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A melt-spun Fe78 Al4 Nb5 B12 Cu1 alloy with an ultra-thin ribbon has been studied by X-ray diffraction, Mössbauer spectroscopy, and vibrating sample magnetometry. The average hyperfine field
Hhf (T ) of the amorphous state shows a temperature dependence of
[Hhf (T ) − Hhf (0)]/Hhf (0) = −0.53(T /TC )3/2 − 0.21(T /TC )5/2

for T /TC < 0.7,

indicative of spin-wave excitation. The quadrupole splitting just above the Curie temperature TC
is 0.42 mm/s, whereas the quadrupole shift below TC is zero. The Curie and the crystallization
temperatures are TC =450 K and Tx = 703 K, respectively, for a heating rate of 5 K/min. The
occupied area ratio of the α-Fe phase flash-annealed at 723 K is 59% and remains unchanged. The
crystallization temperature of the flash-annealed alloy becomes lower, and the formation of an α-Fe
is easier than that of the conventional alloy. The flash-annealing technique is effective in improving
the high-frequency soft magnetic property of the nanocrystalline Fe78 Al4 Nb5 B12 Cu1 alloy.

I. INTRODUCTION

thermal analysis (DTA) measurement shows two exothermic peaks corresponding to two crystallization temperatures. Above the second crystallization temperature
(Tx2 = 863 K), the remaining amorphous phase transformed completely to a mixture of the crystalline α-Fe
and Fe3 B compounds. The ferromagnetism of the amorphous matrix is essential for the magnetic softening in
the two-phase nanocrystalline-amorphous system since
the exchange coupling between nanocrystalline grains occurs via the amorphous matrix.
In this work, we have investigated the microstructure of ultrathin nanocrystalline Fe78 Al4 Nb5 B12 Cu1 alloys prepared by the flash-annealing technique to obtain good soft magnetic properties in the high-frequency
range around 1 MHz. The magnetic and the crystallographic properties are studied using Mössbauer spectroscopy, X-ray diffraction, and vibrating sample magnetometry (VSM) techniques.

Ultrathin Fe-based nanocrystalline alloys with 7 − 12
µm thicknesses are very attractive because they have
excellent soft magnetic properties and high saturation
magnetization compared to any other amorphous alloys
[1]. Ferromagnetic nanocrystalline alloys [2,3] produced
by the crystallization of an amorphous phases display a
high initial magnetic permeability and a low coercivity.
The extensive investigations of the microstructure and
the magnetic properties of the Fe78 Al4 Nb5 B12 Cu1 alloys
performed recently [4] have shown that the nanocrystalline phase of α-Fe is formed after annealing for 1
h at around 773 K. The flash-annealing method allows
rapid heating by means of an electrical current flowing
along the sample, and it has been successfully used for
internal stress relaxation and inducement of magnetic
anisotropy in amorphous magnetic alloys [5]. Differential
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