WASHINGTON STATE
\/UNIVERSITY DISPLACEMENT C/IAF\)SC()ZI\AI\DES ON POLYCRYST,

Y.M. Mathews, |.NMastorakos H.M.Zbib

30 -
t = 2fs t = 5fs t = 10fs t = 15fs t = 20fs
MOTIVATION N N 25 -
| . | 5 ,_ | dw
AViolecularDynamicgMD)usesb S ¢ U Befdndlaw to simulatethe N @ g § g 20~
interactionsbetweenlargenumbersof atoms 5 e
g —100K
AThe purposeof the work is to find waysto minimizethe production E 500K
andspreadof defectsin orderto prohibit failure within the material § & & g g =
5 ]
AThisis done by usingMD in order to find how defects ! !
form and propagatein iron duringirradiation. 0 . . . . .
o _ _ _ 0 20 40 60 80 100
ANuclearFusionis a likely energysourceof the future. Iron is a main t= 25fs t = 30fs t = 35fs t = 40fs t = 45fs Time (fs)
componentof reactorcorelining.

This diagram illustrates the generation and propagation of defects through iron in a perfect crystal lattice. The dgjieats atithe site of the
PKA and spread rapidly throughout the system before slowly relaxing to a stable state. The rate of generation Is refirgfentaave.
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Arhe voronoirizationtechnique was usedto create grain boundaries t = 2fs t = 5fs t = 10fs t = 15fs t = 20fs 1600 - —
(GB)insidea perfectiron lattice. | 1400 -
A/I D S OftW ar e L AM M P S W a S u S e d t O SI m u Iat e th e eﬂ: e Ct O.I: A T e S CEBCTEREES OMTL SO LIS OSSR S T N S AP R DD R TR SR SRR AE LIS O g SR I SRR S i, SIS 9 1200 .
displacementascadem polycrystallinaron. 2 000
. . ©
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AThiswasdonein order to investigatethe affect of GBon 2 100
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A'he PKA would collide with its neighboring atoms generating t = O5fg t = 30fs t = 35fg t = 40fs t = 45fs Time (fs)
vacancieandinterstitials - This diagram shows the interaction between defects and a GB. In this case the PKA was chosen close to the center @Boteed88 ladfects
ANeran four casesor eachscenariowith different PKASs | the clustering of defects. By choosing the PKA closer to one boundary we eliminate the possibility of interaction witbrtheustdaries and
AThenumber of vacanciesvere calculatedover time for| | create a scenario where there is a single GB reaction. In this case the GB caused an excess amount of defects shiéltadmitigjusted.
eachcaseandaveraged The blue line represents the defect count without accounting for the GB.
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This diagram shows the affect of multiple GBs on the formation, spread, and clustering of defects. This data was al$doadjostelary
defects. However the number of defects were considerable lower than that of the case with one GB even though there weresbrge

RESULTS

Arhoughthe numberof defectsvarieddependingon the sizeof the lattice and numberof GB,all casesxhibiteda similartrend.

This Is an iron structure with eight grains.

Adighertemperaturecasegesultedin an elevatednumberof defectsaswell asalongerre-stabilizationperiod. GBsprohibit defectpropagation

KEY CONCEPTS
ATheincreasedhumberof defectscanbe attributed to the increasedenergyof the systemat highertemperatures More energeticatomsandan

APoint defects vacanciesand interstitials created by radiation increaseof thermal fluctuationsaccountfor the higherdefectproduction
undergoreactionsandaggregationclustering)

_ _ | | Arheintroduction of GBscauseda significantincreasein the numberof defects To counteractthis a simulationwasrun without a PKAand the
MMicrostructureprovidesboth sourcesof and sinksfor point defects numberof defectswassubtractedirom the runswith a PKA

A ikedefectsclusterand anti-defectsannihilate(recombine)

AKineticsof point defectsprocesseslependson transport (diffusion) FUTURE WORK This work was supported by the National Science

of point defects and solutes nucleation, growth and coarseningof A . L _ _ C2dzy RIF A2y Qa w9'! numdhé& 3 NI
clusters urther investigationis neededto see how multiphase materials, EE@754370

alloys as well as other variations of grain boundaries affect the
Aatomicscalemodeling MolecularDynamics formation of defectswithin iron.




