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Liquid separation in Cu–Co and Cu–Co–Fe alloys
solidified at high cooling rates

A. MUNITZ
Nuclear Research Center—Negev, PO Box 9001, Beer-Sheva, Israel

R. ABBASCHIAN
Department of Materials Science and Engineering, University of Florida,
Gainesville, FL 32611, USA

The impact of cooling rates on the microstructure of Cu—Co and Cu—Fe—Co alloys was
investigated by scanning electron microscopy. The high cooling rates entailed in the
electron beam surface melting of the alloys result in bulk supercooling of at least 150 K,
which in turn causes three microstructural effects: (i) melt separation into two liquids,
namely copper poor, L1, and copper rich, L2; (ii) microstructural refinement; (iii) enhanced
solute trapping of Cu in the Fe- or Co-rich phases. No evidence of metastable liquid
separation was found for Cu—50 wt % Co. There are indications that similar dynamic
supercooling exists in copper-quenched or arc-melted samples near the splat contact.
 1998 Kluwer Academic Publishers

1. Introduction
Rapid solidification processing (RSP) might affect
several alloy properties such as microstructural
refinement [1, 2], extension of solid solubilities [3] or
formation of non-equilibrium phases [1, 4]. This, in
turn, may improve the strength, increase plasticity,
extend fatigue life, enhance stress corrosion resistance
and affect some other related properties of alloys [1].
The extension of solid solubility of alloys exhibiting
metastable miscibility gap, such as Cu—Co alloys, has
recently attracted much interest because of the ap-
pearance of giant magnetoresistance (GMR) effects
[5—8], namely a large drop in the electrical resistance,
R, in response to an applied magnetic field. For
example, thermal annealing of supersaturated of
Cu

90
Co

10
solid solution at 440 °C reveals an increased

magnetoresistance of up to 11% at room temperature.
It is believed that the heat treatment caused solid-state
spinodal decomposition, which is responsible for the
changes in magnetoresistance.

It has been argued that high cooling rates might
result in a considerable dynamic bulk supercooling
even in thick (larger than 100 lm) specimens [9, 10].
For example, 282 K supercooling was achieved for
Al—6.9 wt % Mn solidified at cooling rates of
3]105 Ks~1 [9]. Thermal calculations [11] have
shown that the amount of supercooling that one may
obtain when an aluminium layer 250 lm thickness is
brought into good thermal contact with a massive
copper substrate, initially at ambient temperature, is
a function of the distance from the copper chill. For
example, at a distance of 5 lm, one may obtain a de-
crease as high as 250 K relative to the pouring temper-
ature, while the temperature decrease is only about

130 K at a distance of 50 lm. Therefore, solidification
under high cooling rates, such as effected by electron
beam surface melting or splat quenching of layers of
thickness less than 1 mm on a copper plate, might also
involve solidification under supercooling. The latter
can result in diverse solidification modes such as par-
titionless (massive) solidification [12, 13] (in which the
solid has the same concentration as the parent liquid)
and/or melt separation [10, 14—16].

It has been recently shown that supercooling of
Cu—Co or Cu—Fe alloys beyond a certain limit results
in separation of the melt into two liquids; one is Cu
rich (L2), and the other is, respectively, Co or Fe rich
(L1) [14—18]. Moreover, our previous work on the
microstructure of supercooled Cu—Co alloys showed
the existence of a metastable Cu phase containing
13—20 wt% Co [10]. Large cooling rates of the order
of 105 Ks~1 during electron beam surface melting was
also shown to cause bulk supercooling levels of about
150 K, in turn causing melt separation. Similar melt
separation was also observed in Cu—Fe alloys [16].

The present work was aimed at obtaining better
understanding of the impact of high cooling rates on
the microstructure of Cu—Co and Cu—Fe—Co systems.

2. Experimental procedures
High-purity (99.98%) copper, high-purity (99.99%)
iron, and high-purity (99.99%) cobalt were used to
prepare Cu—Co alloys containing up to 80 wt % Co
and ternary Cu—Fe—Co alloys of various composi-
tions, as listed in Table I. Specimens of the desired
compositions were arc melted using a non-consum-
able tungsten electrode, followed by electron beam
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TABLE I Alloy compositions and the resulting microstructures

Sample Composition Microstructural observation
number

Cu Fe Co Arc melting Electron beam
(wt%) (wt%) (wt%) surface melting

Cu—Co) 1 90 10 — Dendritic Melt separation
Cu—Co) 2 70 30 — Dendritic Melt separation
Cu—Co) 3 50 50 — Dendritic Dendritic
Cu—Co) 4 20 80 — Dendritic Dendritic

Cu—Fe—Co) 1 90 5 5 Dendritic Dendritic
Cu—Fe—Co) 2 85 15 5 Dendritic Melt separation
Cu—Fe—Co) 3 75 15 10 Melt separation near splat; Melt separation;

rest dendritic tiny spheres
Cu—Fe—Co) 4 75 10 15 Melt separation near splat; Melt separation;

rest dendritic tiny spheres
Cu—Fe—Co) 5 70 15 15 Melt separation near splat; Melt separation

rest dendritic
Cu—Fe—Co) 6 65 20 15 Dendritic Melt separation;

small spheres
Cu—Fe—Co) 7 65 10 25 Dendritic Melt separation;

large spheres
Cu—Fe—Co) 8 60 20 20 Dendritic Melt separation;

large spheres
Cu—Fe—Co) 9 60 30 10 Dendritic Melt separation;

large spheres
Cu—Fe—Co) 10 15 30 15 Dendritic Melt separation;

large spheres
Cu—Fe—Co) 11 55 25 20 Dendritic Melt separation;

large spheres
Cu—Fe—Co) 12 50 25 25 Dendritic Dendritic
Cu—Fe—Co) 13 45 40 15 Dendritic Dendritic
Cu—Fe—Co) 14 40 40 20 Dendritic Dendritic
Cu—Fe—Co) 15 30 40 30 Dendritic Dendritic
Cu—Fe—Co) 16 20 60 20 Dendritic Dendritic
Cu—Fe—Co) 17 20 40 40 Dendritic Dendritic

surface melting. In order to obtain homogeneous sam-
ples, several remelting cycles were performed, with the
specimens turned upside down before each remelting.
The surface of processed samples were flattened by
abrading one side with SiC papers (grade 600). Then,
the surfaces were melted using an electron beam with
a driving voltage of 60 kV, a current of between 4 and
10 mA, and a scanning velocity of about 5m min~1.
The electron beam was focused to about 1 mm be-
neath the surface. The cooling rates achieved are esti-
mated to be as high as 106 K s~1 [19, 20].

The Cu—Co alloys were also electromagnetically
levitated and splat cooled from the superheated or
supercooled state. The experimental procedure has
been described elsewhere in detail [10]. It involved
levitation of approximately 1.5 g samples in an inert-
gas atmosphere, followed by freezing of the melt from
a superheated or supercooled state on a copper chill
plate.

After solidification, the samples were cross sec-
tioned and prepared using standard metallographic
procedures. The specimens were etched in a solution
which consisted of 120 ml of H

2
O, 10 g of ammonium

cupric chloride and sufficient ammonium hydroxide
to dissolve all the ammonium cupric chloride crystals.
The etching time ranged between 5 and 12 s. The
microstructures and compositional profiles were in-
vestigated using a scanning electron microscope with
energy-dispersive spectroscopy (EDS) capabilities.

For the EDS analysis, the specimens were etched only
very lightly so as to reveal the microstructure, yet
keeping the surface roughness to a minimum. The raw
scanning electron microscopy (SEM) intensity data
were corrected with a standard ZAF computer pro-
gram [21].

3. Results
3.1. Electron beam surface melting of

Cu—Co alloys
In Figs 1—4, secondary-electron images (SEIs) of vari-
ous Cu—Co microstructures obtained after electron
beam surface melting are presented. In Fig. 1a, a gen-
eral view of the fusion zone in a Cu—10wt%Co sub-
strate is shown. The substrate, seen in the lower part of
the micrograph, consisted of primary Co-rich de-
ndrites embedded in a Cu-rich matrix. Some of the
unmelted Co-rich dendrites are seen to protrude into
the fused zone. However, about 10—20 lm above the
fusion line, Co-rich bands are observed, which had an
average Co-concentration of approximately 20 wt%,
compared with the average alloy Co-concentration
of only 10 wt%. These bands contained Co-rich
spherulites with various sizes (Fig. 1c). Approximately
100lm from the fusion line, the microstructure consis-
ted of spherulites which covered the area uniformly, as
shown in Fig. 1d. Similar microstructures were
observed in a Cu—30wt% Co alloy, as presented in
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Figure 1 Secondary-electron images illustrating an electron beam melted zone of Cu—10wt% Co: (a) an overall view; (b), (c) near the fusion
line; (d) 100lm away from the fusion line.

Fig. 2. The substrate (lower part of Fig. 2a and b) was
similar to that shown in Fig. 1a and b, but with
a larger volume fraction of Co dendrites. Three
different morphological transitions were revealed near
the fusion line, as shown in Fig. 2c and d. Initially,
solidification started with a plane front mode,
which changed to a cellular morphology about 15 lm
away from the fusion line and eventually changed to
dendritic. Beyond about 20 lm away from the fusion
line, there is yet another morphological transition
from dendritic to spherulitic, as can be seen in
Fig. 2f. The latter region is similar to that shown
in Fig. 2c.

The microstructure of an electron beam surface-
melted Cu—50 wt % Co alloy is illustrated in Fig. 3.
The general view of both the fused zone and its vicinity
are given in Fig. 3a, with more detail shown in Fig. 3b
and c. Up to 15 lm from the bottom of the fusion,
a cellular structure was observed (Fig. 3b and c), which
gradually changed to dendritic at about 50—70 lm
away from the fusion line. The microstructure of the
fusion line near the top of the molten pool is illus-
trated in Fig. 3d, where fine dendrites are observed
instead of a cellular microstructure. After 150 lm
away from the fusion line the microstructure was
mixed cellular—dendritic, as seen in Fig. 3e. In contrast
with the case of Cu—10—30wt % Co alloys shown in
Figs 1 and 2, no melt separation was observed in
Cu—50wt% Co alloys.

The microstructures of electron beam surface
melting of a Cu—80wt% Co alloy is illustrated in
Fig. 4. The major effect of electron beam melting for

this alloy is microstructural refinement, as can be
seen from the variation in Fig. 4c.

3.2. Electron beam surface melting of
Cu—Fe—Co alloys

Secondary-electron images (SEIs) illustrating the
characteristic microstructure in the fused zone and its
vicinity in Cu—Fe—Co specimens are presented in Figs
5 and 6. The microstructure of Cu—15wt %
Fe—10wt % Co is illustrated in Fig. 5. The microstruc-
ture of the arc-melted specimen consisted of two re-
gions (Fig. 5b): (i) up to 200lm from the Cu chill the
microstructure consisted of spherical particles with
dendrites attached to them, or Co-rich dendrites em-
bedded in a Cu-rich matrix (Fig. 5c); (ii) the rest of the
sample contained primary Co-rich dendrites embed-
ded in a Cu-rich matrix (Fig. 5d). The microstructure
in the fused zone consisted of spheres embedded in
a Cu-rich matrix. The spheres near the fusion line are
smaller (Fig. 5e) than the spheres far from the fusion
line (Fig. 5f). However, both spheres are at least one
order of magnitude smaller than those observed in the
arc melted samples.

Secondary-electron images illustrating the micro-
structure of Cu—20wt% Fe—15wt% Co are presented
in Fig. 6. In Fig. 6a, a general view of the penetration
of the fused zone into the substrate is shown. The
substrate, which can be seen in the bottom of the
micrograph, and in a larger magnification in Fig. 6b,
consisted of primary Co-rich dendrites embedded in
a Cu-rich matrix. The fusion line between the fused
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Figure 2 Secondary-electron images of an electron beam melted zone of a Cu—30wt% Co alloy: (a), (b) an overall view; (c), (d) near the fusion
line; (e), (f) enlargement of compositional bands; (g), (h) 100lm from the fusion line.

zone and the matrix is shown in Fig. 6c. Unmelted
primary dendrites are seen to protrude into the fused
zone. It is reasonable to assume that only the Cu-rich
matrix has been melted and then solidified epitaxially
on the Cu-rich solid in the matrix. However, about
15lm above the fusion line there is a morphology
transition from a plane front solidification to a micro-
structure characteristic of solidification in the misci-
bility gap. In this case, the microstructure consisted of

spherical particles which uniformly covered the area
embedded in a copper matrix, as shown in Fig. 6d—f.
The spherical particles are smaller than in the pre-
vious specimen. We attribute this change to the differ-
ence between the alloy compositions of the two
specimens.

Secondary-electron images illustrating the charac-
teristic melt separation microstructure in the fused
zone as a function of Fe#Co concentration in the
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Figure 3 Secondary-electron images of an electron beam melted
zone of Cu—50wt% Co: (a) overall view of the substrate and the
melted surface; (b), (c) near the fusion line at the maximum penetra-
tion depth; (d) near the fusion line at the molten pool top; (e) in the
middle of the pool far away from the fusion line.

alloys are presented in Fig. 7. The microstructure of
the fused zone depends on the alloy Co#Fe concen-
tration. In alloys containing less than 45wt %
Fe#Co the microstructure consisted of spherical
particles embedded in a Cu-rich matrix. The size of the
spherulites depends on the Co#Fe content in the
melt. At low values, the spherulites were small, as in
Fig. 7a. Their size increased with increasing Fe#Co
concentration in the melt (Fig. 7b and c). When the
Fe#Co content was larger than 50wt%, no melt
separation could be observed. In those alloys a den-
dritic microstructure was observed.

3.3. Combined effects of supercooling and
cooling rates on the microstructure

The combined effects of bulk supercooling and high
cooling rates on the alloy microstructure are illus-
trated in Figs 8 and 9. In Fig. 8 secondary-electron
images illustrating the microstructure of Cu—20wt %
Co alloys in regions near or far away from the copper

chill surface are presented. Fig. 8a illustrates the
microstructure about 40lm away from the chill, of an
alloy quenched from 90K bulk supercooling. The
estimated minimum supercooling required for this
composition to enter the miscibility gap is about
150K [10]. Nonetheless, one can see spherical par-
ticles, ranging from the submicron to about 3lm in
size. Another example, illustrating the same phenom-
enon, is presented in Fig. 8b—d for Cu—20wt % Co
specimens, supercooled to 160 K prior to quenching
on the copper chill. The microstructure at a distance of
about 10 lm distance from the copper chill (Fig. 8b)
consisted of spherulites, about 1lm in diameter, em-
bedded in a matrix containing other finer spherulites.
As solidification advances to about 60—80lm from the
chill (Fig. 8c and 8d), the L1 droplet size is seen to
increase to about 3lm. The growth of Co dendrites of
the matrix (L2) emanating from the L1 particles
(Fig. 8d) indicates that the L1 liquid solidified first.

A range of various microstructures was obtained
across the splat samples, depending on the degree of
supercooling and the samples geometry. Usually, the
samples dropped on the copper chill were flat at the
centre, becoming thicker towards their circumference.
The microstructure of the thicker edge regions consis-
ted of primary a-Co dendrites embedded in a peritec-
tic e-Cu matrix, similar to that shown in Fig. 9f. On
the other hand, the microstructure in the flat region
depended on its thickness, D. For thicknesses up to
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Figure 4 Secondary-electron images of an electron beam melted
zone of Cu—80wt% Co: (a) an overall view; (b) substrate near the
fusion line; (c) molten pool.

0.5mm, spherulites similar to those shown in Fig. 9a
were observed, in which the particles near the splat
face were fine, becoming coarser with increasing dis-
tance from the splat. As the thickness, D, increased to
0.5mm(D(0.7mm (Fig. 9b), the microstructure at
the midregion changed to dendritic. However, coarser
spherical particles than those at the bottom were ob-
served at the upper surface. For samples thicker than
0.7mm (Fig. 9c), the bottom section consisted of fine
spherulites, which gradually changed to regular Co
dendrites far from the copper chill. The dendrites at
the sample top surface were generally much coarser
than those in the centre of the thinner samples (com-
pare Fig. 9e with Fig. 9f). If, however, the sample was
supercooled below the miscibility gap, the entire
sample cross-section consisted of spherical particles,
fine at the bottom and coarse at the centre, as shown
in Fig. 9c, and by a higher magnification in Fig. 9d.

4. Discussion
4.1. Microstructure of electron beam

surface-melted specimens
The microstructure of the electron beam fused zone
for Cu—Co alloys containing less than 40 wt% Co

consists of tiny spheres embedded in a matrix. The
appearance of spherulites of one composition in
a matrix of another composition implies that liquid-
phase separation occurred prior to solidification [10].
As was found in previous work [10, 13, 15], bulk
supercooling of alloys which undergo liquid-phase
separation below a certain temperature, ¹

SEP
resulted

in the separation of the melt into two liquids; one poor
in Cu, named L1, and a second rich in Cu, named L2.
Each melt then solidifies on a path dictated by the
stable phase diagram boundary. Usually, one liquid
solidifies as spheres and the other as the matrix. Be-
cause of the short solidification time and the large
convection involved in electron beam surface melting,
the spheres have a small diameter, such as those ap-
pearing in Fig. 1e and f.

The solidification of electron beam surface-melted
specimens is rather complicated, as thermal gradients
across the interface change during solidification of the
molten pool. At the beginning of solidification, the
thermal gradient, G, is very large, and the interface
velocity, R, is very small. Thus, the ratio G/R is very
large. According to constitutional supercooling and
morphological stability criteria [22], the condition for
plane front solidification thus exists. As solidification
proceeds, the thermal gradient decreases while the
interface velocity increases. Thus, the G/R ratio de-
creases markedly, and solidification changes into
a cellular solidification mode, which eventually turns
to dendritic. The microstructural analysis shows that
these transitions take place approximately 5—20 lm
from the fusion line. In addition, it has been shown
that the dendritic morphology changes to a two-melt
microstructure (namely, Co-rich spheres embedded in
a Cu-rich melt). These three morphological changes
can be observed in Fig. 2c and d.

As proposed in our previous publication [10], con-
siderable dynamic supercooling could take place up to
a level of 150 K because the heat transport is larger
than the mass transport. Such high supercooling levels
might cause melt separation (i.e., Co-rich spheres em-
bedded in a Cu-rich melt). Based on the metastable
phase boundary [10], a minimum supercooling of
100K is necessary for Cu—30wt% Co to enter the
immiscibility zone. As such, the regions ahead of the
dendritic zone must have been supercooled by at least
this amount.

It is conceivable that high cooling rates could lead
to supercooling of the liquid ahead of an advancing
interface if the interfacial kinetics are sluggish. For
simple liquids such as Cu—Co, it is, however, unlikely
that interfacial kinetics limitation alone could lead to
such large supercoolings. Convective flow within a in-
homogeneous liquid pool, on the other hand, could
lead to a large bulk supercooling without requiring
large interfacial supercooling. As shown in Fig. 2c,
unmelted Co particles appeared at the fusion line,
indicating that the liquid in this region had lower Co
concentration than the original alloy, or to the well-
mixed liquid in the middle of the pool. In fact, the
fusion line is at the peritectic temperature where sol-
idification starts after the beam passage. Since the rate
of heat transfer is much faster than the mass transfer,
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Figure 5 Secondary-electron images illustrating an electron beam melted surface of an arc-melted Cu—15wt% Fe—10wt% Co alloy: (a)
overall view of the substrate and the melted surface; (b) microstructure at a low magnification; (c) higher magnification of the arc-melted
substrate near the copper chill, demonstrating melt separation; (d) the microstructure far from the copper chill; (e) microstructure of the fused
zone near the fusion line; (f ) microstructure far from the fusion line.

the liquid pool temperature becomes more uniform
before the liquid has sufficient time to homogenize.
Under such conditions, portions of the liquid having
large Co concentrations can constitutionally super-
cool before solidification starts. This dynamic
supercooling, which results from compositional in-
homogeneity, will be further enhanced as convective
currents bring Co-rich liquid bands to the cooler parts
near the fusion lines, are seen in Figs. 1c and 2e and f.

Electron beam surface melting of Cu—80wt% Co
alloys showed no evidence of melt separation. The
process only caused microstructural refinement and
increased Cu segregation, as evidenced by the relative-
ly larger amount of interdendritic segregation. For
that composition, more than 300K supercooling is
required to enter the miscibility gap, but these levels
have not been achieved during the process.

4.2. Effect of cooling rate on the
microstructure

Generally, as the cooling rates become higher, the
solidification time becomes shorter, and the micro-
structure becomes finer. A similar effect is expected
concerning the size of the phase-separated droplets

solidifying in the metastable immiscibility zone. The
cooling rates are the largest, and thus the coarsening
times are shortest near the copper chill. Therefore, the
spherulites near the copper chill are expected to be
smaller than those far away from it, as seen in Fig. 9c.

According to the metastable liquid miscibility gap
[10], the liquid must be supercooled by about 140 and
100K to obtain liquid-phase separation in alloys con-
taining 10wt% Co and 30wt% Co, respectively. The
presence of fine spherulites in the fused zone of elec-
tron beam surface-melted alloys (Figs 1 and 2) is
indicative that the high cooling rates cause supercool-
ing levels beyond these values. Therefore, both high
cooling rates and supercooling exist during electron
beam surface melting.

The present work further indicates that large bulk
supercooling might be obtained even under smaller
cooling rates than those involved in electron beam
surface melting, e.g., during splat quenching on a cop-
per plate. As can be seen in Fig. 5b, melt separation
was observed in certain Cu—Fe—Co alloys up to about
200lm from the copper chill. This indicates that
dynamic bulk supercooling was obtained for the
arc-melted samples near the Cu chill. Furthermore,
as described in Figs 8 and 9, a dominant factor
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Figure 6 Secondary-electron images illustrating an electron beam melted surface of an arc-melted Cu—15wt% Fe—10wt% Co alloy: (a)
overall view; (b) arc-melted microstructure; (c) higher magnification of electron beam fused path and vicinity; (d), (e) microstructure of the
fused zone near the fusion line at two magnifications; (f ) microstructure of the fused zone far from fusion line.

controlling the microstructure is the cooling rates,
which depend on the sample thickness. In Cu—20wt%
Co specimens, with thickness less than 0.5 mm, which
were splat quenched from 90K supercooling, the en-
tire microstructure consisted of fine spherulites
(Fig. 8a). This indicates that an additional supercool-
ing of at least 50K was obtained prior to the nuclea-
tion. According to calculations by Abbaschian and
Flemings [23], during the fall of a molten Fe—15wt %
Ni in the electromagnetic levitation apparatus one
may expect sample cooling of about 15K. Thus, it can
be concluded that additional supercooling of at least
35K was effected by the contact with the copper chill.
Following Clyne [11], the bulk supercooling depends
on the distance from the copper chill. Indeed, when the
sample thickness is between 0.5 and 0.7 mm,

spherulites could be observed only near the copper
chill plate, as shown in Fig. 8b. Since this particular
sample was dropped from a 160K supercooling, it had
already entered the miscibility gap prior to making the
contact with the chill. The appearance of the large
spherulites in the microstructure indeed indicates that
the melt had already separated into two liquids and
had sufficient time for coarsening before making con-
tact with the chill. Even so, when the melt contacts the
chill, it experiences additional supercooling, which in
turn causes the already-separated L2 melt to undergo
a secondary melt separation, as evidenced by the
formation of finer spherulites. It should be noted that,
upon nucleation and growth, initiated most probably
at the contact with the chill, recalescence will take
place. This raises the temperature of the remaining
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Figure 7 Secondary-electron images illustrating an electron beam melted surface of arc-melted Cu—Fe Co alloys as a function of the Fe#Co
concentration: (a) Cu—15wt% Fe—5wt% Co; (b) Cu—15wt% Fe—10wt% Co; (c) Cu—25wt% Fe—20wt% Co; (d) Cu—40wt% Fe—15 wt%
Co.

Figure 8 Secondary-electron images demonstrating the microstructure of Cu—20wt% Co dropped on a copper chill for different supercool-
ings and distances from the chill: (a) 90 K supercooling 40 lm from the chill; (b) 160 K supercooling 10 lm from the chill; (c) 160 K
supercooling 60 lm from the chill; (d) 160 K supercooling 80 lm from the chill.
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Figure 9 The microstructure change in Cu—20wt% Co specimens for different sample thicknesses, D, and different supercoolings, *¹: (a)
D(0.5 mm and *¹"100 K before quenching; (b) 0.5(D(0.7 mm and *¹"100 K; (c) *¹"150 K at sample centre; (d) *¹"150 K at
the sample top; (e) D+0.7—0.9 mm at the sample centre; (f ) D+0.7—0.9 mm at the sample top.

liquid, thereby eliminating a portion of, if not all,
the supercooling of the remaining liquid. A similar
behaviour has been predicted by Clyne’s [11] theoret-
ical calculations. Thus, secondary-phase separation
may not be seen in the upper parts of the samples.

5. Conclusions
The microstructures of binary Cu—Co alloys contain-
ing 10—80wt% Co, and ternary Cu—Fe—Co alloys,
solidified under high cooling rates were investigated,
yielding the following results.

1. High cooling rates obtained by electron beam
surface melting of Cu—Co and Cu—Fe—Co alloys con-
taining Fe#Co concentrations less than 45wt%
caused metastable liquid separation into two liquids:
one Cu poor (L1), and the other Cu rich (L2). This
indicates a dynamic bulk supercooling of at least 150K.
The microstructure of the phase separated samples
consisted of tiny spherulites of one liquid, embedded in
a matrix of the other. The size of a spherulite increases
with increasing Fe#Co concentration in the melt.

2. Supercooling of Cu—50wt % Co causes a duplex
structure of fine and coarse dendrites, without any
clear liquid-phase separation boundaries.

3. Supercooling of Cu—80wt% Co and Cu—Fe—Co
alloys containing more than 55wt% Fe#Co caused
refinement of the dendritic structure, and increased
the Cu solubility inside the Fe (Co) dendrites.

4. Similar metastable phase separation charac-
teristics were observed in copper-quenched samples
of Cu—Co and Cu—Fe—Co alloys near the splat
surface.
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