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Grain growth

•• ReductionReduction of of graingrain boundaryboundary energyenergy

•• Pure single Pure single phasephase materialsmaterials
•• ParabolicParabolic growthgrowth lawlaw

•• GrainGrain sizesize distributiondistribution timetime--invariantinvariant

•• RealReal materialsmaterials
•• ImpurityImpurity dragdrag
•• ZenerZener pinningpinning
•• Multiple Multiple phasesphases

1/ 2*R k t=
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Zener pinning

•• GrainGrain boundaryboundary--particleparticle
intersectionintersection

•• =>=>EnergyEnergy reductionreduction

•• => => InteractionInteraction betweenbetween graingrain
boundariesboundaries and and particlesparticles

•• ‘‘DimpleDimple shapeshape’’

•• LimitingLimiting graingrain sizesize::
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Experimental observation

•• MnSMnS--particleparticle in in lowlow--CC steelsteel
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Phase field model

•• ExtensionExtension of model of D. Fan of model of D. Fan 
and L.and L.--Q. Q. ChenChen forfor normalnormal graingrain
growthgrowth

•• PhasePhase field variables: field variables: 

•• ParticlesParticles : : ΦΦ=1 =1 

•• GrainGrain i of i of matrixmatrix--phasephase : : ΦΦ=0=0
1 2( , ,..., ,..., ) (0,0,...,1,...,0)i pη η η η =

1 2( , ,..., ,..., ) (0,0,...,0,...,0)i pη η η η =

1 2, ,..., ,...,i pη η η η
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Phase field model

•• Free Free energyenergy

•• EquilibriumEquilibrium
•• ΦΦ=0 : =0 : 
•• ΦΦ=1 : =1 : 

•• KineticKinetic equationsequations ((GinzburgGinzburg--LandauLandau))
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Diffuse grain boundaries

•• GrainGrain boundaryboundary thicknessthickness m
κ

∝
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Local free energy

•• SecondSecond--phasephase particleparticle•• Matrix Matrix phasephase
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Grain boundary energy

mκ∝

•• ContributionContribution duedue to to gradientgradient•• ContributionContribution locallocal free free energyenergy

•• Total Total graingrain boundaryboundary energyenergy
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Grain boundary/particle interaction

•• EnergeticEnergetic considerationconsideration::

•• GeometryGeometry : : 

•• TheoreticalTheoretical interactioninteraction energyenergy::

•• Diffuse Diffuse graingrain boundariesboundaries ��
•• InteractionInteraction energyenergy slightlyslightly tootoo negativenegative
•• LowerLower limit limit onon particleparticle sizesize
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Local interactions: spherical grain

•• GrainGrain boundaryboundary movingmoving
throughthrough particleparticle:  3D:  3D--simulationsimulation

••

•• ‘‘dimpledimple shapeshape’’

0.5, 1, 1m Lκ = = =

08, 90, 76c pr R d −= = =
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Temporal evolution spherical grain
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Large-scale 2D-simulations

03, 0.04, 0ar f R= = = 03, 0.04, 13.6ar f R= = =
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Final grain size

••

•• PhasePhase field (Rfield (R00 = 0):= 0):

TheoryTheory

MonteMonte CarloCarlo
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Role initial grain size

•• FractionFraction of of particlesparticles onon graingrain boundariesboundaries: temporal : temporal evolutionevolution
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Comparison with experiment

•• ThinThin AlAl--filmsfilms
•• ColumnarColumnar grainsgrains
•• 2D2D-- structurestructure
•• CuAlCuAl22--particlesparticles

Data Data fromfrom H.P. H.P. LongworthLongworth and C.V. and C.V. ThompsonThompson



Phase field simulations of grain growth in materials containing second-phase particles
N. Moelans, B. Blanpain, P. Wollants

CALPHAD XXXIV, May 22-27, 2005
Maastricht,The Netherlands

Conclusions

•• ZenerZener pinningpinning was was studiedstudied as a as a functionfunction ofof
•• ParticleParticle sizesize
•• AreaArea fractionfraction of of particlesparticles
•• InitialInitial microstructuremicrostructure

•• GoodGood correspondencecorrespondence withwith models and models and previousprevious simulationssimulations

•• ExperimentsExperiments indicateindicate thatthat more parameters more parameters shouldshould bebe includedincluded

•• SystematicSystematic experimentalexperimental informationinformation onon graingrain boundaryboundary
energyenergy and and mobilitymobility is is requiredrequired
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End
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