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      Chapter 7:  Dislocations and strengthening mechanisms

 Mechanisms of strengthening in metals
R Strengthening by grain size reduction
R Solid-solution strengthening
R Strain hardening

 Recovery, recrystallization, and grain growth
R Recovery
R Recrystallization
R Grain growth

                 Strengthening by grain size reduction

R Grain boundary acts as a
barrier to dislocation motion

R Smaller size grains have
more grain boundary than
larger ones
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                Strengthening by grain size reduction (continue)

R A fine-grained material is harder
  and stronger than coarse-grained

one

R Other grain boundary factors:

Yield strength versus d for Cu-Zn alloy

                          Solid-solution strengthening
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                          Solid-solution strengthening

R Alloys are stronger than pure metals

Cu-Ni alloy

                                  Strain hardening

R Strain hardening (cold working) :
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                                  Strain hardening

R Mechanisms: dislocation-dislocation
  interactions

0.9 µm

•

Ti alloy after cold working:

                               Strain hardening

R Yield and tensile strength increase with cold work
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                       Impact of cold work

R The influence of cold work on the
stress strain behavior for a low-
carbon steel

Effect of heating after %CW

R The influence of annealing
 temperature on the tensile
 strength and ductility of a
 brass alloy
R Recrystallization temperature

(RT): the temp at which
recrystallization just reaches
completion in 1 h
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   Recovery, recrystallization and grain growth

R Recovery: dislocation motion reduces some of the stored
internal energy when metals are heated up

R Recrystallization: formation of a new set of strain-free
grains and equiaxed grains that have low dislocation
densities

R Grain growth: the strain-free grains will continue to grow
after recrystallization is complete

         Recovery

R Annihilation reduces dislocation density.

atoms 
diffuse 
to regions 
of tension

extra half-plane 
of atoms

extra half-plane 
of atoms

Disl. 
annhilate 
and form 
a perfect 
atomic 
plane.
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         Recrystallization

R Driving force:
R New crystals are formed that

33% cold
worked
brass

New crystals
nucleate after
3 sec. at 580C.

0.6 mm 0.6 mm

       Recrystallization (continue)

~~

R Recrystallization-melting temp
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         Recrystallization (continue)

R

After 4
seconds

After 8
seconds

0.6 mm0.6 mm

                        Grain growth

After 8 s,
580C

After 15 min,
580C

0.6 mm 0.6 mm

•  Empirical Relation:

  d
n − do

n = Kt
elapsed time

coefficient dependent
on material and T.

grain diam.
at time t.

exponent typ. ~ 2

R
R
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             Grain growth

~

           Summary

~


