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Abstract: The major energy sources that human are relying on are fossil fuel and it is exhausted
day by day. Furthermore, exploition and usage of fossil fuel also bring in many negative impacts
on environmental polution. Solid oxide fuel cell (SOFC) has been considerred as a potential
solution for such environmental and energy problems. Seeking a facile, cost and time saving
process to synthesize Ba doped LaMnOs is very important for development of SOFC applications
because it helps to reduce the cost of comercial SOFC. LaMnO3 doped with Ba is more cost
effective than Sr doped LaMnO3 because less rare earth elements are used. At the same time, its
conductivity is still good enough with an appropriate thermal expansion matched with those of
other parts of SOFC based on ytrium stabilized zirconia (YSZ).

In this paper, Ba doped LaMnO3 nanoparticles (LBMO), a promissing material for making cathode
of SOFC, were prepared by microwave combustion method. This material has many advantages.
Effect of the amount fuel in the combustion reaction on the products was studied by various
methods such as: X-ray diffraction measurement, scanning electron microscopy, energy dispersive X-
ray spectroscopy. The results showed that each doping rate requires an appropriate amount of fuel to
obtain pure and crystalline product. The obtained LBMO nanoparticles are crystallined in hexagonal
phase at doping ratio of 0.2 and orthohombic phase at doping ratio of equal or larger than 0.3.
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1. Introduction

In the next several decades, minimizing emission gases due to burning fossil fuels is extremely
important to reduce the impact on environment polution. A promising solution is SOFC because it can
transform energy from chemical bonding of fuel (bio-gas, natural gas, hydrogen, etc. directly into
electricity via electrochemical reactions at high yield while reduce much toxic emission gases [1-4].
The most commonly used materials in cathode of SOFC are ABOs perovskites, where A is a rare earth
metal (La, Sr, etc.) and B is a transition metals such as: Mn, Fe, Co, Ni or the combination of these
metals [2, 5-7]. The catalytic ability of oxidation reduction process is provided by cation B. With an
appropriate selection of A and B, a number of oxygen vacancies are generated during working process
and thus support for the transport of a large amount of oxygen to the electrolyte layer [8-12].
Lanthanum manganite is a perovskite with p type conduction, fulfills the requirements for cathodes of
SOFC, which are high conductivity, suitable thermal expansion, stability in both oxidized and reduced
ambient at high temperature [8, 9]. Recently, Ba was reported as a promissing dopant, which can help
to increase the conductivity and magnetic property of LaMnO; [15-18].

In this research, Ba which is an earth alkali metal of abundant amount and low cost, was a doped
into LaMnOs with the hope that partial replacement of rare earth elements with low cost one can help
to gain better price and electrical properties of cathode of SOFC .

2. Experiment
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Figure 1. Diagram of synthetic process of LBMO by microwave combustion method.

The synthetic process is summarized in the diagram shown in Figure 1. Precursor materials are
La,03 (99.99%), Mn(NO3)24H,0 (99%) and glycine NH,CH,COOH (99%). La,0Os; was dissolved in
HNOs acid (65%) to obtain La(NOs)s solution. Then, La(NOs)s, Ba(NOs)..4H,O and Mn(NOs).4H,0
were mixed together to form a solution with La : Ba : Mn molar ratio of (1-x) : x : 1 where x = 0.2;
0.3; 0.5; 0.6; 0.7 is the doping rate. In the next step, glycine of appropriate amount was added to the
solution. A set of La;xBaxMnO3s samples was prepared and denoted as BxGy where, x is the doping
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rate and y is defined as molar ratio between glycine and Mn. The obtained solution would be heated
by a magnetic stirrer at 100 °C. After 40 min the color of solution would turn into milky gel. The gel
was transferred into a microwave oven and heated in 2 min at power of 800 W. The microwave
supported for the combustion reaction and produced black powder.

3. Results and Discussion
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Figure 2. XRD patterns of LBMO power samples with doping rate x = 0.3 and 0.4.

Glycine plays an important role in the formation of metal complexes, which guarantees a
homogenous reaction at atomic level. Moreover, glycine supports for the reduction of nitrate group in
combustion process and liberates a huge amount of heat for the formation of pervoskite crystal. Hence,
investigating the effect of fuel amount on structure and morphology of nanoproduct prepared by
microwave combustion is very important. A small amount of fuel which is below threshold will not
provide enough energy for the reaction to occur. On the other hand, excess amount of fuel will also
degrade the quality of the product because generated gas in the reaction will dissipate the useful heat
for the reaction. Simultaneously, doping concentration also changes kinetics of reaction. The XRD
results (Figure 2) show that when same amount fuel is utilized (y=5), the quality of the product
changes a lot depending on the doping rate (x = 0.3 or 0.4). XRD diffraction patterns show that
LaosBagsMnO; sample was in crystalline form, implied by characteristic peaks of LaMnQs3, without
dopant or impurity. Meanwhile, sample Lao7BaosMnO3z was amorphous even though the same ratio of
fuel to precursors was applied. Thus, Lao7BassMnO3 nanomaterial was prepared with three different y
values: 4.5; 4.75 and 5. It should be noted that y of less than 4.5 resulted in non crystalline product as
demonstrated by XRD patterns in Figure 3.
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Figure 3. XRD patterns of La,,Ba,;Mn0; powder prepared with different value of y: 4.5; 4.75 and 5.

The above results suggest that each doping rate x will require a corresponding appropriate fuel to

precursors ratio.
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Figure 4. XRD patterns of LBMO samples of different doping rate x= 0.2; 0.3; 0.4; 0.5; 0.6; 0.7.

The detailed investigation showed that fuel ratio of y = 4 offers LaosBao2MnQO; of hexagonal
phase. For samples with doping rate x = 0.3; 0.4; 0.5, the fuel to precursor ratio y equals 4.75; 5; 5.25
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respectively will produce single phase nanopowder of orthorhombic structure. Samples with doping
rate X greater than 0.6 can not be obtained in crystalline form at any value of fuel ratio y. These results
are in agreement with theoretical calculation by Ahmed [19], where the authors showed that the
greater the doping concentration is the harder for the product can be formed due to the difference in
ion radius of Ba and La. Ahmed et al. calculated the dependence of formation energy of LBMO
materials on doping rate. The results are summarized in Table 1.

Table 1. Forming energy of LBMO product of different doping rate [19].

X 0.125 0.25 0.375 0.5 0.625 0.75 0.875
Eform (MeV/atom) 438.2 518.6 588.0 676.1 773.5 883.9 984.6

A high formation energy implies difficulties of doping process. As doping rate increases, the
formation energy grows correspondingly. Thus, a high doping rate will require more heat provided by
fuel. However, the gas product dissipates some portion of heat to environment, which is not useful for
the combustion reaction. This explains for the optimum value of fuel ratio for each doping
concentration as investigated above.
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Figure 5. XRD patterns of LBMO samples with doing rate x = 0.2; 0.3; 0.4; 0.5 in a 2theta range of 32 and 33°.

As can be seen from Figure 5, the strongest peak of LBMO shows a clear shift toward higher
angle as the doping concentration increases. This peak shift is an indication of replacement of La in
the lattice by Ba ion. The decreasement of distance between two neighbor planes with increasing of
doping concentration can be explained by the smaller radius of Ba?* ion compared with that of La. The
lattice parameters of LBMO samples were estimated by using the following formula for distances
between neighbor planes of orthorhombic and hexagonal structures, while the crystal size was
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estimated by Sherrer formula. The estimated data (shown in Table 2) are in consistent with the values
reported in literature for LaMnOs materials [3, 11].

Table 2. Lattice parameters and crystal size of LBMO samples of different
doping concentration x = 0.2; 0.3; 0.4; 0.5.

Sample a b c D Phase
Lay gBay ,;Mn0; 4.147A 4147 A 13.463 A 19.60nm Hexagonal
Lay ;Bay, sMn0; 5.523 A 5.698 A 7.803 A 21.61nm Orthorhombic
Lay ¢Bay 4Mn0O; 5.523 A 5.680 A 7.790 A 24.43nm Orthorhombic
LaysBay sMn0O, 5.482 A 5.678 A 7.736A 26.44nm Orthorhombic

Elemental percentage of the nanoproducts determined by EDS spectra agrees well with the
nominal content of the starting materials. For example, in the obtained LagsBa;2MnO; sample (Figure
6), the atomic element ratio of La, Baand Mn is 8 : 2 : 9.3. This is close to the stoichiometric ratio 8 :
2:10.
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Figure 6. EDS spectrum of LBMO sample with x=0.2.

When doping Ba into LaMnQg lattice, Ba can either replace for La or go into interstition position,
stay at the grain boundary, or dissociate to form another phase of Ba for instance BaCOs;. However,
the combination of XRD and EDS data suggest that the second case can be neglected because the
amount of Ba in the product consists with the nominal doping concentration while the product are
single phase even at high doping concentration.

Microstructure of the product can affect greatly to the catalyst yield of ceramic materials, thus, the
micromorphology of the samples was investigated by scanning electron microscope. The SEM images
in Figure 7 show that the obtained products are nanoparticles in range of 100-300 nm. The uniform
particle size demonstrates the potential of using the nanoproduct as a precursor materials for
fabrication of thin films of perovskite for cathode of SOFC.
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Figure 7. SEM images of LBMO samples with x=0.2; 0.3; 0.4; 0.5.

4. Conclusion

Ba doped LaMnO; nanopowder was prepared by microwave combustion method with many
advantages such as: simple setup, low cost, time saving. The study showed that glycine as the fuel of
the combustion reaction plays a critical role on the formation of perovskite nanomaterials. A fine
control of fuel amout is necessary for the production of single phase product. The preparation of Ba
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doped LaMnOs nanoparticles of single phase, high quality opens the possiblilty to fabricate
nanocrystalline thin films of this material by electrophoresis for SOFC applications.
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