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If the grain-boundary energy is dependent on the orientation of the 
boundary, a force dγ/dθ must be applied to the ends of the boundary to 
prevent it rotating into a lower energy orientation.

If γb is independent of orientation

Since the segment OP must be supported by forces Fx and Fy
the boundary exerts equal but opposite forces – Fx and – Fy
on the ends of  the segment which can be junctions with other
grain boundaries.

→ force balance at the triple junction or at the four grain corner
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3.3.4. Thermally Activated Migration of Grain 
Boundaries

If  the boundary is curved in the shape of  cylinder, Fig. 3.20a,
it is acted on by a force of  magnitude γ/r towards its center
of  curvature.

Therefore the only way the boundary tension forces can balance
in three dimensions is if  the boundary is planar (r = ∞) or if  it is 
curved with equal radii in opposite directions, Fig. 3.20b and c.

Direction of  Grain Boundary Migration during Grain Growth

For isotropic grain boundary energy in two dimensions

Equilibrium angle at each boundary junction? →120o

Equilibrium angle at each boundary junction in 3D? →109o28’
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Grain Growth (Soap Bubble Model)
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Free energy released :
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Kinetics of  Boundary Migration
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Kinetics of  Boundary Migration

From 1 to 2 : aA n v G RT m s2 1
2 1 1 exp ( / ) − −− Δ

From 2 to 1 : aA n v G G RT m s2 1
1 2 2 exp ( ) / − −− Δ +Δ
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there is no net boundary movement. 

there will be a net flux from grain 1 to 2When

When

Effective Flux?
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there will be a net flux from grain 1 to 2.When

What is the velocity of  the boundary?

If the boundary is moving with a velocity v, the above flux 
must also be equal to ?

2
2 1 1

aA n v V G G⎛ ⎞Δ Δ

J C v= ⋅ → v/( Vm/Na )

/ mor v M G V= ⋅Δ

⎧ ⎫

2 1 1 expm

a m

A n v V G Gv
N RT RT V

⎛ ⎞Δ Δ
= −⎜ ⎟

⎝ ⎠

2
2 1 1 exp exp

a a
m

a

A n v V S Hwhere M
N RT R RT

⎧ ⎫⎛ ⎞ ⎛ ⎞Δ −Δ⎪ ⎪=⎨ ⎬⎜ ⎟ ⎜ ⎟
⎪ ⎪⎝ ⎠ ⎝ ⎠⎩ ⎭



8

ΔGb: the free energy
released per mole
when a solute atom 
i  d f  th  t iis moved from the matrix
to the boundary

0 exp b
b

GX X
RT
Δ

=

Grain Boundary Segregation


