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ABSTRACT

TheREＧMgＧNiＧMnＧbasedAB２ＧtypeLa１－xCexMgNi３􀆰５Mn０􀆰５(x＝０－０􀆰４)alloyswereprepared
byspinningtreatment．Forobtainingtheoptimumperformance,theeffectsofCecontentand
spinningrateonthehydrogenstorageperformanceofthealloyswerestudiedsystematically．The
resultsshowthatthevariationsofthespinningrateandCecontentresultinnoteworthychanges
ofthephasecontentwithoutalteringphasecompositionofthealloys．Specifically,theLaMgNi４

phaseincreasesandLaNi５phasedecreaseswhenincreasingthespinningrateandCecontent．
Furthermore,thecrystallinegrainsofCeＧcontainingalloyspreparedbyspinningtreatmentare
remarkablyrefined．Thealloysownsuperiorelectrochemicalperformance．Allalloysreachthe
optimaldischargecapacityattheinitialcycle．IncreasingCecontentandspinningrateleadthe
dischargecapacityandelectrochemicalkineticsrisetoanoptimalvalueandthenstarttoreduce．
Meanwhile,theelectrochemicalcyclestabilityisalsoimproved, whichisascribedtothegreat
enhancementofantiＧpulverizationandantiＧcorrosionabilitiesresultingfromthespinningtreatＧ
mentandthesubstitutionofCeforLa．

１．Introduction
　Thefossilfuelerawillend “beforelong”．FortuＧ
nately, mankindhascometorealizetheseverityof
theissueandstarttoinitiativelygiveupfossilfuel
andturntoinvestigateandusecleanerenergy．Most
ofthedevelopedcountrieshavebeenpumpingtheir
fundsintothedevelopmentofthenewenergyauto
industry．Somebrandsofthevehicleswhichtake
NiＧMH batteriesasauxiliarypowerhavealready
beensoldinEurope,theUnitedStatesandChina．
Therefore, theperformancesof NiＧMH batteries
largelydecidewhethertheywillbeacceptedbythe
markets．Asthecorematerial,hydrogenstoragemateＧ
rialsfundamentallyinfluencethemainperformances
ofNiＧMHbatteries．However,atpresent,thereis
noidealmaterialthatcanmeettherequirementof
thevehiclebatteriesduetothelowreversiblecapacＧ
ity．TheLaＧMgＧNitypealloyshavebeenextensively
studiedwiththehighreversiblecapacityandthelow
cost[１Ｇ６] ．Unfortunately, thecyclestabilityofthis
typeofalloysispoor, whichhasrestrictedtheiracＧ

tualapplicationprocessinvehiclebatteries．
　Alloyingandmodifyingmicrostructurehavebeen
verifiedtobetwopowerfulwaysforenhancingthe
hydrogenabsorptionanddesorptionperformanceof
thealloys[７Ｇ９] ．Particularly, substituting partially
rareearthelementsforLaand/ortransitioneleＧ
mentsforNicanmakeamarkedameliorationonthe
electrochemicalcyclestability[１０Ｇ１２] ．Inaddition,the
spinningtreatmentcanalsogreatlyrefinethemicroＧ
structureanddramaticallyenhancethecyclestabiliＧ
tyofthealloys[１３,１４] ．Hence, REＧMgＧNiＧMnＧbased
alloyswerepreparedwithdifferentCecontentsand
spinningratesforobtainingthealloyswiththesuＧ
perioroverallelectrochemicalperformance．
　IthasbeendocumentedthataddingrareeartheleＧ
mentsCeorYcanmarkedlyenhancethecorrosion
resistanceofanelectrodeandfurtherimproveits
electrochemicalproperties, especiallyinthecycle
stability[１５Ｇ１７] ．Inthepresentwork, Cewasadopted
topartiallysubstituteLaduetothefactthatCeis
muchcheaperthanYandotherrareearthelements．
Andthespinningtreatmentwasappliedtoprepare

　　　　　　　　　JournalofIronandSteelResearch,International２４(２０１７)２９６－３０５　　　　　　　　　　



theLa１－xCexMgNi３􀆰５Mn０􀆰５(x＝０－０􀆰４)alloys．The
influencesofCecontentandspinningrateonthe
microstructuresandhydrogenstorageperformances
werestudiedindetail．

２．Experimental
　TheasＧcastLa１－xCexMgNi３􀆰５Mn０􀆰５(x＝０－０􀆰４)
alloyswerepreparedthroughmeltingtherawmateＧ
rialsinavacuuminductionfurnace．Foravoidingthe
lossofMg,thefurnacewasfilledwithheliumgas
of０􀆰０４MPaduringthesmeltingprocess．TheexperＧ
imentalalloysweredenotedbyCe０,Ce０􀆰１,Ce０􀆰２,Ce０􀆰３

andCe０􀆰４basedonthedifferentCecontents．Apart
ofthecastingotwaschosenassampleandspunto
obtainthespunalloys．Thelinearvelocityofthe
copperrollerwasusedtorepresentthecoolingrate
ofthealloysinthespinningtreatment, whichwas
setas２,６,１０and１５m􀅰s－１,respectively．
　XＧraydiffractometer(XRD) (D/max/２４００) was
usedtoanalyzethephasecompositionandcontent
fortheexperimentalalloys,andthetestparameters
weresetasfollows:１６０mA,４０kVand１０ (°)/min,
performingwithCuKα１radiationfilteredbygraphＧ
ite．Highresolutiontransmissionelectron microＧ
scope(HRTEM,JEMＧ２１００F) wasusedtoobserve
the microstructure ofthespun alloys, andthe
workingvoltagewassetto２００kV．ElectrondiffracＧ
tion(ED) wasusedtoanalyzethecrystallinestates．
　Thealloypowder(０􀆰２g)andcarbonylnickelpowＧ
der(０􀆰８g) weremixedandthenpressedintoϕ１５mm
roundelectrodeat３５MPa．ThemetalhydrideelecＧ
trode,sinteredNi(OH)２/NiOOHcounterelectrodesas
wellasaHg/HgOreferenceelectrodejointlyconstituＧ

tedatriＧelectrodeopencellwhichwasinfusedwith
６mol􀅰L－１ KOHelectrolyte．Thevoltagebetween
themetalhydrideelectrodeandtheHg/HgOreferＧ
enceelectrodewasmeasuredanddefinedasthedisＧ
chargevoltage．Accordingtothegeneralstandard,
themetalhydrideelectrodewasfirstchargeduntil
thesaturationstate,heldfor１５min,andthendisＧ
chargeduntilthevoltageupto－０􀆰５００VatacerＧ
taincurrentdensityof６０mA􀅰g－１．
　ByusingaPARSTAT２２７３typeelectrochemical
workstation,theelectrochemicalkineticsofthealＧ
loysweretested．Formeasuringtheelectrochemical
impedancespectra(EIS),theroundelectrodepellet
waschargedto１００％, heldfor２h, andthendisＧ
chargedto５０％ depthofdischarge (DOD)．Itwas
testedandrecorded６０pointsperdecadeinthefreＧ
quencyrangefrom１０kHzto５MHzat５mVofthe
amplitudeofsignalpotentiostaticorgalvanostatic
measurements．Thepotentiostaticdischargeofthe
saturatedelectrodewasmeasuredat５００mVpotenＧ
tialstepsfor５０００s．

３．ResultsandDiscussion

３􀆰１．Microstructurecharacterization

　TheInternationalCentreforDiffractionData(ICＧ
DD)identificationoftheXRDpatternsispresented
inFig􀆰１．ThereareamajorphaseLaMgNi４correＧ
spondingtotheSnMgCu４structureandasecondary
phaseLaNi５phase．Thedifferencesofthespinning
rateandCecontentbringonaremarkablevariation
intheratioofLaMgNi４andLaNi５inthealloys．Itis
notedthatthediffractionpeakintensityoftheLaNi５

(a) Ce０􀆰１alloys;　(b) AsＧspun(２m􀅰s－１)alloys．
Fig􀆰１．　XRDprofilesofasＧcastandspunLa１－xCexMgNi３􀆰５Mn０􀆰５(x＝０－０􀆰４)alloys．
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