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AHHOTALNA

PaHee npoBefeHHble UCCefoBaHMA MOoKa3a/M, 4YTO B CrjlaBax MeTa/l/InyecKoro
cTekna Fe-B mMexaHu3M KpucTa/uym3saumm 3aBUCUMT OT KOHUeHTpauuu 6opa [1,2]-. B
06n1acTn [03BTEKTUYECKOW KOHUEHTpauum KpucTannmsaums npoucxoanT B ABe CTagun:
criepBa BbIKpUCTa/NIM30BbLIBaeTCA a-Fe B amopdHOli mMaTpuue, 3aTeM npu MNOBbILEHHON
TemnepaType obpasyeTca Fe3B. 3TOT MpouecC MOXHO XOpPOWO MpocneiuMTb C MOMOLbH

MarHUTHbIX M3MepeHuli. B o6nacTu CBEpX3aBTEKTUYECKOW KOHUeHTpauunm 3Tn ase (asbl
He pas3fensiuTcs, OfHaKOo, pe3ynbTaT KpucTaum3auum TOT xe cambii: a-Fe mn Fe™B.
KuHeTuka KpucTasinmsauum MOxeT ObTb MCcnefoBaHa MarHUTHbIMA W3MEPEHUAMU, HO
Ana 6onee nogpo6HLIX uccrnefoBaHnini TpebyeTca U 3NEeKTPOHMUKPOCKOMUA .

KIVONAT

Korabbi vizsgalatok mar mutattak, hogy Fe-B livegotvozetekben a krista-
lyosodas mechanizmusa flgg a bor koncentraciotol [1,2]. A hipo-eutektikus
koncentraci6é tartomanyban a kristalyosodas két l1épcsében kovetkezik be: el6-
sz6r a-Fe kristalyosodik ki az amorf matrixban, majd magasabb hémérsékleten
Fe™B képz6dik. Ez jol kovethetd magneses mérésekkel. A hiper-eutektikus kon-
centracid tartomanyban a két lépcs6 nem kulonul el, de a kristalyosodas ered-
ménye ugyanaz, t.i. a-Fe és Fe_B. A kristalyosodas kinetikaja itt is kovet-
het6 magneses mérésekkel, de részletesebb vizsgalatokhoz szilkkség van elekt-
ronmikroszkoépra is.



ABSTRACT

It has been shown that the crystallization mechanism in Fe-B
amorphous alloys depends on the boron concentration [1, 2].
The kinetics of crystallization has been followed by magnetic
measurements and by electronmicroscopic investigations in both
hypo- and hypereutectic concentrations.

INTRODUCTION

Evidence shows that the crystallization mechanism in Fe-B
amorphous alloys depends on the boron concentration [1,2]. In
the hypo-eutectic concentration range, crystallization takes
place in two discrete steps: Ffirst a-Fe crystallizes iIn an
amorphous matrix, then at higher temperatures Fe”™B 1is formed.
This can be followed very well by magnetic measurements. At
hyper-eutectic concentrations these two steps cannot be sepa-
rated but the result of the crystallization process is the
same, viz. a-Fe and Fe™B. The kinetics of crystallization can
also be followed by magnetic measurements in this concentration
range but detailed studies require electronmicroscopic investi-
gations.

EXPERIMENTAL

The crystallization of Feppf_, B, £13<x<254 was investi-
gated by measuring magnetic quantities and by using a trans-
mission electronmicroscope.



The coercive force was measured as a function of annealing
time at a fixed annealing temperature and these curves were
used for selecting the samples for more detailed studies. The
Hc measurements were performed by an astatic magnetometer.

The annealing temperature was chosen well below the crystal-
lization temperature.

The initial permeability measurements were carried out
at room temperature using the a.c. induction method on selected
samples taken from the descending slope, the minimum and the
ascending slope of the ~c/”ann/ curves.

The microstructure of the samples was studied with a
JEM-7 tansmission electronmicroscope. Thin films for these
investigations were prepared by electrolytical polishing in a
33% solution of nitric acid in methanol at 233 K. These studies
were also done on selected annealed samples or on as-quenched
ones which were annealed in the chamber of the microscope.
This latter method gave the possibility to observe continuously
the mechanism of the amorphous - crystalline transition.

RESULTS AND DISCUSSION

In Fig. 1 the coercive force is plotted for annealed
samples as a function of annealing time.

The initial points of the measured Hc (t) curves give the
coercive force of the as-cast states. In agreement with previ-
ous results [3] it was found that Hc is higher iIn the ribbons
prepared at higher cooling rates. The higher cooling rate the
more internal stresses are quenched in. This can also be seen
from the rapid initial decrease of the HC(t) curves fTor the
higher cooling rate which shows the stress-relief 1iIn the
ribbons. At a lower cooling rate this takes place more slowly.
The increasing part of the curves seems to be connected with
different mechanisms of short-range ordering. At a higher
cooling rate the Hc (t) curve rises less steeply.



Some results of the

are shown on Fig.

Fig. 1

Coercive force
measured at room
temperature depen-
ding on annealing
time. The samples
contain 15 and

22.4 ath boron res-
pectively. The cur-
ves for the same B
content differ
according to cooling
rate:

-.- 6210,

-X- 12420 rev/min.

permeability measurements
2. During heat treatment the measured per-

meability values show - as one might expect - a tendency

opposite to the coercive force.

The antiparallel changes of

the two magnetic quantitites verify that the coercive fTield

is really a measure for the mobility of domain walls in this

case.
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Cooling rate;

permeability and coercive
force of Fe™B™M samples annealed
610 K for various time durations.
rev/min.



Besides the magnetic measurements we also carried out
electronmicroscopic investigations on some heat treated samp-
les. It is typical that the first crystallites were detected
only after a relatively long annealing time on the increasing
part of Hc(T) and have a monocrystalline character. Fig. 3a
shows the microstructure of a heat treated sample, treated 4
hours in the astatic magnetometer /See point A in Fig. 1/.
This monocrystal is immersed in an amorphous matrix.Fig. 3b
shows the same part of the sample after a long period of an-
nealing in the electronmicroscope. The electron micrographs
of the crystalline region indicate that their origin is linked
with the ordering process in solid solution. The previously
observed monocrystal remained as it was.

Fig.3
a/ Microstructure of

Feg7 5B, 5

b/ The same sample after a
long period of annealing



Fig.- 4 I1llustrations of crystallization in a sample containing
22.4 at% boron, prepared at 6210 rev/min



Fig. 5 Illustrations of crystallization showing homogeneous
nucleation in 22.4 at7° boron sample prepared at
12420 rev/min



Fig. 6 [Illustrations demonstrating frontal movement of phase

boundary during homogeneous nucleation type of
arystallization

Fig. 7

Small spherical particles

of Fe™B iIn amorphous matrix

In the hypereutectic concentration range various mechanism
were observed in which two phase decompositions of the amorphous
matrix /to a-Fe and Fe”B/ could be detected.

These were inves-
tigated

in-situ,in the chamber of the microscope. The crystal-

lization may begin by heterogeneous nucleation connected with
lamellar growth of nucleation centres /from "holes"™ already
existing

in the amorphous state/, after that the Fe”B

lamel lae



will coagulate in the ot-Fe matrix. It seems that this mecha-
nism is probably influenced by surface diffusion /Fig. 4/.

The second observed mechanism was the forming of poly-
hedral grains by homogeneous nucleation iIn the amorphous
matrix /Fig. 5/. This is connected with the frontal movement
of the phase boundary /Fig. 6/. It seems that these grains
form a supersaturated a-Fe crystal structure in which, more-
over, grains of Fe”B compound have been observed.

Some results show that before the crystallization of
a-Fe small spherical particles of Fe™B are formed in the
amorphous matrix which persist also after crystallization of
the a-Fe /Fig. 7/.

The discussed changes in the mechanism of crystallization
may be connected with some chemical micro-inhomogeneities in
amorphous materials.
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