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The effect of supercooling on the microstructure

of Al-Nb alloys
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Electromagnetic levitation was used to study supercooling effects on solidification
characteristics of Al-Nb alloys containing 15–53 at.% Nb. The results indicate that Al3Nb,
with a melting temperature of 1980 K, is not a stoichiometric line compound but has a
homogeneity range on the Nb side. These results are consistent with the more recently
assessed Al-Nb phase diagram, but not with those assessed previously. Significant
changes in the microstructural morphology of Al-40 at.% Nb were also observed as a
function of the bulk supercooling. These include metastable compositional extensions of
Al3Nb, preferential nucleation of Al3Nb in the supercooled liquid and corresponding
changes in the solidification path. For example, spherical domains comprising of a mixture
of Al3Nb and AlNb2 were revealed in the eutectic microstructure, their volume fraction
being an increasing function of the degree of supercooling. Moreover, the Al3Nb and AlNb2

exhibited metastable compositional extensions up to 31 at.% for the former and down to
48 at.% Nb for the latter. C© 2000 Kluwer Academic Publishers

1. Introduction
Niobium base alloys are prime candidates for many
high-temperature aerospace applications, by virtue of
their high melting temperature, and excellent high-
temperature creep resistance [1, 2]. These desirable
properties have however been offset by poor ambient
temperature ductility, fabricability, embrittlement af-
ter welding, and generally poor oxidation resistance
above 923 K [1]. The increase in embrittlement, which
is caused by diffusion of oxygen and nitrogen into the
alloys, may be reduced if the alloys are protected by
proper surface coatings. While alumindes, silicides and
Ni-Cr alloys can be used as protective coatings, inter-
diffusion between the active coating and the substrate
element limits the coating lifetime. In addition, surface
coatings are frequently subject to failure by spalling
or cracking by either thermal fatigue or impact. It has
been shown [3] that using minor alloying additions, it
may be possible to develop a niobium base alloy which
forms a self protective coating in an oxidizing environ-
ment. Among the two most widely studied alloying el-
ements, Al and Si are preferred due to the high stability
of their oxides and slow oxygen diffusion through the
oxide layers. The addition of Al or Si, however, causes
the formation of brittle intermetallic compounds during
conventional solidification [4]. It is anticipated that the
high-temperature mechanical properties of such struc-
tural alloys may be altered and perhaps improved by
rapid solidification processing (RSP) under bulk super-

cooling conditions. The processing may be utilized not
only to obtain finer scale and more homogeneous mi-
crostructures, but also to change the solidification path
and curb the formation of brittle phases.

The purpose of this work was to investigate the so-
lidification microstructures of Al-Nb alloys containing
between 15 and 53 at.% Nb under different conditions
of bulk supercooling using an electromagnetic (EM)
levitation techniques.

2. Experimental procedure
Niobium and aluminum (99.99% pure) samples, weigh-
ing approximately 1.5 grams, were alloyed by arc
melting in an Ar environment using a non-consumable
tungsten electrode. For each arc melted sample, the in-
dividual alloy components were weighed, with an ac-
curacy of±0.01 grams, according to the desired bulk
composition. The arc-melting period was kept rela-
tively brief, normally a few seconds, to allow for the
melting of Al and forming of a single button. Each arc
melted button was then levitated and processed using
an electromagnetic (EM) levitation apparatus described
elsewhere [5–8]. During EM levitation, a typical sam-
ple processing cycle consisted of melting, superheating
by about 100 to 200 K followed by cooling. Heating or
cooling of the sample during levitation is accomplished
by changing the rate of He/Ar gas mixture and/or chang-
ing the gas flow rate. Heating and cooling of the sample
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Figure 1 A typical thermal history of average sample temperature vs time for an Al 15 at.% Nb (a), and for 45 at.% Nb (b). The arrows indicate where
the gas flow was adjusted to cause heating (↑) or cooling (↓) of the sample.

is indicated by the upward and downward arrows in the
Fig. 1a, respectively. For a given alloy, the samples were
released from various desired temperatures, e.g. from
a superheated state, from the “solid+ liquid” state, or
from various degrees of supercooling, and quenched
on a copper chill. Usually a few cycles of heating and
cooling were performed before final quenching from
the desired level of supercooling. The sample tempera-
ture was monitored continuously by a two-color optical
pyrometer, connected to a strip chart-recorder. Super-
coolings as high as 375 K were obtained.

After processing, the samples were cross-sectioned
and prepared for analysis using standard metallo-
graphic procedures. Specimens with less than 40 at.%
Nb were etched in a solution of 10 cc HF+ 30 cc
HNO3+ 60 cc lactic acid, whereas specimens with
higher Nb content were etched with a solution contain-
ing 5 cc HF+ 20 cc HNO3+ 50 cc CH3COOH. The
etching process continued for about 15 to 30 second
until the microstructure was revealed. The microstruc-
tural and compositional analysis were carried out using
optical microscopy, and scanning electron microscopy
equipped with energy dispersive spectroscopy-EDS.
For the EDS analysis, the specimens were etched very
lightly, just sufficient to reveal the microstructure yet
keep the surface roughness to a minimum. The raw in-
tensity data were corrected with a standard ZAF com-
puter program [9]. The accuracy of the EDS was ascer-
tained by comparing the results for a random number
of samples with those measured using wavelength dis-
persive spectroscopy (WDS) technique. For the latter,
pure Nb and Al were used as standards. Under no in-
stance, the difference between the two measurements

were more than 0.3 at.%. Structural analyses were per-
formed on some of the samples after mechanical pol-
ishing, using a Cu Kα tube at the following conditions:
Voltage—40 kV; Current—40 mAmp; Scanning step
of 0.02◦/s.

3. Results
The initial thermal response during levitation melting
of the arc melted alloys were indicative of the mixing of
the two components, as well as reactive formation of
phases. This is illustrated in Fig. 1 by the thermal his-
tories of Al-15 at.% Nb and Al-45 at.% Nb alloys pre-
sented in Fig. 1a and b, respectively. Fig. 1a shows the
first heating cycle of an aluminum-rich (15 at.% Nb)
arc melted sample. A thermal arrest near 1550 K is
observed during the first heating cycle and otherwise
monotonic heating of the sample up to 1815 K. At this
temperature a sharp exotherm exists (accompanied by a
sudden increase in the sample brightness) and the sam-
ple temperature changes rapidly to 1925 K. The temper-
ature continues to increase up to about 1980 K, where
the gas flow is adjusted to cause cooling. The sharp
exotherm was observed only during the first heating cy-
cle; from the second cycle onwards one could observe
only a thermal arrest at about 1893 K, beyond which
the sample was fully liquid. In order to improve the un-
derstanding of the melting and solidification processes
taking place in the Al 15 at.% Nb alloy, samples were
quenched from several points, as marked by letters on
the thermal history in Fig. 1a. The sample marked (a)
was quenched from 1733 K (i.e. just before the onset
of the exotherm). The specimen dropped immediately
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Figure 2 Secondary electron images illustrating the microstructure of Al 15 at.% Nb dropped from different temperatures as marked by letters in
Fig. 1 for the first heating cycle. a, b) Sample dropped from 1733 K. c) dropped just after the sharp temperature increase, and d) quenched from above
1983 K.

following the exotherm is marked (b). The microstruc-
ture of these samples will be presented later in
Fig. 2.

Upon cooling of the superheated liquid thermal ar-
rests were observed which were indicative of nucleation
and growth of various phases. This is shown in Fig. 1b
for cooling of a superheated Al-45 at.% Nb liquid. A
phase nucleates around point (f) in Fig. 1b, during the
first cooling cycle as evidenced by the reduction in the
temperature because of the release of the heat of so-
lidification. Following this nucleation, the remaining
liquid continues to supercool until a supercooling of
280 K point (g), where a second nucleation event takes
place, accompanied by a massive recalescence to point
(h). As discussed elsewhere [10, 11], while the first nu-
cleation is followed by a slow growth, the second nu-
cleation event is associated with the formation of a fast
growing phase. Upon subsequent heating and cooling,
cycle II, clearly only one major nucleation and growth
is observed at point (h). The point designated by (*), in
the last cycle denotes the temperature at which the fully
liquid sample was released from the levitated state. The
thermal arrests, indicated byTL on the figure, represent
the liquidus temperature of the alloy. In Figs 2 to 6, we
present a series of secondary electron images (SEl’s) il-
lustrating the microstructure of various samples. Fig. 2a
and b illustrate the microstructure of samples quenched

from 1773 K (point a in Fig. 1a). In this sample, some
undissolved Nb particles can be seen. It was found
that each Nb particle was surrounded by a thin layer
of an intermetalic phase, while the remaining matrix
consisted of fine dendrites embedded in an aluminum
matrix (Fig. 2b). Energy dispersive spectroscopy-EDS
analysis indicated that the dendrites are Al3Nb. The mi-
crostructure of Al 15 at.% Nb alloys quenched follow-
ing the sharp exotherm (point b in Fig. 1a) is illustrated
in Fig. 2c. The morphological similarity between the
big particles apparent in both cases (compare Fig. 2a
and c) indicates that they might originate from the same
source, i.e., the unmelted pieces of Nb present in the
arc-cast samples. The large particles in Fig. 2c, how-
ever, contain between 24 and 25 at.% Nb, i.e. they are
Al3Nb. As before, the rest of the sample contained fine
Al3Nb dendrites embedded in Al matrix. The Al3Nb
pieces similar to that shown in Fig. 2c, were observed
in this and other samples as long as the quenching tem-
peratures were below 1973 K after the first cycle. For
the samples quenched from temperatures above 1983 K
(Fig. 2d) no residual Al3Nb particles was observed. This
indicates that the melting temperature of Al3Nb is close
to 1983 K.

The microstructures of Al-15 at.% Nb samples so-
lidified under different conditions are illustrated in
Fig. 3a to d. Fig. 3a shows the microstructure of sample
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Figure 3 Secondary electron images illustrating the microstructure of Al 15 at.% Nb dropped after different supercooling conditions. a) solidified
during levitation. b) quenched from the “liquid+ solid” state. c) 100 K supercooling. d) 375 K supercooling.

quenched after solidification in the levitated state
with negligible bulk supercooling. The microstruc-
ture consists of coarse Al3Nb semi-spherical particles
embedded in an Al matrix (gray phase in the figure). The
Al3Nb phase contained as high as 26.5 at.% Nb. Sam-
ples which where quenched from the “solid+ liquid”
state, Fig. 3b, contained coarse and fine Al3Nb. The lat-
ter emerged from the former ones, indicating that the
coarse dendrites grew during solidification in the levi-
tation apparatus (low cooling rates) while the finer ones
solidified under the high cooling rates against the Cu
chill.

In general, the shape and thickness of the samples
quenched against the copper chill depended on the tem-
perature and state of sample (liquid or liquid+ solid)
prior quenching. The splats from fully liquid state were
pancake shaped with somewhat thicker edges than the
center, which was around 1 mm. The splats from the
solid+ liquid samples were generally much thicker and
semi-spherical in shape. The sample quenched from the
solid state had a pear shape.

The microstructure of the alloy supercooled by 100,
and 375 K before quenching are shown in Fig. 3c
to d, respectively. In each case, the morphology showed
well-defined dendrite colonies. The boundary between
dendrite colonies, consisting predominantly of the pri-
mary phase, can be seen in Fig. 3c. The specimen with
high supercooling had finer microstructures, as illus-
trated in Fig. 3d. Note that these microstructures were
obtained at locations approximately 500µm away from
the chill surface.

The microstructures of the Al-40 at.% Nb alloys are
presented in Figs 4 to 5. The samples quenched from
the liquid (superheated) and “liquid+ solid” state are
illustrated in Fig. 4a and b, respectively. In general, the
microstructure in the thicker zone of the splats con-
sisted of very long primary Al3Nb dendrites containing
25 to 26.5 at.% Nb, embedded in a eutectic matrix. As
before, the microstructure of samples quenched from
the “solid+ liquid” state (Fig. 4b) was coarser than the
samples quenched from the superheated liquid. Struc-
tural analysis performed on samples which solidified
during EM levitation, as well as samples solidified un-
der different supercooling levels reveal the existence of
only Al3Nb and AlNb2 phases.

Supercooling of Al-40 at.% Nb caused significant
morphological change in the microstructure, as shown
in Fig. 4c–f. Instead of the Al3Nb dendrites, two-
phase spherical domains were observed. Within each
domain columnar Al3Nb cells were seen radiating out
towards the domain boundary where they were sur-
rounded by a eutectic matrix. The details of the spheri-
cal domain/eutectic boundary with radiating columnar
Al3Nb are shown in Fig. 4e and f. It can be seen that
the domain interior is indeed highly equiaxed. Within
the domains themselves, the microstructure consists
of primary Al3Nb surrounded by a gray phase, which
was embedded in a eutectic matrix. The Al3Nb ex-
hibits faceting tendency, and in some instances forms
columnar dendrites, while the eutectic is of regular
lamellar appearance. The volume fraction of the spher-
ical domains increased with the supercooling, and
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Figure 4 Secondary electron images illustrating the microstructure of Al 40 at.% Nb dropped after different conditions: a) from the “liquid” state.
b) from the “liquid+ solid” state. c) from 80 K supercooling. d) from 230 K supercooling. e) spherical domains with columnar Al3Nb radiating out at
the boundaries in alloy dropped after supercooling of 150 K. f) central region of the spherical domain in an alloy dropped from 240 K supercooling.

exceeded that of the eutectic matrix above 150 K. The
primary Al3Nb in the domains contain between 26 and
31 at.% Nb, while the gray phase surrounding it
contained at least 48 at.% Nb (the Nb content of the
matrix surrounding the particles may be underestimated
due to its small dimensions).

A unique microstructure was observed in some Al-
40 at.% Nb specimens which were dropped with small
superheating on the copper chill, as presented in Fig. 5a
to b. This microstructure was frequently observed in the
thinner sections of the samples, and consisted of Al3Nb
crosses embedded in a regular eutectic microstructure.
Microprobe microanalysis indicated that these crosses
contain between 26 and 28 wt.% Nb. Due to the small
dimension of the phase, the composition may be over-
estimated. As discussed later, these microstructures in-
dicate that these samples have supercooled against the
copper chill.

The microstructures of Al-53 at.% Nb are illustrated
in Fig. 6a to d. For samples quenched from a superheat-
ing of 200 K, the microstructure contained a primary
phase (seen as gray) surrounded by eutectic zones, as
illustrated in Fig. 6a. EDS analysis indicated that the
primary phase contained 60 to 61 at.% Nb. However,
careful etching revealed the presence of two distinct re-

gions within the primary phase: a darker zone, usually
associated with higher concentration of Nb (about 61
at.%) located at the circumference, and a brighter cen-
tral zone, which contained a slightly lower amounts of
Nb (close to 60 at.%). The white phase was identified
as AlNb2.

The microstructure of samples dropped from the
“liquid + solid” state (1873 K), shown in Fig. 6b, was
similar to that of samples solidified from the super-
heated state. The faceted structure, however, was more
pronounced, and the composition in the entire cross-
section of the primary phase was about 60 at.% Nb.
Supercooling the alloy, as shown in Fig. 6c and d,
caused the primary AlNb2 phase to become less faceted,
and its average Nb concentration to decrease to about
59 and 57 at.% Nb for 195 and 240 K supercooling,
respectively.

4. Discussion
4.1. Melting of Al with Nb
The arc melting of Nb-Al alloys was found to produce
structures which contained undissolved Nb particles
even after several melting processes. This is due to the
fact that upon melting of Al in contact with Nb, an
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Figure 5 Secondary electron images illustrating the microstructure of
Al 40 at.% Nb dropped from the “liquid” state in regions in specimens
which their thickness is less than 0.9 mm at two magnifications.

intermediate layer of Al3Nb (or in some cases AlNb2)
forms initially around the Nb particles. The intermetal-
lic layer prevents further Nb dissolution in the molten
aluminum. Increasing the arc melting time does not
seem to alleviate the problem since a large portion of the
heat input flux is lost through aluminum evaporation,
rather than heating and melting of the intermetallic.

In contrast, when EM levitation is used, the heat gen-
eration is internal to the sample due to eddy current
losses, with the heat generation dependent on the local
electrical resistively and susceptibility. Because these
for Nb are much larger than those for Al, it is reason-
able to assume that initially the Nb pieces are heated to
much higher temperatures than the surrounding liquid
Al. These factors result in attainment of homogeneous
liquid without appreciable vaporization of Al which
curb the problems originating during arc melting of Nb
and Al samples.

Heating of Al-15 at.% Nb specimens in the levita-
tion apparatus above 933 K, for the first heating cycle
initially causes melting of Al while the Nb pieces re-
main undissolved. However, heating beyond 1773 K
causes an accelerated exothermic compound forma-
tion between Al and Nb, causing the specimen tem-
perature to rise sharply to about 1890 K. The samples
quenched from this temperature were found to be in the
“liquid + solid” state. Moreover, quenching of this and

other samples showed presence of massive Al3Nb par-
ticles during the ramp temperature rise during the first
heating cycle. No Al3Nb was found in any of the sam-
ples with different composition when the temperature
was above 1980 K. We thus conclude that the melt-
ing temperature of Al3Nb and the liquidus temperature
of Al-15 at.% Nb are 1980 and 1890 K, respectively,
as shown on the Al-Nb phase diagram (Fig. 7). These
values are about 100 K higher then those reported in
the assessed Al-Nb phase diagram reported of 1981 in
Bulletin of Alloy Phase Diagram [12], but more closer
to the more recent assessed diagram of 1990 [13], and
consistent with Kattner’s [14] and Beaveret al. [15]
findings. The latter diagram with the modified bound-
aries drawn by the dashed-doted line is shown in Fig. 7.

4.2. Effect of supercooling
on the microstructure

As discussed below, there are three major effects of su-
percooling on the microstructure of Al-Nb alloys: mi-
crostructural refinement, morphological changes, and
extension of solid solubilities.

As was shown in Fig. 3, the Al-15 at.% Nb alloys
which solidified during levitation, or dropped on a cop-
per chill from the liquid state without supercooling,
had dendritic microstructures whose dimensions de-
pended on the cooling rates or distance from the chill
surface or thickness of the quenched splats. When the
alloys were supercooled up to 375 K, the dendritic mor-
phology remained the same, but became much finer
with the supercooling. For Al-40 at.% Nb, on the other
hand, a change in the morphology was also observed
as the supercooling was increased. The higher super-
cooled alloys showed spherical growth domains, as can
be seen in Fig. 4e. According to the structural analy-
sis, all the specimens, independent of the solidification
conditions, contained only Al3Nb and AlNb2 phases.
The volume fraction of the spherical domains, which
contained primary Al3Nb and Al3Nb+AlNb2 eutectic,
increased with increasing supercooling. The microanal-
ysis showed that the faceted phase contained between
26 and 31 at.% Nb. As will be discussed later and ac-
cording with the structural analysis, this faceted phase
is identified as Al3Nb with an extended solid solubility
of Nb. The phase surrounding the Al3Nb contained be-
tween 48 and 52 at.% Nb, which is identified as AlNb2
with enhanced solid solubility of Al (the structural anal-
ysis eliminates the possibility of an AlNb phase which
contain 50 at.% Al). However due to the preferred ori-
entation of the solidified samples, and due to the sample
dimensions it was hard to determined if there are minor
shifts in the XRD peak positions due to the off stoi-
chiometry of the compound. The enhanced solid sol-
ubility of Al in the AlNb2 phase was also detected in
supercooled Al 53 at.% Nb alloys described below. The
AlNb2 phase had faceted appearance at low supercool-
ing, but became non-faceted as supercooling increased.

The microstructure of some Al-40 at.% Nb alloys
quenched from the “liquid” state with about 50 K su-
perheating, particularly when the specimen thickness
was less than 0.9 mm, exhibited a cellular eutectic
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Figure 6 Secondary electron images demonstrating the microstructure of Al 53 at.% Nb specimens solidified under different conditions. a) quenched
from 200 K superheat stage, b) quenched from the “liquid+ solid” state. c, d) solidified from 75 and 240 K supercooling, respectively.

Figure 7 The melting point of Al-15 at.% Nb alloys and of Al3Nb phase
and other compositional EDS analysis are superimposed on the stable
Al-Nb phase diagram [12].

microstructure with a dendritic cross in the center of
each cell (Fig. 5). X-ray microanalysis indicated that
the cross contained up to 28 at.% Nb. These crosses are
probably Al3Nb dendrites of enhanced solid solubility,
typical of alloys solidified under bulk supercooling con-
ditions. In a previous work we have found [16] that a
dynamic bulk supercooling of about 60 K was obtained

in Cu-20 wt.% Co alloys dropped on a copper chill. This
was deduced from the fact that the alloys showed clear
evidence of solidification in the two-phase miscibility
liquid gap. The small sample thickness, the good ther-
mal conductivity of the Cu-Co alloys, and the good heat
absorption of the chill were believed to have resulted
in a high cooling rates and dynamic bulk supercooling
conditions. Moreover, thermal calculations [17] have
shown that the amount of supercooling that one may
obtain when an aluminum layer of 250µm 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 exam-
ple, at a distance of 5µm one may get as high as 250 K
decrease relative to the pouring temperature, while the
temperature decrease is only about 130 K at a distance
of 50µm. Therefore, solidification under high cooling
rates, such as effected by splat quenching of layers of
thickness less than 1 mm on a copper plate, might also
involve solidification under bulk supercooling condi-
tions. The appearance of the microstructure in Fig. 5
and the supersaturation of Al3Nb indicate that these
Al-40 at.% Nb samples, although dropped about 50 K
superheat, have experienced dynamic bulk supercool-
ing of about 50 K upon contact with the copper chill.

From the microstructures (Fig. 5a and b), it ap-
pears that Al3Nb is the first phase to nucleate with
a composition close to 28 at.% Nb, i.e. a metastable
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Figure 8 The extended view of the middle part of Al-Nb phase diagram.
The metastable extensions of the liquidus and solidus curves of the Al3Nb
and AlNb2 are shown as dashed lines. The suggested solid solubility of
Nb in Al3Nb phase (dashed area) is also superimposed on the phase
diagram. a) low supercooling, b) high supercooling.

supersaturation of approximately 3 at.%. The growth of
these dendrites causes the composition of the remain-
ing liquid to shift toward the coupled eutectic zone.
As shown in Fig. 8a, suppose that nucleation takes at
the temperatureTn, which is slightly below the eutec-
tic temperature. At this point, the first phase to solidify
is the metastable Al3Nb. The liberated heat-of-fusion
raises the melt temperature and the Nb concentration
in the Al3Nb and the liquid and solid concentrations
follow the metastable extensions of the solidus and liq-
uidus lines, respectively, as shown by the solid arrow in
Fig. 8a. As solidification proceeds, the remaining liquid
enters the coupled-eutectic zone and solidifies with a
regular eutectic microstructure.

When the Al-40 at.% Nb liquid was supercooled by
more than 60 K before dropping against the chill, spher-
ical growth domains were observed. We suggest that
each spherical domain may have resulted from the frag-
mentation of fine and supersaturated Al3Nb dendrites,
which formed during the early stages after nucleation.
For highly supercooled liquids, the rapid formation and
growth of the early dendrites is accompanied by a re-
lease of the latent heat of fusion, causing not only a
local temperature rise but possibly also high local lev-
els of fluid flow. These cause fragmentation of parts of
the Al3Nb dendrites, leaving dendritic elements in the
spherical domain. Similar observations were made pre-
viously in supercooled Fe-Ni alloys [8]. At low super-
cooling levels (60 K), the spherical domains contained
Al3Nb fragments, surrounded by the regular eutectic.
As supercooling increased, the concentration of the Nb

in the Al3Nb increased up to 31 at.%, and Al3Nb parti-
cles were also surrounded by a phase contained around
48 to 52 at.% Nb. The microstructure observed in the
spherical domains can be understood with the aid of the
solidification path of Fig. 8b.

When nucleation takes place at large supercooling
(Tn of Fig. 8b), first to solidify is again the Al3Nb
phase in the form of dendrites. As solidification pro-
ceeds and the temperature increases, the Nb concen-
tration in the Al3Nb follows the metastable extensions
of the solidus (from point (a) to point (b)), as shown
by the solid arrow in the figure. At the same time the
average liquid composition changes from point (a′) to
point (b′). It becomes thermodynamically possible for
the AlNb2 phase to nucleate when the liquid compo-
sition and temperature shift belowT0 curve (the curve
where the solid and the liquid free energies for AlNb2
are equal. We have drawn theT0 curve midway in the
solid-plus-liquid field). The nucleation of AlNb2 can
take place at any location belowT0, but most likely at
the NbAl3 liquid interface which has the highest Nb
build up. The AlNb2 can initially grow partitionlessly
(the solid has the same composition as the parent liq-
uid) following the arrow upward (from point b′ to c′).
As solidification proceeds, the AlNb2 grows around the
Al3Nb in the solute rich boundary surrounding the lat-
ter. At some point, the temperature raises above theT0
(T1), and partitioning begins. At the same time the av-
erage liquid composition of the melt follows the arrow
from point (c′) to (d′), and the remaining liquid enters
the coupled eutectic zone (T2) and the residual melt so-
lidifies as a coupled eutectic growth. It should be noted
that the two nucleation events were shown in the ther-
mal response of the levitated sample in Fig. 1b. The
first nucleation event took place at point (f), and upon
further cooling a second nucleation took place at point
(g). While the first phase had slow growth, the second
resulted in a massive recalescence. We attribute the first
to nucleation of Al3Nb and the second to AlNb2.

The above solidification path not only explains the se-
quence of the microstructures, but also the supersatura-
tion of Al3Nb with respect to Nb and supersaturation of
Al2Nb with respect to Al. It should be noted that the su-
persaturation for the former phase indicates that Al3Nb
is not a stoichiometric line compound (the dashed area
in Fig. 7). The solubility limit in the Nb rich side at the
eutectic temperature is estimated as 28 at.% Nb. This
findings supports the conclusion that the Al3Nb has a
homogeneity range as reported by the recent assessed
phase diagram by Massalski [13], but not with that as-
sessed previously [12].

5. Summary
The microstructure of Al-Nb alloys containing 15 to 53
at.% Nb under different supercooling levels was inves-
tigated, yielding the following results:

1) The effects of supercooling as high as 375 K on the
microstructure and composition of Al-Nb alloys were
investigated.

2) The melting temperature of Al3Nb and the liq-
uidus temperature of Al-15 at.% Nb are 1980 K and
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1890 K, respectively. These values are about 30 K to
100 K larger than the values extracted from known
phase diagrams.

3) It was found that Al3Nb is not a stoichiometric
line compound but has a homogeneity Range on the
Nb side. The solubility limit at the eutectic temperature
could be estimated as 28 at.% Nb.
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