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3.3  Boundaries in Single-Phase Solids

Consider an orientation relation between two grains in contact.
The grain boundary structure depends on this orientation relation.

3 degrees of freedom in misorientations between two grains in contact
2 degrees of freedom in orientations of the boundary plane
→ 5 degrees of freedom

The lattices of any two grains can be made to coincide by rotating
one of them through a suitable angle about a single axis. 
→ misorientation (θ)

A tilt boundary → the axis of rotation is parallel to the plane of the boundary

A twist boundary → the axis is perpendicular to the boundary
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3.3  Boundaries in Single-Phase Solids

tilt boundary twist boundary

θ → misorientation
→ tilt angle

θ → misorientation
→ twist angle

- symmetric tilt or twist boundary
- non-symmetric tilt or twist boundary 

3.3.1 Low-Angle and High-Angle  Boundaries 
Low-Angle Boundaries
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If the boundary is unsymmetrical, dislocations with different
Burgers vectors are required to accommodate the misfit.

In general boundaries of a mixture of the tilt and twist type, 
→ several sets of different edges and screw dislocations. 

3.3.1 Low-Angle and High-Angle  Boundaries 
Low-Angle Boundaries
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Low-angle grain boundary : the total energy of the 
dislocations within unit area of boundary.

Grain boundary energy γ is approximately proportional 
to the density of dislocations in the boundary.

1γ θ θ∝ ∝ =/ , /D D b

High Angle Grain Boundary

High angle boundaries contain large areas of poor fit and have
a relatively open structure.
→ high energy, high diffusivity, high mobility (?) (cf. segregated gb)
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Soap Bubble 
Model

Measured high-angle grain boundary energies
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Special High-Angle Grain Boundaries
Twin Boundary (Σ3)

Not all high-angle
boundaries have an
open disordered
structure.

Special High-Angle
Boundaries
→ significantly lower
energies than the random
boundaries 
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Table 3.3 Measured Boundary Free Energies
 for Crystals in Twin Relationships (Units mJ )m−
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Why are there cusps in Fig. 3.13 (b)?

Special High-Angle Grain Boundaries
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Equilibrium in Polycrystalline Materials


