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As a consequence of the annealing process, the study of structural
changes which can be followed by measuring structure sensitive magnetic
properties as the stress induced anisotropy, the coercive force, the demag-
netizing factor, and the Barkhausen noise parameters of the as-cast and an-
nealed FesoVsBi1s amorphous alloys was performed. The structural changes
were connected with the temperature range where the FegoVsB1s amorphous
alloy was characterized by the soft magnetic properties.

PACS numbers: 61.43.Dq, 75.50.Kj, 75.60.Ej

1. Experimental method

Samples of the FeggVsB;5 amorphous alloy were prepared by the spinning
wheel technique in a form of the 10 mm wide and 20 ym thick ribbons. The 150 mm
long samples were isothermally annealed in argon protective atmosphere for 1 hour
at the 5 deg/min cooling rate.

The measured magnetic parameters were [1-3]: the whole quasi-static hys-
teresis curve and the anhysteresis curve from which the values of the saturation
and remanent magnetic polarization, Js and J;, respectively, the coercive force, H,
the total and stress induced anisotropy energy, K; and K, [4], respectively, the to-
tal demagnetizing factor, D, as a sum of the inner and geometrical demagnetizing
factor, Dj and Dg, respectlvely, were evaluated. Dy was calculated from the sample
geometry [4], Dg = 14.166 x 10~5.

The measured Barkhausen noise parameters were [5]: the number of the
Barkhausen pulses (BP) per a volume unit, n, registered during the magnetization
process along one branch of the hysteresis loop, the total number of the BP per a
volume unit, N, which represents the n measured after the magnetization process,
the power spectrum, S(f), and the relative amplitude distribution of the BP,
Ny /N, where the amplitude distribution, Ny, represents the number of the BP of
the U size per a volume unit, Ny = dN/OU. Using a single-layer pick-up coil of
100 turns and 10 mm length, the BP amplifying was 15000x at which the output
noise of the equipment used for the BP measurement was about 118 mV (Fig. 7).
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2. Results and discussion

The annealing process of metal alloys is connected with the relaxation pro-
cess characterized by an inner stress decrease and the precipitation processes which
could be generally attributed to low and high values of annealing temperature, re-
spectively. In the case of amorphous alloys, the precipitation process is represented
by the amorphous structure crystallization which could be usually precceded by
forming areas whose different concentrations of atoms of elements are suitable for
crystallization of individual phases [6, 7].

Figures 1-3 show H., K;, K,, D, Js, J; courses as functions of annealing
temperature. The relaxation process expressive influence which can be perhaps
observed in the temperature range to about 250°C was a reason of the inner stress
reduction causing the concave decrease in the magnetic parameters. The changes
of the concave course to the convex course at about 250°C could perhaps indicate
the presence of the concentration-suitable areas in the amorphous structure. The
rapid increase in Hc, K;, J; could be connected with the crystallization process
forming crystalline grains within these areas {6, 7]. The K;—K, difference in the
temperature range to about 400°C is constant and small, so it could be concluded
that K; was mainly of the origin of K, [1]. The K; increase above 400°C could
be a consequence of the crystalline lattice anisotropy [4]. On the other hand, the
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Fig. 1. The coercive force, Hc, and the total number of the BP per a volume unit, N,
vs. annealing temperature.

Fig. 2. The total and stress induced anisoptropy energy, K; and K, respectively, and
D vs. annealing temperature. '
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Fig. 3. The saturation and remanent magnetic polarization, J; and J;, respectively,
vs. annealing temperature.
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K, increase above 400°C could be probably caused by the presence of crystalline
lattice defects which increase the inner stress [4]. The J. parameter is connected
with the determination of K;, K, and therefore the J, course is qualitatively
similar to the courses of K;, K, [1-4]. The values of H., K:. Ky, J at 420°C are
794 Am~1, 541 J m~3, 91 J m~3, 0.6 T, respectively.

Modifying the Fe-V-B structure by annealing, Dy was unchanged, so the
D change was only due to the D; change [2, 3]. D; is given by the demagnetiz-
ing field due to magnetic inhomogeneities inside the material, e.g. non-magnetic
inclusions or clusters [2-4]. The D decrease in the temperature range to about
250°C could then indicate that in the Fe—V-B structure there were weakly cou-
pled clusters of the Fe, V, B atoms [3, 8]. During the structural relaxation the
weakly coupled clusters could be probably destroyed, so it could lead to a more
homogeneous amorphous structure reflected by the D decrease [3, 8]. The D in-
crease above about 250°C could be perhaps attributed to the process of forming
of the concentration-suitable areas and the crystallization process.

Figure 4 shows the courses of n during the magnetization process for the
as-cast and annealed states. The external magnetic field intensity, H, was the linear
function of time, so n was also time-dependent which means that dn/dt ~dn/dH.
S(f) (Fig. 5), S(f) ~dn/dt [5, 9], was always registered at the external field
intensity equal to the sample coercive force. The expressionless differences of the
n gradient at H = H,. for the measured sample states were then responsible for
the expressionless differences of the S(f) intensity [5, 9].
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Fig. 4. The number of the Barkhausen pulses per a volume unit, n.
Fig. 5. The Barkhausen noise power spectrum, S(f).
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Fig. 6. The amplitude distribution of BP, Ny.

Fig. 7.

The relative amplitude distribution of BP, Ny/N.
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The Barkhausen noise of the annealed samples was given by the increas-
ing total number of BP per a volume unit, N (Fig. 1), the increasing amplitude
distribution of BP, Ny (Fig. 6), and the increasing rate of BP, Ny /N, in the
175-400 mV range (Fig. 7) as a consequence of the annealing temperature in-
crease. The increasing rate could be attributed to the increasing intensity of S(f)
in the 0.2-25 kHz frequency range (Fig. 5) [5, 9]. BP of the size below 175 mV
and above 400 mV kept their rate in the Barkhausen noise constant which could
be probably connected with the S(f) course in the frequency range below 0.2 kHz
and above 25 kHz, respectively [5, 9].
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