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Abstract

Control of the crystallization and orientation of apatite-type lanthanum silicate (LSO) plays an important role in
designing and improving the LSO synthesis process. The mechanisms that determine the c-axis preferential
orientation of LSO thin films synthesized by chemical solution deposition and their correlation with preparation
conditions were investigated. Crystallization was found to be initiated preferentially at the surface of the precursor
thin films. It was also found that the orientation of LSO thin films was largely governed by the orientations of the
LSO nuclei that formed at the surface of the precursor thin films. In addition, the c-axis orientation was influenced
by the atmosphere used during crystallization and the Si/La ratio in the precursor thin films. An oxygen
atmosphere during annealing and lower Si/La ratios reduced the degree of c-axis orientation.
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1. Introduction

Apatite-type lanthanum silicate, Lag 33+2x(SiO4)sO2+3x (LSO), is a promising electrolyte material for solid oxide
fuel cells operating at lower temperature [1-9]. LSO has an anisotropic oxide ion conductivity that is the highest
parallel to the c-axis [10,11], and texturing of LSO is one of the factors to be controlled. Two types of texturing
methods have been reported, one employing LSO crystalline powders and the other utilizing precursor materials
[12-15]. The latter-type methods have achieved orientation control through the crystallization process and thus
they can be applied to various configurations such as pellets and thin films [14-17]. In addition, the reduction of
grain boundaries which impede oxide ion conductivity is also possible by some of these methods [14,17,18].
Therefore, precursor crystallization methods are expected to yield high oxide ion conductivity in practice.

We have previously reported a chemical solution deposition (CSD) method for preparing highly c-axis-oriented
LSO thin films through self-orientation [19]. However, the orientation mechanism was unclear and it must be
clarified for further improvement of the texture in the LSO thin films. In this paper, the c-axis orientation
mechanism of LSO thin films is identified and correlated to the preparation conditions.

2. Experimental

LSO thin films were prepared by a spin-coating method. 10 mL of a ~0.3166 M aqueous solution of lanthanum
nitrate hexahydrate (La(NOz3)3-6H.0; 99.9%, Wako) and 10 mL of ethanol (99.5%, Wako) were mixed and stirred
by using a magnetic stirrer. Then, 0.8-2 mmol of tetraethoxy silane (TEOS; 99.9999%, Kojundo) was added. The
mixed solution was stirred for 30-90 min at room temperature to obtain a coating solution.

Si (100) wafers and Pt plates were employed as substrates. The Si wafers were soaked in water at 80°C for 60

min before coating. The Pt plates were polished sequentially with diamond (10, 1 um) and alumina (50 nm)
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