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Introduction

Under certain alloying conditions, quasicrystals have been demonstrated to
appear as nano-precipitates in aluminium alloys [1]. In addition to these
exotic structures, crystalline approximant phases with similar compositions
may appear in the very same systems. The approximants accommodate local
icosahedral coordination, giving rise to pseudo-fivefold symmetric diffraction
patterns when viewed along given irrational crystal directions [2]. In principle,
the distinction between quasicrystalline and approximant diffraction patterns
is sharply defined. However, in dealing with experimental data — especially
from nano-sized precipitates — the difference is not necessarily obvious. In the
following, we utilize scanning precession electron diffraction (SPED) in
mapping out fivefold and pseudo-fivefold symmetries in selected material
systems and discuss the designation of quasicrystalline precipitates based on
diffraction data alone.

Methods

Four model systems were selected for the investigations: A powder of
quasicrystalline AlCuFe, a modified 6082 aluminium alloy containing
dispersoids of the a-AlFeSi approximant phase, an AIMgCuAg alloy, and a
sample of this same alloy which was rapidly solidified though melt-spinning. A
JEOL JEM-2100F transmission electron microscope equipped with a
NanoMegas precession system and a Quantum detectors Merlin direct
electron detector was used in the acquisition of the diffraction data. Data
analysis was carried out using the PyXem python library [3].

Results and discussion

The quasicrystalline AlCuFe powder contained particles with large grains with
a seeming lack of defects, producing dense fivefold symmetric diffraction
patterns. The melt-spun AIMgCuAg was found to contain ~100 nm sized
quasicrystalline particles, without any immediately obvious orientation
relationships to the Al matrix. Diffraction patterns obtained from these
particles were less dense than those from the large-grained AlCuFe sample,
although a diffraction tilt-series confirmed their quasicrystallinity. Several
different phases were present in the heat treated AIMgCuAg samples, some
of which exhibited approximate fivefold rotation symmetries. The particles in
guestion were sparsely distributed in the sample, and ~5 nm in diameter.
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Figure 1 (a) shows a precession electron diffraction (PED) pattern obtained
through SPED from a particle of interest in the heat treated AIMgCuAg alloy.
The diffraction pattern exhibits approximate fivefold rotational symmetry,
and sets of reflections fall onto rings with relative spacings which are roughly
multiples of the golden mean t=(1+V5)/2. The same diffraction pattern is
shown in (b), represented in polar coordinates. Here, the first-order ring is
clearly discernible.

Figures 1 (c) and (d ) show electron diffraction patterns from particles found
in the melt-spun AIMgCuAg sample and quasicrystalline AlCuFe particles,
respectively. Both patterns exhibit a striking tenfold rotational symmetry,
though it is noted that the patterns obtained from the — comparatively small -
particles present in the melt-spun AIMgCuAg are considerably less dense
than those acquired from the large-grained quasicrystalline AICuFe powder.

The classification of presumably quasicrystalline nano-precipitates in
aluminium solely by employment of (S)PED is non-trivial. However, we were
able to designate these small particles as quasicrystals up to some tolerance.
SPED allows for simultaneously sufficient spatial resolution and field of view
to record the sparsely distributed ~5 nm precipitates in the AICuMgAg sample
and show that they are essentially quasicrystalline. Especially, as may be seen
in Figure 1 (a), the quasicrystallinity of these particles dominate in the low-
resolution domain of the diffraction pattern, hinting at long-range icosahedral
ordering.

Complementary diffraction techniques, such as combining SPED with rotation
electron diffraction, may help to further improve the accuracy of quasicrystal
identification in complex sample systems. As such, it is possible to envision a
fast and accurate routine for the mapping of quasicrystalline precipitates over
relatively large projected regions — greatly aiding the study of the nucleation
and growth of these exotic phases in metallic matrices.
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