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ABSTRACT

Irreversible, pressure induced, quasicrystal-to-crystal transitions are observed for the first
time 1n melt spun alloys at 4.9 GPa for Al,;Mn,, and 9.3 GPa for Al Mn,, by monitoring
the clectrical resistivities of these alloys as a function of pressure. Electron difiraction and
Xx-ray measurements are used to show that these quasicrystalline phases have icosohedral
point group symmetry. The crystalline phases which appear at high pressures are 1dentified as
h.c.p. for Al,;Mn,, and orthorhombic for Al;;Mn,,.

INTRODUCTION

T HE discovery of icosohedral point group symmetry
In rapidly solidified alloys of aluminium and
manganese by Shechtman, Blech, Gratias and Cahn®
has lead to a series of papers on the remarkable
features of these alloys®. Some authors®™!! attribute
the five fold symmetry to the aperiodic quasicrystal
nature, whereas others have advocated a mulitple
twinning model?* 2, In this letter we report the first
observations of pressure induced quasicrystal-to-
crystal transitions in rapidly quenched Al-Mn alloys as
seen by monitoring the resistivities as a function of
pressure. We also present x-ray and clectron diffrac-
tion pictures of the alloys in relation to their structure.

Our principal results are as follows:— (1) Rapidly
quenched Al,g Mn,, exhibits five fold summetry si-
milar to those reported in Alg,Mn,, by various
authors whose findings we reproduce; (2) Al,;Mn,,
and Alg,Mn,, undergo irreversible pressure induced
quasicrystal-to-crystal transitions at 4.9 + 0.4 GPaand
9.3+ 0.8 GPa respectively; (3) Al,gMn,, crystailizes
into a hexagonal close packed structure like that of the

u phase in the Al-Mn alloys; Alg,Mn, , crystallizes into

an orthorhombic structure like that of Al;Mn; (4) The
resistivity of the samples rise gently with increasing
pressure below the transition but drop discontinuously
on the transition; (5) The quasicrystalline particles are
embedded in a matrix of aluminium and aluminium-
manganese crystalline alloys.

The Al-Mn alloy samples were prepared by melt
spinning the master alloy ingots prepared from high
purity (99.99 at. %) Al and Mn. The specimens were

subjected to quasi-hydrostatic pressures up to 13 GPa
using a Bridgman anvil apparatus'”, The electrical
resistance was measured in situ by a four lead tech-
nique. A Keithley Model 225 constant current source
and a Keithley Model 616 electrometer were used with
high purity copper leads. The resistivity at room
temperature and pressure was measured by the Van
der Pauw method. Specimens for transmission elec-
tron microscopy were prepared by the standard elec-
trochemical techniques. A JEM 200 CX ¢lectron
microscope was used. X-ray powder pictures were
taken with iron K, rad:ation.

Figure 1 shows the selected area electron diffraction
patterns of rapidly quenched Al,4Mn,,. The five-fold,
three-fold and two-fold axes characteristic of icoso-
hedral point group symmetry show up clearly. 1f the
sample is aligned so that the two fold pattern is
produced, then the three fold and the two fold patterns
are obtained by 37.4° and 58.3° rotations respectively.
We get similar patterns with rapidly quenchEd
AlggMn, . In agreement with earlier works.

Figure 2 shows the resistance of rapidly quenched
Al.gMn,, and Al Mn,, as a function of pressure.
The resistivities are normalized to their values at room
temperature and atmosphernic pressure (114 uQ2cm for
Al,gMn,, and 160 ) cm for Alg Mn, ). Weassociate
the dis-continuous jump in resistivity of Al,gMn,, at
4.9 GPa by a factor of nearly 30 and that of Al, MN, ,
at 9.3 GPa by a factor of 9 with a quasicrystal-1o-
crystal transition, though this has not been checked by
an in sitw measurement of the structure of the atloys.
However, the x-ray pictures of these alloys, as dis-
cussed below, before and after the application of
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Figure 1. Selected area electron diffraction pattern taken from a single icosahedral grain of rapidly quenched
Al,gMn,, sample. The characteristic 2-fold, 3-fold and 5-fold axes are shown.
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Figure 2. Plot of normalized resistivities of Al,gMn,,
and AlggMn,, samples against pressure. The lines
through the data points are drawn to guide the eye.

pressure indicate the presence of quasicrystal and
crystalline order respectively. The transition ia irrever-
sible, which 1s consistent with the hypothesis that the
quasicrystalline phase is metastable'?.

The resistivity of the alloys increases under pressure
up to the transition. In contrast the resistivity of the
crystalline phase is nearly constant. The initial icrease
of resistivity with increasing pressure is reminescent of
the behaviour of many metallic glasses'?®, where it is
conventional to use the Ziman-Faber theory to ac-
count for the behaviour. It is not clear to us that the
theory will work in quasicrystals whose band structure
is complicated. Further more, the quasicrystalline
fragments of 1-2 microns in size are embedded in a
matrix which will have shunting influence which 1is
difficult to estimate.

Figure 3 shows the x-ray powder diffractogram of
the pressure induced crystalline phase of Al,gMn,,
and AlgsMn,,. These were taken in a Philips x-ray
diffractometer with iron K _-radiation (4 = 1.9373 A).
The peaks are indexed. The Al,gMn,; crystallizes into
a h.cp. structure!® with a =1995A, c = 24.52A,
whereas the AlgcMn,, crystallizes into an ortho-
rhombic structure'’ with a = 6.50, b=7.55 and ¢
= 8.87 A. Both these structures are exactly the same as
those of stable phases of alloyed Al and Mn, namely
the u-phase in the case of Al,gMn,, and AlgMn in the
case of AlggMn, 4. In particular the (100), (300), (500)
etc lines are missing in the powder diffractogram of
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Figure 3. X-ray powder diffractogram of the stable
pressure induced crystalline phases of AlggMn,, and
Al;gMn,,. The lines are indexed using the known
structures of the equilibrium phases.

crystallized AlggMn,,, exactly as the situation for
Al.Mn, because the space group is C,,,. To the best of
our knowledge the space group of the p phase
corresponding to 22 at. % Mn in the Al-Mn phase
diagram is not known. Any excess aluminium in the
material has probably given lines which are buried 1n
the noise of the x-ray diffractogram signal.

The x-ray powder photographs of the quasicrystal-

line samples yield lines which correspond to the matrix

of aluminium and Al-Mn alloys as well as to the
icosohedral particles. In order to index the quasicrystal
lines, one proceeds as follows. In a simple density wave
theory of freezing!®!® the wave vector at the most
intense peak in the liquid structure factor at freezing
equals the magnitude of the basic reciproczl vector set
[G). A BCC structure is obtained if the reciprocal
vector set [G] consists of the 12 vectors paralicl to the
edges of a regular octahedron. Quasicrystuls with
icosahedral point group symmelry can be obtained by

Table 1 Allowed values of wave vector transfer q for various
orders in the vertex, edge and fuce models.

Vertex Model Edge Model Face Model
Order @/ max| N |§/q max| N [§/§ max; N
t 1.0000 12 (0000 30 1.0000 20
2 1.0515 30 06180 30 0.7136 30
1.7013 30 1.1756 60 1.1547 30
20000 12 1.4142 60 1.6330 60
1.6180 30 18683 30
1.7321 60 2.0000 20
19021 60
2.0000 30
3 0.5628 20
10000 {2
14511 60
1.7920 60
1.9734 60
2.3840 20
26055 60
30000 12

Table 2 X-ray d-spacings and the corresponding wave vectors

2
lq‘[ = (;) obtained for Aly Mn,, samples.

Phase**  |q/q max|

Intensity* d(A) IglA° ")
m 4.94 1.27, X (110)
w 4.44 1.41, X (002)
VW 3.84 1.63, ] 0.573
VW 3,29 1.91, X (112)
2.62 2.394 X (202)
S 2.53 2.48, X (113)
Vs 2.34 2.68, Al(11])
VS 2.20 2.85¢ | 1.000
VS 2.00 3.00, [1 1.050
S 2.03 3.09, X (311)
m 2.02 3, Al (200)

* vw = very weak; w = weak; m = medium; s = strong; vs
= very strong.

** | = {cosahedral phase; X = crystalline AlgMn; indices of
the reflections also given.

choosing [G1] to be the sct of vectors which (a) point to

the 12 vertices of a regular tcosohedron (vertex model)

(b) are parallel to the 30 cdges (edge model) or (¢} are

perpendicular to the 20 faces (face model). All these

models lead to sharp diffraction peaks at wave vector

transfer § = ) n, G, where n, is any arbitrary integer
{

and G, isan element of the vector set [G 1. In table [ 1he
allowed values of || and the number N of independent
@'s with this magnitude are listed for vanous ordersn
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