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A non-monotonic compositional dependence of the amorphous Curie
temperature (Tcam ) and of the thermopower (S) was found in Fe80−x Crx B15
glassy samples. The significant change in the slope of concentration dependence of both properties lead to the conjecture of a hidden structural change
in amorphous state. Similar anomalies were also observed earlier in the concentration dependence of microhardness in the same glasses, which clearly
contradicts to the traditional homogeneous single phase concept of glassy
state. The results are interpreted on the basis of the existence of quenched-in phase reminiscences (clusters) in these alloys inherited from the liquid
state.
PACS numbers: 71.55.Jv

1. Introduction
It was shown for the Fe–B based glassy alloys [1] that replacement of Fe
by non-magnetic 3d transition elements lowers the TCam and the mean ferromagnetic moments (µFe−T ). (This lowering effect does not significantly depend on the
B-content.) It was also found out that the resulting change in TCam and µFe−T is
not a linear function of the Cr content, but a discontinuity exists at around 4 at%
Cr content [2]. (Similar non-linear concentration dependence was observed for the
thermopower (S) in the same alloys.) The aim of this paper is to provide more experimental data concerning the Cr-concentration dependence of these properties,
in order to facilitate the interpretation of this anomalous behaviour.
2. Experimental: materials, equipment, and measurements
The samples of the following compositions were used: FeB15 , FeCr0.8 B15 ,
FeCr1.6 B15 , FeCr3 B15 , FeCr4.5 B15 , FeCr7 B15 , FeCr8 B15 , FeCr10 B15 . The applied
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heat treatment parameters were: temperature of 250 and 300◦ C and duration of
1–15 h. Thermopower measurements were performed by touching the material
surface with two contact points (made of copper) held at different temperatures
and measuring the potential difference with a microvoltmeter. (Warm point is
3–7◦ C above room temperature, the cold contact point is stabilized at room temperature.) [3]. Vibration sample magnetometer was used for the determination
of TCam .
3. Results and discussion
The sudden increase in microhardness (HV) was reported in the hypo-eutectic Fe–Cr–B alloys in the range of 0–3 at% Cr content. Simultaneously, the
non-monotonic change of the crystallization enthalpy (∆H) versus the Cr content
was also observed around this concentration range [4]. The anomalous behaviour
of S versus Cr content in the same composition range, is also visible in Fig. 1.

Fig. 1. The thermopower (S) and the amorphous Curie temperature (TCam ) versus the
Cr content for the as-quenched Fe85−x Crx B15 samples.

The S shifts in opposite directions, below and above 4.5 at% Cr content.
From the trends of S(CCr ) dependence the existence of a hidden structural change
in amorphous state is suspected around this composition range based on the coexistence of stressed and compressed (“fcc” and “bcc”) cluster types in these alloys
which is inherited from the supercooled liquid [5]. In Fig. 1 the TCam (CCr ) is also
plotted. The change in the slope of concentration dependence is clear. In order
to support this extraordinary Cr content dependence, S was also measured using
various temperature differences (∆T ). Selected data are collected in Fig. 2 for
as-quenched and heat treated samples.
The influence of relaxation heat treatments. The thermopower can provide
information about electronic structure, and it is less sensitive to structural changes.
Surprisingly, the slight shift to negative values of S was detected in the whole glass
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Fig. 2. S versus (∆T ) dependence for the as-quenched (b) and heat treated (a)
Fe85−x Crx B15 samples (250◦ C, 15 h).

forming range for Fe100−x Bx amorphous alloys due to structural relaxation [6].
This uniform shift turns to be more complex, when the Fe host metal is replaced
by chromium. (See the points in the range 0.8–4.5 at% Cr content.) The shift
is positive in the diluted concentration range (between 0.8–4.5 at% Cr content.)
From the 4.5 at% Cr content this tendency changes again.

Fig. 3. The ∆S and the TCam of the Fe85−x Crx B15 samples after heat treatments at
250◦ C for 15 ÷ 24 h and 300◦ C for 1 ÷ 2 h.

One can assume that thermopower is a typical property which fits properly
to the itinerant nature of the metallic electronic structure. As the d electron
density changes continuously when the host metal is gradually replaced by another
transition metal such as the Cr, the continuous change of S is expected at constant
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temperature. Therefore, the sudden S increase in the low concentration range of
Cr content is surprising. Similar unexpected change in S was found in NiZr based
glassy alloys [7].
This anomaly seems to be of structural origin, which can be hardly explained
on the basis of homogeneous continuum concept. The response of alloys to the
structural relaxation is also remarkable. The change in sign of the shift is conserved
during the relaxation heat treatments (see Fig. 3). The direction of TCam shift
(∆TCam ) is also positive below 4.5 at% Cr after the annealing at 250◦ C for 24 h,
and negative for the alloy with 10 at% Cr content after the same heat treatment.
Therefore one can conclude that the S and TCam results do further support the
assumption on the existence of a hidden structural change in amorphous state in
this type of glasses.
4. Conclusions
Anomalous concentration dependence of thermopower and the amorphous
Curie temperature was found in hypo-eutectic Fe–Cr–B glasses, which is also conserved after various structural relaxation heat treatments. There is a correlation
between the sign of the shift of both quantities in the same concentration region.
Based on this correlation, the existence of a hidden structural change can be suspected.
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Kovač (Slov. Acad. Sci.) for useful discussions.
References
[1] J. Kovac, L. Potocky, E. Kisdikoszo, Acta Phys. Slov. 35, 240 (1985).
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