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Iron/Carbon Alloy Phase Diagram
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MECHANICAL PROPERTIES

* Martensite
 Tempered martensite
* Bainite

Strength * Fine pearlite
» Coarse peatrlite

Ductility

« Can control the formation of specific phases and
microstructure so that desired properties result



PRODUCTS OF COOLING AUSTENITE
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COOLING EX: Fe-C SYSTEM (1)
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COOLING EX: Fe-C SYSTEM (2)
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COOLING EX: Fe-C SYSTEM (3)
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Isothermal Transformation
Diagram

Iron-carbon alloy
with eutectoid
composition.

o A: Austenite
aP: Pearlite

2 B: Bainite
aM: Martensite
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OTHER PRODUCTS: Fe-C SYSTEM (1)
» Spheroidite:

--[] crystals with spherical Fe;C N
--diffusion dependent. " |
--heat bainite or peatrlite for long times
--reduces interfacial area (driving force)
* Isothermal Transf. Diagram
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400" A Adapted from Fig. 10.9,Callister 6e.

(Fig. 10.9 adapted from H. Boyer (Ed.) Atlas of
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Diagrams, American Society for Metals, 1997, p. 28.)
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Spheroid L& Nonequilibrium Transformation

a

Q diffusion dependent

O heat bainite or pearlite at temperature just below eutectoid for long times
Q driving force — reduction of a-ferrite/Fe;C interfacial area

Austenite (stable




Coarse (high diffusion rate) and (b) fine peatrlite
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MECHANICAL PROPERTIES

* Martensite
 Tempered martensite
* Bainite

* Fine pearlite

» Coarse peatrlite

* Spheroidite

Strength

« Can control the formation of specific phases and
microstructure through a cooling schedule
so that desired properties result



SUMMARY: PROCESSING OPTIONS

. Adapted from Fig.
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Bainite: Non-Equil Tran
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Bainite Microstructure

 Bainite consists of acicular
(needle-like) ferrite with very
small cementite particles
dispersed throughout.

 The carbon content is
typically greater than 0.1%.

 Bainite transforms to iron
and cementite with sufficient
time and temperature
(considered semi-stable
below 150°C).




Martensite Formation

* |sothermal Transformation Diagram
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Example 11.2:

Q Iron-carbon alloy with eutectoid
composition.

Q Specify the nature of the final
microstructure (% bainite,
martensite, pearlite etc) for the
alloy that is subjected to the
following time—temperature
treatments:

Q Alloy begins at 760°C and has
been held long enough to
achieve a complete and
homogeneous austenitic
structure.

Treatment (a)

A Rapidly cool to 350 °C

Q Hold for 10% seconds

A Quench to room temperature
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Example 11.2:

a Iron-carbon alloy with eutectoid

composition.

a Specify the nature of the final
microstructure (% bainite,
martensite, pearlite etc) for the
alloy that is subjected to the
following time—temperature
treatments:

Q Alloy begins at 760°C and has
been held long enough to
achieve a complete and
homogeneous austenitic
structure.

Treatment (b)

O Rapidly cool to 250 °C

Q0 Hold for 100 seconds

Q Quench to room temperature

C)

——

Temperature

| | | | |
| A " Eutectoid temperature | 1400
700 IF -
!
| ) —{ 1200
600-%
I ——————————
' —{ 1000
500 |L
I
| — 800
400 (-
I
I Austenite,
|
300 |4 100% 1600
L __________
M(start) I
' 50%
200 — 551 -
M(50%) M+ 4
|
M(90%) | i
100 — _ I )
Martensite, : — 200
100% | |
0 | | L i | |
1071 1 10 104 103 104 10°

Temperature (°F)



Example 11.2:

a Iron-carbon alloy with eutectoid
composition.

a Specify the nature of the final
microstructure (% bainite,
martensite, pearlite etc) for the
alloy that is subjected to the
following time—temperature
treatments: 2

Q Alloy begins at 760°C and has —
been held long enough to
achieve a complete and
homogeneous austenitic
structure.
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Mechanical Properties: Influence of Carbon Content
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Hardness as a function of carbon
concentration for steels

Percent Fe3C
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