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Introduction
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Relative stability of SIA clusters

Modelling: In materials, under irradiation we have

interstitials as traditional 2D loops <100>, ½<111>

(Fe, W[1]) or 3D clusters C15 clusters[2] (Fe)

TEM: two families of dislocation loops are

observed under electron or neutron irradiation:

<100> and 1/2<111> depending on conditions

[1] Yi X, Jenkins ML et al,Phil. Mag., 93, 1715 (2013)

[2] Marinica M-C, Willaime F and Crocombette J-P, Phys. Rev. Lett., 108, 025501 (2012)
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Morphology 

of defects in 

bcc metals 

under 

irradiation

Vacancies

Interstitials
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Ackland 97

M07

Dudarev 2005

PLOT:

<100> with two habit

planes: {100} and {110}

½ <111> {110}

AM 2004

Relative stability of large clusters in Fe
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Formation energies of large

dislocation loops: potential-

dependent.

For 1000 SIAs, a spread of

over 400 eV in results

between various potentials:

50% of the absolute values

L. Malerba et al, J. of 

Nucl. Mater. 406, 38 

(2010)

S. L. Dudarev et al 

J.Phys.:Condens. Matter 

17, 7096 (2005)

G.J. Ackland et al, 

Philos. Mag. A 75, 

713 (1997)

G. J. Ackland et al, J. 

Phys.: Condens. 

Matter 16, S2629 

(2004)
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Our goal
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Å inter-atomic potentials are 

approximations

Å Cost: Low

Å Application: can be good for certain 

properties, transferability depending on 

the fitting

Å Size: no size limitation, can be applied 

for billions of atoms 

Å uses accurate density-functional 

theory

Å Cost: much higher

Å Application: being accurate, it has a 

wider applicability for diverse 

properties

Å Size: size limitation exists, feasible for 

up to hundreds of atoms only

Empirical potential calculations DFT calculations

Accuracy 

Size of clusters 

Our Goal: atomistic model which is able to predict the ab-initio formation energies 

for very large no. of SIAs (<111>, <100> loops and C15 clusters) for Fe, W, Ta, V

(near-accuracy of DFT without size limitation)
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Development 

of the discrete-

continuum 

model
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Relative stability of large clusters

= +

Formation

energy
Elastic formation

energy

« Cluster expansion » 

Formation energy
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UnknownCalculated

Formation energy of large dislocation 

loops: continuum approach

works for larger loops, not for small no. of SIAs, 

hence discrete part needed for proper results for small no. of SIAs too

|  PAGE 9

Pre-logarithmic energy factor of a straight infinite

dislocation with Burgers vector b and orientation vector t
Radius of the nonlinear dislocation core

Core-traction energy per unit length +

Nonlinear core-energy term
Perimeter of the equivalent circular loop
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Formation energy of large dislocation 

loops: discrete energy. Example.

10 SIAs, <111>{110}
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Discrete part: energetic model in terms of 1st and 2nd

nearest neighbours 

function                            is significant for small no. of SIAs but 

vanishes at larger no. of SIAs
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Evolution of the fitting formula

Discrete part: energetic model in terms of 

1st and 2nd nearest neighbours Elastic theory gives

works for larger loops, not 

for small no. of SIAs, 

hence discrete part needed 

for proper results for small 

no. of SIAs too
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function                            is significant for small no. of SIAs but 

vanishes at larger no. of SIAs
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Calculation of formation energy using 

Elastic theory for C15 clusters

The formation energy for a 

C15 cluster of n SIAs is: 

Interfacial energy Strain energy
Difference in cohesive energies 

of  BCC and C15 phases 

=effective interfacial energy

=isotropic shear modulus of the matrix

=misfit strain

=f(BCC elastic constant,  C15 bulk modulus)

=no. of atoms in interface

=no. of atoms with perfect  C15 coordination

=volume of the C15 inclusion

g

m

e

a

15CN

15CV
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C15

BCC

iN = +

C15 inclusion

iN
15CN

fitted
calculated

fitted
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Calculation of formation energy using 

Elastic theory for C15 clusters

= +

C15 

inclusion

iN 15CN

C15 

interface
C15       

pure-core
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fitted
calculated

fitted
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Database 

development for 

the discrete-

continuum model 
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Database for the atomistic model

ÅIn total, 33 configurations were used for ½ 

<111>, 50 configurations were used for <100> 

and 24 configurations were used for C15.

ÅAll configurations were in between 2 and 22 

SIAs to be able to obtain ab-initio formation 

energies for the database
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