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Internal stresses as a consequence of structural changes of the Fe83B17 amorphous alloy
during annealing and hydrogenation-dehydrogenation processes were investigated by
structurally sensitive properties as a stress induced anisotropy, a coercive force, a
demagnetizing factor and Barkhausen noise parameters.
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1. Introduction
An investigation of amorphous alloys has been per-
formed for several years due to their excellent soft mag-
netic properties. In spite of a low anisotropy of amor-
phous alloys [1, 2], their structure is considered to be
clustered [3, 4] what can be, also reflected by a distribu-
tion of internal stresses. To obtain information about the
internal stresses, an investigated amorphous alloy struc-
ture was changed during annealing and hydrogenation-
dehydrogenation processes.

2. Experimental method
The samples of the Fe83B17 amorphous alloy were pre-
pared by the spinning wheel technique in a form of the
10 mm wide and 20 µm thick ribbons [5–7]. The first
series of the 150 mm long samples were isothermally
annealed at different temperature in argon protective
atmosphere for 1 hour with the 5 deg/min cooling rate
in the end.

The Fe83B17 amorphous alloy of an as-cast state was
also hydrogenated electrolytically at room temperature
for 2 hours [8–19]. The sample dehydrogenation was
effected spontaneously in air at room temperature. The
hydrogen content was not measured but on the basis
of the results of the paper [8] it could be estimated
that H/M ratio after the hydrogenation could be about
0.01. In the case of the hydrogenation-dehydrogenation
process, the first series of measurement began with
measurement of magnetic and Barkhausen noise pa-
rameters in the as-cast state and then the sample was
hydrogenated. The hydrogenation time is given in the
Figs 5 and 6 as negative time on the time axis. The
magnetic parameters were then measured at an interval
of 30 minutes during 20 hours of the first day of the
dehydrogenation and once a day during next 29 days of
the dehydrogenation [17, 20].

The magnetic parameters to be measured at room
temperature were [20, 21]: the whole quasi-static hys-
teresis curve and the anhysteresis curve from which

values of the coercive field, Hc, the total and stress in-
duced anisotropy energy, Ki and Kσ , determined from
the area over the virgin curve and the demagnetizing
curve, respectively, the total demagnetizing factor, D,
as a sum of the inner and geometrical demagnetizing
factor, Di and Dg, respectively, were evaluated. The
Kσ parameter was induced by a value and a hetero-
geneous distribution of internal stresses [13, 14]. The
Dg was calculated from the sample geometry [15],
Dg = 15.3 × 10−5.

The Barkhausen noise parameters to be measured
at room temperature were [17, 19–23]: the power spec-
trum, S( f ), the number and total number of Barkhausen
pulses per a volume unit, n and N , respectively. The
external magnetic field intensity for the Barkhausen
noise measurement varied in the −1000–+1000 A m−1

range. The n parameter was registered and increased
during the magnetization process along one branch of
the hysteresis loop (Figs 3 and 8) and then the N param-
eter represents a value of the n parameter to be reached
at 1000 A m−1.

3. Results and discussion
3.1. Annealing process
An annealing process of metal alloys is connected with
a relaxation process characterized by internal stresses
decrease and a precipitation process which could be
generally attributed to low and high annealing tem-
perature, respectively [23]. In the case of amorphous
alloys, the precipitation process is represented by an
amorphous structure crystallization which is usually
preceded by forming of regions of such chemical com-
position which is suitable for crystallization of individ-
ual phases, e.g. the regions of higher concentration of
B-atoms than in surroundings is formed for crystalliza-
tion of the Fe2B phase [24].

The relaxation process expressive influence which
was observed in the temperature range to about
240◦C (Figs 1 and 2) was a reason of the internal
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Figure 1 The coercive field, Hc, and the total number of the Barkhausen
pulses per a volume unit, N , vs. annealing temperature.

stresses reduction causing the concave decrease of the
Hc, Ki, Kσ parameters [21, 23]. The changes of the
concave course to the convex course of the Hc, Ki, Kσ

parameters at about 240◦C could indicate the presence
of the concentration-suitable regions in the amorphous
structure [21, 23]. The rapid increase of the Hc, Ki
parameters was connected with the crystallization pro-
cess which created crystalline grains within these re-
gions [21, 23]. The Ki − Kσ difference in the tempera-
ture range to about 310◦C was constant and small so it
could be concluded that the Ki parameter was mainly
of an origin of the Kσ parameter [21, 23]. The Ki in-
crease above 310◦C was a consequence of a crystalline
lattice anisotropy [21, 23]. On the other hand, the Kσ in-
crease above 310◦C was caused by a presence of crystal
line lattice defects which increased the internal stresses
[21, 23]. The values of the Hc, Ki, Kσ parameters at
320◦C are 540 A m−1, 675 J m−3, 195 J m−3, respec-
tively.

Modifying the Fe-B structure by the annealing, the
Dg factor was unchanged so a possible change of the
D factor would be only due to the Di change [17, 18].
The Di factor is given by the demagnetizing field due
to magnetic inhomogeneities inside the material, e.g.
non-magnetic inclusions or clusters [17, 18]. The al-
most constant course of the D factor in the temperature
range to 310◦C could indicate homogeneous structure
of the Fe-B amorphous alloy unlike the results pub-
lished in the paper [23]. The D increase above 310◦C
could be attributed to the crystallization process be-
cause of crystalline lattice anisotropy [23].

The Fig. 3 shows courses of the n parameter during
the magnetization process for the as-cast and annealed

Figure 2 The total and stress induced anisotropy energy, Ki and Kσ ,
respectively, vs. annealing temperature.

Figure 3 The BP number per a volume unit, n, during magnetization
process.

states. It is evident that the n parameter was almost
constant above 60 A m−1 of the external magnetic
field intensity, H , [17, 21, 23] so a contribution of
domain walls irreversible motion to a total magneti-
zation was then expressive in the range to 60 A m−1

[17, 21, 23]. The H was the linear function of time
so the n parameter was also time-dependent and then
dn/dt ∝ dn/d H [17, 21, 23]. The S( f ) parameter
(Fig. 4), S( f ) ∝ dn/dt [17, 21, 23], was always regis-
tered at the external field intensity equal to the sample
coercive field [17, 21, 23]. The inexpressive changes of
the n gradient at H Hc for the measured sample states
were then responsible for the inexpressive changes of
the S( f ) intensity [17, 21, 23].

The small shift towards lower frequencies and the
smaller slope of the S( f ) parameter by the annealing
process could indicate that the Barkhausen pulses of
the annealing states are characterized by a shorter
duration and by a higher slope of their increasing
part [17, 21, 23]. As a consequence of the internal
stresses decrease, the ∂U/∂x function barriers, which
influence domain walls motion and are not influenced
by external magnetic field but by internal stresses [22],
also decreased what was reflected by the N increase
[17, 21].

The S( f ) shift corresponded to the shift of max-
imum and inflexion points of the S( f ) courses, ωm
and ωi (Table I), respectively, which were found from
curves fitting these courses. It is evident from the
Table I that the obtained experimental values were in a
good agreement with the theoretical predictions which
were published in the paper [20], presenting the rela-
tion, ωi = ωm

3+√
5

2 .

Figure 4 The Barkhausen noise power spectrum, S( f ).
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T ABL E I Maximum and inflexion points of Barkhausen noise power
spectra, ωm and ωi, respectively

As-cast 240◦C 310◦C Hydrogenated 9 days 30 days

ωm [2πHz] 525 413 374 218 387 478
ωi [2πHz] 1432 1128 1157 609 1089 1303

During the annealing process all parameters were
measured in the temperature range to 310◦C within
which the samples were characterized by soft magnetic
properties [17, 21].

3.2. Hydrogenation-dehydrogenation
process

Hydrogen atoms, which occupy the Bernal’s holes
in the amorphous matrix [19] and increase internal
stresses, caused the Hc, Ki, Kσ rapid increase (Figs
5 and 6) [12–19]. The chemical components of the
Fe83B17 sample have not high affinity to the hydro-
gen atoms, which could then move in the sample and
could escape of the sample easily [12–19]. It could be
then postulated that most of the hydrogen atoms left
the sample at room temperature during 20 hours (Figs 5
and 6) [12–19]. The decreasing hydrogen content was
then a reason of the magnetic parameters decrease
[12–19].

After 20 hours of the dehydrogenation the Hc
parameter reached higher values than before the hy-
drogenation. This fact could indicate that either the
hydrogen atoms caused some defects remained in the
amorphous structure during and after the hydrogena-
tion, e.g. microcracks [17], or a rest of the hydrogen
atoms remained in the sample even after 20 hours of
the dehydrogenation [12–19]. The Ki, Kσ small irre-
versible decrease after 20 hours of the dehydrogenation
could be attributed to a relaxation-like effect [12–19].
Due to big internal stresses around hydrogen atoms,
matrix atoms were pushed away into regions of lower
internal stresses. This relaxation-like effect was simi-
lar to that during a low-temperature annealing process
[12–19].

The decrease and the increase of the D parame-
ter after the hydrogenation and during the dehydro-
genation, which were observed in the case of Fe-V-B,
Fe-Cr-B, Fe-Ni-Zr amorphous alloys [8–10], indicated

Figure 5 The coercive field, Hc, and the total demagnetizing factor, D,
vs. dehydrogenation time.

Figure 6 The total and stress induced anisotropy energy, Ki and Kσ ,
respectively, vs. dehydrogenation time.

a presence of clusters consisting of weakly-coupled
atoms which connections were destroyed and reformed
as a consequence of the increase and the decrease of
the internal stresses, respectively. In accordance with
that, the Fe83B17 amorphous structure could be con-
sidered to be stable because of no changes of the D
parameter during the hydrogenation-dehydrogenation
process. The chemical composition of the investigated
amorphous alloy, which represents an eutectic point
composition of the Fe-B system [17], is perhaps seemed
to be a reason of the stability.

The N /Nac course during the dehydrogenation is
shown in the Fig. 7 and for the as-cast sample Nac =
1.55 × 1013 m−3 (Fig. 1). After the hydrogenation, the
∂U/∂x function barriers, which were situated in places
of the hydrogen atoms occurrence, increased, so the
domain walls motion was influenced only by them and
not by the lower barriers situated between them [22].
This fact could explain the N /Nac rapid decrease after
the hydrogenation [17].

The Fig. 8 shows the courses of the n parameter dur-
ing the magnetization process for the as-cast, hydro-
genated states and after 9 and 30 days of the dehy-
drogenation of the sample. The contribution of domain
wall irreversible motion to the total magnetization in
the case of the hydrogenation-dehydrogenation process
was also expressive in the range to 60 A m−1 likewise
as in the case of the annealing (Fig. 3). In contrast to
the annealing process (Figs 3 and 4), the expressive
changes of the n gradient at H Hc were observed
what was a reason of the expressive changes of the
S( f ) intensity (Fig. 9). The expressive shift towards
lower frequencies (Table I) and the expressive smaller

Figure 7 The N /Nac vs. dehydrogenation time.
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Figure 8 The BP number per a volume unit, n, during magnetization
process.

slope of the S( f ) parameter after the hydrogenation
were reflected by a shorter duration of the Barkhausen
pulses and by a higher slope of the Barkhausen pulses
increasing part, respectively [17, 20, 23]. In the case
of the hydrogenation-dehydrogenation process, the ob-
tained values of the maximum and inflexion points
were also in a good agreement with the theoretical
relation [20].

In contrast to the Hc, Ki, Kσ changes during 20 hours
of the dehydrogenation, the expression time delay of
the N /Nac, n, S( f ) reactions to the dehydrogenation
was observed [17]. It is evident that the Hc, Ki, Kσ

parameters reached after 20 hours almost the same val-
ues as before the hydrogenation (Figs 5 and 6) but the
N , n, S( f ) parameters changed after 6–7 days of the
dehydrogenation (Figs 7–9). The Ki, Kσ parameters
represent an average value of the internal stresses over
a sample. The Barkhausen noise parameters are sensi-
tive to a presence of centres of very big internal stresses
above all and then these parameters are not influenced
by the decrease of the average value of the internal
stresses. On the other hand, due to small amount of the
centres, the Ki, Kσ parameters are not perhaps expres-
sively influenced by their presence. Only after 6–7 days
of the dehydrogenation, these centres were maybe de-
stroyed what was expressed by the N , n, S( f ) changes.
The N , n, S( f ) expressive changes could be caused
by the more intensive dehydrogenation although no ex-
pressive changes of the Hc, Ki, Kσ parameters were
measured during next 29 days of the dehydrogenation
[17]. The hydrogen atoms rest [12–19] and perhaps
the microcracks, forming after the hydrogenation [17,
20], could be responsible for the N , n, S( f ) expressive

Figure 9 The Barkhausen noise power spectrum, S( f ).

irreversible changes which were observed even after
30 days of the dehydrogenation [17, 20].

4. Conclusions
The results obtained from the investigation of
an influence of the annealing and hydrogenation-
dehydrogenation processes on the magnetic properties
and the Barkhausen noise parameters are as follows:

• the Hc, Ki, Kσ concave-convex decrease during
the annealing process in the temperature range to
about 310◦C was a consequence of the amorphous
structure relaxation characterized by more inten-
sity in the temperature range to about 240◦C,

• along with the structural relaxation in the temper-
ature range above 240◦C, the observed convex de-
crease of these parameters was caused by forming
of the regions of such chemical composition which
was suitable for crystallization of individual phases
[24],

• the rapid increase of these parameters was con-
nected with the crystallization process which cre-
ated crystalline grains within these regions [24],

• the small shift towards lower frequencies and the
smaller slope of the S( f ) parameter were reflected
by a shorter duration of Barkhausen pulses and by a
higher slope of their increasing part of the annealed
state [17, 20, 23],

• after the hydrogenation, the expressive changes of
all investigated parameters were observed,

• during the dehydrogenation, the relaxation-like ef-
fect appeared being similar to a low-temperature
annealing process,

• the magnetic properties changes during the dehy-
drogenation caused by the decrease of the inter-
nal stresses average value were not followed by
the changes of the Barkhausen noise parameters
which were a consequence of changes of the inter-
nal stresses fluctuation.
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4. J . M I Š K U F , K . C S A C H , V. O C E L ı́K , V . Z . B E N G U S ,
E . D . T A B A C H N I K O V A and P . D U H A J , Met. Mat. 3 (1999)
153.

5. A . L O V A S , L . F . K I S S , B . V A R G A , P . K A M A S A , I .
B A L O G H and I . B A K O N Y I , J. Phys. IV. France 8 (1998) 29.
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V A N D L I K , in Proceedings of the 9th International Conference on
Rapidly Quenched and Metastable Alloys, Bratislava, March 1996,
edited by P. Duhaj, P. Mrafko, P. Svec (Elsevier, Amsterdam, 1997)
p. 280.

4128
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N O V Á K and A. L O V A S , JMMM 92 (1990) 181.

15. J . Z I M A N , B . Z A G Y I and L . N O V Á K , Phys. Stat. Sol. B 171
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Z E N T K O V Á , Czech. J. Phys. 49 (1999) 549.
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