
Vol. 126 (2014) ACTA PHYSICA POLONICA A No. 1

Proceedings of the 15th Czech and Slovak Conference on Magnetism, Ko²ice, Slovakia, June 17�21 2013

Pulse Heat Treatment of FINEMET Alloys Under Tension

A. Lovasa, L. Huba£b,∗, L. Novákb

aDepartment of Automobiles and Vehicles, Budapest University of Technology and Economics,

Stoczek u .2. 1111, Hungary
bDepartment of Physics, Technical University of Ko²ice, Park Komenského 2, 042 00 Ko²ice, Slovakia

In this contribution a less common experimental procedure is presented, which includes simultaneous appli-
cation of electrical pulse heating, and longitudinal mechanical stress, applied along the ribbon length, for the
magnetic property tailoring. The annealing is performed in protecting atmosphere in a vertical tube furnace by
applying a weight at the free, cold bottom end of the ribbon. In these circumstances neither nanometer-size grains
nor the concentration-distribution have been developed. The static coercive force, anisotropy and demagnetizing
factor are monitored as a function of pulse number.
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Introduction

The nanocrystallization from FINEMET-type amor-
phous precursors opens a wide-range possibility for the
property-tailoring in soft magnetic alloys [1]. Not only
the exceptional magnetic softness (minimization of coer-
cive force (Hc), e�cient lowering of power loss (P ), but
also the shape of magnetization curve can be easily al-
tered in these alloys by applying appropriate �eld and
stress annealings. In the large scale (industrial) produc-
tion, both the traditional crystallization heat treatments
and the stress annealing [2, 3] are applied.

2. Experiment, materials and measurement

methods, heat treatments

Impulse heating was realized by alternating the current
pulses of approximately 10 A, 50 Hz. Pulse duration was
0.3 � 0.5 s. Samples were processed in this heat with-
out forced air cooling. Thus, the estimated cooling rate
was about 100 K/s. Thermal heating rate was about
1000 K/s. The width of the samples was about 10 mm,
thickness � 30 µm and length � 100 mm. Additional uni-
axial stress (σ = 0, 2000 and 4000 kPa) was applied to
FINEMET ribbons. The time-scale (and hence the power
of the pulse was regulated electronically. The measure-
ments were performed in a static magnetometer. The co-
ercive �eld (Hc), anisotropy Kσ and Ki, were determined
from the magnetization curves, which were plotted after
each individual pulse.

3. Results and discussion

3.1. Change of coercive force during the pulse
treatments

In Fig. 1. the drop of Hc versus the number of
heat pulses is compared. When only magnetic �eld
H = 1000 A/m was applied during the pulse treatment
(without application of stress), the slope of Hc(n) curve
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was small. The reason for this is probably the interaction
between the longitudinal and the circumferential (pulse
current-induced) �eld. The Hc decreases more rapidly
in all other cases, (i.e the slope is higher), and decreases
even more when the applied stress is higher (4000 kPa).
One can see, that the evolution of curves is not strictly

monotonic, a �uctuation is developed on each of curves,
in the range of small pulse numbers (n ≤ 5). The ampli-
tude of this �uctuation is higher than the experimental
error. This �uctuation seems to disappear as the longi-
tudinal stress increases.

3.2. The anisotropy change during the pulse treatments

A similar stepwise character appears in the Kσ and
Ki when they are plotted versus the pulse number (see
Fig. 2a and b).

4. Discussion

As Fig. 1. shows, the stress relaxation induced by the
heat pulse (Hc decrease) has a dominant contribution to
the net magnetic softening, compared with the in�uence
of nanocrystalline grain formation itself. This �nding is
in qualitative agreement with the early results reported
in Ref. [4].

Fig. 1. Variation of coercive force as a function of pulse
number.
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Fig. 2. a) Kσ versus the pulse number, b) The induced
anisotropy (Ki) versus the pulse number.

3.3. Demagnetizing factor

A similar trend can be observed in the behaviour
of D(n).The relaxation is highly enhanced by the ap-
plication of longitudinal stress during the heat treat-
ments. Though a high structural resolution study does
not yet support directly this argument, the development
of nanocrystalline structure is not plausible during the
available short heating period. Rather the stress-induced
creep can be the structural background of the observed
phenomena. The crystallization requires chemical de-
composition of the precursor glass at least in nanometer-
scale, resulting the well known two-phase structure. As
the result of this decomposition, the mechanical brit-
tleness is developed by applying the traditional nano-
crystallization technique. Such brittleness is not experi-
enced in the present study.
This �nding seems to decrease the explanatory power

of random anisotropy model, which postulates pro-
nounced grain-size related background for the dramatic
Hc decrease in the FINEMET-type soft magnets.

Fig. 3. The change of demagnetizing factor versus heat
pulse number.

5. Conclusions

1. Signi�cant magnetic softening can be achieved by
pulse heat treatments, without nanocrystalline grain for-
mation.
2. The mechanical �exibility of samples is sustained

during the whole experiments, no brittle fracture is ex-
perienced.
3. Due to the short-time heat pulse, long range dif-

fusion in the samples is arrested, only stress relaxation
(elimination of stress centers) may participate in the
property changes, however, stress-induced creep cannot
be excluded.
4. High resolution structural study is required in order

to reveal the structural details of the observed phenom-
ena.
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