Obstaclesto Didocation Motion

Many objects can impede dislocation motion:

? Other didocations
? Precipitates
? Grain boundaries

Dislocation Interactions
When didlocations inter sect, jogs and kinks are formed.

A kink isastep in thedidocation line in the dip plane:

| =,

A kink in an edge didocation (left) and a screw
didlocation (right).
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A jog isastep in the didocation line onto another dip
plane:

(a) (h)
A jogin an edge dislocation (left) and a screw
dislocation (right).

A kink, lying in the dip plane provides no impediment
to motion.
Thisisthe case when edge dislocations meet.

But if ajog with edge character isformed in a screw
dislocation it cannot glide since the glide plane for the
jog isdifferent from that for the main dislocation line.

14
AM Donad
Crystaline Solids



In the caseillustrated of ajog introduced by a screw
inter secting with either another screw or an edge
didocation, the jog has edge character and a different
glide plane.

glide plane
for jog

glide plane
for screw

Thejog ispinned and the dislocation is said to be
'sessil€'.

In this case motion can only occur by the dislocation
line moving out of its existing glide plane —thisis known
as non-conser vative motion; the length of the
dislocation lineis not conserved.

(Motion on the glide plane is known as conser vative).
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Climb — Diffusion-Controlled Creep

Didlocation climb allows dislocationsto climb round
obstacles which are impeding their glide, thus allowing
dip to continue.

B :

A vacancy diffusesto the position of atom B, causing the
didlocation to climb one lattice vector.

Diffusion can occur either through the bulk of the
crystal - as shown (‘lattice diffusion') - or along the
dislocation core ('pipe diffusion").

This non-conservative dislocation mechanism givesrise
to high temper atur e cr eep defor mation.

It only occurs at compar atively high temperatures
because of the temperatur e dependence of the diffusion.

It isa means of unpinning sessile dislocations.
Rate of Climb and Stress Dependence

This process also allows dislocations to climb round
precipitate particles.
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In this casetherate of creep isdetermined by therate at
which dislocations can climb past obstacles.

How do dislocationsrespond to a stresst ?

Consider this stress causing a dislocation to move right
through a crystal of sizel,
External work donedwW =t~ |;” |, b

{ —»

t b
P 2
I
stress area  displacement

Also dW = force on didocation/unit length
" length * distance travelled
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Now at a precipitate particle

Feaction In equilibrium:
| ¢ Reaction force = glide +
climb force orce climb force
tbtang
= Climb force=tb tanqg
glide Henceincreaseswith stress
forcetb

As shear stressincreases,
mor e dislocations unlocked and more creep occurs.

Situation usually described by

- Var

éssthnE

and known as power law creep.
Thisalso hasstrong T dependence, requiring vacancy
diffusion.

18

AM Donad
Crystaline Solids



Multiple Cross Slip
Screw didocations do not have a unique glide plane.

Thusfor them (but not for edge) an alternative way to get
round obstacles is available, known as multiple cross dip.

Cross-dip in a face-centred cubic crystal: A screw

didocation at z can glide in either the (111) or the(1_11)
close-packed planes.

Multiple cross-dip occursin (d), asit moves from one
planeto the other, and then continuesto move parallel
to thefirst glide plane.

Energy of a Dislocation

Consider the case for a screw disocation
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-
2 2pr ,
(stress= modulus~ strain) b >

Thisisthe stress acting in the z direction across plane
g = const.

1 1Gb b
\ energy = Oésedv 05 201 201 20rdr jynit 1ength

The upper limit of theintegral, R, isgiven by the
distanceto nearest dislocation of opposite sign/loop
diameter.

The lower limit r, representstheinner cut-off where
linear elasticity breaks down.

1 RO
—Gb°IN" | junit length

E = 3
Ty er. g

For edge dislocations, the effect of Poisson'sratio n hasto
be taken into account.

1
B9 4p(1- n)

Gb® |n9_ / unit length
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I ncluding cor e ener gy
E. ~ 1/2 Gb? - afew eV/atom plane

(of which ~10% is core).

Didlocations are not usually in thermal equilibrium, so
some means must be found to createthem.

Production of Dislocations

Example: Frank Read Source — didocation pinned at

e
&

What isthe force on the curved segment causing it to
bow out?

Linetension T can be equated to energy/unit length.

\ T~12Gb’

For curved segment
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Total normal force on segment

dx Gb?
R T — =—(
2R~ 2R X

by

T

If in equilibrium with applied stress,

2
tbx = 22 dx
2R
Gb Gb
90 R~—
\ t 2R or 2t

I.e equilibrium radius of curvatureis controlled by
stress.
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The Frank Read sour ce expands under the stress,
pinned at both ends.

When the bowed dislocation line reaches a semicircleit
can continue to expand under a diminishing for ce.

There are other sources of didocation lines:

? single Frank-Read sour ces, where
thelineispinned only at a single
sour ce.

? | nter sections with other dislocations

—jogsincrease thelength of theline,
and may act as Frank Read sour ces.

Regimes of Defor mation
| Easy Glide—only onedlip recovery

system oper ates: single 11
crystalsonly

sy
glide
|

wor k

Il Work hardening — hardening
|

multiplication and
inter action of dislocations

stress S

Il Dynamic recovery, -
multiple cross dip, climb and
polygonisation.

strain e
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Polygonisation allows random dislocation arraysto
rearrangeto reducestrain energy.

rearrangments
occur at hi T

Both climb and gliderequired: facilitated by high T and
slress.

Low anglegrain boundariestend to form asaresult.
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Precipitation Hardening
Pure metalstend to be very soft.

Second phase particles (precipitates) are often added to
toughen them, by impeding dislocation motion.

1)
o

® ® o
o o
) ) ) )

Thedidocation lineisin tension, and asit meets each
particle will exert aforceon it.

2)
o

W
The didocation line hasto bow round the particles.

Toprogressfurther either A) the particles haveto be
cut through or B) theline may curve so much around
each particleit formsaloop (Orowan looping).
Theforce for each process can be calculated, so that it
can be deduced which process will dominate.

A) Cutting
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} A
N Sy ™~

o o ®
B) Orowan looping
W

A

Y g e ® ®

In order to optimise the toughening impact of
precipitates, their size and spacing must be controlled.

\
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Cutting Force

If one particleis cut through the didocation line
advances a distance h.

| i1smean distance between
particles along line.

|, iIsaverage interparticle
spacing

" Areaswept out when one

particle iscut through

, ~hl', which must be appr ox
! equal to | 2

g

) s0l2~hi

For small g h/l ~sng P
(/1) ~sing

Critical cutting forceF.=2T sin q

P Fo=2T 121 or | ~I, [T

I:C

Cutting for ce depends on distribution of precipitate
particles.

Can now substitutefor T
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2Tsnqg=thl (sncelinelength | before cutting)
and thismust equal force on each particle.

\ critical stressfor cutting t. = F./bl

F f F
c o V2T and T ~1/2Gb

\ . (FC] 3/2
° bAAG

In contrast if looping occurs

_Gb
|

te

0

Thus cannot simply add tougher and tougher particles
to strengthen material, since if F.too big, will get
looping instead.

In general thereisan optimum dispersion with particles
not too big (typically cutting force u particle radius (F.
=kr) and not too far apart.
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Particle size Effect on Yield Stress

If an alloy has a fixed volume fraction of strengthening
particles, isit better to havefine, closely spaced
particles, or coarser, morewidely spaced particles?

Consideration of the critical stressesfor cutting and
looping shows that thereisan optimum particle size for

precipitate har dening.

- optimum -
looping gze
Yidd _ ]
cuttin
Stress + 0
_ Over aged|

Particle Radius

During long term service, annealing may occur leading
to coar sening of particles.

In this case strength may drop over time, and can set a
useful working life on e.g. aturbine blade.
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