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Letters

Superplastic Behaviour of a Splat Cooled
Al-17 wt % Cu Alloy

Al-Cu alloys near the eutectic composition
(33 wt 9 Cu) have shown a superplastic behav-
iour within a wide temperature range [1-3]. In
general, hot working or quenching from high
temperatures is used to get a superplastic
structure in such alloys. Independent of the
fabrication method two main characteristics are
required in order to obtain superplasticity: a
small equiaxed grain structure and a high
structural stability of the alloy at the test
temperature. A small grain size can be obtained
easily by splat cooling the molten material,
resulting in a very high solidification rate since
the heat is extracted rapidly by conduction
through a cool substrate [4]. Nucleation and
growth of the equilibrium phasescan be prevented
completely. New metastable phases and highly
supersaturated solid solutions can be formed. In
addition, large morphological modifications are
always obtained, resulting in a refined structure.
The necessary high structural stability at
clevated temperature is an intrinsic property of a
two phase mixture of equiaxed grains when the
two phases have a large difference in chemical
composition [5].

During the investigation of the mechanical
properties of binary Al-alloys, prepared by splat
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cooling, a hypo-eutectic composition Al-17 wt %,
Cu showed superplastic behaviour in tensile
tests. The foils suitable for mechanical tests were
obtained from small amounts of the liquid alloy
splat cooled between two copper plates. These
plates were moved against each other with high
speed, solidifying and deforming the drop of
liquid alloy between them [6].

The tests were performed with an INSTRON
machine at a constant cross head speed of
0.2 cm/min. The specimens were about 50 um
thick, 4 mm wide and had a gauge length of
7.2 mm. The test temperature was 400° C. The
specimens were heat-treated at this temperature
for about 3 h before applying the load. The total
elongation was 600 9. This value is impressive if
we consider that the tensile specimens cut from
the splat cooled foils were not perfectly sound
and smooth, but exhibited surface irregularities
and central cavities which could act as notches
and so affect the ductility. In addition, these large
elongations were obtained on tensile specimens
with a larger length to thickness ratio than have
standard samples for tensile tests. Such samples
generally show elongation to fracture values
smaller than the standard ones [7]. Experimental
evidence of this fact was shown by measuring the

“total elongation of specimens having the same

dimensions as the splat cooled samples which had
been cut from rolled and fully annealed strips of
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99.99 Al. Values about 209 less than those
reported in the literature [8] were obtained.
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Figure 1 Replica electron micrograph of a splat-cooled
Al-Cu alloy.

The microstructure of splat cooled foils, before
any heat or mechanical treatment, is shown in
fig. 1. It consists of very small equiaxed grains of
aluminium-rich solid solution supersaturated in
Cu and a precipitate of CuAl,. The grain size
varies from less than 1 pm up to about 10 um. In
some zones near the external surface of the foil
which has been in contact with the copper plates,
the grains were columnar and parallel to the
thermal gradient. The CuAl, phase has been
identified by X-rays and is present at the grain-
boundaries as a very fine precipitate and also
inside the larger grains. The lattice parameter of
the aluminium solid solution determined by X-ray
diffraction (Debye-Scherrer) is 4.039 A. Accord-
ing to [9], this value corresponds to a concentra-
tion of copper atoms slightly smaller than that at
the eutectic temperature.

After the high temperature deformation, the
structure was changed considerably. Coarsening
of the intermetallic had occurred and the struc-
ture consisted of a mixture of equiaxed grains of
the two equilibrium phases (fig. 2). It was not
possible to reveal grain-boundaries in the
aluminium phase on the total microsection, even
by heavy etching., X-ray back reflection did not
reveal any remarkable change in grain size
between the samples before and after defor-

mation. The lattice parameter of the aluminium
solid solution was now 4.046 A. corresponding to
the equilibrium concentration of copper atoms at
room temperature. The CuAl, grains were
smaller than those of the aluminium solid solu-
tionand were generally located at triple junctions.

Figure 2 Longitudinal section of tensile specimen of an
Al-Cu alloy after ~ 600%, elongation. Al solid solution is.
light. CuAl, is dark.

Splat cooled foils heat-treated under the same
conditions as those used for deformation (3 h at
400° C) revealed the same equiaxed grains two
phase structure.

It can be concluded that the splat cooling
technique is useful for the study of the super-
plastic behaviour by producing highly meta-
stable microstructures which can generate after
asimple heat-treatment, the structural conditions
for the occurrence of this interesting phenomenon
even in non-eutectic alloys.
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Czochralski-Type Crystal Growth in
Transverse Magnetic Fields

The present communication is a preliminary
report on single crystal growth from the melt in
the presence of transverse magnetic fields. To
our knowledge no experiments on this subject
have been reported in the open literature.

The Czochralski type crystal puller used in our
previous studies [1] was adopted to a 4 in. pole
gap electromagnet (see fig. 1). An infrared heat

shield (quartz tube coated on the inside with a
200 A gold film) was placed outside the furnace
to prevent over-heating of the magnet poles. Two
stainless steel sheathed and carbon-coated
thermocouples (0.020 in. o.d.) were introduced
through the hollow pulling shaft and kept at two
different positions about } in. from the seed; one
was immersed } in. in the melt (prior to crystal
pulling) whereas the other was 1 in. above the
melt. All experiments reported here were carried
out at 4000 gauss. It was found, however, that
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Figure 1 Schematic diagram of the Czochralski crystal puller adapted for the application of a transverse magnetic
field.
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