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Abs匪ac乞。ThebehaviourofinterstitialCatomsinNihasbeenstudiedbylowqfrequencylnter－  
nalfdctionmeasurementsuslngSlnglecrystalspecimens・Themagnitudeoftherelaxationpeak，  
Whichappearsat520Kbrf＝1Hz，isthelar夢e亨tWhentheaxisofshearstressis＜111＞，While  
thepeakisvlrtua11yabsentwhenthestressaxISIS＜100＞・Thisbehaviourcanbeaccountedfor  
byconsideringpalrSOfCatomsoccupylngthe2ndneighbouroctahedralsites・Thekineticsof  
therelaxationisdiscussedbyassumlngtherelaxationisduetothereorientationofthe2nd  
neighbourpalrSthrougbthe3rdnei由bourcoユ1蔦guratioll－  

1．1NTRODUCTlON  

Anelasticmethodshavemadeslgnificantcontributionsinthestudiesofthebehaviourofinterstitial  
SOluteatomsinmetals，particularlyforbccmetals・‡nftcmetals，interstitialatomsoccupylngthetetra－  
hedraloroctahedralsitescannotglVerisetoanelasticrelaxationbecausethesymmetryisthesameas  
thehostlattice．However，Whensoluteatomsformcomplexesoflowersymmetry，theymayproduce  
anisotropicdistortionofthelatticeandundergostress－inducedreorientation・Infact，anumberofanelas－  
ticeffectshavebeenreportedforfccmetalscontaininginterstitialsolutes［1】，mOStOfwhichhavebeen  
attributedtointerstitiaトinterstitial（ipi）andinterstitial－Substitutional（トs）atompairs．  
Atypicalexampleistheinternal＆ictionpeakobservedfordiluteNi－Calioys【1］・Theheightof  

thepeakvariesastheモquareOftheCconcentration［2］，indicatingthatthepeakisassociatedwithpairs  
OfCatoms・AmagnetlCrelaxationeffectcorrespondingtotheinternalfrictionpeakhasalsobeenob－  
served［3］．DiamondandWert【4］studiedthiseffectbyanelasticandmagneticmeasurementsandre－  
POrtedthattheactivationparametersareingoodagreementwiththediffusionbehaviourofCathigh  
temperatures・TheydiscussedtheresultsontheassumptlOnthattherelaxationiscausedbythereorien－  
tationofCatompalrSOCCupylngthelstneighbouroctahedralsites・Theaimofthisinvestlgationisto  
determinethecon軸urationofCpairsfromtheanisotropyoftherelaxationmagnitude，andtoclarify  
theatomisticmechanismoftherelaxationprocess．   

2．EXPERlnノtENTALPROCEDURE  

Singlecrystalsofpurenickelwerepreparedfromtherawmaterialof99・97％purltyuSlnganinduction－  
meltingBridgmanfurnace・Squarebarspecirnens，tyPICallyO・7mmxO・7mmincross－SeCtionand50  
mminlength，WereCutOutOfthecrystals．Theorientationofthebarswaschosentobenearlyparallelto  
［100］，［411］，【211〕or［111］・ThespecimenswereloadedwithC（aboutlat・％）byanneaiing享nanowof  
CH4andH20fatmosphericpressureat10500Cfor4．8h．Afterthistreatment，thespeclmenSWere  
quenchedtoOOC・TheconcentrationofCinsolutionwasestimated舘omtheincreaseinelectricalresis－  
tivityofthespecimen，Whichwasmeasuredat77K，uSlngthevalueofthespecificresistivity，Ap＝33  
nQm／at．％C［5】．  

Internalfrictionwasmeasureduslnganinvertedtorsionpendulumbythefree－decaymethodat  
たequenciesofaboutlHzwiththesurfaceshear－Strainamplitudeof4×10J6・Measurementsweremade  
inanatmosphereofHeofaboutlOOPaoverthetemperaturerange鉦om300Kto640Kwithaheatlng  
rateoflKノmin．   
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3．RESULTS  

FigurelshowstheinternalfrictionQLlandthesquareofthefrequencyfofthe［211］－Orientedspecimen  
measuredbeforeandafterC－loading・TheQ‾1versustemperatureTcurvebeforeloadingshowsonlya  
broadspectrum，WhilethecurveafterCloading（1・15att％）exhibitsamaximumat520K．Thispeakis  

identified as thesameinternal魚・ictionpeakobservedinpolycrysta11inespecimensbyprevious  
researchersandalsointhepresentwork［6］・Thef2versusTcurvesshowamarkeddropcentredat400－  
450K，Whichmustbeduetothemotionofmagneticdomainboundariesunderstress，i・e・aneSSentially  

thesameeffectastheAEeffbctobservedfortheYoung’smodulus［7］．Thef2curveafterC－loading  

Changesitsslopeabruptlyfrompositivetonegativeat610K・Thisisrelatedtotheftrromagnetic－Para－  
magnetictransition；thetransitiontemperature，Whichis634KinpureNi，isloweredbytheadditionof  

Catarateof～30Kperat・％C［8］・TheQJlandf2curvesoftheotherspecimensbeわreC－loadingwere  
essentiallysimilartothoモeOfthe［211］specimen・  

Figure2summarlSeStheresultsafterC－loadingforthefourorientations．Thecarboncontentrか  

tionsareapproximatelyequaltoeachother，viz．0．99，0．98，1．15andl．22at．％forthe［100］，〔411】，  

［211］and［111】specimen，reSPeCtively・Theheightofthepeakat520Kdependsstronglyonthecry亨tal  

Orientation；thepeakisalmostabsentforthe［100】specimen，Whileitattains（2～3）×10M3，Subtractlng  
thebackground，forthe［111］specimen・Themagnitudeoftherelaxationoftheshearcompliance，8GMl  

＝A（㌢1，hasbeendeterminedforeachspecimenbytakingthetwicethepeakheightastherelaxation  
StrengthAandcalculatingtheorientation－dependentshearcompliance，GMl，fromtheanisotropICelastic  

？OnStantSOfNiat520K［9］・Thevaluesof8G‾1thusobtainedareplottedinFig．3againsttheorienta－  

tlOnfactorr，Whichisdefinedas  

r＝γ摘＋γか子＋γ汁茎，  （1）  

WhereYiaredirectioncosinesbetweenthes［reヲSaXis（＝thebaraxis）andthecrystalaxes・Therelaxation  
magnitudesarenormalisedtolat・％C，aSSumlngthatthepeakheightisproportionaltothesquareofthe  

Cconcentration・TakinglntOaCCOunttherangeofpossibleerrors，Whichcomemostlyfromdncertainties  

inbackgroundsubtraction，itisconcludedthat8GMl霊Oatr＝Oandincreasesproportionallywithr，   
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hasbeenfoundtoincreasewithincreaslngr．  
dersムearst柁SSisgeilerallyexpressedas  

－2r），  （2）  

2（ぶ1l－ぶ12）and∫≡ぶ44，reSpeCtively．  

consistsonlyof8S′．Accordingtothe  
to∂ぶ′butnotto∂∫are班oseoftetrago－  
；e－neighbourcon軸urationsofapairof  
；teditlthetable，Onlytlle2ndneighbour  
eakisattributedtoreodentationo£  
丘ictionpeakassociatedwith  illternal 
irelyof∂ぶ′，anddまscussedtbe  
snonsible氏）rtherelaxation．  

huscentresofdilatation．the  
nbyanisotroplCelas－  

WhereCびare  

SOCiatedwitbthetwode重態ct  

thecrystalaxes．Inthepresentpro  
ativesincetheshearanisotropy  1nllllS SuC  

Since△Vl＝△鴇．ThelastfactorAva浸es舘om  
Therefore，Eisnegativeforapalralignedin＜10  

apalri王l＜‖1＞，interactlngrepulsively．Tbemagnlt  

usingtheelasticconstantsofNiat520K［9］andthevo  
［12］；thelastcolumnofthetableshowstheresults．The  

Onlyfbrthelstandthe2ndneighbourpalrS，theformerbeingposi  
neighbourpalristhusenergeticallyfavourableovertheotherconng  
Discussior10nthekineticsoftherelaxationrequlreSadetailedanal  

OCtahedralinterstitialpalrCannOtreOrientbyaslngleatomicjump・Figur  
interstitialsitesaroundaninterstitialatomonanoctahedralsite．Sincethelstneigh  
unfavoured，itisreasonat）1etoassumethatthereorientationofthe2ndneighbourpa  
JumPSOfCatomsleadingtothechangesintheconfigurationas2nd→3rd→3rd→  
bythearrowsinthefigure．Ifthisisthecase，relaxationsassociatedwiththe3rdnelg  
dlO＞mOnOClinicdef＆t）mayoccur，Viz．one8S′andtwo8Srelaxations，inadditiont9theone8S′  

neighbourpair・However，theobservedanisotropyindicatesthat8Srelaxations  relaxationduetothe2nd  
verysmaliinmagnitude．まnwha（ね1lows，Wediscusssolelythekineticsofthetwo8S′relaxations・   
Followingthegeneraltheoryofkineticsofanelasticrelaxation［14，15］，Wehavederivedtheex－  
；Sionsfol・theratesofthe8S′relaxations．Thefinalresultis  

て±－1＝41γ23＋3Ⅵノ33＋w32±【（4w23－3γリ33－W32）2＋16w23W32】l／2，  （5）   

ConfigurationsofinterstitialatompairsoccupylngOCtahedralsitesinthefcclattice，referredtooneintersti－  
10Catedattheorlgln・aisthelatticeparameter，nis血enumberofequivalentorientationsandEisuleelas－  
energybetweentwoCatomsinNiat520K．  
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5（β）  

Figure4：Rcorien（ntionofa2ndneighbouri－  
1Palrinthefcclatticethrough tiletWO3rd  
neighbourpositions．Thenumbersattachedto  
eacbsiteintbe軸uredellOte也eorientation  
labels［14】ねrat飽agOnaldeねct（re短汀edto  
asα）andfbra＜110＞mOnOClirlicdefect（β）．  

Wherewmnarethejumpratesofaninterstitialatomfromthem－thneighboursitetothen－thneighbour  
Site．ThefactthatbothatomsinapalrCanJumpWithequalprobabilitieshasbeentakenintoaccount．  

ThetheorypredictsthattherelaxationspectrumiscomposedoftwoDebyepeaks’，therelaxationtimes  

OfwhichareglVenabove．Furtherdiscussionoftherelaxationspectraisdifficultatthemomentbecause  
itrequlreStheknowledgeoftherelaxationmagnitudes，Whichisgovernedbythelatticedistortion  
aroundthedeftctsinvoIved．  
Letusbrieflyexamineaspecialcasewherew23完W33完yV32≡W・Equation5isthenreducedto  

て＋‾lだ12wandてJlだ4w．Thepre－eXPOnentialfactorandtheactlVationenergyofthejumpfrequencyw  

areobtainablefromdiffusiondataathightemperatures［16］，uSingtherelationD＝Wa2，aS？0＝2・42×  
1014sMlandQ＝1・54eV・Fromtheseparameters，thepeaktemperaturesofthetworelaxヤ10nSforf＝  
1Hzarepredictedtobe529Kand547K，Whichareinreasonableaccordwiththeexperimentalobser－  

Vation．Moreover，themagnitudesoftherelaxationrate，Viz．12wand4w，agreeWellwiththerelaxation  

ratedeterminedexperimentallybyDiamondandWert［4］，  

て－1＝2．8×1015exp（－1．51eV用乃S－1．  
（6）  

Inaseparateexperimentonpolycrysta11inespecimensbythepresentauthors［6］，thepeakhasbeen  

foundtobebroaderthantheDebyepeakofthisrelaxationtimebyaboutlO％．Thisftaturemaybeex－  

Plainedintermsofthepresenceoftwocomponentswithrelaxationratesclosetoeachother．   
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