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Ceramic powders of BaCepgY0.102.95 (BCY10) have been prepared by the sol-gel method. Barium and
yttrium acetate and cerium nitrate were used as ceramic precursors in a water solution. The reaction
process studied by DTA-TG and XRD showed that calcination of the precursor powder at T>1000°C
produces a single perovskite phase. The densification behaviour of green compacts studied by constant
heating rate dilatometry revealed that the shrinkage rate was maximal at 1430°C. Sintered densities
higher than 95% of the theoretical one were thus obtained below 1500 °C. The bulk and additional blocking
effects were characterized by impedance spectroscopy in wet atmosphere between 150 and 600°C. A
proton conduction behaviour was clearly identified. The blocking effect can be related to a space-charge
depletion layer of protons in the vicinity of grain boundaries.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Proton conducting materials, discovered by Iwahara in the early
1980s [1,2] are potentially useful for many electrochemical devices
such as fuel cells, hydrogen sensors and steam electrolysers [3-8].
Consequently, BaCeOs-based ceramics have received considerable
attention since they exhibit the highest proton conductivity in the
family of ABO3 perovskite-type oxides [3,8,9]. The incorporation of
trivalent dopants into the BaCeOj3 structure results in the creation
of oxygen vacancies. In wet atmospheres, these defects constitute
the sites for the incorporation of water. Regardless the mechanism
of protons migration in perovskite oxides, oxygen vacancies are the
main defects at high temperatures and the dissolution of protons
is favoured by decreasing temperature. Thus, proton conductiv-
ity is likely to be predominant at low temperatures and oxide ion
conductivity is the main contribution at high temperatures [10].

Barium cerates powders are usually fabricated by the conven-
tional solid-state reaction between barium carbonate and cerium
oxide. The main drawback of this method is that it is difficult
to obtain a homogeneous composition and density green bod-
ies because of the inhomogeneity in shape and size of the initial
powders. This yields prolonged calcinations at high temperatures
(T>1000°C) and sintering around 1500°C [11-15]. During the
powder preparation and the milling process, impurity contamina-
tion of the sintered bodies can degrade the electrical properties
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[13,16]. Moreover, these properties depend also directly on the
sinterability of these ceramics. Since the microstructure strongly
influence the total conductivity of BaCeO3; based ceramics [17-19],
it must be monitored to optimize the electrical properties. The
goal of this study was the synthesis of very fine yttrium-doped
barium cerate powders by a new chemical route and the fabrica-
tion of dense and single phase ceramics of controlled composition
and microstructure. The conductivity behaviour of the considered
samples was investigated by impedance spectroscopy and was
compared to that of dense BCY10 prepared from solid-state reac-
tion. In addition, the origin of the recorded blocking effect in these
polycrystalline ceramics is discussed.

2. Experimental Procedure
2.1. Preparation of BaCe¢Yp.102.95 Sintered pellets

For sol-gel method, the starting materials were barium acetate
Ba(CH3COO0); (99-102%, Alfa Aesar), nitrate cerium Ce(NOs3)3-6H,0
(99.99%, Alfa Aesar) and yttrium acetate Y(CH3COO),-4H,0 (99.9%,
Alfa Aesar). The precursors were weighed to yield the composi-
tion BaCe(gY102.95 and dissolved in distilled water. An organic
solution with a mixture (10:90wt.%) of ethylene glycol (Fluka)
and isopropanol (Acros Organics) was added so that the organic
solution represents 50 wt.% of the final solution. It was stirred at
90°C until it turned into a white gel which was annealed at 600°C
for 2h. The powders were ground in a mortar. The as-obtained
powders were calcined in air at 1100 °C for 8 h, subsequently ball
milled in isopropanol for 24h and then sieved. The dried pow-
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ders were examined by X-ray powder diffraction analysis (X'pert
PANALYTICAL). Simultaneous thermogravimetric analysis and dif-
ferential thermal analysis (TGA/DTA, NETZCH) were carried out
in air. Samples were heated from 25 up to 1400°C at a heat-
ing rate of 10°Cmin~!. Powder morphology was characterized by
scanning electron microscopy (SEM) (JEOL 6301F), and BET (QUAN-
TACHROM, Nova 2000). The ball milled calcined powders, without
adding binders, were uniaxially cold pressed into pellets (12 mm
in diameter and about 3 mm in thickness) at 200 MPa. The green
density was about 60% of theoretical density (6.21gcm3). For
solid-state reaction, barium carbonate BaCO5 (99%, Aldrich), cerium
oxide CeO, (99.99%, Alfa Aesar) and yttrium oxide Y,03 (99.9%,
Acros Organics) were used as starting materials. Proper amounts
were ball milled in ethanol (Acros Organics) for 24 h. After drying,
the powder was calcined at 1100°C for 8 h, ball milled in ethanol
for 24 h and sieved. The as obtained powder was uniaxially cold
pressed at 200 MPa and sintered at 1600°C for 6 h in air (heating
rate: 100°Ch-1).

The sinterability of green compacts from sol-gel route was
investigated by dilatometry (SETARAM SETSYS Evolution 1750). A
constant heating rate of 10 °Cmin~! was adopted. The green pellets
were sintered in air from 1230°C to 1630°C for 6 h in air (heating
rate: 100°Ch~1). In order to avoid any reaction between samples
and the crucible (alumina or zirconia), a thick layer of the calcined
powders with the same composition was put between the pellet
and the crucible [13,20]. Bulk density and open porosity were mea-
sured by the imbibition method using water as the liquid medium.
Sintered pellets were characterized by X-ray diffraction (XRD).
The microstructure of sintered pellets was examined by SEM. The
average grain size, dg, was measured from SEM pictures using a
line-intercept method taking into account at least 300 grains.

2.2. Electrical measurements

In order to avoid any interference between the proper block-
ing effect of grain boundaries and that of porosity, impedance
measurements were only performed on dense pellets (>95% of
the theoretical density), i.e. samples synthesized by sol-gel (SG)
and sintered at 1500, 1550 and 1600°C and pellet prepared from
solid-state (SS) reaction and sintered at 1600 °C. The correspond-
ing samples will be thus referenced as SG1500, SG1550,SG1600 and
S$S1600. On each face of the ceramic pellets, platinum was sputtered
at room temperature (EMITECH SC7620 Sputter coater). Accord-
ingly, no thermal firing was required and the adhesion of measuring
electrodes was checked before and after electrical measurements.
The thickness of platinum was of the order of 100 nm and a suf-
ficient percolation of the film was achieved resulting in a sheet
resistance as low as 12 at room temperature. Hence, no signifi-
cant series resistance due to measuring electrodes was evidenced
in the chosen experimental conditions. Platinum meshes were used
as current collectors. Impedance spectroscopy measurements were
performed on symmetrical cells between 150 and 600 °C in wet (3%
H,0 or D,0) argon flow (0.1 Lmin~1). A constant atmosphere was
maintained by introducing the gas mixture passed through a gas
diffuser in water at room temperature. The water vapour pressure
was found equal to 3 x 103 Pa. Impedance diagrams were recorded
under zero dc conditions (HEWLETT PACKARD 4192ALF) between 5
and 1.3 x 107 Hz. The numbers on impedance diagrams indicate the
logarithm of the measuring frequency. Impedance diagrams have
been normalized by the geometrical factors of the pellets.

3. Results and discussion
3.1. Powders synthesis and morphology

The thermal evolution of XRD patterns for BaCeg gYp 10595 pre-
cursor obtained by sol-gel and calcined between 600 and 1200°C
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Fig. 1. X-ray diffraction patterns recorded after different thermal treatments.
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Fig. 2. DTA-TG curves for the BCY10 gel.

are presented in Fig. 1. Heating at 600 °C for 2 h in air results in the
formation of BaCeOs, CeO, and an yttrium-cerium oxide. These
phases can be regarded as resulting from the oxidation of metal-
lic ions. The TGA curves in air of the dried precursor gel present
several weight loss steps (Fig. 2). A first steady weight loss occurs
from room temperature up to 170 °C. This is usually associated with
the elimination of residual water or the release of organic additives
from the surfaces of powders [13,21]. A sharp fall in the specimen
weight is observed between 170 and 500 °C related to the combus-
tion of polyethylene glycol, which is an exothermic process in the
DTA curve [22]. The weight loss up to 700°C corresponds to the
formation of barium carbonate and an yttrium-cerium phase, in
agreement with XRD analysis (Fig. 1). The last weight loss, begin-
ning around 800°C, is ascribed to the thermal decomposition of
barium carbonate [23]. This is confirmed by XRD analysis since a
few traces of BaCeOs3 can be detected after calcination at 1000°C.
No weight change occurs above 1150 °C, indicating that the single
phase perovskite is already formed.

XRD results show that the decomposition of carbonates and
the perovskite formation complete at 1100 °C, but the TGA curve
revealed that these reactions finish at around 1200 °C. This is due
to the difference in the time spent at the measuring temperature:
the powders investigated by XRD were maintained at the calcina-
tion temperature for 8 h, whereas the gel studied by TGA was only
briefly exposed at the corresponding temperature.

If one refers to the results of Fig. 1, one can expect a calcination
of the precursor gel at 1200 °C. Nevertheless, this will result in a
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2 mm

Fig. 3. SEM image of polycrystalline BCY10 powder calcined at 1100 °C for 8 hin air.

decrease of the specific surface area [24] and the powders can react
with crucibles at this temperature [13,20]. Accordingly, calcination
at 1100°C was chosen in this study. It should be noted that the
synthesis temperature of the sol-gel precursor is lower compared
to the conventional solid-state reaction method [12] and is of the
order of those reported for other precursor routes [21,25].

The morphology of ball-milled BCY10 powders calcined at
1100°C is shown in Fig. 3. It consists of small agglomerates
composed of small particles in the submicrometer range (20 nm,
500nm) with an average diameter about 0.2 pm. The measured
specific area is equal to 7.8 m2 g~1, which is relatively higher than
some literature data [13,24]. Such morphology allows obtaining
higher green densities and improving densification, as discussed
below.

3.2. Sintering behaviour

The shrinkage curves of a pressed compact are shown in Fig. 4.
The sol-gel sample exhibits a large shrinkage since it reaches a
value of 20% up to 1600°C. The shrinkage rate is maximum at
around 1430 °C. By determining the density as a function of dwell
time at 1400 °C (not shown here), it appears that sintering at least
for 6h in air is required to reach sufficient high relative densi-
ties. Thus, all the sintering procedures were performed for 6 h.
The absence of any inflexion point on the shrinkage curves above
1400°C suggests that no significant barium loss occurred up to
1700°C in air, in agreement with XRD patterns recorded on sin-
tered pellets (Fig. 5). Regardless of the heating temperature, only
the perovskite phase was detected. Fig. 6 shows the sintered density
as a function of the sintering temperature. No significant sintering
occurred below 1200 °C. The comparison with the results reported
by Zhong [20] indicates that the sinterability of the as obtained
powders is higher, mainly because of a small particle size. It can be
seen that when the sintering temperature exceeded 1400 °C, den-
sities higher than 95% of the theoretical one, as well as no open
porosity, are obtained. This confirmed by SEM analysis (Fig. 7).
Only one kind of morphology was observed for dense samples.
The microstructural features of the corresponding ceramics are
summarized in Table 1. The average grain size increases with the
sintering temperature, as expected. No secondary phases were
detected. In the absence of any precipitation of alumina or zirco-
nia at grain boundaries, one can conclude that ball milling did not
introduce impurities and that using a BCY10 buffer prevents from
any contamination from the crucible.
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Fig.4. (a) Shrinkage curve of BCY10 prepared by sol-gel method. (b) Shrinkage rate
versus heating temperature.
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Fig. 7. SEM images of pellet fractures of BCY10 (sol-gel method) sintered at (a) 1230°C, (b) 1330°C, (c) 1430°C, (d) 1530°C and (e) 1630°C for 6 h in air.

3.3. Conductivity measurements

In dense and pure polycrystalline ionic conductors, the
impedance diagram is typically composed of a high frequency semi-
circle, referred to as b, which describes the electrical properties of
the grains of the material (bulk) and an intermediate frequency
additional contribution, referred to as bl, which represents the
blocking effect of charge carriers at grain boundaries [26]. The tail
evidenced in the low frequency range, referred to as ele, isrelated to

Table 1

Microstructural features of dense BCY10 pellets.
Sintered BCY10 Relative Closed Grain size
pellets density porosity (%) dg (um)
SG1500 0.977 1.020 5.5
SG1550 0.970 1.328 6.3
SG1600 0.978 0.735 8.9
SS1600 0.981 1.151 6.2

processes occurring at the interface between platinum electrodes
and gas. Impedance spectroscopy was used to probe the relative
contributions of bulk and blocking effect to the total conductivity
of BCY10 pellets. This technique is as also a powerful tool to corre-
late electrical properties and microstructure features determined
by SEM. Impedance diagrams recorded at around 200°C in wet
argon are shown in Fig. 8. The corresponding results are compared
with those determined on a dense pellet prepared by solid-state
reaction to put in prominence the effect of the processing route of
powders. For the latter sample, the relative density was 98% of the
theoretical one and the mean grain size was found equal to 6.2 pum.

For temperatures below 250°C, three well separated con-
tributions are observed, thus confirming that porosity is low.
The observed separation of the electrolyte impedance from the
electrode characteristics indicates that the platinum electrodes
perfectly match the outer surface of the pellets. Moreover, this
ensures that no additional microstructure defect response, apart
from the grain boundaries blocking effect, is described. In this study,
the experimental diagrams were fitted, using the ZView® software
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measuring frequency.

(Scribner Associates), according to the equivalent circuit shown in
Fig. 9 where the resistances R1 and R2 correspond respectively
to the bulk and blocking effect features. The electrode charac-
teristics were described by one or two elementary contributions
(resistances R3 and R4) depending on the measuring temperature.
The origin of these latter contributions was not detailed since it
is outside the scope of this study. The constant phase element,
CPE, added replace pure capacitances to appropriately describe the
non-ideal behaviour of semicircles depressed below the real axis
in the Nyquist plane. The impedance of a CPE element is given by
Z(w) = [Q(iw)”]q, where Q and n are fitting parameters and w is
the angular frequency of the measuring ac signal. The value of the

capacitance (C) was calculated according to C = [R“”Q]l/ " where
R is the span of the semicircle. Another peculiar parameter which
can be extracted from impedance data is the apex frequency (f)
of a contribution (determined at the minimum of the imaginary
part of the recorded contribution in the Nyquist plane) accord-
ing to f=[27RC]~1, which represents an identification signature of
a described phenomenon. By increasing temperature, a high fre-
quency inductive effect, originating from the platinum wires in the
measurement rig was evidenced and then taken into account by
adding an inductive component (L) in series in the correspond-
ing equivalent circuit (Fig. 9). Thus, only the total resistance R; of
the material, which represents the sum of resistances R1 and R2
(bulk + blocking effect), was determined accurately above 350 °C.
The capacitance values for the high and low frequency semicir-
cles related to the ceramic impedance, described above typically
5x 102 Hz in the conditions of Fig. 8, were found to be about
45-6pFcm~! and 5-10nFcm™! (Fig. 10), in agreement with pre-
vious reports on doped barium cerate ceramics [15,17,21]. These
capacitances are independent of temperature up to 350°C. As
shown in Fig. 8, the frequency distribution of the overall ceramic

L1 R1
O

CPE1

CPE2 CPE3 CPE4

impedance does not depend on both grain size and elaboration
route, in agreement with literature results [27,28]. Moreover, each
apex frequency is similar for all investigated samples (Fig. 10), indi-
cating acommon origin for each individual impedance contribution
to the electrolyte impedance. The high frequency semicircle (b) can
be unambiguously assigned to the bulk response and that described
in the intermediate frequency range (bl) to the blocking effect of
charge carriers at grain boundaries in the studied samples.

Fig. 11 shows the Arrhenius diagrams of bulk (o},), blocking
(on1), specific (o3)) and total (o) conductivities for dense BCY10 in
wet argon. Regardless the sintering temperature, the total conduc-
tivity of samples prepared by sol-gel route is always higher. For
example, oy is around 5 x 103 Scm~! at 500°C for sol-gel sam-
ples and is equal to 3 x 10-3Scm~! by using solid-state reaction.
It is worth mentioning that the former values obtained for coarse
grained (dg >5um) are comparable with the state-of-art cerate
materials [29,30]. A peculiar feature on the Arrhenius diagram of
ot is a slope change around 350°C which is visible for all sam-
ples. Such a change has been already detected for yttrium-doped
barium cerates either for the bulk conductivity [15] or the total
conductivity [21,27,28]. Without emphasizing on the origin of this
bending, it is not likely to be due to dehydration of protons [31].
Accordingly, the activation energy of o could not be determined
accurately within the whole temperature range and was only calcu-
lated for temperatures below 350 °C. The corresponding values are
reported in Table 2. They are of the order (0.5 eV) of those which can
be attributed to protons as charge carriers [32,33]. The total con-
ductivity measured under water atmosphere (Ar-H,0) was found
higher than under heavy water (Ar-D,0), in agreement with litera-
ture data [34,35]. Below 600 °C, the ratio of both conductivities was
found equal to 1.30-1.40, which is close to the theoretical value
of +/2 [36,37]. This isotope effect indicates that BCY10 has a pro-

R3 R4

Fig. 9. Equivalent circuit used for impedance diagrams fitting.
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ton conduction in the chosen experimental conditions. Another
argument in favour of this interpretation is that the total con-
ductivity does not change significantly as a function of the water
partial pressure for temperatures below 650 °C [38]. Accordingly,
the recorded thermal activation is likely to mainly originate from
the proton conduction mechanism. The activation energy of the
bulk conductivity remains nearly unchanged versus the sintering
temperature and the elaboration route (Table 2) and agrees with
literature values for ionic conduction in cerate based perovskites
[15,39,40]. The lower bulk conductivity of dense BCY10 prepared
by solid-state reaction (Fig. 11) is rather surprising in the absence of
additional phase since the yttrium content is similar. Such a varia-
tion has been already recorded for BaCag g5Gdg 1503_g synthesized
by solid-state route [40]. It is worth mentioning that a second con-
tribution in the high frequency response of SS1600 sample could
not be resolved because of the corresponding low phase angle.
As no heterogeneous dopant distribution was detected within

Table 2

grains by EDS analysis, the origin of the recorded difference is not
clarified.

As commonly observed for cerate and zirconate perovskites
[21,27,32,41-43], the activation energy for the blocking effect is
higher (Table 2). Values between 0.65 and 0.79 eV are in agreement
with those determined for doped barium cerate [17], and further
suggest that the conduction properties are identical in all samples.
A higher activation energy can be understood if one assumes that
oxygen ions and protons are more tightly bound together in the
grain boundary region [41]. But, the values determined for bulk
transport and blocking effect are lower than those for p-type and
n-type conductivities [44,45]. This result supports the assumption
that electronic conductivity is never more than a minor contribu-
tion in the chosen experimental conditions. One can thus infer that
protons are the main charge carriers in the investigated samples.
Below 350°C for samples synthesized by sol-gel, the magnitude
of the blocking effect is lower after sintering at 1600°C (Fig. 11),

Activation energies for BCY10 contributions and blocking thickness calculated at two temperatures.

Sample E(op,) (eV) E(op) (eV) E(op,) (eV) E(o¢) (eV) Sp (150°C) (nm) Spr (250°C) (nm)
SG1500 0.43 0.65 0.63 0.51 4.5 4.5
SG1550 0.44 0.77 0.79 0.54 33 3.6
SG1600 0.45 0.79 0.76 0.49 4.2 44
SS1600 0.46 0.72 0.71 0.50 4.6 4.2
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as could be expected. Indeed, a high grain size (Table 1) yields a
lower grain boundary density and thus a lower blocking resistance
[18,46]. The absence of any significant variation of the blocking
conductivity between SG1500 and SG1550 samples could be antic-
ipated since the grain size varies only by 15%. One must keep in
mind that a two-fold decrease of the blocking resistance requires a
grain size increase by a factor of 1.5-2 in average [18]. The compar-
ison of the blocking conductivities for SG1500, SG1550 and SS1600
samples emphasizes that the magnitude of the blocking effect in
dense BCY10 does not depend on the elaboration route. This fur-
ther suggests that the origin of the recorded blocking effects is of
same nature.

The total conduction of polycrystalline ceramics is contributed
by the bulk and the blocking conductivities. In the absence of any
additional intergranular phase (continuous or located at triple junc-
tions) and/or diluted impurities, the blocking effect can be ascribed
to space charge layers adjacent to grain boundaries. The magni-
tude of the recorded effect depends mainly on the nature of the
dopant and its grain boundary segregation factor, and hence rep-
resents an intrinsic property of the material [47]. The existence of
an additional phase results in another contribution to the block-
ing effect, mostly governed by the purity of the material, which
can be regarded as an extrinsic contribution to the total conduc-
tion of the ceramic [48]. To get a better insight on the electrical
properties of grain boundaries, i.e. discriminate an intrinsic block-
ing effect from an extrinsic one, the Brick Layer Model [40] has
been used. Indeed, some researchers [32,49-51] have suggested
that the space charge effect may act as a blocking source for the
protonic conduction in the vicinity of grain boundaries. The evi-
dence of a space charge effect is the segregation of acceptor solutes
in the grain boundaries [40,50], indicating a positive grain bound-
ary core with adjacent negative space charge layers within protons
are depleted which affects the grain boundary conductivity. For the
SG1600 sample, qualitative enrichment of yttrium ions have been
clearly evidenced by EDS analysis (not shown here). According to
the brick Layer Model, and by assuming that the dielectric constant
in grains and grain boundaries are equal [18] which is not unreal-
istic [52], the specific blocking conductivity o} can be calculated
from the blocking conductivity o}, according to:

S 1 G
Op1 = o1 Cor (1)
where Cy, and Cp,) denote the geometrical capacitances of grains and
grain boundaries.

The bulk capacitance C;, represents the dielectric properties of
the volume of the grains and the blocking capacitance Cy,; describes
those related to the blocking of charge carriers in the vicinity of
microstructure defects. Assuming plane capacitors, C, and Gy are
proportional to the ratio of the electrode area to the sample thick-
ness. Moreover, Cy, also depends on the ratio of the mean grain size
(dg) to the blocking thickness (8y, ). The last parameter can be identi-
fied to the width of space charge layers adjacent to grain boundaries
[53].

The blocking thickness can be estimated by:

G
Spp = Ci;'dg (2)

where dg is the mean grain size.

If the blocking effect is controlled by impurities, one should
expect an increase of the specific blocking conductivity with the
grain size as the solubility of impurities would increase. Since both
C, and Cy,; are independent of temperature (Fig. 10), the activa-
tion energy for o}, is similar to that for the apparent blocking
conductivity (Table 2). As previously reported in the literature
[28,40], the specific blocking conductivity is lower than the bulk
one (Fig. 11). Grain boundaries are less conductive than grains

by at least two orders of magnitude, depending on temperature.
Moreover, in comparison to the blocking conductivity, the spe-
cific blocking conductivity is three orders of magnitude smaller.
At 200°C, 0%, varies between 1 and 1.3 x 10~/ Scm~! and these
values are rather close to those determined in similar conditions
for BCY10 [28]. At 300°C, the specific blocking conductivity is
around 2 x 10-% Scm~1 which agrees with that of BaCey 9Gdg 103_g
[39]. According to the results of Fig. 11, it is apparent that the
specific blocking conductivities are identical, within experimental
accuracy. This has been also observed for BaCeggY(103_5 syn-
thesized by solid-state reaction and sintered at 1250 and 1500°C
respectively [28] and for BaCe9Gdg105_s prepared by solid-state
reaction and sintered between 1500 and 1600°C [40]. One can
thus assess that all investigated samples present the same chem-
ical features at grain boundaries and that the electrical behaviour
reported represents the inherent properties of the ceramic mate-
rial. Between 150 and 350 °C, the temperature range within C, and
Cp) can be determined accurately, the blocking thickness is nearly
constant and does not vary as function of microstructure (Table 2).
For dense BCY10, &y, is of the order of 4 nm which agrees with val-
ues determined for acceptor-doped proton [40,50,54] and oxygen
[55] conductors. At this stage, the results indicate that the conduc-
tivity of grain boundaries in yttrium-doped barium cerate can be
analyzed by a space charge approach of a positively charged core
and adjacent space charge layers depleted in positively charged
defects. The electrical behaviour of grains is not affected in the
presence of space charge layers. The application of BaCeO3-based
protonic conductors will be possible if the reported level of electri-
cal conductivity is retained and the chemical stability, especially in
gases containing CO,, is improved. Thus, the electrical properties of
yttrium-doped barium cerate-zirconate solid solutions have been
investigated and will be discussed in a forthcoming paper.

4. Conclusion

By developing a versatile sol-gel method, pure BCY10 powders
were synthesized after calcination at 1100 °C for 8 h in air. The final
powders showed good densification since relative densities higher
than 95% of the theoretical one and homogeneous microstructures
were achieved after sintering above 1400 °C. The conductivities of
selected sol-gel samples were characterized by impedance spec-
troscopy versus temperature in wet argon and compared to those of
BCY10 elaborated by solid-state reaction. The electrical properties
are in overall agreement with the literature and reflect a protonic
conductivity. At 600°C, the total conductivity of sol-gel samples
(grain size: 5-9 m) is the same and comparable to the state-of-
art cerate materials. At high temperatures, the electrical properties
of grains rule the total conductivity and the blocking effect due to
grain boundaries becomes increasingly predominant on lowering
temperature. The electrical contribution of grain boundaries can be
related to the existence of space charge layers. The specific blocking
conductivity is the same, regardless of both grain size and elabora-
tion route, indicating that the different behaviour is determined by
the grain size.
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