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The effects of crystallographic change induced
properties of nanocrystalline Fe78Al4Nb5B12Cu1 alloy
Mössbauer spectroscopy, and macroscopic mag
structures of interfacial layer, which is a region b
examine the differences in the crystallographic
thermal treatments, amorphous samples were a
and conventional annealing. The Mo¨ssbauer spectra
components, and revised Vincze method was
parameters. Interfacial layers were found to have
advances the crystallization process earlier than t
of the crystalline phase produced by flash an
conventional annealing performed at the same te
550 °C, second-stage crystallization started a
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deterioration in soft magnetic properties at this h
crystallographic change. ©2002 American Institute

I. INTRODUCTION

There has been considerable interest in nanocrystallin
and amorphous ferromagnets that show excellent soft ma
netic properties. High initial permeability, low coercivity,
large magnetic moment, and high Curie temperature ma
them candidates for new magnetic materials. While nano
crystalline materials can be prepared by a mechanic
method,1 they also can be obtained by annealing the amo
phous precursors at a temperature above the crystallizati
temperature. During the annealing process, crystalline grai
with size of about 10–20 nm containing Fe are formed in a
amorphous matrix~AM !. Soft magnetic properties of these
materials are attributed to this nanocrystalline structure. Th
is, effective magnetic anisotropy was reduced by a stron
intergrain magnetic exchange interaction mediated by th
ferromagnetic AM.

Up until now, two kinds of nanocrystalline amorphous
alloys were mainly examined: the first one is FINEMET-type
alloys containing Si~Ref. 2! and the other is FeCuMB (M
5Ti,Zr,Cr,...).3–5 In the case of the Fe73.5Cu1Nb3Si13.5B9

alloy, the Mössbauer spectra exhibit many sharp lines due t
different Fe sites superimposed on six broad lines due to th
remaining AM. On the other hand, Greneche pointed ou
that, unlike in Si-containing materials, FeCuMB (M
5Ti,Zr,Cr,...) nanocrystalline alloys consist of body-
centered-cubic~bcc!-Fe grains induced during the first stage
of crystallization.6 In this case, one simple sextet is piled up
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ring the annealing process upon the magnetic
ere investigated by using x-ray diffraction,

etometry. Special focus was concentrated on the
ween nanocrystallite and amorphous matrix. To
nd the magnetic properties associated with the
ealed in two different ways, i.e., flash annealing
ere analyzed to decompose into three or four
sed to extract the distributions of hyperfine

a considerable crystalline order. Flash annealing
e conventional annealing. As a result, the fraction
aling is much higher than that produced by
perature. At annealing temperature of as high as

d crystalline Fe2B phase was created. The
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on a broad distributed subspectrum. To understand the origin
of these structural and magnetic features, it is necessary to
focus attention on the microstructures of these materials. In
this respect, Mo¨ssbauer spectroscopy is an excellent tool to
study the iron-based nanocrystalline alloys, because it is a
microscopic probe to extract the local structural and mag-
netic information via hyperfine interactions.

The authors have already reported the magnetic proper-
ties of Al substituted amorphous Fe78Al4Nb5B12Cu1 alloys.7

As a next step nanocrystalline properties of
Fe78Al4Nb5B12Cu1 alloy are investigated by using x-ray dif-
fraction ~XRD!, Mössbauer spectroscopy and macroscopic
magnetometry. And this will eventually be related to the bulk
magnetic properties in this article. In addition, special focus
will be given to the structures of interfacial phase present
during the crystallization as well as to those of both amor-
phous remainders and nanocrystalline grains. This interface
region is known to play an important role in mediating mag-
netic interactions between the crystalline grains. A few years
ago, extensive studies on the interfacial layer of nanocrystal-
line alloys had been performed,8 and in this article, their
analysis strategy will be adopted.

II. EXPERIMENT

Amorphous Fe78Al4Nb5B12Cu1 samples were prepared
by a single-roll melt-spinning method. The condition for pro-
ducing the ultrathin ribbons were a roll speed of 40–60 m/s,
and an ejection pressure of 0.005–0.02 kg/m with a rectan-
gular nozzle of 0.15 mm34 mm. The ribbon obtained were
7–12mm thick, and 2–4 mm wide.
il:
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