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AHHOTAUMA

ccnegoBasiocb B/IMSAHME W3MEHSKWWUXCA YC0BUIA MOMTYYEHUS HA TEepMUYEeCKMe CBON-
cTBa MeTa/iMdeckux ctekon Fe03 4B16 6 npu nomouun AupdepeHunanbHON CKaHupy-

weh kanopumeTpun /DSC/. fleHTbl Gbn NONyYeHbl MeTOAOM ObicTporo oxnaxgeHus /melt
spinning/ C N3MeHeHWeMm TewmrnepaTypbl pacnnasa /T / U CKOPOCTU BpalweHus uuianHapa
/y/, npuyem BCe OCTa&bHble YCNOBUA ObU/IM MOCTOAHHbIMU. OT/MUMe amMOpgHbIX COCTOS—
HUI 06pa3uoB, MONYUYEHHBIX MPWU Pa3/IMyHbLIX YCOBUSX, Habnwganocb 4vepes npouecc
KpuUcTa/yiM3auun, npu KOTOPOM U3MEPSA/IOCh BblAenswweecd Temnno, HadanbHaa Temnepa-
Typa N KMHeTUKa nepexoja.

KIVONAT

P

A valtozé eldallitasi korulmények termikus tulajdonsagokra gyakorolt ha-
tasat vizsgaltuk Fe83 g Uvegfémeken differencialis pasztazé kalorimetria

/DSC/ segitségével. A szalagokat "melt spinning” mdédszerrel allitottuk el az
olvadékhémérsékletet /Tw/ és a hengerfordulatszamot /v valtoztatva, mikdz-

ben a tobbi eldallitasi korulmény azonos volt. A kilonb6zé koriulmények kozt
el6allitott mintak Uvegallapotai kozti eltéréseket a kristalyosodasi folyama-
ton keresztil koévettik, mérve a felszabadulé hét, a kristalyosodas kezd6 hé-

mérsékletét és atalakulaskinetikajat.
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ABSTRACT

The influence of casting conditions on the thermal properties
of Feg, 4B]16 4 metallic glasses has been investigated by
differential scanning calorimetry /DSC/. The ribbons were pre-
pared by melt spinning varying the melt temperature /Tm/ and
the rotating speed /v/ of the roller, while other casting pa-
rameters were Tixed. Differences in the glassy state of the
samples produced under different circumstances were Tollowed
through the changes in their crystallization process, measuring
its heat release, starting temperature and kinetics.

EXPERIMENTAL

a/ Sample preparation
The samples were produced by Liebermann-Graham technique
[1], using a copper roller of 7.5 cm diameter. The casting
temperature was measured by an optical pyrometer calibrated
by the melting point of pure metals. The accuracy and rep-
roducibility of melt temperature is about 20 K. Glassy
state of the samples was verified by X-ray measurements,

b/ Calorimetry
A Perkin-Elmer DSC-2 calorimeter was used for the iInvestiga-
tion of thermal properties. The kinetic parameters /thermal
activation energy, E&; frequency factor, kQ; Avrami-exponent,
n/ were obtained from dynamic measurements made at different
heating rates using Arrhenius-type thermal activation

Ea
k/1/ = kQ exp /--—-Bar- / /1/

and Johnson-Mehl-Avrami type rate equation
n—1

dc n
it = k(MA@ -0 [-1In @ -0] 121
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where C i1s the crystalline fraction. Activation energy was
determined with the method of Ozawa [2], while kQ and n by
fitting Eq.2. to the measured dC/dt, C and T values [3].

RESULTS

Samples were produced both, at a fixed rotating speed
/v = 6200 r.p.m. = "5" iIn the units of the figures/ varying
the melt temperature and with fixed melt temperature /In=1300 C/
at different v values /which vary the quenching rate through
the thickness, see Fig. 1./

Fig-1. The thickness of the samples vs. rotating speed

Variation of the melt temperature in the investigated
range does not yield any observable changes in the measured
parameters i.e. the energy and the temperature of the crystal-
lization and the DSC curves themselves are identical within the
experimental error.

There are changes in the investigated properties, however,
due to the different rotating speeds. The crystallization energy
is Independent of the rotating speed /see Fig. 2./ which is 1in
good accordance with the X-ray measurements, showing that the
following differences are not due to the partial crystallization.
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Fig. 2. Crystallization energy ve. rotating speed, at fixed
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Crystallization temperature vs. rotating speed

The starting temperature of crystallization determined from

20 K/min. DSC measurements 1increases /Fig. 3/ and the half-
width of the crystallization peak decreases /Fig. 4/ with



Fig. 4. Half-width of the crystallization peak Vs. rotating speed

increasing v. This dependence indicates a change iIn the kinetics
of the crystallization. The kinetic parameters of the samples
made at the lowest and the highest v are listed in Table 1.

Table 1
heating v = 3720 r.p.m. /="3"/ v = 12400 r.p.m. /="10"7
rate

ko n ko n
(K/min) /10 ~sec /10"sec
2.5 1.5 2.2 + 0.15 2.0 4.2 + 0.4
5 1.75 2.0 + 0.1 2.4 6.5 + 0.3
lo 1.5 1.8 + 0.1 3.0 13+ 2
20 1.7 2.2 + 0.1 3.9 16 +5
Ea 254 + 4 kj/mole 290 + 2o kJ/mole

The samples were heat treated for 8 hours at 300 C. No signi-
ficant changes were observed iIn the crystallization of the
sample made at low rotating speed, however the crystallization
peak of that made at high v grew slightly wider /Fig. 5./.
Crystallization energies remained identical iIn both cases.



Fig. S.
The effect of heat treatment
on the shape of the

50 -

crystallization peak, observed
by 20 K/min DSC measurements.
Dotted line stands for the
as-quenched and the solid
one for the heat treated
sample
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DISCUSSION

It is shown that crystallization of Fe,{_xBX 0.12<x<0.25
metallic glasses is a combination of two processes, namely
a-Fe and Fe3B precipitation [4]. Therefore DSC measurements
give apparent kinetic parameters, appearing as the average of
those of the simultaneous processes. Earlier works [5, 6]
studiing these processes separately mention nearly n = 1.5 for
a-Fe and about n = 3 for precipitation which are the
special values valid for zero nucleation rate. Transformation
kinetics generally depends upon the heating rate of the expe-
riment [7], the only realistic exception is the case of zero
nucleation rate.

Taking these facts into account the heating rate inde-
pendence and also the value of n observed on sample made at
v = 3720 r.p.m. suggest that crystallization takes place with
the growth of the quenched-in nuclei in this case. The Avrami-
exponent, n of the sample produced at high rotating speed
/v = 12400 r.p.m./ 1is significantly higher and shows a marked
dependence on the heating rate. It indicates the role of
nucleation in the crystallization process.



CONCLUSIONS

Variation of the melt temperature in the investigated
range does not yield any apparent changes of the glassy state.

Dependence of crystallization kinetics on rotating speed
can be interpreted as follows: The higher quenching rate due
to higher rotating speed leads to the elimination of the nuclei
which were present at low quenching rates, resulting In an 1iIn-
creasing nucleation rate during the crystallization of the
more rapidly quenched sample. This wiew s supported by the
results on heat treatment: Some of the nuclei eliminated at
high quenching rate may appear during the annealing, leading
to a somewhat wider crystallization peak.
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