Compositional patterning in concentrated binary alloys under irradiation
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A model to study the formation of compositional patterns in concentrated binary alloys under All the equations have been non-dimensionalized with respect to intrinsic time and length scales of the
irradiation 1s presented. There are 6 species in the model: 2 regular lattice atoms (A and B), 3 -We consider a concentrated, random solid solution AB O -~ O - O material. The non-dimensionalized equations have been solved using Finite difference technique; the
interstitial dumbbells (AA, BB and AB) and vacancy. Dumbbell interstitials diffuse by in which irradiation produced interstitials form O O 8 spatial differential operators are approximated using centered difference and time integration 1s done
interstitialcy mechanism and vacancies diffuse by vacancy mechanism. Diffusion of A and B dumbbells. o ® oo BB dumbbell with explicit Euler method.
atoms 1s coupled to the dlffus.lon of c.lefects. In gddl.tlon to long range diffusion of the species, _There are 6 specics in the model: regular lattice atoms O® - ] . U 2 B atom
local defegt-defect (Vacancy-1nter§t1t1al recombination) angi defect-atom (dumbbell-atom leading (A, B), dumbbell interstitials (AA,BB,AB) and e e @ A atom
to change in dumbbell type) reactions have also been considered. The model tracks the vacancies O O O O [ Vacancy
simultaneous evolution of all the species in reaction-diffusion formalism. The irradiation event is O . O . 0O O ® el
modeled as a stochastic point process which changes the concentration of all the species -Diffusion of species by vacancy and interstitialcy ® o O _ N . . o
instantaneously in a random fashion. In each irradiation event, a spatial distribution of point mechanism. L -Model. IS gsed to stuﬁy compﬁsm;)nal Simulation conditions:
_ T v - : : - o . o . . . . patterning in CuAu alloy. Cu has faster
defects (c.ore shell d1.str1but10n. core d.omln'flted by vacancies an(.i she.ll by dumbbe.:ll interstitials) _Solid solution is considered isotronic and correlation Eioure 2 Schematic showine all the snecies in the model atied
has b duced in th hich drives the kinetics of diff d reaction. The model P : gallthe sp kinetics than Au. - -
as been intro uced in t e.systen.l which drives the kinetics of diffusion and reaction. The mode between defects jumps is neglected. IGrid resolution (Ax, Ay) 1.0
has been pon-dnpengonahzed Wlth.respect Fo 1ntr.1n51c length and time scales and numerically . | - | ’ e J —v— -Our simulations are valid for solid Time step size (AD 03
solved using finite difference technique. Using this model in FCC CuAu alloy we have shown -Irradiation event is stochastic in space, time and a 2 I WOL o ogo o Ol —o— Interstita solution region of the phase diagram. . .
that depending upon the irradiation conditions and temperature, system selects specific strength. Each event introduces a spatial distribution of o SRIE 2~ g,:f 25 K 5~ Lattice atom Number of grid points 250
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due to various kinds of changes brought about by —CA() (yposf case .\ Figure 5: Snapshots of evolution in Cu (top) and Au (bottom) concentration after 2 x 105 (left), 2.9 x 10¢
sustained 1rradiation. ! (center) and 5.7 x 106 (right) time steps.

-Important to predict these changes beforehand to After each 1rradiation event, the concentration of all the species change instantaneously by the above amount.

ensure safe functioning of nuclear reactors. , , , [ — — ) 5
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cauilibrium state 0 \ interstitialcy mechanism 0C'y The results show that even though the size and spatial distribution of patterns do not attain steady state
“This is one of the fundamental s, ., | | A V() + 2R+ Ryt R+ ACT “The results show that even though the size and spatial distribution of patterns do not attain steady stat
reason behind irradiation-induced m:;egfl -Two typ.es of I‘.e.aCUOIlS cor}31d§red. 0(( g‘ their statlts;tlca proplert.les 0 ?tialn steady state. 1his 1S clear from the radial pair correlation an
changes in the material. A material at an o diation Vacancy-1nt§rst1t1al recombination — V. (QJp) +2RY o+ RY s+ Rp+ Acgsc structure 1actor evolution profiles.
equilibrium state and change in dumbbell type ot

-Currently, this model is being used to study segregation and morphological evolution at free surfaces.
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