High-spin ferromagnetic state of fcc Fe in the metastable Fe-Ag(Au) alloys synthesized by ion beam mixing
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Abstract: Ab initio calculations based on the projector augmented wave method are first performed and the results predict that for the metastable fcc Fe, when its lattice constant exceeds 3.60 Å, there exists a high-spin ferromagnetic state with a magnetic moment as high as 2.54
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/atom, which is much greater than the equilibrium value of 2.21
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/atom in bcc Fe. Ion beam mixing experiment is then conducted to synthesize fcc structured Fe-Ag solid solutions. The Fe-Ag multilayered films with various Fe contents were designed to possess adequate interfacial free energy for elevating the initial energetic states of the films up to surpass those of the respective solid solutions. It turned out that unique fcc structured Fe-Ag solid solutions were indeed obtained and that the metastable solubility of Fe in Ag could be up to 40 at. % in the equilibrium immiscible Fe-Ag system upon room temperature 200 keV xenon ion beam mixing. The ion mixed Fe40Ag60 solid solution crystallized in a large fcc structure with a lattice constant of 0.39 nm and the associated magnetic moment per Fe atom was measured to be around 2.30
[image: image3.wmf]B

m

. The deficiency in magnetic moment per Fe atom comparing with the predicted value can be attributed to the partial lattice occupation by the non-ferromagnetic element Ag as well as the effect of measuring at room temperature. Similar ion beam mixing experiment is also conducted in the Fe-Au system and the results confirm again the similar verdicts. All these results provided experimental evidence confirming the existence of a high-spin ferromagnetic state of the fcc Fe. Besides, the implication of the above theoretical and experimental results is also discussed in connection with the development of new magnetic materials of high performance.
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