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BaCeO,-based ceramics are ionic and electronic conductors that can be applied to oxygen sensors,
solid oxide fuel cells and oxygen permeable membranes. However, the low chemical stability at high
temperatures of these materials motivates studies involving doping of A and/or B sites of the perovskite
structure. In this context, the present work aimed to synthesize a new BaCePr, .Cu, O,  material
using the chemical route of complexation which combines EDTA-Citrate with pH variation. The
powders obtained at pH 3 or 11 and calcined up to 900 °C are thermally unstable. The cubic perovskite
BaCe, Pr, ,Cu, O, . with crystallite size between 99.4 nm and 131.6 nm was obtained along with
barium carbonate traces. In the powders calcined at 1000 °C the pH increase decreases the amount of

barium carbonate (17.3% to pH 3, 3.4% to pH 7 and 1.8% to pH 11), but increases the size of grains

with irregular shapes.
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1. Introduction

Interest in the perovskite type materials was motivated by
its optical, electrical and magnetic properties'2. Discovered
in the 18", the perovskite structure can be in its simple
form (ABX,)’, yielding substituted compounds following
the formula A A’ B B’ O,** or in its complex form with
structure A,B’B”0 %, such as the compounds BaLa(FeTi)O,°
and (A,Ba)Nb,O,, with A= Sr, Na, K and Pb’, which present
great potential in optical computing and pyroelectric sensors.

The high catalytic activity of the perovskite type oxides
(PTOs) allows these materials to be used in toluene degradation®,
carbon monoxide oxidation”!, biodiesel synthesis'!'2, solid
oxide fuel cell cathode material'*'5, and as catalysts for
methane reforming'®. These and other applications and/or
properties are derived from the specific characteristics of
the perovskite type oxides, especially the ability to adsorb
oxygen molecules (oxidation/reduction catalysts) and the
presence of structural defects. These and other characteristics
are directly related to the composition of the perovskite and
its conditions of synthesis and processing. The composition
and properties of the perovskites can be adjusted by simply
doping A and/or B sites. The doping strategy affects the
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electronic state of the d-orbital, the stabilizing energy of the
crystalline field and the binding energy B-O'.

The effects of doping and synthesis method on the
catalytic properties of perovskite-type oxides have been
studied since 1950’s. Perovskites with copper addition, more
specifically the system La-Ba-Cu-O containing Cu*" and
Cu’* have shown superconductivity at high temperatures's.
In addition, one of the well-known properties of copper is its
resistance to coke formation, avoiding catalytic deactivation.
The presence of copper, even in small amounts, not only
increases the resistance to carbon deposition, but also, in
combination with Co element, increases the thermal stability
of the compound®.

The changes that occur in the atomic sites of the perovskite
structure and the pH of the medium in which it is synthesized
can cause changes in its structure and catalytic activity. In
the present work, a perovskite of barium cerate doped with
Prand Cu ions of nominal composition BaCe, Pr, .Cu, O, .
was obtained by the complexation method combining EDTA-
Citrate. Doping with praseodymium increases the content of
oxygen vacancies, improving electrical properties®. At the
same time, doping with copper improves the sinterability and
transport properties in both air and hydrogen atmospheres?'.
The structure and morphology of the particulate materials
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were investigated as a function of the pH (basic, neutral or
acid) of the reaction medium.

2. Experimental

The perovskite of composition BaCe Pr, Cu O,
was synthesized by the EDTA-citrate method”?>? using the
chemicals listed in Table 1.

During the synthesis, the pH of the solution ranged
from 3 to 11. The experimental procedure was as follows:
EDTA was diluted in ammonium hydroxide in the ratio 1
2:10 mL under constant stirring and controlled temperature
(40 °C). Then cations of sites A and B were added, keeping
the stirring and temperature constant. Subsequently, citric
acid was added and the temperature was raised to 80 °C. The
pH adjustment was done with the addition of ammonium
hydroxide. The obtained gel was pre-calcined at 230 °C
using a heating rate of 5 °C.min"! for 180 min. The thermal
behavior (TG) of the pre-calcined powder was analyzed in a
Shimadzu equipment (DTG-60). Thermal analysis occurred in
air atmosphere between room temperature and 900 °C using
a heating rate of 10 °C min™'. The structural characterization
of calcined powders was performed by X-ray diffractometry
(XRD) on a Bruker D2 Phaser diffractometer using Cu-Ka
radiation (A = 1.5406 A) with Ni filter and Lynxeye detector.
The measurements were made in a 26 interval of 10° to 80°
using current of 10 mA, voltage of 30 kV and scan rate of
0,01°s!. The Rietveld refinement of the diffraction data
was performed using the Maud software (version 2.55).
The morphological analysis of powders was performed in
a scanning electron microscope (SEM) of Hitachi (TM-
3000) operated with incident electron beam of 15 kV. The
chemical composition analysis was performed by X-Ray
Fluorescence on a spectrometer with EDX — 720/800HS
detector in a vacuum atmosphere.

3. Results and Discussion

Figure 1 shows mass loss curves of perovskite precursor

powders BaCe Pr  .Cu, O, synthesized at different pH

0.1573-8
values.
The powders presented the same thermal decomposition

behavior up to 900 °C, with no significant changes in mass

Table 1. Chemicals used in the synthesis of BaCe, Pr, Cu  .O

0.8~ "0.05 0.1573-3
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Figure 1. Thermogravimetric curves of precursor powders obtained
in basic and acid pH.

loss with the pH change. It is possible to observe that the
compound is not thermally stable in the analyzed temperature
range, suggesting that calcination temperatures higher than
900 °C should be used. However, in the temperature range
analyzed, it can be verified that up to 900 °C the stabilization
process still does not occur, requiring a temperature above 900
°C to obtain the phase. As the perovskite BaCe ,Pr, O, was
already obtained by EDTA-citrate followed by calcination
at 1000 °C?, the powders obtained in the present work were
calcined at 1000 °C for 5 h.

Figure 2 shows the X-ray patterns of BaCe Pr, .Cu, O, ;
powders obtained with different pH values. It can be observed,
regardless of the pH value (acid, neutral or basic), all powders
present the barium cerate (79628-ICSD) and barium carbonate
(15191-ICSD) phases. The phase quantification by Rietveld
refinement indicated the presence of 1.8 wt%; 3.4 wt% and
17.3 wt% barium carbonate in powders synthesized at pH
11, 7 and 3, respectively. Considering the same calcination
conditions, the structural characterization indicates that the
purity of the synthesized material is affected by the pH of
the reaction medium. The Rietveld refinement data (lattice
parameters, crystallite sizes and weight fraction of each
phase) and fitting parameters (R, R and = R./R.)
are also listed in Table 2.

The chemical composition of powders was determined
by X-ray dispersive energy, in order to identify the real

via EDTA-citrate.

Chemical Molecular formula Manufacturer Purity (%)
EDTA acid C,H,N,O, Sigma/Aldrick 99.0
Barium nitrate Ba(NO,), Sigma/Aldrick 99.0
Cerium nitrate Ce(NO,),.6H,0 Sigma/Aldrick 99.4
Praseodymium nitrate Pr(NO,),.6H,0 Sigma/Aldrick 99.0
Copper nitrate Cu(NO,),.3H,0 Sigma/Aldrick 99.0
Citric acid CH.O, Sigma/Aldrick 99.5
Ammonium hydroxide NH,OH Fluca 25
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stoichiometry of the perovskites. Tables 3 and 4 present the
experimental values and experimental percentage errors,
respectively, obtained for barium, cerium, praseodymium
and copper elements.

Table 3. Chemical composition (expressed in wt%) of powders.

Barium Cerium  Praseodymium  Copper
pH Experimental
3 52.74 41.37 2.58 3.31
7 52.52 41.52 2.55 3.30
11 51.72 42.50 2.65 3.12

Table 4. Experimental errors (%) related to the chemical composition
acquired by EDX.

pH Erro (%)
Barium Cerium  Praseodymium  Copper
3 2.39 1.83 2.64 7.60
7 1.96 1.47 3.77 7.82
11 0.41 0.85 0 12.74

It can be seen from Table 3 that, regardless of the
pH, the experimental values obtained for the compound
BaCe Pr, .Cu O, -are close to the theoretical ones (51.51
wt% Ba, 42.14 wt% Ce, 2.65 wt% Pr and 3.58 wt% Cu).
However, when the pH was basic, the percentage of copper
presents the highest error%. Figure 3 shows SEM images of
powders obtained with pH 3, 7 and 11. It can be observed
that the powders consist of dense agglomerates, regardless of
the pH value used. The powders obtained with pH 3 present
small grains with irregular shapes (Figure 3 (B), whereas
powders with pH 7 and 11 have more defined grains. The
grain size increases with increasing pH value. Compared
with samples of barium cerate without'*** and with doping
(BaCe,,Pr, O,)%, the powders obtained in this work present
significant morphological changes. The perovskites BaCeO,
and BaCe,Pr, ,0,"*** showed a homogeneous distribution
of particles and a fibrous-like shape, respectively. Such

Figure2. XRD patterns of BaCe, \Pr, Cu 1O, ; powders synthesized 5 oJogical changes are associated with the reduced

with a different pH value after: a) pH 3, b) pH 7, ¢) pH 11.

Table 2. Rietveld refinement data of BaCe Pr, .Cu, O, ; powders obtained with different pH values and calcined at 1000 °C.

0.1573-3
pH3

pH7

pH 11

¥*=1.09
Rwp (%) =23.73
Rb (%) = 18.58
Rexp (%) =21.62
a=b=c=4.40 A
TC=99.3 nm
Space group pm3m
Barium cerate(IV),
weight
%: 82.71 +- 1.52

Barium carbonate ,
weight
%: 17.29 +-2.61

r=122
Rwp (%) = 28.15
Rb (%) =21.68
Rexp (%) =23.07
a=b=c=4.40 A
TC=131.5nm
Space group pm3m
Barium cerate(IV),
weight
%: 96.59 +- 1.36

Barium carbonate ,
weight
%: 3.40 +- 0.38

¥=1.00
Rwp (%) =24.70
Rb (%) =16.28
Rexp (%) =24.57
a=b=c=4.39 A
TC=131.1 nm
Space group pm3m
Barium cerate(IV),
weight
%: 98.23 +- 1.08

Barium carbonate ,
weight
%: 1.76 +- 0.23
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Figure 3. SEM images of BaCe Pr, Cu, O, ;, powders, (A) and

(B): pH 3, (C) and (D): pH 7, (E) and (F): pH 11.

calcination temperature range (900-950 °C) and the absence
of copper in the perovskite structure.

4. Conclusions

BaCe, Pr, .Cu, .

complexation method combining EDTA - Citrate. The

O, , powders were obtained by the

barium carbonate content, a secondary phase common to
all powders, decreased with increasing pH of the reaction
medium, reaching a minimum of 1.8% for pH 11. The
morphological characterization indicated the obtaining
of dense agglomerates with grains of irregular shapes and
increase in size with increasing the pH value.
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