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Surface tension of liquid Al–Cu binary alloys

Surface tension data of liquid Al–Cu binary alloys have
been measured contactlessly using the technique of electro-
magnetic levitation. A digital CMOS-camera (400 fps) re-
corded image sequences of the oscillating liquid sample
and surface tensions were determined from analysis of the
frequency spectra.

Measurements were performed for samples covering the
entire range of composition and precise data were obtained
in a broad temperature range.

It was found that the surface tensions can be described as
linear functions of temperature with a negative slope.
Moreover, they monotonically decrease with an increase in
the aluminium concentration. The observed behaviour with
respect to both temperature and concentration is in agree-
ment with thermodynamic model calculations using the
subregular solution approximation.

Keywords: Al–Cu liquid binary alloys; Butler equation;
Multilayer model; Segregation; Surface tension

1. Introduction

1.1. Al–Cu

Liquid Al–Cu alloys play an important role in lightweight
casting and, due to the presence of low temperature eutectic
compositions, in lead-free soldering [1, 2].

Both of these processes are dominated by bulk, surface-
and interface phenomena. The corresponding thermophysi-
cal properties therefore need to be known precisely. More-
over, with increasing availability of computer power, the
quality of the simulations of technical casting and welding
processes is limited mainly by the accuracy of thermophysi-
cal input parameters [3, 4].

Reliable systematic information exists, for this system,
on density and thermal expansion [5–8] measured recently
by us. It already becomes clear from these data that Al–Cu
is a strongly interacting system with a highly non-ideal
mixing behaviour. Therefore, it is expected to exhibit a
non-ideal behavior with respect to surface tension, too.

In the past, surface tension data have been measured by
Eremenko [9], Laty [10], as well as Speiser and Poirer [11]
using the maximum bubble pressure and the sessile drop
method and they reported evidence for associate formation
in the melt affecting the surface tension.

It is a particular advantage of the technique of electro-
magnetic levitation [12] that liquid samples can be pro-
cessed contactlessly. This avoids contamination of the ma-
terial due to contact with container walls. In combination
with the oscillating drop technique [13], electromagnetic

levitation is particularly suited for the measurement of sur-
face tension of liquid Al–Cu – a material highly sensitive
to oxygen impurities.

For these reasons it is the goal of the present work not
only to update and reassess the existing (older) set of sur-
face tension data for Al–Cu, but also to complete the infor-
mation for Al-based alloys that we have gathered so far
[5–8, 14–17].

1.2. Butler and multilayer model

Data measured in this work will be compared to the Butler
[18–21] and the multilayer model [22].

In the Butler model, the surface of the liquid is considered
as a monolayer of atoms. It is regarded as an individual ther-
modynamic phase which is in equilibrium with the bulk phase.

As an outcome, numerical information on the surface
tension of the alloy and the concentration, x S

i , of a compo-
nent, i, in the surface layer is obtained for a temperature T
and bulk concentration xB

i .
The multilayer model describes the surface-near region

as a stack of several atomic layers. The atoms are assumed
to reside on the sites of a cubic lattice with coordination
number 12. The composition of each layer n is calculated
using a Monte-Carlo algorithm upon minimization of the
surface excess free energy as described in detail in
Ref. [22]. The multilayer model provides information on
the surface tension and the surface compositions, i. e. the
concentration xðnÞi of component i in layer n.

Both models require as input parameters the surface ten-
sions, ci, of the pure components, their density, and the ex-
cess Gibbs energy, EGB, of the bulk phase. For a binary al-
loy A-B, EGB is usually written in Redlich–Kister form
with temperature dependent parameters mLA,B(T) [23–25]

EGBðxBA; TÞ ¼ xBAð1� xBAÞ
X
v¼0

v LA;BðTÞð2xBA � 1Þv ð1Þ

where xi
B (i = A, B) denotes the concentration of compo-

nent i in the bulk phase with xBA þ xBB ¼ 1.
The main assumption of the Butler model is the approxi-

mation of the surface excess Gibbs energy by [19]

EGSðT; x S
i Þ � n � EGBðT; x S

i Þ ð2Þ

with a phenomenological factor n taken as n = 0.66 in this
work, according to Ref. [20]. In a crude way, this approxima-
tion accounts for the reduced coordination number of atoms
in the surface layer. Surface ordering effects are excluded.

On the other hand, the coordination number of the sur-
face layer is fixed to 9 in the multilayer model due to the un-
derlying cubic lattice. For the same reason, only pair-wise
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interactions are taken into account which is equivalent to
considering only 0LA,B and 1LA,B in the Redlich-Kister ex-
pansion. A comparison of the two models is discussed in
detail in Ref. [16].

2. Experimental

2.1. Electromagnetic levitation

For the measurement of surface tension data the purity of
the surface is of enormous importance [26, 27]. The techni-
que of electromagnetic levitation [12] allows contactless in-
vestigations and avoids contamination of the sample mate-
rial from contact with container walls.

Experiments are performed in a standard stainless steel
high vacuum chamber which is filled after evacuation with
600 mbar He with 8 vol.% H2 acting as a reducing agent.
A typical sample has an almost spherical shape with a dia-
meter of approximately 5 mm. It is positioned in the centre
of the levitation coil to which an alternating current of typi-
cally 200 A is applied with a frequency of 300 kHz. The
levitation coil consists of two opposed semi-coils 15 mm
apart from each other. They generate an inhomogeneous
magnetic field which induces eddy currents inside the elec-
trically conductive sample. With a suitable choice of the
coil shape, the sample can be positioned stably against
gravity. Due to ohmic losses, the induced eddy currents also
heat and melt the sample. As levitation and heating are not
decoupled, a certain desired temperature can only be ad-
justed by cooling in a laminar flow of the He/8%-H2 gas
provided by an alumina nozzle underneath the sample.

2.2. Temperature measurement

The temperature of the sample is measured by a pyrometer
focussed at the sample from the top. As the emissivity is
generally not known, the pyrometer output signal, TP, has
to be recalibrated with respect to the liquidus temperature
TL of the sample. This is done under the assumption that
within the operating wavelength range of the pyrometer
the emissivity of the specimen material remains constant
with temperature. This is a good approximation for most
liquid metals [28]. The droplet temperature T is determined
from the following expression derived from Wien’s law:

1
T
� 1
TP

¼ 1
TL

� 1
TL;P

ð3Þ

Here, TL,P denotes the pyrometer signal at liquidus tem-
perature. It is identified by a kink in TP at that time when
the melting process is completed and the temperature starts
to rise with a steeper slope.

2.3. Oscillating drop method

The surface tension, c, is determined by means of the oscil-
lating drop method [13]. This technique is based on the fact
that surface tension acts as a restoring force for surface os-
cillations of a liquid droplet. Their frequencies thus serve
as a direct measure of the surface tension. This was first
studied by Rayleigh [29] for spherical non-rotating dro-
plets. He showed that the square of the so called Rayleigh
frequency, xR, is proportional to the surface tension. These

findings have also been validated for liquid metals under
microgravity conditions [30].

Under electromagnetic levitation the sample shape is
elongated slightly in the vertical direction and is not spheri-
cal anymore. Thus, xR splits up into a set of five frequen-
cies xm with m = –2, –1, 0, 1, 2.

They are measured by recording images of the oscillating
drop with a high resolution C-MOS camera with 400 frames
per second.

The subsequent analysis with an edge detection algo-
rithm produces frequency spectra such as the two shown in
Fig. 1. They are Fourier transforms of the difference and
the sum signal of two perpendicular radii. Using a symme-
try rule, the peaks at xm, marked by arrows in Fig. 1, can
be identified [13]. The surface tension, c, is calculated from
these frequencies using the formula of Cummings and
Blackburn [31]:

c ¼ 3M
160p

X2
m¼�2

x2
m � 1:9X2 � 0:3

g

a

� �2
X�2 ð4Þ

Here M is the mass of the sample and a its radius as calcu-
lated from M and density for an assumed spherical shape,
g is the gravitational constant. In Eq. (4), the parameter X
corrects for the magnetic pressure. It is calculated from the
three translational frequencies, xX,Y,Z, that correspond to
the horizontal and vertical movements of the sample:
X2 ¼ 1=3ðx2

x þ x2
y þ x2

z ).

2.4. Sample preparation

Samples were made from pieces of Al and Cu with a purity
of 99.999%. The desired mass was adjusted by pinching the
Al and by grinding the Cu pieces. Grinding of Al was
avoided as we noticed that this caused contamination of
the material. When the correct mass was obtained they were
stuck together mechanically using a pair of pliers. Alloying
was performed prior to the actual experiment in the levita-
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Fig. 1. Typical frequency spectra of the surface oscillations of a liquid
Al60Cu40 sample at T = 1380 K. Solid curve: Fourier transformation of
the difference signal of two perpendicular radii. Dotted curve: Fourier
transformation of the sum signal of two perpendicular radii.
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tion furnace by heating to 1700 K. The processing at ele-
vated temperatures also led to an additional cleaning of the
material and bright visible oxide spots were removed effec-
tively by their evaporation. The sample mass was deter-
mined before the alloying step and right after the measure-
ment. It was found that even when high temperatures were
applied, the mean relative mass loss was less than 1.0%.

2.5. Liquidus and experimental temperature range

In order to apply Eq. (3) the liquidus temperature needs to be
known precisely. In principle, TL could be taken from pub-
lished phase diagram collections but we want to assure that
the underlying thermodynamic basis is consistent with the
model applications for the surface tension. Therefore, the liq-
uidus temperature is calculated using the description in the
COST-507 report [25]. The same data for the liquid phase
were also used to calculate the excess Gibbs energy, EGB, in
Eq. (1) for the Butler equation and the multilayer model.
These parameters are compiled in Table 1.

Figure 2 shows the resulting liquidus temperature. The
various solid phases are not specified in the diagram, but
may also be obtained from the complete phase diagram cal-

culation. The temperature ranges covered by the present
study are superimposed in Fig. 2 for each investigated alloy
composition and compiled in Table 2 for each of the samples.
It should be noted that the applied minimum temperature for
Cu, Al10Cu90, and Al30Cu70 is partially lower than the corre-
sponding liquidus temperature TL. This is due to the fact that
it was possible to undercool these samples a few Kelvins.

We are aware of the more recent thermodynamic Al–Cu
description by Witusiewicz et al. [24]. Above 600 K the data
and correspondingly calculated phase diagrams including the
liquidus are virtually identical to the earlier COST-507 data.
Below 500 K an artefact is observed, not shown in the pub-
lished COST-507 phase diagram range: the c-D83 stability
range widens unrealistically down to room temperature. This
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Table 1. Redlich–Kister parameters for liquid Al–Cu [25].

Parameter Value (J mol – 1)

0LAl,Cu –66622 + 8.1 · T

1LAl,Cu 46800 – 90.8 · T + 10 T ln(T)

2LAl,Cu –2812

Table 2. Parameters TL, cL, cT, and c(1373 K) for each sample with corresponding uncertainties. The values in bold are the effective
temperature range and the corresponding averages respectively. The data for liquid Al were taken from Ref. [6].

System TL (K) Tmin (K) Tmax (K) cL (N m–1) cT (10
– 4 N (m K)– 1) c at 1373 K (N m–1)

Cu 1358 1331 1686 1.30 ± 0.01 –2.64 ± 0.9 1.31 ± 0.03
Al10Cu90 1347 1360 1706 1.35 ± 0.004 –1.96 ± 0.2 1.34 ± 0.004

1319 1669 1.34 ± 0.005 –2.38 ± 0.3 1.33 ± 0.01
1319 1706 1.35 ± 0.005 –2.10 ± 0.2 1.34 ± 0.01

Al17Cu83 1317 1339 1751 1.33 ± 0.007 –3.83 ± 0.3 1.31 ± 0.01
1325 1734 1.30 ± 0.006 –1.81 ± 0.3 1.29 ± 0.01
1338 1706 1.33 ± 0.014 –3.01 ± 0.6 1.31 ± 0.02
1325 1751 1.32 ± 0.013 –2.74 ± 0.4 1.30 ± 0.01

Al30Cu70 1304 1316 1700 1.18 ± 0.016 –0.94 ± 0.7 1.17 ± 0.03
1295 1719 1.21 ± 0.013 –2.88 ± 0.6 1.19 ± 0.03
1305 1715 1.18 ± 0.010 –0.59 ± 0.4 1.18 ± 0.02
1295 1719 1.19 ± 0.01 –1.30 ± 0.6 1.17 ± 0.03

Al40Cu60 1228 1238 1638 1.12 ± 0.006 –1.09 ± 0.2 1.10 ± 0.01
1249 1653 1.14 ± 0.004 –1.77 ± 0.2 1.11 ± 0.01
1237 1630 1.12 ± 0.007 –1.26 ± 0.3 1.10 ± 0.02
1237 1653 1.13 ± 0.01 –1.54 ± 0.2 1.11 ± 0.01

Al50Cu50 1106 1112 1644 1.04 ± 0.011 –0.73 ± 0.3 1.02 ± 0.02
1117 1707 1.03 ± 0.003 –0.74 ± 0.1 1.01 ± 0.01
1112 1707 1.04 ± 0.01 –0.74 ± 0.2 1.01 ± 0.01

Al60Cu40 980 1131 1842 1.00 ± 0.011 –0.72 ± 0.2 0.97 ± 0.02
1165 1748 1.00 ± 0.011 –0.56 ± 0.2 0.98 ± 0.02
1202 1890 1.01 ± 0.007 –0.59 ± 0.1 0.99 ± 0.01
1380 1870 0.98 ± 0.013 –0.53 ± 0.2 0.95 ± 0.01
1131 1890 1.00 ± 0.010 –0.60 ± 0.2 0.97 ± 0.02

Al70Cu30 867 1113 1611 0.951 ± 0.015 –0.92 ± 0.3 0.90 ± 0.02
1110 1519 0.974 ± 0.015 –1.34 ± 0.3 0.91 ± 0.02
1123 1571 0.972 ± 0.010 –1.11 ± 0.2 0.92 ± 0.01
1110 1611 0.967 ± 0.01 –1.11 ± 0.3 0.91 ± 0.02

Al83Cu17 825 1053 1643 0.925 ± 0.018 –1.73 ± 0.3 0.83 ± 0.03
1124 1671 0.936 ± 0.027 –1.30 ± 0.5 0.87 ± 0.03
1081 1612 0.953 ± 0.015 –1.63 ± 0.3 0.86 ± 0.02
1053 1671 0.941 ± 0.02 –1.61 ± 0.4 0.86 ± 0.03

Al90Cu10 873 1097 1609 0.912 ± 0.018 –1.75 ± 0.3 0.83 ± 0.03
1093 1594 0.859 ± 0.010 –0.99 ± 0.2 0.81 ± 0.01
1088 1571 0.870 ± 0.014 –1.28 ± 0.3 0.81 ± 0.02
1088 1609 0.871 ± 0.01 –1.20 ± 0.3 0.81 ± 0.02

Al 933 0.87 –1.55 0.80
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artefact is successfully removed in the recent amendment to
the dataset [24]. For the liquid phase, however, more adjust-
able parameters were used in the amendment [24] by
introducing an additional Redlich–Kister term, 3LAl,Cu. The
calculated liquid enthalpy data are only marginally closer to
the experimental data in the temperature range of interest.
Since in the current temperature–composition region the dif-
ferences are not perceivable, the simpler thermodynamic de-
scription [25] has been used.

3. Results

Measurements of surface tension data were performed for
liquid Al–Cu samples in a broad temperature range of
1100 K £ T £ 1900 K and with the bulk aluminium mole
fraction, xBAl, ranging in small steps from 0 to 1. For each
composition up to four different samples were investigated.
As mentioned above, a slight undercooling was achieved
for Cu, Al10Cu90, and Al30Cu70.

The obtained surface tensions, c(T), are plotted in Fig. 3
versus temperature. Data of samples with nominally the
same composition can be reproduced within approximately
1.6%. Obviously, the surface tensions can be described as
linear functions of temperature with negative slopes and,
hence, the following equation can be fitted:

cðTÞ ¼ cL þ cTðT � TLÞ ð5Þ

The parameters cL and cT denote in Eq. (5) surface tension at
TL and the temperature coefficient respectively. They are
listed for each sample in Table 2 together with their corre-
sponding uncertainties and mean values. In Fig. 3, the scatter
for pure copper seems large due to a few single freak values.
Nevertheless, Table 2 shows for pure Cu that the deviation in
cL is ±0.01 N m–1, which is approximately the same as for
all other samples, i. e. it is not significantly increased.

For the pure elements the parameters cL and cT are com-
pared in Table 3 with corresponding results from literature
[6, 10, 32–40]. The overall agreement with the literature
data is good. For liquid Cu the maximum deviation of two
values from each other is less than 3% for cL and approxi-

mately 25% for cT if the exceptional value of Ref. [10] is
ignored. These deviations are even smaller for liquid Al
where cL scatters within 0.5% around 0.87 N m–1. As dis-
cussed in Ref. [41], this value corresponds to a case where
only chemisorbed oxygen is present at the surface that is
desorbed for T = 1373 K.
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Fig. 2. Calculated liquidus temperatures of Al–Cu; vertical lines de-
note the temperature range covered by experiments in this study.

Fig. 3. Measured surface tensions, c, of liquid Al–Cu samples versus
temperature T. Different symbols denote series of experiments with
different samples, lines represent the linear regression of each dataset.

Table 3. Parameters cL, and cT, of copper and aluminium in com-
parison with data reported in various studies.

Material cL (N m–1) cT
(10– 4 N (m K)– 1)

Reference

Al 0.865 –1.2 [32]
0.873 –1.2 [33]
0.865 –1.5 [10]
0.865 –2.0 [34]
0.873 –1.5 [35]
0.865 –1.6 [36]
0.870 –1.5 [37]
0.865 –1.4 [9]
0.871 –1.55 [6]

Cu 1.33 –2.3 [6]
1.304 –2.86 [38]
1.29 –2.3 [39]
1.30 –2.5 [40]
1.29 –1.6 [10]
1.30 –2.64 this work
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With the use of cL and cT, the surface tensions are calcu-
lated for each sample for T = 1373 K. This temperature
was chosen for two reasons: First, it lies almost in the centre
of the temperature range investigated and second, the re-
sults can be directly compared with the literature data [9–
11] reported for this temperature as well.
Figure 4 shows the result, c(T = 1373 K), as a function

of the bulk aluminium mole fraction, xBAl. The error bars
are of similar size to the symbols and almost hidden by
them. Starting in the diagram on the Cu–rich side, the sur-
face tension, c, appears to increase slightly from the value
of pure copper, 1.3 N m–1, to approximately 1.35 N m–1

as xBAl increases to 0.2. After this initial rise, c monotoni-
cally decreases with further increasing xBAl. It finally
reaches a value of c = 0.8 N m–1 which corresponds to
the surface tension of pure liquid aluminium at this tem-
perature. The data show reasonable agreement with the
data of Laty et al. [10] shown in the same figure as well.
Their data exhibit the same qualitative behaviour with the
following few differences: On the aluminium–rich side,
0.6 £ xBAl £ 0.97, they appear slightly smaller than our re-
sults and on the copper–rich side, 0.1 £ xBAl £ 0.2, they are
even significantly smaller so that there is a shoulder in be-
tween. The data of Laty et al. [10] also agree with mea-
surements performed by Eremenko [9] who observed the
shoulder as well.

The temperature coefficient of the surface tension, cT, for
which we found generally negative values, is plotted in
Fig. 5 versus xBAl. cT increases with xBAl from initially
–2.6 ·10 – 4 N m–1 K–1 to approximately –1.5 ·10 – 4 N m–1 K– 1

for xBAl £ 0.4. cT remains practically constant on this level
for values of xBAl larger than 0.4 although one might also
identify a weak maximum at xBAl & 0.6.

In addition, Fig. 5 shows the sessile drop and maximum
bubble pressure data measured by Laty et al. [10]. The
agreement is particularly good on the aluminium–rich side,

i. e. for xBAl > 0.5. Laty reported positive values of cT for
0.3 £ xBAl £ 0.4 and, on the copper–rich side, they report val-
ues around –1.5 · 10– 4 N m–1 K–1 slightly larger than ours.

4. Discussion

For Al–Cu alloys the obtained data are shown in Fig. 4 to-
gether with calculations of the Butler and the multilayer
model. For the entire composition range, they both repro-
duce equally well the experimental data of this work. They
also describe the literature values for 0.2 £ xBAl £ 0.5 shown
in the figure as well.

By performing the calculations for different tempera-
tures, the temperature coefficient of the surface tension,
cT, is also predicted as shown in Fig. 5 together with the ex-
perimental results. The agreement between the data and the
calculation is reasonably good. However, a slightly better
agreement with cT, even with respect to the scatter of the
data, is obtained from the multilayer model, see Fig. 5. It
also seems to reproduce the indicated weak maximum
around xBAl & 0.6.

In contrast to Laty et al. [10], we did not find any evi-
dence for positive values of cT and no evidence for positive
cT was reported by Eremenko either [9]. The reason for this
discrepancy is probably that the electromagnetic levitation
technique provides an environment in which contamination
of the sample due to direct contact with solid surfaces is
avoided. On the other hand it is well known that traces of
impurities such as oxygen can lead to a typical temperature
behaviour of cwith cT > 0 below a certain temperature [32].

Figure 6 shows segregation profiles, xðnÞAl versus xBAl, calcu-
lated from the Butler equation, and the multilayer model. Gen-
erally, segregation of aluminium in the topmost monolayer,
xð1ÞAl ‡ xBAl, is found. With increasing xBAl, x

ð1Þ
Al increases strongly

and becomes larger than 0.8 even for moderate bulk concen-
trations of xBAl ‡ 0.5. The Butler and the multilayer model pre-
dict both the same segregation behaviour in xð1ÞAl , where for
xBAl < 0.6 the mole fraction of aluminium in the surface mono-
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Fig. 4. Surface tension data versus aluminium bulk mole fraction, xBAl
interpolated for each dataset from Eq. (5) for 1375 K (solid squares).
The value for pure Al was taken from Ref. [6]. Shown for comparison
are values from Ref. [10] measured by means of the sessile drop (trian-
gles) and maximum bubble pressure techniques (circles) as well as cal-
culations for the Butler equation (dashed line) and the multilayer mod-
el (solid line).

Fig. 5. Thermal coefficient cT versus xBAl (solid squares) for each data-
set. The value for pure Al was taken from Ref. [6]. Shown for compar-
ison are values from Ref. [10] measured by means of the sessile drop
(triangles) and maximum bubble pressure techniques (circles) as well
as calculations for the Butler equation (dashed line) and the multilayer
model (solid line).
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layer, xð1ÞAl , increases almost linearly with xBAl with a slope lar-
ger than 1.

It is a particular advantage of the multilayer model that in-
formation can be obtained on the composition of layers below
the surface. This is demonstrated in Fig. 6 for the first four
layers. In contrast to the top layer, the aluminium concentra-
tion is decreased in the second layer with respect to the bulk
composition: xð2ÞAl £ xBAl. The concentration of aluminium in
third layer is slightly increased again. The bulk concentration
is nearly reached in layers with n > 3. This behaviour is
further explored in Fig. 7 for Al40Cu60 at 1375 K and
1175 K. The plot shows xðnÞAl as a function of the layer num-
ber n. As can be seen, the aluminium concentration oscillates
around its bulk value in the surface near region. The effect is
slightly increased at 1175 K. These oscillations are caused by
the attractive interaction between unlike atoms: as aluminium
segregates to the surface, a surplus of copper in the second
layer will energetically be favoured due to the negative excess
enthalpy. Such a chemical layering, already known from solid
surfaces [42, 43], is just one feature of a surface or interface
induced order in the liquid. The overall result of these findings
is an additional contribution to the surface entropy. This is
probably also the reason why the prediction of the Butler
equation is not as accurate for cT as of the multilayer model
which at least takes chemical layering into account.

The shoulder in the surface tension data of Eremenko and
Laty, Fig. 4, has been interpreted as a sign of associate for-
mation, namely AlCu3, in the melt [9, 10]. On the basis of
the experimental data of the present work such a shoulder
is not evident. In addition, the Butler equation and the mul-
tilayer model describe the experimental findings correctly
without including associate formation. In addition, review-
ing the thermodynamics of liquid Al–Cu alloys shows no
evidence for associate formation near 75 at.% Cu. A neces-
sary condition of short range order, no matter whether it is
described by the associate model, quasi-chemical model
etc, is a kink or at least strong curvature at the correspond-
ing composition in the enthalpy of mixing curve. The com-
piled experimental data [24] show nothing like that.

Hence, it can be concluded that associate formation, if it
takes place in liquid Al–Cu alloys at all, can be ignored for
the description of the surface tension data of this particular
system.

5. Conclusions

Precise surface tension data have been measured for liquid
Al–Cu alloys for the entire range of composition. Measure-
ments were performed in a broad temperature range and lin-
ear temperature dependence was observed for all composi-
tions. Moreover, c decreases monotonically with xBAl.

There is a reasonably good agreement with results of ear-
lier data; however, reported indications of associate forma-
tion could not be confirmed. Instead, we found good agree-
ment with the Butler and the multilayer models, both based
on the subregular solution approximation. In addition, the
multilayer model was also capable of correctly describing
the thermal coefficient of the surface tension.

Both models predict the same moderate segregation
behaviour of aluminium at the surface. In addition, the multi-
layer model indicates that a chemical layering takes place
with an oscillatory segregation profile vertical to the surface.
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