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GROWTH AND SHAPES IN QUASICRYSTALS

An-Pang Tsai and Tsuyoshi Masumoto

Institute for Materials Research, Tohoku University,
Sendai 980, Japan

The discovery of a quasicrystal[l] with icosahedral
symmetry has attracted great interest not only for
physicist or mathematician but also for architect and
artist. study on equilibrium morphology of non-period-
ic system is possible since the discoveries of a series
of stable quasicrystals. A material revealing a atomic
structure with icosahedral symmetry is expected to see a
morphological shape reflecting its atomic structure.
To date, three kinds of morphology with icosahedral
symmetry have been observed in quasicrystalline alloysj
a rhombic triacontahedron for an AI 6CU1Li 3[2], a pentag-
onal dodecahedron for an Al 65Cu20Fe 5[3] and global
shape for an AI75cu15VIO[4]. The trlacontahedron with
30 diamond faces, 32 vertices and 60 edges in a solidi-
fied AI-Cu-Li alloy, can be constructed by two kinds of
rhombohedronj a prolate and an oblate, corresponding
to the atomic cluster of quasicrystalline AI-Cu-Li
structure. The triacontahedral atomic cluster with a
size of few nm can be grown to the size as large as a
mm order by an inflation operation of the rhombohedral
units. There is a very reasonable relation between the
atomic structure and morphology for this quasicrystal-
line alloy. On the other hand, although the AI-Cu-Fe
alloy reveal a beautiful pentagonal dodecahedron, it is
still unclear that how to grow a mm sized pentagonal
dodecahedron from its atomic cluster. The atomic
structures of the AI-Cu-Li and the AI-Cu-Fe quasicrys-
talline alloy are described by three dimensional Penrose
tiling constructed by two kinds of rhombohedral unit
with different atomic decoration which build up differ-
ent fundamental atomic clusterj a triacontahedron for
the former and a Mackay icosahedron for the latter.
The quasicrystalline AI-Cu-V alloy seems to be described
by the icosahedral glass model. The icosahedral glass
model relies on local interaction to join clusters of
atoms in a somewhat random way. In this model, all the
clusters have the same orientation, but because of
random growth the structure contains many defects. The
icosahedral glass model is sui table for quasicrystal-
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line Al-Cu-V in two ways. First, it removes the neces-
si ty of arcane matching rules and gives a plausible
explanation the growth of quasicrystal from the amor-
phous pha!?e. Second, the disorder introduced through
randomness closely mimics that evidence"d by peak boar-
dening of the diffraction peaks in AI-Cu-V quasicrys-
tals. Ingrowth process, it reveals a global shape
without significant facet.

In view of the growth condition we note that quasi-
crystal could be formed from melt, amorphous and crys-
talline, respectively reveal outlooks of pentagonal
dodecahedron, star polyhedron and global shape. The
shape is very sensitive to the environmental factors
such as temperature and composition fluctuation of the
parent phase. We shall discuss the facets of quasi-
crystal by taking the structural model and the growth
conditions into account.
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