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This study focuses mainly on the veri�cation of a peritectic reaction during the crystallization of quasicrystals.
The β and λ phases apparently provide the necessary material for crystallization of the quasicrystalline ψ phase.
We present results of an experimental visualization of the evolution of the �ux dissolution process of the high
temperature β phase. Solidi�ed droplets of the β phase, formed primarily by the surface tension of the liquid
within a bubble or a shrinkage, after crumbling during the �ux dissolution may contribute to the quasicrystal
formation process according to a peritectic reaction: βc + λ + L → ψ, where βc denotes the crumbled β phase
immersed in the liquid.
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1. Introduction

According to a common view, icosahedral as well as
decagonal quasicrystals form within a peritectic reac-
tion between the liquid phase and certain high tempera-
ture phases. Below the peritectic temperature the quasi-
-crystal coexists with the liquid phase.
In the case of icosahedral quasicrystals of the Al�Cu�Fe

system two high temperature phases take part in the re-
action, namely a cubic β phase and a monoclinic λ phase
[1�3]. Additionally, as a result of the peritectic transi-
tion, a tetragonal ω phase is formed in the system [4]; it
was observed in a single crystal form [5]. Peritectic phase
transformations were found to have a common feature �
major consumption of the CsCl-type cubic β phase [6].
However, the details of this �consumption� have not yet
been explained.
Ishimasa and Mori [7] noted that quasicrystalline grain

growth seemed to be associated with the formation of liq-
uid during the annealing treatment above the peritectic
temperature. A grain growth was not observed when no
annealing at a lower temperature took place, suggesting
that both the formation of a liquid and annealing below
the peritectic temperature was necessary for the growth
of the ψ phase grains.
Lograsso et al. [8] also stressed that both the

macrostructure and microstructure of the as-grown ψ
phase grains provide an indirect evidence of the pres-
ence of a liquid at the growth temperature as the �vefold
faceting of grains must result from contact with a liquid
phase. In their opinion, the liquid forms at the growth
temperature as a result of passing from the single-phase
ψ �eld into one of two phases (ψ + liquid).
This paper deals with the subsequent stages of �ux dis-

solution morphology of a high temperature single crys-
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talline cubic β phase. An evident gradual �ux dissolution
process of the β phase provides material for formation of
the quasicrystalline ψ phase. The crystallization process
of the ψ phase is discussed in view of a peritectic reac-
tion of the crumbled β phase immersed in the liquid. The
reaction is apparently di�erent from a classic peritectic
reaction since the quasicrystals have facetted equilibrium
shapes.

2. Experimental details

Equilibrium growth forms of the β phase were formed
in ingots of an Al�Cu�Fe alloy, for which the nom-
inal composition was 65 at.% Al, 20 at.% Cu and
15 at.% Fe. The ingots of total mass of approximately
40 g, 15 mm in diameter and 60 mm high, were sharp-
ened at the bottom. The specimens were synthesized
in a helium atmosphere inside alumina crucibles starting
from 99.997% pure Al, 99.9% pure Cu and 99.98% Fe us-
ing the Bridgman�Czochralski growth (BCG) apparatus
equipped with an induction furnace. The initial tem-
perature of the melt was increased up to 1550 ◦C and
the crystallization rate during the Bridgman directional
crystallization was 6 mm/h resulting in an approximate
cooling rate of 1.3 ◦C/min. Single crystal grains have
crystallized in the melt or were subject to the �ux disso-
lution until the melt has been removed by the solidi�ca-
tion shrinkage. The ingot was crushed into several pieces
and di�erent growth forms previously closed inside cavi-
ties and pores were subject to the investigation of growth
morphology by the scanning electron microscopy (SEM)
using primary and secondary electrons. The selected area
di�raction (SAD) as well as the X-ray powder di�raction
con�rmed the phase identi�cation of the predicted phase
composition in the Al�Cu�Fe system.

3. Results

After crushing the ingots into several pieces various
growth forms previously closed inside cavities and pores
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were observed by the SEM. Droplets of the β phase
formed primarily by the surface tension of liquid within
a bubble or shrinkage hollow (cavity) solidi�ed in their
initial liquid shape (Fig. 1a�c). Facetted single quasicrys-
tals of the ψ phase are observed in the vicinity of single
crystalline β phase droplets (Fig. 1d).

Fig. 1. Droplet-like morphology of the high temper-
ature β phase revealed inside shrinkage cavities of
the ingot (a, b, c) and polyhedral single quasicrystals
(ψ phase) emerging from the melt (d).

Fig. 2. Initial stage of the �ux dissolution of the high
temperature β phase.

The �rst stage of the �ux dissolution process of the
β phase reveals tiny concentric circular steps visible on
single crystalline droplets (Fig. 2).
In an advanced stage of the �ux dissolution process of

the β phase more concentric rings as well as more steps
develop (Fig. 3). The arrangement of steps within one set
of concentric rings reveals the local symmetry of a droplet
as the rings transform into polygons � hexagons or oc-
tagons revealing threefold or fourfold symmetry axes, re-
spectively (Fig. 4). Also a twofold symmetry axis can

Fig. 3. Morphology of the β phase droplets after an
advanced �ux dissolution process.

Fig. 4. Final observed stages of the �ux dissolution
of the single crystalline β phase; (a, b) terraces visible
on solidi�ed droplets and (c, d) terraces revealed on a
waved surface.

be found. The observed unique long terraces are formed
by low index crystallographic planes like (100), (110), or
(111). The width (W ) of terraces is up to 2.5 µm whereas
well de�ned terrace steps are about 0.1 µm up to 0.3 µm
high and their height (H) also di�ers (Fig. 4c,d). The
surface of terrace steps is irregular, waved and usually
inclined to the �at terraces. The dissolution process ap-
parently is realized by removing small fragments of steps
resulting in a wavy surface of the steps. The contrast
between the terrace width and its height results from the
dissolution rate, which is higher along the direction per-
pendicular to the terrace step (Fig. 4c).

4. Conclusion

Our experimental results show a gradual dissolution
process (rather than contamination) of the β phase. This
plays a crucial role during subsequent crystallization.
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Facetted equilibrium shapes of quasicrystals are formed
by a peritectic reaction. Well de�ned steps of terraces
approximately 0.2 µm high revealed in the �nal stage of
dissolution show that the dissolution process does not oc-
cur atom by atom. The liquid is continuously enriched
by a permanent dissolution of the β phase.
These observations are not su�cient to describe in de-

tail a formation mechanism for equilibrium shapes of qua-
sicrystals within a peritectic reaction. However, crum-
bled fragments of β phase may catalyse a classic peritec-
tic reaction (between the melt and the β phase) produc-
ing quasicrystalline ledges. Gastaldi et al. [9] during a
synchrotron in situ observation concluded that the pro-
cess of facetted growth of Al�Mn�Pd quasicrystal is pro-
ceeding by a lateral motion of ledges at the solid�melt
interface and is controlled by the interface kinetics.
Quasicrystals exhibiting facetted equilibrium shapes

are apparently formed by a modi�ed peritectic reaction
βc + λ+L→ ψ, where βc denotes the crumbled β phase
immersed in the liquid. On a macro scale the crystalliza-
tion process is analogous to the �ux technique of crystal
growth resulting in facetted single crystals.
The crystallisation process including the peritectic re-

action has a local character as the observed stable poly-
hedral growth forms can be explained by the Scheil�
Gulliver approach to a non-equilibrium solidi�cation.
This approach approximates a non-equilibrium solidi�-
cation by assuming a local equilibrium of the advancing
solidi�cation front at the solid�liquid interface [10].
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