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Novelsupercriticalelasticityin
NiCoFeGasinglecrystals

WiththesupportbytheNationalNaturalScienceFoundationofChina,theresearchgroupledbyProf．
WangYanDong(王沿东)attheBeijingAdvancedInnovationCenterforMaterialsGenomeEngineering,
StateKeyLaboratoryforAdvancedMetalsandMaterials,UniversityofScienceandTechnologyBeijing,
successfullydesigned a novelsupercriticalelasticalloy,which exhibitssupercriticalelasticity with
nonhysteresisandsmalltemperaturedependenceovera widetemperaturerange．Theresults were

Figure　(a)Thecomparisonofthetraditionalsuperelasticity
andthesupercriticalelasticity;(b)theschematicillustration
ofatomicＧscaleentangledstructures．

publishedinNatureMaterialsonMarch１６,２０２０(doi:https://doi．org/１０．１０３８/s４１５６３Ｇ０２０Ｇ０６４５Ｇ４)．
Elasticcomponentshavewideapplicationsrangingfrom dailylifetoaerospacefieldduetoitslarge

recoverablestain．Superelasticity,whichreferstotheabilitytoachievemuchlargerrecoverablestrains
(~８％)thanconventionalmetalsandalloys,isknowntoappearinshapememoryalloyspossessingafirstＧ
ordermartensitictransformation(MT)whenauniaxialstressisapplied．However,thenatureofthefirstＧ
orderstressＧinduced MTimpliesapronouncedhysteresisbetweentheloadingandunloadingprocesses．
Thehysteresisisdetrimentaltotherecoverabilityofthemechanicalenergy,thestabilityofthefunctional
behaviorsandtheprecisionofthedisplacementcontrol．Eliminatingthehysteresisistherealholygrailfor
thepracticalapplicationofsuperelasticalloys．

In２０１２,WangsgroupintroducedalotofhexagonalcobaltinNiFeGaalloy;thethermallyinducedMT
wascompletelysuppressed,butthestressＧinducedsuperelastichysteresisstillexisted (EurophysLett,
２０１２,９８:４６００４)．Throughdataanalysisandseasonableassumption,Wangsgroupproposedanovel
designstrategytoachieveanonＧhystereticsuperelasticity,whichinvolvesthekeyquestionthatisthe
introductionofanatomicＧlevelentanglementoforderedanddisorderedstructures．Theentangledstructure
willnotjusthinderthedislocationmovement,butrathersuppressthefirstＧorderMT．Afteringenious
alloydesignandthermaltreatment,theentangledstatehasbeenrealizedin NiCoFeGaalloy,which
exhibitsanunprecedentednonＧhystereticsuperelsticityoverawidetemperaturerangefrom１２３to４２３K．
TheinＧsitu synchrotron XＧraydiffraction measurementsdemonstratethatthenonＧhystereticelasticity
originatesformthestressＧinducedcontinuouslatticeparameterchange,ratherthanthejumpＧlikefirstＧ
orderphasetransformationstrain．Wedenotethisparticulartypeofelasticityassupercriticalelasticity．

Thephenomenonof “supercriticalelasticity”issimilartothatofsupercriticalfluids．Whenthe
temperatureandpressureofwaterareaboveitsthermodynamiccriticalpoint,itentersasupercritical
condition,wheredistinctliquidandgasphasesdonotexist．Itcaneffusethroughsolidslikeagas,and
dissolvematerialslikealiquid．Thissupercriticalphenomenonhasbeen widelyusedinchemicaland
pharmaceuticalfields．Inthefieldofcondensed matterphysics,manyimportantphenomenasuchas

superconductivity and superfluidity are
closelyrelatedtothissupercriticaltransition．
Thediscoveryofsupercriticalelasticityinthe
NiCoFeGaalloychallengestheclassictheory
of martensitic transformation and has
broadenedtheresearchareaofsuperelastic
alloys．Furthermore,the proposed design
strategy,introducingatomicＧscaleentangled
structures,maybringoutotherunexpected
behaviorsincondensedmatterphysics．


