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Quasicrystals are a form of solid mat ter in which the atomic 
po si tions are or dered with five-, eight- or twelve-fold ro ta -
tional axes. These sym me tries en tail ico sahedral, deca -
gonal or dodecagonal types of quasicrystals and are
in com pat i ble with pe ri odic, crys tal line or der of clas si cal
crys tal log ra phy. Most quasicrystalline al loys are com -
posed of sev eral me tal lic el e ments and may thus be con sid -
ered as com plex intermetallics. With re spect to dif fu sion
prop er ties well stud ied icosahedral al loys are Al-Pd-Mn
and Zn-Mg-Y and the decagonal Al-Ni-Co. 

Radiotracer and SIMS stud ies of dif fu sion for the
above men tioned ter nary quasicrystalline al loys from our
lab o ra tory and from other groups arlics  sum ma rized. The
ex per i ments com prise mea sure ments of dif fu sion in sin gle
crys tals of icosahedral and decagonal quasicrystals as
func tions of tem per a ture and for the icosahedral inter -

metallic Al-Pd-Mn also as func tion of pres sure. Dif fu sion
in icosahedral al loys is iso tro pic whereas decagonal al loys
have dif fer ent diffusivities par al lel and per pen dic u lar to
the decagonal axis. The diffusivities are usu ally Arrhenius
ac ti vated and com pare in the case of Al-based icosahedral
quasicrystals well with sol ute and self-dif fu sion in alu -
minium. This sug gests that dif fu sion in these quasicrystals
is va cancy-me di ated. The dif fu sion ani so tropy in
decagonal Al-Ni-Co is sim i lar in size to that of uni ax ial
hex ag o nal or tetragonal met als. The in flu ence of hy dro -
static pres sure on dif fu sion of Zn and Mn was stud ied for
Al-rich Al-Pd-Mn icosahedral al loys. The ac ti va tion vol -
umes cor re late well with ac ti va tion vol umes of dif fu sion
for the same el e ments in pure alu minium. The latter is
attributed to a vacancy mechanism as well.
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The Sc57Ru13 (Sc phase has been elab o rated by semi lev i ta -
tion melt ing in a cop per cru ci ble and slow so lid i fi ca tion of
the el e ments close to its nom i nal com po si tion. X-rays pow -
der dif frac tion and TEM ob ser va tions con firmed the Pm3
struc ture of the com pound as pro posed by K. Cenzual, B.
Chabot and E. Parthé [1] for Sc57Rh13. 

Fol low ing Y. G. So, A. Shimizu et al. [2] we con firm
that this struc ture is an al most per fect ex am ple of a 1/1
cubicapproximant of a F-icosahedral struc ture (al most
Prim i tive in 6D), it is made of two al most iden ti cal
Mackayclusters at (0,0,0) and 1/2(1,1,1) of a P-cu bic struc -
ture al most I.Us ing these data we pro pose a 6D model of its 
hy po thet i cal par ent quasicrystal and com pare our model
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Sim ple P type 6D-Model of Sc-Ru hy po thet i cal quasicrystal.



with the ex per i men tal struc ture in the frame work of the
per pen dic u lar shear method for gen er at ing ap proxi mant
fromideal quasicrystal. 

The 6D prim i tive model show three atomic sur faces lo -
cated on n, bc and mid-edge sites that gen er ate in the phys i -

cal spacei dentical Mackay clus ters con nected by octahedra 
ori ented along ter nary di rec tions. 

1. K. Cenzual, B. Chabot and E. Parthé, Acta Cryst. (1985),
C41, 313-319. 

2. Y. G. So, A. Shimizu, K. Edagawa and S. Takeuchi,
Philos. Mag. 86 n°3-5 (2006), 373-379.
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The most strik ing fea ture of short-range or ders, ei ther
in crys tal line or in non-crys tal line struc tures, is the char ac -
ter is tic near est-neigh bor co or di na tion poly he dral clus ters
(called clus ters for short in the fol low ing) of var i ous types,
as the re sult of the stron gest near est-neigh bor atomic in ter -
ac tion. Clus ters in com plex al loy phases are es pe cially im -
por tant for the in flu ence from pe ri odic long-range or der ing 
is weak or even ab sent in the case of non-crys tal line sol ids
such as quasicrystals and amor phous phases. We have de -
vel oped a so-called ‘clus ter-plus-glue-atom’ model which
suits for the lo cal clus ter-based struc tural de scrip tion of
such phases, and any struc ture can be ex pressed by clus -
ter-plus-glue-atom for mu las. This ap proach has pro vided
an easy and sim ple way to wards their struc tural as well as

compositional in ter pre ta tions. How ever, am bi gu ities arise
in de fin ing multi-shelled near est neigh bours and more im -
por tantly the prin ci pal clus ters that en ter into the clus ter
for mu las. In this talk, the clus ter for ma tion is cor re lated to
Friedel os cil la tion: the 1st-neigh bor multi-shells of a clus ter 
are con fined within the first Friedel os cil la tion val ley, with
the out er most-shell dis tance fall ing be low the up per limit
of 1.5 times the in ner most-shell dis tance. Hard-sphere
atomic dense pack ing is fur ther in tro duced to nar row down
this limit for clus ters with dif fer ent facet cap ping ge om e -
tries. Prin ci pal clus ters are fur ther de ter mined via clus ter
iso la tion and pack ing ef fi ciency cri te ria. Ex am ples in
Cu-Zr bi nary al loy phases are an a lyzed in de tail to il lus trate 
the use of this clus ter-based ap proach.
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Crys tal line ap proxi mants be long to a kind of com plex al loy 
phases whose ba sic struc tural units and me chan i cal prop er -
ties are sim i lar to those of cor re spond ing quasi crystalline
phases. It is well known that quasicrystals and their crys tal -
line ap proxi mants are usu ally very brit tle at room tem per a -
ture and can un dergo a brit tle-to-duc tile tran si tion at
el e vated tem per a tures. In com par i son with or di nary crys -
tal line phases with a small unit cell, those struc tur ally com -
plex crys tal line ap proxi mants can have a quite large unit
cell con sisted of hun dreds or even thou sands at oms, and
there fore their de for ma tion prop er ties have been at tracted
great in ter est since their struc tures can be de scribed on the
ba sis of ar range ment of atom clus ters and novel de for ma -
tion mech a nisms can oc cur. So far de for ma tion stud ies of
crys tal line ap proxi mants are mostly con cen trated on de ter -
min ing their de for ma tion be hav iours and struc tures at high

tem per a tures where these com plex al loy phases are duc tile,  
how ever the in for ma tion about those at room tem per a ture
is still lack ing. In the pres ent study, the de for ma tion be hav -

iour of an Al-Pd-Fe crys tal line ap proxi mant (e16) at
room-tem per a ture was ex am ined by nanoindentation test -
ing and the cor re spond ing de for ma tion struc ture in ves ti -
gated by us ing a com bi na tion of FIB cross-sec tion
fab ri ca tion tech nique and trans mis sion elec tron mi cros -
copy. Well-de fined im pres sions with out microcracking
and typ i cal load ing-depth curves ob tained from sin gle

grains of the Al-Pd-Fe e16 phase in dented un der var i ous
load ing con di tions in di cate an ap par ent plas tic ity. TEM
ob ser va tions show that the de for ma tion struc ture be low the 
in dent is char ac ter ized by dis tri bu tion of scat ter ing de for -
ma tion bands of dif fer ent den sity. De for ma tion is lo cal ized 
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in these de for ma tion bands, and their den sity and width in -
crease dur ing the in den ta tion pro cess through which lo cal
dis tor tion and frag men ta tion will take place to ac com mo -
date de for ma tion strain. There is no clear ev i dence show -
ing that the de for ma tion is me di ated by move ment of
dis lo ca tions. On the ba sis of HREM ob ser va tions, the de -
tailed struc tural char ac ter is tics of de for ma tion bands will

be pre sented and the ef fect of pre-ex ist ing phason de fects

in the Al-Pd-Fe e16 phase on the evo lu tion of the de for ma -
tion struc ture dur ing the in den ta tion will be dis cussed.

This work was sup ported by the Beijing Nat u ral Sci ence
Foun da tion (No.2132019) and by Na tional Nat u ral Sci -
ence Foun da tion of China (No. 11274027).
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