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1.2 1-dimensional crystal defects (’dislocations’)

It is marvellous how easily single crystals can be deformed, because of their intrinsic mechanical weakness.
The reason for this particular behaviour will be explained in the following.

1.2.1 Theoretical shear strength of single crystals

First we consider a hard sphere model and assume that there are no dislocations.
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Figure 1.4: (a) relative displacement of two lattice planes (drawn in cross section) in a homogeneously deformed
crystal; (b) shear stress with respect to the displacement of the plane relative to the equilibrium position. The dashed
line represents the initial slope and defines the shear modulus G (source: Kittel p. 633).
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We consider small elastic deformations and apply Hooke’s law:
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Large displacement: atom A over atom B
— displacement of 1/2 of lattice constant
unstable equilibrium; stress: 7 =0
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with a = atomic distance or lattice parameter (see Fig.:1.4) and = a standardizing factor.
The factor = can be found by the approximation for small arguments z < a:

Thus:

Gx
m<<a:7=7 see above
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Thus, there is a critical shear stress needed to shear a single crystal without the presence of dislocations

Ga
Te 27d
and as a = d we find:
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which is the theoretical shear strength. This value is meant to be an upper limit!

In table 1.2 values for theoretical shear stresses are compared for different pure metals with the experi-
mental values of the yield strength, i. e. the onset of plastic deformation occurs at already much smaller
stress values.

Material  7in (10°N/m?)  Texp(105N/m?)  Texp/Ten 0B (10°N/m?)

Ag 1.0 0.37 0.00037 20
Al 0.9 0.78 0.00087 30
Cu 14 0.49 0.00035 51
Ni 2.6 3.2 0.0070 121
a-Fe 2.6 27.5 0.011 150

Table 1.2: Theoretical shear stiffness 74, critical shear stress (experimentally) 7ezp and failure strength of some
metals, experimentally observed fracture stress op (source: Gottstein p. 201).

usually: Tezp =~ 107%...10 27,
— plastic deformation does not occur due to the simultaneous slide of two adjacent
lattice planes but rather due to movement of lattice defects called ’dislocations’.

1.2.2 Topology of dislocations

The prediction of the existence of edge dislocations was made in 1934 independent of each other by Taylor,
Orowan and Polanyi. The experimental proov that dislocations exist in real materials came considerably
later, in the 1950s.
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Figure 1. : Two possible intermediate steps of an elementary slip process in crystals (a) (d): (b) edge dislocation
and (c) screw dislocation (source: aasen p. 231).

The elementary question is how the crystal accomplishes between the transition from the non-slipped
to the slipped state. There are two conceivable intermediate steps during this elementary slip-process,
which are discussed in the following.

1. (a) = (b) = (d)

The shearing is starting from the right side (mode 2: longitudinal shearing). This local disorder
translates from one plane to the next until it reaches the state shown in Fig.1.5d. — line defect:
dislocation

= Thisiscalledane e il ti

In the nearest vicinity of edge dislocations the disturbed atomic configuration looks as follows:
There are always one more half-planes on top of the deformation plane than below.

urger’s vector
dislocation line d - =
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Figure 1.6: tructure of an edge dislocation. onsider the deformation to occur by introducing of a supplementary
half plane in the upper half of the crystal. The atoms in the upper half of the crystal were compressed upon introducing
the half plane, whereas the lower ones were dilatated (source: Kittel p. 63 ).

Figure 1. : ovement of a dislocation upon the in uence of a shear stress, which moves the upper half of the crystal
to the right (source: Kittel p. 63 ).

Note: After the dislocation has passed through the crystal one doesn’t see a difference in the interior
of the crystal, but a step at the surface of the crystal.
2. (a) = (¢) = (d)

The slip process begins at the front side of the crystal (mode 3: transverse shearing) and spreads
out in the same plane as the edge dislocation. The atomic configuration looks like a spiral staircase.

= This is called a re il ti

urger’s vector
dislocation line d - -
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Figure 1. : tomistic configuration of a screw dislocation (source: Gottstein p. 66).

ur er etr

Figure 1. : urgers cycle around a dislocation as well as in a perfect crystal. (source aasen p. 233)

To define the urger’s vector, we make a urger’s cycle.

= count the elementary steps (from one atom to the next one) in each direction around a disloca-
tion/defect. Afterwards make the same in defect-free material. = one step will be missing to close the
cycle in the perfect material. = The missing step, the 'closing vector’ is defined asthe wur er e t r.

Conclusions:

dislocations may also split up: = o

eerl 11 ti

In general one finds a combination of both types of dislocations. This means that there are changes from
screw- to edge configurations.
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Figure 1.10: (a) Top view of the slide plane of a partially slid crystal. is a slide step. t a screw dislocation

and at  a edge dislocation intersects the surface. oints represent atoms below the glide plane, whereas circles those

above the slpi plane. (b) dislocation circle within the slip plane with differend types and signs of the dislocation (source:
aasen p. 232).

Note: The urger’s vector is always constant, but the dislocation line is not always or to ! The

atomic structure within the loop and outside ist the same.
islocation loops can be created by vacancies, as the vacancy can be interpreted as missing half planes

within the crystal.

Figure 1.11: (a) acancies condense on a lattice plane. (b) Thereby a prismatic dislocation loop is built up (source:
aasen p. ).

Ii i il ti

Continuum mechanics definition of a dislocation: The dislocation line is the border line between slipped
and the non slipped area = The deformation of volume is located on the slip plane, whereas the gliding
process is connected to the dislocation lines within the glide plane.

gliding
plane
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There is no simultaneous sliding of whole planes, but a step by step sliding due to the expansion of the
slid areas.

perime t 1 pr il ti

light microscopy

Figure 1.12: The dislocation produces a stress field on the surface, which can be seen by etch pits.

Figure 1.13: ight microscopic pictures of : (a) non deformed; (b) deformed (source eppich, 1 6 ).
N of dislocation lines intersecting the surface (etch pits)
ef: =—= STen
_ length of dislocation lines
- volume
typical: =10 / 2 for non deformed material and

=10 2/ 2 for deformed material (e. g. Fig.1.13)
— average distance:
deformed ~1 m
undeformed ~ 100 m

Conventional T M

The diffraction conditions change along the dislocation line. This means that you never see all
dislocations at the same time, because not all dislocations disturb the ragg condition at the same
geometry (’ criterion’).
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Figure 1.14: T

image of dislocations in

u (source

1.

ughrabi, 1 1).

CRYSTAL DEFECTS
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High resolution electron microscopy

In cross section rows of atoms were mapped and dislocations can be regarded.

Figure 1.1 : igh resolution T  of a
the b (source ader,1 ).

(semi coherent) interface; note the (edge type) dislocations in



