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Lithiumwhiskersgrowthandstressgenerationin
aninsituatomicforcemicroscopeＧenvironmental

transmissionelectronmicroscopesetＧup

WiththesupportbytheNationalNaturalScienceFoundationofChina,aresearchteamledbyProf．
HuangJianYu(黄建宇),Prof．TangYongFu(唐永福)andProf．ZhangLiQiang(张利强)attheClean
NanoEnergyCenter,StateKeyLaboratoryofMetastableMaterialsScienceandTechnology,Yanshan
University,reportedthefirstrealＧtimeimagingofLidendritegrowth withsimultaneousstressＧstrain
measurementbyusinganovelenvironmentaltransmissionelectronmicroscopy—atomicforcemicroscopy
(ETEMＧAFM)platform,whichwaspublishedinNatureNanotechnology (２０２０,１５:９４—９８)．

AllＧsolidＧstateLibatterieshaveattractedgreatattentioninrecentyearsduetotheirpotentialhighenergydensity
and good safety． However,the detrimental Li dendrite growth induced battery failure hinders their
commercialization．Resolvingthe LidendriteprobleminallＧsolidＧstate Libatteriesrequiresafundamental
understandingoftheelectroＧchemoＧmechanicalbehaviorofLidendrites．Unfortunately,thebasicmechanical
propertiesofLidendritesremainlittleknowntodate,duetoseveraloutstandingtechnicalchallenges．Thefact
thatLiischemicallyveryreactiveandthedimensionofLidendriteisinnanometerregimeprecludesany
conventionalsamplepreparation,transferandmechanicalpropertymeasurementprocedures．

Inthispaper,theauthorswereabletocontroltheinsitugrowthofLidendriteswithdiameterofafew
hundrednanometersandsimultaneouslymeasuretheelasticＧplasticpropertiesofindividualLidendrites
withandwithoutelectrochemicaldrivingforces．TheabilitytogrowandmechanicallytesttheLidendrites
inrealtimeatthenanoscaleopensupnewopportunitiesforunderstandingandresolvingthedendrite
growthproblemsinallＧsolidＧstateLibatteries．

OnebreakthroughfromthisworkisthenoveluseofETEMthatovercomesalongＧstandingchallengeto
measurethebasicelectroＧchemoＧmechanicalpropertiesoftheextremelyreactivematerialssuchasLi．
InsidethegasenvironmentofETEM,ananometerＧthickLi２CO３formsonthesurfaceofinsitugrownLi
dendrites．SuchanultraＧthin Li２CO３ layerremarkablystabilizesthereactiveLimetalandprevents
electronＧbeamdamage,therebyenablinginsituimagingandmechanicaltesting．Thankstotheprotection
ofsurface Li２ CO３ theyobtainedthefirstexperimentalresultsonthe mechanicalpropertiesofLi

Figure　Insitu ETEMＧAFMcharacterization
of stress generation during Li dendrite
growth．

dendrites—theresultsareunprecedentedandunexpected．
TheETEMＧAFM platformisinnovativesincetheAFMtipplaysathreeＧfoldrole:a)servingasa

cathode;b)axialconfinementtogenerategrowthstress;andc)realＧtimemeasurementofgrowthstress．
Thisplatform can be extended to study the science of
dendritesin other battery systemssuch asthesodium,
potassium,magnesium andcalcium batterysystems,and
broadly to study the stressＧmediated growth ofreactive
materialsatthenanoscale．

TheresultsontheelasticＧplasticpropertiesofLidendrites
areextremelyimportant,astheyrepresentthefirstsetof
robust experimental data on the previously unknown
mechanicalbehavioroftheLidendrites．Theresultsprovide
baselinedataforverificationandvalidationtoavastamount
oftheoretical models on the mechanical behavior of Li
dendriteswithandwithoutelectrochemicaldrivingforces．

Theresultsshedlightonthematerialdesignprinciplesfor
mitigatingLidendritegrowthinallＧsolidＧstateLibatteries．It
wouldbeimpossibletogainsuchinsights withoutdirect
measurementofmechanicalpropertiesofLidendritesunder
electrochemicalloadingconditions．


