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Abstract

The synthesis of a Gd-doped BaPrO;—BaZrOj; solid solution has been investigated in an effort to stabilize the BaPrO; perovskite, a system with
poor chemical stability and endurance for humid, CO, and reducing conditions. The phases BaZr,Pr; _Gd303_5 (x = 0-0.7, Ax = 0.1) have been
prepared by acrylamide combustion synthesis. The solid solution is characterized by X-ray powder diffraction, scanning electron microscope
(SEM) and durability against CO,, moisture and reducing conditions investigated. Crystal structure parameters were obtained from X-ray powder
diffraction data and results show its symmetry increases by increasing Zr content. BaZr, ;Prg ¢Gdy 303_s has a maximum weight increase due to
reaction with CO, of nearly 13%, while this is reduced below 2% for BaZr, sPry ,Gd 303_s. The material appears to be unaltered by 5%H,/Ar for
x> 0.5, and under wet Ar for x > 0.4, and thus render a higher chemical stability and confirms the stabilizing role of BaZrO;. However,
microstructure investigations reveal gadolinium segregation due to the high doping level of the perovskite.

© 2008 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Perovskite-type oxide materials (ABO3) have received
significant attention due to their wide range of technological
applications, in particular fuel cells, hydrogen sensors,
batteries, electrochemical hydrogen pumps, electrochemical
micro-reactors, etc. [1-7].

Gd-doped BaPrOj; is an attractive material for fuel cell
applications [8—10], but a prolonged exposure to wet or reducing
gases (or CO,) leads to its mechanical disintegration and final
decomposition [11-13]. Similarly, BaCeO3; compounds are not
stable in CO,-containing atmosphere below 800 °C [14]. On the
other hand, acceptor-doped BaZrO; present an excellent
chemical stability and mechanical strength [15,16].

Thermodynamic stability, or at least long-term Kkinetic
stability, of the material at operation conditions is essential to
ensure reliable performance and long service life of the device.
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Bhide et al. [17] studied the thermodynamic stability of several
perovskites (BaMOj;, M = Ce, Pr, Zr, Ti, niobates, tantalates
and other related perovskites), and found that BaMO3 with
M = Ce and Pr decomposed to form Ba(OH), and the respective
hydroxide in boiling water, while M = Ti, Zr did not.

Some efforts have been devoted towards stabilizing BaCeO;
materials by partially replacing Ce by Zr. Previous reports have
proved that the chemical stability of Zr-substituted barium
cerates significantly increased in comparison with the unsub-
stituted material [18,19]. Incorporation of 20% Zr on the
tetravalent cation site in Nd-doped barium cerate completely
retards the decomposition reaction [18].

The scope of the present work is mainly focused to enhance
chemical stability of BaPrO; by gradually replacing Pr by Zr, as
well as evaluating the phase purity and microstructure of the
new materials. Since the reducibility of the metal ions follows
this order: Pr > Ce > Zr, the increase of Zr content should
improve the chemical durability against water, reducing
conditions, and CO,. The new family of compounds,
BaZr,Pr,_,_,Gd,O3_s, may be significant as possible SOFC
materials with enhanced stability compared to the Zr-free
parent material.
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In terms of synthesis procedure, the acrylamide combustion
route was chosen, as it is a very convenient wet chemical
synthesis method in order to provide ultrafine, highly
disagglomerated, nanometric powders, which are of particular
interest because of their low-temperature sinterability and
compositional homogeneity. This synthesis route has been
demonstrated to produce ceramic oxide powders for SOFCs
with improved homogeneity and microstructure [20-22].

2. Experimental work
2.1. Synthesis

Fine powders of BaZrPry;_ ,Gdyp305_5 (x=0-0.7,
Ax =0.1) were prepared using the acrylamide combustion
synthesis [22]. Stoichiometric quantities of PrsO;;, Gd,O3 and
ZrO(NO3),-xH,O (all 99.9% purity, Alfa Aesar, Karlsruhe,
Germany), and BaCOj3 (99.95%, DIOPMA, Barcelona, Spain)
were dissolved in an aqueous solution of nitric acid heated at T’
~80 °C. After the complete dissolution of the oxides and
carbonates, tetra-acid EDTA (Quality Chemicals, Esparre-
guera, Spain) was added to the solution in order to chelate all
the cations that would interfere in the polymerization of
acrylamide [21]. A 1:1 cation:EDTA ratio was assumed. The
pH was then adjusted between 6 and 8§ by NH,OH additions in
order to adjust the solution acidity. The next step consisted in
the gellification using acrylamide (99% purity, Aldrich) and
N,N’-methylenbisacrylamide (99% purity, Aldrich), which acts
as crosslinker. We also added a small amount of a-o'-
azobutyronitrile (98% purity, Fluka Chemical AG, Buchs,
Switzerland) as a thermochemical initiator. Polymerization
and, consequently, gel formation, occurs within a few seconds,
when the temperature reaches 80 °C, approximately.

This gel was heated up until the mixture was completely
dried and burnt, and then submitted to 550 °C for 2h to
decompose most of the organic compounds. The resulting fluffy
powders contained in each case a fine mixture of oxides and
carbonates which served as a precursor material for the
formation of each BaZr,Pry; ,Gdg305_5 composition. The
formation and evolution of the phase with temperature was
studied by subsequent thermal treatments between 900 and
1500 °C, for 10 h. Alumina crucibles were used for thermal
treatments until 1200 °C, whereas platinum crucibles were used
for T > 1300 °C, since reaction between alumina and our
material occurs around those temperatures.

2.2. Structural characterization

Phase identification was carried out in a Phillips PW 1710 or
Siemens D-500 X-ray diffractometer. The operating parameters
involved in XRD data used are as follows: Cu Ka radiation
(with k., contribution), 15-90° as the 26 scanning range, 0.2°/
min and 0.02 as the scanning speed and step, respectively. The
parameters for indexing and cell-parameter calculations were
collected at a scanning mode of a step of 0.01 and a scanning
rate of 0.1 °C/min. The lattice parameters were obtained using
the FullProf and WinPlotr suite softwares [23].

2.3. Microstructural characterization

Particle size and morphology of the powders were examined
by FE-SEM (Hitachi S-4100) device operating at 30 kV. All
preparations were covered with a thin film of carbon to avoid
charging problems and to obtain better image definition. Also,
the crystallite size was determined from the FWHM given by
the refinement routine and using the Scherrer equation.

2.4. Stability studies

TGA analyses were performed in wet 5% H,—Ar and wet Ar
to assess chemical stability under reducing conditions and
water over the temperature range of 25-900 °C. Also 100%
CO, TGA analysis were collected to check the stability versus
the formation of BaCOj; until 1000 °C. The heating rate was
5 °C/min in all cases. X-ray diffraction was performed after the
experiment to analyze the resulting products.

3. Results and discussion
3.1. Phase formation and structure

BaZr,Pry; ,Gdp303_s (x=0,0.1,0.2,0.3,0.4,0.5, 0.6 and
0.7) nanopowders were successfully prepared by the acryla-
mide combustion route after one single thermal treatment
directly from the precursor at the desired temperature. In
Fig. 1a, a series of XRD patterns for the BaZry 4Prg3Gdg305_5
composition are displayed. A minimal amount of precursors,
identified as BaCOj3 (pdf: 45-1471) and Gd,Oj3 (pdf: 42-1465),
remains at 900 and 1000 °C, but no appreciable impurity peaks
appear over 1100 °C, the minimum calcination temperature.
Moreover, the XRD peaks at 1100 °C look very broad
compared to those calcined at 1400 °C (as emphasized in
Fig. 2), which can be attributed a very small particle size, in the
submicronic range.

The materials have the simple cubic (or almost-cubic)
perovskite structure, and form a single phase material in all the
compositional range (Fig. 3). All the strong peaks are
reflections corresponding to the primitive cubic lattice of an
ideal perovskite-type structure (as labelled in Fig. 3). These
strong peaks gradually shift the peak positions to higher angles
with the increase of x (Zr), showing solid solution phases.

The minimum calcination temperature in order to obtain the
pure phase varies from 1000 °C (for x=0-0.1), 1100 °C
(x=0.2-0.4) up to 1200 °C (for x=0.5-0.7), thus higher
calcination temperature is needed for higher Zr content. This is
an expected behaviour, since ZrO, is more refractory and less
reactive with BaO compared to PrO,. The XRD patterns for
BaZr0A2Pr0_5Gd0_3O3_5 and BaZr0,5Pr0,2Gd0_3O3_3 are dis-
played in Fig. 1b and c, respectively, as examples of different
calcination temperature as the amount of zirconium varies. The
perovskite phase is formed at 900 °C in all cases, although there
is still some precursor precipitation at that temperature.

Refinement of the lattice constants were accomplished, and
indexing of the PXRD patterns was attempted to the space
groups Pnma (orthorhombic; pdf: 70-1430) [24] and Pm-3m
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Fig. 1. X-ray diffraction patterns of: (a) gel derived BaZr4Pry3Gdy305;_s treated at different temperatures for 10h, and selected patterns for (b)
BaZr»Prg sGdy305_s calcined at 900 and 1100 °C and (c) for BaZr, sPry,Gdg305_; calcined at 1100 and 1200 °C.
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Fig. 2. Comparative XRD patterns for the BaZrg4Pro3Gd305_s powder
calcinated at 1100 and 1400 °C. There is a noticeable peak width difference

due to the existence of nanometric material at the lowest temperature.
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Fig. 3. X-ray diffractogram sequence for

the BaZr,Pry7;_,Gdy305_5

(0 > x > 0.7) of well crystallized samples (7 = 1400 °C). Indexing corresponds

to the Pm-3m symmetry.
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Table 1

Results of lattice parameters refinement by X-ray powder diffractometry for
BaZr,Prg7_,Gdy303_5 (0 > x > 0.7). The number in parentheses is the uncer-
tainty in the last digit, as given by the lattice parameter refinement routine.

Phase®  a (A) b (A) c(A)
BaPrO; [9] (6] 6.181 (1) 6.214 (1) 8.722 (1)
BaPrO; (6] 6.176 (2) 6.207 (2) 8.720 (2)
BaPr ;Gdy305_s (6] 6.179 (2) 6.216 (2) 8.735 (2)
BaZrg 1Pry ¢Gd303_5 (6] 6.138 (2) 6.167 (2) 8.756 (2)
BaZroProsGdos0s_ s O 6.105(2)  6.135(2)  8.679 (2)
BaZrysPro4Gdy505_5s O 6067 2) 611722 8657 (2)
BHZI'()>4Pr0_3Gd()>303,5 C 4.294 (2) - -
BaZr( sPry ,Gd303_5 C 4.276 (2) - -
BaZr0.6Pr041GdO.3O3,5 C 4.248 (2) - -
BaZr 7Gdy303_; C 4.218 (2) - -
BaPry 4Gdg O5_s 0 6.177 (2)  6204(2) 8724 (2)
BaZry 3Pr ¢Gdo 1035 (6] 6.087 (2) 6.124 (2) 8.613 (2)
BaZr0.6Pr043Gd0.]O3,5 C 4.263 (2) - -
BaZrO; [10] C 4.1930 - -

? C/O denote cubic/orthorhombic structures, respectively.

(cubic; pdf: 06-0399) [25]. The lattice parameters determined
in this study are summarized in Table 1. The phases are cubic
when the content of Zr is high, orthorhombically distorted
when the content in Pr is high, due to lattice distortion as the B-
site becomes too big for the ideal Pm3-m aristotype. In those
cases, it is possible to appreciate several very low intensity
peaks, e.g. next to the (1 1 1) reflection (for the Pm-3m space
group) at 20~34°. This denotes a non-cubic reflection that one
can observe, at least, until x = 0.3. Then, we assume that for
x > 0.4 the perovskite is cubic. We may note, however, that the
distortion from the cubic ideal perovskite is quite small, even
for the Pr end member, so a higher resolution technique is
needed to confirm a more precise space group. For that
purpose, the use of synchrotron radiation to assess structural
elucidation of related materials is currently underway. None-
theless, it is clear that the extent of the orthorhombic distortion
decreases with increasing the Zr content, as expected from the
symmetry reported for the end members. All peaks shift
towards higher 26, and the relative intensities of some of the
peaks change gradually as a function of composition. The
variation of the molar cell volume due to the substitution of
Pr(IV) for Zr(IV) follows a linear relationship (see Fig. 4),
which is in accord with Vegard’s law of ideal solid solutions, as
the ionic radius of Zr** (R = 0.72 A) is smaller than that of Pr**
(R=0.85A) [26].

3.2. Powder morphology

Surface morphology and microstructure of the powder at
each temperature were observed by FE-SEM. The variation of
the microstructure of BaZry4Prg3Gdg305;_s5 powders with
temperature can be appreciated from Fig. 5. The powders fired
at 1100 °C show a highly porous morphology of the aggregates,
and particle sintering occurs with the increase of temperature,
particularly over 1200 °C. Nanosized quasi-spherical particles,
with a size of 80-120 nm can be observed for the powders
calcined at 1100 °C from micrographs in selected areas taken at
higher magnification (Fig. 5b). Primary aggregates of those
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Fig. 4. Variation of the molar volume versus the Zr content in

BaZr,Pro7_,Gdo30;3_s calculated using XRD patterns calcined at 1400 °C.
It follows Vegard’s law of ideal solid solutions.

particles can be identified, thus forming aggregates bigger than
250 nm. Particle size of the powders has been listed in Table 2
(SEM particle size). Higher temperature leads to larger particle
size and better intergranular connectivity, revealing systematic
grain growth.

Application of the Scherrer equation to the X-ray data leads
to an estimated crystallite size of 15 nm (at 1100 °C). Although
the value is smaller than the size observed by SEM, it confirms
crystallites are in the nanometric range and that particle size,
which might be formed by several crystallites, has the same
trend as observed by SEM (see Table 2). This further implies
that the powder has a high sinterability.

SEM pictures for BaZr,Prg;_Gdy303;_s (x=0.1, 0.3, 0.5
and 0.7) are displayed in Fig. 6. The powders calcined at
1100 °C (Fig. 6a) show, for all compositions, significant
agglomeration, and the material presents a ‘‘sheet-like”
morphology, whereas one may observe the presence of
individual interconnected nanometric particles (about
100 nm) where those are visible (e.g. in Fig. 5b). The
morphology at 1100 °C is very similar for all compositions.
However, the microstructure of the powders is influenced by the
Pr/Zr ratio, particularly observable for higher calcination
temperatures; 1300 °C is shown as example in Fig. 6b. The
main differences are found in the grain size, where Zr additions
may retard the grain growth, and this might be also related to
the different sintering activities of BaZrO; and BaPrO;
materials. It has been reported that Gd:BaPrO; powders are
highly sinterable (dense specimens can be obtained at 1400 °C
using simple uniaxial pressing) [12], while for BaZrO;-based
materials is not possible to achieve dense material in equivalent
conditions [27]. Studies based on similar a system showed that
the sintering temperature increased depending on x for
BaCepo_,Zr1,Y(103_s, as reported by Katahira et al. [18].
The reason why Pr may accelerate grain growth (and probably
final sintering of the specimens) in BaZr,Pry;_,Gdy305_s is
thought to relate to the relative refractory properties of the Pr
and Zr oxides. As ZrO, is more refractory than PrO, then it is
more difficult to react/sinter.
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Fig. 5. (a) SEM micrographs of BaZr,Prj;_,Gdy303_; (x = 0.4) calcined at 1100, 1200, 1300 and 1400 °C during 10 h and (b) higher magnification micrograph of

the powder calcined at 1100 °C.

3.3. Thermal analysis

The TGA curves measured in CO, for all
BaZr,Pry;_,Gdo303_5 samples are presented in Fig. 7. The
materials containing little or no Zr, for example
BaPr0.7Gd0_3O3_,g and BaZro.lPr().GGdO,3O3_5 showed an
appreciable weight gain starting at 300 °C, indicating that

Table 2
Particle size and agglomerate size of the powder fired at different temperatures,
by SEM compared to those estimated by Scherrer equation.

Temperature (°C)

1100 1200 1300 1400
SEM particle size (nm) 80-120  200-300 200400  400-600
SEM agglomerate size (wm)  0.25-1 0.5-1.5 12 1-4
Scherrer (nm) 15 30 55 -

reaction with CO, had occurred as per the following equation:
BaPrO; + CO,(g) — BaCOs + PrO, )

Further heating induced a weight loss at ca. 800 °C (for
x =0, 0.1), implying the reverse reaction had taken place, and
CO, was released. During subsequent cooling after reaching
1000 °C, none of materials are reactive no more.

The maximum and total weight gain in the TGA curves
diminishes gradually from x=02 to x=0.7 (Fig. 7).
BaPr(;Gdy305_s has a maximum weight increase due to
reaction with CO, of nearly 14%, while this is reduced below
2% for BaZr sPry,Gdy305_s. Also, the temperature for the
beginning of the reactivity is retarded from 300 to 400 °C
(x=0) up to 500 to 600 °C (x > 0.2). XRD patterns collected
after TG measurement under CO, clearly evidenced the
presence of BaCOj3 and confirmed that reaction with CO, had
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Fig. 6. SEM micrographs of the series BaZr,Pry;_,Gdy305;_s (x =0.1, 0.3, 0.5 and 0.7) calcined at 1100 °C (a) and 1300 °C (b), for 10 h.

taken place for low Zr content materials, while showed  CO, increases with increasing Zr-content, as BaPrOj is very
essentially no BaCOj; for x > 0.5. reactive towards CO, due to formation of BaCOs, but BaZrOs is

The final weight uptake of BaZr,Pry;_,Gdg305_s materials rather stable in CO,. A previous report on thermogravimetric
clearly diminished as a function of Zr-content. This result measurements under CO, of pure BaPrO; and BaZrO; also
means that chemical stability of Zr-substituted BaPrO; against support this finding [9].
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Fig. 7. TGA plot for BaZr,Pry7_,Gd303_5 (0 > x > 0.7) samples run under
100% CO, at arate of 5 °C/min. The letters a~h stand for x = 0,0.1,0.2,0.3,0.4,
0.5, 0.6 and 0.7, respectively.

The TGA curves for wet 5% H,/Ar are somewhat more
complex. Compositions with low Zr concentration showed a
significant weight uptake between 450 and 650 °C that can be
mainly ascribed to the reaction of decomposition of the
perovskite, namely to form barium and praseodymium
hydroxides, accompanied by the reduction of Pr(IV) to
Pr(II) as described in more detail in Ref. [12]. For
compositions with higher Zr content (x > 0.5), such weight
gain did not occur.

The powders were characterized by XRD after the TG
measurements (Fig. 8a), and BaCO; (pdf: 45-1471), Pr(OH);
(pdf: 83-2304), Ba(OH),-3H,O (pdf: 21-0074) and BaGd,O,
(pdf: 19-0105)/BaPr,O,4 (pdf: 48-0467), in addition to the
perovskite phase, could be identified. The amount of
decomposition products was found to consistently decrease
as the ratio Zr/Pr increased, as expected by increased stability
and the redox inactivity of BaZrO; compared to BaPrO;.
Consequently, the chemical reactions occurring under wet and/
or reducing conditions can be ascribed to the reactivity of Pr, so
we can understand the reactions involved here by writing the
following equations:

2BaPrO; — BaPr,O4 + (1/2)0,(g) + BaO )

BaPrOs + (5/2)H,0(g) — Pr(OH)3 +Ba(OH), + (1/2)0x(g)
3)
Ba(OH)z + CO, — BaCO3; + HQO(g) 4)

The use of 5% H,/Ar acts, therefore, as a reducing gas for
praseodymium from its oxidized state (IV) down to (III), and
forms BaPr,O,4 according to reaction (2), or Pr(OH); with the
presence of water, according to reaction (3). We may note that
what we identified in the XRD patterns is a solid solution of
BaGd,0,4 and BaPr,04, so that part of the Gd(III) acting as a
dopant in BaZr,Prg ;_,Gdg 305 _;s is also involved into this new
reduced material, BaPr,O,, and consequently wrote is as
Ba(Pr,Gd),0,.

Water has a reducing effect in BaPrO;, and hydrates both
Ba(Il) and Pr(IV) to Ba(OH), and Pr(OH)s;, as per Eq. (3).
However, it is sometimes difficult to find barium hydroxide in
our X-ray patterns, since it rapidly transforms into BaCOj;
(Eq. (4)), which is easily found in our XRD patterns.
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Fig. 8. X-ray diffraction patterns for BaZrPrq;_,Gd305_s after the thermal
treatment in: (a) wet 5% H,/Ar and (b) wet Ar (final temperature = 900 °C). (i)—
(iv) denote x =0, 0.2, 0.4 and 0.5, respectively. Unmarked peak in the inset
corresponds to the perovskite phase.

As displayed in Fig. 8a, BaZr,Pry;_,Gdy303_5 decomposes
in wet 5% H,/Ar mixture for x < 0.4, while the pattern for
x = 0.5 looks unaltered. In fact, we could observe that the higher
the Zr content, the lower the total weight uptake in the TG
curves of the perovskite was, indicating less degree of
decomposition into the hydroxide phases. We can then
conclude that there is a good stabilization of the material
when x > 0.5 under wet reducing conditions.

A similar result is encountered for the TGA under wet Ar. X-
ray diffraction performed after the analysis (Fig. 8b) confirms
that the compositions x > 0.4 for BaZr,Prg7_,Gdg305_5do not
decompose with water containing atmospheres in the studied
range of temperature, and they are thus stable. The chemical
reactions occurring under wet Ar can be described as per
Eq. (3). In addition to BaCO3; and Pr(OH)s, also Gd,O3 (pdf:
12-0797) was encountered. However, we may note here that the
reactivity in wet Ar is much less severe than under reducing
conditions, indicating, thus, that Pr(IV) is easily reduced to
Pr(IIT) and easily decomposed.
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This study demonstrates quite clearly that introduction of
BaZrOj; into Gd-doped BaPrOs5 greatly enhances the chemical
stability. We can then conclude that the scope of this work, i.e.
stabilizing Gd:BaPrO; by Zr-substitution, has been achieved
for a Zr content over 0.4-0.5.

The high dopant levels of Gd(IIT) were chosen in the present
study so as to favour the formation of oxygen vacancies in the
dry state, which are, in turn, in equilibrium with the surrounding
atmosphere to form, for instance, electron holes or protons [28],
and these defects can give rise to enhanced oxide ion, protonic
or p-type conductivity: an important goal for an SOFC material.
Unfortunately, microstructural investigations show that the
perovskite becomes unstable, as Gd,O5 segregation (pdf: 42-
1465) occurs when a high temperature (and long) thermal
treatment is applied. The XRD pattern evolution for
BaZr ¢Prjy 1Gdg 305 _s after this more severe thermal treatment
(temperatures typically around 1500 °C, for more than 30 h) is
shown as example in Fig. 9. This was further verified by SEM
(Fig. 10) on samples sintered at 1500 °C during 30-35 h. The
presence of a whiter phase seen in the BSE image was analyzed
by EDS microanalysis, and found it was Gd-rich, which clearly
shows the segregation effect. This phenomenon happens for all
compositions in the BaZr,Pry;_,Gdy303_s family, indicating
that introducing 30% of Gd in the perovskite structure, a high
dopant concentration, is not stable. It can be suggested that
long-term annealing leads to a small compositional change (e.g.
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Fig. 9. XRD patterns for BaZr,Prp7_,Gdo303_s (x=0.6) demonstrating
Gd,0; segregation occurring after long thermal treatment at 1500 °C.

BaO loss) that moves the composition to outwith the domain of
single phase solid solution behaviour causing Gd,O3 exsolu-
tion. By way of contrast, early investigations on less heavily
doped materials (BaZr,Prg9_,Gdy 103_s) show no evidence of
such happening. Further research on these materials is currently
underway.

20 ym

Fig. 10. SEM micrographs using both the secondary (left side) and backscattered electrons (right side) imaging to demonstrate Gd-rich phase segregation in:
BaZr,Pro7_,Gd30;3_5 (a and b) x =0 and (c and d) x = 0.6. The whiter precipitates in the BSE image is a Gd-rich phase (by EDS).
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4. Conclusions

A large extent of mutual solubility between BaPrO;—
BaZrO; has been demonstrated in the quasi binary system
doped with Gd at a fixed concentration (30%) using the
acrylamide combustion synthesis. It is also found that BaZrO;
is an excellent additive for stabilizing the Gd-doped BaPrO;
perovskite. BaZr,Prg7_Gdp303_5 (x = 0-0.3) are unstable in
wet Ar and/or wet 5% H,/Ar and decompose to form
hydroxides and/or reduced species; BaZrg4Pr3Gd303_5 is
stable under wet Ar, but still sensitive to reduction in wet 5%
H,/Ar, while BaZr,Pry;_,Gdy303_s (x > 0.5) proved to be
stable under all conditions. Given the redox inactivity of
BaZrO; and higher chemical stability compared to BaPrO;, the
reactivity towards CO,, water and reducing atmospheres
greatly diminishes with increasing Zr content (x > 0.4). The
nanoparticulate materials were in the range between 80 and
120 nm, explored by SEM. Powder X-ray diffraction reveals
that BaZr,Pr;_,Gd305_s materials were all cubic (or nearly
cubic) single phase perovskites. Unfortunately, the materials
suffer from gadolinium segregation under more severe thermal
treatments, therefore, reducing the trivalent dopant content, i.e.
BaZr,Pryo_,Gdy.103_s, is suggested.
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