Presentation of activities related to development, characterization and testing of wireless sensors based on magnetoelastic materials.
NMP-2009-1.2-3, Nanotechnologies – coordinated call with Russia: B, and/or C
General Description

Magnetoelastic materials are ferromagnetic amorphous alloys that, when placed in a time varying magnetic field, transform magnetic energy into elastic energy, inducing an oscillating deformation of the material. The material vibrations generate a new magnetic flux that can be detected using a pick-up coil, as a result they can be considered as wireless surface acoustic wave devices. The resonance frequency of this oscillation depends on geometric parameters as well as on the density of the sensor. Even though the magnetoelastic alloy can be used for detecting changes in the pressure or in the velocity of a fluid, it cannot be used as is, for selective sensing of one compound in a mixture. One possible way to achieve this goal is to deposit on the magnetoelastic material surface a film (polymeric, or inorganic) that selectively adsorbs the analyte of interest. In our laboratory we have experience on depositing polymeric, amorphous SiO2 and particularly zeolite films.

Zeolites have the ability to recognize molecules based on their size or polarity, a property that can be used in sensing applications if it can be transformed to a measurable signal. The zeolitic part of the composite will provide the means for selective recognition of the analyte molecules (i.e. by selective adsorption) inducing changes in the resonant frequency of the magnetoelastic material with the concentration of the analyte of interest. 

To utilize the advantages of the composite metglas materials it is necessary to i) Develop procedures for the synthesis / deposition of films on the surface of the magnetoelastic materials. ii) Find appropriate conditions for the activation of the film. iii) Fine tune the film thickness in order to maximize the sensitivity and sensing limits. iv) Determine the optimum operating temperature.  

Work Accomplished:
· Sensor synthesis

· The appropriate conditions for the synthesis of faujasite, silicalite-1, B-MFI, LTA and MOR films on the external surface of Metglas have been developed. However, metglas has a Currie temperature well below the temperatures used for calcination. As a result it is necessary to either utilize compositions without organic template or to develop mild methods for template removal. This was the case for the synthesis of faujaiste and LTA films. 

· A mild template removal technique (ozonication) has also been tested in the silicalite-1 membranes. It has been shown that it can successfully remove the template without destroying the magnetic properties of Metglas. (in collaboration with the research group of Prof. F. Kapteijn and Dr L. Gora  at Delft University of Technology)
· Sensor testing

· The ability of the FAU, LTA, and silicalite-1 sensors to detect CO2, light hydrocarbons and VOCs vapors has been successfully tested
· The elastic properties (Young modulus) of fuajasite, LTA, and siliclalite-1 films have been measured. In particular for faujasite films the effect of adsorption on the mechanical properties of the crystals has been determined.
Possible applications:

· Detection of light gases (i.e. CO2, or light hydrocarbons)

· Detection of Volatile Organic Compounds (VOCs). (This application is amongst our top priorities) 
· Measurements of the mechanical properties of thin films.
· Wireless sensing of battery fluid density (This application is different than all the above. The proof of principle has been shown in the lab. However several design issues have to be addressed in order to incorporate the sensor in a real battery. A Greek industrial partner has expressed interest in this application)
Equipment

· Automatic magnetoelastic resonator box for measuring the resonance frequency of ribbons.

· Helmholtz coils.

· Lock-in amplifiers and frequency generators.

· Wet chemistry lab for the film synthesis/ deposition

· Access to the large scale facilities of FORTH/ICE-HT and University of Patras.
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