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MICROSTRUCTURE, MAGNETIC PROPERTIES AND CRYSTALIZATION BEHAVIOUR OF BULK AMORPHOUS

Fe(,l Co |0ZI‘3'5 Hf2.5 Niz W2 Bg() ALLOY

MIKROSTRUKTURA, WEASCIWOSCI MAGNETYCZNE I KRYSTALIZACJA MASYWNEGO STOPU AMORFICZNEGO

Preparation of classical amorphous alloys in the

Fes; CoyZry sHf; sNi; WaBoy

Microstructure by X-ray diffractometry and M6 ssbauer spectroscopy and some magnetic properties such as magnetic
polarization curves, magnetic permeability, total core losses and approach to magnetic saturation for the bulk amorphous
FegCoyoZrasHf, sNisW2Byg alloy in the as-quenched state and after heat treatment at 850 K for 15 min are studied. The
as-cast samples in the form of plates are fully amorphous and after annealing the samples are partially crystallized. The grains
of FegyCoz and disordered Fe3;B phases with the volume fraction each of 0.05 are embedded in the amorphous matrix which
is much more inhomogeneous than in the as-quenched state. The maximum magnetic permeability measured at 50 Hz and the
magnetic saturation polarization increase from 1700 and 1.25 T in the as-cast state to 1800 and 1.47 T after heat treatment,
respectively. The rotation of magnetic moments in the vicinity of point-like defects plays the decisive role in approach to
ferromagnetic saturation in the as-quenched sample, whereas in the annealed sample the rotation of magnetic moments near
the quasi-dislocation dipoles seems to be dominant. It indicates that during annealing the agglomeration of point-like defects
takes place.

Keywords: bulk amorphous alloys, Mdssbauer spectroscopy, magnetic permeability, total core losses and approach to
ferromagnetic saturation

Badano mikrostrukturg, wykorzystujac dyfrakcje promieniowania X oraz spektroskopie mossbauerowska oraz nickt6re
wlasciwosci magnetyczne, takie jak: polaryzacjg magnetyczng przenikalno§c, straty calkowite na przemagnesowanie oraz po-
dejscie do ferromagnetycznego nasycenia dla masywnego stopu Feg;Co10Zra sHf; sNi; W2Bag w stanie po zestaleniu i po obrébee
cieplnej w 850 K przez 15 min. Probki w ksztalcie plytek w stganie po zestaleniu sa amorficzne, natomiast po wygrzaniu 53
czgiciowo skrystalizowane. Ziarna fazy FegCoy i nieuporzadkowanej Fe;B o utamku objetosciowym 0.05 sa umieszezone w
matrycy amorficznej, ktéra jest bardziej niejednorodna niz w stanie po zestaleniu.

Maksymalna przenikalno§é magnetyczna mierzona przy czesto$ci pola magnesujacego SO Hz i warto§¢ magnetycznej
polaryzacji nasycenia wzrastaja odpowiednio z 1700 i 1.25 T w stanie po zestaleniu do 1800 oraz 1.47 T po obrébee cieplnej.

Proces magnesowania w poblizu ferromagnetycznego nasycenia w prébee po zestaleniu zachodzi giéwnie poprzez obrét
momentéw magnetycznych w poblizu defektéw punktowych, natomiast w prébee poddanej obrébee cieplnej — poprzez obroty
momentéw magnetycznych w poblizu pseudo — dyslokacyjnych dipoli. Podczs wygrzewania probki nastepuje aglomeracja
defektéw punktiwych i tworzg sig¢ pseudo-dyslokacyijne dipole.

1. Introduction ences in atomic radii exhibit high glass forming ability
and can be obtained in the amorphous state not only
in ribbon form but like plates, rods and tubes, and are

known as bulk amorphous materials [3, 4]. These alloys

form of ribbons with the thickness smaller than 50 pm
requires high cooling rates of order of 10° K/s [I, 2].
This limits the application of these materials in industry.
Multicomponent systems of elements with large differ-
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are usually obtained at much lower quenching rate (1
- 10%) KIs. So, the bulk amorphous materials are par-
tially stress — relieved during preparation and smaller
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density of structure defects and high stability of physi-
cal properties should be expected. The bulk amorphous
alloys crystallize usually at one stage at the temperature
depending on both their chemical composition and the
form of samples. Iron-based bulk amorphous alloys are
especially attractive because of their small coercivity,
relatively high magnetic saturation polarization and low
core losses.

In this paper we present the microstructure,
magnetic properties i.e. permeability, core losses
and approach to ferromagnetic saturation studies
for the bulk amorphous and partially crystallized
FC6| CO]ozrz_stngiszBzo alloy.

2. Experimental procedure

Ingots of the alloy were prepared by arc melting of
high purity elements in an argon atmosphere. The bulk
amorphous F661Colozrz.st3.5N12W2B20 alloy was ob-
tained in the form of plates 0.5 mm thick by the suction
casting method [5]. The amorphicity of the samples was
checked by X-ray diffractometry and Mdssbauer spec-
troscopy. Mossbauer spectra in a transmission geometry
were recorded by a conventional spectrometer working at
constant acceleration with ’Co(Rh) radioactive source
of 50 mCi activity. Mdssbauer spectroscopy was also ap-
plied to analyze the microstructure of the partially crys-
tallized samples subjected to the annealing at 850 K for
15 min. The annealing temperature was determined from
DSC (differential scanning calorimetry) curves recorded
at the heating rate of 10K/min [6].

The magnetic permeability and core losses of the
samples in the as-quenched state and after annealing
were measured by a transformer method using a com-
pletely automated set-up. The magnetic polarization,
oM, as a function of the magnetizing field induction,
B, was measured by a vibrating sample magnetometer
(VSM). From puoM(B) curves measured in high mag-
netic fields, where the domain structure is not present
in the sample, the approach to magnetic saturation was
analyzed.

3. Results and discussion

In Fig. 1 the Xray diffraction pat-
tern for the as-quenched sample of the bulk
FegCo19Zry sHf, sNi;W2Byg alloy is shown. It can be
seen that only one broad maximum characteristic of
fully amorphous materials is present.
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Fig. 1. X-ray diffraction pattern for the  as-cast

FemCOlQZRp_As hF2_5nlz Wzb'_yn alloy

The Mossbauer spectrum and corresponding hyper-
fine magnetic field distribution for the as-received sam-
ple are depicted in Fig. 2a. The spectrum consists of
broad and overlapping lines typical for the amorphous
ferromagnets. The hyperfine field distribution obtained
from this spectrum has a log-normal form and may be
presented as a linear combination of Gaussian distribu-
tions indicating that this alloy is relatively homogeneous
(Fig. 2b).
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Fig. 2. Transmission Méossbauer spectra (a, ¢) and correspond-
ing hyperfine field distributions (b, d) for the bulk amorhous
Feg1c010zR 2 shFa snlawabyg alloy in the as-quenched state (a, b) and
after annealing at 850 K for 15 min. (c, d)

Fig. 3 shows the DSC curve for the as-quenched
Feg1cO10zR2 shF, snlawobyg alloy obtained at the heating
rate of 10 K/min. In the curve only one exothermic peak
at 855 K is visible indicating that this alloy crystallizes
in one stage. The onset of the crystallization is observed
at 845 K (Fig. 3). The half width of the exothermic peak
is about 10 K which confirms that the crystallization
process is complex and takes place at the narrow range
of temperature.



0.2

DSC [mW/mg]
S o
N o

o
P

-0.6

700 800 900 1000

Temperature [K]
Fig. 3. DSC curves for the bulk amorphous Feg,¢O;9zR; shF3 snlawabog
alloy obtaincd at the heating rate of 10 K/min

500 600

The Mossbauer spectrum of the sample annealed at
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850 K for 15 min is presented in Fig. 2c. In this spectrum
three different components can be distinguished. The hy-
perfine field parameters obtained from Mdssbauer spec-
tra analysis are listed in Table I. Two subspectra corre-
spond to two crystalline phases: one of them is connected
with a-FeCo phase with Co concentration of about 20
at %. and the volume fraction of 0.05, the second one is
ascribed to the disordered Fe;B phase with the volume
fraction of 0.05. The third main component is connected
with the residual amorphous matrix. From the hyperfine
field distribution (Fig. 2d) is seen that the amorphous
matrix is highly inhomogeneous.

TABLE 1

The average values of the hyperfine megnetic field induction in amorphous phases (Begm) thier standard deviations (AB.gy,) the hyperfine
magnetic field induction of the crystalline phases (B) and thier volume fraction (V,,) for the bulk amorphous FegcO)9zR3shF2snl;wabag
alloy in the asquenched state and after the heat treatment at 850K for 15 min.

thermal history
of the sample Beﬂ'nm [T] ABeﬂhm [T] phase Bcr [T] Vcr
as-quenched 19,91 5.11 - - -
FCgQCOzo 34.68 0.05
annealin disordered
at 850 K for 15 min 22.31 5.20 FesB 24.37 | 0.05

In Fig. 4 the magnetic polarization curves uyM(H)
for the sample of the FegcO;9zR; shF; snl,wybyg alloy
in the as-quenched state and after annealing at 850 K for
15 min are shown. A distinct increase of the magnetic
saturation polarization from 1.25 T to 1.47 T after the
heat treatment of the sample is observed. It is connect-
ed with the appearance of ? FeCo and FeB crystalline
phases.
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Fig. 4. The magnetic polarization, poM, versus the effective magnetiz-

ing field, Hy for Feg;cO19ZR, shF; snlawobyg alloy in the as-quenched

state (a) and after annealing at 850 K for 15 min (b)
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The magnetic permeability versus the amplitude of
the magnetizing field, measured at two different frequen-
cies for the as-quenched and annealed samples is depict-
ed in Fig. 5. The maximum permeability for the as re-

ceived sample at the frequency of 50 Hz is equal to 1700
and after annealing at 850 K for 15 min a slight increase
of its value to 1800 is observed. This also confirms that
the fine crystalline grains in the annealed samples are
present [7].
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Fig. 5. The magnetic permeability, u, versus the amplitude of the
magnetizing field with two different frequencies: 50 Hz (a, ¢)
and 1000 Hz (b, d) for Feﬁlcol()ZszthjnIszbzo alloy in the
as-quenched state (a, b) and after annealing at 850 K for 15 min
(c, d)

Total core losses, P, versus the amplitude of the mag-
netizing field induction for four different frequencies are
presented in Fig. 6a. The value of P in the as-cast bulk
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amorphous Feq;cO,0zR, shF2 snlywabyg alloy at the am-
plitude of the magnetizing field induction of 0.2 T and
at the frequency of 50 Hz is about 4{% and is nearly ten
times smaller than in the classical non-magnetostrictive
amorphous Co7gs5Fe4sSijoB;s ribbon [8]. After anneal-
ing at 850 K for 15 min no distinct changes of core
losses are observed (Fig. 6b).
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Fig. 6. The total core losses, P, versus the amplitude of
the magnetizing field induction, B, for the bulk amorphous
Fee1€010zZR4 shF; snlawabyg alloy in the as-quenched state (a) and
after annealing at 850 K for 15 min (b)

Because of the lower quenching rate during prepara-
tion of the bulk amorphous Feg1c010zR7 shF; snlywabag
alloy in the form of a plate than for classical amorphous
ribbons only point-like defects seem to occur in the sam-
ple. In Fig. 7 a the relative magnetization 1 (Ms — sat-

uration magnetization) as a function of —== is shown. It
can be seen that in the magnetlzmg field range from 0.15

T to 0.30 T the linear dependence £ M = f (—«/;TT—W) occurs.

According to the Kronmiiller theory [9], this behaviour
confirms that the microscopic rotation of magnetic mo-
ments near the structural point-like defects seems to be
the dominant in the magnetization process in the above
mentioned field range. At higher magnetic fields the
Holstein-Primakoff paraprocess takes place [10]. After
annealing at 850 K for 15 min in the comparable mag-
netizing field range the linear dependence £ M = f (#0 H)
occurs (Fig. 7 b). The observed effect 1nd1cates that the
rotation of magnetic moments near the quasi - dislo-
cation dipoles plays the main role in the magnetization
process. During annealing the thermal activated diffusion
of atoms leads to agglomeration of point-like defects and
linear ones called the quasi — dislocation dipoles are cre-
ated.
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Fig. 7. The relative magnetization M/Ms versus 1/ +fupH for
Fegc019zR shF, snlawaby alloy in the as-quenched state (a) and
M/Mj versus 1/ uoH for FegcOy0zR;, shF; snlaw,byg alloy after an-
nealing at 850 K 15 min (b)

4. Conclusions

e The bulk Feg;cO019zR, shF, snl;wabsg alloy obtained
by the suction-casting method in the form of plate 0.5
mm thick is fully amorphous. Free volumes, mainly
in the form of point-like defects are presented in the
as-cast alloy and influence the magnetization process
in high magnetic fields.

e During annealing at 850 K for 15 min agglomeration
of point-like defects takes place and quasi-dislocation
dipoles are formed.

e The bulk amorphous Fe61C010ZR2_5hF2.5I112W2b20 al-
loy is a soft ferromagnet and exhibits relatively large
maximum permeability and low total core losses.

e During crystallization of this alloy fine grains of two
crystalline phases (@-FeCo and Fe;B) appear.

e The magnetic saturation polarization increases from
1.25 T in the as-quenched state to 1.47 T after heat
treatment at 850 K for 15 min. Simultaneously the
enhancement of the maximum of magnetic perme-
ability from 1700 to 1800 is observed.
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