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Sizedependenceofgrainboundarymigration
inmetalsundermechanicalloading

WiththesupportbytheNationalNaturalScienceFoundationofChina,theresearchteamdirectedby
Prof．Lu Ke (卢柯)andProf．LiXiuYan (李秀艳)atShenyang NationalLaboratoryfor Materials
Science,InstituteofMetalResearch,ChineseAcademyofSciences,recentlyreportedanabnormalgrain
sizedependenceofmechanicallyinducedgrainboundary(GB)migrationinmetals,whichwaspublishedin
PhysicalReviewLetters(２０１９,１２２:１２６１０１)．

MechanicallyinducedGBmigrationwithconcomitantcoarseningofgrainsoccurseasilyinnanograined
metals,which notonly deterioratesthepropertiesofnanograined materialsbutalso hinderstheir
processingbyplasticdeformation．Varioustheoreticalmodelsandcomputationalsimulationssuggestthat
thisprocessisdependentonGBstructureandcomposition．Itisgenerallybelievedthatthemechanically
inducedGBmigrationisrelatedtotheGBenergy,GBcurvatureanddisconnectionsinGBs．Thesmaller
thegrainsize,thefasterthemigrationrate．

Theydiscoveredthatmechanicalstabilityofnanograinspreparedbyplasticdeformationshowsaturning
point(criticalsize)undertheconditionofquasiＧstatictension．Abovethecriticalsize,thegraincoarsening
amplitudeincreaseswithadecreaseofgrainsize．Whilebelowthissize,thegraincoarseningamplitude
dropswiththedecreaseofgrainsize．ThecriticalsizesinpureCu,Ag,andNiareabout７５,８０,and３８
nm．TheabnormalmechanicalstabilityofnanograinsbelowthecriticalsizeisascribedtothestrainＧ
inducedrelaxationofGBsduringpreparation,whichleadstotheformationoflowＧenergyandfacetedGBs．
Anditsdeformationmechanismundertensionisdominatedbymovementofpartialdislocationstoform
twinsorstackingfaultsinthenanograins．ItisalsofoundthatGBsofnanograinswithsizeslightlylarger
thanthecriticalsizeinCucouldberelaxedbyasuitableannealingprocess,whichobviouslyenhancedits
mechanicalstability．

ThisdiscoveryisimportantforunderstandingthenatureofGBsatthenanoscaleandtheirresponseto
mechanicalstimuli．Italsoshowsapotentialtofabricatefinerstructuresofmetalswithbetterstabilityby
plasticdeformation．

Figure　(a)Variationsofmeasuredrelativegrainsizechange(ΔD/D０)asafunctionofinitialgrainsize(D０)forCuafter
tensionwithastrainof０．３１forCuＧ１andCuＧ２．CuＧ１TrepresentsCuＧ１afterthermalannealingforrelaxingGBs,anditstrue
strainis０．３．(b)VariationsofΔD/D０asafunctionofD０forAg(strain:０．２３),Cu(strain:０．３１),andNi(strain:０．２５),
respectively．ErrorbarsrepresentthetypicalvariationrangesofΔD/D０andthestandarddeviationsofD０．


