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MECHANICAL AND MAGNETIC PROPERTIES OF BULK AMORPHOUS FesqCosZr;Y,;Me;sB;s (Me=Mo OR Nb) ALLOYS

MECHANICZNE 1 MAGNETYCZNE WEASCIWOSCI MASYWNYCH STOPOW AMORFICZNYCH FesyCo,sZr,Y;MesB;s (Me=Mo

LUB Nb)

Some structural, magnetic and mechanical properties of bulk FesoCosZr,Y MesBs (Me=Mo or Nb) alloys in the form
of plates 0.5 mm thick obtained by a suction casting method are presented. X-ray diffraction and Mossbauer spectroscopy show
that the bulk FesyCoysZr,YsMesBs alloy is fully amorphous, whereas FesgCoysZraY,MesB,s alloy is partially crystallized.
The grains of a-FeCo crystalline phase with the volume fraction of 0.03 are embedded in the inhomogeneous amorphous
matrix. The Vickers hardness of the fully amorphous FesyCoisZr.Y;MesB)s alloy is the same on the surface (HV,r) and
in cross section (HV ) of the sample and its average value equals to 10.4 GPa. For the partially crystallized plates of
FesoCoisZr.Y4MesBis alloy the surface hardness (HVut-9¢ GPa) is lower than in cross section (HV =103 GPa) of the
sample. The alloys containing Nb exhibits higher wear resistance than the alloy with Mo. Both alloys are soft ferromagnets.
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W pracy sg prezentowane badania struktury, wlasciwo$ci magnetycznych i mechanicznych masywnych stopéw FesoCoysZr;
Y;MesBis (Me=Mo lub Nb) w postaci plytek o grubosci 0,5 mm, produkowanych metodg zasysania. Badania z wykorzysta-
niem dyfrakeji promieni X i spektrometrii mossbauerowskiej pokazuja, Ze masywny stop FesyCoisZr,Y4MesB,s jest w peini
amorficzny, natomiast stop FesyCoysZr,Y4MesBs jest czg§ciowo skrystalizowany. Ziarna fazy krystalicznej aFeCo s otoczone
niejednorodng matrycg amorficzng i zajmujg 3% objetosci probki.

Twardo$¢ stopu amorficznego FesyCoysZr,Y4MesBys jest taka sama na powierzchni prébki, jak i w przekroju po-
przecznym. Srednia warto§¢ twardosci dla tego stopu HV=10,4 GPa. Twardo$¢ czgéciowo skrystalizowanej plytki stopu
FesyCorsZr,Y,MesB;s na jej powierzchni jest mniejsza (HV =960 GPa) niz w przekroju poprzecznym (HV ¢ross=1030 GPa).
Stop FesyCoisZr, Y4MesB,s wykazuje wigksza odporno$é na $cieranie niz stop FesyCoisZr, Y MesBs. Obydwa badane stopy
sg ferromagnetykami magnetycznie miekkimi.

1. Introduction shows higher density of atoms than classical amorphous

materials [2]. The multicomponent system limits atom-

It is commonly known that the bulk amorphous al-
loys are multicomponent systems. In order to obtain an
amorphous structure in bulk materials three rules must
be fulfilled: 1) the alloy should consist of more than three
elements, 2) atomic radii of main components should
differ more than 12 %, 3) main components should ex-
hibit the negative heat of mixing [1]. The bulk amor-
phous alloys with different shapes are prepared at lower
quenching rates than classical amorphous ribbons. The
structure of these alloys is at least partially relaxed and
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ic diffusion which in turns suppresses nucleation and
growth of crystalline grains. The possibility of mixing of
many different elements enables us to obtain wide range
of materials with unusually physical properties. One of
the important group of the bulk amorphous materials are
transition metal — based alloys exhibiting excellent soft
magnetic properties and simultaneously good mechani-
cal features. The refractory transition elements i.e. Mo,
Nb, W, Y and Hf do not possess the magnetic moment
but have larger atomic radii than magnetic Fe, Co and
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Ni atoms and influence the magnetic properties of the
amorphous alloys [3]. The addition even small amount of
late transition elements (about 1 at %) to the amorphous
alloys involves also changes of their mechanical proper-
ties, i.e. Young modulus, hardness and wear resistance
[4].

The purpose of this paper is to study the struc-
ture, thermal stability, some mechanical and magnetic
properties of the bulk amorphous FesoCoi5Zr, Y4MesB s
(Me=Mo or Nb) alloys.

2. Experimental procedure

The bulk amorphous FesgCoisZr;YsMesBis
(Me=Mo or Nb) alloys were prepared by a suction
casting method [5] in an inert argon atmosphere. The
samples were in the form of plates 0.5 mm thick.

The amorphicity of the as-cast samples was verified
by X-ray diffraction and Mossbauer spectroscopy. The
X-ray diffraction patterns were recorded by a conven-
tional X-ray diffractometer at room temperature for both
as-received and powdered samples.

Mossbauer spectra were recorded for powdered sam-
ples. The Mossbauer spectra were analyzed accordingly
to the Hesse — Riibartsch method [6] and the distribu-
tions of hyperfine field parameters were derived.

The differential scanning calorimetry (DSC) curves
were recorded at the heating rate of 10 K/min. The
mechanical properties i.e. hardness, abrasive wear re-
sistance and density were studied for the as-received
plates. These investigations were carried out at room
temperature. The hardness was tested on the surface and
in cross section of the sample. Additionally, hardness
was measured for the corresponding crystalline ingots.
A Vickers hardness tester FUTURETECH 740 work-
ing under the load of 200 G was used. The abrasive
wear resistance measurements were conducted by a KU-
LOTESTER [7] on the sample surface. The wear resis-
tance was determined from the micrographs taken by an
optical microscope. The density was measured by the
Archimedes method. The samples were weighed in the
air and toluene.

Coercivity and magnetic saturation polarization of
the samples were determined from hysteresis loops and
magnetization curves, respectively. These measurements
were performed using a vibrating sample magnetometer.
The samples for those studies were in the form of discs 4
mm in diameter and 0.5 mm thick. The demagnetization
effect was taken into account.

3. Results and discussion

X-ray diffraction (XRD) patterns of the bulk
Fes9Co15Zr,YsMesB s (Me=Mo or Nb) alloys after so-
lidification are presented in Fig. 1. The XRD pattern
of the Fes9CoysZr;Y4MesB;s alloy (Fig. 1 a) displays
only a broad maximum at about 26 = 50°, implying a
fully amorphous state. However, the XRD pattern of the
Fes9Co,sZr;Y4MesBs plate (Fig. 1b) exhibits an addi-
tional, pronounced peak at 26 = 60° corresponding to the
crystalline a-FeCo. It indicates that this alloy is partially
crystallized.
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Fig. 1. X-ray diffraction patters for the as-received fully

amorphous FesoCo5sZr;Y,;MesBs (a) and partially crystallized
FC59C0|5ZI‘2Y4MC5B15 (b) alloys

Fig. 2 a shows the transmission Mdossbauer spec-
trum and corresponding hyperfine magnetic field distri-
bution of FesyCoy5Zr;Y4MesBis alloy. It is seen that
the spectrum consists of six broad and overlapped lines
which is characteristic of Fe-based amorphous alloys.
The hyperfine magnetic field distribution is wide (Fig.
2 b) and at least two components may be distinguished
suggesting the presence of regions in the sample with
different iron concentrations. The Mossbauer spectrum
and obtained from it the hyperfine magnetic field distri-
bution for FesoCo15Zr,YsMesBs alloy are depicted in
Fig. 2 ¢, d. The Mdssbauer spectrum is well fitted by two
Zeeman sextets, corresponding to the amorphous matrix
and crystalline a-FeCo phase. In the hyperfine magnetic
field distribution corresponding to the amorphous ma-
trix one can see three components which give evidence
that this phase is very inhomogenous [8]. The high field
component in the hyperfine magnetic field distribution is
ascribed to the crystalline a-FeCo phase. The hyperfine
field parameters and the crystalline phase composition
obtained from the Mdssbauer spectra analysis are col-
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lected in Table I. It can be seen that the average mag- FesyCosZr,Y4MesB,s material. The iron concentration
netic hyperfine field induction of FesyCojsZr,Y4MesB,s in a@-FeCo phase with the volume fraction of 0.03 is
alloy is lower than that for the amorphous phase of equal to 84 at % (Table I).
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Fig. 2. Transmission Mdssbauer spectra (a, ¢) and corresponding hypertine magnetic field distributions (b, d) for the as-received FesyCo,sZr, Y sMe

(a, b) and FesyCo;sZr, Y4, MesB;s (c, d) alloys

TABLE 1
The average values of the hyperfine magnetic field induction (Bay,m) in the amorphous phase and their standard deviation (AB,y,), effective
hyperfine magnetic field induction for the crystalline phase (Beg.), the volume fraction of the crystalline phase (V) and the Fe
concentration in it for the as-received FessCo;5Zr,Y4MesB;s and FesoCo,sZr, Y MesB,s alloys

alloy composition Bavam [T] | ABun [T] | Beger [T] Ver Fe [at. %]
Fe59C0152r2Y4Me5815 17.72 7.94 - - -
Fe59C0152r2Y4Me5B15 18.56 7.95 34.21 0.03 84

DSC curves recorded at the heating rate of 10 K/min B

are shown in Fig. 3. At the temperature of about 600 K

small endothermic peaks in DSC curves which seem to T b
be related to the structure changes within the amorphous 08 T KA
state are visible. In the case of FesoCo;sZr,YsMesB;5 al-

loy the crystallization starts at about 890 K, whereas for
FesoCoi5Zr,Y4MesB s alloy the crystallization process -10- o
is more complicated and two separated small maxima at \
890 K and 930 K are observed. It seems to be caused by \
the partial crystallization of that alloy during the prepara- s o=

tion leading to more inhomogeneous amorphous matrix. e o 700 el e 1000
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Fig. 3. DSC curves for the as- received FesyCoysZr,YsMesB;s and
FesoCoisZr;YsMesBys alloys obtained at the heating range of 10
K/min
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Both investigated alloys are soft ferromagnetic ma-
terials and exhibit low coercivity equal to 16 A/m (Fig.
4a) and 25 A/m (Fig. 4b) for FesoCosZr,Y4sMesBs
and FesoCo;sZr,Y4MesB s alloys, respectively. More-

over, these alloys have relatively high magnetic satura-
tion polarization which amounts to 1.03 T for the former
and 1.18 T for the latter alloy.
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Fig. 4. Hysteresis loops of as-quenched FesyCoysZr,YsMesB)s (a) and FesyCoisZraY4MesBs (b) alloys

Measure points
Fig. 5. Surface hardness (HV ) (a) cross-section hardness (HV s} (b) of the fully amorphous FesgCo15Zr2Y4MesB)5 alloy

The application of the bulk amorphous materials is
determined not only by the magnetic properties but al-
so by their mechanical properties. In Fig. 5 the results
of the hardness measurements for the bulk amorphous
FesoCosZr,Y4MesB s alloy are shown. It is seen that
the hardness on the sample surface (HVgyr) and in cross
section (HV o) is practically the same and does not
change from point to point confirming the homogeneity
of the alloy. The average value of the hardness amounts
to 10.4 GPa. In the case of the partially crystallized bulk
FesoCo;sZr,Y4MesB)s alloy the cross section hardness
is higher than the surface hardness and equals to 10.3
GPa and 9.6 GPa, respectively (Fig. 6). The investi-

gated alloys are harder than the crystalline and other
non-magnetic bulk amorphous alloys {9, 10]. In Table
II the density and the average values of the hardness
measured on the surface and in the cross section of
the sample are listed for both investigated alloys. The
optical micrographs of the sample surface of the bulk
amorphous FesoCosZr,Y;MesB s and partially crystal-
lized FesoCo;5Zr> Y4sMesB, s alloys subjected to the wear
resistance measurements are presented in Figs. 7 and 8.
It is seen that Nb containing alloy exhibits higher wear
resistance than Mo containing one. It is worth adding
that the bulk amorphous FesgCo,sZr, Y4sMesB s alloy is
brittle.
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Fig. 6. Surface hardness (HV ) (a) cross-section hardness (HV ) (b) of the partially crystallized FesoCo;5Zr.YsMesB s alloy

Fig. 8. The optical micrograph of FesyCo,sZr,Y;MesB,s sample surface subject to 1 h and 3 h abrasive wear resistance test

TABLE 2

Density (p), surface (HVgy,r) and cross section (HV ) hardness of the fully amorphous bulk FesyCoysZr,Y,Me;sB;s and partially
crystallized FesyCoysZr, Y4MesB,s alloys

alloy composition pl10°kg/m?] | HVgy [GPa] | HV, s [GPa)
FC59C0152['2Y4MC§B15 8.4 10.32 10.34
F659C0152r2Y4MC5815 8.0 10.30 9.57
4. Conclusion phous whereas FesgCo;sZr, Y4,MesB s alloy in the

as-received state is partially crystallized and consists
of @-FeCo grains embedded in the inhomogeneous

e The bulk FesyCo;sZr,Y;MesB,s alloy in the form .
amorphous matrix.

of plates in the as-quenched state is fully amor-
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The bulk amorphous FesoCo;sZr;YsMesBjs alloy
crystallizes in one stage. For the partially crystallized
FesoCoy5Zr,Y4MesB,s alloy complex crystallization
process is observed.

The fully amorphous bulk FesyCosZr, Y4MesBjs al-
loy exhibits larger hardness than the partially crys-
tallized FesoCoysZr,Y4MesBis one. Moreover, the
hardness of the former alloy is almost the same on
the sample surface and in cross section confirming
the homogeneity of this material.

The fully amorphous bulk FesyCo;sZr, Y4MesBs al-
loy is more wear resistant than FesyCo5Zr, Y4MesB s
one

The both investigated alloys are soft magnetic mate-
rials.
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