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Presentation outline

 Theoretical preliminaries
- Fick’s law
- Regular solution model
- Phase separation
- Amorphous phase -> structure & technology

 Experiment & data analysis 
- DSC
- WAXS 

- Mean grain size
- Crystalline volume fraction

- SAXS:
- Exponential amplification in the early stage  
- Scaling in the intermediate and late stages 
- Pair distribution function based on experiment and simulation 
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Regular solution model



  

Regular solution model



  

Regular solution model



  

Spinodal decomposition vs 
nucleation & growth



  

Spinodal decomposition theory

+ modified Fick’s law

+ assumption: M is   
independent of local 
concentration 

+ equation of continuity



  

Amplification factor



  

Example: polymer solution



  

Nonlinear Cahn-Hillard equation
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Amorphous phase - structure



  

Amorphous phase - technology



  

Melt-spinning

cooling rate ~106 K/s



  

Amorphous aluminium alloys

• Al-RE, Al-TM-RE

RE = Sm,Gd,Tb,Dy,Y...; TM = Fe,Ni,Co,...

• High strength-to-weight ratio
• Good ductility



  

Nanocrystallization

    Thermal annealing often 
leads to formation of a 
nanocrystalline 
microstructure consisting 
of about 10 nm fcc-Al 
grains embedded in an 
amorphous matrix. 



  

Microstructure
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DSC



  

SAXS/WAXS – experimental setup



  

SAXS/WAXS – experimental setup



  

WAXS – 2D spectra



  

WAXS – 1D spectra



  

WAXS – 1D spectra



  

Crystalline volume fraction



  

Mean nanocrystal size
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Mean nanocrystal size



  

SAXS – 1D spectra



  

Comparison



  

Early stages evolution



  

Amplification factor
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Diffusion coefficient



  

Activation energy
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Pair distribution function
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PDF – MC results



  

Conclusion – the model

1. Glassy phase initially decomposes into Al-rich and         
RE-rich amorphous regions 

2. Nanocrystals nucleate preferentially inside the Al-rich 
amorphous regions and their growth is constrained by the 
region size
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