Chapter 7: Dislocations and strengthening mechanisms

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

Recovery, recrystallization, and grain growth
[ Recovery
(1 Recrystallization
1 Grain growth

Strengthening by grain size reduction

(1 Grain boundary acts as a
barrier to dislocation motion
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Strengthening by grain size reduction (continue)

[ A fine-grained material is harder
and stronger than coarse-grained 20— \

one

[ Other grain boundary factors:

Grain size, d (mm)
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Yield strength versus d for Cu-Zn alloy
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Solid-solution strengthening
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Solid-solution strengthening

(1 Alloys are stronger than pure metals
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Strain hardening

[ Strain hardening (cold working) :
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Strain hardening

[J Mechanisms: dislocation-dislocation
interactions

Ti alloy after cold working:

Strain hardening

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

[ The influence of cold work on the
stress strain behavior for a low-
carbon steel
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Recovery, recrystallization and grain growth

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

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

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

Recovery

J Annihilation reduces dislocation density.
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Recrystallization

1 Driving force:
[ New crystals are formed that

33% cold
worked
brass

New crystals \
nucleate after
3 sec. at 580C.

Recrystallization (continue)

(1 Recrystallization-melting temp

Table 7.2 Reerystallization and Melting Temperatures for Various
Metals and Alloys

Recrystallization Melting
Temperaiure Temperature

Metal 2 °f °oC of

Lead —4 25 327 620
Tin -4 25 232 450
Zinc 10 50 420 788
Aluminum (99.999 wt%) 80 176 660 1220
Copper (99.999 wi%) 120 250 1085 1985
Brass (60 Cu—40 Zn) 475 887 900 1652
Nickel (99.99 wi%) 370 700 1455 2651
Iron 450 840 1538 2800

Tungsten 1200 2200 3410 6170




Recrystallization (continue)

Grain growth
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« Empirical Relation: coefficient dependent

exponent typ. ~ 2 / on materllal andT.
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Grain growth

Atomic diffusion
across boundary ™
™,

Direction of grain
boundary motion

Summary




