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A process in which metal is heated, kept for specific time and cooled under tight controls to

improve its properties (mechanical, chemical and physical), performance and durability.

Heat treating can soften metal, to improve formability. It can make parts harder, to improve strength. It can
put a hard surface on relatively soft components, to increase abrasion resistance. It can create a corrosion-

resistant skin, to protect parts that would otherwise corrode. And, it can toughen brittle products.
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Heat Treating or heat treatment

Heat treated parts are essential to the operation of automobiles, aircraft, spacecraft, computers

and heavy equipment of every kind. Saws, axes, cutting tools, bearings, gears, axles, fasteners,

camshafts and crankshafts all depend on heat treating.




Heat Treating

Although 1iron and steel account for the vast majority of heat treated materials, alloys of

aluminum, copper, magnesium, nickel and titanium may also be heat treated.
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/ASM Handbook

Volume 4
Heat Treating

Prepared under the direction of the
ASM International Handbook Committee
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(Cast-iron) (> 9 (Steel) 5Y 45 (Iron) J’J a5

e [ron: less than 0.008 wt % C in a—ferrite at room T

» Steels: 0.008 - 2.14 wt % C (usually < 1 wt %)

e Castiron: 2.14 - 6.7 wt % (usually < 4.5 wt %)
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Phases in Fe-Fe,C Phase Diagram

» a-ferrite - solid solution of C in BCC Fe
« Stable form of iron at room temperature.
* The maximum solubility of C is 0.022 wt%
* Transforms to FCC y-austenite at 912 °C

» vy-austenite - solid solution of C in FCC Fe
» The maximum solubility of C is 2.14 wt %.
* Transforms to BCC §-ferrite at 1395 °C the maximum stability is at 1493

* Is not stable below the eutectic temperature
(727 © C) unless cooled rapidly (Chapter 10)

» O-ferrite solid solution of C in BCC Fe
« The same structure as o-ferrite
 Stable only at high T, above 1394 °C
* Melts at 1538 °C

» Fe,C (iron carbide or cementite
v . ' _ Tm=1227°C
* This intermetallic compound 1s metastable, it
remains as a compound indefinitely at room T, but
decomposes (very slowly, within several years)

into a-Fe and C (graphite) at 650 - 700 °C




austenite

ferrite
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BCC 4r= a3 a
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a=231r a=286A
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Eutectic and eutectoid reactions in Fe-Fe,C

Eutectic: 4.30 wt% C, 1147 °C
Li > i f ~+ Fe3C
AY

Peritectic 1600
48 «>y

Temperature (*C)

600

Cementite (FesC) . —

i | | | J

| J
1] 1 2 3 4 5 6 6
(Fe) \ Composition (wi% C)
Eutectoid: 0.76 wt%C, 727 °C
¥(0.76 wt% C) < a (0.022 wt% C) + Fe;C

Eutectic and eutectoid reactions are very important in
heat treatment of steels
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Microstructure of eutectoid steel (I)
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Microstructure of hypoeutectoid steel (II)

Hypoeutectoid alloys contain proeutectoid ferrite (formed
above the eutectoid temperature) plus the eutectoid perlite
that contain eutectoid ferrite and cementite.

Pearlite

N

Proeutectoid

Fe3C

Eutectoid
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Microstructure of hypereutectoid steel (I)

Compositions to the right of eutectoid (0.76 - 2.14 wt % C)
hypereutectoid (more than eutectoid -Greek) alloys.
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Microstructure of hypereutectoid steel (II)

Hypereutectoid alloys contain proeutectoid cementite
(formed above the eutectoid temperature) plus perlite that
contain eutectoid ferrite and cementite.

Pearlite

Proeutectoid
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Nucleation and Growth of Pearlite
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Pearlite

* Thickness ration of ferrite and
cetnentite is 8:1, depends on
temperature.

« At high T, thick layers of ferrite
and Fe;C = Coarse Pearlite.

* B/c diffusion rate are very high
<> Catoms can diffuse relatively
lonp distances < thick lamellae

« At low T, thin layers of ferrite
and Fe,C = Fine Pearlite.
* B/c Cdiffusion rate dec
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MARTENSITIC TRANSFORMATIONS

* Martensitic transformations are (usually)
first order, diffusionless, shear
(displacive) solid state structural changes.

* The atoms move in an organized manner
relative to their neighbours and therefore
they are known as a military
transformations in contrast to diffusional
civilian transformations.
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Strength

Possible Transformations in Steel

Austenite
/ | 1\
%
A1
\i
Slow Moderate Rapid
cooling cooling quench
vl | \
Pearlite o
+ & prosutectoid phase Bainite Martensite

Martensite
T Martensite
bainite
fine pearlite
coarse pearlite
spheroidite

General Trends

Ductility

Reheat

Tempered martensite
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T (Pearlite)

Upper Bainite

Lower Bainite
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Fig. 33 Schematic of mechanism in the formation of upper bainite. Source: Ref 11
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Fig. 17 Lower balnite formed at M5 °C (650 °F) In 4360 steel. 8000+, Source: Ref 16
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Upper Bainite

* Tiny platelets of carbides oriented with ferrite needles




Lower Bainite

* Ferrite needles become (a) Lower bainite in 0.69wt % C low alloy steel, (b) possible growth

thinner - carbide FIEIIEIEI.'S mechanism, aly interface advonces as carbides precipitates at
become smaller, oriented at interface thereby removing the excess in front of a

an angle of about 60°

Ferrite
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TTT Diagram

TTT diagram is a more
practical diagram.

It shows what structures can be expected
after various rates of cooling.

It graphically describes the cooling rate
required for the transformation of austenite to
pearlite, bainite or martensite.

TTT diagram also gives the temperature at
which such transformations take place.



Temperature

Transformation

Time
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Complete TTT (isothermal transformation) diagram for
eutectoid steel.
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Above Nose,
transformation is
diffusion based

Critical cooling

Nose of TTT diagram

Below Nose,
diffusion less
transformation
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TTT Diagrams for Eutectoid Steel

We can plot the time for start and completion of transformation

of

austenite to pearlite at different temperatures or for any other amount of

transforn = Is
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Fig. 11.8. TTT diagrams for (a) eutecoid, |b) hypoeutectoid and (€] hypereutectoid steels. (b) and (¢) show
|dashed lines) the C-curves for the formation of primary o and Fe,C respectively. Note that, as the carben
content increases, both My and M; decrease.
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