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Phase field methods = study microstructures during phase transformations

vy MNi-Ti Cubic/Tetragonal : Co-Pt segregation
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Introduction of dislocations to study:

- Influence of dislocations on precipitation (Heterogeneous precipitation)
- Influence of precipitation on dislocations  (Alloy hardening)




» Ex: Ginzbureg-Landau free energy for a 2-phase separation
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— Shortrange mteractions
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— Fluctuations smaller than & are averaged out jcoarse-graining)

— choice of the lenght scale d

» Elastic energy in coherent systems:
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Kinetics equations
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How to introduce dislocations (1) ?

———— Via an analogy between Volterra procedure and a phase transformation

(Nabarro, 1951)

Transformation of the
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How to introduce dislocations (2) ?

———— Via an analogy between Volterra procedure and a phase transformation

(Nabarro, 1951)
Transformation of the
= platelet inclusion with

— a uniform strain -

= |
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—— Dislocations are introduced in a phase field code as extra phases

———= In FCC, 1 phase for each slip system characterized by :
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Equivalence « platelet inclusion - dislocation loop »
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Application to heterogeneous precipitation

A static slip dislocation in a binary alloy
with lattice parameter nismatch

Caln-Hilliard dynamics for the conc. field :
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Precipitation of the phase with smallest
lattice parameter in the compression
region of the edge parts of the slip loop




System size: 512 x 512
Static edge dislocation loops

System size: 512x 512

Frecipitation with lattice parameter mismatch
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t =4000
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Dislocation dynamics: 1st method

Phase Field spirit: continuous dynamics on ¢ (r) — diffuse dislocation cores

Ginzburg-Landau energy:
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Dislocations Dynamics

Shrinking of a shear loop during phase separation
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Dislocations Dynamics

Dislocation mudtiplications: Frank-Read source
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FProblem:

. - :IT - - ] = -
* orid spacing “d” ( 1| = P ): only one characteristic length 11!
: 1
* mesoscopic scale: d o« nm = 10 b #(r)
A ; PR a few d
size of any heterogeneity: : afowd
» dislocation core: {= 5086 ! . -
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—  Weak short range interactions between dislocations
—=  need to mtrodice another length scale . ..
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loopons

— decompose @,(r ) into a superposition of elementary loops: "loopons”
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Two length scales: d and K

Only d
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Improvements of the discrete approach

C,=170, C,=70, C, =50 (units:10°Pa)

d=10b =3nm

5% 5 x 5 Brillouin zones — cores = b
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Discrete dislocation dynamiics
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——— Frank-Read stress in agreement with elasticity with R__. =Db
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Activation stress of a Frank Read source,
initially of edge character

g —m——

EN
"
| &Y | ; ;
O0R by ¢ Simulaheon
H::\_.ﬁ
1 06 | \Eb
=1 SO
G SRz ¢ Elastie model:
0 g & H:-'_-n,_ 1
h“"i-:ﬂ
n ! . g z
I 5l 104 151 200 2a0

L/b

— Sitmulation box: 128 x 128 x 128

— Isotropic medium. C ;=170 C ;=70 Cg4=30 (unit:Gpa)
— glide svstem : <100=¢001)
~hfd= ]

c 1-32v b

o\

Lt

2all = v)

L'l
]tl(—:l + |

!

)

20



Test of short range interaction:
two FR sources in parallel glide planes
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Application to Alloy Hardening (1)

Consider a binary alloy with
a lattice parameter mismatch (2%o)

» Let the microstructure evolve
in absence of any dislocation.

' : Place a slip loop which creates

2 edge dislocations.

Use ‘Frank-Read trick’ to
annihilate one of the dislocations.

64d=0,16 um
(cell dim. = 64x64x64, d=10b,
periodic boundary cond.
ansotropic elasticity)
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RSS (a_) due to the microstructire

o,<0 *

T

We expect Orowan effects
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Step 1: oC, = 0; let the dislocation equilibrate.

o /C,, = 2103

o/C, =21 10

RSS (o) due to the microstructure

We expect Orowan effects
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Application to Alloy Hardening (2)
Consider a FCC binary alloy with a lattice parameter mismatch (0.014)

'f*

p 1: Let the microstructire evolve (up to late stage) in absence of any dislocation.

E_-fep 2 : Placea sliploop <101> (111)

Anisotropic medium: C;= 102 Cp=70 Cg= 50  (unit: Gpa)

Interfacial energy: 50 mJ.mé
Grid spacing: d= 5 nm
Burger’s vector: bid = (0.1
Simulation box: 128x128x 128 (128d = 0,64 um )

< 112 > AMicrostructure in (111) plane
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Application to Alloy Hardening (3)
Consider a FCC binary alloy with a lattice parameter mismatch (0.014)

Step 1. Let the microstructure evolve (up to late stage) in absence of any dislocation.

Step 2 : Placea sliploop <110> (111)

Anisotropic medium: C;;= 102 Cp=70 Cg= 50  (unit: Gpa)

Grid spacing: d= 5 nm

Burger’s vector: bid = 0.1

Simulation box: 128x128x 128 (128d = 0,64 um )
£113 > A Microstructure in (111) plane RSS (a., ) due to the microstructure

o, <0 *

‘
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RSS (o, ) due to the microstructure
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Conclusion

Phase transformation and microstructures:
» Growth laws with lattice mismatch

* Complexe morphologies
* Phase Field may be fitte d to a specific system (N1-T1, Al-Zr)

Dislocations and plasticity:

® Same formalism for microstructures and dislocations

» Réle of dislocations on coarsening (and vice-versa)

*» Two kength scales: d (>nm) and b (E&): realistic dislocation cores
» Short range nteractions correct

» May be used for small (or thin) precipitates
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