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MICROSTRUCTURE, SOME MAGNETIC AND MECHANICAL PROPERTIES OF AMORPHOUS Feq,Co,0Zr; sHf, sW,Y,B;,

PLATES

MIKROSTRUKTURA, STABILNOSC TERMICZNA I MAGNETYCZNE WEASCIWOSCI MASYWNEGO STOPU AMORFICZNEGO

Feg; Co oZry sWoHE, s Y2 Bog

In this paper we present the results of microstructure, thermal stability and magnetic properties studies for the bulk
amorphous Feg; Co9Zr,sHf, sW,Y,Byo alloy in the form of plates 0.5 mm in thickness prepared at different cooling rates
(in a mould cooled with water and without cooling with water). We have stated that the investigated alloy exhibits good
glass-forming ability. The amorphous plates obtained at larger cooling rate show a slightly higher crystallization temperature.
SEM micrographs on the fraction surface of the plates reveal parallel and curved bands. The chemical composition on the
fraction surface determined from EDS studies is close to the nominal composition of the alloy. The amorphous plates prepared
at larger cooling rate exhibit better soft magnetic properties.
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W pracy przedstawiono wyniki badad mikrostruktury, stabilno$ci termicznej i wlasciwo$ci magnetycznych masywnego
stopu amorficznego Feg;Co19Zr, sHf, sW,Y,Bog w postaci plytek o grubosci 0,5 mm. Prébki przygotowano technika szybkiego
chtodzenia (w formie chlodzonej woda i bez chtodzenia). Otrzymany stop wykazywat dobra zdolnos$é do zeszklenia. Amorficzne
plytki wytworzone z wigksza szybkoScia chtodzenia cechowaly si¢ nieco wyzsza temperatura krystalizacji. Na obrazach struktury
przetoméw plytek uzyskanych za pomoca mikroskopu skaningowego widoczne sa liniowe réwnolegle i zakrzywione pasma.
Analiz¢ chemiczng skiadu stopu wykonano metoda EDS, skiad otrzymanych prébek byt zgodny ze skladem nominalnym.
Amorficzne plytki wykonane z duza szybkoScia chtodzenia wykazywatly lepsze migkkie wiasciwosci magnetyczne.

1. Introduction

It is well known that Fe-Co based amorphous al-
loys exhibit better soft magnetic properties than silicon
steel [1, 2] and they are usually prepared in the form
of thin ribbons with thickness of about 20 wm. How-
ever, the application of these materials in electrical in-
dustry is limited by thinness of gauge, brittleness after a
heat treatment and stress sensitivity. Contrary to classical
crystalline Fe-Si sheets it is impossible to make magnet-
ic cores from the amorphous classical alloys with high
mass packing density because of air gaps between the
large number of thin ribbons. A suction casting method
[3, 4] enables to obtain amorphous alloys in the form
of rods, tubes, plates and cores with a very complicated
shape. On account of excellent soft magnetic and me-

chanical properties, Fe-Co based bulk amorphous alloys
are interesting for both scientific research and techno-
logical applications.

In this paper we present results of microstructure,
its thermal stability, magnetic and mechanical properties
studies of the amorphous Fe61CO]()ZI‘2_5Hf2_5W2Y2B20
plates.

2. Experimental procedure

The amorphous FegCo;oZry sHf, sW,Y,By; plates
were prepared from ingots obtained by arc-melting in
an argon atmosphere. The plates with 0.5 mm thick-
ness were produced by rapid solidification of the molten
material in a copper mould cooled with water or with-
out cooling with water. The microstructure was studied
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for powdered samples using X-ray diffractometer and
Mossbauer spectrometer. Mossbauer spectra were fitted
with NORMOS package to obtain distribution of mag-
netic hyperfine field [5]. Thermal stability of the alloys
was investigated by differential scanning calorymetry
(DSC). The fracture morphology of the plates and el-
ements distribution in them has been studied using a
scanning electron microscope and an X-ray spectrome-
ter (EDS), respectively. The saturation magnetic polar-
ization and coercivity were determined from magnetiza-
tion curves and hysteresis loops measured by a vibrating
sample magnetometer (VSM). Core losses of the sam-
ples were studied by the transformer method using a
completely automated set-up.

3. Results and discussion

X-ray diffraction patterns of the powdered
as-quenched Feg Co9Zr, sHf, sW,Y2Byg plates at room
temperature are displayed in Fig 1. No sharp peaks are
seen in diffraction patterns of both plates which indi-
cates that investigated alloys in the as-quenched state are
fully amorphous. The amorphicity of the samples was
also confirmed by Mossbauer studies. The transmission
Mossbauer spectra obtained at room temperature of
the investigated FegCoj0Zr,sHf, sW,2Y,Byg alloys are
presented in Fig. 2.
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Fig. 1. 1 X-ray diffraction patterns of the as-quenched FeqCo;¢Zr,sHf>5sW,Y2Boo plates after powdering: mould cooled with water (a),

without cooling with water (b)
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Fig. 2. Transmission Mssbauer spectra (a, b) and corresponding hyperfine field distributions (c, d) of powdered FegCo19ZrysHf,5W,2Y2Bog
plates after solidification: mould cooled with water (a, ¢) and without cooling with water (b, d)

The Modossbauer spectra show a broad but well de-
fined magnetic structure which is characteristic of amor-
phous materials. From the shape of fitted distributions
of hyperfine field induction P(By) we may state that the
investigated alloys are relatively homogenous because
P(By) is almost symmetrical (Fig. 2 ¢, d). However, in
these distributions low and high field components may
be distinguished. The results of X-ray and Mdssbauer
spectroscopy studies obtained for this alloy confirm its
good glass-forming ability. In Fig 3 DSC curves of the
as-quenched plates recorded at the heating rate of 10
K/min are presented. In DSC curves the pronounced
peaks at about 870 K associated with crystallization
processes are seen. In comparison with the classical
amorphous materials the investigated alloy crystallizes at
higher temperature [6]. From these results we may state
that the investigated plates exhibit good thermal stability
of the structure. Parameters determined from the analysis
of DSC curves [7, 8] are collected in Table 1. It is evident
that the investigated alloy exhibits the higher glass tran-
sition temperature (T,), onset crystallization temperature
(Tx) and liquidus temperature (T;) than the bulk Fe-based
amorphous alloys of similar composition [9]. Moreover,

the bulk amorphous Fe61C0102r2_5Hf2_5W2Y2B20 alloy
shows large values of the temperature interval of the
supercooled liquid region before crystallization (ATy),
which is equal to 80 K and 78 K for the alloy obtained
in the mould cooled with water (sample a) and in the
mould without cooling with water (sample b), respective-
ly. It is worth noticing that the parameter AT is usually
equal to about 60 K for other ferromagnetic alloys [9].
The bulk Fe61C0102r2.5Hf2_5W2Y2B20 alloy also exhibits
the large value of parameters y = T,/(T,+T;) and & =
T/(T\-T,) determining their good glass-forming ability,
which are comparable with those described in [10]. From
the results presented in this table we may also state that
the sample of the bulk Feg;Co;oZr, sHf, sW,Y,Bog alloy
obtained in the mould without cooling with water shows
lower onset crystallization temperature. This sample was
prepared with the lower cooling rate and structure relax-
ations occurred during the preparation process. It is well
known that the crystalline grains grow from as-quenched
and created during annealing nuclei due to irreversible
relaxations. This process is thermally activated and oc-
curs at lower temperature than for the sample prepared
in the mould cooled with water.
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Fig. 3. DSC curves of the amorphous Feg Co9Zr,sHf> sW,Y,Byg plates after solidification: mould cooled with water (a), without cooling
with water (b)

TABLE 1
Parameters calculated from DSC curves obtained for Feg;Co;9Zr, sHf, sW,Y2Bog plates: mould cooled with water (sample a) and mould

without cooling with water (sample b); glass transition temperature (T,), crystallization onset temperature (Ty), melting temperature (T,,),
liquidus temperature (T)) and the values of several glass forming parameters; AT, = T} — T,,, AT} = T} — Ty, the supercooled liquid region
(ATy), y = T /(Tg+Ty), & = Ty /(T}-T,), and the reduced glass transition temperature (Ty/Tp,)

Feg1C010Zr2 5 T, T, T T, AT, AT, | AT, Tee 5
Hf, sW,Y,Bo [K] [K] [K] [K] [K] [K] [K] [K] Y

Sample a 792 £ 1872 £ 11336 £ 11462 +1|126 +£2|590 + 2|80 + 20,593 + 0,003 {0,386 + 0,002 | 1,301 + 0,005

Sample b 788 £ 1866 £ 11332 £ 11455 £ 1|123 £2|589 +2|78 +£2]0,591 + 0,003 {0,351 + 0,002 | 1,298 + 0,003

SEM fracture morphology of Feg1Co19Zr; sHf, s W, Y,Bog
plates are presented in Fig. 4. The parallel and curved
bands [11] are mainly seen in these micrographs (Fig.
4a) confirming full amorphicity of the sample. It is
worth noticing that in the micrograph of the fracture
surface of the sample prepared with lower cooling rate
(Fig. 4b) apart from the parallel and curved bands, the
particle - like figures are presented. It indicates that the
sample obtained in the mould without cooling is less
homogenous than the previous one (Fig. 4a). Using an
X-ray spectrometer the element distribution in fraction
surface (marked rectangle in Fig. 4) was determined.
The dependence of X-ray intensity of analyzed elements
on photon energy is shown in Fig. 5.
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Fig. 4. SEM fracture morphology of the as-quenched Feg Co;¢Zr,sHf>sW,Y,By plates: mould cooled with water (a) and mould without
cooling with water (b)
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Fig. 5. Intensity of X-ray lines for analyzed elements as a function of photon energy for plates obtained in the mould cooled with water (a)
and in the mould without cooling with water (b)

Assuming that the boron atom concentration in the inves-
tigated alloy is equal to 20% the other element distribu-
tion on the fracture surface (inside marked rectangles in
Fig. 4) are evaluated and the obtained results are collect-
ed in Table 2. From the results presented in Table 2 we
may assume that the element distribution in the fraction
surface of plates is close to the nominal composition of
the alloy.



TABLE 2
Chemical composition in the fracture surface of
Fee1Coy0Zr,sHE>, s W2 Y2Boy plates after solidification determined by
EDS method: mould cooled with water (sample a) and mould
without cooling with water (sample b)

at %
Element | Sample a | Sample b

Fe 60,704 58,400
Co 10,720 11,224
Zr 1,936 3,296
Hf 2,824 2,944
Y 1,752 2,256
" 2,072 1,880
B 20 20
Sum 100 100

This alloy is a soft ferromagnet and the coercive field de-
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termined from hysteresis loops is equal to 70 A/m and 90
A/m for the plate prepared in the mould cooled with wa-
ter and without cooling with water, respectively. The val-
ue of the coercivity is comparable with that observed for
classical crystalline Fe-Si alloys and is accompanied by
a relatively high magnetic polarization saturation equal
to 0.98 T. Preparation conditions of amorphous alloys
also influence their magnetic susceptibility. In Fig. 6 the
magnetic susceptibility as a function of the magnetizing
field amplitude is depicted. It is seen that the plate ob-
tained at the higher cooling rate exhibits larger relative
magnetic permeability.
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Fig. 6. Dependence of the relative magnetic permeability on the amplitude of magnetizing field for FesCo;¢Zr,sHf>5W,Y2By alloy after
solidification: plate prepared in the mould cooled with water (a) and in the mould without cooling with water (b)

Fig. 7 shows the dependence of core losses on maximum

induction for the investigated amorphous plates (for three
frequencies of the magnetizing field).
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The plate obtained in the mould cooled with wa-
ter shows lower core losses than that prepared at lower
quenching rate.

Summing up, the plate prepared at low quenching
rate (in the mould without cooling with water) shows
weaker soft magnetic properties which is presumably
connected with the decomposition of the amorphous
state and creation of domain walls pinning centers.

4. Conclusions

1. The investigated alloy exhibits good glass-forming
ability.

2. The sample obtained at lower cooling rate shows low-
er crystallization onset temperature.

3. The chemical composition of the alloy determined
from the results obtained by EDS method is closed
to its nominal composition.

4. The sample prepared at larger cooling rate is char-
acterized by better soft magnetic properties.
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