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Effect ofinterstitialelementsin
Ti2Niintermetallic compound

has been

investigated.Addedinterstitialelements are oxygen,nitrogen,and carbon･Although

Ti2Nicontains around14at%0Ⅹygen Without changingits crystalstruCture,the

intermetalliccompoundisfounddissoIvedasma11eramountofnitrogenlandcarbon･The

excessinterstitialelementsformtitaniumcarbideandnitride.Asmealynitrogencontent

increased,WeObservedasubstantialincreaseofviscosityatthefluidmetalliccompound

underargonarcmeltingprocess･TheeffectsofinterstitialelementswereestimatedbyX-

raypowderdiffractionmethodwithRietveldanalysis,grainstruCtureanalysislelectric

resistivilitymeasurement,anddensitymeasurement･Wequantitativelyanalyzedseriesof

crystalstructure between Ti2Niand Ti4Ni20･Although slight anomalous change of

resistivility was observed,Sufficient physicalproperty changes were notobtained
to

explaintherapidincreaseofviscositywithnitrogenaddition･

keyWords:Viscosity,intermetalliccompound,Ti2Ni,CryStalstruCture,nitrogen,Carbon†

0Ⅹygen,interstitialelement

Ⅰ.Introduction

Effect｡finterstitialelementshasbeenanimportantsubjectinmaterialscience･Especiallyin titanium

a1loymanylightelementsaresolubleintotheprimaryphasewithoutcrystalstruCturemOdifications･Usually

wedonotexpect drastic changingof materialcharacteristic･SuCh
as hardening･reSistivility,and elastic

modulusandsoon,Withinterstitialelementadditives,Sincemostoftheprincipalcharacteristicsarebasedon

itscrystalstruCture.However,SurprlSlnglyinthisexperimentasubstantialincreaseofviscositywasobserved

withaddednitrogen.

Inthispaperwehaveinvestigatedtheeffectsofinterstitialelements,SuChasoxygen,nitrogen,andcarbon

to the Ti2Niintermetallic compound.As shownin
Figurel,the Ti2Niintermetallic compound forms a

continuoussolidsolutionuntilatmost14at%ofoxygen(1)~(3),WhichistheTi4Ni20phase,ininterstitialsites

ofthecrystal.SincethecrystalstructuredoesnotchangebetweenTi2NiandTi4Ni20andsinceoxygenisone

ofthelightelements,theyareindistingtlishableinX,raydiffractionmethod･G･A･Yurko,J･W･Barton,J･G･Parr･
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M･H･Muellerand H.W.KnotthavedeterminedcrystalstruCtureandatomicpositionsin both phases.However.

SeriesofcrystalstruCturemeaSurementbetweenTi2Niand Ti4Ni20asafunction ofoxygen composition has

notbeenmeasuredtoanalyzethecontinuouseffectoftheinterstitialelementtoitscrystalstructure.Inthelast

tenyearsRietveldanalysis(5)hasbeenstronglydeveloped,andhasperformedquantitativecrystalstruCtural

analysisfrom X-ray pOWder diffraction data.This

method a1lows us toobtain more accurate crystal

parameters,SuCh aslattice constantS.atOmic

positions and atomic occupation ratio,than

previousworks.Itisimportanttoestimatecrystal

StruCtureChangewith oxygen contentin the more

efficientmethod.

Secondary,the
solubility and the effect of

Otherinterstitialatoms;nitrogen,andcarbon,WaS

analyzed.Since oxygeninterstitialsite preserves

Certain capacltyin the crystalstructure,Other

lightelements have possibilities to be dissoIved

in theintermeta11ic compound.Althoughin

nitrogenwedidnotobservethesamesolubility as

OXygen.Substantialincrease of viscoslty WaS

confirmed with increase of the additive

interstitial.Sinceinterstitialelements reduce free

SpaCein a crystallattice,itis naturalthat

Viscosity slightlylnCreaSeS.However.in nitrogen

the viscoslty Of Ti2Niincreased rapidly andin

CaSeOf the otherlight elements any deformation

was not observed.In order to account for the

anomous effect of nitrogen,We analyzed some

material characteristics. However, Sufficient

Characteristic changes was not observed except

electric resistivility.Theincrease of viscoslty

SuggeStS that somelight elements might help to

form
amorphous metals with their viscoslty

lnCreaSeS.

2.Experimental
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Fig.1CrystalStructureandcrystalparametersofTi2Ni

2.1Samplepreparation

Ti2Niintermetallic compound anditslight element(oxygen,nitrogen,Carbon)added specimens were

preparedinthefollowingprocedures.Intendedcompositions of the prepared samples are;(1)Ti4Ni20y:y=

0.00,0.25,0.50,0.75,1.00,(2)Ti4Ni2Ny:y=0.00,0.20,0.40,0.60,0.80,1.00,(3)Ti4Ni2Cy:y=0.00,

0.20,0.40,0.60,0.80,1.00in terms of molar ratio.Ti2Niwas prepared from pure metals and each

interstitialelementwasaddedasaformoftitaniumoxide.nitrideorcarbide.Titanium(quotedas99.5%pure

excludinggaseous species),Nickel(quoted as99.9%pure),and highpurity compound of titanium dioxide,

titanium nitride andtitaniumcarbidewere weightedinto20gof the above compositions.We melted allthe

SpeCimenswithanargonarcfurnaceandinthefurnaceweusedattlngStenelectrodeandawater･COOledcopper

CruCible.The pressure of argon gas atmosphere was around700torr.Since the melting point of Ti2Ni

intermeta11iccompoundis1257K,WeCan
Supplysufficientheatfrom the arcfurnacetomeltthe specimens.
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Themeltingprocesswasrepeatedfivetoeighttimeswithchangingtheirpositiontopreparehomogenized

samples.ObtainedsampleswereclothpolishedwithO･3FLmdiamondpaste･Theywereetchedwithtypical

etchingfluid(60%ethylalcohol,10%nitricacid,1%fluoridehydridelandwater)･andgrainstructureswere

observedwithopticalmicroscopy.

2.2RietveldanalysISOfpowderXrraydiffractionpattern

powdersamplesofX-raydiffractionmeasurementwerepreparedbycrashingbulksamplesinstainless

steelmortar.Finegrainswithadiameter oflessthan70FLmWaSOnlyselectedbymesh
to reducegrain

sizeeffectofX-rayanalysis.EmployedX-ray apparatuSWaSSteP-SCanningtypewithhighintensitybeam(Cu･

50kV,100mA).MeasurementconditionwasO.02degree/stepfor5seconds holdingtime･

Rietveld analysiswasperformedassumingthefollowing conditions･AllphasesofTi4Ni2X(X=0,N,C)

werethesameFd3mspacegroup(No･2270riginchoice2(4)･face-Centeredcubic)as
Ti2Ni･Theinterstitial

elementsintheTi4Ni2Xphasewereplacedat
the sameposition of oxygenintheTi4Ni20phase･The

occupation ratios ofatoms wereidenticalforequlValentsites･TheunitcellsofTi2Niand
Ti4Ni2Xare

composedof96andl12atomsrespectively･Thelatticeconstant of thecubiccell(do)wasaboutl･132nm

withfollowing atomicposition parameters;Ti(48f);(Ⅹ,yTZ)=(x,1/8,1/8)･
Ni(32e);(x,y,Z)=(y,y･y),

Ti(16c);(x,y,Z)=(0,0,0),X(16d);(Xly,Z)=(1/2,1/2,1/2)(X=OIN,C)･ByM･H･MuellerandH･W･Knott(3)

initialcrystalparameters weredeterminedfromtheTi4Ni20measured;thesearedO=11･32･X=0･8118,

y=0.2149･Theovera11thermalparameterwasfixedO･1and
randomorientation

was assumed･The

occupation ratio wasinitiatedtobethesameasthecompositionof
batchmetals･TheTiNandTiCphase

wereFm3mspacegroup(No･225(4).facecentered cubic)1Withthefollowingatomicposition
parameters;

Ti(4a);(Ⅹ,y,Z)=(0,0,0),X(4b);(Ⅹ,y.Z)=(1/2,1/2･1/2)(X=0･N)･Thetotalsumsofnitrogenandcarbonratioswere

fixedinthoseof batchmetals.ThemodifiedMarquardtnonlinearleastsquarefittinghasbeen repeatedto

obtainadequatecrystalparametersuntilintegratedintensityR-factor(RI)reachesbelowlO･0･Wealso

evaluatedthestandarddeviationsofthe crystalparameters･

2.3 Densitymeasurement

Densitiesof420*t5mm buttonshapedsamplesweremeasuredinArchimedesmethodwithchemical

balance.Weignoredporesinsideofthespecimen･Thesample･hungwithcopperwire,WaSputdowninto

water.Bykeepingwaterlevelatthesameposition,theerrorfactorofthewireweightwascanceled･The

examinationwasrepeatedsixtimestoobtainthestandarddeviationsofthemeasurement･

2.4 Electric resistivitymeasurement

Temperature dependence ofelectric resistivity was measured by DC four terminalmethod･Copper

electrodescontacted≠20*t5mmbutton shapedbulksamplesthroughindiummetals･The
gap between

voltage terminals waslOmm.Temperatureofthespecimens,mOnitoredbyalumel-Chromelthermocouple･WaS

changedfrom roomtemperature tolOOKwithusingaheliumcryogenerator･

3Results

3.1ShapefigtlreSOftheas-meltedsamplesandtheirgrainstruCtureS

Thebuttonshapedsamples,Whichwereas-meltedintheargon arcfurnace･areShowninFigure2･Since

theintermetalliccompoundwasweakorbrittle forthermalstressduringthemeltingprocess･SOmeSPeCimens

werebrokenintothehalf.Mealyinnitrogenaddedspecimen,Shape
deformationwas observed･During the
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arcmeltingpr∝eSS･Sinceargongaswind blows frozn thetun8Stenelectrodetothespecimen,Certainwind

forcewasappliedtoirLducethedeformatlOn･Whenthe
pureTi2Nioroxygen(or carbon)cont2LinediTlter･

meta11ic亡OmpOund wasmelted･thefluidsurfacewaslightlymovedand sample defortnation was not

PreSerVed･7lowever†Whenthe nitrogen contained specimenwasmelted.sincef]uidstate showed high

Viscousproperty･deforIIlatlOnremainedintothesolhlAeeordingtotheobseTVationresultswecoJleIudethat

Viscosltyj□CreaSeSW血co抽ntofnitrogen.

T仁JH TitliJO∫.

Tj占1i三Cこ･｡

■■1■ ■■
Ti▲ドiこ0-▲ ′∫iま㍍i_0

二 Ti.∵i

●●
TilNl～Ci. TjlN⊥JC..一

J■1一べ上＼‥ -1､j一※i■ド¢･･ て･⊥こ:くi､ゞJ
‥ヽ.

Fig･2Sbapefiguresofas一皿eltedTijNj2Ⅹ(Ⅹ=0,N.C)-10汀=Ⅶ

Figtrre3indicatesgrainstructuresofTi2Ni･Ti4Ni20･TilNi2C･and TiiNi3Nintermetalliccompound.

TilNiandTi4Ni20grainstructuresshowtnonophasestm亡ture▼andtheysuggestthatupto14at%
0Ⅹygen

isdissoIvedjnto theTi2Niphase･Which wasdenotedin the previous paper(1).GrainstructuresoI

T=Ni3C
andT=NiJNsuBgeSteXisteneeof thesecondary phases･The extraphasesimplythatcarbon and

nitrogenare not dissoIvedinto theTi3Niphaseasmuehas14at%･Accordingto X･ray meaSuremen[we

COnClude[ha[theseぐOndaryphasesareTiCandTiN･CertaiLlaTnOuntOfaNiphasemightbee叩eCted.but

Obviousdiffractionpeakwasnotobserved.

3.2 Cr)■SねIstru⊂tur亡ana】ysisbyX･ray血eaSurement

ForぐryStat StmCtUre
anal)･Sis.X▲ray

PrOfiJe fjttirLg nethod.wbich was termed

Riet､■eld
aM巾■Sjs aⅢd vas progra一刀¶ほd b)･

FLtZumiet･al･†J〉･WaSperformed.FittedX-

ra)◆profi)es aT)d differences between fitted

PrOfi】e and meas11red profiLe of Ti2Ni.ヒ

Ti-1Ni20.Ti｣Ni2NandTilNilCareshowTli口

Flgu｢e 4･The experimenlalX-ra)･prOfile

figureⅦaS
nOtlVel】expressed w油ⅦOde】

functiorL,Whieh
lVaS rrLixture of Gaussian

and Lore爪ian f□nCtion.A肋ough certaln

djfie｢ences were
existing.allol匹ak

Fig･3fl｢昔㍑昔l㌫ぷ昔㌫･梵昔㍊昔‖叩仙nJ､
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differences were existing,allofpeak positions were

SuCCeSSft111y fitted.Conceming
withintegrated

intensity R-factors,WefoundX-rayprOfilesof Ti2Ni

and Ti4Ni20 were wellfitted rather than that of

Ti4Ni2N･We believe thatin Ti4Ni2N samples,Since

SOme TiN was preclpltatedin the Ti2Niphase,the

ternaryNiphasemade the RTfactors muchlarger.

Thereforeit should be noticed thatin Ti4Ni2N

SpeCimenRietveldanalysisinvoIvescertainerror.

Figure 5showslattice constants as afunction of

molarfractions of oxygen andnitrogen.Bothlattice

COnStantSindicatedthemaximum value at around7%

molarfraction oftheinterstitialelement.AIsoFigtlre

6describesatomicpositionchanges;Ti(48f);(x,y,Z)=

(x,1/8,1/8)and Ni(32e);(x,y,Z)=(y,y,y).Theerror

barsindicate the
standard deviations of crystal

parameters･The parameters ofthe oxygen contained

SpeCimen exhibitlinear change with increases of

light elements･However,in nitrogen the parameter

Changedidnotsuggestanyobvioustendency.

3･3Densityandelectricresistivitymeasurement

As exhibitedin Figure7,Whereas density of

Ti4Ni20x(x=O tol)sampleshowsalinearincrease

asafunctionofoxygen,thatofTi4Ni2Nx(Ⅹ=Otol)

remainsconstant･Theresultsindicatethat oxygencan

bedissolubleintheTi2Niphase up to14at%.and

that nitrogen additive remains as the TiN phase

withoutlargesolubilityintheTi2Niphase.

Specific resistance of the compounds;Ti2Ni,

Ti4Ni20,Ti4Ni2No.8and Ti4Ni2C,WaS denotedin

Figure8･Theresistivityisnotlargelychanged with

temperature since residualresistivility,Whichis

CauSedbylatticedefectandimpurities,ismuchlarger

than a temperature depended term･The resistivity of

Ti4Ni20.whichistripletimeslargerthanthoseofthe

Othersamples,SuggeStSthesolubilityeffectofoxygen.

The resistivlty Of Ti2Ni,Ti4Ni2N and TiLINi2C,

Whichshows almostthe same values,implies small

SOlubilityofnitrogenandcarbonin theTi2Niphase.

The resistivltygradientchangewas observed mealy

inTi4Ni2N specimen around at240K with good

reproducibility･There can be relations between high

viscosltyand theresistivltyChange,thoughapparent

mechanismshavenotbeenconfirmed.

4.DisctlSSion
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4.1Solubilityofoxygen,nitrogen,andcarboninTi2Ni

Concerning with the resultsofgrain structures,

X･ray and denslty meaSurement,the solubility of

light elements in theintermetallic compound are

(a)0ⅩygenSOlubility:Thepreviousresults(l)-(3)

thatoxygen ean besolublein Ti2Niuntilforming

the Ti4Ni20 phase were confirmed in the

investigation.With addition of oxygen thelattice

COnStant Of the unit cellincreases. At7at%

OXygenitexhibitsthe maximum value.

(b)Nitrogen and carbon solubility:Since alarge

amountoftitanium nitride and carbidephaseswere

Observedin the experiments,We COnClude that

nitrogen and carbon atoms are notdissoIvedin Ti2Ni

asmuch asoxygen.Sincegood RIfactors were not

Obtainedin Rietveld analysIS Of Ti4Ni2Nx and

TilNi2Cx samples,thelattice parameters and the

atomic coefficients are not reliable.We are studying

furtherfortheternaryphases.

4.2 NitrogeneffectinTi2Ni

Althoughnitrogenis notlargely solublein the

Ti2Niphase.$ince viscoslty and resistlVlty Show

COnSiderable change.we expect the effect of nitrogen

SOlubility,In carbon contained intermetallic

COmpOund,SiIICeanyPhysicalproperty changeswere

notobserved.thesecondary phases;TiN and TiC,are

not thotlght to cause the nitrogen additive anomaly.
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The resistivity gradient changein
Ti4Ni2N could

suggest that over 230 Kits atomic vibrations

increased much larger than that of the other

specimens･Usually anincrease of viscosityis

causedbyadecreaseof free space oranincrease of

covalencyin materials.Though theincrease of

oxygen causes thedecreaseoffreespacelitdoes not

affect viscous property of the Ti4Ni20phase･We

imaginethecovalencybondingeffectofnitrogen with

either titanium
or nickelmight

cause theincrease of

viscosity through forming chain bondings between

atoms.we have not gotten any certainty for the

viscouspropertychange.

5.Conclusion

Thesolubilityandeffectsofinterstitialelements

(0Ⅹygen,nitrogen,and carbon)to the
Ti2Niphase

were studied.Though oxygenis solublein the

compoundasmuchas14at%,theotherlightelements

arenot.The addition of nitrogen
to the compound

affects a rapidincrease ofviscosity and gradient

changeofresistivlty･Thereasonsforthese anomalies

havenotbeenclearedyet.
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