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Nanocrystallization from Vitrovac” amorphous ribbons was studied by Miksbauer spectroscopy, ~~~ 
microscopy and differential scanning calorimetry. Results are interpreted in terms of a crystalliitiou of Cc, Co, 
Co,B, leading to an increase in Fe content in the residual amorphous phase, which in turn results in an increase in hy 
field and Curie temperature. 

Nauocrystallization in Fe-Nb-Cu-B-Si amorphous al- 
loys (crystallization of grains smaller than 15 nm) leads to 
a considerable softening in magnetic properties [l]. Co-rich 
amorphous alloys have also shown a five-fold increase in 
initial magnetic permeability upon controlled thermal an- 
nealing at temperatures considerably lower than the crys- 
tallization temperature 121. In this paper, a study of 
nanocrystalliied Co-rich alloys is presented as a contribu- 
tion to the understanding of this phenomenon, by using 
Miissbauer spectroscopy (MS), transmission electron mi- 
croscopy (TEM) and differential scanning calorimetry 
(DSC). 

Vitrovac@ 6025 amorphous ribbons of nominal compo- 
sition Co66Fe4M02B,6Si,2, kindly supplied by Vacuum- 
schmelze GmbI-I, Germany, were annealed at 400°C in an 
inert (Ar) atmosphere, for various times iu the 5-60 min 
range. They were analyzed in a standard Miksbauer appa- 
ratus at room temperature. Small disks (3 mm diameter) of 
the alloy in the as-quenched state were thinned by etec- 
tropolishing in an acid solution, then submitted to the same 
annealings in a Thermoanalyst 2000 system, with a stan- 
dard DSC cell. DSC investigation was carried out in this 
apparatus. 

IvIkbauer spectra showed a distribution in the hyper- 
fine field h for the as-quenched sample as well as for the 
annealed alloys. A reasonable fit to a single six-line pattern 
was obtained by assuming a continuous distribution of h, 
leading to average values. Average hyperfine fields showed 
a small increase for short annealing times r, followed by a 
stabilization for longer times, Fig. 1. 
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Fig. 1. Average hyperfine field as a fun&m of ~~~~ ti 
45m. 

TEM observations confirmed the 
grains in the 12 nm range for 
The inter&y of diicted rings m 
patterns was sufficient to allow an i 
present phases only for t > 10 miu, 
associated with the measured interplanar 
in Table 1. 

DSC measurements on samples annealed at . 
temperatures exhibited an increase in Curie tern 

Table 1 
lnterplanar distaaees in observed diffxtim patterns 

dab, (ii) ml) d(Ala 

3.25 101 co,5 3.23 
1.95 211 Q3B 1.94 
1.67 004 Co,B 1.66 
1.46 l(TL a-co 1.48 
1.38 112 B-a 1.37 
1.28 312 co33 1.30 
1.05 311 p-CO 1.06 
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C. (a) Image, (b) diffraction pattzm. 

as a function of In t. 

Miissbauer results are consistent with this interpretation 
since the increase in Fe content in the residual amorphous 
phase during crystallization leads to an increase in the 
Turner of Fe-Fe interactions, and therefore to an increase 
in hyperfine fields. 

These results are therefore congruent with the current 
interpretation of magnetic softening [7], which assumes 
that the presence of magnetic nanocrystals with size smaller 
than the exchange length results in a significant decrease 
of macroscopic anisotropy. 
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