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The magnetisation process of magnetic materials is extremely important due to the potential applica-
tions of these materials. During the magnetisation process, a delay in the increase in magnetisation is
observed when the magnetic field strength increases. This behaviour may be explained by the magnetic
anisotropy of the studied material. The paper presents the results of research on primary magnetisation
curves for magnetic alloys that exhibit soft-magnetic properties. The tested alloys are the so-called
amorphous materials in which determining the preferred direction of magnetisation is difficult due to
their structure. However, as our research indicates, it is in fact possible to distinguish directions of
relatively easy and difficult magnetisation in amorphous materials, which implies that the phenomenon
of magnetic anisotropy occurs in them.
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1. Introduction

Amorphous alloys are an interesting field of study.
Due to their disordered structure, their properties
differ from their crystalline counterparts with the
same chemical composition [1]. Amorphous alloys
are characterised by excellent mechanical proper-
ties (Ti, Zr, Fe alloys [2–4]) and/or corrosion resis-
tance [5, 6]. Alloys with a sufficiently high propor-
tion of ferromagnetic elements possess very good
soft magnetic properties, i.e., low coercivity field
value, low re-magnetisation losses and high satu-
ration magnetisation value [7–10].

Due to the lack of an ordered structure, the do-
main walls can rotate quite freely, which facilitates
the process of magnetisation in these materials. In
crystalline materials, the magnetic structure is as-
sociated with the orientation of the crystals [11, 12].
In the case of amorphous alloys, despite the ab-
sence of an ordered structure, the easy direction
of magnetisation can be determined; this is as-
sociated with the production process of these al-
loys [13]. So far, this phenomenon has not been
fully explained, including the effect of individ-
ual alloy components on the change in anisotropy
values.
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The aim of this study is to investigate the effect
of Cu addition on the effective anisotropy found in
soft magnetic amorphous alloys based on Fe matrix.

2. Experimental procedure

The base alloy for the production of the rapidly-
cooled samples was produced in an arc furnace.
The ingots, each weighing 10 g, were melted and
formed from high-purity ingredients: Fe, Co, Y, Cu
— 99.99%, B — 99.9%. The elements were weighed
with an accuracy of 0.0001 g. The mixture of el-
ements was placed in a recess on a water-cooled
copper plate. The re-melting process was carried
out under a protective atmosphere of argon using
a tungsten electrode. The ingots were re-melted six
times physically inverting them each time in order
to mix the ingredients.

Bulk, rapidly-cooled samples were produced us-
ing an injection method. The process was carried
out under a protective atmosphere of argon, after
having previously obtained a high vacuum in the
working chamber. The base alloy was placed in a
quartz crucible (with an opening of 1 mm diam-
eter) and melted using eddy currents. The liquid
alloy was forced under argon pressure into a copper
mould. The samples were obtained in the form of
rods, each with a length of 20 mm and a diameter
of 0.5 mm.

The structure of the alloys was studied using
a Bruker D8 Advance X-ray diffractometer. The
diffractometer is equipped with a Cu Kα lamp.
Measurements were carried out within the 2θ an-
gle range of 30–100◦ on samples subjected to low-
energy pulverisation.

Primary magnetisation curves and static mag-
netic hysteresis loops were measured using a Lake
Shore 7307 vibrating sample magnetometer within
the range of external magnetic field strength of up
to 2 T.

3. Results

Figure 1 shows X-ray diffraction images for the
investigated alloy samples. In the diffractograms,
single wide maxima are visible, indicating the dis-
ordered structure of each alloy. There are no narrow
peaks of significant intensity that would be associ-
ated with the presence of crystalline phases.

Figure 2 shows the static magnetic hysteresis
loops measured in three directions, i.e., parallel to
the casting direction, perpendicular to the casting
direction, and perpendicular to the sample surface.
The loops measured for the Fe35Co35Y10B20 alloy
in the direction parallel to the casting direction and
perpendicular to the casting direction are identical.

The curve measured perpendicular to the sur-
face of the alloy (green colour) is characterised by
a different shape — the alloy achieves a higher

Fig. 1. X-ray diffraction patterns for the
rod-form samples of the investigated al-
loys: curve 1 — Fe35Co35Y10B20, curve 2 —
(Fe35Co35Y10B20)99Cu1.

Fig. 2. Static magnetic hysteresis loops for
tested amorphous alloys: (a) Fe35Co35Y10B20, (b)
(Fe35Co35Y10B20)99Cu1.

TABLE I

Calculated parameters: µ0MS — saturation mag-
netisation [T], HC — coercivity field [A/m], P1 —
anisotropy field in the first direction [kJ/m3], P2 —
anisotropy in the second direction [kJ/m3], P3 —
anisotropy in the third direction [kJ/m3].

µ0MS HC P1 P2 P3

Fe35Co35Y10B20 0.96 230 83 105 127
(Fe35Co35Y10B20)99Cu1 0.95 135 55 35 207
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Fig. 3. Initial magnetisation curves, measured in
three directions 1, 2, 3, for the tested alloys: (a)
Fe35Co35Y10B20, (b) (Fe35Co35Y10B20)99Cu1.

saturation of magnetisation value (MS), but at
lower values of magnetic field strength it attains
a lower magnetisation value. For the alloy with the
addition of Cu, similar relationships were observed,
except that the curve for the perpendicular direc-
tion differs to a greater extent from the other two.
The other curves (black and red) have a very simi-
lar course; however, where the sample was measured
parallel to the casting direction, a much higher MS

value was achieved. The coercivity field values, mea-
sured for all three directions, reached similar values
(shown in Table I).

Figure 3 shows the initial magnetisation curves,
measured using the same system as the static mag-
netic hysteresis loops. Based on the shapes of the
curves, the effective anisotropy was calculated. The
results are given in Table I.

The addition of Cu causes a significant change
in the shape of the primary magnetisation curves,
and thus in the value of effective anisotropy. For
the two easy magnetisation directions (perpendicu-
lar and parallel to the casting direction), a signif-
icant decrease in the values of P1 and P2 and an
increase in the P3 value were observed. In addition,
the value of the coercivity field for the alloy with
the addition of Cu is almost halved. Therefore, it
should be assumed that the addition of Cu affects
the formation of a certain short-range order in the
alloy volume, and therefore the directivity in certain

areas of the alloy (it is possible that, in the volume
of the alloy, there are areas similar in atomic con-
figuration to crystalline phases). This arrangement
affects the course of magnetisation, promoting it in
some directions and hindering in other directions.

4. Conclusions

This paper presents the results of research on the
influence of Cu on the value of effective anisotropy
occurring in bulk Fe-based amorphous alloys. Based
on vibrating sample magnetometer measurements,
made in three different directions, it was found that
easy and difficult directions of magnetisation occur
in the tested alloys. In addition, a 1% addition of
Cu was found to influence the degree of this effect.
The alloy (Fe35Co35Y10B20)99Cu1 is characterised
by a much lower value of coercivity field and — for
the easy direction of magnetisation — a much lower
value of effective anisotropy.
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