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Zener pinning

•• LocalLocal interactioninteraction betweenbetween particlesparticles and and graingrain
boundariesboundaries

•• GrainGrain boundaryboundary reductionreduction ⇒⇒ pinningpinning forceforce

•• MacroscopicMacroscopic effect: effect: 
•• LimitingLimiting meanmean graingrain sizesize

•• Effect of Effect of particleparticle shapeshape, , interfacialinterfacial energyenergy, , 
solubilitysolubility ??

lim 1
b

V

R K
fr

=

MnSMnS precipitateprecipitate
in in lowlow--CC steelsteel

Al film Al film containingcontaining CuAlCuAl22--particles particles 
(H.P. (H.P. LongworthLongworth and C.V. and C.V. ThompsonThompson, 1991), 1991)

0.3 μm



4
Nele Moelans
EUROMAT 2007, September 10 to 13, 2007
Nürnberg, Germany

Model formulation

•• BasedBased onon model model formulationformulation of of 
L.Q. L.Q. ChenChen and and KazaryanKazaryan et al.et al.

•• GrainsGrains + + particlesparticles

•• WithinWithin grainsgrains//particlesparticles::

•• InterfacesInterfaces
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Model formulation

•• Temporal Temporal evolutionevolution

•• Free Free energyenergy
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Model formulation

•• Bulk free Bulk free energyenergy
•• BasedBased onon multimulti--phasephase field field approachapproach
•• PhasePhase fractionsfractions

•• InterfacialInterfacial//graingrain boundaryboundary propertiesproperties

•• EnergyEnergy

•• MobilityMobility

•• ThicknessThickness
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Evolving particles

cceqeq,part,part =0.001, =0.001, cceqeq,matrix,matrix = 0.999= 0.999
DDpartpart = 0.01, = 0.01, DDmatrixmatrix = 0.1= 0.1
σσgbgb = 0.25,= 0.25,σσintint = 0.2 = 0.2 
cctotaltotal = 0.05= 0.05
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Misorientation dependent grain
boundary energy

cceqeq,part,part =0.000001, =0.000001, cceqeq,matrix,matrix = 0.999999= 0.999999
DDpartpart = 0, = 0, DDmatrixmatrix = 0= 0
cctotaltotal = 0.05= 0.05
σσintint = 0.2= 0.2
σσgbgb = 0.25 (high = 0.25 (high angleangle))
30 +1 order parameters30 +1 order parameters
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Particle shape

•• Strong Strong anisotropyanisotropy
–– PlatesPlates (2D):(2D):

–– CubesCubes (2D):(2D):

•• IntroducedIntroduced via via κκ and and γγ

••
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Coherent->incoherent

•• Coherent interface:Coherent interface:

•• Incoherent interface: Incoherent interface: 

GrainGrain 11

GrainGrain 22

1 0.3(1 1.6 | sin(2 ) |)σ ϑ= +

2 0.78σ =

cceqeq,part,part =0.001, =0.001, cceqeq,matrix,matrix = 0.999= 0.999
DDpartpart = 0.01, = 0.01, DDmatrixmatrix = 0.1= 0.1
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Model simplifications and implementation for
large grain structures

•• FixedFixed sharpsharp--interfaceinterface
representationrepresentation forfor the the particlesparticles
•• LessLess gridgrid pointspoints requiredrequired per per 

particleparticle
•• LessLess equationsequations to to solvesolve

•• BoundingBounding box box algorithmalgorithm
•• EquationsEquations are are onlyonly solvedsolved

locallylocally
•• BoxesBoxes allowallow a a semisemi--implicitimplicit

time time steppingstepping
•• PreventsPrevents graingrain coalescencecoalescence

ηηpartpart ηηgraingrain
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Ellipsoidal particles:  2D simulations

•• Effect of aspect ratioEffect of aspect ratio

ffVV = 0.05, aspect ratio = 2= 0.05, aspect ratio = 2

100 + 1 order parameters100 + 1 order parameters
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Ellipsoidal particles: 3D simulations

ffVV = 0.05, aspect ratio 2= 0.05, aspect ratio 2
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Conclusions

•• We We presentedpresented a a phasephase field model and field model and simulationssimulations forfor graingrain
growthgrowth in the in the presencepresence of of secondsecond--phasephase particlesparticles
•• The model The model cancan account account forfor the the interfacialinterfacial propertiesproperties and and stabilitystability

of the of the secondsecond phasephase

•• We We proposedproposed anan approachapproach to to treattreat largelarge graingrain structuresstructures

•• FurtherFurther researchresearch
•• AddAdd more features to the more features to the boundingbounding box box implementationimplementation
•• InitializationInitialization graingrain structurestructure
•• Data Data storagestorage / post processing/ post processing
•• ValidationValidation of the of the simulationssimulations
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