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1. Introduction

Nanocrystalline alloys based on eutectic Fe-Brageneral very interesting mainly for
their unigue magnetic properties. The bcc-Fe sgralhs (size less then 100nm) immersed in
amorphous matrix exhibit low saturation magnetix lensity Bs), high permeabilityfe) and
low coercive forceHl) as well as magnetostriction close to zelo[{-5]. Adding of Si can
next improve its magnetic properties making thiswasructured material suitable for
distributions transformers and/or sensors [6-8hifig the structure by adding a small amount
of Cu as a nucleating agent can next lead to tipeaned formation of large number of small
clusters from amorphous matrix, so that creatiggeater number of smaller crystalline bcc-
Fe grains [6, 9, 11]. The Fe-B-Si-P systems in doation with a small amount of C where P
and C were added at the expense of B also have fbegurently studied [8, 10-12]. This
combination of alloying elements into the euteE#cB system can lead to the improved glass
forming ability and then resulting physical propest which are dependent on the final
crystalline structure and its proportion to the gohous matrix. Only a few added combination
of B-Si-C have been studied so far [9]. To coves ¢fap in our work the (lgeB15-xSix)9s-yC2Cly
systems, where x=0; 5 at.%, and y= 0; 1 at.% werestigated. The aim was to achieve similar
(or better) properties using lower number of inexgiee elements as by adding the more
expensive or rare ones (Co, Ni, Mo, Pd). We ingaséid the phase evolution by controlled
structural transformation using isothermal or linkaating. The dependence of the onset of
crystallization -Tx of transformed ferromagnetic phase bcc-Fe on diffethermal treatment
was analyzed.

2. Experimental procedure

Amorphous ribbons 6 mm wide and ~2@ thick were prepared by the planar flow
casting (PFC) technique. The samples were linderdged with 10K/min heating rate and also
isothermally annealed at several selected tempestthe sequence of crystallization stages
of the amorphous structure was thus observed. Rigmeres of the electric resistivity on time
and temperature were monitored in terms of relagihtric resistivity (standardized ratio
R(T)/R(To=300K). This method enables us to define the bexggnaf the crystallization in the
system quite exactly. Structure of the as-cast &sng@s well as of isothermally annealed
samples was investigated by X-ray diffraction (XRI3)ng Bruker D8 diffractometers and by
transmission electron microscopy (TEM) using JEQD@X at 200 kV. The structure and
phase evolution of bcc-Fe (at the expense of thebma the Fe-B-C and/or Fe-B-Si-C based
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systems) was also analyzed by in-situ TEM obseyaaturing isothermal annealing of samples
at 713K and 663K.

3. Results and Discussion

The amorphous state of as-quenched samples wakechby X-ray diffraction. The
patterns from ribbons in the as-cast state exbitdit a typically broad hallo, Fig. 1. After the
isothermal annealing at 633K/30min the sampleshkatxgrowing amount of a bcc-Fe phase.
Its content in the alloys after regulated crystaliion is shown in Fig. 1, too. The annealing
temperature was chosen according to the resistmgasurements, shown in Fig. 2a. By
comparing the diffraction patterns and resistilaghavior it is evident that the addition of Si
shifts the crystallization onset and also changekinetics of crystallization process (shape of
the resistivity decrease, Fig. 2a).
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Fig. 1 XRD patterns taken from the marked samplesin as casts state and after isothermal
annealing on 633K for 30min (curve 1 - (FegsB1s5)9sCo; curve 2 - (FegsBis)e7CoCus;
curve 3 - (FessB1095)0sC2; curve 4 - (FessB10S5)97CoCuy).

This transformation takes place typically in mawgss. In the first stage the crystallization of
ferromagnetic phases takes place, followed by Wodudon of borides phases in subsequent
stages. The crystallizations onsets are visibl&ig 2a. as smooth decrease of electrical
resistivity. Shape of the transformation curvekert$ the nature and the kinetics of these phase
changes. The Fe-B-C alloy is an exception to teisalior as it exhibits only a single stage
transformation at higher temperatures. This effestmilar to that observed in Fe-B-P system
[11, 12]. Similar effect of additions to basic FePB-e-B-C systems appears with addition of
Cu, which influences the temperatures of crystations onsets.
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Fig. 2: a)Temperature dependence of the relative electrical resistivity for the systems with
different chemical composition, marked - the temperature chosen for isothermal annealing
for XRD analysis, b) Evolution of relative electrical resistivity for the studied systems during
isothermal annealing at 633K and 673K (t1=30min, t=60min, t3=90min, t;=150min).

Fig. 3Sructure evolution by TEM image of rapidly quenched (FessB10S5)9sCo system
observed during in situ isothermal annealing in time: ty, t2, t3 ta.
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Kinetics of structural changes has been obsensedsl resistivity evolution during isothermal
annealing, shown in Fig. 2b for 633K. For the F&Bample the higher annealing temperature
— 673K — is shown, because this sample exhibitsdnitemperature of crystallization onset.
Thermal regime for the TEM observation by in-situnealing for the sample Fe-Si-B-C (Fig.
3) and Fe-B-C (Fig. 4) has been selected on this b&she time evolution of crystallization
from Fig. 2b. The aim of this experiment was to itmmthe evolution of grain size and
morphology with proceeding transformation and thifeences due to the addition of Si into
the basic Fe-B-C system. The growth of crystallphase at the expense of the amorphous
matrix is illustrated in Fig. 4. By comparison bétresulting structures the effect of Si content
is evident: the grains of bcc-Fe are smaller ancemegular.

Fig. 4 Sructure evolution by TEM image of rapidly quenched (FessB1s)9sC2 system observed
during in situ isothermal annealing: ti, to, t3 ta.

4. Conclusion

The study of transformation of the systems baseBesB-(Si)-C-(Cu) indicated the influence

of individual addition or the combination of additis of Si and Cu into the basic Fe-B-C system
on grain size morphology and final structure. Téosnplex metastable system transforms in
two stages, as proven by resistivity changes. Tisetee exception of a simple Fe-B-C system
where a single stage transformation occurs. Thissmave as a basis for comparison with
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similar system behavior of Fe-B-P [11, 12]. The gghanalysis reveals the content of
ferromagnetic bce-Fe phase in different contentsdoious compositions obtained by the same
thermal processing. The content of Si leads tosthaller and more regular bcc-Fe grains,
which should guarantee to achieve improved magmetperties (with low anisotropy) and
increase of temperature interval between the twstallization stages, resulting in a better
stability of the ferromagnetic phase, as desirdte @ddition of Cu makes a small shift of
crystallization onset temperature. The used contieim@f additions in sample Fe-B-Si-C-Cu
has lead to the required stability increase. Tioeegfit makes this composition perspective for
use in practical applications and so will be thiejsct for further more detailed studies.
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