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HIGHLIGHTS

» A novel processing route was used to fabricate Lag13Si»GesO,6 for SOFCs.

» High density materials were obtained by microwave hybrid sintering.
» The sintered materials exhibit an apatite structure.
» Volatilization of germanium was prevented during sintering.
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In this work, microwave hybrid sintering at 1300 and 1350 °C was carried out for densification of
Lag 33SixGe40,6 mechanically alloyed powder with apatite structure. The pellets sintered at these two
temperatures present the same structure (apatite) with relative densities of 92 and 96%, respectively.
Mechanical analysis performed on sintered materials revealed the following results: hardness of 7.1 and
8.0 GPa, Young's modulus of 122 and 133 GPa, yield strength of 1807 and 2073 MPa and fracture
toughness of 1.5 and 1.0 MPa m

12 respectively.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Solid oxide fuel cells (SOFCs) are devices that allow direct con-
version of chemical to electrical energy through an electrochemical
reaction in a cleaner and more efficient way than conventional
processes (e.g. gas turbines). The advantages of such cells include
high-conversion efficiency, long-term stability, fuel flexibility and
reduced emissions of polluting gases. However, it has proved dif-
ficult to develop this technology into commercially viable industrial
products due to lack of appropriate electrolyte materials or man-
ufacturing routes that would enable the cost of electricity per KW h
to compete with existing technology. Yttria-stabilized zirconia
(YSZ) has traditionally been used in electrolytes for SOFCs. This
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material exhibits high oxygen ion conductivity only at tempera-
tures in the range of 850—1000 °C. Therefore, SOFCs using YSZ as an
electrolyte must operate at similarly high temperatures, causing
problems related to degradation of materials and mechanical and
chemical compatibility in oxidizing and reducing atmospheres, cell
sealing and life time. There is therefore a great deal of interest in
lowering SOFC operation temperatures.

Recent research is being focused on the development of new
materials for SOFC electrolytes with higher ionic conductivity at
intermediate temperatures {500—800 °C) as alternative materials
to YSZ. Rare earth silicates with an apatite-type structure, such as
doped lanthanum oxides of general formula La;o(M04)s0;, where
M = Ge, Co, Si, Al, or P, exhibit ionic conductivity higher than that of
YSZ at intermediate temperatures, mainly due to the presence of
oxide ion channels containing interstitial oxygen sites [1] combined
with moderate thermal expansion coefficients and low electronic
conductivities [2,3].




