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Murataite (AzBgCy045_42,F43m), a derivative of an anion-deficient fluorite structure, has been
synthesized as different polytypes as a result of cation ordering. lon-beam-induced amorphization
has been investigated by 1-MeV Krion irradiation within situ transmission electron microscopy.

The critical amorphization dose was determined as a function of temperature and the degree of
structural disordering. A lower critical amorphization temperai{ur860 K) was obtained for the
disordered murataite as compared with that of the murataite superstr@8@re¢o 1060 K. An
ion-beam-induced ordered murataite to a disordered fluorite transition occurred in the murataite
superstructure, similar to that observed in the closely related pyrochlore structuré:gp®;. The
ion-beam-induced defect fluorite structure is more energetically stable in the murataite structure
with a higher degree of structural disordering, as compared with the murataite superstructure. This
suggests that the degree of intrinsic structural disorder has a significant effect on the energetics of
structural disordering process; this affects the tendency toward the order-disorder structural
transition for fluorite-related compounds and their response to ion-beam-induced amorphization.
© 2005 American Institute of Physid©OIl: 10.1063/1.1926394

I. INTRODUCTION insulator™® One way to enhance the ionic conductivity is to
induce structural disordering or dissociate vacancy-cation in-
Some anion-deficient defect fluorite structures are oxyteractions at a high temperature, allowing the oxygen vacan-
gen ion conductors with important potential applications asies to migrate freely"'® lon-beam implantatiorfirradia-
components in solid oxide fuel celfs} oxygen sensor$?  tion) has been used to modify the physical properties of
oxygen pump$, and catalyst$:® The anion mobility, and pyrochlores by manipulating the microstructure and the de-
hence the ionic conductivity, are strongly dependent on thgree of structural disordering in both cation and anion
extent of disordering of the oxygen vacancies and the intersuplattices®*” An ion-beam-induced order-disorder struc-
action of mobile species with the cations. In the most com+tyral transformation occurs in pyrochlore compounds, and
monly studied ionic conductor, yttrium-stabilized zirconia this structural transition has an important effect on the re-
(YSZ), the ionic conductivity increases with the addition of sponse of the pyrochlore structure to ion irradiation-induced
Y due to the increasing oxygen-vacancy concentration. Th@morphizatiort® as well as its electronic properties. The ion-
charge-compensating oxygen vacancies caused by Y dopingeam-induced structural disordering is highly composition
are preferentially located next toZr leaving Y in an eight-  dependent, and pyrochlore compositions enriched in Zr show
fold oxygen coordination’ However, the addition of Y dop- greater tendency toward the order-disorder structural tran-
ant above 8 mol % results in a decrease in conductivity dugijtion upon ion irradiationt® Preexisting structural disorder
to a significant association between oxygen vacancies anghs been reported to have a significant effect on the ion-
cations, reducing the concentration of the mobile oxygen vapeam-induced amorphization in MnNbTa®atural colum-
cancies available for migratiott. Continuously increasing pites, where the compounds having a higher-order parameter
the amount of dopante.g., Y or lanthanidgsin zirconia  gre |ess sensitive to the ion-beam-induced crystalline-to-
causes a structural transition from an anion-deficient ﬂuorit%morphous transition than their partially ordered or disor-
structure to an ordered pyrochlore structure, e.gaZB®7,  dered counterpartS.Very few studies have been conducted
where both the cations and the oxygen vacancies arg investigate the influence of the extent of intrinsic struc-
Ol‘deredl.z In this case, the structure becomes an ioniCtura| disorder in fluorite-related phas@g' pyrochlore)son
the order-disorder structural transformation and the suscepti-
¥Electronic mail: rodewing@umich.edu bility to ion-beam-induced amorphization. In this study, we
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FIG. 1. Crystal structure alongl11] zone axis and calculated diffraction
patterns showing the superstructure of fluorite unit cells for murat8ite
X 3% 3) and pyrochlorg2x 2 X 2). The diffraction subset with a high in-
tensity corresponds to the basic fluorite unit cell.

have synthesized murataite polytypes,

anion-deficient
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of synthetic murataite iA3BsC,04,_,0, Where the eight-
coordinatedA sites are occupied by large N&C&*, REE™,

and Ar?*'#* cations; six-coordinateB sites, small Ti*, Fe**,

and APF*; four- and five-coordinate® sites, Mrf*/3*, Fe**,

and zrt**7%® Three samples of murataite ceramics in the
system of Ca—Ti—-U-Mn—Al-Fe—-Zr-Ce—O were prepared by
sintering at 1400—1600 °C followed by crystallization under
slightly oxidizing conditions(in air). Two of the samples
(M1/7 andM3/7) were produced in platinum crucibles in a
resistive furnace, and the third sample was obtained by the
inductive melting in a cold crucibl@dMCC). The phases in
the sintered ceramics were identified by the x-ray diffraction,
and the chemical compositioi§able ) were determined by
energy dispersive spectroscofiyDS) using scanning elec-
tron microscopy(SEM) and transmission electron micros-
copy (TEM). Depending on the conditions of synthesis, the
cations order onto specific sites that lead to an ordered mu-
rataite superstructure, for which the unit-cell edge is a mul-
tiple of the fluorite unit-cell edge. Murataite can occur as a
superstructure of three multiples of the fluorite unit cell
(Mu-3x 3% 3), five multiples(Mu-5x5x5) and eight mul-
tiples (Mu-8x 8 X 8), as shown in Fig. 2. The unit-cell pa-
rameters for murataite polytype with three, five, and eight
multiples are~1.48, ~2.46, and~3.94 nm, respectively.
The diffraction pattern(see Fig. 1, calculated using the
CRYSTALKIT software based on the structural model of natu-

ral murataite(F43m,a=1.488 nmZ=4), is identical to that

of the synthetic Mu-X 3 X 3 diffraction patterrFig. 2(b)],
suggesting that the murataif®u-3x 3 X 3) is essentially a
fluorite structure-type with a triple arrangement of the fluo-
rite unit cell containing oxygen and metal vacancies. The
trong diffraction maxima correspond to the underlying fluo-

fluorite-structured oxides, and investigated the effects of dif_rite unit cell, and the satellite spots in the diffraction pattern

ferent degrees of structural disordering on ion-beam-induce

amorphization and the order-disorder structural transition.

Il. EXPERIMENT

A. Material synthesis and characterization

Murataite(FZSm,a: 1.488 nmZ=4) is an isometric de-
rivative of the fluorite structuré=ig. 1). The general formula

gom Mu-3X 3X 3 [Fig. 2(b)] are the result of cations with
ifferent scattering powers ordered on specific sites in the
murataite structure. In addition to the strong subset of fluo-
rite diffraction maxima, the long-range ordering resulting
from commensurate modulation can be observed in the mu-
rataite structure, as manifested by the satellite spots of
Gep+1/5(111) and Ge+1/8(111)" in Figs. 4c) and 2d),
respectively. These satellite spots are characteristic of the
periodic perturbations of the fluorite unit cell. Incommensu-

TABLE I. Chemical compositiongwt %) of samples and individual phases determined by EDS measurements.
The estimated amounts of individual phases in the synthetic ceramics are given as vol % in parenthesis.

Sample CaO MnO G®; UO, ZrO, Al,O; TiO, FeO Minor phases
IMCC Bulk 10.0 10.0 100 5.0 50 55.0 5.0 rutil&%)
Mu-5X5X%5 (60%) 115 9.1 12.0 8.3 3.7 50.7 4.7 crichtonite
(5%)
Mu-3X 3% 3 (25%) 9.4 11.9 53 3.0 9.3 528 83 glags%)
M1/7 Bulk 10.0 100 --- 10.0 5.0 50 55.0 5.0 rutilel0%
Mu-5X5X5 (70%) 122 93 9.7 538 44 511 45
Mu-8x 8% 8 (20%) 109 122 8.1 28 6.1 533 6.7
M3/7 Bulk 80 80 200 80 4.0 40 44,0 4.0 crichtonite
(10%)
pyrochlore(65%) 89 51 277 105 45 09 396 1.0
disordered muratait€25% 8.5 10.7 11.3 27 1.6 78 485 7.1
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FIG. 2. HRTEM images and selected-area electron diffradi®%ED) patterns showing structural ordering in muratafte:a disordered murataitéh) three
multiples of the fluorite unit cel(Mu-3x 32X 3), (c) five multiples of the fluorite unit celiMu-5Xx5x5), and(d) eight multiples of the fluorite unit cell
(Mu-8x8x8).

rate composition modulations also occur in the murataite suresponse of fluorite-related compounds to ion-beam-induced
perstructure, as revealed by the unequal spacing of the satelmorphization.

lite diffraction maxima of the 2/5 and 3/8L11)" and 3/8

and the 5/8(111)" in Mu-5x5x5 and Mu-8<8x8, re- B. lonirradiation and in situ TEM observation

spectively, which have a stronger contrast than the weaker A 1-MeV Kr2* ion irradiation was performed over the
satellite diffraction maxima resulting from long-range order-temperature range of 293 to 1073 K using IVEM-Tandem
ing. A disordered murataite structure also was synthesized ifacility at Argonne National Laboratory, and the ion flux was
which the cell dimension is almost identical to that of the 1.25x 10'2 ions/cn?/s. Prethinned plain-view TEM samples
three-multiple structure; however, the loss of long-range orused for ion irradiations were prepared by mechanical pol-
der is evident as revealed by the disappearance of the wedghing followed by 4-keV Af ion milling. Based onsrim
satellite diffraction maxima in the selected-area electron dif2000 code calculation, the ion rande-300 nm of 1-MeV
fraction (SAED) pattern [Fig. 2@]. Incommensurately Kr?* is greater than the typical sample thickness
modulated structures in complex ceramics can result froni~200 nm suitable for a TEM observation. Most of 1
atomic ordering on crystallographically equivalent sites,-MeV Kr?* ions, therefore, pass through the sample thick-
from atomic positional displacement, or from both structurainess examined, and ion-implantation effects are negligible.
distortions and fluctuations in compositidh.Chemical ~ During irradiation, the ion beam was aligned approximately
analyses by EDS indicated very complex compositions fonormal to the sample surface. To avoid concurrent electron-
these synthetic murataite-type cerami@able ). In both beqm i_rrad.iatio.n Fiamage, the eI(_actron beam was turned off
natural and synthetic murataite structures, isomorphic catioduring ion irradiation. The crystalline-to-amorphous transfor-

exchange influences the compositional modulations. Catiof'ation was monitored intermittently by observing the SAED
substitutions typically occur at thé\ site: C&*=Mn2* patterns. lon irradiation combined with situ TEM allowed

2CZ*=Na'+REE": B site: TH* =z =U*, z2*=F&* ¢  US1®0 follow the evolution of the microstructure with increas-
site: 2T =(Al, Fe)® +Nb5*; coupledA andC site substitu- ing ion fluence at the atomic scale ip real time. The critical
tions: CA&*+Ti* =Na + Nb>*+ Ca*+Ti* =REE* am_orphlzatmn flgencﬁC was d_eter_mlned as the fluence at
+(Al, Fe)3 Ca?*+2Ti4+:Ce4++é(Al,Fe)3+. Due to the which all of the diffraction maxima in the SAED pattern had

complex and extensive cation substitutions, it is difficult todisappeared. The critical amorphization fluence has been
P ' _converted to displacements per atofdpa using the

demphgr the nature of ghemlcal 28(“'093'“0” modulation "Nsrimz000simulation. No threshold displacement energies for
muratal_te structure. Ka””_“"’et al: |r_1d|cated that the at- the atoms in the murataite structure are available. Thus, in
oms with s_trong scattering propertles are Iocatgd at terger to make a comparison with pyrochlore compositions, a
planes that intercept at 1/3 of the distance of the diagonal o}, ;eshold displacement energy of 50 eV was usedsfom
the large Mu-5<5X 5 or Mu-8x 88 unit cell perpendicu-  cgjcylations of the murataite structure. Microstructural evo-
lar to [111] direction. This displacement causes the incom-jtion upon ion irradiation was determined ey situhigh-

mensurate modulations co*rresponding to the satellitesolution TEM(HRTEM) using JEOL 2010 F with a field-
maxima at 3/5 and 3/8111)", respectively. The satellite emission source.

diffraction spot at 2/5(111)" in the SAED pattern from
Mu-5x5X 5 is the satellite reflection of thd11) diffraction
maxima. Similarly, the satellite diffraction spot at 5¢(BL1)"
is a satellite reflection of thé111) diffraction maxima in the A. lon-beam-induced amorphization and temperature

SAED pattern for Mu-8<8x 8. The ordered murataite su- dependence

perstructure is closely related to pyrochlore, which contains  The murataite ceramic was readily amorphized by ion-
eight fluorite unit cells as the unit-cell edge has doulf2d beam irradiation at room temperature. The characteristic mi-
X 2X2) (Fig. 1). These multiple superstructures provide ancrostructural evolution due to increasing levels of radiation
unusual opportunity to investigate the effect of the structuralamage(i.e., the gradually decreasing intensity of the dif-
disordering on the order-disorder structural transition and théraction maxima and the appearance of a diffuse scattering

[ll. RESULTS AND DISCUSSION
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FIG. 3. SAED patterns and corre-
sponding HRTEM images showing the
susceptibility of the five-multiple mu-
rataite in sampleM1/7 subjected to
ion-beam irradiation at room tempera-
ture: (@ original, (b) 4.38x10%
(0.035dpa, (c) 9.39x10 (0.075
dpa, and (d) 15.6x 103
jons/cnf (0.125 dpa

halo with increasing ion dogevas observed bin situ TEM amorphization dose of Mu-83x 3 are slightly higher as
(Fig. 3). Above the critical amorphization dose, diffraction compared with that of Mu-%x5Xx5 in the IMCC sample at
maxima from the crystalline domains disappear completelythe same irradiation conditions. The discrepancy in the criti-
and the final, fully amorphous state was achieved at a relacal temperature for Mu-5 5X 5 phases itM1/7 and IMCC
tively low dose, e.g.~0.125 dpa(1.56x 10'*ions/cnf) for  could be due to their slightly different chemical compositions
Mu-5Xx5x5 in theM1/7 sample at room temperatuifeig.  and thermal history at different synthetic conditions. A lower
3). The critical amorphization dose increased with the in-critical amorphization temperature-860 K) was obtained
creasing irradiation temperature due to dynamic annealindor the disordered murataite phase with the loss of the long-
The temperature dependence of amorphization is a result @ange orderFig. 5 in the sampleM3/7. The radiation re-
the competition between damage production and recovergponse of a structurally related pyrochlore, & 2X 2 poly-
processes. Based on a cascade-quenching rfiothe, criti- type, in theM3/7 sample was also studied, and the critical
cal amorphization temperaturég, of murataite ceramics amorphization temperature with 1-MeV Krion irradiation
subjected to 1-MeV K& ion irradiations can be determined was~1010 K. These results suggest a decreased susceptibil-
by fitting the experimental datéFigs. 4 and % using a ity to ion-beam irradiation-induced amorphization for the
temperature-dependent amorphization dose fundfmnde-  disordered murataite, as evidenced by the relatively lower
tails, see Ref. 28 The critical amorphization temperatures critical amorphization temperatures above which full amor-
are ~930 and 1030 K for Mu-X5x5 and Mu-8<8x8  phization cannot be achieved, as compared with that of the
murataite polytypes in th#11/7 sample, respectively. Lim- ordered murataite and pyrochlore structures.

ited data were obtained for Mu»33x3 in the IMCC

sample during the ion irradiation process. The data points 0f |on-beam-induced order-disorder structural

Mu-3X3X 3 were plotted in the temperature-dependencgransition

curve with the data of Mu-55Xx5 in the IMCC sample o o )

(Fig. 4). The critical amorphization temperature is estimated ~ Similar to the ion irradiated pyrochlore s_tructu?@sall _
to be ~1060 K for Mu-5x 5% 5 in the IMCC sample. The pf th_e !rraQ|ated murataite gtructure-types dlgplayed an ion
critical amorphization temperature for Mux@3x 3 poly-  Iradiation-induced murataite-to-defect-fluorite  structural
type may be slightly lower than that of M85 5 in the transformation. The diffraction maxima from the superstruc-

IMCC sample, based on the fact that the available critical
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FIG. 5. Temperature dependence of the critical amorphization dose of the
FIG. 4. Temperature dependence of the critical amorphization dose of mudisordered murataite and ordered pyrochloreMB/7 with 1-MeV Kr*
rataites in sampleM1/7 and IMCC with 1-MeV K#* irradiation. irradiation.
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FIG. 6. Upper row: a sequence of SAED patterns of Mu%x 5 (M1/7) subjected to 1-MeV K& ion irradiation at 873 K{a) original, (b) 3.125x 10'*

(0.25 dpa, (c) 5.625x 10'* (0.45 dpa, (d) 7.5x 10 (0.60 dpa, (e) 13.75x 10" ions/cn? (1.1 dpa. Lower row: a sequence of SAED patterns of Mu-8

X 8X8 (M1/7) subjected to 1-MeV K& ion irradiation at 873 K:(f) original, (g) 1.875x 10 (0.15 dpa, (h) 3.75x 10* (0.29 dpa, (i) 7.5x 10*

(0.58 dpa, (j) 11.25x 10 ions/cnt (0.88 dpa. An ion irradiation-induced order-disorder transition occurred in the murataite structure according to the
following sequence: murataite superstructursodulated fluorite structure disordered fluorite structure. The first disappearance of the weakest satellite
spots(long-range orderingsuggests that the long-range order is more sensitive to ion-beam damage than the incommensurate compositional modulation.

ture of the ordered murataite structure disappeared graduallyng patterns of Figs. @ and &j). The details of the
with increasing ion dose, and the ion-beam-induced defedhermal-treatment-induced phase decomposition and nano-
fluorite structure was not stable and became a fully amorerystal formation of murataite structure were discussed
phous state above the critical amorphization dose, e.gelsewheré’f)

~0.125 dpa(1.56x 10* ions/cnt) for Mu-5x5x5 in the Order-disorder transitions play a critical role in the en-
M1/7 sample at room temperatur@=ig. 3). The ion ergetics (e.g., defect formation and migration energjes
irradiation-induced order-disorder transition in the murataitephase stability, and physical and electronic properties of
structure can also be observed in thesituHRTEM images many solid-state systerﬁ%.There has been much interest in
(Fig. 3), as evidenced by the disappearance of the superlatecent years in examining and modeling the process of cation
tice in the ordered murataite structure. Under initial ion irra-order-disorder transitions, especially in minerals and ceram-
diation, the diffraction maxima from the murataite super-ics in which the cation ordering is an efficient response to
structure(long-range ordgrdisappeared first, and materials variations in temperature and chemical composifi?oAn
transformed to a modulated fluorite structure, as revealed bgrder-disorder phase transition usually occurs in high-
the diffraction patterngFigs. 6b) and Gg)] consist of the temperature phases showing alternating patterns of long-
diffraction subset of the basic fluorite unit cell and unequallyrange correlations; while, in low-temperature phases, atoms
weak satellite diffraction maxima caused by the incommenare arranged randomly with no long-range correlation. Two
surate compositional modulations. Continuous ion-beam ireases of cation ordering can be defined as convergent and
radiation caused a redistribution of chemical compositiongionconvergent ordering. In convergent ordering, two or more
(incommensurate composition modulatiprieading to a dis-  crystallographic sites become symmetrically equivalent
ordered fluorite structurfFigs. d) and Gi)]. These results when averaging the site occupancies, and the order-disorder
suggest that the long-range order is more sensitive to ionprocess is associated with a symmetry change. In nonconver-
beam damage than the incommensurate compositionglent ordering, the atomic sites cannot become symmetrically
modulation. The ion irradiation-induced order-disorder tran-equivalent even with the identical occupancies at each site.
sition occurs in murataite structure according to the follow-In this study, we show an ion irradiation-induced order-
ing sequence: murataite superstructunmodulated fluorite  disorder transition from the murataite structure to the parent-
structure— disordered fluorite structure. A thermally induced structure-type, a defect fluorite structure. This is similar to
phase decomposition and the formation of Fe-rich nanocryshe pyrochlore-to-fluorite structural transition, attributed to
tals, as a result of the reduction of¥é¢o F&* upon thermal the cation disordering aA and B sites in the pyrochlore
treatment in vacuum condition, were observed in murataitsuperstructure, A,B,0,.2"'8%% The murataite-to-fluorite
leading to the polycrystalline ring in the diffraction patterns structural transition also results from an irradiation-induced
[Figs. 6e) and Gj)]. The murataite structure remained un- disordering of cations among the three specific cation sites in
changed after the heat treatment despite of the slight chandke murataite structure d;BgC,02,-». The murataite su-

in chemical compositions due to the Fe-rich phase decompgerstructure with long-range correlations exists in the as-
sition. The Fe-rich nanocrystals display a greater radiatiorsynthesized samples, as indicated by the weaker superlattice
resistance than the murataite polytypes, as evidenced by tmeaxima in the diffraction patterns. At the initial stage of
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occurs in disordered murataite. Figure 7 shows a sequence of
SAED patterns of disordered murataiita M3/7) at 873 K
irradiated by 1-MeV K#*. With the increase in ion dose, the
relative intensity of diffraction maxima from the basic fluo-
rite unit cell increases. For the disordered murataite, the ion-
beam-induced disordered fluorite structure is stable with re-
spect to the amorphous state at a dose-@ 16 dpa(2.5
FIG. 7. A sequence of SAED patterns along fH41] zone axis of the %X 10" ions/cnf) at 873 K. In contrast, for the Mu-85
disordered murataite structure subjected to 1-Me¥*Kon irradiation at X5 phase(M1/7), the ion-beam-induced fluorite structure
873 |'§ (@ original, (b) 1.25%x 1Q14 (0.108 dpa, and (C) 25 can be amorphized at a dose ofl.1 dpa (1375
v>\</itlh01r ef;:étctf ﬁjg i‘;?é rfhngggigt'g_duced fluorite structure is stable X 10 ions/ crr?)_ at 873 K(Fig. 6) and is stable upon further
ion beam irradiations when the irradiation temperature is

above 973 K(Fig. 8). These results suggest that the stability

iradiation, the superlattice maxima in the SAED pattersy¢ jon_pheam-induced defect fluorite structure in murataite
(Figs. 3 and § disappeared first, suggesting the loss of they | ynes varies as a function of the extent of structural dis-
long-range order. This result indicates that disordering of th,.jer A lower temperature is required to stabilize the ion-
long-range correlations dominates at the initial stage of thgyeam_induced defect structure for compositions with higher
irradiation. The change in the local chemical compositionyeqrees of structural disordering, suggesting that the intrinsic
requires only a few nearest-neighbor exchanges amongyctral disordering leads to a greater tendency toward an
equivalent sites, leading to the transition from an orderedon_heam-induced order-disorder structural transition.
murataite to a modulated fluorite structure, and this involves

a symmetry change. The disordering of atoms with stron ) ) )

ator);]ic scattering gcoefficients undergfurther ion irradiation%:' Effects of the_ degree of disordering on ion-beam-
located at planes that intercept at 1/3[@i1] of the large induced amorphization

Mu-5Xx5X 5 or Mu-8X 8 X 8 unit cells, causes the transition lon-beam-induced amorphization and order-disorder
from a modulated fluorite structure to an anion-deficientstructural transitions have been investigated extensively in
fluorite structure. the closely associated pyrochlore compositioAsB,0,

The irradiation at elevated temperature may stabilize théA=La to Lu, and Y;B=Ti,Zr,Sn, etc).!**3*3*The sus-
ion-beam-induced defect fluorite structure in murataite, andeptibility of pyrochlore compositions to ion-beam-induced
thus higher ion doses were required to amorphize the defee@morphization is strongly correlated with the tendency to-
fluorite structures formed from the murataite structure at avard the order-disorder structural transition. Pyrochlore
higher temperature. For example, the ion-beam-induced de&sompounds with less deviation from the ideal fluorite struc-
fect fluorite structure can be amorphized at a relatively lowture, as characterized by smallerf48xygen x positional
dose at room temperatufe.g., ~0.125 dpa for the Mu-5 parameter, have a greater tendency toward an ion-beam
X 5X 5 polytype in theM1/7 samplg however, it is stable irradiation-induced order-disorder structural transition and
with respect to the fully amorphous state for irradiation tem-energetically prefer the disordered fluorite structure over the
peratures above-930 and 1030 K for the Mu-85x5 and ~ amorphous stat€:**® Thus, these pyrochlores have a
Mu-8X8X 8 in the M1/7 sample, respectively. The ion- greater resistance to ion-beam-induced amorphization. The
beam-induced murataite-to-fluorite structural transition alsaleviation of pyrochlore structure from the ideal fluorite

FIG. 8. A sequence of SAED patterns
and corresponding HRTEM images of
five-multiple murataitgM1/7) irradi-
ated by 1-MeV Kf* at 973K at a
dose of:(a) original, (b) 3.125x 10*
(0.25dpa, and (c) 1.25x10%
jons/cnt (1.0 dpa. The ion-beam-
induced fluorite structure was stabi-
lized at elevated irradiation tempera-
ture of 973 K. The murataite-to-
fluorite  transition  follows the
sequence: murataite superstructure
— modulated fluorite structure
— disordered fluorite structure.
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structure is strongly affected by the cation ionic radius ratiocesses. Thus, the tendency toward an order-disorder struc-
at theA andB sites, the cation electronic configuratieag., tural transition and the susceptibility to ion-beam-induced
bond type, and the degree of structural disord&f*>>=® amorphization for fluorite-related compounds depend, in
However, no direct experimental results have documentegart, on the initial degree of intrinsic disorder prior to irra-
the effect of the degree of the structural disorder on ion-diation.

beam-induced amorphization and the order-disorder struc-

tural transition in fluorite-related phases. In this study, we
have shown that there is a more energetically-favored adQ‘CKNOWLEDGMENTS
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