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Summary

Bismuth vanadate compounds are of high interest due to their high ionic conductivity, especially at moderate
temperatures between 300°C and 500°C. Therefore, a large potential exists to apply them in the field of fuel
cells, oxygen separation membranes, and gas sensing. This project was a collaborative project between the
Department for Functional Materials (Prof. Ralf Moos) and the New Mexico Institute of Mining and Technology
(Prof. Paul Fuierer), in the framework of the Materials World Network. Project aims were the detailed
investigation of material stability and properties as well as to explore their suitability for electrochemical
devices.

Two main goals existed should be achieved. Firstly, for a fundamental understanding of the anisotropic material
properties (ionic conductivity, dielectric constant, thermal expansion and conductivity, thermopower), a
quantitative defect chemical should be developed. Secondly, the application of bismuth vanadate in
electrochemical devices was evaluated. While the NMT counterpart focused on the preparation of textured bulk
ceramics [1-2], the group at the Department of Functional Materials investigated the formation of bismuth
vanadate films using a novel spray coating technique called Aerosol Deposition (AD) [3-4], and the resulting
electrical properties of the films. Using aerosol deposition, the formation of ceramic layers occurs at room
temperature without any necessary heating steps and directly from a suitable ceramic raw-powder.
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Figure: Dense doped Bismuth Vanadate films (BiCuTiVOx) formed by aerosol deposition: a) semi opaque film on
platinum electrode structure, b) cross-sectional SEM image and c) conductivity
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Dense thick films of doped bismuth vanadate were produced for the first time using AD (see figure). The
aftertreatment was investigated in detail and already moderate annealing at 500 °C yield an oxygen ionic
conductivity close to the bulk value.

The release of non-uniform lattice strain was identified as the main reason for the increase of conductivity during
annealing. AD films showed improved strength, adhesion and ionic conductivity compared to conventional
screen-printed films. Furthermore, dense composite films of a Bi,03:V,0s mixture were deposited by aerosol co-
deposition, a derivation form conventional aerosol deposition where two or more different powders were
processed together.

To demonstrate the suitability of aerosol deposited bismuth vanadate films for the usage in electrochemical
devices, a planar NO; sensor was prepared. The sensor utilizes the pulse polarization technique and it was
achieved to measure small concentrations down to 3 ppm of NO, without any cross-sensitivity to NO.
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