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1. Ferrite (O Iron) flassairadu BCC 9zasdiigamgiining,
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912 °C A1suauazaelnggn 0.022% 91 727 °C washigamngiive
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carbon Azazatelaluiiy 0.008%

2. Austenite (g Iron) fllassa¥rafiu FCC azmasniigung
F¥WINA 727 °C - 1493 °C a1susuazanelagean 2.14%
1147°C
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3. Cementite (Fe,C) {Wuasusznaumsiun senine Fe Au C lu
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4. Pearlite (a + Fe,C) t0u Lamellar Layer adufiusening OL uaz
Fe,C (AMEAULATIASNUMNARN)

a\

5. Delta Iron (d Iron) filaseasnaidu BCC asAsfinngumngiissning

Y

1394°C - 1538°C, ansusuazanelsigaan 0.1% 71 1493°C
6. Ledeburite (g + Fe,C) Julaseasweavanvas (Cast Iron,

2.14%C — 6.70%C) mmmmammmumw 727°C — 1147°C \ile

gamnilsnnin 727°C, Y awhliiAn Eutectiod Reaction &
Pearlite At Phase Mknfe Pearlite + Fe,C
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(Ferrite)
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2. Cementite Started Curve (A_) ) wansgaumiinsuinaadiuulng

(Cementite)
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(A,) wanagaumninialassasiiisalad (Pearlite) Wiuuisens

wAR8A (Eutectoid reaction)



2 yaflddyluseuy Fe-C

e 2 important T(°C)
points
-Eutectic (A):
L=y +FegC
-Eutectoid (B):
Y =>a+ Fe3C

“Fe3C (cementite)

v+Fe3C

727°C = Teutectoid

@; a+Fe3C
F

y 6 6.7
4 30 Co, W% C
e3C (cementite-hard)

o (ferrite-soft)

120pm
Result: Pearlite =

alternating layers of
o and Fe3C phases.

Ceutectoid:
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(a) )

Ficunre 922 Photomicrographs of (a) « ferrite (90X) and (b) austenite (325X).
(Copyright 1971 by United States Steel Corporation.)
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Temperature (°C)
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Hypoeutectoid steel 0.38 wt%C (635x)

1A598519UD4
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n1sAIMIUSINUSadRaIuTaLNan199 LW Hypoeutectoid steel

Temperature

Y+ FE3C

Y

a + FegC

Composition (wt% C)

6.70
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3. Hypereutectoid Steel

Hypereutectoid steel @adl
AUNANYDINTUBUBYTENIN

— 0.76 — 2.11 wt%C
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MinnauUfnsen Eutectoid hay

Pearlite
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Uisengimeanagn (Eutectoid)

Proeutectoid .
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Y
- | Y
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Hypereutectoid steel 1.4 wt%C (1000x)
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Eutectoid temperature (°C)
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n1siagulasETIRAzAMENUAYBILansNEY Iron - Carbon

Austenite azfinsiUAsuntas Phase 16 3 dnwaz Ao
- Pearlite
- Bainite
- Martensite

lasedsnaisalad (Pearlite) MinnanUnsengmanasn

V(0.76 wt% C) =2 0U(0.022 wt% C) + Fe,C(6.7 wt% C)

AMNTIABINTZUIUNTSIURULATIAS19910

Growth direction AUSteﬂlte VLIJ L%u Pearllte

of pearlite

Carbon diffusion
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Austenite
\
\
\
\
X
Slow Moderate Rapid
cooling cooling quench
\
/| 0
\‘.{
( ie?g'%) " Bainite Martensite
a 3 (BCT phase)

a proeutectoid phase

(a + Fe3C phases)

\

Reheat

\

Tempered martensite
(o + Fe3C phases)
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Percent pearlite
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Percent austenite
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Percent of austenite
transformed to pearlite

Temperature (°C)
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Temperature (°C)
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isalan (Pearlite)
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(a) Wisalasvienu (Coarse Pearlite) (b) fisalasaziden (Fine Pearlite)
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wWulua (Bainite)
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diesaulan (Spheroidite)
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- Wewdsususnadunsinauudwinbilassaddiduveuinsutosas

w078 Photomicrograph PYOUNANNANANT
U51n9lA598579 Spheroidite
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y1stnutagn (Martensite)
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Photomicrograph uandlase§519989 Martensite (1220x)
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Temperature (°C)
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Temperature (°C)

800 | | |

A
— 1400

Eutectoid temperature

700 = e Isothermal
9% transformation
600 (— A . .
diagram @1%3U alloy
~— 1000
500 steel (type 4030)
r~ .
400 — 3 o0

Temperature (°F)

300 |— Mistart) 600 A= austenite

s e B= bainite
| MQo%) -
S P= pearlite
’ M= martensite
100 — — 200
) F= proeutectoid ferrite
. | | | | |
1 10 102 103 10 10° 10°

Time (s) 29



LUUNNAR

23l% isothermal transformation diagram 84 eutectoid steel Live
YUY microstructure wag WUasuRNISUAEULUAY VIRIDE19 RS
NUNTIHITNANUTBULARETT Ineauuunniilsunuin 760°C

(a) YEueg195I5UTwRUNYN 350°C waald 10* Ju1fl uad
yibduasmgnauisumngiivies

aQ\

(b) ¥Mlmiung195IatSaudeuvrnn 250°C waa9iald 100 Fu wan

o q U
ﬁflﬁtﬁuaﬁf;&Jmaumqmmmm
(c) MBueg 1IN IURRUNYT 650°C waaald 20 Ju1n wah
Tduasaag19sasalus 400°C wainield 10° w19l antuvinlmdy

NI Ve WRRGRN R FRR



Temperature (°C)

800

I | I
A _ — 1400
Eutectoid temperature
700 =
— 1200

600 — _

— 1000

500 [—

— 800

400

‘\\ 600
= \

300 %

(b) i | il
\
M(start) o A% ] X<___

200 — ~ —1 400
______ T T S SR | R N BT, AT |
______ M9o% ]

100 (— — 200

(b) (c) (a)
100% 50% Pearlite 100%
Martensite 50% Bainite Bainite ml
5 | | | |
1071 1 102 108 104 10°

Time (s)

Temperature (°F)

31



Yield and tensile strength

Ficure 10.20

concentration for plain carbon steels having microstructures consisting of fine pearlite. [Data taken from Metals Handboo
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(@) Yield strength, tensile strength, and Brinell hardness versus carbon concentration for plain carbon steels
having microstructures consisting of fine pearlite. (b) Ductility (% EL and %RA) and Izod impact energy versus carbon
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\WSauwiau FINE- COARSE PEARLITE - SPHEROIDITE

Brinell hardness number
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Ficome 10,21
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(@) Brinell and Rockwell hardness as a function of carbon

concentration for plain carbon steels having fine and coarse pearlite as well as
spheroidite microstructures. () Ductility (% RA) as a function of carbon
concentration for plain carbon steels having fine and coarse pearlite as well as
spheroidite microstructures. (Data taken from Metals Handbook: Heat Treating,
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Brinell hardness number

NANTENUVBIGaUMYAsiaRaaNUATINavaImMannan
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Ficure 10.22  Brinell
hardness and tensile
strength as a function of
isothermal transformation
temperature for an
iron—-carbon alloy of
eutectoid composition,
taken over the temperature
range at which bainitic and
pearlitic microstructures
form. (Adapted from E. S.
Davenport, “Isothermal
Transformation in Steels,”
Trans. ASM, 27, 1939, p. 847.
Reprinted by permission of
ASM International.)
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Brinell hardness number

Percent Fe3C
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Ficure 10.23  Hardness

as a function of carbon
concentration for plain
carbon martensitic, tempered
martensitic [tempered at
371°C (700°F)], and pearlitic
steels. (Adapted from Edgar
C. Bain, Functions of the
Alloying Elements in Steel,
American Society for Metals,
1939, p. 36: and R. A. Grange,
C. R. Hribal, and L. F. Porter,
Metall. Trans. A, Vol. 8A,

p. 1776.)
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1. Consider 2.5 kg of austenite containing 0.65 wt%C, cooled to
just below 727°C.

(@) What is the proeutectoid phase present?

(b) How many kilograms each of the total ferrite and cementite
form?

(c) How many kilograms each of pearlite and the proeutectoid
phase form?

2. Estimate the Brinell hardnesses for specimens of eutectoid
composition that have been subjected to the heat treatments :
Cool rapidly to 700 °C, hold for 10* s, then quench to room
temperature, finally reheat the specimen to 700°C for 20 h.
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Coarse pearlite 100%
Bainite 50% Martensite 50%
Fine Pearlite 50% Bainite 25% Martensite 25%

Coarse Pearlite 50% Bainite 50%
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Temperature (°C)
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