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Part II. Interfacial kinetics: some 
general features

• Phenomenological description

•Unary system:

- Velocity—temperature—driving force v=v(T, DF)

•Alloy system:

- v(T,DF) and solute partitioning
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Unary system: v(DF)
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• Crystal-vapor interface

general 
interf.

singular interf.

DF

• Crystal-liquid interface

DFJ. Howe, Interfaces in Materials (1997)

• Solid-solid phase transformation is restrictive because of v(T, DF(T))
• Insight from grain boundary and dislocation b/c DF can be independent of T



Dislocation: v(DF)
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Kocks, Argon, Ashby, Prog. Mater. Sci. 19(1975)1 

Sound emission

Phonon drag, viscous

Peierls, solute, forest, precip....

• Martensite/austenite interface 
(model)

D. Haezebrouck, PhD thesis, MIT (1987)

• Dislocation in crystal

• Similar v(DF) relationship to interface, although physical mechanism quite 
different



V(T): thermal—athermal transition?
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Zhu et al. 
Acta Mater. 
133 (2017) 
258

Hillert, Höglund, 
Scr. Mater. 54 
(2006) 1259

?



Q=Q(DF): a toy model (phenom.)
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Athermal process may require 
other DF

This curve
• depends on detailed E(ξ)
• is approximated in various 

ways, e.g. (Kocks et al.)



Q=Q(DF) in reality for dislocation
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double-kink
Regime I: high T, low τ, 

”Separation”

Regime II: low T, high τ ”Bow-out”

ww ττ, 

Pure Mo

Regime II

Regime I

↑

53MPa, athermal flow stress

Argon(2008)

Regime athermal: high kT/(Peierls), 
straight dislocation

ΔHact(σ*)

Hollang(1997)



Q=Q(DF) in reality for dislocation
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Small-angle grain boundary
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glide

climb

Li et al. Acta Metall. 1(1953)223

Zn
Stress=8psi
Q=21.5kcal/mol
~Q(self-diffusion)

logv
200oC

350oC

400oC

1000/T
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V(T,DF), dislocation or SAGB
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DF

T

Glide(athermal)

Glide(thermal, 
double-kink)

Climb(thermal, double-jog)
v↑

v↑

And other mechanisms (atomic shuffle...)



V(T,DF), phenom.
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v

DF

T3

T2

T1

T1<T2<T3

Slope=M(T1)

Slope=M(T2)

Slope=M(T3)

Thermally-
activated

Athermal
Slope=Mμ

DF(T) for phase 
transformations



Multiple mechanisms?
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v

DF

T↑

DF for start (nucleation?)

Mech.1

Mech.2

Mech.3

Mech.4

Mirzayev(1983), Zhao & Notis(1995)

?



Solute interactions with...

•Dislocation:

- Yielding phenomena and 
strain aging
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• Interface (Cahn, Hillert&Sundman...)

- Low-velocity-high-drag to

high-velocity-low drag

stress

strain

C pins 
dislcations

Dislcations 
unpinned 
from C



Interface velocity as drag-mode filter
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1 interface + 1 solute:

1 interface + 2 solutes(C,M)

2 interfaces + 2 solutes: up to 6 options?

Intrinsic 
behavior

High velocity, low drag
Low velocity, high drag

Intrinsic 
behavior

High velocity, low (C,M) drag
Medium velocity, high C drag, low M drag
Low velocity, high (C,M) drag



Solute interactions with...

•Dislocation:

- Serrated flow (Portevin-le 
Chatelier effect)

- quasi-periodic arrest and 
release processes
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• Interface ?:

- Non-steady-state solution, 
loss of stability

Allain (2013)
Fe25Ni0.4C martensite



Anisotropy
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Aaronson, Enomoto, Lee, Mechanisms of Diffusional Phase Transformations 
in Metals and Alloys (2010)

general 
interf.

singular interf.

vicinal interf.(?)



Anisotropic solute-drag
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Higher Hmigr

Reminder:
• Base-c , Hmigr

• Low-velocity-high-
drag has higher Hmigr



Anisotropic solute-drag
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99.99995at%

99.9992at%

99.98at%

Activation energy of GB migration, 
<100> tilt GB in  Al

pure

Increasing impurity level

4 3

2 1

Gottstein, Shvindlerman (2010)

Low Ebind

High Ebind

Thickening 
interface?

Lengthening 
interface?



Summary (Part II)

Unary system:

•V(DF) relationship can be nonlinear and depends on 
interfacial structure

•V(T): thermalàathermal transition exists

- Need Q(DF) when DF is large

•Multiple relationships possible

•Dislocation dynamics and other interfaces inspire laws 
of solid-solid intrinsic interface (clean) and solute-
element interactions with it
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