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Fick’s law
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Fick’s law
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Regular solution model
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Regular solution model
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Regular solution model
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Spinodal decomposition vs
nucleation & growth
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Spinodal decomposition theory
"

flo.Ve)=7lo)+ K

+ modified Fick's law

+ assumption: M is
independent of local
concentration

+ equation of continuity
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Amplification factor
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Example: polymer solution
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Nonlinear Cahn-Hillard equation
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Scaling

L(t) ~ t

|Surface
S | diffusion
~ Bulk

© diffusion

Fig. 11.9 Coarsening for conserved
order parameter. Differences in lo-
cal mean curvature drives the growth
in the case of a conserved order param-
eter. Atoms will diffuse from regions
of high positive curvature to regions of
low or negative curvature. DBulk dif-
fusion dominates on long length scales
(L(t) ~ tY/3); surface diffusion can be
important when the scales are small
(L(t) ~ tY/%). For liquids, hydrody-
namic How makes things more compli-
cated [134].
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Amorphous phase - structure
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Amorphous phase - technology
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Melt-spinning
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Amorphous aluminium alloys

* Al-RE, AI-TM-RE
RE = Sm,Gd, Tb,Dy,Y...; TM = Fe,Ni,Co,...

* High strength-to-weight ratio
* Good ductility



Nanocrystallization
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Microstructure

J. Antonowicz, E. Jezierska, M. Kedzierski,

A. R. Yavari, A. L.Greer, P. Panine, M. Sztucki
Early stages of phase separnation and
nanocrystallization in Al-rare earth metallic
glasses studied using SAXS/WAXS and HRTEM
methods. (in print)




DSC
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SAXS/WAXS — experimental setup
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SAXS/WAXS — experimental setup
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WAXS — 2D spectra
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ALSm,, T =180 “C, t = 3000 s
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WAXS — 1D spectra
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WAXS — 1D spectra
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Crystalline volume fraction
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Mean nanocrystal size
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Scherrer formula
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Mean nanocrystal size
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SAXS — 1D spectra
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Comparison
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Early stages evolution
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Amplification factor
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Amplification factor
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Diffusion coefficient

R(Q)/QZ * 10-21 [m25-1]
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Activation energy
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Scaling
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Pair distribution function
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PDF — MC results
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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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