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Abstract. - Ultrafine particles of have been produced by reduction of Fe(I1) in aqueous solution using KBH4. 
Mossbauer spectroscopy and X-ray diffraction studies show that the particles are amorphous. Structural relaxation occurs 
at N 525 K and crystaJlization at N 715 K, where Fe2B and a-Fe phases are formed. The particles exhibit relatively large 
intrinsic coercivities of 200 Oe. 

1. Introduction 

Amorphous alloys are normally produced as ribbons 
or thin films by the liquid quench or sputtering tech- 
niques [I]. Watanabe and Tanabe [2] have shown that 
simultaneous electroplating and chemical reaction of 
Ni ions with NaBH4 in aqueous solutions results in the 
formation of amorphous Ni-B films. Recently it has 
been demonstrated that ultrafine amorphous particles 
with dimensions in the range 10-100 nm can be pro- 
duced by reduction of transition metal salts in aqueous 
solution using KBH4 or NaBH4 [3-51. The boron con- 
tent can be varied between 11 and 42 at. % [3-71. 

In this paper we present results of studies by 
Mossbauer spectroscopy, magnetization and X-ray 
diffraction measurements of as-prepared and annealed 
amorphous FeezB3s particles. 

2. Experimental 

The particles were prepared by slowly adding 
1 M FeS04 to 0.5 M KBH4 in aqueous solutions with 
vigorous stirring. The black precipitate was washed in 
water and subsequently in acetone. The material was 
dried and passivated in a flow of Ar gas containing 
small amounts of oxygen. 

Mossbauer spectra were obtained using a constant 
acceleration spectrometer with a source of 5 7 ~ o  in 
rhodium. The isomer shifts are given relative to a-Fe. 
Magnetic measurements were made with a vibrating- 
sample magnetometer. X-ray diffraction measure- 
ments were obtained using a Philips PW 1050 pow- 
der diffractometer using Co - Ka as the X-ray radi- 
ation and a graphite monochromator mounted in the 
diffracted beam. 
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Fig. 1. - Room-temperature Miissbauer spectra of (a) 
as-prepared FeszBss particles, (b) annealed at 525 K for 
4 hours, and (c) annealed at 760 K for 5 hours. 

3. Results and discussion 

In figure l a  is shown the room temperature 
Mossbauer spectrum of the as-prepared material. The 
spectrum exhibits very broad lines, the outer lines be- 
ing broader than the i ~ e r  lines reflecting a distribu- 
tion of magnetic hyperfine fields. The spectrum was 
fitted with a sextet yielding a magnetic hyperfine field 
of about 20.4 T, a negligible quadrupole shift and an 
isomer shift of 0.16 mm s-' and with a doublet with a 
quadrupole splitting of about 1.0 mm s-' and an iso- 
mer shift of 0.39 mm s-' constituting a relative area 
of 6 % of the Mossbauer spectrum. The doublet can 
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be assigned to a Fe(II1) component, presumably ori- 
ginating from iron oxide in the passivation layer. 

A comparison of the magnetic hyperfine field with 
those of Fe-B amorphous alloys prepared by the liquid 
quench technique [8] suggests the boron content to be 
around 35 % (at). ln accordance with this estimate a 
chemical analysis of the particles shows that the com- 
position is Fe62B38. 

After annealing in Ar for 4 hours at 525 K (cf. 
Fig. lb) the lines become narrower and the hyperhe 
field increases to 20.8 T. X-ray diffraction measure- 
ments showed no significant differences between the 
annealed and the as-prepared samples; both give rise 
to  a broad X-ray scattering peak. This suggests that 
the changes in the Mossbauer spectrum after annealing 
at 525 K are due to structural relaxation in the amor- 
phous particles. Similar results have been reported 
from studies of amorphous ribbons [9]. The Mossbauer 
parameters for the doublet were not affected by the 
heating of the sample. 

Structural relaxation in amorphous ribbons can sig- 
nificantly change the magnetic properties, e.g. the 
intrinsic coercivity and the magnetization work [lo]. 
However, annealing the powder at 525 K for 2 hours 
in an Ar atmosphere only caused small changes in the 
magnetic properties. The saturation magnetization in- 
creased by 5 % to 117 emu/g while the intrinsic coer- 
civity and the remanence magnetization remained at 
about 200 Oe and 11 emu/g, respectively. Films of 
similar composition exhibit coercivities 50-100 times 
smaller [ll] than the particles prepared by the present 
chemical method. 

After further annealing of the sample at 760 K in 
Ar the spectrum (Fig. lc) can be fitted well with two 
magnetically split components due to a-Fe and FesB 
[8]. This interpretation is supported by the X-ray re- 
sults. Thus the particles have crystallized during the 
annealing at 760 K. 

The magnetization, at a field of 10.55 kOe, was fol- 
lowed during annealing in a static Ar atmosphere with 
a heating rate of about 20 K/min. The results showed 
that crystallization takes place at 715 f 10 K. This 
is in good accord with the results by Kanamura et aI. 
[Ill on amorphous films produced by sputtering. 

tion, and X-ray diffraction measuirements. The mag- 
netic hyperfine fields obtained from the Mossbauer 
spectra are in good agreement wit11 results on ribbons 
produced by the liquid quench technique. Structural 
relaxation occurs during amealing at 525 K. The crys- 
tallization temperature is about 7 15 K which is simi- 
lar to  that of amorphous Elms withi a similar composi- 
tion, prepared by sputtering. The lesults thus indicate 
that the amorphous structure of the particles is similar 
to  that of films and ribbons prepared by conventional 
techniques. 
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