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Positron-annihilation studies of rhombic triacontahedral-type icosahedral quasicrystals
and their 1/1 and 21 approximants in the Al-Mg-Zn alloy system
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Rhombic triacontahedral-type icosahedral quasicrystal and its 1/1 and 2/1 approximants in Al-Mg-Zn alloy
system were systematically studied by means of positron-annihilation lifetime measurements and positron-
annihilation lifetime and Doppler-broadening measurements using the slow-positron-beam technique. We
could successfully derive the structural vacancy density in this alloy system. The structural vacancy densities
were ~4.56< 10 2 for the 1/1 approximants, 4.8210 2 for the 1/2 approximant, and 5.88.0° 3 for the
icosahedral quasicrystal. In addition, the positron motions were investigated. The average positron-diffusion
length, average positron-diffusion length in matrix, positron-diffusion coefficient, and positron mobility in this
alloy system including the icosahedral quasicrystal were estimated. The positron-diffusion coefficients for the
1/1 approximants were almost identicab1.79 cnfs ') to each other, but decrease down to 1.61
X107t cm? st for the 2/1 approximant and 1.4410° 1 cn? s ! for the icosahedral quasicrystal. This first
experimental estimation was performed by coupling the positron-annihilation lifetime measurements to the
positron-annihilation Doppler-broadening measurements using the slow-positron beam excellently. The results
indicated that the thermarized positrons in matrix tend to localize as the order of the approximant increases.

DOI: 10.1103/PhysRevB.64.024202 PACS nuniber61.44.Br, 41.75.Fr, 71.66.z, 78.70.Bj

[. INTRODUCTION properties and relative stability among the three phases 1/1,
2/1, and QCRef. 12 have become possible. Recently, Mi-
Since the discovery of icosahedral quasicrystgi€’s),!  zutani etal” determined the atomic structure of
much work has been devoted to clarify their structural na-Al,Mgsq ZNgp s (20.5<x=<50.5) 1/1 approximants as a
ture. In particular, the approach in making full use of thefunction of the Al concentratiox by the Rietveld method.
atomic structure of the crystalline approximants has been offhey concluded that the center of the two clusters in the
ten employed because of the possession of clusters similar Bbdy-centered cubiébcd) lattice, which is called sité, is
that found in QC’s. Based on the atomic structure of theomy 10% occupied by Al atoms for=20.5 and that it be-
a-Al-Mn-Sicompound determined by Cooper and comes essentially vacant wherexceeds 30.
Robinsorf, Elser and Henleyproposed the atomic cluster in " pocironannihilation measurements are known to provide

this compound to represent well the atomic cluster in icosaz : : :
) ; . 4 . ) structural information such as vacancy-type defects and dis-
2332‘1 r'zl'ol\gin(fs'a%g dsréIA,:lfjll_?-rgtuag Chgxtih'g\()zsg;g%ﬁ(e: %hoe di_Iocations for any material being independent of the structural
periodicity unlike the diffraction method. We have already

fied illustration of the Bergman mod@(The atomic structure suggested the existence of a dense distribution of structural
of the lowest-order crystalline approximants, namely, 1/1 ap- 99

proximants, is now fairly well studied by using the Rietveld vacancy-type sites in many kinds of thermally stable icosa-

; . - 14
method®® This indicates that structural information particu- "€dral QC's such as icosahedral Al-Li-CUAl-Pd-Mn,

15 ’ H
larly, the structural vacancy density is experimentally wellAl-CU-F&.” and Al-Cu-Ru [Ref. 1§ QC's by positron-
determined in comparison with that in the QC’s. annihilation lifetime measurements. Recently, we have suc-

The Al-Mg-Zn alloy system has received attention from cessfully estimated the structural vacancy densities for icosa-

the point of view of electronic properties, band calculationshedral  Abo P 3R€, 96 and Al PhoMng, under

and thermal stability. Since the valence band near the Ferngiaturation-trapping  condition by  positron-annihilation
level Er is dominated bysp electrons, various electronic Doppler—broadening measurements with the slow-positron
properties are essentially determined by the Fermi-surfacebeam®® In that experiment, we determined a positron-
Brillouin-zone interaction. The icosahedral QC in this alloy trapping radius from the measure&l parameter by slow-
system had been considered to exist only as a metastabp@sitron beam. However, the preparation of a centimeter-
phase. However, Takeuchi and co-worRetsfound the 2/1  sized single-phase sample, which is inevitably needed for the
approximant and stable icosahedral QC at two different comslow-positron beam, was made possible only for the 1/1 ap-
positions in a very narrow composition range. Thanks toproximant in the present Al-Mg-Zn alloy system. Hence, we
their discovery, systematic studies on the electron transpoemployed a different approach to determine the structural
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vacancy densities for the 2/1 approximant and icosahedrdlg, and 99.99% Zn in a boron-nitride crucible under Ar
QC as described below. pressurized atmosphere. Ribbon specimens were fabricated

We have attempted to determine the occupancy of th@y melt spinning onto a copper wheel at a tangential speed of
center site of the RT cluster in AldMg,eZn,s51/1 approx- 52 m/s. The icosahedral QC, its 1/1 and 2/1 approximants
imant by using the slow-positron beam. The structural vawere heat treated at 573 K for 2 h. The formation of the
cancy density for the Ak MgsoZnyss 1/1 approximant can quasicrystalline single phase and the approximant single
be calculated by using the occupancy thus obtained. As phases after thermal treatments was confirmed by x-ray dif-
next step, the positron specific trapping rate for the centefraction with Cu Ka radiation. The composition was ana-
site of the RT cluster was determined by combining with thelyzed for representative samples by using inductively
results of positron-annihilation lifetime measurements. Bycoupled plasma photoemission spectroscopy. It agreed well
assuming that 1/1, 2/1 approximants, and icosahedral QC iwith the nominal composition within: 1%.
the Al-Mg-Zn alloy system are constructed by packing the The positron-annihilation lifetime measurements were
RT cluster, we can estimate the structural vacancy densitigserformed for ribbon specimens of icosahedral QC, its 1/1
by using the positron-specific trapping rate. The structurahnd 2/1 approximants around room temperature. Ribbon
vacancy densities thus obtained were found to increase, apecimens were neatly piled up together enough to stop the
the order of the approximant increases to the icosahedral Q@ast positrons entirely. The positron-annihilation lifetime

In addition, the positron motion in this alloy system was spectra were recorded with a fast-fast coincidence system
systematically investigated. It is known that the positron mo-employing a photomultiplier Hamamatsu H2431Q with 1
tion provides information about lattice vibrations in soltds. x1 in? BaF, scintillators. The time resolution of this sys-
The study of positron motion began with the measurementgem was 230 ps full width at the half maximu(@WHM).
of drift velocities based on the Doppler shift in the annihila- For each spectrum at least XQC® annihilations were
tion radiation by Mills and Pfeiffet? Simpsonet al’® mea-  counted. The time resolution function was assumed to be
sured a positron mobility in Si by using the positron-lifetime composed of two Gaussian functions. Using this time reso-
method. The slow-positron-beam technique has been effegation function, the lifetime in the bulk of well-annealed pure
tively used to determine the positron-diffusion coefficient ina| (purity 99.9999 wt. % was measured as 16 ps. Af-
metals and semiconductors for the last few yé8r&So far,  ter subtracting the background, positron-annihilation lifetime
there exists no reliable measurement of the positronspectra were analyzed usir@SITRONFITZ
diffusion constant or the positron mobility in the icosahedral = The positron-annihilation measurements by slow-positron
QC. If the icosahedral QC’s can be regarded as being inteheam were performed for ingot specimen of the
mediate between the crystalline phase and the amorphouy§,. Mg,, Znss 1/1 approximant at room temperature by
phase, the investigation of the positron motion in icosahedralse of the positron pulsing system with an intense slow pos-
QC’s is of great significance. Unfortunately, as describedtron beam generated by an electron linac in Electrotechnical
above, since positron-annihilation measurements can detec{@boratory LINAC facility. The lifetime spectra were ob-
dense distribution of structural vacancy, which could not beained by measuring the time interval between the timing
removed by annealing icosahedral QC, it is difficult to ex-sjgnal derived electrically from the pulsing system and the
amine the positron motion in the matrix of icosahedral QC.iming signal of an annihilationy ray detected with BaF
This means that the experimental determination of positronscintillation detector. The detailed lifetime-measurement
diffusion coefficient and the positron mobility without being system is described elsewhéfeFor each spectrum at
affected by defect interaction is not feasible. In the presenreast 3. 105 counts were accumulated. The positron_
experiments, we could obtain the positron lifetimes corregnnihilation lifetime spectra were analyzed using the
sponding to the annihilation in the matrix from the positron-« resoLuTioN’ routine®® with good variance of the fits with
annihilation lifetime method. Hence, the positron motion ing time resolution if about 290 ps FWHM.
the matrix of 1/1, 2/1 approximants, and icosahedral QC in The positron-annihilation Doppler-broadening measure-
the Al-Mg-Zn alloy system were investigated without being ment by slow positron beam was performed for ingot speci-
affected by the structural vacancy, by coupling the positronmen of Abs Mgso ZN3s 1/1—approximant. The experimental
||fet|me method W|th the S|OW-pOSitr0n-beam technique. Setup Of the S|Ow_positr0n beam iS Composedz%b‘a posi_

In this study, the positron lifetime and slow-positron- tron source(about 5 mm Gji and a single W(100 foil of
beam measurements were performed to determine both the , m thickness. The foil was annealed at 2273 K in vacuum
structural vacancy and positron motion in 1/1, 2/1 approXi-of —10-9 Torr, and was attached in front of the source to
mants, and icosahedral QC in the Al-Mg-Zn alloy system.joderate the positrons. A fraction of these energetic posi-
The quantitative values of the structural vacancy density, thgons emitted from &2Na source is thermalized through a
average positron-diffusion length, the average positronygriety of collision processes in a tungsten moderator and are
djffusion length in.the matri.x., the positron-diffusion coeffi-  cemitted from this moderator as monoenergetic slow posi-
cient, and the positron mobility were presented. trons. The intensity of the slow-positron beam is about 1.0
x 10%/s. The incident positron energy is varied in the range
0-13 keV. The measurements of Doppler-broadening spectra
by slow-positron beam were carried out at room temperature

Alloy ingots were prepared by induction melting of ap- by use of a solid-state detectguure Ge. The total counts in
propriate amounts of constituent elements 99.99% Al, 99.9% spectrum corresponding to each incident positron energy

Il. EXPERIMENT
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were 8.0< 10%. The data acquisition was repeated eight times 300

for each data point in order to improve the statistical preci- 250l 1
sion.

In order to estimate the vacancy-type defects in the 260} _
sample, theS parameter was measured. The meas@pd- B e ... & F@e g 857
rameter data were analyzed by using the scaling’~ 0 © 1
function?®=2¢ When the energy of monoenergetic low- ol ]
positron beam is reduced to thermal enekgy, their spatial
distribution P(E, z) in a sample along the incident direction 200
(2) can be described by a scaling functir’ o - ; - - - -

| m
~ u u
P(E,z):N|m(—) ex;{—(—) } (2.1 . 120r 1
Cim Cim & .. e vy AL
2 jp e 88 -a S {103
whereN,, is a normalized constant, arti,,, |, andm are o
parameters, which depend on a material ché$éhandu is 80 .
defined as ol |
z
U= -——, 2.2 100
@) 22 E
where(z(E)) is a mean implantation depth. The mean im- _ o5| i
plantation deptiz(E)) is assumed to be given by > o
A =" L oo} .
(2(E))=—LETAE, 2.3 o -
i
whereE andp; are the incident energy of the beam and the 85 TR T E—T—— L
density of the sample, respectively. From Monte Carlo simu- . o 21 1
lations, the parameter;, «;, and 3; are found to depend Al concentration (1/1) [at. %]

on t?e at%mlc nll.me.er of the_ constlt’;uent elenﬁfns. in th FIG. 1. Electron-concentration dependence of the positron-
After t erma',zatlon'_ po§|trqns egl_n to diffuse In t, € annihilation lifetimes for the AMQ30ZNg5-x (20.5<x<50.5)
sample. The positron diffusion is described by the following4;; approximantgopen circles; the Al,MgasZn,,

. . o . . 2/1 approximant
diffusion equation in one dimension:

(open squargs and the icosahedral AMgs.Zn,; QC (open tri-
angles.
#N(z,t) IN(zt)

2 e IN@p=0. 24 lll. RESULTS AND DISCUSSION

+

The observed lifetime spectra of the ,Mgsg ZNgp 5«

whereD , is the positron-diffusion coefficienh(z,t) is the :
positron density as a function of both the time and position,(ZO'SSXSso‘S) 1/1 approximants, the AMgaaZns, 2/1 ap-

and'=\+ k4 is the effective annihilation rate of positron, ProXImant, and the icosahedral,6V1g4,Zn,;, QC were ana-

\; is the bulk annihilation rate. The observB8¢gharameter is Iyzeél_ n terlmshof tWt% C(I).?w[t).onents V(\;'th ihe I'tfr?t'mefitsha?ﬁ
given by a linear combination of contributions from different 72: gure 1 Shows e ifemes, andr, together wi €
annihilation sites, relative intensityl, of =, (I;=1—1,) as a function of Al

concentration for the AMgs9 5ZNgo 5 (20.5<x=<50.5) 1/1
approximants, the AEMgasZn,, 2/1 approximant, and the
S(E)=2, SFi(E), (2.5  icosahedral AlsMg,.Zn,; QC. The lifetimesr; and 7, for
' the ALMgse ZNgo s (20.5<x=<50.5) 1/1 approximants are
whereF;(E) is the fraction of positrons annihilating in the found to be essentially independent of the Al concentration
ith state characterized by ti% parameter ané is the inci- and are centered at 103 ps and 247 ps, respectively. The
dent energy of the positron beam. The fractiyfE) can be  relative intensities$, for 1/1 approximants are approximately
obtained by solving the diffusion equation, subjected to thé?0% in the whole range. We attributed the lifetimgsand
positron implantation profile and boundary conditions. By 72 to the annihilation at the bulk and vacancy-type defect,
fitting Eq. (2.5 to the measure® parameter data, one can respectively. In the present system, the cluster center of the
obtain the average positron-diffusion lendtf, bcc lattice sites is most likely the candidate for the vacancy-
type defects.

D. The values of the lifetimesr; and 7, for the
Lg= TRy (26 Al;cMgaeZn,  2/1 approximant  and  icosahedral
Al sMgasZn,; QC are found to be essentially identical to
at a given temperature. these for a series of the 1/1 approximants. This means that
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Mean implantation depth [nm] Mean implantation depth [nm]
[ns] 50 3 95 182 288 412 0.590 31 95 182 288 412 551
4 ® lifetime 7, 0.58
- ’ BN R S B I
2 ”—-__ _.--_;""L"'[]'“‘u“tj..i
§ 3 o 0.57 L z e T
:“E ®e . ° L 5 / E%
= 2 £ 056 e :
1 § 0
8 055 s
S
0 T 054
[ps] 500 _ (7))
A lifetime T, 0.53
400 + m  lifetime 7, i
< & lifetime 7,
g 300 ¢ guide to eye 0.52
s e N N = B—244 0.51L— . . . ' .
< 200 0 2 4 6 8 10 12
=l Positron incident energy [keV]
100 A 104
0 ; : FIG. 3. Sparameter for the Ak gMgaq 235 1/1 approximant as
o a function of the positron incident energy. Statistical errorbars for
[%] 100
the absolute accuracy are shown. The solid line is a result of a
z 8 ] weighted nonlinear fit, in which they and p, were determined
‘@ 3.1 A and 63%, respectively. The dotted and dashed lines repre-
§ 60 o g 'e:’g“* f“z“sfty il ) sent the results of calculation assuming the structures derived from
E o wuideroeye Bergmanet al. (Ref. 5 and Mizutaniet al. (Ref. 7), respectively.
E 20 r . .
= g/ A of the ortho-positronium(o-P9 trapped at a surface state and
é’ or 1 its pick-off annihilation on the surface, respectively. The
0 3 4 6 3 10 lifetimes 7, and 7, were observed the positron-incident en-

ergy of above 1.0 keV. These values are centered at 104 ps

and 244 ps, and are consistently identical in the whole en-
FIG. 2. Positron-annihilation lifetimes and relative intensities €'9Y fange. These agree C"?SQ'Y W'th_ the Ilfet|_mr_§sa_nd T2

for the Al MgseZNss 1/1 approximant as a function of the obtained from the conventional positron-annihilation mea-

positron-incident energy. The closed triangles, squares, diamond§urements. Hence, we attributed these lifetimeand 7, to

and circles, and open triangles, and squares show the positrof€ annihilations at the bulk and the vacancy-type defect
annihilation lifetimesr,, ,, 73, andr, and the relative intensities alike the conventional positron-annihilation measurements.

I, andl,. The solid lines are guides to the eye. The relative intensityl,; increases slightly and becomes
~9% at 10 keV. The relative intensity increases gradually
there is no significant difference in the vacant sites in thend becomes-86% at 10 keV. These values of the relative

cluster among the three phases. In other words, the vacaftensities I, and I, also agree with the conventional
site in 2/1 approximant and icosahedral QC exists at th@ositron-annihilation measurements. This means that the re-
center of the RT cluster. The relative intengiyfor the 2/1  Sult by the slow-positron beam is consistent with the one by
approximant is~93%, which is apparently high in compari- the conventional positron-annihilation lifetime measure-
son with the series of the 1/1 approximants. More remarkMents.

able is the relative intensity, (~99%) for the icosahedral ~ We have also measured th& parameter for the
QC, which is much higher than that for the 2/1 approximant/Al25.9Md3e.52Nss 1/1 approximant by using the slow-positron
This means that the vacant site apparently increases as tR§am as a function of the positron-incident energy. The re-

order of the approximant increases to the icosahedral QC. SUlts are shown in Fig. Bopen squargs The value of the
Next, we have measured the change of the positronr_neasuredsparameter increases, but is saturated above about

annihilation lifetime in the AJs Mgaq ZNss 1/1 approximant 7 keV. From. the analysis of the measu@pgrameter data,
by using the slow-positron beam of variable energies. Th&ve can derive the occupanqy, of the site A and the
obtained lifetime spectra were well fitted with three or four POSitron-trapping radiusy as follows. The probability,
lifetime components. Figure 2 shows the lifetimes 7, in yvhlch a positron d|ﬁusgs through timeunit cells without
75, andr,, together with relative intensitids of r, andl, of ~ P€ing trapped at the si®, is given by

T, at the positron incident energies 0.5, 1, 1.5, 2, 3, 4, 5, 7,
and 10 keV. The values of the lifetimeg and , are in the
range from 350 ps to 450 ps and from 1 ns to 4 ns, respec- P.=|1
tively. We attributed lifetimes; and 7, to the annihilations

Positron incident energy [keV]

(3.9

~ 8ari(l—pa|"
31° ’
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wherea is the lattice constant of the unit cell, i.e., 14.16 A. TABLE I. The structural vacancy densities for
The positron-diffusion length is, therefore, equal to AlMgsg &ZNgo 5-x 1/1 approximant, AkMgssZng, 2/1 approximant,
and icosahedral AiMg,4.Zn,; QC.
L=an. (3.2
Structural vacancy densi
The probabilityP,, is rewritten as Phase Alloy [1073] Y b4
871 3(1—pa) He 1/1 approximant  Aly Mdse ZNso 4.50+0.14
Po=]1- s | (3.3 Al g MJs0 ZNss 4.57+0.12
Al 30 M3g ZN30 4.59+0.15
In Eqg. (3.3, the value olL such thatP,, is decayed ¥ times Al 35 Mg3z9 ZNss 4.58+0.15
the initial value, is an average positron-diffusion length. Al 40.8M 39 ZNyg 4.57+0.15
Hence, in the process of diffusion of positron to the surface, AlgoMgag ZN1g 4.55+0.15
the average positron-diffusion length in the;AMgazg ZNss  2/1 approximant  AMgaZns, 4.82+0.16
1/1 approximant can be expressed as a function of the trap- i phase AlMGZn,; 5.05+0.17

ping radiusr 4 and the occupancy, of the site A. Since we
found the positron-annihilation lifetime spectra of the
Al s Mdzg ZN35 1/1 approximant to be composed of nearly a
single component, Eq2.5) can be written as

5.61x10° s ! from the conventional positron-annihilation
lifetime measurements, the structural vacancy denstigs
S=S.F+SyFy, (3.4 for Al;sMgusZng, 2/1  approximant and icosahedral
Al sMgasZn,1 QC are calculated, as listed in Table I. Table |
whereS; andS, are the values of th8 parameter for surface 515 |ists the structural vacancy dens@y for remaining 1/1
and's_tru.ctural vacant sites, aRd andFy4 (=1—F) are_the approximants, together with that for AlMgae Znss 1/1 ap-
annihilation rate for surface and structural vacant sites, réproximant. ' '
spectively. The determination of the two parametegs 1) We consider the obtained structural vacancy densties
in Eq. (3.3) was made by using the weighted nonlinear leastthrough the positron mobility. The obtained structural va-
square method. A solid line in Fig. 3 gives the result of a f't’cancy densitie€, for icosahedral QC and two different ap-
in which ry andp, were determined to be 3.1 A and 63%, proximants are too high in view of a lower limiorder of
respectively. I_Drovujeq thgt the sifeat the c_Iuster center is  10-4) (Ref. 30 for vacancy density in the typical metals to
only vacant site existing in the 1/1 approximant, we are ledsayrate the positron trapping. This drives us to the question
to conclusion that the sité is 63% occupied. The present \yhy a|| thermalized positrons were not trapped into the va-
value of the occupancy for the siteis different fromp,  cant sites. The positron-annihilation lifetime spectra ought to
=80% obtained by Bergmaet al,” andp,=0% obtained he composed of a single component, namely, saturation trap-
by Mizutani et al” The dotted and dashed lines in Fig. 3 ping. We mentioned that E¢2.5) can be used to obtain the
represent the results of the calculation by assuming the Strugverage diffusion lengthy in the sample by fitting Eq(2.5)
tures derived from Bergmaet al> and Mizutaniet al,” re-  {o the measure@parameter data. From fitting to the mea-
spectively. . suredS-parameter data in Fig. 3, an average diffusion length
The structural vacancy densityCy for the | in the AlsdMgagsZnss 1/1 approximant was determined
Als MdseZNgs 1/1 approximant is deduced to be 4.57 55 428 A. As taken from Eq2.6), the average diffusion
X10°. The positron-trapping rate, is calculated as 5.06 |engthL, decreases as the structural vacancy dergityn-

X 10° s™* from the relation creases. It can be said that the obtained average diffusion
1 lorodlor Iength Ly of 428 A shortens due to the structural vacancy
Kg=— 1_M>, (3.5  density Cq of 4.58<107°. Since the positron-annihilation
Ty T2 rate\; is obtained to be 4.2410° s™! through the relation

by using the measured values of, 75, |4, andl, of the
conventional positron-annihilation lifetime measurement.

Hence, the specific-positron trapping ratg for the site A MZM 3.7
turns out to be 1.1%10*2 s from the relation T172
Cqy . . . N
Vo= (3.6 by using the result of conventional positron-annihilation
d

measurement, a positron-diffusion coefficidnt is calcu-
Sincer; andr, are essentially same for the three phases, wéated as 1.8810 ' cn?s™* from Eq. (2.6). The average
can reasonably assume that there exists no difference in ttiliffusion length in the matrixL,, (L,,=+VDs/\f) in the
density of the sitéA among the three phases. This means thaf\l ,5 Mgse ZNgs 1/1 approximant is estimated to be 616 A.
the value of positron-specific trapping ratg is also the The average diffusion length in the matrix of 616 A is con-
same for the three components. Since the positron-trappingjdered to be perfectly independent of the structural vacancy.
rateskq for the Al;sMgasZns, 2/1 approximant and icosahe- The positron mobilityx, at 300 K could be estimated as
dral Al;sMg,.Zn,; QC can be obtained to be 5.830° and  6.96 cnfV s ! via the Einstein relation
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Mean implantation depth [nm] Al 5 Mgsg Znss 1/1 approximant. Namely, the positrons of
o ~10% remain in the matrix before reaching the vacant site
[%] 100 31 95 182 288 41.2 and are annihilated there without being trapped into the va-
’,_A__ cant site. The reason why few percents of positrons were not
trapped into the vacant site can be equally applied to remain-
VAN ing 1/1 approximants, 2/1 approximant, and icosahedral QC.
Finally, we estimated the average positron-diffusion
Ax lengthL ,, in the matrix of the AlsMg43Zn,, 2/1 approximant
and icosahedral AiMg,.Zn,; QC. We have already men-
A tioned that the obtained structural vacancy densiGgsof
/ these two compounds are 5:8%0 2 and 5.61< 10" 3, Here,
2 7AN we assume that the structure of the;sMgssZn,, 2/1 ap-
A 7 proximant and icosahedral &4Mgs.Zn,; QC are composed
A/ of the bcc packing of the RT cluster with respecti@g,
B whose the lattice constant is 14.16 A. Then, the values of
0 2 4 6 3 10 the occupancyp, of the site A for the AlisMgasZng, 2/1
approximant and icosahedral AMg44Zn,; QC can be cal-
Positron incident energy [keV] culated as 61% and 59%. In both cases, the value of the
positron-trapping radiusy of 3.1 A was used. The average
FIG. 4. The measured relative intenslty (open trianglesand  positron-diffusion lengthd. 4 are thus calculated as 406 A
calculated ongsolid line) for the Alps Mgse 235 1/1 approximant  and 387 A by using above occupancieg and positron-
as a function of the positron-incident energy. The calculation Wagrapping radiir 4. The positron-diffusion coefficier . and
made with the average positron-diffusion length in the matgpof average diffusion length in matrix,, are derived by follow-
616 A. ing the same procedure as that for thesAMgsg ZN35 1/1
approximant. The values of the positron-diffusion coefficient
D.— k_T 3.9 D, for the 1/1 approximants are almost identical
TR ' (~1.79 cnts 1) to each other, but decrease down to 1.61
X101 cnm?s ! for the 2/1 approximant and 1.44
wherek, T, ande are the Boltzmann constant, temperature,x 10! cn?s™? for the icosahedral QC. From E3.9),
and an elementary charge, respectively. positron mobilitiesu . in the Al;gMg,sZn,, 2/1 approximant
In order to ascertain the validity of the average diffusionand icosahedral AlMg,,Zn,; QC at 300 K are estimated
length in the matrix_, obtained from the method above, we as 6.23 and 5.57 chv !s !, respectively. Table Il sum-
estimated the average diffusion length in the maltrixina ~ marizesLy, Ly, D, andu . for the Als Mgsg ZNgs 1/1,
different method. As already mentioned, the relative intenand ~ ALMg,Zn,, 2/1  approximant, icosahedral
sity I, shown in Fig. 2 increases slightly. This slight increaseal,:Mg,,Zn,; QC, and the remaining 1/1 approximants. The
can be explained by the positron-annihilation rate in the vi-error bars in these values were calculated based on the law of
cinity of the surface, resulting from the fraction of positrons error propagation in the calculation process. From Table II,
that return by the average diffusion length in the malrix ~ we can immediately see a feature that the thermarized posi-
from the bulk. By taking account of the distributions from trons in the matrix become less diffusive as the order of the
the mean implantation deptz(E)) defined by Eq(2.3), we  approximant increases.
calculated the theoretical curve of the relative intenkjtas Since the first positron experiment on amorphous or
a function of the positron-incident energy. Figure 4 showsglassy alloys by Chen and Chauifeg center of interest has
the measured relative intensity (open trianglesand calcu-  focused on the strong localization of positrons in these al-
lated one(solid line), with the average diffusion length in the loys. Konget al3® measured a very small positron mobility
matrix, L,, of 616 A. It should be noticed that the value of of 13x10°% cnm?V~*s ! in amorphous SiQ The signifi-
616 A is in an excellent agreement with the value obtainectant positron trapping by unidentified sites has been reported
from above method. This leads support to the derivation ofn some of these alloy¥:®® whereas the existence of
the average diffusion length in the mattiy, obtained from  vacancy-type defects has been exclutfietd.We could esti-
the diffusion coefficienD, . mate the positron diffusion coefficienD, of 1.44
The obtained values of the positron-diffusion coefficientx10 ' cn?s ™' and the positron mobility u, of
D, , the positron-diffusion length,, and mobilityx, are  5.57 cnfV 1s ! for icosahedral QC without being af-
lower than those for typical metals by an order of magnitudefected by the structural vacancy. From the results of the
Positron-diffusion coefficienD, in several cubic metals positron-annihilation lifetime measurement, it is hardly con-
was studied by Soinineret al,”® and turned out to be ceivable that positrons are trapped at regions such as the
1-2 cnfs ! Also band-structure calculations for most effective free volume, a low electron-density area, the dislo-
metals yield approximatelyD,~1 cnfs ! at room cation, the interface, and the grain boundary, except for the
temperaturé! We concluded that the thermalized positronsstructural vacancy. If the icosahedral QC’s are characterized
could not diffuse sufficiently in the matrix of the as being intermediate between the crystals and glasses, it

\

™~

Relative intensity of I
LN
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TABLE Il. The average positron-diffusion lengths, average positron-diffusion lengths in matrix, positron-
diffusion coefficients, and positron mobilities for,Mgsq ZNeo.5-x 1/1 approximant, and AMg,sZn,, 2/1
approximant and icosahedral A\1g,.Zn,; QC. Ly, Ly, D, , and . are the average positron-diffusion
length, average positron-diffusion length in matrix, positron-diffusion coefficient, and positron mobility,

respectively.

Phase X Ly (A) L (A) D, (10! cn?s™}) we (cmPvls ™

1/1 20.5 43412 62717 1.82:0.10 7.04£0.39

255 42812 616-17 1.80+0.10 6.96-0.39

30.5 42612 618+17 1.770.10 6.85-0.39

355 42712 622+18 1.76:0.10 6.810.39

40.5 42812 620+ 17 1.78t0.10 6.89-0.39

50.5 430-12 621+17 1.80t0.10 6.96-0.39

2/1 406+ 11 603+ 17 1.610.09 6.23:0.35

| 387t11 59717 1.44+0.08 557 0.31

might be said that the localization of positron wave functiontem was also investigated. We presented the average
is due to the destruction of the translational symmetry inpositron-diffusion length, average positron-diffusion length
icosahedral QC. in matrix, average positron-diffusion coefficient, and posi-
tron mobility in this alloy system including icosahedral QC.
These values show that the thermarized positrons in matrix
are not easy to diffuse as the order of the approximant in-
Rhombic triacontahedral-type icosahedral quasicrystatreases. The annihilations in the bulk of a few percent of
and its 1/1 and 2/1 approximants in the Al-Mg-Zn alloy sys-positrons are considered to be due to the difficulty to diffuse.
tem were systematically studied by means of positron-
annihilation experiments. We revealed the structural vacancy
densities in 1/1, 2/1 approximants, and icosahedral QC in ACKNOWLEDGMENTS
Al-Mg-Zn alloy system. The obtained structural vacancy K.S. and I.K. would like to thank Professor H. Murakami
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