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Statistique des dislocations en solution sol(de

Motivations Collaboration: S. Patinet PhD thesis, D. Rodney
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Quantitative prediction of solute strengthening in
aluminium alloys _n AR AL (wo)\
Gerard Paul M. Leyson', William A. Curtin'*, Louis G. Hector Jr? and Christopher F. Woodward? = E bcc{wc YW, - s ch‘

Table 2 | Predicted and experimental'*" tensile yield stresses at T = 0K and T = 78 K for various Al-X alloys. Solute
concentrations are from refs 14,15. Quantities in parenthesis include contribution from Fe solutes, with Fe concentrations shown,

as discussed in the text.

Solute ¢ (%) cre (x10~% %) Tw‘ i Pa) %
Predicted (OK) Predicted (78 K) Experiment (781)

Mg 0.444 - 34.2 20.7 206

Mg 0.810 - 511 334 34.2

Cr 0.073 10 211 121 (19.5) 237

Cr 0.302 12 545 37.6(43.2) 502

Cu 0.090 12 12.0 53062) 123

Cu 1.650 50 B35 59.5(76.9) 866

Mg-Si 0.365/0.823 Unknown 406 25.5 363

SRMP 2



Pure Metal

fcc crystal

Z=[111]
Y=[112]

A

L,=30 nm

Edge dislocation a/2[110](111

X=[110]

Solid solution
3% at. Al in Ni)

\ 4
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Solid solution hardening in Ni(Al) and Al(Mg)
Atomistic model: Embeded atom methddyrray S. Daw and M. I. Baskes PRB 1984)

CH) Ni-Ni Angelo et al.: Modell. Smul. Mater. Sci. Eng. 3, 289 (1995).
Al-Al Voter and ChenMater. Res. Soc. Symp. Proc. 82, 175 (1987).
Ni-Al Rodaryet al.: Phys. Rev. B 70, 054111 (2004).

Mg-Mg X.-Y. Liu, P. P. Ohotnicky, J. B. Adams, C. Rohrer, and J. R. W. Hyland, Surf. Sci. 373, 38296).
Al-Mg X.-Y. Liu, J. B. Adams, F. Ercolessi, andMoriarty, Modelling Simul. Mater. Sci. Eng. 4, 29B906)

Simulation avec un seul obstacle

CEA-SRMP/Stress (MPa) = 0.300E+01

Y=[112]

X=[110]
Z=[111]

(AL LA AL LR AL L L L LN L XX
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1D elastic line model: AN = %Akg”\, — Yyr — v). — 2d/b] + 75

® o _ZI Ak — aki) + V(e — bii) /
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CEA-SRMP/Stress (MPa) = 0.300E+01

dislocation-obstacle interaction potential
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critical shear stress (MPa)
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d =4 nm elastic line with
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SRMP

@. ASS allows to capture the dislocation core details

@. The 1D elastic line model allows scale transitions + gonderstanding

@. Projects:

« study solid solution hardening in bcc (ELM model deyai@nt)
« effect of temperature in the elastic line model (soluteatiffusion)

CEA-SRMP/Stress (MPa) = 150 Temperature (K) = 0

15
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Depinning of edge dislocations

R=3nm

LK [nm]

TTTTTTIRTTTTTICCAITANEY KT\ PRTT [YYRTTTITY [YRTRUTITI CIRTITY 10, POTY)
0 20 300

L}, [nm]

@ up to a critical value 7.+ = 1.5nm the disloca-
tion cuts through the NigAl precipitate;

@ the depinning stress is proportional to the

square of the radius, re,

@ above the critical value r..i; the partials relax
into a loop circumventing the nanophase.

SRMP 17



Modele de tension de ligne pour une approche raalhielle
de la formation des paires de décrochement

Ce:) Auteurs : D. Rodnédet L. Provill&
a) b) CEA, DMN Service de Recherches de MétalluRkigsique

Tension de ligne |. - — | B

b 0%y S / \ ﬁT £

—Vp(y(z))+oab+T—= =0 & | | | T
a2 = = = v %

Potentiel de Pelerls variable m

avec la contrainte appliquée

—
I

Peierls potential (eV/nim)

015Hb) //\ o ] Profile d’'un décrochement
L by = 08 . .
N "\ | Calcul atomistique +
1 // 5 ot Tension de ligne
,- LN = g
005k fr/ ‘ ;f 0_4;
io_z— T = 0.36 eVuﬁl_l
",
! .I\--‘ 2 o o 0 0 © I I I

L | 1 | L
02 04 0.6 0.8 1 0 1 2 3 4

Reaction coordinate 8 Position along the disloeation (nm)

SRMP 18



Prédictions du modéle de tension de ligne
comparées au resultats de simulation atomistique

C@J Profiles des paires de décrochement Enthalpie de formation en

a différentes contraintes fonction de la contraintes

' ' ' oy — IlOO MII’a L
08 — 200 MPa | 0.4 O 3DNEB -

—— 600 MPa A—A 1T variable potential
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§ 04 7 :? 02} |
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time (2fs) = 0.100E+03

Dislocation de Lomer Al
0=500 MPa T=20K

D. Rodney and L. Proville, Physical Review B, Vol. 194108 (2009)
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SRMP

Conclusions

Dislocations cut nanophases under a radius r
above Orowan loops are formed at low temperature

The loop formation is different for screw and edge

For cutting mechanism, the critical stress variegas r

For Orowan mechanism, the log prefactonlig2-)/8(1-v)
for edge dislocations

Projects:
» effect of solid solution
« effect of temperature (climb)

20



Il. Ni,Al nanophase strengthening for Ni based alloys

CEA-SRMP/Stress (MPa) = 150 Temperature (K) = 0 Collaboration: B. Bako

€S

SRMP 21



Depinning of a screw dislocation

SRMP

22



Orowan looping — Theory

@ Analytical phenomenological
model based on DD (Bacon,

. Kocks, and Scattergood — 1973)
0.61- 0 =0.23.p=076b] J
— b 2rL
é =0.3 2.5 O.C - — 111 Yon
R oal ®=032,p=2591 2w L p(2r 4+ L)
= (for the edge dislocation)
1. = — . . . -
= 02 @-035.p=1716| @ Works with voids, ODS, precipi-
© 1 tates in FCC and BCC, but
ok ® ° ® Ouwrdata foredge dLs]ccr—Tti_cu.]'_=35.Eﬁ mm| | ] ]
O @ Requires an unknown rescaling
| | 1 L |

4 ' 8 16 parameter o

2rL)/b/(2r+1L)

@ There is no theory for the depin-
ning stress in the cutting regime.
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[ @ L=120mm ! e
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nl].d o lnkam = p=LI5h ] cos*(f/4) = —, where
500H a4 L=517 — = A a7’
|| —— theory {loﬁci;:ingj =029 nm _ 2d
|~ — theory (cutting) . d: separation distance of the

dislocation
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= Cutting mechanism o
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i Fa #

200 . ’-_,f . " .
- ST ¥ i phase with L15 order.
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100 @ *. - _,..” _ C: All parameters of the theory
o e _
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1000

- Cutting mechanism
L o_= 2660 MPa
- d=15nm

o [L=1
B L=2586nm
« [L=5

— theory -[looping]
— — theory (cutting)

SRMP
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0

Ancrage d’une dislocation vis dans une solution solide

modéele CFC

Thése de S. Patinet

Etude a I'échelle atomigue avec potentiels interradioe EAM

Calcul du seuil de décrochage statique

Contrainte critique résolue pour différents allisge

En fonction de la densité d’obstacles

400 -

s

o

100

experiment
screw Ni(Al)
edge Ni(Al)
experiment
screw Al(Mg) . @9
edge Al(Mg)

CRSS t_ (MPa)
=
I

Ni(Al) 6% at.

\ 4

A

11 nm

@ w0 =» Bon accord expérience simulation

0,02

|
0,1 0,12
solute concentration ¢ (at. %)

| |
0,04 0,06 0,08

=> différentes lois de durcissement pour 2 alliage€ FC

Attention taille de simulation << exp !!

SRMP
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|. Peierls mechanism

Collaboration: D. Rodney
INP Grenoble, Science et Ingénierie Matériaux Puiésé

=>In bcc thermal activation of dislocation glide prode¢hrough kink pair nucleation on screw
=» Interatomic forces model = Embedded Atom method

=>» Not yet efficient at modeling screw dislocation in bcctate

= Lomer dislocation in Al-A! E Erenlacci ang J - Adamsirgphys. Lett.

£% 11 Irrarie PPPPPP AAAAAOA0 A0 000 A0 APAS oy
3 s U-}:—‘& l—l»-‘f.;'.f.da b e R R R AR LELCECEECERTTETE

SRMP D. Rodney and L. Proville, Phys. Rev.7B, 094108 (2009). 27



L. Ventelon & F. Willaime

J Computer-Aided Mater Des (2007) 14:85-94
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Mécanisme de Peierls

Enthalpie d’activation d’une paire de décrochensemt
La dislocation vis modéle de Mendelev (Phil. Magd20pour Fe cc
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=
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Activation Enthalpy [eV]
=]
=

30

20

10

Energy barrier (meV/b)

® Experimental work in o:Fe [Spitzig (1970) Ref. 12]
A—A ART [D. Rodney]
w-¥ NEB [J. Li]

02+ he £ —
, o Iwo
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0 L u. s g T IL, S i, s .
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7, (MPa) (exp.) | 390 [L, 3, 12] 340 | 710 [13] |2.7 [14. 15]| 900 [6]
7, (MPa) (theory)|933 [10]/1200[16] 1730 [9]|2730[9, 17]| 6.9 [8, 18] |2400 [19]
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Reaction coordinate
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)

hy © O Numerical simulation f_=0.001| +0.18
e’ — VSC theory f =0.001
1 1 8L Numerical simulation fm: 0.01 | |
L. Proville, Annals qf Phy3|cs, g G |06
accepted for publication ElR lota
. £ :
http://lanl.arxiv.org/abs/0904.3357. = 1
P -0.12
L. Proville, J. Stat. Phyd37, 717 (2009) A {0
=] i
g— = -0.08
o
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length of the elastic string Ly

Conclusion:

* le modeéle de ligne élastique peut étre développédahtégrer la complexité

du niveau atomique.

» possibilité de paramétrer % calcul AB-init® éviter artefact des potentiels EA
« transition d’échelle vers DDD envisageable

M

SRMP
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