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MOTIVATION

ÅMolecularDynamics(MD)usesbŜǿǘƻƴΩǎsecondlaw to simulatethe
interactionsbetweenlargenumbersof atoms.

ÅThepurposeof the work is to find waysto minimizethe production
andspreadof defectsin order to prohibit failurewithin the material.

ÅThisis done by usingMD in order to find how defects
form andpropagatein iron duringirradiation.

ÅNuclearFusionis a likely energysourceof the future. Iron is a main

componentof reactorcorelining.

RESULTS

ÅThoughthe numberof defectsvarieddependingon the sizeof the lattice andnumberof GB,all casesexhibiteda similartrend.

ÅHighertemperaturecasesresultedin anelevatednumberof defectsaswell asa longerre-stabilizationperiod. GBsprohibit defectpropagation.

ÅTheincreasednumberof defectscanbe attributed to the increasedenergyof the systemat highertemperatures. More energeticatomsandan
increaseof thermal fluctuationsaccountfor the higherdefectproduction.

ÅTheintroduction of GBscauseda significantincreasein the numberof defects. Tocounteractthis a simulationwasrun without a PKAand the
numberof defectswassubtractedfrom the runswith a PKA.

KEY CONCEPTS

ÅPoint defects: vacancies and interstitials created by radiation
undergoreactionsandaggregation(clustering).

ÅMicrostructureprovidesboth sourcesof andsinksfor point defects.

ÅLikedefectsclusterandanti-defectsannihilate(recombine).

ÅKineticsof point defectsprocessesdependson transport (diffusion)
of point defects and solutes nucleation, growth and coarseningof
clusters.

ÅAtomicscalemodeling: MolecularDynamics.

METHOD
ÅThevoronoirizationtechniquewas usedto create grain boundaries
(GB)insidea perfect iron lattice.
ÅMD software LAMMPS was used to simulate the effect of
displacementcascadesin polycrystallineiron.
ÅLow & high temperaturecaseswere run aswell ascaseswith 0, 1,
and3 GBs.

ÅThiswasdonein order to investigatethe affectof GBon
productionandclusteringof defects.

ÅA primary-Knock-on atom (PKA)wasgivenan initial velocityof 1KEV
to start the cascade.
ÅThe PKA would collide with its neighboring atoms generating
vacanciesandinterstitials.
ÅWeran four casesfor eachscenariowith different PKAs.

ÅThenumberof vacancieswere calculatedover time for

eachcaseandaveraged.

FUTURE WORK
ÅFurther investigation is needed to see how multiphase materials,
alloys as well as other variations of grain boundaries affect the
formationof defectswithin iron.
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This diagram illustrates the generation and propagation of defects through iron in a perfect crystal lattice. The defects originate at the site of the 
PKA and spread rapidly throughout the system before slowly relaxing to a stable state. The rate of generation is represented by the curve. 

This diagram shows the interaction between defects and a GB. In this case the PKA was chosen close to the center GB to see how one GB affects 
the clustering of defects. By choosing the PKA closer to one boundary we eliminate the possibility of interaction with the other boundaries and 
create a scenario where there is a single GB reaction. In this case the GB caused an excess amount of defects so the results hadto be adjusted. 
The blue line represents the defect count without accounting for the GB.

This diagram shows the affect of multiple GBs on the formation, spread, and clustering of defects. This data was also adjusted for boundary 
defects. However the number of defects were considerable lower than that of the case with one GB even though there were threepresent. 

This is an iron structure with eight grains.
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