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Zener pinning

« Local interaction between particles and grain MnS precipitate
boundaries /g‘ in low-C steel

AccV  Spot Magn  Det WD Exp F—————1 G00nm
30.0kV 3.0 B0000x SE 106 166

 Grain boundary reduction = pinning force

« Macroscopic effect:
 Limiting mean grain size

« Effect of particle shape, interfacial energy,
SO|ubI|Ity . Al film containing CuAl,-particles
(H.P. Longworth and C.V. Thompson, 1991
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Model formulation

e Based on model formulation of
L.Q. Chen and Kazaryan et al.

« Grains + particles

7717772""177i (Fit)l"'177p'177p'+1""177p

 Within grains/particles:
(771’772""’77i""’77p) — (0101"'111"'10)

e |nterfaces

77i277j2 #0

Distance (g.p.)
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Model formulation

LaF(m,---,np)

* Free energy

fO :m(i ___) Zzyljnl J+¢a fa(C )+¢ﬂfﬁ(cﬁ)+/u(c Z¢aca)

i=1l j=#i

At the interface between
grain i and |
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Model formulation

« Bulk free energy
« Based on multi-phase field approach
« Phase fractions

» Interfacial/grain boundary properties

. Mobility

e Thickness
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i

Ceq,part :O'OO]—’ Ceq,matrix =
Dpart = 0'011 Dmatrix =01
Ggp = 0.25,6,; = 0.2

Ctotal = 0.05

30 + 1 order parameters

Nele Moelans
EUROMAT 2007, September 10 to 13, 2007
Nilrnbera. Germany

concentration

Evolving particles

c =0.003 )

0

50
distance

T

A

7 thermo



Misorientation dependent grain

boundary energy

Ceqpart =0-000001, Co marix = 0-999999
Dpart = O’ Dmatrix =0

Ctotal =0.05

Gy = 0.2

o4, = 0.25 (high angle)

30 +1 order parameters

Grain boundary energy (J/rnz)

Misorientation 6 (°)

% 0
Read-Shockly: o4 =04 lg—l(l— In (%D 0<0|<8,

0 0
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Particle shape

o Strong anisotropy
S EENCM o =0(1+0_|sin(% +9)|)

4
SN IXNCN 0. =0 (1+J_ |sin(% +29)|) ‘i’ ’

 [ntroduced via k and vy .—9
K=K ,1+05,|sin(g +9)|)

9(7;) =90 )@+, |sin(F +9)])

K |
—’12 = Ccte
m(g(yi,j))
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Coherent->incoherent

N IR o, = 0.3(1+1.6|sin(29) |)

* Incoherent interface:

Grelr ‘L

Grain 2

=0.001, ¢
Dyar = 0.01, D

eq,matrix =0.999
=0.1

Ceq,part

matrix
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Model simplifications and implementation for

large grain structures

 Fixed sharp-interface
representation for the particles
» Less grid points required per
particle
« Less equations to solve

P30 60 40 20 0 20 40 60 80

Distance (grid points)

T]grain

e Bounding box algorithm

« Equations are only solved
locally

« Boxes allow a semi-implicit
time stepping
« Prevents grain coalescence
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UVEN Ellipsoidal particles: 3D simulations
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Conclusions

« We presented a phase field model and simulations for grain
growth in the presence of second-phase particles

« The model can account for the interfacial properties and stability
of the second phase

We proposed an approach to treat large grain structures

e [Further research

» Add more features to the bounding box implementation
« Initialization grain structure

 Data storage / post processing

 Validation of the simulations
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