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SUMMARY 

Internal stresses of the Fe85B15 amorphous alloy during hydrogenation-dehydrogenation process are investigated by 

measurements of the energy of the total and stress induced anisotropy, the coercivity, the demagnetization factor, and the 

Barkhausen noise parameters. 
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1. INDRODUCTION 

 

Amorphous alloys prepared by rapid quenching 

can be characterized by excellent soft magnetic pro-

perties. Qualitative analysis of changes of the inter-

nal stresses and their fluctuations, and the presence 

of the clustered structure of the Fe85B15 amorphous 

alloy can be performed by the measurements of the 

stress-sensitive magnetic quantities, representing 

the magnetization curve parameters, and Barkhau-

sen noise ones.  

 

2. EXPERIMENTAL 

 

The sample of the Fe85B15 amorphous alloy was 

prepared by planar flow casting technique in a form 

of the 10 mm wide and 20 m thick ribbons. The 

150 mm long as-cast samples were hydrogenated 

electrolytically at room temperature for 2 hours. 

The spontaneous dehydrogenation was followed by 

the measurements in air at room temperature. The 

hydrogen content was 0.1% of a sample mass. 

Magnetic quantities and Barkhausen noise 

parameters were measured in the as-cast state and 

after the hydrogenation. The measurement of the 

magnetic quantities were performed at 30 minutes 

interval during 20 hours of the first day of the 

dehydrogenation and, along with the Barkhausen 

noise parameters, once a day during next 29 days of 

the dehydrogenation [1]-[4]. Time before the 

hydrogenation as „negative“ is given on the time 

axis (Figs.1, 2). 

The measured magnetic quantities are: coercivi-

ty, Hc, total and stress induced anisotropy energy, 

Ki and K, respectively, total demagnetization 

factor, D, as a sum of internal and geometrical 

demagnetization factors, Di and Dg, respectively. 

The parameters Ki and K are determined from the 

area over the magnetization primary curve and 

demagnetization one, respectively, and K is given 

by value and distribution of the internal stresses [5]. 

The geometrical demagnetization factor, Dg = 

8.510
-5

, is calculated from the sample geometry 

[5]. 

The measured Barkhausen noise parameters are: 

power spectrum intensity, S(f), number and total 

number of the Barkhausen pulses, n and N, res-

pectively. The external magnetic field for the Bark-

hausen noise measurement is varied in the 1000 

Am
-1

 range. The parameter n is registered and 

increasing during the magnetization process along 

one branch of the magnetization curve. The 

parameter N represents the n value reached at 

1000Am
-1 

(Figs.1, 4) [2]-[4]. 

 

3. RESULTS AND DISCUSSION 

 

Hydrogen atoms increase internal stresses and, 

consequently, caused the Hc, Ki, K rapid increase 

(Figs.1, 2). The chemical components of the 

Fe85B15 amorphous alloy have low affinity to the 

hydrogen. Therefore, the desorption of H-atoms is 

completed during 20 hours at room temperature 

(Figs.1, 2), resulting in the rapid decrease of the 

magnetic quantities [2]-[4]. 

After 20 hours of the dehydrogenation, Hc 

reaches higher values than before the hydroge-

nation. This fact indicates an in-direct role of the H 

absorption, manifested in long-life elevated stress 

level and in the presence of high-level stress 

centres, conserved in the sample even after 20 

hours of the dehydrogenation. The high-level stress 

centres represents high fluctuations of internal 

stresses. The Ki, K small ir-reversible decrease af-

ter 20 hours of the dehydrogenation could be attri-

buted to a relaxation-like effect. Due to high inter-

nal stresses around hydrogen atoms, the Fe and B 

atoms are pushed away into regions of lower inter-

nal stresses. This relaxation-like effect seems to be 

phenomenologically similar like the effect of a low- 

temperature annealing process [2]-[4]. 



The D course during the hydrogen absorption 

and desorption processes is shown in Fig.1. As Dg is 

unchanged during the hydrogenation-dehydroge-

nation cycle, the D change arises only from the H-

induced modification of Di. The parameter Di is 

given by the demagnetization field due to magnetic 

inhomogeneities inside the material, e.g. non-

magnetic inclusions or clusters. In the case of Fe-V-

B and Fe-W-B amorphous alloys [3], [4], the imme-

diate decrease of D during the hydrogenation in-

dicates the presence of weakly coupled 1-like anti-

ferromagnetic clusters of the Fe atoms. The 1-like 

antiferromagnetic clusters are transformed to the 2-

like ferromagnetic ones, as a consequence of the 

changes of distances between the Fe atoms of the 

clusters due to the internal stress increase. During 

dehydrogenation, the 1-like antiferromagnetic clus-

ters are reconstructed, as indicated by the D in-

crease. In the case of the Fe85B15 amorphous alloy, 

the constant course of D is reflected by the presence 

of either the strongly coupled 1-like antiferromag-

netic clusters or the 2-like ferromagnetic ones [6]. 

The magnetic quantities shown in Figs.1-3 were 

measured every day during 30 days of the dehydro-

genation but no changes of their courses were re-

gistered [2]-[4]. 

The N/Nac course during the dehydrogenation is 

shown in Fig.3, and for the as-cast sample 

Nac=1.3310
13

m
-3

 (Fig.1). After the hydrogenation, 

the U/x function barriers, represented by the 

fluctuations of internal stresses, increase; where U(x) 

is energy depending on the material structure, not on 

the external magnetic field [5], and x indicates a do-

main wall position. The domain wall motion is then 

influenced only by them and not by the lower 

barriers between two high-level stress centres [2]-

[4]. This fact could ex-plain the rapid decrease of 

N/Nac after the hydrogenation. Fig.4 shows the n 

courses during the magnetization process for the as-

cast and hydrogenated states, and after 9 and 30 days 

of the sample dehydrogenation. The contribution of 

irreversible motion of domain wall to the total mag-

netization in the case of the hydrogenation-dehy-

drogenation process is dominant in the range to 60 

Am
-1

. 

Fig.5 shows the Barkhausen noise power spec-

trum intensity, S(f). The shift of S(f) towards lower 

frequencies is indicated by position changes of ma-

ximum and inflexion points of the S(f) courses, m 

and i (Tab.1), respectively. The dominant shift and 

the significantly lower slope of S(f) after the hydro-

genation are reflected by shorter duration of the 

Barkhausen pulses and by higher slope of the 

Barkhausen pulse increasing part, respectively [2]-

[4]. The maximum and inflexion points, getting from 

curves to fit the S(f) courses, are in a good agree-

ment with the relation   2/53 mi   [7]. 

In contrast to the Hc, Ki, K changes during 20 

hours of the dehydrogenation, the significant time 

delay of the N/Nac, n, S(f) reactions to the dehydro-

genation is observed. It is evident that Hc, Ki, K 

reach after 20 hours almost the same values as be-

fore the hydrogenation (Figs.1, 2). The parameters 

Ki, K represent average value of the internal stresses 

over the sample. The Barkhausen noise parameters 

are sensitive to the presence of high fluctuations of 

the internal stresses, and are not influenced by the 

decrease of the average value of the internal stresses 

[5]. On the other hand, due to small amount of the 

high fluctuations, Ki, K are not significantly in-

fluenced by their presence. Due to the relaxation of 

the high fluctuations, the dominant changes of N/Nac, 

n, S(f) are observed after 6-7 days of the dehydroge-

nation, although no dominant changes of Hc, Ki, K 

are measured during next 29 days of the dehydroge-

nation. It is then evident that the changes of the mag-

netic properties during the dehydrogenation, caused 

by the decrease of the internal stress average value, 

were not followed by the changes of the Barkhausen 

noise parameters, which were consequence of chan-

ges of the internal stress fluctuations [2]. 

 

4. CONCLUSIONS  

 

The results of H-induced changes of the magne-

tic quantities and the Barkhausen noise parameters 

can be summarized as follows: 

 After the hydrogenation, expressive changes of 

all investigated parameters are observed, due to 

the internal stress increase [2]-[4]; 

 During the hydrogenation, a relaxation-like 

effect appears, being similar to that occurring 

during low-temperature annealing [2]-[4]; 

The run of changes of the magnetic quantities 

and the Barkhausen noise parameters during the 

dehydrogenation due to decreasing internal stresses, 

is not followed by the run of the changes of the 

Barkhausen noise parameters. This fact is considered 

to be the consequence of the changes of the internal 

stress fluctuations [2]-[4]. 

 

ACKNOWLEDGEMENT  

This work was supported by the Slovak Grant 

Agency VEGA (No. 1/8128/01, 2/1063/21). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



8  Acta Electrotechnica et Informatica  No. 1, Vol. 1, 2001 

 

REFERENCES 

 

[1] P.Diko, M.Ausloos, R.Cloots: J. Mater. Res. 11 

(1996) 1179. 

[2] L.Ceniga: Mater. Sci. Eng. B79 (2001) 154. 

[3] L.Ceniga, L.Novák: Acta Phys. Pol. A97 (2000) 

611.  

[4] L.Novák, L.Ceniga, F.Kováč: Czech. J. Phys. 52 

(2002) A77. 

[5] E.Kneller: Ferromagnetismus, Springer Verlag, 

Berlin/Göttingen/Heidelberg, 1962. 

[6] T.Kaneko, K.Shirakawa, S.Abe, T.Masumoto: J. 

Magn. Magn. Mater. 54-57 (1986) 305. 

[7] L.Ceniga, L.Novák, M.Zentková, K.Šterbáková: 

Czech. J. Phys. 49 (1999) 549. 

 

 

BIOGRAPHY 

 

Ladislav Ceniga was born on 1965. In 1988 and 

1993 he graduated (MSc.) from the Faculty of 

Mechanical Engineering at Technical University in 

Košice, and the Faculty of Sciences (the Department 

of Physics of Solids) at the P.J.Šafarik University, 

respectively, both with distinction. He defended his 

PhD. in 1999 in the field of Physics of Solids at the 

Institute of Experimental Physics in Košice. Since 

2000 he has been working at the Institute of 

Materials Research in Košice in magnetism of 

amorphous and crystalline alloys, and the continuum 

mechanics applied on composite materials. 

Ladislav Novák was born on 1950. In 1973 he 

graduated (MSc.) with distinction from the Faculty 

of Sciences (the Department of Physics of Solids) at 

the P.J.Šafarik University. He defended his PhD. in 

1977 in the field of Physics of Solids at the Institute 

of Experimental Physics in Košice. Since 1997 he 

has been working at the Department of Physics at 

the Technical University in Košice in magnetism of 

amorphous and crystalline alloys. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  Acta Electrotechnica et Informatica No. 1, Vol. 1, 2001                                                                                             

 

10 

 

 

 

 

 

 

 

 

 

Fig.1 The coercivity, Hc, and  the  total demagnetization factor, D, vs. dehydrogenation time. 

 

 

 

 

Fig.2 The total and stress induced anisotropy energy, Ki and K, respectively, vs. dehydrogenation time. 

 

 

 

 

Fig.3 The parameter N/Nac vs. dehydrogenation time. 
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Fig.4 The number of the Barkhausen pulses per a volume unit for the as-cast and hydrogenated samples. 

 

 

 

 

 

 

 

Fig.5 The Barkhausen noise power spectrum intensity, S(f), for the as-cast and hydrogenated samples.

 

 

Fe85B15         As-cast    Hydrogenated         9 Days      30 Days 

m [2Hz]            496            288            378         490 

i [2Hz]          1607          1210          1396       1551 
 

Tab.1 The maximum and inflexion points of the Barkhausen noise power spectrum intensity, m and i, 

respectively, for the as-cast and hydrogenated samples. 
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