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Thepositionsof the metalatomsarounda~(111)~1lO} edgedislocation
in Mo andW arecalculatedusing theWilson—Johnsonpotentials.The
boundaryconditionsaregivenby anisotropicelasticitytheory. The
He—metalpotential,alsodevelopedby WilsonandJohnson,isusedto cal-
culatetheposition with maximumenergygain for a He-atom.

NUCLEAR-REACTORTECHNOLOGY1’2 hasgivenan modified Wedepohimethodin theHartree—Fock—Slater
impetusto severalinvestigationscarriedoutin orderto approximationto the exchangeinteraction.Thesepoten-
obtainanunderstandingof the fundamentalradiation tialsare repulsiveat distances< 3.8A.
damagephenomenain metals. Themetal—metalinteractionfunction isrepulsive

Experimentalheliumimplantationstudieswere at distances<2.6A andcut-offat a radiusof 3.8A.
carriedoutby Kornelsen3onthe basisof measurements Weknow from an earlierinvestigationthat this
of the desorptionspectra.For ananalysisof these dislocationis narrow,both in tungstenandin molyb-
measurementsit is necessaryto understandthe con- denum,without anystackingfault. Somedisplacement
figurationsof thedefectsandtheir bindingenergiesto occursin the coreregionparallelto the dislocationline
He in metals. in the(112)direction.6Theinitial atomic positionsin

In calculationsreportedin the literatureof the Mo possessalreadya displacementcomponentin the
He—defectinteractions,so far only He and(di—) va- [112] directionbasedon anisotropicelasticitytheory.
cancieshavebeenconsidered.Thepurposeof the pre- The displacementin theX

3 (z) directionalong the dis-
sentcommunicationis to reportthe resultsof the cal- locationline canbewritten accordingto the procedure
culationof the energyof interactionof a He-atomwith of Eshelby

7as:
~(ll1){110} edgedislocationcommonlyfound inb.c.c. 3 /

metals. U
3 = Re ~ a(n)[~3(n)7(n)+ 2s~5Jin(~+~ ~

Themodelconsistsof approximately3000atoms n — P0X2J
arrangedin ab.c.c.crystallattice containinga perfect where
~dgedislocationwith Burgersvector~(111)lying on a
{1 10} plane.It is introducedinto thecrystalliteby f3(n) = (s~5s~2p~+ 3s~s~2+ s~3s~5) (2)
initially submittingeachatom in it to thedisplacements ands~representsthe compliancerelativeto the ortho-
predictedby anisotropicelasticity theory. gonalsystemwith referenceaxesX1 , X2 andX3 along

Oncethesepositionshavebeendeterminedit is the [T11], [110] and [112] directions,respectively.II
assumedthat the atomswill relaxto their final positions theelasticconstantscorrespondto theisotropic con-
underthe influenceof interatomicpairwisecentral dition,both4~andthe displacementcomponentU3
forcesresultingfrom the interactionpotential.Theposi- are equalto zero.In the caseof tungstenusingthe elastic
tionsof theboundaryatomswere fixed during therelax- constantsgivenby FeatherstonandNeighbours

8these
ation procedure.The atomic configurationwas deter- initial displacementswerenegligible.
mined usingGibson’s integrationprocedure.4 After theatomic configurationof the presentedge

Theinteratomicpotentialsfor tungstenand dislocationhasbeendetermined,thepotentialenergy
molybdenumandthe He—W and He—Mo interaction of a He atomwas calculatedfor agrid of positionssepar-
functionswere derivedby JohnsonandWilson.5 The atedby stepsof 0.3A within a smallblock aroundthe
He—metalinteratomicpotentialswerecalculatedby the dislocationcore asis indicatedin Fig. 1. The
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Fig. 1. The atomicconfigurationof one(112)planeof
the relaxedtungstenlattice containingan ~(l1 l)tl 10} Fig. 3. The contourlinesof equalpotentialenergyfor a
edgedislocation.The potentialenergiesof He atomsare heliumatomin the dislocatedmolybdenumlattice.The
calculatedwithin theblock outlinedin the figure. He1 locationof the contourlineswithin thecrystalliteis
andHe2 representtheprojecteddistortedoctahedral indicatedby a, b, c anddin Fig. 1. Thecontourlinesare
sitesfor which He possessesminimumpotentialenergy plottedfor energiesfrom 0.5 to 15 eV with intermediate
(plane6 in Fig. 2). stepsof 1 eV.

computationalblock containssix atomiclayersin the
c d

[112] directionbecauseof the six planesperiodicity ~-~~-- ~-~z— -~z~— ~

alongthe dislocationline. The lattice hasnotbeenre-
laxedanewfor eachpositionbecausethatwould have
cost toomuch computertime. The unrelaxedposition
of the atompossessingminimum potentialenergywas
found in this wayas illustratedin Fig. 1 by “He1 “.

Thisunrelaxedsiteis alsoindicatedin Fig. 2 which
showstheprojectionon the (110)slipplaneof the two
atomiclayersbelowthe slipplaneand thetwo layers ______ ______

aboveit for thedislocatedlattice of tungsten.
Theunrelaxeddistortedoctahedralsitesbetween

two (11~)atomiclayerspossesslowerpotentialenergy
for the He atomthanthosein (Ti~)layerof atoms.
the octahedralsiteHe1 thetotal energyof the lattice

Relaxingthe lattice anewcontainingthe He atomat +
ED+Hej wascalculatedandcomparedwith the total a \ 0 ~ 0 /~27/~~\ ~ ~ b

~12) [i)i]

Fig. 4. The contourlinesof equalpotentialenergyfor a
heliumatomin thedislocatedtungstenlattice.The dia-
gram is entirely analogousto Fig. 3.

energyof therelaxedatomicconfigurationwithout an
He atom:ED. During relaxationtheHe atom displaces
itself in the [fi~] directionovera distanceof about

~)I1O) 0.6A. Thechangein the configurationalenergyof the
lattice by puttingan He atomcloseto the dislocationFig. 2. The projectionon the(110) slip-planeof thetwo

atomiclayersbelowthe slip-planeandof the two layers line is then givenby:
aboveit for the dislocatedtungstenlattice.The inter- — ED+He ED. (3)
stitial atom He1 is shaded.
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Analogously,the changesin theconfigurational lite with anHeatomoriginally presentat the sitefor
energieswere calculatedfor a perfectMo andW lattice whichHe possessesminimumpotentialenergy.For the
containinganHe atomat an octahedralsite: calculationof thecontourlinestheHe atomwasmoved

within theblock of Fig. 1 andaregiven for one(112)
L~EHejP= Ep+~~,—Er. (4) planethroughthe distortedoctahedralsite.The contour

lines from0.5 to 15 eV are plottedwith intermediate
The earlierresultof Wilson andJohnson,thatthe

stepsof 1 eV. Theregionswithhighpotentialenergy
formationenergyfor a singleHe atomis minimal for the
octahedralpositionwas fouwl to be confirmed.5The representthe positionsof themetal atomsabovethe

present(112) planewhich containsthedistortedocta-
valuescalculatedfor I~EHe,D andfor ~E~e

1~ are 3.42 hedralsite for which He possessesminimumpotential
and4.97eV

9 and3.93and5.46eVfor molybdenum energy,and thepositionsof the metalatomsbelowthis
andtungsten,respectively.Thevalues~IEHe

1P are some- plane.
whathigherthanthe valuesobtainedby Wilsonand Considerthedesorptionof He from thedislocation
Bisson

5’10(4.91and5.44eV). systemasa dissociationreactionHeD -* He +D. The
Forthebindingenergiesof theHe atomin the dis- requireddissociationenergyE~D is then givenby:

locatedlatticesfor molybdenumandtungstenwe found:
pdis1.55 and1.53eV, respectivelyusingthe expression: ~-~He,D = E~e+ Eb Efle,D + E~e (6)

EB = — (L~’He,D — ~~E’He,P) (5) whereE~representsthe formationenergyrelativeto the
perfectlattice.Assuminga migrationenergyof 0.4eV

If the saddlepointsof thebindingenergyfor He wefound for thedissociationenergies1.95 and1.93eV
betweentwo adjoiningoctahedralsitesis thetetrahedral for molybdenumandtungsten,respectively.
site,the activationenergyE~efor the migrationin the Thesevaluesaresmaller thanthe dissociation
perfectlatticesof molybdenumandtungstenare found energiesof He associatedwith a singlevacancy(4.2~and
to be0.3 and0.24eV, respectively.Thedetermination 4.4eV in molybdenumandtungsten,respectively).
of the migrationenergyin thecrystallitecontainingthe The relatively highbinding energyfor theHe
edgedislocationis a moredifficult problembecauseof vacancy-complexcanbeunderstoodeasily: moremetal
the disturbedsymmetryaroundthe dislocation.The atomsare at greaterdistancesfrom the He atomthanin
nearestneighbourequilibriumpositionfor a helium atom the casewhenHe is placedat an octahedralsite.The
isindicatedby He

2 in Fig. 1. If the pathis chosen binding energyof He to a dislocationis essentiallydue
throughthe distortedtetrahedralsite while the crystal- to the missinghalf plane.However,thedistancesbe-
lite is allowedto relaxin eachstepalongthe path,the tweenthemetal atomsandHe in therelaxeddislocation
migrationenergyis determinedby the highestenergetical do not differ muchfrom thosein theperfectsystemand
thresholdalongthis path.We determinedthemigration the bindingenergyis lower than for He-vacancycomplex
energylying asbeingin the rangeof 0.3 until 0.4eV for assuminga repulsiveHe—metalinteractionpotential.
molybdenumandtungsten.Thereis,however,an in- The possibility of heliumaggregatesaroundthe
certitudeaboutthemigrationenergybecausethechoice ~(l1l){1 10} edgedislocationwill be investigated.Helium
of the computationalpathisto someextentarbitrary. clusteringon (110)planesin theperfeetlattice of molyb-

Theunrelaxedsaddlepointsbetweenthe minima in denumhasbeenpredicted.
9”

the [112] arehigherthanthosein the [111] direction.
Figures3 and4 give the contourlinesof equalpotential Acknowledgement— The researchconcerningenergy
energyfor anHe atomin molybdenumandtungsten. andatomic configurationof dislocationsis sponsoredby
Thecontourlineswere calculatedfor a relaxedcrystal- The Foundationfor Researchof Matter,F.O.M.
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