Energy barriers for carbon diffusion in ferrite under heterogeneous stress
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Context & objectives Simulation methods

» The diffusion of carbon in iron controls the kimstiof many transformations in steels (such as, ngtee
precipitation, martensite ageing, massive austerfiéerite transformation and bainite formation).

> Diffusion of carbon irdefect-free ferrite (the body-centred cubic structure of iron): a faislell known mechanism, > Residence time algorithm: ! J
extensively studied and characterized. ime spentinastate __In(r) e
> Whenother defects are presentboth the diffusion mechanism and its kinetics are affected. Case dfslocations: Aot © z®
theycreate very large and non-uniform stresses, inducing important effects on the energy bamieimpurities. i
> Diffusion and segregation of interstitial carbordislocations introduced by plastic deformatiorferritic iron: leads » A « diffusion energy barrier
greg ; - P - iy o » transition rates: R, =, ex —
to the growth of so-calle@ottrell atmospheres around the dislocationsdsponsible for static strain aging in ferritic i KT
steels).
L . ) . . e . ) » Each aKMC time step is associated with a jump (itemsi — j)
»Atomistic simulations provide a good alternative &udying the diffusion processes in
the presence of stress: » Accessible time span : minutes, hours ...
- Molecular dynamics (MD): could serve as a perfeamework if not so limited in > Appropriate method for studying diffusion phenoménthe solids

simulation time span (typically, a few ns).

- Atomistic Kinetic Monte-Carlo (aKMC) method: vemyell adapted for studying the
diffusion of atomic species, based on knowledgéhefdifferent escape pathways and the.
corresponding escape rates. :

»The impact of the stress field induced by the preseof a defect on the energy barriers

cannot be neglected, and need to be quantitataedgunted for. : )
' state-of-the-art method for locating

saddle points on PES knowing the
initial and final state configurations;
measuring the corresponding energy,

» In this work, the effect of an heterogeneous stfiesd on diffusion energy barriers is
adressed: a novel method, called LinCoSS (Lineartfuamion of Stress States), which
is very fast and easy to implement alternativexisting approaches [1].

Results

‘Crystallographic structure ‘ Methods for calculating diffusion energy barriers under stress ‘

> Anisotropic elasticity theory: » Linear Combination of Stress States (LinCoSS):

- total energy of a periodic simulation - it is based on the decomposition of a complexsstigtate into a linear combination of uniaxial andepu
box with volumeV, containing a point| shear stress states :
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= one may assume that the effect of an arbitrargstfield on the energy barriers could be simplyleatad

llustration of the different octahedral = _(PT = p°
ustation ol fre dlierent ociahedia AE(gii)_AE(O) (R -R)e; by a linear combination of the effects induced agtestress field component:

site positions (open green squares) i
the bcc unit cell. The iron atoms are

represented by filled black circles. (P;; is deduced from atomistic simulations) AE(O’)=AE(O’XX)+AE(O’W)+AE(0'ZZ)+AE(CTXY)+AE(O’XZ)+AE(0'YZ)—5AE(O)

‘ Simple homogeneous stress ‘ ‘ Complex homogeneous stress ‘ Heterogeneous stress: edge
dislocation in bcc Fe
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 [to the glide plane:

. CI-NEB by linear elasticity theory or by LinCoSS as

[2], the diffusion barrier for carbon Shear siress (GPa) Shear stress (GPa) . J a function of hydrostatic and von Mises stresses. (hydrostatic stress) (= 00— 00 ® o10] —'um _
migrgti_on in astress free ferrite Linear elasticity theory: no variation of . . a _om @
matrix is: the energy barrier with shear stress "% . P Establishing the validity of LinCoSS model: 2788 ,. g oopl | A
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Conclusion

The presence of an imposed stress field modifiedériers for carbon diffusion in iron becausefiuences the energy and the atomic configuratafrisoth )
the stable position (octahedral site) and the sagaint position. We propose a novel method forexeining the barriers for carbon diffusion under E:l] g:b?rhltCEk%\lac’hJérM:\JAnhgzraSz’
H i 3 . Ribeiro, R. Du , M. el
heterqgeneous_stressfleld, calledLmCoSS.. _ N _ - o d submitted torcta Mater (2013)
- LinCoSS is very accurate up to relatively high s$is; more accurate than elasticity theory sinpeoitides a better description

. 2] http://lammps.sandia.gov/
of the effect of pure shear stress on the energyes. { ; P P g |
3] C. S. Becquart, J. M. Raulot, G.
Bencteux, C. Domain, M. Perez, |S.
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E;fCOUpIE'd (tjo;(dl\élfc al é)_rsi|thm,_ it could serve as abgoo%framework_nfoodellin carbonddi&‘fuhsionri]n bce iror}_dethe resgnge h
any kin ect (dislocation, vacancy, grain boundary, precipitates, etc.), provided that the stress field induced by the o Garruchet.  and  H. N

. ' - Nguyen,
defect does not overpass 3-4 GPa. S G T 25 Comput. Mater. Sci., 40:119, 2007.

- LinCoSS could also bgeneralized to the case of vacancy diffusion or to the diffusion of other substitutional atoms. dinuy (nm)
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