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ABSTRACT The complex method of glass covering, salt denucleating and multiple superheating cooling

has been successfully applied to undercool the melt of a bulk AFMn-(Si, B) alloy and initiate quasicrystalline

phase at an undercooling of 100 K. Growth morphologies of the quasicrystalline phase were characterized by

using scanning electron microscopy ( SEM) and transmission electron microscopy ( TEM). SEM and TEM

imagies indicate 5fold and 3-fold symmetric faceting dendrites, and dendrite elements and polyhedron parti-

cles, respectively. The constitution level and relation to m3 5 point group symmetry of growth morphology for

the undercooled quasicrystalline phase have been reported for the first time.
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1 INTRODUCTION

In 1984, Shechtman et al''! firstly reported
that they had found the icosahedral quasr
crystalline phase in an AFMn alloy. From then
on, the rapidly quenched AFTM (TM = transr
tion metals) alloys have been widely studied.
The additions of non transition metals have been
proved to be able to improve the microstructure
and stability of the icosahedral phase in rapidly
quenched AFMirX alloys such as AFMurSil?
and AFM B! alloys. The icosahedral qua
sicrystalline phase has m3 5 point group symme-
try and fast 5fold and 3-fold growth direc
tions'* 1,

Limited by heat conduction, only low-
dimensional quasicrystalline alloys can be pro-
duced by rapid quenching, while the thermo
dynamic undercooling caused by melt purification
is not limited by volume in principle, the high
undercooling rapid solidification can be used to
Chen et
al'! prepared a d6 mm single icosahedral phase
ball of A165Cu20Fel5 alloy through multiple su-

perheating cooling purification of the alloy in a

produce bulk quasicrystalline alloys.

quartz tube heated by a high frequency induction
heater, and studied the solidification mechanism
and formation ability of the icosahedral phase un-
der high undercooling conditions. Herlach
et al'”' obtained a bulk Al58Cu34Fe8 alloy of
d7 mm by containerless electromagnetic levita
tion method and studied the preferred nucleation
mechanism of the icosahedral phase. However,
no reports can be found about the relation of the
new growth morphology of the highly under
cooled icosahedral phase and its m3 5 point group
symmetry.

The authors of this paper adopted the com-
plex method of glass covering, salt denucleating
and multiple superheating-cooling method to deal
with an AFMn binary alloy, prepared a bulk
AFMm(Si, B) icosahedral alloy by high under-
cooling, and placed the emphasis on the relation
of the new growth morphology of the under
cooled icosahedral phase and its m3 5 point group
symmetry.

2 EXPERIMENTAL

The master alloy was prepared by induction
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melting of 99. 999% Al and 99. 7% Mn covered
with B2O3 particles in a quartz tube in air. The
mixture of the master alloy and the specially
made salt was contained in a quartz tube to be
remelted and purified by using the multiple
superheating-cooling method, then a d 15 mm %
70 mm sample was obtained. The composition
analysis of the remelted and purified alloy was
performed using a spectrophotometer with a pre-
cision of 0. 005% . Highrprecision SCIT infrared
radiation pyrometer was used to moniter the
temperature change of specimens with time. The
microstrceture and phase composition were char
acterized by TEM and SEM equipped with
EDX. In addition, differential thermal analyzer
(DTA) was adopted to determine the liquidus
and transition temperature of the alloy ( heating
rate: 20K/ min) .

3 RESULTS AND DISCUSSION

3.1 Alloy composition and analysis

The chemical composition of the studied al-
loy is AF27. 6M n-4. 6Sr0. 008B. It can be seen
that Si and B are introduced by chemical reaction
in the melting process, and that the ratio of Si/ B
is very large. The circumstances are caused by
the following reactions among the aluminum al-
loy melt, the quartz tube and the covering &

gent:
4A1+ 3Si0, —2A1,03+ 3[ Si] (1)
2Al+ B,03 — AL O3+ 2[ B] (2)
4] B] + 3Si0, —2B,03+ 3[ Si] (3)

After remelting and salt denucleating, the
content of Si in the alloy will increase continu-
ously through reaction (1), but the deoxidizing
product Al,O3 will be effectively removed by the
specially made salt, accordingly the melt is purr
fied as expected, and a bulk AFM r( Si, B) alloy
with bright surface is obtained. Therefore,
through the alloying of the directly added ele
ments Al and Mn and the indirectly added ele
ments Si and B, the alloys of expected elements
can be inrsitu prepared, but the contents of the
elements cannot be controlled strictly yet, which
is due to the fact that the contents of Si and B
introduced by chemical reactions are related with
the melting process.

3.2 OQOutward appearance of bulk quasicrystal-
line alloy

Fig. 1 shows the outward appearance of a
bulk AFMr( Si, B) quasicrystalline alloy pre
pared by high undercooling. The surface of the
sample is bright and pollutiorrfree. Brittle frac
ture occurs about half length of the rod, and the
angle between the fracture surface and the center
line is about 32°. The sample rod is 15mm in dir
ameter and 70mm in length, which is the largest

reported at home and abroad!”

Fig. 1

Outward appearance of bulk
AFMnr (Si, B) quasicrystalline alloy

3.3 Growth morphologies of undercooled
quasicrystalline phase

Fig. 2 shows the temperature vs time curve
of AFM - ( Si, B) alloy in the solidification pro-
cess. The differential temperature analysis
(DTA) curve of this alloy is given in the left
lower side of Fig. 2, and the T temperature can
be determined from the DTA curve. The TEM
diffraction pattern is also given in the right upper
side of Fig. 2, which shows the existence of the
quasicrystalline phase. Because there will never
occur 5 fold rotational symmetric diffraction pat-
terns in any single crystals, it is used as an im-
portant evidence to identify the quasicrystalline
phase. It can be seen from Fig. 2 that there oc
curs undercooling in the melt below the liquidus
temperature of the quasicrystalline phase ( 7=
1293K), and there initiates nuclei at 7' y= 1193
K. Therefore, the undercooling in the specimen
is AT= Tp- Ty= 100K.

Figs.3(a) and (b) show the SEM micro-
graphs of the growth morphologies of the
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Fig. 2 Temperature vs time curve, TEM diffraction pattern and DTA
curve of bulk AFMnr ( Si, B) quasicrystalline alloy
quasicrystalline  phase.  The quasicrystalline each vertex and the center is a 5 fold rotational

phase has been imbedded into the Al phase,
which shows that the quasicrystalline phase first
nucleates in the melt, and then the crystalline
phase mucleates and grows.

Additionally, the quasicrystalline phase pre-
ferrably grows into symmetric dendrites and each
dendrite is surrounded by facets, thus the qua
sicrystalline phase presents symmetric faceted
dendritic morphology. EDX analysis indicates
that the composition of the quasicrystalline phase
is AI38Mn6Si and no B element is detected be
cause its content is below the lower limit of the
measurement apparatus.

The quasicrystalline structure has 5fold, 3
fold and 2-fold rotational symmetries, its point
group symbol is m3 5, which does not helong to
any of the 32 Bravis crystal point groups. A reg-
ular icosahedron has 12 vertexes, the link line of

symmetric axis, and the angles between neigh-
houring link lines are 63. 43°. If the fast growth
directions are along the link lines, then starlike
grains will be obtained. Different morphologies
will be observed if a quasicrystalline grain is cut
off along different highly symmetric axes. Fig. 3
(¢) is a schematic diagram of a grain which
grows in the link line directions, i.e. an eleva
tional drawing observed along a 5-fold zone axis.
This figure is the result of the overlapping of two
Sfold symmetric faceted dendrites. If a grain is
cut perpendicular to a 5fold zone axis at two
sides of the grain center, one will see a 5fold
symmetric morphology as shown in Fig. 3(a).
Fig. 3(d) is a schematic diagram of an elevation-
al drawing observed along a 3fold, which is the
result of the overlapping of two 3-fold symmetric
faceted dendrites. If a grain is cut perpendicular
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to a 3fold zone axis far from or near the grain
center, then 3 or 6 dendritic arms will be ob-
served respectively. Fig. 3(b) is a morphology of
the latter case. Therefore, the growth mor
phologies of the undercooled quasicrystalline
phase are 5-fold or 3-fold faceted dendrites, and
have the same m3 5 point group symmetry as the
quasicrystalline structure. These unique growth
morphologies of the quasicrystalline phase can
describe its specific characteristics and are also
determined by the structure. lcosahedral grains
of similar morphologies have been reported in
Al17M ' and Ti62Fe27Mn8. 5Si2.5 alloys.
But there is an obvious difference between the
morphologies of the two former alloys and those
observed by the authors; for the two formers,

their 5fold or 3fold morphologies are five or
three dendritic arms appropriately spaced around
a vacant center, while for the undercooled
AFMr (Si, B) alloy, its 5fold or 3fold mor
phologies are five or three faceted dendritic arms
appropriately spaced around a solid center. This
difference in morphology between the under-
cooled quasicrystalline phase and the rapidly
quenched phase is caused by the differences of
solidification conditions and compositions.

The substructures of the quasicrystalline
phase can be further studied by high resolution
TEM. Fig. 4 shows the bright field morpholo-
gies of the quasicrystalline phase. The low-
magnification morphology in Fig. 4 (a) shows
that there are no obvious primary and secondary

Fig. 3 SEM micrographs of quasicrystalline grains observed along
5-fold zone axis (a) and corresponding schematic ( ¢) and along 3-fold zone axis (b)
and corresponding schematic ( d)
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Fig. 4 TEM morphologies of quasicrystalline phase

(a) —Low-magnification morphology of dendritic element;

(b) —Highr magnification morphology of polyhedron particles in dendrite element

axes and the dendrites are not perpendicular to
each other, in fact, dense tassellike shapes are
observed, whose widths are about 8 ¥m. Consid-
ering the sizes of the quasicrystalline phase grains
in Figs. 3(a) and (b), it can be concluded that
the quasicrystalline phase grains consist of many
tasseklike crystals or dendritic elements. The
highrmagnification morphology in Fig. 4 (b)
shows that each dendritic element is also com-
posed of many polyhedron particles with a size of
about 0. 2Hm. Dubost et al'”! indicated that the
growth morphology of the AlgCuliz icosahedral
phase is dendritic polymers which are composed
of triacontahedrons packed in the same direc
tions, and that the triacontahedrons are the basic
Penrose

units for three dimensional

ing“o’ m, Similarly, the faceted dendrites in

pack-

the AlgsCupgFers icosahedral phase are composed
of dodecahedrons. However, the types and con-
necting modes of the polyhedrons found in this
work needs further determination.

4 CONCLUSIONS

(1) The complex method of glass covering,
salt denucleating and multiple superheating
cooling was applied to deal with the AFMn bina
ry alloy, and a bulk AFMn-(Si, B) quasicrystal
line alloy was produced through high undercool
ing. The Si and B elements were introduced by
chemical reactions in the melting process.

(2) The growth morphologies of the under-
cooled quasicrystalline phase are 5fold or 3-fold
symmetric faceted dendrites and have the same
m3 5 point group symmetry as the quasicrystal-
line structure.

(3) The quasicrystalline phase is composed
of dendrite elements and the latters are composed
of polyhedron particles.
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