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The atomic structure and the physical properties of amorphous ribbons depend strongly on
the state of the melt before quench. It is known that slightly above liquidus metallic melts
can preserve a non-equilibrium metastable state for a long time. Moreover some structural
transformations in liquid metallic alloys, similar to phase transitions in solids, may take
place with an increase of the temperature. In this paper we report measurements of the
viscosity, magnetic susceptibility and surface tension in some Fe-based melts. Amorphous
ribbons of the same alloys were prepared by standard planar method from different states
of the melt. The electrical resistivity, the kinetics of crystallization and the magnetic
properties of the ribbons were investigated. It was found that the properties depending
upon nanoscale inhomogeneities are different for ribbons produced after different heat
treatments of the melt before quench. © 2000 Kluwer Academic Publishers

1. Introduction when the melt was heated far above the liquidus tem-
A significant improvement has been achieved duringoerature. However, the behavior of some other physical
the last years in the quality of amorphous metallicproperties of the melts can not be explained by the oc-
materials (metallic glasses) produced by melt spincurrence of any of these two processes, which indicates
ning. Among the different existing production tech- that other physical phenomena are involved. As an ex-
nigues, melt quenching is, from an industrial pointample, anomalous variations can be observed in “prop-
of view, most convenient as it can provide largeerty vs. temperature” curves for some metallic alloys.
amounts of amorphous materials in the form of thinThese anomalies take place in a narrow temperature in-
but wide ribbons. Furthermore, metallic glasses are oferval in the liquid phase [3, 4] and they are similar to
technological interest because of the specific propemwhat is seen in the solid state near phase transitions.
ties they possess as compared to their crystalline coun- The possibility of structural changes occurring in
terparts. However, in modern technological productionmetallic melts was also indicated in some theoretical
processes, little attention has been paid to the preparanodel calculations [5-9]. It was shown in [3] that after
tion of the melt before quench, as it was early believedhe melting of the heterogeneous initial alloy, a micro-
that a change in the structure of the melt caused bjeterogeneous melt is formed. One can consider it as a
external forces (low temperature heating, treatment inmetastable non-equilibrium microemulsion or as a mi-
magnetic fields and by ultrasonic methods, admissiorcrosuspension of disperse particles enriched in one of
of the current through the melt, etc.) only affects thethe components and surrounded by a molten matrix of
physical properties of the produced amorphous ribbondifferent composition. These particles are thus inher-
to a small extent. ited from the initial material. They seem to have sharp
The influence of heat treatment of a molten metallicbut irregular interfaces [4,10] and a more or less ho-
alloy before quench on the structure and the propertiemogeneous internal structure and local properties. One
of amorphous ribbons has recently been investigatedan therefore identify them as a disperse phase of the
in several works [1, 2]. The effects observed in mea-colloidal melt. Small angle neutron scattering experi-
surements on several physical properties, like viscositynents have recently revealed the existence of domains
resistivity, etc, were explained either by free volumein an eutectic melt [10]. The physical reason for the
freezing or by deactivation of crystallization centersexistence of these microheterogeneous regions is the
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excess free energy at the interfaces. Thermodynamite same composition, but produced from different
calculations have shown that it is energetically favor-thermodynamic states of the melt before quench, is
able for the melt to exhibit spontaneous emulsificationalso demonstrated. Several different experimental tech-
of large inclusions of the disperse phase up to a sizeiques were used for these studies.
of the order of 10 to 100 nm. Furthermore, these parti-
cles dissolve in the surrounding melt very slowly. It can
thus be expected that there exists a wide range of part2. Experimental investigations
cle sizes if the interface tensiom, at their boundaries of the liquid state
increases with decreasing radRéaster tharR=2. Ac-  2.1. Sample preparation
cordingto [3], such a behavior ofis necessary inorder The samples were produced from raw materials of tech-
to maintain the energy balance between a particle andical purity: Fe, ARMCO iron (purity 99.7%), elec-
the surrounding melt. trolytic Co (purity 99.8%) and B (purity 99.6%). The
When heating the melt to a temperature, which isFegsB15 alloy was prepared by arc-melting of Fe and B
characteristic for its composition, the thermodynamicwhile the FeCoB alloy was obtained by vacuum fusion
equilibrium between the particles and the melt matrixin an alumina crucible in a MF-vacuum induction fur-
is destroyed and the system irreversibly transforms tmace. In order to remove possible moisture and gases
a true solution state which is thermodynamically stableadsorbed in boron and to avoid the composition changes
at all the above-liquidus temperatures. This transforintroduced by the degassing of boron, avacuum furnace
mation may be sharp but can also take place via sever#-01/111 (Leybold, Heraeus) was used. The chemical
steps in the dispersion of the particles to smaller onesomposition of the produced alloy was checked with
even in simple binary systems [4]. If the melt consiststhe help of the inductive-coupled-plasma spectrometer
of three components or more, a set of disperse particleobin-Yvon JY 70 VHR.
with various composition can exist in the microhetero- Three different physical properties of the molten al-
geneous meltand each kind of particles start to dissolvioys were measured. The kinematic viscositywas
at specific temperatures. determined by the oscillating torsion method, the sur-
In addition to the microheterogeneity on the colloidal face tensiong, by the sessile drop method and the
scale (we shall call it a “meso-scale” microheterogenemagnetic susceptibilityy, by the Faraday method. All
ity), there are small domains in the system where thexperiments were carried out in helium atmosphere
short-range order differs from the surroundings. Thecontaining an impurity concentration less than 0.005%.
size of these domains does not exceed 1 to 2 nm, theBefore every measurement the installations were out-
internal structure is varying in the radial direction andgassed down to ¢ Pa and filled with helium. Cru-
their boundary is probably smooth [10]. Thus these ob<cibles of BeO and AlO; were used. It is necessary
jects can be identified as “clusters”. The main reasono point out that the uncertainty in the shape of the
for their existence is the non-equal interaction betweemeasured curves, as well as the positions and the am-
different kinds of atoms. When heating the melt the in-plitudes of the irregular features presented below, are
ternal structure of the clusters changes continuously amainly determined by accidental errors. The error in
via several steps of distinct transformations [11, 12]. Inevery measurement is thus less than 1.5%, 2.0% and
microheterogeneous liquid alloys the transformationsl.0% in the determination of, o andy, respectively.
of the clusters can take place both inside disperse paRll experiments were carried out during heating and
ticles and/or in the surrounding melt. subsequent cooling with a temperature step of 15 to 20
It can thus be concluded that several different kindsdegrees. In order to obtain a homogeneous temperature
of structural modifications can occur in a melt whenfield in the samples and thus to measure reliable values
the temperature is varied and it is in principle possibleof the different physical quantities, all samples were left
to construct a phase diagram also for the liquid stateéo equilibrate during 10 to 15 min at each temperature
[3, 6, 13]. During rapid quenching some features of thebefore the measurements were actually performed.
structure of the melt can be inherited by the amorphous
ribbon and influence its properties. It may thus be con-
jectured that metallic amorphous ribbons produced by2.2. Results
guench from melts with different structure, i.e. from The measured “property vs. temperature” curves for
melts which have undergone different heat treatments;essB15 and Fg4C0,1B15, shown in Figs 1 to 3, exhibit,
will have different structure and physical properties. Asfor the same property, similar variations. The meaning
a matter of fact, indications that such a dependence exf the arrows is discussed in Section 3. The most no-
ists are strong [1, 2, 14—17] and an explanation can thugble characteristics of the data is that the temperature
be given to many incompatible results published in thevariations of the measured kinematic viscosit{T),
literature so far. and the surface tensioa(T), are different on heating
In order to obtain a better understanding of the physand on cooling while the magnetic susceptibiljyT),
ical processes responsible for the phenomena brieflis the same. It is to be noted that all observations are
outlined above, experimental investigations on the presreproducible, i.e. if the alloy is fully solidified down
ence and the characteristics of structural transformato room temperature and remelted up to the same tem-
tions in molten FgB1s and FgsCo,1B15 alloys are  perature range, the measured values agree within the
described in the present paper. Their influence on sewvexperimental errors. The observed effects can thus not
eral physical properties of the melt-spun ribbons withbe attributed to a possible inhomogeneity of the initial
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T4 than below. The curves obtained during cooling are
also similar at high temperatures while at low temper-
A atures, i.e. belowly, the variations are different. The
) ‘ o b i ‘ surface tension exhibits a somewhat different tempera-
fo0 1100 1200 1300 1400 1500 1600 ture behavior for the two alloys as is shown in Fig. 2.
Temperature {>C) However, both curves show an irregular behavior with a
(b) pronounced maximum at aboly on heating while the
Figure 1 The temperature dependence of the kinematic viscosity Furves are smooth on COO|II’Ig. The. origin of the other
liquid a) FesB1s and b) FesCop1B1s. ® heating cooling. The arrows  ITT€gularities as well as the flat portion at temperatures
with full head indicate maximum heating temperature of the melt and@bove 1500C is presently not understood. From the
the arrows with open head the quenching temperatures for samples d&mperature variation of the viscosity and of the sur-
series | (full line), of series Il (dashed line) and of series Ill (dotted line). face tension another characteristic temperaf[br,e;an
The vertical dashed line indicates the dissolution temperdire be defined. The index b stands here for branching and
Ty is thus the temperature at which the curves on heat-
1500 - ing and on cooling are joining. For both alloys, shown
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in Figs 1 and 2T, is about 1500C.
& 0 The temperature dependence of the inverse magnetic
5 1300 | susceptibility (Fig. 3) is also very similar for the two al-
z loys. It should be noted that no anomaly in the vicinity
.—Z 1200 |- e of Ty is seen. The kink near 1180, is correspond-
§ 1100 l /.af"z ing to the kink at the same temperature in the viscosity
g N curve and it is attributed to the liquidus point. No other
® 1000 i ,,JD"/ difference between the heating and cooling curves is
o ® observed. It should though be noted that above the lig-
900 * ‘ ‘ ; uidus, the curves might be divided in two linear regions
1200 1300 1400 1500 1600

with anintersection just below 1400 for Fe;4C01B15
and near 125 for F&sB1s.
Figure 2 The temperature dependence of the surface tersion lig- The results presented above indicate that structural
uid FeysB1s (M—heating;[J—cooling) and Fe/Co1B1s (® heating,  transformations occur in both alloys @4, close to
O cooling). The meaning of the arrows is discussed in the text. 1300°C. From the nature of the three measured quan-
tities shown in Figs 1 to 3, it can be concluded that
the length scale involved in these transformations is
solid alloy just after production as this would dissolve a hydrodynamic one, i.e. it ranges over several inter-
on the first heating above its melting point. The valuesatomic distances. The results may thus be discussed in
recorded during heating present an anomalous behathe framework of the metastable microheterogeneous
ior. For example, as is shown in Fig. 1, the viscositystructure concept mentioned in the introduction [3]. Ac-
exhibits during heating of both alloys an irregularity cording to this model, the melt keeps, in a certain tem-
near 1300C while the temperature variation on cool- perature region above the melting point, a microhetero-
ing is smooth. This temperature will in the following geneous state whichis inherited from the heterogeneous
be calledTy, the dissolution temperature. The viscosity initial ingot. The dispersed regions or clusters are thus
curves obtained during heating are similar for the twoin a metastable equilibrium with the surrounding liquid
alloys, the measured values forgg®;s being about matrix. The reasonisthe existence of excess free energy
15% larger than the ones for &€0,1B1s. The acti-  at the border of the clusters; with the decrease of the
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cluster radius, this energy grows faster than that of th@. Experimental investigations of the
decreasing interfacial phase surface. In particular, itis amorphous state
anticipated that clusters enriched in boron exist in the3.1. Production of metallic glass ribbons
melt just after melting. These domains, consisting ofin order to investigate the effect of the structure and
iron and of iron, cobalt and/or ternary borides, respecthe microstructure, of the melt before quench on their
tively, are inherited from the microheterogeneous crysphysical properties, several amorphous ribbons were
talline ingot. The existence of such domains has earlieprepared by the planar-flow casting technique with dif-
been reported to exist in Fe-B metallic glasses [2]. Theerent production conditions at the Institute of Physics,
size of these clusters has from thermodynamical calcuBratislava, as described elsewhere [17]. The master al-
lations been estimated to be of the order of 10 nm [8, 9]loy was put into a quartz crucible with a rectangular ori-
Small angle neutron scattering experiments recentlfice 10x 0.55 mm at its bottom. The alloy was melted
carried out on PbSn melts have confirmed this estiby induction heating and after reaching the appropriate
mation [10]. The anomaly seen in the viscosityTat temperature the melt was forced by an excess pres-
corresponds thus to the breaking up of boride clustersure of about 16 kPa out on a fast-rotating Cu-wheel
into smaller ones during heating. These smaller cluster@620 mm diameter, 115 mm width), rotating at a speed
start to dissolve but the melt does not reach a true sasf 1000 rev/min. The distance between the surface of
lution state until a much higher temperatufg[3, 14].  the wheel and outlet nozzle was about 0.17 mm. Three
However, the length scale of the structural transformaseries of ribbons were produced for each alloy. The tem-
tion of the microheterogeneous system is such that thperature of the melt, the quenching temperature and the
dissolution of the clusters greatly influences its rheol-thickness are given in Table | for each ribbon. The melt
ogy and therefore the effective viscosity. was kept about five minutes at every temperature in or-

These assumptions are in good agreement withler for it to reach an equilibrium state. The differences
the temperature dependence of the inverse magnetin thickness originate from the different values of the
susceptibility. When the melt is in a two-phase stateviscosity but also on several other production parame-
(i.e. at temperatures lower than about 14D0for  ters as discussed in [17]. This difference in thickness
Fes4C0p1B15 and about 125 for FesBis), the sus-  has to be taken into account in the interpretation of
ceptibility can be described by the following equation: the macroscopic properties, especially the mechanical
ones, as discussed in [14]. It should be mentioned that
a higher overheating temperature was in principle re-
quired for the series Il and 1l [14] but could not be
realized with the available type of quenching installa-
wherea and x,(T) are related to the dilute solution tion because of technical difficulties [17]. The overheat-
of boron in the iron-cobalt matrix and and yz(T) ing temperature, used in the production of the samples,
to the behavior of the clusters, respectively. It shoulds indicated by the black arrows in Figs 1 and 2, while
be recalled that + 8 = 1. The coefficien8 depends the temperatures from which the different samples have
only on the relative volume of the clusters enrichedbeen quenched are indicated by arrows with open heads.
with boron and not on their size. The domains start toThe same type of arrow lines (full, dotted and dashed)
dissolve at about 140C for Fe4Co0p1B15 and about  corresponds to the same sample.
1250C for FesB1s (@ =1, 8 =0) and the change in
the slope of the((T) curve is observed (Cf. Fig. 3).

From the results on molten alloys reported above and
elsewhere [3, 4, 13, 14], it is then natural to expect thaB.2. Investigations by Differential Scanning
amorphous ribbons quenched from a melt, which has  Calorimetry (DSC)
been heated above the temperature where the clustefse Differential Scanning Calorimetry (DSC) experi-
decompose, will have different sizes of microhetero-ments, the results of which are shown in Fig. 4 were
geneities [15, 16] and, consequently, different physicaperformed on a Perkin-Elmer DSC7 calorimeter with
properties [17] as compared to the ones quenched frortwo different heating rates, 5 and 16 K/min.
a melt without overheating. The rest of this paper will The DSC curves for all FgBj5 ribbons exhibit the
be devoted to this phenomenon. typical two-peak behavior [18] where the first peak

x(T) = axu(T) + Bxp(T) (1)

TABLE | Melt and quenching temperatures of the produced amorphous ribbons

FessBis Fes4C021B1s
Sample | Sample Il Sample Il Sample | Sample Il Sample Il
Maximum temperature 1250 1350 1400 1270 1350 1350
of melt°C
Quenching temperatufe& 1250 1310 1250 1250 1350 1250
Thickness of 30-33 27-29 35-39 30-34 32-36 18-20
ribbonum
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corresponds ta-Fe crystallization and the second to and independent of heating rate for both alloys. The
the crystallization of F¢B or F&B (cf. Fig. 4a). Thetwo  following general trends can be observed:
crystallization peaks were separated by a least square

fitting of two Gaussian functions. The DSC curves for —Samples of series I, which are quenched at a low
all Fes4C0p1B35 ribbons exhibit also a two-peak be-  temperature without overheating, have a late onset

havior (cf. Fig. 4b). The first peak corresponds in this  of «-Fe crystallization but an early onset of boride
case toa-FeCo crystallization and the second to the crystallization (cf. Fig. 4a and b).

formation of borides [19]. The positions of the maxima —Samples of series II, which are quenched from the
of the Gaussian functiong,, wheren =1 and 2 means highest temperature, exhibit the earliest onset of

the first and second peak, respectively, atide heat- crystallization ofx-Fe but the last one for the borides
ing rate, are given in Tables Il and Ill. The behavior of  (cf. Fig. 4a and b).

the three series is, with one minor exception, the same—_Samples of series I, which are quenched from a
low temperature after overheating, exhibit an early
onset of crystallization of botl-Fe and borides (cf.

TABLE Il The positions of the peaks in the DSC curves fogdR 5. Fi 4a)
T, denotes the temperature at which tile crystallization process starts Thge shépe of the crystallization peak of the borides
at a heating rate afK/min e ) :
is different for samples of series II: smaller width
Sample TP eC T3 °C T{¢°C T;0°C and larger height.
1 401.0 439.7 423.7 462.1
2 398.8 441.4 421.0 464.2
3 399.2 439.4 422.3 4621 3.3. Electrical resistivity

The resistivityp was measured by the standard 4-probe
method with heating rate of 16 K/min and a linearity
TABLE 11l The positions of the peaks in the DSC curves for Of heating better than 0.05%. The results are shown in
FesaC021B1s. Ty denotes the temperature at whichtitiecrystallization  Fig. 5 where the resistivity is given normalized to the
process starts at a heating rate é7min value at 177C. The accuracy of the measurements was

Sample T5°C T5°C T6°C Tp6oc  better than 0.01%. The curves, shown in Fig. 6a and b,
are the temperature derivatives of the resistivity curves

1 385.0 480.0 406.9 5004 in Fig. 5.

2 385.4 483.3 406.9 502.9

The variation of the measured resistivity forgE®; s,
as shown in Fig. 5, is very similar for all ribbons, with
a weak temperature dependence and absolute values
close to 130u2 cm in accordance with earlier mea-
surements [20, 21]. The differences between the alloys
are compatible with the estimated error in the determi-
nation ofp. In the amorphous state such a large value
of the resistivity and its comparatively weak temper-
ature dependence indicate that the main contribution
to the scattering of the conduction electrons is due to
atomic short-range order. Two stages of crystallization
can also be seen in the resistivity curves, in agreement
with Fig. 4a. During the first stage, the resistivity de-
[/ creases almost with a factor two and in the second about
350 370 890 alo 230 as0  aro . a0 10% from its initial value. In the crystalline phase, the
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® Figure 5 Temperature dependence of the relative electrical resistivity.
Figure 4 Differential Scanning Calorimetry curves for a)gsB1s and Fullline: FesB15 series | and 111, dotted line: lgeB15 series Il. Dashed
b) Fe;4C0,1B15 ribbons. Full line—series |; dotted line—series II; dash- line: FessCo1B1s series | and Ill, long-dashed line: &€0y1B15
dotted line—series II. series II.
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sl TABLE IV Saturation inductiotBs, remanenc®, and coercivityHc
for FegsB15 ribbons
1l
§ o Property Sample | Sample Il Sample lll
il
2 al B: [Tesla] 1.1 1.36 1.3
,E By [Tesla] 0.3 0.54 0.45
z 21 Hc [A/m] 360 260 300
k-3
4r TABLE V Coercivity H; and remanent magnetizatidl, for as-
5 quenched RgCo,1B15 ribbons at different applied fields
270 280 290 300 310 320 330 340 350 360 370 380 ] lied field A/
Temperature (oC) Maximum applied field [A/m]
(@) 1000 500 150 30
o —
10 Sample Hc M; He M; Hc M, Hc M,
3 -20 1 6.8 104 5.8 104 4.3 104 4 103
T @0t 2 8.5 54 8.5 55 6.7 54 6.1 45
5 3 54 117 51 115 4 120 4.1 118
o -4or
Kk sof
£
g for TABLE VI Coercivity He and remanent magnetizatiokl, for
% 70 | Fes4C01B15 ribbons annealed at 280 for 2 hours in different applied
80| fields
il ‘ ‘ * ‘ < Maximum applied field [A/m]
450 460 470 480 490 500
Temperature (°C) 1000 500 150 30
(b) Sample He M, He My He M, He My
Figure 6 Temperature dependence of the temperature derivative of thg 172 62 174 624 149 599 129 51
electrical resistivities shown in Fig. 6 for a)ds815 and b) Fg4C0,1B15 2 30.7 316 224 321 16.7 255 10.4 9.4
ribbons. Full line: series |; dotted line: series Il; dashed line: series lll. g 9 123 89 1213 6.3 114 6 111.2

temperature dependence of the resistivity is nonlinear,
which is typical for ferromagnetic materials. There istime were measured for all alloys. The results for the
also a difference between the different series of alloysas-quenched ggB1s samples are given in Table IV. For
the sample of series Il having a lower resistivity. Theall quantities sample Il have the most favorable values:
temperature at which the resistivity is changing drastidargest induction and lowest coercivity. For some quan-
cally is different in the three series of produced ribbonstities the difference between series Il and Il are rather
which indicates that the crystallization process is pro-small. During exposition the decay of the magnetic re-
ceeding according to different routes. Thus, as can bewanence is highest for sample | and much weaker for
seen in Fig. 6a, the effects afFe crystallization ap- samples Il and IIl.
pears several degrees earlier for ribbons from series Il The effect of annealing on the coercivity and the re-
and lll than for series | which is in agreement with the manent magnetization for the &€0,1B15 alloys are
DSC data presented in Fig. 4a. given in Tables V and VI. Measured values for the as-
In case of Fg4C1B15two distinct stages of crystal- quenched samples are given in Table V while the ones
lization can also be observed in th€T) curves, also measured after 2 hours annealing atZB@re shown in
shown Fig. 5. The first one, which corresponds to theTable VI. Sample Il has in this case the largest value of
formation ofa-solid solution of boronin aniron-cobalt- the remanence and the smallest value of the coercivity
boron matrix begins for all ribbons at the same temperboth in the as-quenched and the annealed states. The
ature and it is accompanied by a resistivity decrease dfffect of annealing is also much smaller for sample IIl.
about 30% from the initial value. During the second The corresponding hysteresis loops are shown in Fig. 7.
stage (i.e. boride crystallization) an additional resistiv-
ity decrease of about 10% is observed. Fig. 6 presents
the temperature derivatives of the part of Fig. 5 corre4. Discussion

sponding to the second step crystallization (borides)The comparative analysis of the data presented above

The same trends as seen in the DSC measurements calfows to conclude that the various heat treatments of

be observed: The samples of series | exhibit the earlieshe melt influence the properties of rapidly quenched

stage of boride crystallization. amorphous ribbons significantly. Besides, it also gives
some opportunity to interpret the mechanisms respon-
sible for the transformations taking place ingb®s

3.4. Measurements of magnetic properties and Fg4Cop1B15 melts aroundly.

The saturation inductioBs, the remanenc8; and the In the binary system FggB15 the anomalous changes

coercivity He as well as their variation with annealing in the viscosity and surface tension in the melt at
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200 ———— — T cess. The increase of the viscosity with decreasing
temperature is then governed by an activation en-
ergy, similar in magnitude to the one governing the
viscosity increase shown in Fig. 1. Accordingly the
viscosity values are then following curves nearly par-
allel to, but above, the cooling curves in Fig. 1.

—The dissolution process taking place abdyés re-
versible: The viscosity during a subsequent cooling
would then follow the heating curves in Fig. 1.

100

Although the first interpretation seems to be most
plausible, it is not possible to reach a clear and unam-
biguous conclusion as it was not possible to reach high
enough temperatures in the available melt spinning in-
stallation [17]. However, it has been observed that when

=100 -

Mass magnetization (emu/g)
Q

-30 ' .éo ' -1.0 ‘ 0 ' 1'0 ‘ 20 | 30 reheated, after a heat treatment at a temperature below

-200

Ty but aboveTy and a following solidification, the size
and the amount of microheterogeneities in a PbSn melt
Figure 7 Measured hysteresis loops for gg€0x:B1s ribbons. Full  Of eutectic composition were decreased [10].
line—series I; dotted line—series Il; dash-dotted line—series |Il. In the ternary system kgC0,;1B15 the anomalous
changes of the viscosity and the surface tension oc-
curs also aTy = 1300 C and a similar discussion as for
Tq=1300C do not correlate with the smooth tempera- FegsB15 above can be performed. However, in this case
ture dependence of the magnetic susceptibility. Takinghe inverse magnetic susceptibility, contrary to what
into account that the last property is determined mainlywas the case for BgB1s, exhibits an anomalous tem-
by short range ordering in the liquid alloy it can be perature variation but at a lower temperature tfign
concluded that the short-range order does not changg about 1180C. It can thus be concluded that in this
at Ty. This is confirmed by the fact that the electrical case some changes of the short range order of the melt
resistivity measured for these ribbons is very similar.precedes the transformation of the initial meso-scale
On the contrary, the properties of the ribbons sensitivenicroheterogeneity. The most probable mechanism of
to their meso-scale microheterogeneity (crystallizationsuch transformation can be a rearrangement of atoms
temperatures and activation energies, rate of crystain the clusters. ATy a dissolution of disperse particles
lization process, magnetic properties) change signifiinherited from the inclusions of the ternary compound
cantly. Therefore, itis obvious that some kind of meso-into particles of binary compounds of stochiometric
scale transformation takes place at the temperdigre compositions starts. This hypothesis is confirmed by
The temperaturely, characteristic of the transforma- the absence of any sign of a ternary compound crystal-
tion process of the melt from a metastable microheterolization in the DSC curves from the samples heated up to
geneous state to a true solution is found around 1600 1350°C. When cooling the melt after its heating above
in the Fe-B system [11]. One can thus conclude thathis temperature the particles of the ternary compound
when heated above 1400, the liquid FgsBis alloy  are not reappearing which is in favor of the irreversible
transforms from an initial microheterogeneous state tanterpretation, mentioned above forgsBs alloys.
another one with the same or similar short-range order As outlined above, all the effects discussed earlier
but not to the state of true solution. What is happeningyvould have been much more accentuated for both al-
during a subsequent cooling is not yet fully understood|oys if the melts could have been overheated abfyve
It can be supposed that heating to a temperature abovgefore the quench [17]. Unfortunately such overheating
T induces an irreversible transformation to the state ofvas not possible. An estimation of the production con-
true solution. A subsequent cooling will thus conserveditions has been made in terms of Time-Temperature-
this state. It can be conjectured that this has not occurrefiransformation (TTT) curves for the Fe-Co-B alloys,
in any of the studied ribbons because of technical probstressing the strong influence of a non-complete control
lems during the production (no overheating abdye of the production conditions, especially the overheat-
was carried out). This conjecture has recently been disng temperature and the cooling rate, on the quality of
cussed in terms of TTT diagrams in [17]. From all re- the produced ribbons [17]. The TTT curves have been
sults both structural, microstructural and macroscopicderived from the knowledge of some production param-
reported in this work and elsewhere on different kindseters and from detailed investigations of the structure
of ribbons [15, 17], a subsequent cooling after a heaand the microstructure of the three series of samples
treatment of the melt at a temperature betw&and by neutron diffraction and neutron small angle scatter-
Tp can thus be interpreted by two possible mechanismsihg [15]. The conclusions reported in [15] concerning
the influence of the state of the melt before quench
—The dissolution process taking place abdyes ir-  on the nature, size and amount of clusters and parti-
reversible: The melt will thus during a subsequentcles in the produced ribbons are in complete agreement
cooling preserve the state of dissolution of the mi-with the interpretation of the measurements in the lig-
croheterogeneities it has reached in the heating pradid state presented above. Another study devoted to

Applled fleld (A/m)
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the Ni-P system has also been carried out and similars.

conclusions have been arrived at [15-17]. ]

. 7.
5. Conclusions

From the results presented above, it can be concluded.
thatthere exists in some eutectic and near-eutectic melts
atemperature domain, defined by the two temperatures?-
Tq andTy. At temperatures belowy the melt contains

microheterogeneities inherited from the initial ingot.

At T4 these inhomogeneities start to dissolve. Whether1.

this dissolution process is reversible or irreversible is
still not fully clear. The dissolution proceeds until a
temperaturd, where the melt reaches the state of true

solution. All the obtained results confirm the theoreti- 5

cal developments presented in [4]. The metallic glass

ribbons obtained by rapid quench from different statesi4.
of the melt have substantially different structure, crys-15:

tallization behavior, magnetic and other macroscopic
properties.
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