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In situ Doppler-broadening temperature scans and room temperature positron-lifetime measure-

ments are reported for A163Cu&5Fezz, A162.5Cu&5Fe&2. 5, A162Cug5. 5Fe~~.5, and A4gCug2. 8Fe15.2 face-
centered-icosahedral (FCI) quasicrystalline samples. Quenched-in disorder has been observed and

found to anneal out of the samples above 200 C. A quasicrystal-to-microcrystal phase transition has
been observed in two of the samples (AlssCu2sFe&2 and Als2Cu22 sFezs. s), indicating an instability
of the FCI phase at low temperatures. No such transition is observed in the other two samples

(Alg2. sCussFeqq. s and Als2Cu2s. sFeq2. s). It is shown that intrinsic structural vacancies, possessing

only Al-atom nearest neighbors, exist in both the microcrystal and FGI phases and act as saturation
traps for the positrons. At 200'C, thermal activation of dynamic Al-atom phasons in the FCI
phase results in distortions of the intrinsic structural vacancies as the nearest neighbor Al atoms
begin to hop within double-well potentials. At higher temperatures (525—750'C depending upon
the sample stoichiometry) dynamic Cu-atom phasons are activated and observed to coincide with

the onset of plasticity in the FCI phase.

I. INTRODUCTION

The stable face-centered icosahedral (FCI) phase in Al-
Cu-Fe was the first quasicrystal to be discovered with lit-
tle or no phason disorder. It is therefore not surprising
that it is also the most extensively studied. Experimen-
tal results from investigations of the structural (e.g. , Refs.
3—8), thermal (e.g. , Refs. 9—15), electrical (e.g. , Refs. 16—

23), dynamic, 24 2s and mechanicai2s s properties have
all been reported.

The physical properties have been shown to be
highly sensitive to sample composition ' and ther-
mal history. For example, the FCI phase extends only
over a few atomic percent in composition at elevated
temperatures. As the temperature is reduced, this re-
gion contracts toward a higher Fe content but remains
finite. At room temperature, it is centered on the com-
position A1623Cu24. 9Fe&28. For a given stoichiometry,
the FCI phase generally transforms upon cooling into a
complex mixture of microcrystalline structures charac-
terized by fine diKraction eKects (peak broadening, line

shapes, etc.). Thus the resulting phase(s), and in partic-
ular, the defect structures, are expected to depend quite
sensitively upon the details of the sample preparation.

Positron-annihilation investigations of the defect struc-
tures in Al-Mn-Si (Refs. 35—40) and Al-Li-Cu (Refs.
40—43) simple icosahedral (SI) as well as Al-Cu-Fe FCI
(Refs. 44—50) quasicrystals have appeared in the litera-
ture.

In the case of the SI quasicrystals, their close asso-
ciation with crystalline approximants [i.e., a-Al-Mn-Si
(Ref. 51) and R-Al-Li-Cu (Ref. 52)] has been exploited
to show that the positrons experience saturation trap-
ping within intrinsic structural vacancies. These approx-
imant structures are known to consist of a bcc packing
of atomic clusters with icosahedral symmetry: a 54-atom

Mackay icosahedron (MI) in the case of o,-Al-Mn-Si and a
44-atom rhombic triacontahedron in the case of R-Al-Li-
Cu. The central site of these two clusters is vacant and
thus ofFers an ideal positron trap. Presumably, the cor-
responding SI structures possess an alternative packing
of these same clusters (allowing for possible distortion).

The reported positron-lifetime spectra for the Al-Cu-
Fe FCI phase ' ' reveal the existence of two com-
ponents: (1) a principal lifetime, rq 150—200 psec, gen-

erally ascribed to positrons annihilating from the bulk
(i.e., not localized within a defect), and (2) r2 240—
400 psec, corresponding to positrons annihilating from
within vacancies or voids. The persistence of this second
component, even after heat treatment up to 4QO'C, has
led Chidambaram et at. ' to suggest that the Al-Cu-Fe
FCI structure is best described as a form of icosahedral
glass. 5 However, this is contrary to the overwhelming
quasicrystallographic data (e.g. , Refs. 3—7) which indi-
cate near perfect quasiperiodic ordering. Unfortunately,
in this latter case, specific information regarding site va-

cancies is not readily obtainable.
To date, no justification has been given for either the

observation of the nonlocalized component or its cor-
responding lifetime value in the Al-Cu-Fe FCI phase.
Although no analogous approximant structure for the
Al-Cu-Fe FCI phase has yet been determined, a I/I cubic
approximant, isostructural with o.-Al-Mn-Si, has been
reported for the Al-Cu-Ru FCI quasicrystal. Further-
more, DiVincenzo et a/. have proposed a cluster model
based upon interpenetrating MI for the Al-Cu-Fe FCI
structure. Three diferent interpenetration schem. es are
identified, resulting in perhaps only partial occupation
of the cluster centers with a Cu atom from an adjacent
cluster.

In this paper, results Rom Doppler-broadening (DB)
and positron-lifetime measurements on a number of Al-
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Cu-Fe samples as a function of temperature and sample
thermal treatment are presented. The chosen stoichiome-
tries and methods of sample preparation reflect those
which have been previously reported in the literature.
The aim of this work is to (a) clarify the effect of various
thermal treatments on the formation of quenched-in de-
fects, (b) determine the occurrence and identity of equi-
librium defect formation (including the possible occur-
rence of an intrinsic structural vacancy), and (c) corre-
late the defect formation to behavior observed &om other
studies (i.e. , scattering, electron transport, compression
testing, etc.) which have appeared in the literature for
the Al-Cu-Fe FCI quasicrystals.

II. EXPERIMENTAL DETAILS

Polycrystalline samples of nominal stoichiometry
AlssCu2sFer2 (sample A), Als2 sCu2sFei2 s (sample B),
and Als2Cu2s sFer2 s (sample C) were prepared by melt-
ing high purity elemental components in an argon arc fur-
nace. The ingots were crushed, sieved through a 120 pm
mesh, sealed under argon in quartz tubes, and annealed
for 24 h at 800 C. A temperature of 800 C is required to
ensure the annealing out of quenched-in impurity phases
and nonequilibrium residual disorder. The subsequent
cooling procedure is discussed below.

Single crystals of Als2Cu22sFeis 2 (sample D) were
prepared by the method described by Ishimasa and
Mori. In this case, the above procedure was repeated
except that the powdered sample was annealed 12 h at
870'C followed by slow cooling ((2'C/h) to 820'C at
which the sample was further annealed for 24 h. The
initial anneal stage results in sintering of the powder,
whereas compositional inhomogeneities develop in asso-
ciation with the growth of large grains of the FCI phase
during the slow cooling. The 6nal anneal stage allows for
the removal of quenched-in disorder in the grains. Single
crystals (with dimensions of a few mm and masses rang-
ing from 10 to 20 mg) of the FCI phase were then cut
from the ingot.

The stoichiometries of samples A and D are both
known to yield stable quasicrystals only at elevated
temperatures. ' Slow cooling from such temperatures
leads to the production of phason disorder which tends
to modulate the structure into complex arrays of micro-
crystalline particles. For this reason, samples A and
D were ice-water quenched from their Anal anneal tem-
perature. The stoichiometries of samples B and C corre-
spond closely to that for which the quasicrystalline phase
is known to be stable over the entire temperature range
up to the solidus. These samples were therefore slow
cooled ((100'C/h) from their final anneal temperature.

Room-temperature x-ray powder diffraction analysis
was performed using Cu Ka radiation on a Siemens D-
500 scanning diffractometer. A typical diffraction pat-
tern for the as-prepared samples is shown in Fig. 1. For
sample D, a single grain cut from the ingot was crushed
and the x-ray analysis was performed on the resulting
powder. All four samples showed the existence of a pure
FCI phase although peak broadening was observed for
samples A and D.
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FIG. 1. Room-temperature x-ray powder diffraction spec-
trum for as-prepared Ale2Cu25 &Fei2 z (sample C). All the
peaks are indexed to the FCI phase; however, only the prin-
cipal peaks have been labeled in the figure.

DB measurements were performed using an EGRG
ORTEC GEM-20190 HPGe detector (22'%%up eSciency at
1.33 MeV) with an energy resolution of (1.25+0.02) keV
full width at half maximum (FWHM) at 497 keV. The
positron source for the in situ temperature scans was pro-
duced by vacuum sealing approximately 100 mg of the as-
prepared samples in quartz followed by thermal neutron
irradiation [ssCu(n, p)s4Cuj. Typical irradiation times of
10 min with a Hux of 5.4x10 rs neutrons/barnsec were
employed. After a subsequent delay of several hours (to
allow for the decay of short-lived activity &om Al and
ssCu) the sealed samples were inserted into a furnace
mounted above the detector on a translational (vertical)
stage. Each measurement required 10 min, during which,
the temperature was controlled to within +1 C. To com-
pensate for the drop in the s4Cu activity (a typical tern-
perature scan required approximately one full half-life of
s4Cu to complete), the sample-detector distance was pe-
riodically adjusted.

The DB spectra were stripped of their background and
characterized by the line-shape parameter

where K, is the number of counts corresponding to chan-
nel (energy) i, i=0 corresponds to the peak centroid, and
n and m are chosen to encompass the immediate region
around the centroid and the wing areas, respectively.

The positron-lifetime apparatus consisted of a fast-
timing coincidence system using CsF crystals mounted on
Hamamatsu H2431 PMT assemblies. A time resolution
of 350 psec was measured using the prompt peak of Co.
A conventional sample/source/sample sandwich geome-
try was used with the source inserted into a plastic
holder with 1 cmx 1 cmx 2.5 mm thick sample compart-
ments. The source was prepared by evaporating Na

( few yCi) onto a 0.011 mm thick sheet of kapton and
covering with a second sheet of the same.

Room-temperature positron-lifetime measurements
were performed on samples A, B, and C after various
isochronal anneal treatments. The mass of the single
crystal (sample D) was not suKcient to perform the
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positron-lifetime measurements. Each isochronal anneal
was for 12 h at the temperature, T, followed by either
slow cooling ((100'C/h) or ice-water quenching. The
set of anneals on a given sample was done on the entire
batch and the subsequent measurements performed on a
random portion of it. Before each anneal, the sample was
sealed in a quartz tube under 0.5 atm of argon. Before
each measurement, the samples were sieved to (120 pm
to ensure constancy of the filling fraction in the sample
holder. In all cases, the total mass of sample used was

750 mg.
The lifetime spectra were fitted to one and two com-

ponents after extraction of the background and source
component using an algorithm based on that described
by Kirkegaard and Eldrup. 5

All the measurement results reported in the next sec-
tion were confirmed by repeating the experiments on a
second batch of samples prepared by the identical proce-
dures.
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Figures 2 and 3 show L as a function of temperature
for the in situ DB measurements on the four samples. Ta-
ble I summarizes the results from the room-temperature
positron-lifetime measurements. The following general
features are observed.

(1) The positron-lifetime spectra are generally com-
prised of two components: (1) a principal component
with lifetime, rq 195 psec, and (2) a lower intensity

Temperature ( C)

FIG. 3. L parameter values from in situ Doppler-
broadening measurements on single crystal (o)
AlqsCusq, sFeqs. 2 (sample D) and polycrystalline (~ )
Also sCussFeq2. s (sample B). The lines drawn through the
points are only guides and do not represent fits to a model.
The single headed arrow corresponds to the initial heating
whereas the double headed arrow corresponds to subsequent
thermal cycling.
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TABLE I. Results from one- and two-component fits to Al-Cu-Fe
positron-lifetime spectra corrected for source contributions. All ther-
mal treatments involved annealing at the specified temperatures for 12
h followed by either slow cooling (SC) or ice-water quenching (IWQ).
~ is the mean lifetime and I2 is the relative intensity of the second
lifetime component, 7g, in the two-component fit. VOF is the vari-
ance-of-fit value.
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FIG. 2. L parameter values from in situ Doppler-
broadening measurements on polycrystalline (o)
AlssCu2sFeq2 (sample A) and (~ ) Als2Cu2s sFeqq. s (sample
C). The lines drawn through the points are only guides and
do not represent fits to a model. The single headed arrows
correspond to the initial heating whereas the double headed
arrows correspond to subsequent thermal cycling.
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second component with lifetime, v2, in the range 230—
270 psec or 300—400 psec. For sample C annealed at
200 'C, only the principal component is observed.

(2) A broad peak in the temperature dependence of L
is observed for samples A and D extending from room
temperature to about 450'C. The positron-lifetime mea-
surements (Table I) on sample A show that this elevation
in L corresponds to an increase in both w2 and I2.

(3) A broad peak in the temperature dependence of
L is also observed for sample B (Fig. 3), although the
elevation in L is not as great as for samples A and D. No
significant change in either r2 or I2 (Table I) is observed
to correspond to this elevation in L.

(4) For sample C no such peak is observed. Instead,
a step occurs at about 225 'C (Fig. 2). Lifetime mea-
surements on the sample after annealing and quenching
from above and below this step show that the elevation in
L corresponds to the generation of a second component
with a lifetime (r2) of 250 psec (Table I).

(5) Nonequilibrium behavior is observed in the as-

prepared states of samples A, C, and D (Figs. 2 and

3). Reversion to equilibrium (i.e. , reversible) behavior is
observed after heating the samples above 200 'C.

(6) In all four samples, a high texnperature step is ob-
served for L between about 525 and 750 'C depending
upon the stoichiometry (Figs. 2 and 3). For sample C,
this step is preceded by a general increase in L as the
temperature increases from 400 to 625 'C.

IV. DISCUSSION

The existence of two components in the positron-
lifetime spectra has been interpreted in previous
studies ' in terms of a simple two-state trapping
model. The positrons are assumed to annihilate from
either the bulk state (rx) or a localized state from within
a vacancy (r2). However, the principal lifetime, rx 195
psec, observed here cannot be derived from positrons an-

nihilating from the bulk state. Approximating the ex-

pected bulk positron lifetime in the Al-Cu-Fe FCI qua-
sicrystal to be the compositionally weighted average of
the constituent elexnent values [vAi =163 psec, rc„=110
psec, and rF, =106 psec (Ref. 57)], the determined value

of 140 psec is significantly shorter than the observed ~~

value.
On the other hand, there is now considerable evidence

(e.g. , Ref. 16) to support the suggestion that the stable
FCI quasicrystals are electron compounds (i.e., Hume-

Rothery compounds). Interaction of the Fermi surface
with a pseudozone formed by a set of Bragg planes (corre-
sponding to the most intense x-ray Bragg peaks: 422222
and 442002 in Fig. 1), implies

is the atomic density. Since the mass density of the
Al-Cu-Fe quasicrystals has been determined to be 4.5
g/cm (Ref. 58) and ~G~ = 3.094 A (Ref. 59) for
Als2Cu2s sFex2 s (sample C), n, =1.25x10 cm s, and

e/a = 1.84 electrons/atom. Note that this e/a value is

close to 1.78 electrons/atom which is calculated on the
basis of a valence of +3, +1, and —2.66 (Pauling charge
transfer ) for Al, Cu, and Fe, respectively.

In electrically conductive materials, an upper limit
of r 500 psec (=1/A ) (irrespective of whether the
positrons annihilate from within a vacancy or not) re-

sults from a weighted average of the annihilation rates
of para- and ortho-positronium. This implies that the
bulk lifetime

rb = [A (1+Ab)] (4)

A recent consideration of the systematic variation of 7b

in alkali metals and polyvalent metals without d electrons
has resulted in the empirical relation,

Ab = (22.6n, Vxx)
' (5)
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where Vxx = 4m a&/3 and axx is the Bohr's radius
(=5.292x10 ii m). The bulk annihilation rates are plot-
ted with respect to n, VB in Fig. 4.

For sample C, Eq. (5) gives wb=196 psec which is in

good agreement with the experimentally determined wz

value (Fig. 4). In general, transition metals tend to fall

above this line while semimetals and semiconductors tend
to fall below this line. This indicates that vq &om the
positron-lifetime fits corresponds to positron annihilation
with the conduction electrons (i.e., not the d electrons).

This result is incompatible with the previous assump-
tion that the positrons are primarily in an extended bulk
state at the time of annihilation. If this were the case, the
significant d-orbital character of the Al-Cu-Fe FCI qua-
sicrystals would inBuence the annihilation parameters.

The explanation is that the positrons are highly lo-

calized in Al-rich regions of the atomic structure. This

2/k)~ —/G/, (2) 0.01 0.1 0.5

where ~k~& and ~C
~

are the magnitudes of the Fermi wave

vector and reciprocal lattice vector, respectively. Assum-

ing a spherical Fermi surface,

~k]~ = (3ir'n, )'~,

where n, = (e/a)n is the free-electron density and n

n,Vg

FIG. 4. Bulk annihilation rates, At„ for the alkali metals

(+) and the polyvalent metals without d electrons (o) vs n Vxi

(adapted from Ref. 57). The solid line corresponds to Eq.
(5) in the text. Also included in the figure is the result for

A162Cu2q qFei2 5 (sample C) (~ ).
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TABLE II. Temperature regimes for crystalline phase for-
mation (( T«„,t) and plasticity () T~~,q;, ) as observed by the
in situ Doppler-broadening measurements.

Sample tryst Tplastic

['C] ['G]

AlqqCu2qFeqq (sample A)

Alga SGugsPeg2 g (sample B)

A16qCu25 ~Fe~2 5 (sample C)

A162Cun. sFeqs 2 (sample D)

425—450

425—450

600—630

625—640

725-750

would exclude overlap of the positron wave function with
those of the Cu and Fe d electrons. The most likely candi-
date for such sites are vacant cluster centers surrounded
by an icosahedral coordination of Al atoms. The stabil-
ity of the 7 j value over varying stoichiometry and thermal
treatment (see Table I) lends further support for the sug-
gestion that the sites are intrinsic structural vacancies.

The observation of a single lifetime component in sam-
ple C indicates that saturation trapping of the positrons
occurs within these intrinsic structural vacancies. The
simple two-state trapping model is therefore not applica-
ble.

Figures 2 and 3 and Table I clearly illustrate the need
for care when reporting the thermal history of the sample
under investigation (e.g. , compare the results from the
initial heating of the as-prepared samples to that &om
subsequent thermal cycling). In particular, slow cooling
((100'C/h) sample C still resulted in quenched-in va-
cancy disorder (as evidenced by elevated L, I2, and 72
values). In each case, the nonequilibrium behavior is re-
moved after annealing the sample at; 200 C.

The positron-annihilation measurements show that
equilibrium vacancies are present in the Al-Cu-Fe sam-
ples over the entire temperature range investigated. In
fact, only below about 200 'C for sample C was there a
failure to observe a second lifetime component.

There is no doubt that the longer-lived 7z is associ-
ated with the formation of an open volume defect. The
significant variance in both Iz and ~z indicates that this
second component does not correspond to a stable in-
trinsic structural vacancy. It is possible that ~z can be
ascribed to a distortion of a fraction of the intrinsic va-
cancies or to the formation of a distinct form of defect.
The correct interpretation is likely to be sample specific.

The in situ DB measurements show an elevation of the
line-shape parameter for samples A and D as the temper-
ature is lowered (Figs. 2 and 3). This can be associated
with a low temperature instability of the FCI quasicrys-
talline phase in both of these samples. Positron-lifetime
measurements on sample A (Table I) show that this cor-
responds to an increase in I2 and r2 to about 20% and

400 psec, respectively. The in situ DB temperature scans
indicate a crystallization temperature of 425—450 'C (Ta-
ble II) in the two samples.

Ice-water quenching &om above the crystallization
temperature, T„„,t, appears to be only partially success-
ful in preventing the transformation process. Evidence
for this comes &om the relatively high value for L at room
temperature for the as-prepared sample A compared to
that above T„„,q (Fig. 2).

It has been shown that the microcrystalline mor-

phology of the transformed phase consists of oriented
grains ' with dimensions of less than a few hundred
angstroms. Such a transformation results in the ap-
pearance of diffuse scattering and low intensity shoulder
peaks about the principal powder difFraction peaks of the
FCI phase (see, e.g., Ref 11.). These same features have
been observed in the case of sample A (Ref. 48) and D.
It is therefore concluded that the positrons are becoming
trapped at the microcrystallite boundaries.

The precise nature of these boundary-trap sites is not
known. High resolution electron microscopy (HREM)
studies z have indicated that the interfacial regions are
coherent. On the other hand, the pronounced tempera-
ture dependence of L for the microcrystalline phase (sam-
ples A and D in Figs. 2 and 3, respectively) suggests that
the traps are extended in one or more dimensions.

The stoichiometries of samples B and C have been
shown to produce a stable FCI quasicrystal over the en-

tire temperature range up to the solidus. X-ray powder
diffaction analysis of these two samples failed to show the
formation of the peak structure observed for samples A
and D. The absence of a pronounced elevation in L and
w2 for low temperature anneals (Figs. 2, 3, and Table I)
confirms this result.

The second component lifetime, vz ~ 240 psec, found
for both samples B and C is significantly lower than that
observed in samples A and D. Furthermore, it appears
for sample C only after annealing above 200'C and
does not induce a noticeable change in the x-ray pow-
der diffraction spectra. This implies the existence of a
positron-trap site other than the extended intergrain site
found for the microcrystalline phase.

It is not likely that a vacancy cluster, large enough to
produce a w 240 psec (the intrinsic structural vacancy,
with ~ 195 psec, is expected to be approximately a
monovacancy in size), would be thermally generated at
200'C. A least-squares fit of the low temperature L val-
ues for sample C to a two-state trap model yields an
enthalpy of vacancy formation in the range 0.6—0.8 eV.

Time-of-Hight quasielastic neutron scattering experi-
ments have recently been performed as a function of tem-
perature on an AI6zCuz5 5Feqz 5 sample. ' Broaden-
ing of the quasielastic component occurs above 650 C.
This effect has been ascribed to cooperative phason hop-
ping of Al and Cu atoms. The participating Cu atoms
are presumed to occupy a &action of the atomic clus-
ter centers from which a phason hop to an unoccupied
site beyond the inner icosahedral shell of Al atoms oc-
curs. This process is assisted by a cooperative phason
hop of an Al atom kom the icosahedral shell to its alter-
nate site within a double-well potential. The Al phason
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thus acts as a depinning mechanism for the Cu phason
with a measured depinning energy of 0.75 eV.

It is therefore likely that the observed step in the L
value for sample C at 200 C corresponds to the activa-
tion of dynamic Al phasons. Displacement of an Al atom
would open up the close-packed icosahedral shell, distort-
ing the intrinsic structural vacancy. This would further
localized the positron wave function within a deeper po-
tential well, decreasing the integrated positron-electron
wave-function overlap and thus increasing the positron
lifetime. It should be noted that the increase in the
positron lifetime ( 45 psec) is close to that observed
for a divacancy compared to a monovacancy in Al.

The general increase in L for sample C above 400 'C is
not readily interpreted. It is perhaps significant to note,
however, that a plateau in the L behavior is reached at

640 'C. This is typically the result of saturation of the
positron within one of two (or more) competing states.
As the temperature is increased, one of the states (usu-
ally corresponding to a positron-localizing defect) begins
to dominate (e.g. , thermal generation of a higher concen-
tration of a specific type of defect) until a temperature
is reached above which annihilations occur exclusively
from that state. It is therefore likely that the elevation
in L for sample C above 400 'C corresponds to the
introduction of an increasing concentration of a second
positron trap state. The neutron scattering results (dis-
cussed above) suggest that the most likely candidate for
this trap is associated with the generation of dynamic
Cu-atom phasons. The discrepancy in the onset temper-
ature ( 400 'C from the positron results and 650 'C
from the neutron scattering results, respectively) reHects
the greater sensitivity of the positron-annihilation tech-
nique to the detection of low defect concentrations.

Evidently the failure to observe a low temperature step
for L in sample B implies that static phason disorder is
locked into this sample at room temperature.

The observation of a high temperature step in L for
samples A, B, and D (525 'C& T &750 'C) may indicate
that a similar dynamic Cu-atom phason occurs in each.
The failure to observe a gradual increase in L (as is the
case for sample C) may be associated with the presence
of static phason disorder not present in sample C. This
could also explain the observed dependence of the step
temperature on sample stoichiometry.

A further comparison can be made to the results from
recent compression tests on Al-Cu-Fe FCI quasicrystals
which show a brittle-to-plastic transformation. In the
case of sample A, the step temperature occurs between
600 and 630 C which corresponds well to the reported
temperature of 604'C for the onset of plasticity, T~~,t,-

(Ref. 31) (for a sample with the same stoichiometry).
Any change in the structure responsible for the plasticity
is expected to correspond to a significant change in the
defect structure. This should be observed in the positron
measurements. Since no other anomaly is observed in the
temperature dependence of L (in the temperature region
of interest), this step must correspond to Tp~ „;,. The
temperature regimes, derived &om Figs. 2 and 3, corre-
sponding to the activation of phase plasticity, & Tp]
are summarized in Table II.

V. CONCLUSIONS

Equilibrium vacancy formation and behavior in Al-Cu-
Fe FCI quasicrystals have been identified and categorized
according to observed features &om electron microscopy,
x-ray di8'raction, neutron scattering, and compression
testing studies. Annealing of quenched-in disorder as well
as the presence of a quasicrystal-to-microcrystal phase
transition has been observed. Both the FCI phase and
the microcrystalline phase have been found to possess
an intrinsic structural vacancy characterized by Al-atom
nearest neighbors. This site forms a saturation trap for
the positrons. Thermal activation of Al and Cu dynamic
phasons has been observed to distort the intrinsic struc-
tural vacancy in the FCI phase. The onset of plasticity
in the FCI phase is found to coincide with the generation
of the dynamic Cu-atom phasons.
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