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. Microstructural changes due to irradiation directly lead to a
degradation of materials performances

. Modeling the coupling of radiation damage accumulation with

mechanics using a chemo-mechanical numerical framework

. Segregation of radiation-induced defects to microstructural
detects: dislocations, grain boundaries and triple junctions

. Conclusion




Radiation damage and radiation effects in materials
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Modeling of radiation damage accumulation:
Cluster Dynamics coupled with mechanics

Defect
Concentration

Defects diffuse
according to Fick’s laws
and interact with each
other based on mean
field rate theory.

Elastic Fields

Intrinsic stress of the
local microstructure 1s
calculated using
continuum mechanics.




Construction of grain boundaries using
dislocations and disclinations
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Methodology overview: benefits and drawbacks

Benefits

= (an simulate large doses, time scales,

and domains.

Can model different defects by

simply changing diffusion and
interactions parameters.

Can represent a wide range of :|>

structural features via elastic fields.

Drawbacks

" Complexity of defect interactions
1s limited.

= Alloying elements, precipitates,

and other impurities are not
currently represented.




Segregation of radiation-induced defects g

Segregation to dislocation

SIAs segregate to the
region of large hydrostatic
tension under an edge
dislocation. This agrees
with the literature. They
are also depleted in the
region of hydrostatic
compression above.
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Segregation to grain boundaries
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SIAs near a 285, 25.06°
GB follow the same
trend, showing alternating
regions of accumulation
and depletion
corresponding to the
disclination dipole

arr angement.
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Average concentrations
along the length of the
same GB reveal STA
enrichment and vacancy
depletion in nearby areas.
This vacancy depletion
reflects the void denuded
zones sometimes seen near
GBs in experiments.




Susceptibility to radiation-induced segregation
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" In general, grain boundaries with
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very small misorientations

(<10°) produce smaller VDZs.

GBs with larger misorientations
tend to produce larger VDZ,
implying that they better resist
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radiation damage.
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* This method can easily be extended to any domain where the elastic
fields can be calculated.

* It 1s currently being used to investigate defect segregation around triple
junctions, 1.e. areas where three grain boundaries meet:

No defects Defects at equilibrium

Simulated diffusion

* The methodology and results shown in this presentation are being
submitted to the Journal of Nuclear Materials
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