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Abstract．Low録equencyinternal餌ctionmeasurementshavebeenmadeon“pure”aluminum  
anddilutealuminumalloysinheavilycold－WOrkedstates．Arelaxationpeakisobservedatabout  
200K（fbrlHz）eveninspecimensofnominally4Norhigherpurity・Thispeakisconsideredto  
bethesameasthoseprev10uSly reportedbyseveralresearchersfordilutealuminumalloysof  
Cu，MgorGa．Amongvariouselementssofarexamined（Cu，Si，Fe，Ge，Mg），Sihasa  
dominante飴ct．Theanomalousfbaturesofthepeak，i．e．highactivationenergyandsmal1pre－  
exponentialfactorfortherelaxationtimecanbeunderstoodintermsofamodelinwhichthe  
anelasticelementsexhibit stronglnteraCtion．  

l．INTRODUCTION  

‡nternal＆ictionassociatedwithdislocationsinmetalshaslongbeenstudiedextensively．Therelaxation  
Peaksappearlngatlowtemperaturesincold－WOrkedmetalsareusuallycalledtheBordonipeak・Itisnow  
generallyacceptedthatthepeakisduetotheintrinsicmotionofdislocationsoverthePeierlsbattier・At  
temperatureshigherthanthatoftheBordonipeak，SeYPralpeakshavebeenobserved・Thisgroupofpeaks  
hasbeenrefbrredtoastheHasigutipeaks．ExtensivelnVeStlgationshavebeenperfbrmedねrAuandCu，  
andthepeakisconsideredtobeduetodislocationscombinedwithphysicalpointdeftctssuchas  
VaCanCiesandinterstitiaiatomsintroducedbycoldworking［1］．  

Onemightthenexpecttheqppearanceofrelaxationpeaksofdislocationscombinedwithchemical  
POintdeftcts，i・e・，SOluteatoms・TheSnoek－K6sterpeaksinb・C・C・metalscontainlnglnterStitialimpurlty  
atomsareconsideredtobeofsuchnature［1］；eXtenSivestudieshavebeenmadefbrFe－NandFeNHalloys．  
Inf．c．c．metals，SeVeralresearchershaveobservedreiaxationpeaksincopperalloys：Cu－Ag【2，3］，Cu－Al  
［4，5，6］，Cu－Zn［6］andinaluminumalloys：AIpCd，AトSn［7】，AトCu［8］，AトGa［9］，AトMg［10，川・In  
COntraSttOthecaseofb．c．c．metals，Ourunderstandingofthenatureofthepeaksisfarftomcomplete・  
Oneimpottantdifftrenceexistsinthepeakcharacteristics；inb．c．c・metalsthepeakappearsattemperatures  
Wherethesoluteatomsaremobile，e．g．，480KatlHzfbrFe－N，Whileinf．c．c．metalsthepeaksappear  
around200Kwherethemobilityofsubstitutionalsoluteatomsmustbenegligiblylow・  
Inthecourseofaninternai蝕ctionstudyonasetiesofAトMgalloys［呈2j，WenOticedthepresence  

Ofarelaxationpeakatabout200Keveninarefbrencespecimenofpurealuminumofhighpurity，When  
measureda鮎rheavycoldworking．Itissuspectedifthepeakisrelatedtosometraceimpurities・‡nthis  
paperwereporttheresultoflow丘equencylnternalfHctionmeasurementsonpurealuminumanddilute  
duminumalloys．   

2．EXPERIMENTAL PROCEDURES  

Threekindsof”pure”aluminiumlngOtSWereSuPPliedbySumitomoChemicalCo・Ltd・；99・95，99・992  
and99．9996wt％．Dilutealloyswerepreparedfromtheingotofthehighestpurltyandtherespective  
SOluteelement：Cu，Fe，Siand Ge ofcomparable purlty；the alloy specimens were subjectedto  
hom？genizationannealsat5600Cfbr4days・Wirespecimensofl・2mmindiameterwerepてePared＆om  
thepleCeSCutfromtheingotsthroughgrooverollinganddrawlng．Foralloyspecimens，1ntermediate   
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annealingwasmadeatthediameterof2mmfbrlhat3500c・Theas－drawnspecimenswereimmediately  
mountedinaninvertedtorsionpendulumapparatus［13］．Internal翫ctionwasmeasuredonheatingover  

thetemperaturerangeftom80Kto640Kat aheatlngrateOflKminpl・Thevibrationaほ・equenCyand  
thestrainamplitudeinthesurfaceshearstrainaretypical1ylHzandlO－6．   

3．REStTLTS  

Figurelshowstheinternalfrictionvs・temPeratureCurVeSfbras－drawnパpure＝aluminumspecimensof  
diffbrentpurlty・Fortwospecimensoflowerpurlty，99・95and99・992wt・％，peaksareobservedaround  

200K，butnotinthespecimenofhighestpurltyOf99．9996wt．％，thecommercialnameofwhichis  

Supral・AlltheotherりpureAl＝specimensmeasuredinthisexperimentexhibitedpeaksatthesame  
temperature，althoughthenominalpurltyWaSClaimedtobe99・990r99・999wt・％・Thus，itissuspected  

thatsometraceelementsinAlareresponsible払rtheappearanceofthepeak・  
‡nordertoidentifytheimpuntyresponsibleforthepeak，Wehavemademeasurementsondilute  

a1loysasshowninFig・2・Incommercialaluminum，them叫OrimpuritiesareknowntobeCu，Mg，Siand  

Fe・Allthe払urelementsintroducethepeakatalmostthesametemperature，butSihasthemostdominant  

efftct・TheadditionofGe，belonglngtOthesamegroupintheperiodictable，introducesasmallpeakata  

temperatureslightlyhigherthanthatoftheSi－addedspecimen・SinceSihasthepredominanteffect，a  

detai1edinvestlgationwasmadeonAトSialloys．  

Figure3showstheresultforaseriesofspecimenswithvariousSiconcentrations・Thepeakisin  
facthigherforspecimenswithhigherconcentrationofSi・Figure4showstheresultofsuccessive  
measurementsonanAト0・93at・％Si・Afterthe重rstheatingrunmeasurementonanasJrawnspecimen up  
to370K，thespecimenwascooleddownandsubjectedtothesecondrunupto450K．Thepeakshifts  

towardhighertemperaturesandgraduallydecreasesitsheightonannealing．Afterannealingわrlhat650  

K，thepeakcompletelydisappeared・Theannealingbehaviorofthepeakinpurealuminumspecimenswas  

notverymuchdifftrent丘omthatdescribedhere．  

Theheightofthepeakisstronglydependentonthemodeofdeformation・Thepeakisvirtually  
absentorverysmallaftertorsionaldefbrmation．Severedeformationathighstresslevelsasinthecaseof  
COlかdrawlngSeemStObee晩ctiveinintroducingthepresentpeak・Thistrendhasaisobeenrecognizedわr  
thepeakinCu－Alalloys［3，4］．  

DetailedanalysesofthepeakhavebeenmadeforaspecimencontainlngO・05at・％Si・Figure5  
Showstheinternalfrictionpeakaftersubtractlngthebackgroundandthevibrational＆equencyasa  
functionoftemperature・Therelaxationparameters，theactivationenergyEkandthepre－eXPOnentialfactor  

てohavebeendeterminedbythepeakshiftmethod：Es＝1．63±0．12eV，て0＝10－39・5士0・3s．Thedashedline  

istheDebyepeakofsinglerelaxationcalculatedwiththeaboverelaxationparameters；theexperimental  
Curveismuchbroaderthanthetheoreticalone．   
InthecaseoftheDebyepeak，theheightoftheinternalhictionpeak，Q㌫1，andtheassociatedA財  

effbct，△朗冊（＝24f／f：fthevibrational丘equency）isrelatedby  

2e孟1＝α晋 
，  

（1）  

Whereαisunltyforaslnglerelaxationprocess・ForthepresentpeakshowninFig・5，αisO・25・This  

meansthatthepeakisbroadenedbythedistributionintherelaxationtimes・Ifweadoptthelog－－nOrmal  
disthbutionintherelaxationtime［14］，thevalueofthedistrit）utionparameter，β，is6．75andtherelative  

Peakwidth，r（β）is4．48魚・OmTable4inRef．［14］，implyingthatthepeakisbroadenedbyafactorof4．48  
thanthatofsinglerelaxation・Theanomalouslysmallvaluesofてoforthistypeofpeakshavebeen  
recognizedinseveralpreviousinvestigations［4，5，6，8，9］．   

4．DISCtJSSION  

AlthoughtheonglnOfthepresentpeakisnotyetclear，SOmeremarksaremadeheretoglVeaCluetowards  
abetterunderstandingofthephenomenon・TherequlSitesfortheappearanceofthepeakarethepresence  
OfsoluteatomsandseveredeねrmationorhighdensltyOfdislocations・Thegradualdecreaseinthepeak  
heightbyannealingabove450K（～7L／2）andtheannihilationofthepeakbyannealingarOund650Kalso  
SuggeSttheinvoIvementofdislocationsinthisrelaxationpeak．  
Amongvarioussoluteatomsexaminedinthisexperiment，Siisthemosteffectivetointroducethe  

Peak・AlthoughtheotherelementssuchasCuandMgalsoseemtobeefftctivetosomeextent，itisnotat  

allclear・Oneshouldnotethefactthatnominallyhighpurealuminumof蔦veninedoesexhibitthepeaks   
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ofconsiぬablemagnitudes・TbusァsomeelementssucbasSiorsomeunidenti鮎dimp血ties  
unintentional1yintroducedinpreparatlOnOfalloyswithCuorMgcanberesponsiblefbrthepeak・‡nsome  
previ？uSinvestigations［8，9］，meaSurementSWeremadebrspecimensofjustoneconce醸ation・‡nsuch  
？XPerlmentS，itseemsdi餓culttoascdbeanyobservedphenomenontothecontdbutionofthesoluteatom；  
1mpudtiespresentintherawmatedal，れOtthesoluteelementaddedin加tiona11ycanberesponsibk触ぬe  
Ph亡110111enOIl・  

Theftaturesofthepresentpehkarefairlydiffbrent鮎mthoseobservedfbrconventionalrelaxation  
peaksofinternalhction・Someofsuchfbaturescanbeexplainedbyconsideringasystemofstrong  
mutuaiinteraction．才nanearlierpaper，OneOfthepresentauthorsdiscussedtherelaxationprocessofa  
systeminwhichanelastice桓ents坤ibitstrQnginferaCtion［15］・Forsuchasystem，theinternalnjction  
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1andtheassociatedAM e晩ct，A財／M，Canbewrittenas  

（2）  

．・＼∫l′ ＿ 7こ一  言  
（3）  

〟‾r－㌔1＋（那′）2’  

7tisacdticaltemperature，Whichexpressesthestrengthoftheinteraction，Wisthe  ere杓isaconstant，  
angular鮎quencyandて′istherelaxationtime，Whichisrelatedtothatintheabsenceoftheinteraction，て，  
asて′＝て／（ト㌔／乃．Thesalient飴aturesoftherelaxationofthesystemmaybesummarizedasfbllows・  
（l）Theinteracti？nmOdiAesnot 

． 

thepeaktemperature，thepeakbecomeshigherandnarrower・Theapparentactivationenergybecomes  
largerandtheapparentpreexponentialfactorてobecomessmaller・  
Asantuneticalexample，WehavechosensomewhatarbitrarilythefbllowlngValues：て0＝iO－13s，  

E＝0．46eV，andhavedrawnthecurvesofQTlfbrvadousvaluesofTbasshowninFig・6・Theapparent  
inて′／d（1／T），isO．79eVandtheapparentpreexponentialfactoris  activationenergy，de丘nedby  

farffomquantitativeagreement，thetrendisintheright  わrち＝200K．  

analysisofthepeakwillbereportedinaseparatepaper・  etailed  
conclusion，theanoma16usfbatureofthepeakobservedindilutealuminumalloysintheheavily  

coldworkedstatecanbeexplainedqualitativelyastherelaxationofastronglyinteractlngSyStem・  
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Figure2：Internal魚■ictionofas－drawnaluminum  
alloyspecimens．  
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Figurel：Intemalfrictionofcold－drawn’一pure一一  

aluminumspecimensofthreedi晩rentpurities  
SuPPliedbySumitomoChemicalsLtd・   
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Figure4：Efftctofannealing．Aseriesofmeasurements  
Were made up to successively higher temperattlreS：  
CurVel：370K，2：450K，3：650K，4：320K．Seetext．  
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Figure3：EffbctofSiconcentrationonthepeakheight．  
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Sitheexpedmentddataof  

．  

Weredeterminedbythepeakshiftmethod．   


