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Two-melt separation in supercooled Cu-Co 
alloys solidifying in a drop-tube 
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The microstructure of Cu-Co alloys solidified by a free-fall containerless solidification was 
investigated using scanning electron microscopy. Spherical Cu-Co drops of about 3 mm 
diameter were solidified in an evacuated 1 05 m long drop-tube. The microstructures were 
compared with those obtained by an electromagnetic levitation technique. It was found that 
the falling drops were at the "liquid + solid" state at the moment of impact on the floor. Upon 
bumping on to the floor the drop splits into many fragments, which finally solidify in the form 
of flakes upon retouching the tube floor. The microstructure depends mainly, on the solid 
fraction in the flake, and on its temperature at the moment of impact. Supercoolings up to 
0.2T M could be achieved within the drop-tube, causing separation of the liquid into two melts. 
Under certain conditions the microstructure reveals the occurrence of discarded spheres, 
suggesting that cooling below a certain temperature (Tmisc) will cause mixing of the two melts 
into one liquid. Interpretation of the observed microstructures is based on the current 
understanding of rapid solidification mechanisms. 

1 .  I n t r o d u c t i o n  
In the past several years there has been an increased 
interest in utilizing an orbital space environment to 
carry out low-gravity solidification experiments. 
These experimentg offer unique advantages, such as 
containerless growth of single crystals of very low 
impurity content. Such processing eliminates reaction 
with the container, leading to reduction in contam- 
ination, as well as eliminating heterogeneous nucle- 
ation at the container wall. Large-bulk supercooling 
could then occur, which in turn leads to a diversity of 
solidification modes; for example, partitionless (mas- 
sive) solidification where the solid has the same solute 
concentration as the parent liquid [1 3]. In addition, 
the supercooling may change the solidification mor- 
phology from dendritic to non-dendritic [4-6], may 
allow the formation of alternate phases [7], and/or 
refine the grain size [8, 9]. Another important effect of 
bulk melt supercooling, which has not yet been stud- 
ied extensively, is its effect on the microstructure of 
alloys which exhibit a metastable miscibility gap, such 
as the Cu-Co and Cu-Fe systems. The supercooling of 
these alloys has recently been investigated by the use 
of electromagnetic (EM) levitation [10, 11]. It was 
found that the supercooling of the melt below a certain 
limit causes separation into two melts, each of which 
solidifies in a different path dictated by the metastable 
phase boundaries. However, EM levitation induces 
strong fluid flow during solidification, which enhances 
coarsening and dendrite arm breakage, altering the 
inherent solidification behaviour. 

A containerless low-gravity environment can be 
simulated on earth for short periods of time (1-6 s) by 
using the long drop-tube technique. In 1956 Cech and 
Turnbull [12] used a short drop-tube to obtain super- 
cooling in small molten droplets. More recently, 
Meyer and Rinderer [13] and Nelson [14] reported 
the supercooling of small molten drops of refractory 
metals in the range of about 0.29T M (where T M is the 
absolute melting temperature). Such high super- 
cooling is claimed to be possible due to the lack of 
convection, which avoids dynamic nucleation. 

In this work, the solidification of Cu-Co alloys in 
the 105 m drop-tube at the NASA Marshal Space- 
Flight Center (NSFC) was investigated. The micro- 
structure obtained was compared with those revealed 
in specimens solidified from various levels of bulk 
supercooling in an EM levitation apparatus. There are 
three main differences between solidification condi- 
tions in a drop-tube and EM levitation: (i) in the drop- 
tube only radiative cooling exists, while in EM 
levitation conductive cooling also exists due to the 
flow of He; (ii)no convection exists in the drop-tube 
during solidification, while in EM levitation there is 
large convection due to the magnetic forces; and 
(iii) there is a large momentum transfer at the impact 
moment in the drop-tube due to the 105 m free fall, 
while using EM levitation there is almost no 
momentum transfer. 

The Cu-Co phase diagram has been thermodynam- 
ically modelled for both stable and metastable 
equilibria [15-18]. The calculated diagrams show a 
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metastable miscibility gap in the solid-plus-liquid re- 
gion. There is, however, little experimental support for 
the existence of the metastable miscibility gap [10, 19]. 
The major goal of the present work was to study the 
effects of supercooling on the microstructure of 
c u - C o  alloys using the drop-tube, and to compare the 
results with those obtained by EM levitation [10]. 

2. E x p e r i m e n t a l  p r o c e d u r e  
Samples of the desired composition were prepared by 
arc-melting of high-purity cobalt (99.99%) and copper 
(99.98%) in an atmosphere of Ar with 2 wt % H 2. The 
arc-melted specimens, weighing approximately 0.5 g, 
were placed in a levitation melting apparatus located 
in a bell-jar on top of the 105 m drop-tube. The tube 
was evacuated to about 10-5 torr by turbomolecular 
vacuum pumps. The specimen was suspended and 
heated by an r.f. heating coil. Its temperature was 
measured by a two-colour pyrometer. A typical ther- 
mal history of a Cu-Co alloy is summarized in Fig. 1. 
When the desired" temperature was obtained, the 
power to the levitator was shut down, allowing the 
specimen to free-fall for 4.6! s. During the fall, three Si 
infrared detectors, located at the 15th, 9th and 7th 
floors (the one on the 7th floor looks upward while 
the others look downward) measure the changes 
in the sample brightness as a function of fall time 
(Fig. 2). Fig. 2a shows a typical thermal history output 
(temperature as a function of fall time) of a sample 
solidified without supercooling, while Fig. 2b and c 
show a sample solidified with deep bulk supercooling. 
The sharp increase in brightness at around 4.4 s (this 
region is shown with higher amplification in Fig. 2c) is 
due to the rapid latent heat release during recal- 
escence. The recalescence temperature may be deter- 
mined from the heat loss calculated during the time 
the sample is dropped until the recalescence time (see 
Section 4 below). It turns out that after solidification 
the sample attained the form of fine powder, as seen in 
Fig. 3. This shows a macro-photograph of the powder 
that was collected from the drop-tuLe floor as well as a 
specimen which solidified during the levitation. 

Another set of samples was processed by EM lev- 
itation. The details of sample processing via EM 
levitation is described elsewhere Eli. 
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Figure 2 Typical output of the top Si detector, illustrating (a) a 
sample which solidified without supercooling and (b) a sample 
solidified with about 300 K supercooling. (c) The peak signal at 4.4 s 
caused by rapid heat of fusion release during the recalescence, at 
high resolution. 
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Figure 1 Typical thermal history measured by the pyrometer, illus- 
trating the dropping temperature. 

Figure 3 Overall view showing the original Cu-Co sphere (a) and 
the flakes received on the drop-tube bottom (b). 

After solidification, the powder  particles were sus- 
pended in transparent epoxy. They were then carefully 
polished, starting with a 600 grit SiC abrasive paper. 
Then the samples were polished on a soft cloth with 
diamond paste down to a 0.25 gm grit. Final polish 
was obtained with 0.05 gm grit alumina. The speci- 
mens were then etched in a solution of 120 ml H 2 0  
and 10 g of ammonium cupric chloride, adding ammo- 
nium hydroxide until all the crystals of ammonium 
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cupric chloride dissolved. The etching time ranged 
between 5 and 12 s. Microstructural as well as X-ray 
microanalysis were carried out using a scanning elec- 
tron microscope (SEM, Philips type 505 with energy- 
dispersive spectroscopy (EDS) capabilities). For the 
X-ray microanalysis, the specimens were etched very 
lightly in order to reveal the microstructure, while 
keeping errors arising from geometrical effects to a 
minimum. The raw data were corrected with a stand- 
ard ZAF computer program [20] (Z = atomic num- 
ber, A = absorption, F = fluorescence, including 
background as well as dead-time corrections). This 
technique was capable of making reliable composi- 
tional analysis of particles larger than 5 lam. 

3. R e s u l t s  
A series of secondary electron images illustrating the 
characteristic microstructure of Cu-15 wt % Co so- 
lidified via EM levitation and drop-tube experiments 
are shown in Figs 4 and 5, respectively. Fig. 4a shows 
the microstructure of specimens which were cooled 
to a temperature in the "liquid + solid" region of the 
phase diagram [19] during levitation, and quenched 
on a copper plate starting from that temperature. The 
solidification starting from this temperature occurs in 
a "normal" manner, with nucleation of the primary 
m-Co dendrite (bright particles in the figures), contain- 
ing approximately 82-83 wt % Co. Solidification pro- 
ceeds by a peritectic reaction, which results in an ~-Cu 
phase growing around the primary ~t-Co dendrites 
until the dendrites are completely surrounded. At this 
point the e-Cu solidifies directly from the melt in a 
dendritic mode. The centre of the c-Cu phase contains 
approximately 7 x:vt % Co, while the circumference 

contains about 3.5 wt % Co. The ~-Cu dendrites were 
surrounded by yet a different phase, revealed by heavy 
etching, which according to X-ray microanalysis 
contains about 2 3 wt % Co as seen in Fig. 4a. The 
microstructure of samples which were quenched from 
a superheated melt had generally similar structures, 
but with a finer microstructural scale due to higher 
cooling rates. If the melt was supercooled below a 
certain temperature, depending on the original melt 
composition, liquid-phase separation was detected, 
generally in the form of dispersed Co-rich, sometimes 
distorted spheres (LI) embedded in a Cu-rich matrix 
(L2), as seen in Fig. 4b. Fig. 4b shows a Cu 15 wt % Co 
alloy supercooled to about 200 K below the liquidus 
and quenched on a Cu plate. The dark pear-shaped 
particle on the left.side of the figure is the solidified L1 
phase which contains about 80 wt % Co. The rest of 
the figure shows regions originating from solidifica- 
tion of the L2 phase, with an average composition of 
10wt % Co. Its microstructural characteristics are 
very similar to those of alloys solidified without super- 
cooling, but with refined dimensions. 

In Fig. 5 secondary electron images demonstrating 
the microstructure of Cu-15 wt % Co alloys solidified 
in the drop-tube are shown. The final form after 
solidification was that of flakes, 1 to 2 mm long, and 
about 30 to 50 lam thick. Fig. 5a and b present an 
SEM photograph of the same flake at two different 
magnifications. In the upper part one sees columnar 
cells, followed by a mixture of tiny spheres embedded 
in the matrix. In Fig. 5c the typical microstructure of 
the lower part of the flake is shown at a higher 
magnification. The microstructure consists of small 
spheres whose Co concentrations are higher than the 
average, embedded in a Cu-rich phase; the exact 
composition of a sphere could not be measured due 
to its small dimensions. A similar microstructure was 
observed in electron-beam surface-melted samples, 
which undergo solidification in the miscibility gap 
[-11]. This point will be discussed later in detail. 

SEM micrographs illustrating the characteristic 
microstructures of Cu 30 wt % Co solidified via EM 
levitation, as well as drop-tube experiments, are 

Figure 4 A series of secondary electron images illustrating the 
microstructure of Cu-15 wt % Co solidified via electromagnetic 
levitation: (a)sample dropped from the "solid + liquid" region; 
(b, c) sample solidified under 200 K supercooling. 
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Figure 5 A series of secondary electron images demonstrating the 
microstructure of Cu 15 wt % Co flakes solidified in the drop-tube: 
(a, b) columnar growth followed by solidification in the miscibility 
gap; (c) a flake solidified in the miscibility gap. 

shown in Fig. 6 and in Figs 7 and 8, respectively. 
Fig. 6 illustrates the microstructure ofCu-30 wt % Co 
which was supercooled by about 270 K prior to nucle- 
ation, i.e. the nucleation temperature To, is about 10 K 
below the peritectic temperature Tp [15]. In this 
sample, the L1 and L2 phases were found to contain 
80 and 10 wt % Co, respectively. The microstructure 
exhibited features similar to those of the Cu-15 wt % 
Co alloys (compare Figs 4 and 6). In Fig. 7 the typical 
microstructure of Cu-30 wt % Co solidified in a drop- 
tube is shown. The dark rounded phase in the figure is 
the L1 phase, which is embedded in an L2 matrix. The 
Co concentration in the L1 and L2 phases was 82 and 
9 wt %, respectively. According to our previous work 
[10], such Co concentrations indicate that an effective 
bulk supercooling as high as 300 K was achieved, 
i.e. Tn - Tp - 30 K. The upper (flat) side of the sample 
shown in Fig. 7a can be assumed to be the one which 

was splattered against the drop-tube floor. As will be 
discussed later, at the moment of contact with the 
floor this specimen was in the "liquid + solid" region 
of the phase diagram (i.e. just after recalescence). As a 
result of the impact, it splits into many fragments. 
Each fragment recoils, and falls again on the drop- 
tube floor, where it finally solidifies in the form of a 
flake. In many cases, as illustrated in Fig. 7a, the 
fragment was still in the "liquid + solid" region when 
it touched the floor for the second time. The side 
touching the floor undergoes relatively high cooling 
rates. The microstructure is therefore very fine 
(Fig. 7d). The other side (lower fragment side in 
Fig. 7a), which solidified via much lower cooling rates, 
exhibits a coarser microstructure (Fig. 7c). For several 
flakes, small (sub-micrometre) spheres containing Co 
concentrations higher than the average were revealed, 
which is typ ica l  of specimens solidifying in the 
miscibility gap via high cooling rates [10]. 

There are two main differences between micro- 
structural features seen in the EM levitation pro- 
cessed, and drop-tube processed specimens: (a) in the 
drop-tube samples, the L1 phase is more agglomer- 
ated, and does not have sub-features under the present 
resolution; and (b) dendrites or dendrite fragments are 
not observed in the L2 phase regions. Also, in one of 
the flakes a unique microstructure could be observed, 

Figure 6 A series of secondary electron images showing the microstructure of Cu 30 wt % Co solidified via electromagnetic levitation: 
(a) overall view, (b) higher magnification of L2 liquid phase. 
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Figure 7 A series of secondary electron images illustrating the microstructure of Cu-30 wt % Co flakes solidified in the drop-tube: (a-d) 
different magnifications of the same flake. The splat edge (top side of(a)) has fine structure (d) while the other side with lower cooling rates has 
a coarser structure (c). (e) A different flake solidified under high cooling rates. 

as illustrated in Fig. 8: the brighter phase is Co-rich 
dendrites embedded in a Cu-rich phase. In this flake, 
the typical L1 spheres could not be seen. Instead, fan- 
like dendrites as in Fig. 8b could be observed. We 
suggest that these dendrites are a result of diffused L1 
phase due to an enhanced supercooling. 

In Figs 9 and 10 we present SEM micrographs 
illustrating the microstructure of Cu-50 wt % Co sol- 
idified in the drop-tube from the "liquid + solid" and 
from the supercooled state, respectively. The final 
form of samples which were dropped after nucleation 
had already started was also in the form of flakes. In 
these samples, the first to solidify were Co dendrites, as 
can be seen in Fig. 9. The Co dendrites contained 
about 81.5 wt % Co embedded in a Cu-rich matrix, 
the latter containing only 10 wt % Co. The micro- 
structure of specimens dropped in the liquid state 
underwent supercooling during the fall, and exhibited 
a complex structure as in Fig. 10. The big dark dend- 
rites in Fig. 10a are primary Co dendrites containing 
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about 81 wt % Co. The presence of small spheres, 
which contained between 76 and 80 wt % Co, indic- 
ates that the drop was supercooled to about 
250-300 K and separated into two liquids. The L1 
phase has a spherulitic shape while the L2 has either a 
grained structure, like that of Fig. 10a, or appears as 
very tiny precipitates, as in Fig. 10d. 

4. Discussion 
Assuming that the major heat dissipation of a falling 
drop is radiative, the solidification time ts required to 
completely solidify the molten drop in an evacuated 
drop-tube after the onset of solidification is given 
by [21]: 

mHv 
t s -  4 4 (1) 

~ A ~ T m  T o 

where m is the dropped mass, HF the latent heat of 
fusion, ~ the material emissivity, A the falling drop 



Figure8 (a~) A series of secondary electron images at different 
magnifications showing a discarded microstructure of Cu 30 wt % 
Co flakes solidified in the drop-tube. 

Figure 9 A series of secondary electron images demonstrating the 
microstructure of Cu-50 wt % Co flakes solidified in the drop-tube 
from the "solid + liquid". 

surface area, cy the Stefan-Boltzmann constant, Tm the 
melting temperature and To the ambient temperature. 
Insertion of the values for the Cu-Co alloys in Table I 
into Equation 1 yields a total solidification time of 
about 20 s. This time is considerably longer than the 
4.61 s available in the drop-tube. Therefore, the speci- 
men which was dropped just after the nucleation onset 
will still be in the "liquid + solid" region of the phase 
diagram at the moment of splat. 

Upon impinging on to the floor it splits into many 
fragments. Each fragment recoils, and falls again on 
the floor where it finally solidifies in the form of a 
flake. In this case a coarse dendritic structure is ob- 
tained. Dendrites as long as 300 gm could be observed 
with an average secondary dendrite arm spacing of 
about 6 ~tm (Fig. 9a), as expected at these solidification 
rates [10]. 

If the drop does not begin to solidify after release, it 
will lose heat and the molten drop might get super- 
cooled. Following Wills and Katz [22], we assume 
that the material parameters of the supercooled liquid 
do not change during the free-fall duration, that the 
drop is spherical, that it is sufficiently small (so that 
there is only negligible thermal lag between the surface 
and centre), and that the drop tube is evacuated 
(i.e. radiative cooling only). Then, the cooling time t 
and the temperature reached T are related by [22] 

t = 4KoT~ l n \ T _  To] + 2tan-1 ~ 

+ln  T~ + To + 2tan-1 To (2) 

where K o = eA~/mCp, Cp being the specific heat, T i is 
the initial temperature, To is the ambient temperature 
and T is the temperature reached at time t after 
release. Inserting the appropriate values from Table I 
and the recalescence time for the different specimens 
(Table II) into Equation 2 yields a supercooling larger 
than about 300 K. Only a fraction of the melt, f~, 
solidifies due to recalescence, and may be calculated 
from the equation [23] 

fo  _ Cp (3) 
HATm- T) 
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Figure 10 A series of secondary electron images demonstrating the microstructure of Cu-50 wt % Co flakes solidified in the drop-tube under 
about 300 K supercooling: (a~l) the different microstructures observed. 

TAB LE I Data for calculating the supercooling obtained during free fall 

Cu-15 wt % Co Cu-30 wt % Co Cu-50 wt % Co 

Melting point (K) 1593 1663 1678 
Heat capacity (J g- 1 K- 1 ) 0.3967 0.4080 0.4209 
Heat of fusion (J g- 1 ) 211.8 211.8 211.8 
Emissivity 0.183 0.216 0.266 
Drop radius, r (cm) 0.22 0.22 0.22 
Stefan-Boltzmann constant 5.7 x 10-12 5.7 x 10-12 5.7 x 10-12 
(js-I cm-2K -4) 

TABLE II Calculations from data in Table I 

Composition, Recalescence time Release temperature . Supercooling (K) Fraction of solid, fo 
Co (wt %) (s) (K) 

Cale. a Exp. 

15 4.52 1750 50 > 160 0.30 
30 4.58 1775 90 300 0.58 
50 4.40 1775 130 230 0.46 

" Calculated according to the relative contribution of pure Cu and pure Co. 

Since the specimen hits the drop- tube  floor a very 
short time after recalescence, a residual melt, which 
did not  have sufficient time to completely solidify, will 
still exist at the m o m e n t  of splat. We suggest that just  
before this instant ,  a complete two-melt  separat ion 
can occur as described by Gelles et al. [23]. These 

6464 

authors  reported the format ion of a massively separ- 
ated Al-rich phase in A l - I n  alloys solidified under  
low-gravity condi t ions  in space-shuttle flights. They 
explained the macroscopic Al-rich phase as a result of 
the coalescence of smaller Al-rich spherical droplets: 
For  example, the coalescence was thought  to proceed 



by the collision of liquid droplets in the course of their 
migration to the warmer interior of the alloy during 
the cooling of a supercooled melt. Upon impact with 
the floor the drop splits into many fragments. At that 
very moment the completely separated liquid is forced 
to split into many fragments. However, an agglomera- 
tion tendency of the Co-rich phase (L1) may still be 
observed (Fig. 7a). Thus, the solidification behaviour 
in the drop-tube is completely different from the 
solidification characteristic of the EM levitation pro- 
cess samples [10]. In the drop-tube experiments, the 
fluid flow is minimized and diffusion acts as the 
driving force for merging, as stated above. In the 
levitation apparatus, large convection exist due to the 
electromagnetic stirring. In this case, two opposing 
forces are in operation: first, the merging of two small 
drops acting to reduce the surface energy (the kinetic 
energy excess finally dissipates as heat); second, if the 
kinetic energy of two colliding spherical L1 drops is 
larger than the energy needed to invest in surface-area 
enhancement the drops will tear into several smaller 
spherical drops. Thus, the abundance of fine L1 spe- 
cies in the microstructure is quite large. 

As described above, the supercooled drop hits the 
tube floor a few tenths of a second after recalescence, 
when it splits into many droplets. Between the recal- 
escence and the instant of hitting the solidification 
proceeds. The remaining melt is heated and large 
thermal gradients are effected by the released heat 
of fusion due to the lack of convection. Thus, each 
droplet could have different solid-to-liquid ratios (fo,  
see Equation 3) and a different mean temperature. The 
small fragments falling again on the floor solidify in 
the form of flakes. Each flake solidifies along a differ- 
ent path dictated" by the solid-to-liquid ratio at the 
second moment of contact, and on its mean temper- 
ature. The fraction solidified, f ~ could range between 
0 and 1 and the temperature could range between the 
melting temperature Tm and the nucleation temper- 
ature Tn (up to about 300 K possible supercooling). 
This explains the variety of observed microstructures 
in a single experiment. As the flake touches the tube 
floor, high conductive heat dissipation starts. The 
typical thickness of the flakes ranged between 30 and 
60 ~tm. Therefore, cooling rates as high as about 
105 K s-1 [24] could be effected, yielding two unique 
microstructural features: 

(i) A sequence of columnar and two-melt separation 
microstructures. If a droplet touches the ' tube floor 
when its temperature is higher than the separation 
temperature T~ep, it will grow initially in a columnar 
mode as seen in the top part of Fig. 6a. This type of 
microstructure is characteristic of rapid solidification 
of ribbons. However, the relatively high cooling rates 
imposed on the flake might cause supercooling in a 
part of the volume that is still liquid [11]. Super- 
cooling below T~e p (which is also a function of com- 
position) will cause melt separation, and a transition 
in the microstructure: the columnar structure trans- 
forms into a mixture of tiny spherulitic L1 particles 
embedded in a Cu-rich matrix, as seen in Fig. 5c. This 
structural type is characteristic of alloy solidification 

in the miscibility gap under high cooling rates [11]. 

(ii) Discarded sphere microstructure. This particular 
microstructure will be accounted for by assuming the 
existence of a lower temperature limit to the two-melt 
range in the metastable phase diagram, as proposed 
by Nakagawa [19] for the Cu-Co system. Below that 
particular temperature Tmisc the system is again in a 
miscible metastable state. We consider an event of a 
droplet touching the tube floor while its temperature 
is lower than T~op. The initial process which follows 
the floor contact is an additional supercooling [11] 
of most of the volume. The temperature might then 
decrease below Tmisr At that stage the two melts are 
under miscible conditions, and start to mix. However, 
the rapid cooling rates, i.e. short local solidification 
time, and lack of convection, inhibit complete mixing. 
The excess of Co in the L1 spheres diffuses radially, 
creating Co-rich liquid spherical zones, which then 
solidify in a regular dendritic manner as seen in 
Fig. 8b. 

4.1. Evaluation of the degree of 
supercooling 

Compositional analysis of L1 and L2 phases allows 
the estimation of the degree of supercooling by using 
the metastable phase diagram [19]. The supercooling 
obtained for several different experiments is given in 
Table II. These values agree with those calculated by 
Equation 2 if the emissivity constant of the alloys is 
taken as 0.6. 

5. Summary 
The microstructure of Cu-Co alloys solidified during 
a free fall (containerless solidification) was invest- 
igated. The following results were obtained. 

1. Free fall of a spherical drop of C ~ C o  alloy of 
about 3 mm in diameter may create a maximal super- 
cooling of about 0.2Tm. The constitutional details of 
the microstructure are consistent with the super- 
cooling calculated on the basis of radiative heat loss in 
the evacuated tube. 

2. The falling drops were in the "solid + liquid" 
state at the moment of impact on the drop-tube floor. 
Thus, a drop splits into many fragments which finally 
solidify as flakes upon touching the floor for the 
second time. 

3. The microstructure of each flake depends on the 
degree of supercooling prior to solidification, which in 
turn depends on the solid fraction of the flake, its 
temperature, and on the flake thickness. 

4. We suggest that just before the moment of 
impact, a complete melt separation occurred. Upon 
bumping on the tube floor, the complete separated 
melt L1 is forced to split into small L1 droplets. 

5. We suggest that upon cooling below the separa- 
tion temperature Tsep a Cu-Co liquid will separate 
into two liquids, one Co-rich (L1) and one Cu-rich 
(L2). However, cooling below Trnis  c will cause mixing 
of the two melts into one liquid. If sufficient time is 
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allowed for mixing a homogenized liquid is obtained, 
otherwise a discarded spherical structure is obtained. 
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