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Abstract−−−−−−−− The influence of the annealing
treatment on the passivating ability of the
Fe65.5Cu1Nb3B9Si13,5Cr4 nanocrystalline alloy in 2 M
HCl solution was studied by differential scanning
calorimetry (DSC), atomic force microscopy (AFM),
scanning electron microscopy (SEM) and
conventional electrochemical techniques. The
samples were isothermally annealed at 525 C (onset
of nanocrystallization) and 600 C during different
times and the fraction of transformation was
determined by DSC. The initial stages of
crystallization could be well characterized by AFM
and the images have showed hemispherical features
related to the first stage of nanocrystallization. These
features, interpreted as αααα-Fe(Si) nanocrystallites
embedded in the residual amorphous matrix,
increased in number depending on the time or
temperature of the thermal treatment, in agreement
with the DSC studies. The results indicate that the
nanocrystallization of the alloy produced an
improvement in their passivating ability. The
current density in the active-passive transition have
a minimum value when the fraction crystallized
reached a maximum and the nanocrystallites formed
have not started to coalesce.

Keywords−−−−−−−− amorphous alloys, FINEMET, AFM,
nanocrystallization, corrosion.

I. INTRODUCTION
During the last years, the study of amorphous and
nanostructured materials has been increasing at an
accelerated rate. These materials exhibit many unique
and interesting physical and chemical properties derived
from their particular metallurgical structure with a
number of potential technological applications. For
instance, amorphous alloys have been tested as
electrodes in electrochemical reactors due to their
promising electrocatalytic properties (Pierna et al.,
1997). Special attention has been paid on
nanocrystalline materials derived from crystallizing
amorphous ribbons of (Fe,B)-based alloys, which

present excellent soft magnetic properties and  have a
great application in noise filters and choke coils,
between others. As a result, a family of alloys known as
FINEMET type has emerged, and the alloy composition
most widely studied is Fe73.5Cu1Nb3B9Si13.5 (Yoshisawa
et al., 1988; Yoshisawa, 1999). This nanostructured
alloy is obtained by thermal treatment of the
corresponding amorphous alloy during a primary
crystallization process, producing a bcc α-Fe(Si)
nanocrystalline phase (grain size ≈ 10 nm) embedded in
a residual amorphous matrix (Hono and Ping, 2000).
The α-Fe(Si) phase has been well characterized and its
concentration of Si is about 19 to 20 at.% (Hampel et
al., 1992). For this concentration of Si a DO3 structure
was proposed consisting of an A-lattice with A sites
occupied by Fe atoms and a D-lattice with D sites
occupied by Fe or Si atoms. Cu and Nb are not soluble
in the nanocrystalline phase, therefore, the amorphous
grain boundary phase consists of less Fe and Si and
more B, Cu and Nb than the as-quenched amorphous
alloy. The roles of Cu and Nb additions in this
nanocrystallization process have been the subject of
many investigations recently reviewed (Hono and Ping,
2000). It is accepted that since the enrichment of Nb and
B stabilizes the remaining amorphous phase, the growth
of the α-Fe(Si) primary crystals is suppressed. Besides,
Cu atoms form Cu-enriched clusters prior to the onset of
crystallization, suggesting that Cu clustering stimulates
the nucleation of the α-Fe(Si) primary particles in the
subsequent crystallization stage. As a result, for
combined additions of Cu and Nb, the induction
frequency of crystallites is very high owing to the
presence of the Cu, but the grain coarsening is retarded
because of the rejection of Nb into the matrix. Thus, the
progression to a large fraction of ultra fine crystallites
promotes the magnetic softening of the alloy (Herzer,
1990).

The composition obviously determines the corrosion
behaviour of these alloys. The influence of chromium
additions and nanocrystalline structure on the corrosion
resistance has been recently analyzed by
electrochemical and atomic force microscopy studies
(Marzo et al., 1998; Salinas et al., 2000). The addition


