The effect of second-phase particles on
grain growth in thin films studied by phase
field simulations

N. Moelans, B. Blanpain, P. Wollants

Research group: Thermodynamics in materials engineering

Department of Metallurgy and Materials Engineering
K.U. Leuven, Belgium

EUROMAT 2005, 5-8 September

Prague,Czech Republic



Contents

e Grain growth in thin films

* Zener pinning

* Phase field model

« 2-D simulations

« 3-D simulations

« Conclusions

The effect of second-phase particles on grain growth in thin films studied by phase field simulations EUROMAT 2005, 5-8 September

N. Moelans, B. Blanpain, P. Wollants Prague,Czech Republic



Grain growth in thin films

e Bamboo structure
 3-D => 2-D grain growth

« Surface energy
« Grooving
* Anisotropy

 Particles
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Zener pinning

*  Pinning force of a particle

boundary movement

 3-D: FZ = 27Z'I"O'gb COS(ﬁ) sm(ﬂ) TDirection of grain

« 2-D: F,=20,sin(f)

* ‘Dimple shape’

« Final grain size: REm = g
o
r fr
() 3-D: 0(51

b=2/3,b=4/9,...

« 2-D: o¢=0.5
1.2<b<1.7
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Phase field model

« Extension of model of D. Fan and
L.-Q. Chen for normal grain
growth

« Phase field variables:
77 S N/
« Particles : ®=1

oMy eeosTlyses11,) = (0,0,...,0,...,0)

* Grain i of matrix-phase : ®=0

o Moo oo 1) = (0, Gl 1 oo )
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Phase field model

* Free energy

4
i —

F=f{m(ﬁ(z 2Hiiﬂfﬂf+5@iﬂfj+i§(vm)z}d’/

i=1 j#i

 Equilibrium
« ©=0: (,.7,,....77,) =(1,0,...,0),(0,1,...,0),...(0,0,...,1),(=L,0,...,0),...
e ®=1: .7,-1,)=(0,0,..,0)

« Kinetic equations (Ginzburg-Landau)

on(r0) __, _dF __L{afo(nl,nz,...)

- on,(r,t)

= — KV, (rt
ot on, (1) 4 )J
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Model parameters

-1 Rl r=n( £ S S ot
n.(r, i=1

i=1 j#i

« Grain boundary energy : 0.39+ xm

 Interfacial thickness : o L3

m

- Grain boundary velocity : V' =xL(4 +4,)

e =>kL=M = MO'gb (reduced mobility)

- Interfacial energy particles : [/ (&)Vkm
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2-D simulations

* Parameters
k=05L=1lm=1e=1

* Particle size .
- Final grain size : R, =( ]V

 Diffuse interfaces

* Numerical solution

« Semi-implicit fourier spectral
method

 |nitial microstructure

* Ry=0 —
- R,>0 I”=3,]2=0.04,Ro=0
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UVEN 2-D : Final grain size

R.=0,r=25
R.=0,r=3
R.~136,r=3
R.~23.7,r=3
R,.>0,r=25

. R,>0

For high f, large R,

R

R,

lim

The effect of second-phase particles on grain growth in thin films studied by phase field simulations EUROMAT 2005, 5-8 September
N. Moelans, B. Blanpain, P. Wollants Prague,Czech Republic



3-D simulations

* Numerical solution

o [/ film
— 2-D Fourier spectral
method
e 1 film

— Finite differences
— Dirichlet : drag effect
— Neumann

» 3-D effect
» Position of particles
* Film thickness

r=3,f =0.05,=21
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LEUVEN Comparison 2-D and 3-D results

¢ Thin Al-films
e Bamboo-structure

R,=0,r=25 (2-D)
R,=0,r=3(2D)

3-D simulation
exp data Al-film

* CuAl,-particles in
middle of film

» r=1/7 film thickness

Data from H.P. Longworth and C.V. Thompson
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Conclusions

« 2-D and 3-D phase field simulations of grain growth in thin
films containing second-phase particles were performed

« 2-D simulations => importance of R,

* 3-D simulations => particles introduce 3-D effect

* Important parameters
» Ratio of particle size and film thickness
» Position of particles
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Thank you for your attention !
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