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Phason sinks of radiation defects in quasicrystals are considered as partial point defects. The kinetics of point defect absorption by
single phasons is studied. A model of the dislocation loop with the phason fault under irradiation is developed. The capture
efficiency of the dislocation loop for point defects is derived. The dependence of the dislocation loop bias on the loop radius is
obtained. It is shown that the phason defects decrease the total bias in a quasicrystal as compared to an ordinary crystal.
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@Da30HHBIE CTOKM DPAJAHALMOHHBIX AE(PEKTOB B KBa3HKPUCTAUIAX DPACCMOTPEHBI B KAYECTBE YACTHUYHBIX TOYECUHBIX AE(EKTOB.
Hccnenyercst KMHETHKA TOTJIOIIEHHUS TOYEYHBIX Je(eKTOB OAMHOYHBIMH (hasoHamu. OnmcaHa MOJedb JUCIOKALMOHHOW HETIH C
(azoHHBIM JeeKTOM yIakoBKH 1o obiyuenueM. Haiinena adekTHBHOCTD 3aXBaTa TOUYEUHBIX AS()EKTOB IUCIOKALMOHHON METIIeH.
ITosyueHa 3aBUCUMOCTD NpedepeHca AUCIOKAalMOHHOM NeTIn oT paguyca newid. Ilokasano, 4to ¢a3oHHbIe 1e(eKThl yMEHBIIAIOT
CyMMapHBIii ped)epeHc B KBa3UKPUCTAIIIE IO CPABHEHHIO ¢ OOBIYHBIM KPUCTAIIIIOM.
KJUIFOYEBBIE CJIOBA: kBa3sukpucTaLi, 00dydeHHe, TUCIOKAMOHHAs TeTiisl, (ha3oHHBbIH nedeKT, npedepeHc.
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@Da3oHHI CTOKM pajialiiHuX JedeKTiB B KBa3iKpHCTajdaX PO3IMJSHYTI B SIKOCTI YaCTKOBHX TOYKOBHX AedekTiB. JloCiimKyeThes
KIHETHKA MOTJIMHAHHS TOYKOBHX Je(eKTiB okpeMuMH (azonHamu. OnucaHa MoAeb MUCIOKALIHHOI meTni 3 (a3oHHUM aedexTom
NaKyBaHHS IiJ ONpOMiHEHHAM. 3HaiineHa eeKTHBHICTh 3aXOIUTIOBAHHS TOYKOBHX Ae(EKTiB AMCIOKauiiHoo merneo. OTpumaHa
3anexHicTh HpedepeHcy aucnokaiiiHoi metdi Bix paxmiycy nermi. ITokasano, mio (a3oHHi Ae(eKTH 3MEHINYIOTh CyMapHUil
npedepeHc B KBa3iKpucTalli y MOPiBHIHHI 31 3BUYAHUM KPUCTAJIOM.
KJUIFOYOBI CJIOBA: kBa3ikpucraj, ONpOMiHEHHs, JUCIOKalliiHa meTisl, (ha3oHHuUi AedekT, npedepeHc.

Quasicrystals discovered in 1984 have since then been an object of diverse theoretical and experimental research. These solids
have a unique structure possessing non-crystallographic rotational symmetry and lacking long-range translational order [1]. The
specific structure induces physical, mechanical, and other properties of quasicrystals to be different from the ones of crystals and
amorphous solids [2]. Many features of quasicrystals are investigated, however the studies of quasicrystals under irradiation are
scarce. It was shown that icosahedral Al-Cu-Fe can easily be amorphized by low-energy ion irradiation, however swift heavy ion
irradiation only leads to the production of defects [3-5]. The stability of icosahedral Zr-Ti-Ni-Cu under irradiation with swift heavy
ions was examined in [6]. It was indicated that the irradiation with Kr ions did not lead to any changes in the quasicrystalline
microstructure, whereas the phase was completely amorphized by the Au-ions. Irradiation-induced vacancies were detected in
icosahedral Mg-Zn-Ho and Al-Pd-Mn after electron irradiation [7]. Phase stability of icosahedral Ti-Zr-Ni under X-ray irradiation
was reported in [8]. There it was also shown that the quasicrystalline diffraction pattern changes with increasing irradiation dose.
This indicates the accumulation and rearrangement of phason defects and dislocations. The objective of this study was to employ a
theoretical approach for describing some peculiarities of radiation damage in quasicrystals.

MODEL OF PHASONS AS PARTIAL DEFECTS

In addition to the defects inherent in crystals, i.e. point defects (vacancies and self-interstitial atoms (SIAs)),
dislocations, grain boundaries, quasicrystals have distinct topological structural defects referred to as phasons. They
appear as a result of one part of the material shifting relative to the other one (e.g., owing to the movement of
dislocations) due to the lack of translational symmetry. The shifts also disrupt the orientational order of structural
elements. The phasons that are schematically formed as the non-coincident sites after the shift of aperiodic structural
elements are shown in Fig. 1.

The non-coincident site topologically corresponds to the cavity between the regular sites of a quasicrystal lattice
and coincident sites in the shift layer. The non-coincident site can be vacant or occupied by an atom. A vacant non-
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coincident site is a vacancy-like defect, but it has smaller volume than the vacancy volume. It can be regarded as a free
volume associated with surrounding atoms. The non-coincident site occupied by an atom is an interstitial-like defect,
since the volume related to the non-coincident site is greater than the volume of regular interstitial cavities but smaller
than the volume of a regular vacancy. Non-coincident
sites do not form extended chains in the shift layer due to
the lack of translational invariance.

Similar structural defects exist in amorphous solids
and are described in [9] for the case of structures with
> — short-range order. Such structural defects are in a less
b b defined form known as the “free volume” and “antifree
volume” in metallic glasses. These defects are similar to
p- and n-defects introduced in [10,11] during the analysis
of amorphous structures obtained by MD methods.

Partial point defects actively participate in the kinetic processes of regular point defects (PD) [12,13]. Let us

—-—
T

Fig. 1. Displacement along a slip plane in a crystal (left) and a
quasicrystal (right).

denote the phason quasi-vacancy as ¥ and phason quasi-interstitial as i . Since the movement of these defects requires
cooperative rearrangement of their environment, they are almost immobile localized defects. However, they may
undergo structural transformations while interacting with regular point defects, i.e. SIAs (i) and vacancies (Vv ):
itveT:
S M
VHIieo .
The reverse transformations (1) which are accompanied by the formation of regular point defects require a
significant energy ( E, or E;) increase and are unlikely. The frequency of direct reactions depends on the concentration

of freely migrating regular point defects. It increases considerably in the presence of excess point defects formed under
irradiation (as Frenkel pairs).

The quantitative description of the kinetics of freely migrating point defects and phasons is given by the following
system of equations (in the chemical kinetics approximation):

OChh _ iy :
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where C;h , C;h are the concentrations of phason quasi-interstitials and quasi-vacancies, correspondingly, j;, is the

average flux of SIAs (vacancies) on a phason, D, ; are the diffusion coefficients of vacancies (SIAs), C;, are the

concentrations of regular SIAs (vacancies).
The equilibrium concentrations of phasons can be derived:

Cl = exp(- £y /kBT) 5
P exp(— E; /kyT )+expl- E; /kBT) | )
Cop = C;;h exp[(E; —-E- )/kBT]’ (6)

where E;, E; are the energies of phason defects in vacant and occupied states, kjp is the Boltzmann constant, 7 is the

temperature. The reverse transformations (1) are not considered in (2). They should be accounted for while describing
the structural relaxation of phasons in the absence of irradiation.
The relation for equilibrium concentrations of phason defects in the irradiated quasicrystal follows from (2):

i _ ] i v
Con="Cpp. 7)
Jv
In this approximation the i -type (V -type) phasons are the sinks for vacancies (SIAs) with the bias equal to 1.

Owing to mutual transformations of structural states of phasons, on time average they are nonbiased sinks, which is
appropriate for recombination centers of point defects with variable polarity discussed in [14].

BIAS OF THE DISLOCATION LOOP
Dislocations are known to be the sinks of point defects. In a quasicrystal the behavior of dislocations under
irradiation is somewhat different from that in a crystal due to phason defects. Experiments have shown that a moving
dislocation in a quasicrystal trails a phason fault which exhibits gradual thermally activated “phason dispersion” [15,16].
In view of this, we consider a simplified model of a circular dislocation loop under irradiation containing a phason
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“disc” inside. We presume the temperature to be low enough for the phason disc not to disperse in the bulk. A theory of
the dislocation loop sink strength in crystals was proposed in [17].
In order to be applicable for quasicrystals this model has to
be modified taking into account the phason trail of the dislocation
loop.
A dislocation loop of radius # and its local sink-free

environment (Fig. 2) is to be placed in the effective medium. We
assume that there is a negligible probability that any other sink lies
within a spherical volume of radius 7, containing the loop and the

|2r,|

phason disc as one diameter.
If we neglect the point defect (PD), vacancy or SIA,
generation as well as other sinks, a simplified diffusion problem for PD concentration C near the dislocation loop is

Fig. 2. Dislocation loop with the phason trail inside.

AC=0, ®)
subject to conditions
Cc(R)=C, ©)
oC Cy,
on S D (10)

where R is the size of the sample, C,v, is the PD flux density at the loop surface, v, is the transfer velocity on the

toroidal sink surface S, of the loop and C; is the concentration there. This problem has an electrostatic analogue: we

. oC e
can take C as the counterpart of the potential and — as the value of the electric field at the surface of a metal torus.

n
Thus, we are given that the ‘electric field’ is Wn , where C; is the ‘metal potential’. It is also equal to 47 times the
‘surface charge’:

Cyv, . CC,

D Vs (11
where C; is the sink capacitance.

The sink strength is defined as follows:
k2 — Nsinks J
vV DC’ (12)

where N, is the number of sinks in the volume V, J =Cv,S is the total PD flux on the sink surface. Substituting
C,v, from (5.4) in (5.5) we obtain

k2=NS‘;'1kS 47ZCY' (13)

The capacitances of the phason disc and the dislocation loop torus are, respectively,
2 m

=—rn, C;,=——.
T 1 d (Sl’lj (14)
In| —
To

Combining (13) and (14) we obtain the sink strengths of the dislocation loop and phason disc:
2 N,
2 i 2 = —d8r 1>

ki=p,———,
d d [8/‘1] ph v
In| —
To

where p, is the dislocation loop density, r, is the PD capture radius.

5)

Another important concept of the theory of point defect reactions in materials undergoing irradiation is the capture
efficiency of the sink for point defects, Z" :
N
zZ"=—, (16)
Ps
where p, is the density of sinks.

For quasicrystals the diffusion problem can be solved analytically in the approximation of a simple superposition
of sinks. Evidently, the interplay of sinks in this approximation is ignored. In this case the capture efficiencies of a
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dislocation loop for vacancies and SIAs are

G2 4
zvi= T 47

qcr
In 8r1‘ g a7n
rOV,l

The bias factor determines the swelling rate of a material under irradiation. The dislocation bias is defined as
follows:

ZVL'V
By, =1-——. (18)

chr
The dependencies of the dislocation loop capture efficiencies and the loop bias on the loop radius (in the units of
Burgers vector value, b) for crystals and quasicrystals are calculated using the experimentally obtained parameters for

the Al-Pd-Mn quasicrystal (see Fig. 3,4). The capture radius for vacancies is considered to be r,, = b, and for the SIAs
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Fig. 3. Capture efficiencies of the dislocation loop for vacancies Fig. 4. Dislocation loop bias as a function of loop radius.

and SIAs as functions of loop radius.

As expected, the capture efficiencies for point defects in a quasicrystal are greater than those in a crystal because
of the higher concentration of sinks. The bias of dislocation loops towards SIAs, on the other hand, is lower in
quasicrystals, and it significantly depends on the loop radius.

CONCLUSIONS
Regarding phasons as partial point defects we have shown that phason quasi-interstitials and quasi-vacancies are
the sinks for vacancies and SIAs, correspondingly, with the bias equal to 1. Still on time average they are non-biased
sinks due to mutual transformations of structural states of phasons. A simple model of a dislocation loop with non-
dispersing phason trail inside under irradiation was also described. We have found that the absorbing capacity of
dislocation loops in quasicrystals is several times greater than that in crystals due to the contribution of phason defects.
The difference in dislocation loop bias for crystals and quasicrystals increases with the loop radius.
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