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The aim of this were studies

paper

of the

structure and magnetic properties of the bulk

FeoCo10W;Mo02YsBoo—, (z = 0, 1, 2) alloys. Ingots of the alloys were prepared by arc melting of high pu-
rity elements in an argon atmosphere. The samples in the form of plates were obtained by a rapid solidification of
liquid metal in a copper mold cooled with water. Topography of produced samples were examined using a ZEISS
SUPRA 35 high resolution scanning electron microscope. Furthermore, using a vibrating sample magnetometer
the magnetization in high magnetic fields was studied. Moreover, from initial magnetization curves the parameters
related with the Holstein—Primakoff paraprocess were determined.
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1. Introduction

Occurring in the electromagnets cores and transform-
ers energy losses creates the need to seek new types of
materials characterized by a higher saturation magne-
tization, smaller coercive field, low value of losses and
low effective anisotropy. Good responses to the occur-
ring need are based on iron, cobalt, boron and yttrium
amorphous alloys [1-4]. Slight changes in the alloy com-
position in the form of admixtures are able to affect its
magnetic properties [5-9]. This fact causes a continuous
need to search a material with the best properties.

The aim of the study was to investigate the effect of
tungsten dopants on the magnetic properties and struc-
ture of bulk amorphous alloys based on FeCoMoYB.

2. Material and experimental procedure

Using the injection casting method, after melting high-
purity components by electric arc, samples were obtained
in the form of plates with dimensions 10 x 10 x 1 mm?.
Samples of the FegyCo1gW,MooYsgBaog—, (where 2 = 0,
1 lub 2) alloy, used in the investigations, have been pre-
pared using high purity elements: Fe — 99.99%, Co —
99.99%, W — 99.9999%, Mo — 99.9999%. The boron el-
ement has been added in a form of the alloy Fess 4Bs4 6.

The structure was studied in 26 angle between 30°C
to 100°C, measuring increments was equal 0.02°C on
Bruker X-ray diffractometer with Cu K, tube with
a wavelength equal to A = 1.54056 A.
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Samples breakthroughs were analyzed by using a
high resolution scanning electron microscope — ZEISS
SUPRA 35.

The magnetization process at high fields was analyzed
by research done at the LakeShore vibrating magnetome-
ter in the range of magnetic fields up to 2 T. The VSM
studies have been performed on the samples powdered by
low-energy milling.

The Kronmiiller theory can describe the effect of de-
fects on the initial magnetic polarization curve poM as
a function of a strong external field H [10-13]:

poM (H) = poMs

ay/2 aj 2 1/2
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where a; are coefficients of linear fit describing the in-
fluence of defects in the structure of the process of mag-
netization, and by the b coefficient by which there can
be examined the effect of external field on the suppres-
sion of thermally excited spin waves, which is so-called
Holstein-Primakoff paraprocess [14]. The b coefficient
can be described as [15]:
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where: g — gyromagnetic coefficient, & — Boltzmann
constant, D,,; — spin-wave stiffness parameter, ug —
Bohr magneton, 7' — temperature.

Determination of the b coefficient allows to esti-
mate the exchange constant A¢x and the exchange dis-
tance I, [13, 16-20]:
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3. Research

Single broad peaks of low intensity at diffraction pat-
terns obtained for the tested alloys (Fig. 1) provide a
sufficient rate of cooling during the production of these
materials necessary to produce the metallic glass struc-
ture.
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Fig. 1. X-ray diffractions.
Figure 2 shows the breakthroughs images of test mate-
rials obtained with a scanning electron microscope. Ob-

servation of the surface structure allows for a relative
assessment of the ductility of the sample.
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Fig. 2. Samples breakthroughs obtained by SEM for
(a) F660C010M02Y8B20, (b) FEG()COloWlMOQYgBlg, (C)
F8600010W2M02Y8B18 alloys.

Breakthroughs tiles were smooth, but there were many
imperfections of visible structure in the form of gas blad-
der. An example of such bladder is shown in Fig. 2b.
It should be also noted the occurrence of fibrous and
conchoidal fractures around the edges, indicating greater
outer plates ductility than in the interior, which are asso-
ciated with non-uniform cooling rate inside the material.
Bladder smooth internal structure indicates a high de-
gree of relaxation. This is caused by the lowest cooling
rate near the gas filled space.

Increasing the amount of tungsten impurities instead of
boron in the alloy resulted an increase in alloys ductility,
as evidenced by the increased participation of conchoidal
fracture in the studied fractures.
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Fig. 3. Initial magnetization curves.

Figure 3 shows the initial magnetization curves as a
function of the external field. Introduction to tungsten
alloy with a much larger atomic radius compared to the
atomic radius of boron affects weakens the ferromagnetic
interaction between the magnetic moments occurring in
the studied alloys.

The polarization saturation of the sample, wherein the
tungsten did not occur was 1.14 T. After adding one per-
cent tungsten dopant polarization saturation decreased
slightly to 1.13 T. Further increase in the amount of
tungsten in place of the boron to two percent in the melt
resulted in a significant reduction in the polarization sat-
uration to 1.03 T.
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Fig. 4. High-field magnetization curves as a function

of (uoH)'/? for investigation alloy.

Figures 4 a-c show high-field polarization curves as a
function of (uoH)/2. The linear increase in magnetiza-
tion above the pgH, to the Holstein-Primakoff parapro-
cess is associated with suppression of thermally excited
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spin waves. For the sample without the addition of tung-
sten field transition was 0.92 T (Fig. 4a). The one percent
by mass addition of tungsten instead of boron resulted
in an increase in the transition of paraprocess field value
to 1.2 T (Fig. 4b). Further increasing the tungsten ad-
mixture in the alloy decreased the transition field value
to 0.86 T (Fig. 4c).

Table I shows the results of magnetic properties of the
studied alloys.

TABLE I

The results obtained from the analysis of magnetization
studies.

FegoCo10W;Mo2YgB2o— 4

z=0 r=1 T =2

poMs (T) 1.14 1.13 1.03

poH, (T) 0.92 1.24 0.86

b [1072 T'/?] 4.15 10.82 8.51
Dspy (1072 meV nm?) 55.45 29.25 34.34

4. Conclusions

In this paper effect of the tungsten addition instead of
boron on the magnetic properties and structure of the
FegoCo10W,Mo2YsBog—_z, (where 2 = 0, 1 or 2) alloys
was investigated.

All samples had an amorphous structure. The increase
in tungsten content caused an increase in the ductility of
the alloy, and simultaneously reducing the value of the
saturation magnetization.

The smallest value of the spin wave stiffness parameter
for a sample of one percent share of tungsten in the alloy
indicates a small number of nearest magnetic atoms and
reduce the short-range order. The admixture of tungsten
with a large (135 pm) relative to boron (85 pm) atomic
radius reduced interaction of Fe—Co, Fe-Fe, and Co—Co
atoms pairs.
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