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ABSTRACT The structure of Aly;;CujoFey Tiy; alloy powders has been studied by transmission
electron microscope (TEM). In the specimens heated at 800 'C, decagonal quasicrystalline phase (T
phase) and Al solid solution polycrystals have been found. Moreover, two cubic phases and one hexago-
nal phase have also been found and determined. One cubic phase (F) belongs to FCC lattice with a =
1. 15nm, the other cubic phase (B) belongs to BCC lattice witha =0. 86 nm. The hexagonal phase ( H )

belongs to hexagonal lattice with a =0. 74nm and ¢ =0. 48 nm.
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1 INTRODUCTION

Since the historical discovery of the icosa-
hedral quasicrystalline phase in the rapidly so-
lidified AlI-Mn alloy by Shechtman et all'*?,
many quasicrystalline alloy systems have been
found. For example, Ti-Ni-V, Pd-U-Si, Al-
Mn-Si, Al-Li-Cu, Ga-Mg-Zn, Fe-Ti, Ni-Ti,
Al-Cu-Fe and Al-Cu-Co quasicrystalline alloy
systems have been exploited? '*1, In order to
further expand quasicrystalline alloy system,
Chen et al'? proposed a method to prepare
multicomponent quasicrystalline alloys accord-
ing to the composition additive principle and
prepared Al-Cu-Fe-Cr, Al-Cu-Fe-Mn and Al-
Cu-Fe-Cr-Mn quasicrystalline alloy powders.
Xiao et al''® found that the rapidly solidified
AlCuFeTi, AIMnNiTi, AlMnMgZn, Al-
CuFeMg and AlCuFeMgZn alloy powders can
turn to quasicrystals after heat treatment.
The purpose of this paper is to study the
structure of Al;;Cu,oFe,, Tis; alloy powders by
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TEM and to present some new results.
2 EXPERIMENTAL

An Al;;CuyoFe,, Tiy; (alloy mole fraction)
was prepared from 99% pure starting materi-
als. Rapidly solidified alloy powders were
then produced with a RS device developed by
Chen et al'®), The powders obtained have an
average particle size of about 15 pm and their
cooling rates are estimated to be 10°~10" K/
s. In order to get quasicrystals, some powders
were heat-treated isothermally for 1 h at
800 ‘C. The powders were uniformly dis-
persed on the copper grids covered by holey
carbon films for TEM (H-800) observation.

3 RESULTS AND DISCUSSION
In the specimens heated at 800 'C, a kind

of powder in which there are little granules is
observed. Figs. 1 a, b show the bright field
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image and the electron diffraction pattern of
the powder. It is obvious that the electron
diffraction pattern is composed of polycrys-
talline rings and diffraction spots. The d val-
ues corresponding to the polycrystalline rings
are 0. 24, 0. 20 and 0. 14 nm respectively,
which are equal to the spacings of the {111},
{200} and {220} planes of Al solid solution
( FCC lattice, a =0. 409 9nm), respectively.
Therefore, the polycrystalline rings are
caused by Al solid solution polycrystals. The

diffraction spots in Fig.1b are the pseudo-
five-fold electron diffraction pattern of the
decagonal quasicrystalline phase (7' phase),
which indicates that the diffraction spots are
caused by the T" phase. Fig. 2 is the dark field
image formed with the {200} ring of the
polycrystals. It shows that the little granules
in the powder correspond to the polycrys-
talline rings. That is to say, the little gran-
ules in the powder are Al solid solution pol-
yerystals. Therefore, the powder in Fig. la

Fig. 1

Bright field image(a) and electron diffraction pattern (b) of the powder with

the 7" phase and the Al solid solution for the specimen heated at 800 C

Fig. 2 Dark field image formed
with the {200} ring of the Al
solid solution polycrystals

Fig. 3 Electron diffraction pattern
of the 7" phase taken
along two-fold direction
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consists of Al solid solution and T phase. Fig.
3 is the two-fold electron diffraction pattern of
T phase taken from the powder without Al
solid solution polycrystals, which further ver-
ifies the existence of the T phase. In addition
to the Al solid solution and the T phase, an-
other kind of powder is observed. Figs. 4a,b
show the bright field image and the dark field
image of the powder, respectively. By tilting
the powder, many electron diffraction pat-
terns can be obtained. Fig. 5 shows four pieces
of electron diffraction patterns, in which, a,
b, c and d contain the same row of diffraction
spots and are indexed along the [110]" direc-
tion. The rotated angles from a to &, ¢, and d
are 25.2°, 54.7° and 90°, respectively. From
these electron diffraction patterns, the recip-
rocal space can be constructed as shown in
Fig. 6. It is obvious that there are two recipro-
cal unit cells. One reciprocal unit cell is the
BCC reciprocal unit cell. The real unit cell
corresponding to this reciprocal unit cell is
FCC unit cell witha = 1. 15nm. We name it
the F phase. The other reciprocal unit cell is
the FCC reciprocal unit cell. The real unit cell
corresponding to this reciprocal unit cell is
BCC unit cell with @ =0. 86 nm. We name it
the B phase. The electron diffraction patterns
in Fig. 5 can be therefore indexed as the
L0017, [113], [111] and [110] electron
diffraction patterns of the F phase and the B
phase, respectively. The dark field image in
Fig. 4b is obtained with the 422, diffraction
spot, which confirms that the powder is com-
posed of the F phase and the B phase. In fact,
the F phase and the B phase often exist togeth-
er and the same electron diffraction patterns
with those of Fig. 5 can be obtained by tilting
the specimens. This indicates that there is
steady orientation relationship between the F
phase and the B phase. From Fig. 5 and Fig.
6, the orientation relationship between the F
phase and the B phase can be determined as;

[100]r // [100]s

[010]r // [0107e

(0017 // [001]s

In the specimens heated at 800 'C, we

still observe a kind of powder as shown in
Fig. 7. By tilting the specimen, a number of
electron diffraction patterns can be obtained.
Fig. 8a~c are three pieces of electron diffrac-
tion patterns containing the same dense row of
diffraction spots (indexed as the [110]" direc-
tion). The rotated angles froma to & and c are
26. 9° and 36. 9° respectively. From these da-
ta, a hexagonal reciprocal unit cell can be con-
structed as shown in Fig. 8d. The real unit
cell corresponding to this reciprocal unit cell is
a hexagonal unit cell witha =0. 74nm and ¢ =
0. 48 nm. We name this phase the H phase.
According to the lattice data of the H phase,
the electron diffraction patterns in Fig. 8 can
be indexed as the [001], [113] and [112]
electron diffraction patterns of the H phase,
respectively. In fact, in the rapidly solidified
Al;; CuyoFey, Tiy; alloy powders, the Al solid
solution, the F phase, the B phase and the H
phase are all observed. In addition, the amor-
phous powders are observed. Figs. 9 a, b are
the bright field image and the electron diffrac-
tion pattern of the amorphous powder in the
rapidly solidified specimens. Because the
amorphous vanishes when the specimens are
heated to 800 C and the morphology of the
amorphous is similar to that of the T phase ex-
cept little granules of the Al solid solution, we
therefore think that the amorphous may trans-
form into the T phase and the Al solid solution
when the specimens are heated to 800 ‘C. Fur-
ther studies on the composition of the T
phase, the Al solid solution, the F phase, the
B phase and the H phase and the relationship
between these phases will be done afterwards.

4 CONCLUSIONS

(1) In the specimens heated at 800 C,
the T phase and the Al solid solution are ob-
served and they may be transformed from the
amorphous in the rapidly solidified specimens.

(2) Two cubic phases are found and de-
termined. Cubic phase F belongs to FCC lat-
tice with @ =1. 15 nm, cubic phase B belongs
to BCC lattice with a =0. 86 nm.
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Fig. 4 Morphology of the F phase and the B phase
(a)—Bright field image; (b)- -Dark field image formed with the 422 diffraction spot

Fig.5 Electron diffraction patterns of the F phase and the B phase
(a)—[001]s (b)—[113]s (&) - (11104 (> [T10]
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[001]*

[100]"

Fig. 6 Reciprocal space of the F phase
and the B phase
(O the F phase; @—the B phase Fig. 7 Bright field image of the H phase

Fig. 8 Electron diffraction patterns and reciprocal unit cell of the H phase
(ay [0017; (b)--[113]; (e -[112]; (d)—reciprocal unit cell




Fig. 9 Bright field image (a) and electron diffraction pattern
(b) of the amorphous in the rapidly solidified specimen

(3) A hexagonal phase is found and de-

termined. It belongs to hexagonal lattice with
a =0.74nm and ¢ =0. 48 nm.
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