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The change of thermopower is investigated in Fe-based glassy alloys during structural relaxation and
amorphous-crystalline transformation. It was found, that thermopower shifts to negative direction until solely
the relaxation proceeds. This negative shift is composition independent. The net shape of thermopower curves is
composed from the thermopower of the individual constituent crystalline phases after the crystallization process.
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1. Introduction

Though the Seebeck e�ect was originally de�ned as the

SAB =

T2∫
T1

(SB − SA)dT (1)

di�erence of potential between two contacting bulk, pure
metal surfaces, recently it is also applied for stress detec-
tion or for the study of phase transformations in alloy
systems [1, 2]. In spite of the wide range of applications,
the understanding of the key factors in the evaluation of
S is not yet complete. Due to their single phase nature,
the glassy alloys represent attractive model alloys for the
separation of the mentioned factors. An additional ad-
vantage is the considerable stress accumulation in these
materials, arising either from chemical reactions [3], or
from the preparation technique itself [4]. When stress re-
lieve occurs, (structural relaxation at low temperature) it
can be separately studied either by magnetic method or
by thermopower measurements. Hence, the role of stress
state and the role of crystallization (phase transforma-
tion) can be studied independently. This is the purpose
of the present paper.

2. Experimental, materials and measurement

methods, heat treatments

The measurements were performed on Fe-B, and Fe-
Ni-B glassy samples, because of their well known thermal
stability, and the previous study of their stress state [5, 6].
Isothermal heat treatments were carried out, resulting
in either solely structural relaxation, or crystallization.
After the heat treatments the S(∆T ) is illustrated for
the various states of thermal history.
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3. Results and discussion

3.1. Thermopower change during structural relaxation

It has been proven, that change in the chemical com-
position (replacement of either the metallic host or, the
type of metalloid at a �xed host metal content) result in
the irreversible shift of S(∆T ). The irreversibility is the
consequence of the change in the electronic structure [1].
The irreversibility (being coupled with the electron den-
sity change around the Fermi level) is common both in
crystalline and in the amorphous state as well. Hence,
the change in the sign and the slope of S(∆T ) is the
thermodynamic manifestation of the free energy change,
associated with the alloy formation. Consequently, it is
also re�ected in the magnitude of the enthalpy change
(heat of formation) [1]. In contrast, the structural relax-
ation of glassy state can be either irreversible or reversible
one [7]. The enthalpy change is dominantly irreversible
during the relaxation [4].

Fig. 1. The shift of thermopower during structural re-
laxation.
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Fig. 2. The shift of S(∆T ) curves in Fe-Ni-B glass al-
loy during structural relaxation (isothermal heat treat-
ments).

Fig. 3. S(∆T ) dependence for FeNi70B20 glass in as
quenched state and after the relaxation or partial crys-
tallization.

The response of S(∆T ) to the irreversible structural
relaxation is illustrated for hypo-eutectic Fe-B in Fig. 1.
The S(∆T ) shifts to negative direction (compared to the
as quenched state) due to the isothermal relaxation pro-
cess. Similarly to the enthalpy relaxation, this shift is
also irreversible. Saturation value is reached at a given
temperature. Similar results are obtained in Fe-Ni-B
samples (Fig. 2). The saturation trend is also obvi-
ous in this case. One can conclude therefore, that ir-
reversible enthalpy relaxation in the glassy alloys is cou-
pled with the irreversible S(∆T ) shift (negative direc-
tion). This e�ect is composition independent in the in-
vestigated glasses. On the other hand, it is important

to note, that the sign of the shift is identical with that,
observed in alloys with the negative heat of formation.

3.2. Thermopower change during the
amorphous-crystalline transformation

While the glassy state is sustained during structural
relaxation, phase transformation also occurs in the sec-
ond case. When this process is completed, the value of
thermopower depends on the crystalline phases formed
during the glass decomposition. The net shape of S(∆T )
curve (sign, slope, or the absolute value at a given ∆T )
is formed via the algebraic sum of S, of the constituent
crystalline phases i.e., the shape of curves is determined
by the equilibrium mole fraction of crystalline products.
This argument seems to be supported by the Fig. 3.
In this �gure, we can compare the sign of shift for

S(∆T ) curves after only structural relaxation, and when
a partial crystallization is already involved. The rever-
sal of the sign, due to the beginning of crystallization is
clearly visible.

4. Conclusions

The shape of S(∆T ) curves (sign of the shift and
change in the slope) are compared in glassy Fe-(Ni)-based
glassy alloys after structural relaxation and partial devit-
ri�cation.
1. Increase of the degree of irreversible structural re-

laxation, (stabilization of the bond structure) is coupled
with the gradual shift of S(∆T ) into negative direction.
2. The slope of S(∆T ) is unchanged during relax-

ation. In contrast, the slope is signi�cantly a�ected by
the amorphous-crystalline transformation and the shape
of S(∆T ) curve is determined by the individual, coexist-
ing crystalline phases.
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