A KMC Simulation of Grain Size Effects on Bubble Growth and Gas Release of Implanted Tungsten

Akiyuki Takahshi*!, Koji Nagasawa*l, Shahram Sharafat? and Nasr M. Ghoniem*?
*lTokyo University of Science, Noda-shi, Chiba, Japan,
*2University of California, Los Angeles, Los Angeles, CA, U.S.A.,

Motivation and Objective Modeling of Helium Bubble
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Helium Bubble

« Segregation around grain boundaries S.B. Gilliam, ot al, J. Nugl, Mater, Neatron —
. . 347, (2005), 289-297 * Helium bubbles are produced by
+ Swelling of the material « The diffusion of helium bubbles and vacancies generates helium bubbles

» ODS (Oxide Dispersion Strengthened) steel » Modelj
*Possible to use under elevated temperatures - et Ideal gas law: PV = nkT P | Rodiue of mabbles

: Number of atoms

° 3 73 . : : YOllng-Laplace equaﬁon: P = V4 : Boltzmann constant
Low swelling Assume spherical bubbles: V = gy

— Experimental observation J. Chen, et al., Acta Materialia, :
56, (2008), 250-258 : Volume of bubble
¥, 0, particles capture the Helium bubbles 3nKkT

Modeling of Helium bubble diffusion in the material Radius of bubble: 1 = [ 877

KMC Simulation of Helium Bubble Diffusion in a Polycrystal
» KMC method » Shape of crystal grains

> Frequency of diffusion event

T : Temperature

— k : Boltzmann constant
E : Activation energy

V,: Pre-factor
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> Time step
— |0g R v : Frequency

R: Random number
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> Possible events in the KMC simulation

Captured by Captured by
Y,0, particle grain boundary

At =

Truncated Octahedron

Diffusion Clustering

10? [s] 104 [s]
@ : helium bubble @ : helium bubble caught by Y,0; particles
& : Y0, particle @ : helium bubble caught by grain boundary

> Analysis condition > Influence of Y,0, particles and grain boundaries

/> Average bubble diameter
20 | [ -+ Single erystal iron

Single crystal ODS steel
= Poly crystal iron
IDS steel

Simulation volume 500 X 500 X 500[nm?]

Boundary condition  |Periodic

Y,0, particles prevent

l/ from the growth of bubbles

Temperature 500[°C]
# of bubbles 5000

| =~ Poly cristal
Bubble diffusion
in the grain boundary
enhances the growth

s

Diameter of bubble 3[nm]
Number density of Y,0; |* 5.10 X 102°[m-%]
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