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Motivation and ObjectiveMotivation and Objective Modeling of Helium BubbleModeling of Helium Bubble
High irradiation environmentHigh irradiation environment

First wall of fast breeder reactorFirst wall of fast breeder reactor
First wall of nuclear fusion reactorFirst wall of nuclear fusion reactor

Formation of helium bubbleFormation of helium bubble
Segregation around grain boundariesSegregation around grain boundaries
Swelling of the materialSwelling of the material

S.B. Gilliam, et al., J. Nucl. Mater.,
347, (2005), 289-297

Formation of He bubblesFormation of He bubbles

YY22OO33 particleparticle

100 μm

Formation of helium bubblesFormation of helium bubbles

Neutron Neutron 

SelfSelf--Interstitial Atom Interstitial Atom 

Vacancy Vacancy 
RadioactivatedRadioactivated Atom Atom 

Helium Atom Helium Atom Helium Bubble Helium Bubble 

Annealing  Annealing  

•• Helium bubbles are produced byHelium bubbles are produced by
•• The diffusion of helium bubbles and vacancies generates helium bubblesThe diffusion of helium bubbles and vacancies generates helium bubbles

→ Experimental observation→ Experimental observation
YY22OO33 particles capture the Helium bubblesparticles capture the Helium bubbles

ODS (Oxide Dispersion Strengthened) steelODS (Oxide Dispersion Strengthened) steel
••Possible to use under elevated temperaturesPossible to use under elevated temperatures
••Low swellingLow swelling

Modeling of Helium bubble diffusion in the materialModeling of Helium bubble diffusion in the material

50 nm
He bubbleHe bubble

J. Chen, et al., Acta Materialia,
56, (2008), 250-258

Modeling of helium bubblesModeling of helium bubbles
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Assume spherical bubblesAssume spherical bubbles:: 34 3rV π=
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KMC Simulation of Helium Bubble Diffusion in a PolycrystalKMC Simulation of Helium Bubble Diffusion in a Polycrystal KMC Simulation Results (Helium Bubble Diffusions)KMC Simulation Results (Helium Bubble Diffusions)
KMCKMC methodmethod
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Single crystal with YSingle crystal with Y22OO33 particlesparticlesShape of crystal grainsShape of crystal grains
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DiffusionDiffusion ClusteringClustering Captured by Captured by 
YY22OO33 particleparticle

Captured by Captured by 
grain boundarygrain boundary
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: Random number: Random numberR

Polycrystal without YPolycrystal without Y22OO33 particlesparticles
Possible events in the KMC simulationPossible events in the KMC simulation

Truncated OctahedronTruncated Octahedron

101022 [s][s] 101044 [s][s] 101066 [s][s]

101022 [s][s] 101044 [s][s] 101066 [s][s]

KMC Simulation Results for Polycrystalline ODS Steel

1010 [s][s] 1010 [s][s] 1010 [s][s]
: helium bubble : helium bubble 

: Y: Y22OO33 particle particle 

: helium bubble caught by Y: helium bubble caught by Y22OO33 particles particles 

: helium bubble caught by grain boundary : helium bubble caught by grain boundary 

Analysis conditionAnalysis condition

Simulation volumeSimulation volume

B d di iB d di i

500500××500500××500[500[nmnmaa]]

Influence of YInfluence of Y22OO33 particles and grain boundariesparticles and grain boundaries

Average bubble diameterAverage bubble diameter

Boundary conditionBoundary condition

TemperatureTemperature

# of bubbles# of bubbles

DiameterDiameter of bubbleof bubble

Number density of YNumber density of Y22OO33

PeriodicPeriodic

500[500[ ]]

50005000

3[nm]3[nm]

* 5.10* 5.10××10102020[m[m--33]]
* J. Chen, et al., Acta Materialia,

56, (2008), 250-258

Helium bubble diffusion behaviorHelium bubble diffusion behavior

YY22OO33 particles preventparticles prevent
from the growth of bubblesfrom the growth of bubbles

Bubble diffusion Bubble diffusion 
in the grain boundary in the grain boundary 
enhances the growth enhances the growth 

of bubblesof bubbles

SwellingSwelling

101022[s][s] 101044[s][s] 101066[s][s]

Swelling is decreased bySwelling is decreased by
the effect of grain boundarythe effect of grain boundary


