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Colossalelastocaloriceffectdiscovered
inanovelmetalalloy

Figure　Schematicillustrationofelastocaloriceffect．

WiththesupportbytheNationalNaturalScienceFoundationofChina,theresearchteamledbyProf．
CongDaoYong(从道永)attheUniversityofScienceandTechnologyBeijingdesignedanovelmetalalloy
withacolossalelastocaloriceffectpromisingforenergyＧefficientandenvironmentＧfriendlysolidＧstate
refrigeration,whichwaspublishedinPhysicalReviewLetters(２０１９,１２２:２５５７０３)．

Refrigerationhasbecomeindispensabletoour modernsociety．Foodstuffs,beverages,medicine,
electronicsandpopulatedspacesallneedcooling．Nowadaysrefrigerationconsumes２５to３０percentofthe
globalelectricityandthedemandforcoolingiseverincreasingunderthebackgroundofglobalwarming．
Presentrefrigerationreliesprimarilyonvaporcompressionwhichusesenvironmentallyharmfulfluidsand
producesgreenhousegaseswithexacerbatingeffectsonglobalwarming．Itbecomesimperativetodevelop
alternative cooling technologies that are environmentＧfriendly and highly efficient． Elastocaloric
refrigerationbasedonelastocaloriceffect,whichreferstotheadiabatictemperaturechangeorthe
isothermalentropychangeofthematerialwhenauniaxialstressisapplied,hasbeenidentifiedbytheU．
S．DepartmentofEnergyasthemostpromisingnonＧvaporＧcompressioncoolingtechnology．

ExecutionofelastocaloricrefrigerationreliesonthedevelopmentofhighＧperformanceelastocaloric
materials,theheartoftheelastocaloricrefrigerationdevice．Thelargestelastocaloriceffecthasbeenfound
inprototypeNiTiferroelasticshapememoryalloys,butmainlyconfinedtosmallＧsizethinfilms,wiresand
foilsthatareunsuitableforlargeＧscaleapplications．TheelastocaloriceffectinbulkNiTialloysislower．
ThelackofhighＧperformancebulkpolycrystallineelastocaloricmaterialsactsasabottleneckforlargeＧscale
elastocaloricrefrigerationapplications．

Cong􀆳sgroupproposedanoveldesignstrategytoachievelargeelastocaloriceffectinbulkpolycrystalline
materials,whichinvolvestherequirementsthatthematerialsmustsimultaneouslyhavealargephase
transitionentropychangeandgoodmechanicalproperties．Thentheyemployedthedesignconceptthatthe
largertheunitcellvolumechangeacrossmartensitictransformationthehigherthetransitionentropy
change,andtheyintroducedatinyamountofborontoovercomethegrainboundarybrittlenesswhichhad
beenprovedtobequiteeffectiveintheirearlierworkpublishedinActaMaterialia (２０１７,１２７:３３—４２)
andMaterialsResearchLetters(２０１９,７:１３７—１４４)．Withthisdesignstrategy,theydevelopedanovel
NiMnTiBalloythatexhibitsacolossalelastocaloriceffectwellexceedingthatoftheprototypeNiTialloyin
anyform．Theyachievedareversibleadiabatictemperaturechangeofelastocaloriceffectof３１．５K,which
isthehighestvalueinall(magnetoＧ,electroＧ,
elastoＧandbaroＧ)caloricmaterialsinanyform
(thinfilm,wire,bulk,etc．)．Theachievement
ofsuch acolossalelastocaloriceffectin bulk
polycrystallinematerialsthatareeasytoproduce
willpushasignificantsteptowardslargeＧscale
elastocaloricrefrigerationapplications．Furthermore,
theproposeddesignstrategymayinspirethe
discoveryofgiantcaloriceffectsinabroad
rangeofferroelasticmaterials．


