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InsituatomisticobservationofdisconnectionＧmediated
grainboundarymigration

UnderthesupportoftheNationalNaturalScienceFoundationofChina,theresearchteamledbyProf．
ZhangZe(张泽)andProf．WangJiangWei(王江伟)attheCenterofElectronMicroscopyandStateKey
LaboratoryofSilicon Materials,Schoolof MaterialsScienceand Engineering,Zhejiang University,
revealedthe atomistic mechanism of disconnectionＧmediated grain boundary migrationsin metallic
nanostructures,whichwaspublishedinNatureCommunications(２０１９,１０:１５６)．

Grainboundary(GB)migrationisaprevalentplasticdeformationmodeinnanocrystallinematerials,and
acomprehensiveunderstandingofGBmigrationisvitaltothedevelopmentofnovelmaterialsthroughGB
engineering．Numeroustheoreticalandexperimentalinvestigationshavepresentedadisconnectionmodel
(GBdefectexhibitingbothdislocationandstepＧlikecharacter)fortheshearＧcoupled GB migration．
However,theatomistic mechanism ofdisconnectiondynamics (includingnucleation,propagationand
interaction)andtheircontributiontotheGBdeformationremainlargelyunclear,especiallyinexperiments
duetothetechnicallimitations．

Inthisresearch,Wang􀆳sgroupsuccessfullyconductedaseriesofstateＧofＧartinsitusheartestson
nanoscalebicrystals withdifferentGBstructuresthat werefabricatedinsideatransmissionelectron
microscope(TEM);theyunambiguouslyrevealedauniversalatomisticmechanismoftheshearＧcoupledGB
migration,whichconsistsofthenucleation,lateralpropagationanddynamicinteractionsofdifferentGB
disconnections．TheyalsodemonstratedthatthelatticedefectshadlittleinfluenceonthedisconnectionＧ
dominated GB migration andthetriplejunctionscould serve as effective nucleation sites of GB
disconnections,providinginＧdepthinsightsintotheGBmigrationandenrichingourunderstandingofGBＧ
mediatedplasticityinabroadclassofnanocrystallinematerials．Further,theydiscoveredthattheshearＧ
coupledmigrationofsomespecialGBs(e．g．Σ１１(１１３)GB)isfullyreversibleundercyclicloading,which
effectivelyenhancesthedeformabilityofmetallicnanostructures,holdingsignificantimplicationtothe
improvementofmechanicalpropertiesviathepropercontrolofGBstructures．

Byadoptingthesimilarinsitunanofabricationandmechanicaltestingtechniques,Wang􀆳sgrouphasalso
madesignificantprogressintheinvestigationofthesuperplasticbehaviorofmetallicnanowires,whichwas
publishedinScienceAdvances (２０１８,４:eaas８８５０)andAdvancedFunctionalMaterials (２０１８,２８:
１８０５２５８)．

Figure　(a)DisconnectionＧmediatedGBmigrationundershearstress;(b)GBdisconnectionnucleationfromthetriplejunction．


