apart from mechanical
strength, the best conduction properties.

2 Experimental

The YDC powders (10-33% YO,—CeO,) were
prepared by the oxalate coprecipitation method.
The detailed procedure is published elsewhere.' In
summary, it involves addition of a concentrated
Ce-Y-nitrate aqueous solution (1 mol I'!) under
stirring to a neutral dilute oxalic acid aqueous
solution (0-05 mol 1""). The resulting precipitate is
vacuum-filtered, washed with water and ethanol,
and calcined at 700°C. This temperature was opti-
mal to yield very compactable powder and normal
shrinkage, resulting in crack-free pellets of high
density. Powders of accurate composition were
prepared from standardized metal nitrate solu-
tions. The metal content of individual cerium and
yttrium nitrate solutions was determined by com-
plexometric titration with 0-01 M EDTA solution,
using xylenolorange as the indicator. Direct titration
could be carried out using an acetic acid/sodium
acetate buffer to stabilize the solution at pH 5.

2.1 Sintering behaviour

Pellets of 33YDC, with or without prior ball
milling of the powders, were pressed at 200 MPa
(20 mm diameter, 1-2 mm thick) and fired at
1200-1600°C for the sintering behaviour study.
Densities were measured by Archimedes’ method
(H,O) and expressed as relative to the experimentally
determined X-ray density !. Scanning electron micro-
scopy (SEM) analysis of all samples was con-
ducted in a Hitachi S-800 electron microscope
model with an energy-dispersive X-ray (EDX)
facility. With respect to the problem of ceria loss
at high temperature, the metal ratio of 2:1 for Ce:Y
in the Ceje7Y 3330533 composition provided a
convenient reference for semi-quantitative EDX
analysis.

2.2 Ionic conductivity

Pellets of 10, 15, 20, 25 and 33YDC were fired
fully dense at 1500°C for the conductivity study.
Tonic conductivity in air at temperatures between
300 and 1000°C was measured by impedance spec-
troscopy in a small tubular oven. Silver electrodes
of 10 mm diameter were applied by brushing silver
paint symmetrically on opposite sides of the pellets
using a masking technique. Four Pt wire contacts,

two per electrode, were fabricated by thermocom-
pression bonding using additional silver paint.
During measurement the temperature was closely
monitored by three thermocouples kept in the
vicinity of the sample. The frequency range 1-3 MHz
down to 5 Hz (Yokogawa Hewlett Packard 4192ALF
Impedance Analyzer, Japan) or else 3 MHz down
to 1 Hz (Solartron 1260, Schlumberger Electronics)
was covered. Standard fitting techniques with ZARC
elements'® were used (ZView Windows 1.1, Scribner
Assoc. Inc., USA) for precise grain-boundary and
intragrain conductivity determination.

3 Results

3.1 Sintering behaviour of 33YDC and SEM
analysis

The typical average particle size of calcined powders
of all compositions (10-33YDC) was determined to
be 0-7 um. Submicrometre-sized powder is essential
for ceria to sinter at normal temperatures.'?” The
average particle size was reduced to 0-5 um by wet
milling with zirconia balls in 2-propanol (12-24 h),
further improving the sinterability. Achieved relative
densities as a function of the sintering temperature
are displayed in Fig. 1. High density of >98% is
reached at 1400°C and 1300°C for ‘as-calcined’ and
milled powders, respectively. The sintering time at
maximum temperature for all samples presented in
this study was 4 h. Each pellet was placed on a zirco-
nia or alumina fibre cloth in an open alumina crucible
and fired in air, when not mentioned otherwise.

3.1.1 ‘As-calcined’ powder
Figures 2 and 3 show surface and fracture views
of 33YDC pellets fired between 1200 and 1500°C
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Fig. 1. Relative density of sintered 33YDC compacts

(200 MPa) for various sintering temperatures (4 h), for both
calcined and milled standard powder batches.
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(4 h) at heating and cooling rates of 100°C h™'.
During sintering at 1200°C [Figs 2(a) and (b)], no
grain growth has occurred yet. The particles are
basically of the same size as in the starting powder.
Nevertheless, 93% density was achieved at this
unusually low temperature for ceria, illustrating the
excellent sinterability. During sintering at 1300°C
[Figs 2(c) and (d)], densification has started as
clearly visible from the fracture view [Fig. 2(d)].
The grains remain very small, as evident from the
surface view [Fig. 2(c)] which is identical for ‘bottom’
and ‘top’ faces of the pellets. At this temperature,
closed porosity (96%) and hence impermeability is
already reached. After sintering at 1400°C, the
sample has fully densified [Fig. 3(c)]; grains have
grown and packed together to a near dense sur-
face [Figs 3(a) and (b)]. The top and bottom faces

T . ) A
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are not entirely identical as a minor porosity is
noted at the bottom side. This phenomenon is
pronounced after sintering at 1500°C, where the
top face of the pellet has grown fully dense while
the bottom face shows a high porosity [Figs 3(d)
and (e)]. The grain growth has further increased
significantly compared with firing at 1400°C. (Note
that the magnification of the surface view at 1400°C
is different from that of the other micrographs.)
The porosity phenomenon was identified as
resulting from ceria diffusion into the underlying
material. EDX measurement on the bottom face
of Fig. 3(e) showed a Ce:Y ratio as low as 2:3,
compared to the 2:1 ratio measured in the bulk of
the sample. The porous surface layer was just a
few micrometers deep, as a detailed view in Fig. 4
of the bottom and top edges of such a sample,

Fig. 2. SEM micrographs showing surface views (a), (c) and fracture views (b), (d) of sintered 33YDC from as-calcined powder:
(a), (b) 1200°C, 4 h; (c), (d) 1300°C, 4 h.
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fired at 1500°C, shows. This observation is of
relevance for the application in SOFC, where
reactions at the electrode/electrolyte interface play
a major part in the power generation. The contact
between an electrode layer with such a porous
ceria-based electrolyte face might result in a

large polarization loss, as the conductivity of the
porous layer enriched in yttrium is considerably
less than in the bulk of the sample. Therefore this
loss of ceria into the substrate material during
sintering at temperatures >1400°C has to be
addressed.

Fig. 3. SEM micrographs showing top (a), (d) and bottom (b), (e) surface views and fracture views (c), (f) of sintered 33YDC
pellets from as-calcined powder: (a). (b). (¢) 1400°C. 4 h: (d). (e). (f) 1500°C. 4 h.

Fig. 4. SEM micrographs showing fracture views near the top surface edge (a) and near the bottom surface edge (b) of a 33YDC
pellet sintered at 1500°C freely in air, without a powder bed.
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3.1.2 Effect of sample embedding

As a logical solution to this problem, pellets were
put on a powder bed of coarse 33YDC, entirely
covered with it, and sintered at 1500°C. The SEM
results of surface views of such samples are
presented in Figs 5(a) and (b), which should be
compared with Figs 3(d) and (e). It can be seen
that the ceria loss has been entirely suppressed by
this simple procedure. The bottom and top faces
are equally dense.

The use of only a powder bed instead of
complete embedding results in the grain growth
on the ‘protected’, i.e. lower, face being slightly
enhanced, compared with that on the upper face
which was not covered with the coarse powder.
This is explicitly visible from Figs 5(c) and (d) of a

sample that was fired at 1500°C using a powder
bed only. The grain sizes were estimated to be 1-9
and 2-2 um for top and bottom faces, respectively.

3.1.3 Effect of heating rate

As longer times at high temperature aggravate the
diffusion problem, the effect of faster heating
rates, effectively shortening the residence time, was
studied on samples that were not covered with
additional powder on either side.

Top and bottom faces of pellets fired at 1500°C
for 4 h at heating/cooling rates of 250 and 500°C h™
are presented in Fig. 6, together with those for the
case of a pellet fired at 100°C h™! to 1500°C. It can
be easily seen that faster heating rates improve
densification and suppress ceria loss from the bottom

Fig. 5. SEM micrographs showing top surface views (a), (¢) and bottom surface views (b), (d) of sintered 33YDC from as-calcined
powder at 1500°C (4 h): (a), (b) sample entirely embedded in YDC powder; (c), (d) sample placed on a YDC powder bed only.
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Fig. 6. SEM micrographs showing top (a), (c), (¢) and bottom (b), (d), (f) surface views of sintered 33YDC pellets at 1500°C
(4 h) from as-calcined powder at different heating/cooling rates: (a), (b) 100°C h™’; (c), (d) 250°C h'; (e), (f) 500°C h™'.

face, though not entirely. A slight increase in grain
growth is observed. EDX measurements from the
bottom faces of these samples gave Ce:Y ratios of 0-7
(100°C h! rate), 1-1 (250°C h™!) and 1-3 (500°C h™),
confirming quantitatively the suppression of ceria
loss. This series of experiments demonstrates that
ceria samples, in contact with other materials, can
be fired safely only up to 1400°C. This should
therefore be a target temperature for cofiring of
ceria with other materials. Tape-cast ceria must
therefore be densified at 1400°C, as we achieved
and reported in another paper. For isolated ceria
samples, protection against ceria loss is required,
e.g. by using a powder embedding or even only a
powder bed, above this temperature.

3.1.4 Effect of ball milling
33YDC powder milled in 2-propanol for 12-24 h
with zirconia balls in polyethylene containers, was
pressed into pellets and subjected to a similar series
of sintering conditions as for calcined powder. Inter-
est was focused on the improved densification at
low temperature (see Fig. 1). The samples were
fired at temperatures between 1200 and 1600°C
for 4 h at heating/cooling rates of 100°C h™!, and
without using any powder bed.

A SEM analysis is presented in Fig. 7 for top
faces, bottom faces and fracture views for all

sintering temperatures. At 1200°C the powder has
already densified to a gas-impermeable body
(Fig. 7iii), though grain size has remained small
(Fig. 7i, i1). After sintering at 1300°C, the samples
are near fully dense (Fig. 7vi) and grain growth was
initiated (Fig. 7iv, v). In effect, the ball milling step
lowers the sintering temperature by approximately
100°C with respect to the calcined powder, to
achieve a similar microstructure and density. During
firing at 1400°C, grain growth further increases
(Fig. 7vii, viii), and at 1500°C ceria loss from the
bottom face is again noted (Fig. 7xi): the Ce:Y
ratio as determined by EDX was 1:1 for this sam-
ple. The problem becomes very serious at 1600°C
(Fig. 7xiv), Ce:Y ratio of 0-4, where a significant
increase in grain size is also observed.

In Ref. 5 it was suggested that the yttrium
dopant acts as a grain growth inhibitor. In that
work, the densest samples were achieved only for
low YO, concentrations of 1-6%. The small
grain sizes observed in this work for ceria doped
with 33% of YO,; seem to confirm that report.
The data are plotted in Fig. 8 as estimated aver-
age grain size vs. the sintering temperature.
Significant growth is not noticed until tempera-
tures above 1500°C. However, high density could
still be reached in this work at normal tempera-
tures, despite the high yttrium content and the
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Fig. 7. SEM micrographs showing top (left column), bottom (middle column) and fracture views (right column) for sintered
33YDC pellets (4 h) from wet milled powder (2-propanol): (i)-(iii) 1200°C; (iv)—(vi) 1300°C; (vii)~(ix) 1400°C; (x)—(xii) 1500°C;
(xiii)—(xv) 1600°C.

small grain size, indicating that our preparation pro-
cedure yields very active powder. This is confirmed
by the fact that we were able to sinter to high density
any doped ceria powder synthesized according to
our procedure, independent of the composition
within the range 10-33 mol% YO, s, or even of the
dopant (Y, Gd or Sm).?! This implies an advantage
expected in terms of mechanical strength: a struc-
ture composed of fewer very much larger grains is
weaker than one of many small grains, as it pro-
vides extended surfaces along which cracking can
occur. Hence the densification feasibility at lower
temperature presents advantages not only of prac-
tical sintering and lessening of interdiffusion, but
also of better control of the mechanical properties.

3.2 Ionic conductivity

Powders of 10, 15, 20, 25 and 33 mol% YO, +Ce
O, were prepared (calcination at 700°C), pressed at
200 MPa and fired at 1500°C while embedded in
powder of the same composition, in order to yield
fully dense samples for the conductivity measure-
ments. A surnmary of the powder and compact char-
acteristics is given in Table 1. As pointed out above,
no differences in these characteristics with varying
dopant content were noted, confirming a wide
applicability of our powder preparation procedure.

3.2.1 Impedance spectroscopy vs. four-point method
Four-point dc measurements were carried out on
sample rods in order to verify the total conductivity



968 J. Van herle et al.

Fig. 7. Continued.
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Fig. 8. Average grain size of sintered 33YDC bodies as a
function of sintering temperature,

values obtained from the impedance data. Whereas
this worked well for samples of high yttrium content
(33YDC), a slow voltage transient phenomenon
was observed after application of the current step
with samples of lower yttrium content (10YDC).
This phenomenon was observed and explained by
previous workers.?? Therefore impedance measure-
ments were consistently employed for all samples,

especially since grain-boundary conductivity can be
decoupled from the total conductivity in the same
measurement.

3.2.2 Platinum vs. silver electrodes

Silver paint electrodes (Nilaco Co., Japan) were
preferred over platinum paint (TR-7905 Tanaka
Kikinzoku Kogyo, Japan), since the silver electrode
response was much better resolved from the grain-
boundary response of the ceria electrolyte. The
overlap between the latter and the platinum elec-
trode frequency regime was rather strong, which
complicated accurate determination of the total
electrolyte resistance intercept. A comparison is
given in Fig. 9 for a sample of 10YDC — which
showed the largest grain-boundary resistance of
the composition range studied — with (a) Pt elec-
trodes and (b) Ag electrodes. Clearly, in Fig. 9(b),
fitting of the second arc is more readily accom-
plished.

The frequencies are indicated as powers of 10 in
Hz on these plots. Also, all impedance graphs
shown were normalized to the same geometrical
factor of 1 mm electrolyte thickness (10 mm elec-
trode diameter), to make them comparable.

Since the grain-boundary contribution vanishes
with high dopant content (= 25% YO, ), as reported
before’ and as confirmed in this work, the nature
of the electrode chosen for such samples was not
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Table 1. Overview of characteristic data of YDC powders of varying dopant content. ds, = average agglomerate size by volume,
from particle-size distribution measurement in H,O; d,.,, = primary particle size estimated from X-ray diffraction line broadening;
BET = powder surface area by N, adsorption; a = cubic lattice constant; pxrp = theoretical density; p,,, = observed relative

density of samples fired at 1500°C (4 h) in air

( ”/“) d5() d(‘ry.\‘ BFT ao Pxrp Pexp
YO, (pum) (nm) (m*g!) (A) (g em?) (%)
10 0-72 19 17-1 5-4056 £ 0-0012 6-991 99-1
15 0-71 21 20-6 5-4048 + 0-0010 6-870 99.0
20 0-76 19 153 5-4016 £ 0-0107 6753 994
25 0-76 23 17-1 5-4026 £+ 0-0077 6-630 99-6
33 0-75 16 16-0 5-3939 + 0-0008 6-452 99-2
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Figures 10 and 11 present two series — one at lower :
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different compositions under study. Figures 9 and 10 R (€
show the results obtained with pellets of 10-33YDC
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dopant regime; and (2) the total resistance (elec-
trolyte intragrain + grain-boundary resistances)
increases with increasing dopant content at this
low temperature.
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Fig. 10. Impedance diagrams in air at lower tempera-
ture (around 350°C) for different electrolytes: (a) 15YDC,
(b) 20YDC, (¢) 25YDC and (d) 33YDC.
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Fig. 11. Impedance diagrams in air at higher tempera-
ture (around 700°C) for different electrolytes: (a) 15YDC,
(b) 20YDC, (c) 25YDC and (d) 33YDC.

Figure 11 shows the results obtained with pellets
of 15-33YDC at temperatures around 700°C, a
realistic SOFC operation temperature with doped
ceria cells. Only the electrode response is observed at
this temperature. Its shape and value are very similar
and reproducible for the different pellets. The
resistance is lowest for the composition 20YDC.

Data over a range of temperatures are presented
in the next few graphs, elaborating more clearly
the conclusions obtained from Figs 10 and 11.

Figure 12 shows the percentage of grain-
boundary contribution to the total resistivity for
the compositions 10-20YDC. For compositions of
higher Y content no grain-boundary response was
detected. The contribution is largest for the lower Y
dopant concentrations at the lowest temperatures,
but vanishes rapidly with increasing Y content
and temperature.

50
40
]
£ 301
e}
&
T 10Y
S 20 4
<
] 15Y
10
20Y
S S - S
200 300 400 500 600

Temperature (°C) A

Fig. 12. Grain-boundary resistivity R, as a percentage of the
total resistivity R, of YDC for different compositions, as a
function of temperature.

It is to be noted that, to simplify calculations,
only the geometrical electrode area and electrolyte
thickness were adopted to calculate a grain-boundary
‘resistivity’ value from the measured resistance,
rather than the real grain boundary surface and
thickness which can only be estimated with difficulty.
A more precise treatment using modelling has been
given elsewhere.!” Nevertheless, the relevant con-
clusion here is that the grain-boundary contribution
becomes negligible for any Y composition studied
at the projected operation temperature (>600°C).
This re-illustrates the quality of our pellets and
coprecipitated starting powder.

Figure 13 shows the measured total ionic con-
ductivities of all samples over the temperature
range covered as a typical Arrhenius graph. The
composition giving maximum conductivity shifts
with increasing temperature to one of higher Y
content. This is more clearly visible from Fig. 14,
where interpolated conductivity values are replotted
in 100°C intervals vs. the composition. Conductivity
at 300°C is a maximum at 10YDC (but may be
higher at lower dopant compositions), at ~500°C
at 15YDC, at 700°C at 20YDC, and at 25YDC at
above 1000°C. Hence, for SOFC application at
around 700°C with a doped ceria electrolyte,
20YDC is the most suitable composition in terms
of ionic conductivity; this finding confirms an earlier
prediction!? and lies in the range of results of most
other workers, who found maximum conductivity
for the compositions 15YDC to 18YDC.'®!>16.18
However, the conductivity difference to other
compositions being small (very broad maximum in
Fig. 14), properties other than conductivity, like
mechanical strength, may become decisive for choos-
ing the most suitable dopant content overall.
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Fig. 13. Arrhenius plot over 300-1000°C of the ionic conduc-
tivity in air for YDC of the compositions used in this study.

The Arrhenius plots of Fig. 13 break up into
two straight-line portions, one at low temperature
(<500°C) and one at high temperature (>600°C).
The activation energies for these two portions vary
significantly with the Y dopant concentration, as
presented in Fig. 15. Two activation energies on the
same Arrhenius plot have been frequently identified
before for doped ceria electrolytes.”!%'%2 The result
of Fig. 15 differs slightly from some reports,'%%*
where the high temperature activation energy was
constant in the dopant range 1-15% YO, ;. Attractive
values of 0-6-0-7 eV in the high-temperature portion
of interest were observed for the samples of 10—
20YDC, among the lower values observed for YDC.

The conductivity of YDC in air measured in
this work is among the highest reported so far.
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Fig. 14. Ionic conductivity of YDC in air as a function of
temperature and dopant content. The composition showing
maximal conductivity shifts with temperature.
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Fig. 15. Activation energies E, for the ionic conductivity of
YDC in air at low (<500°C) and high (>600°C) temperatures

as a function of the dopant content, as obtained from the
Arrhenius plots (Fig. 13).

Table 2 presents a comparison with literature data
at 750°C, a representative operating temperature.
We attribute this (1) to the optimal coprecipitation
procedure giving a highly homogeneously dispersed
dopant in the sample, thus yielding optimal con-
duction properties,?® and (2) to the high density of
the samples (99%), which has rarely been achieved
in the past. A remaining porosity of a few percent
or more cannot be accounted for by a simple pro-
portional correction as is often assumed.'*!%%® An
example is given in Fig. 16, where a perfectly dense
33YDC pellet is compared in an Arrhenius plot
with the ionic conductivity of a pellet of only 91%

Table 2. Ionic conductivities (o) of YDC in air at 750°C
obtained in this study, compared with literature values

Compound o (Sm') Ref.
8-5YDC 12 7
20YDC 1-9 12
11YDC 2:0 9
16YDC 21 18
20YDC 2:2 2
15YDC 33 10
10YDC 3.7 25
18YDC 4.0 16
10YDC 4.7 11
20YDC 55 17
20YDC 65 This work
20GdDC 2:6 12
18GdDC 2-8 18
20GdDC 33 2
10GdDC 59 24
18GdDC 6-5 23
20GdDC 6-7 27
20SmDC 31 12
18SmDC 4-0 18
20SmDC 6-1 2
20SmDC 6-9 17
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Fig. 16. Ionic conductivity (500-800°C) for 33YDC bodies of
different density.

density, prepared by firing at 1100°C. On average
the conductivity of the latter is worse by >25%,
rather than the proportional porosity correction
of =10%.

Our values for dense YDC even compare well,
as Table 2 shows, with those reported for the
more popular Gd- and Sm-doped cerias, generally
recognised as the better conductors and hence
used in preference. When abundance, price, ionic
conductivity, high temperature reactivity and sin-
terability are considered,?’ we feel that the use of
YDC compared with that of GdADC and SmDC is
being neglected somewhat, more so since combi-
nation of YDC with a thin YSZ electrolyte layer
should be less troublesome with respect to
interdiffusion at high temperature.

4. Summary

Highly sinterable yttria-doped ceria powder was
prepared, allowing densification at temperatures
several hundred degrees lower than those employed
in the majority of cases so far, and independent of
the dopant concentration. The cerium component
becomes very mobile above 1400°C, resulting, for
example, in samples featuring porous surface layers
if not properly protected by a powder bed. Following
the high degree of densification and homogeneity
of the samples, excellent conduction properties
were noticed, approaching those of the more
expensive Gd- and Sm-doped ceria. The conduc-
tivity maximum at 700°C, though very broad, lay
at the composition around 20YDC. Lower tem-
perature densification demonstrated in this work
provides advantages in energy cost, cofiring and
mechanical property control.
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