E P e Physics of Materials
i L

;Chapter 7: Elasticity Theory of
Dislocations
i

Dr. Thomas LaGrange

Masters Course PHYS-307

Fall 2024

thomas.lagrange@epfl.ch e www.epfl.che lumes.epfl.che moodle.epfl.che PHYS-307



Stress field around a (screw) dislocation

1) Equilibrium (Naiver-Stokes) equation

(1-2v)Au+ grad(div( *)) =0

2) Conservation of b = Cﬁa—udx

0x
3) The exterior surfaces are free of any force or torque
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Stress field around a (screw) dislocation
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Screw dislocation (finite length)

The previous solution is valid for an infinite medium:

non-zero stress at the surface
27 R

M, = eraazrdrdﬂ Jubjrdr —%b( — 7 )

We suppg)se the presence of a counter-torque
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Screw dislocation and Eshelby twist

o, = _[1__] This stress results in a torque that twists
the crystal about the screw dislocation.

IECCI of threading dislocations
i eroepitaxial GaP on Si

-

This twist of the crystal results in a distortion
on the crystal surface, and you can detect
subsurface dislocations in thin films using
electron channeling contrast imaging (ECCI)
in the scanning electron microscope.
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Edge dislocation (finite length)

S
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Edge dislocation stress tensor

The application of the Hooke law allows to calculate the stress tensor

: cosfcos260 _ ..sinBcos26
6 =-D sin0(2 + cos20) 0, =D ; Oy~ D .
r
' b
6 e =y — __H
azz=—2vDSH; Oxz = Ozx = Oy = Oy = 0 v 2r(1-v)

Cartesian Coordinates
Cylindrical Coordinates
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Elastic energy

Etotal — Ecore T Eelastic strain

1
W = Ejoijuijdv
2
1 ub’ 2r°
W= E(O-quez + Gz@“z@) = 87[7’2 [1_ F]
1 27 R R 2 2 \2 2 [ 2 4 R
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Core of a dislocation

b R .
1% o In——> o jf r, >0
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Hollow core

or 8Ty
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y_aIO "o 8a

r02a=>b22\/5a

Characteristics of large
Burgers vectors

Example: Nanotubes
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_' R=12.6 nm
{r=29nm
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The interaction energy between dislocations
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Force on a dislocation

F =—gradw,

aw,=5(5-&)=(5-0)8=(5-5)(@ n )
aW, = (b0 AdL)-di = ~dF -d
Peach and Koehler force

dF = - =[(E-§)A&Z]
di

l

l
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Force on a dislocation

Decomposition of the force acting on the dislocation

H
ha

a) perpendicular to the slip plane (climb)

Fl=((5-5)AE)-ﬁ

L O—0

b) parallel to the dislocation line

- D—]
(1)
=I ¥

O

—O— Py =
([
9

F,=((5-5)n&)-E=0 '. 11
c) in the slip plane *‘B“I:l I 3
5=\ A\ b _(z= . T T T
Fp—((b 0')/\5) R (b-G)-ii F o bn
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Interaction between dislocations

Two parallel screw dislocations

b _ b,
bl = (0909bl) 0-92 = 271.’.
7. 2
b,=(0,0,b,) F =bo, = ubb, _  pb
' ' 2mr 2ITr
b, -
: - 0cos20
Two parallel edge dislocations o, _ ptos jOS
E = (bl,0,0,) D = pb 6 =-D sin@(2 + cos20)
-~ 2n(l—-v = r
bl = (bZ 90909) ( )
) v T ond-v) 1
F=-bo __lbb, sinO(2+2cos26)
oo " 2m(—v) ;
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Surface forces

u, Vv

u

Vacuum Self-energy
2 2
,,,,,,,,,,, {B} W = Mb E Hb ln— K=1 or (I—V)
_b;.. 4w K b 4K b

If d decreases, so does the energy:
The surface attracts the dislocation

2
» Image force for screw dislocation fF = Hb
4rd

- —

Two environments of different modulus:
the environment with the weaker modulus
attracts the dislocation
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Line tension

; ; o e 7N
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K — = ~ 2
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Application of the line tension: Frank Read source

F-R Source

Applied Shear

=— >0,
ob 2 bl

2T ,Ub _5
o,=—=-—~25"-10
0T T H

0, ~ 24 MPa for copper

S T
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Dislocations in face-centered cubic metals

FCC HCP
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FCC
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Thompson tetrahedron
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Energy calculation

2
_ b In> ~ ub?
4K b

§[1T0]= %[2TT]+%[1§1]

il

b, b

;
b,=b, +b,

Frank’s Rule

2 2 2
b, +b, < b; bZ+ bs> b?
Dislocation dissociates Dislocation does not
into partials dissociate into partials
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Energy of stacking fault

; y is the stacking fault energy
Ax=1v- -Ax .
/ Y we show (exercise) that
i (b,b, I
+b.b;
5= an[
I m I I a
: b, =b" = b =b"=-b'=——"_
s d R £ 2\/_ X s s 2\/6
u [ b; ]:y+ub§ _ g 2+v)ua’
applications 27d\ 1- 27d 48 (1-v)y

Copper: g#=4.85x10*Jcm3y=4 uJ cm™

a=3.62x10%cm v =0.33 d=3.7nm
Aluminum: #=2.8x10*J cm™ y=20 wJ cm™

a=4.05x10cm wv=0.33 d=0.54nnm
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Sessile dislocations

Positive Frank dislocation

Frank partial dislocation (extrinsic stacking fault)
B B
S ——
- — Ar— - A A
b=Ao=—|111] R — S—
B 3 c £ AC -

Negative Frank dislocation
(intrinsic stacking fault)

AL ap B

cA i A

- : Y U

- Lomer dislocation AL aa 2

(111)

1/2[110] /

l; = d 011 |= C_A \\\ S A1)
Y1 : - adr. T ) T
BA=BC+CA= E[l 10] 1/21011] \\ 1/2[101]

(100)
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Sessile dislocations

Lomer Cottrell dislocation

CA=CB+PA= g[T§1]+ g[1 12 |= E[0T1]

Stacking fault

. \\‘
Stacking fault

BC =Ba+aC = %[1T§]+%[21T] =~ [107]

=
P

Lomer - _
Cotteel| Sessile
dislocalian

_ a’? a® a? a?

1 - 1, _ 41
‘[211]+g[121]+g[110]=§[110]_’ —+—+—=<—=

1

6 6 6 18 2

24

thomas.lagrange@epfl.ch e www.epfl.che lumes.epfl.che moodle.epfl.che PHYS-307



Prismatic loops
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Prismatic loops

\\‘
QOO

!

WAL O RO

%

=

1ooq 1o 0 1
3 [111] = g[121] +g[101]
@t o o
37 6 18

AS +0D =AD = %[TUT]

Al: high fault energy Au: low fault energy
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Dislocation nodes in FCC metals

ARAARARNSE =

)

Contracted
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Cross slip in FCC metals

. Stair-Rod Dislocations

Cu-10%Fe
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