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A72UUNNT heat treatment AW lansii i
- Process Annealing

- Stress Relief

ATZUNUNNT heat treatment AWFLLWANNAN
- Normalizing

- Full Annealing

- Spheroidizing

- Quenching and Tempering
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Process Annealing
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Stress Relief
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Critical Temperature

A, = lower critical temperature

A, = upper critical temperature 4 il hypoeutectoid

carbon steel

A = upper critical temperature dWil hypereutectoid

cm

carbon steel

v

qmugﬁmﬁmé’u A, uaz A_ 3zirzneu lUmuwd austenite (i
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Normalizing
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Full Annealing
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Spheroidizing
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Spheroidized 1.17.C steel 1000x
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Quenching and Tempering
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FCC with C atom BCC w/o C atom BCC with C atom
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Precipitation Hardening
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Solution Treatment
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Temperature
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Ficene 11,19 Hypothetical
phase diagram for a
precipitation-hardenable alloy

of composition C,,.
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Temperature (°C)
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A INYeN Precipitation Hardening
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(Supersaturated solid solution)
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STEINGI)

supersaturated

ANBUZNATANUANLIG

solid solution
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Solvent [Al} atom | Solute (Cu)

— #" Phase particle

.g.g.'g.s.s::

# Phase particle

OO0
$333iiaees
O—0~-O-C—0—0-0—-0-0—-0-0
fa) (b (o)
Provme TS Schematic depiction of several stages in the formation of the

equilibrium precipitate (#) phase. (a) A supersaturated « solid solution. (b) A
transition, A", precipitate phase. (c¢) The equilibrium # phase, within the a-matrix
phase. Actual phase particle sizes are much larger than shown here.
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Friovee 1124 A transmission electron micrograph showing the microstructure
of a 7150-T651 aluminum alloy (6.2Zn, 2.3Cu, 2.3Mg. (.12Zr, the balance Al) that
has been precipitation hardened. The light matrix phase in the micrograph is an
aluminum solid solution. The majority of the small plate-shaped dark precipitate
particles are a transition n' phase, the remainder being the equilibrium n
(MgZn-) phase. Note that grain boundaries are “decorated” by some of these
particles. 90.000x. (Courtesy of G. H. Narayanan and A. G. Miller, Boeing
Commercial Airplane Company.)
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Strength or hardness

Ficury 11,21 Schematic
diagram showing strength
and hardness as a function
of the logarithm of aging
time at constant
temperature during the
precipitation heat
treatment.

Logarithm of aging time

oot I B enudnioadun "Natural aging”

‘lﬁqmugﬁmmmnuaﬂﬁﬂn "Artificial aging"
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Strength and hardness

Peak aged (optimum size and distribution
of precipitate for strengthening)

Supersaturated -
solid solution 0
\ s &

\ Overaged (coarsening of precipitate)

,0"‘

Underaged (small and underdeveloped ﬁ

precipitate)

Aging time at temperature
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