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mushy zone resolidification 
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Presenter
Presentation Notes
Typical experiment-> heat + coolT-gradient -> molten above TL, solid below TSIn between: fL-gradient, local equilibration -> cL gradientDiffusion in melt -> resolidification-> concentration distributionCompletely solid, plane front, can be seen in experiment
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binary systems 

measured concentration 
measured local temperature 
corresponding solidus concentration 

other effects documented 
in literature 
• TGZM 
• LFM 
• thermo migration 
• coarsening 
• … 

analytical model by 
Combeau et al. 
• resolidification in 

binary alloys with 
single solid phase 
forming in mushy zone 

 
 

Presenter
Presentation Notes
Folie von Chef: confirmed: concentration follows solidus-> final state (steady state) knownWhat happens before?Many effects occuring simultaniously, groups working on understanding processes that take place: Billia, Reinhardt, HarbinAnalytical model on MZ resolidification, macroscopic effect, for binary alloys, single phaseMultiphase systems: even more complexity, encounterr unknown effects, forr instance:



4 GTT User Meeting 2014 

multiphase resolidification 

Al-60% Cu 
→ quenched after 2 min 

holding time 

TS TL 

Presenter
Presentation Notes
Binary alloy, peritectic phase transformation, held in TG for 2 minWhat happens in this zone?- To understand and predict such processes we developed a model for multiphase systems
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model 

tot L
L L

c c= D f
t x x

∂ ∂∂  
 ∂ ∂ ∂ 

 constant temperature gradient assumed 

 c0, T, DL known 

 calculate liquidus concentration (cL), liquid 
fraction (fL), phase fractions and concentrations 
in solidified phases using ChemApp 

 solve diffusion equation using Finite Differences 
Method to obtain new ctot 

  

 

TL 
100% liquid 

TS 0% liquid 
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results: Al-3.8 % Cu 

TS TL 
holding time:10 min 
temperature gradient: 10 K/mm 
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multiphase case: Al-60 wt.% Cu 

→ solute flux j- ≠ j+ 

→ solute concentration at Tp changes  
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Presenter
Presentation Notes
Knick->Differentialgleichung nicht gültig-> Betrachtung der FlüsseFallbeispiel: Al-60Cu -> Aufschmelzen um Tp
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results: Al-60 wt.% Cu 
TL TS TP 
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Al-60 wt.% Cu – liquid fraction 

TS Tp TL TS Tp TL 

30 min 180 min 
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results: Al-60 wt.% Cu - concentrations 
Temperature gradient: 55 K/mm 
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results: Al-5 wt.% Si- 1 wt.% Mg, 30 K/mm 

TL TS 
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 a model for mushy zone resolidification was presented: 
– temperature dependent local equilibria calculated using 

thermodynamic software package ChemApp 
– diffusion equation solved numerically 

 

 multiphase and multicomponent alloys 
 

 verification via temperature gradient annealing experiments 
in Al-Cu and Al-Mg-Si alloys 
 
 

conclusions 
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