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first stage graphitization: cementite decomposes to the stable austenite and
graphite phases
« second stage graphitization: slow cooling through eutectoid temperature to make

ferritic malleable iron
when austenite is cooled in air or oil Pearlitic malleable iron is obtained

(pearlite or martensite.)

Drawing: is a heat treatment that tempers the martensite or spheroidizes the pearlite

Application
Connecting rods, transmission gears, and differential cases for the automotive
industry, and also flanges, pipe fittings, and valve parts for railroad, marine,

and other heavy-duty services
parts of power train of vehicles, bearing caps, steering gear housings,

agricultural equipment, railroad equipment

« Compacted graphite cast iron:
contains rounded but interconnected graphite also produced during

solidification
intermediate between flakes and spheres with numerous rounded rods
of graphite that are interconnected to the nucleus of the eutectic cell.

__—Compacted
(vermicular)

graphite

+ vermicular graphite:

« forms when ductile iron fades
t exceed those of gray cast iron, but

permits strengths and ductilities tha
al conductivity and vibration

allows the iron to retain good therm
damping properties.

« Ductile or nodular cast iron

21 www.Jntufastupdates.com



S

CAST IRON
Iron-carbon alloys with more than 2.11% carbon are called cast iron.

It pass through the eutectic reaction during solidification.

* Properties
* Inexpensive
* Have good fluidity
* Have low liquidus temperature

* Readily castable

Types of Cast Iron
* Depending on chemical composition, cooling rate, types and amount of inoculants

that are used we can have
a. Grayiron
b. White iron
c. Malleable iron
d. Ductile iron

e. Compacted graphite iron

a. The least expensive and most common type

b. Characterized by formation of graphite
c. Typical composition ranges from 2.5-4.0% C, 1.0-3.0% Si, and 0.4-1.0% Mn.

d. contains small, interconnected graphite flakes that cause low strength and
ductimly.“-. _

used cast iron
www.Jntufastupdates.com



f. It is named for the dull gray color of the fractured surface.

g. The gray irons are specified by a class number of 20 to 80.

* Properties
a. high compressive strength,
b. good machinability,
c. good resistance to sliding wear,
d. good resistance to thermal fatizue,
e. good thermal conductivity, and
f. good vibration damping.
* Application;
a. Damping vibrational energy

Base structures for machines and heavy equipment

b. High resistance to wear.

c. High fluidity at casting temperature
« Intricate shapes; Low casting shrinkage allowance.

+ (strength is not a primary consideration)
« Tensile strength 120300 MPa

Small cylinder blocks, cylinder heads, pistons, liners, clutch plates,

transmission cases.

gears, flywheels, water pipes, engine cylinders, brake discs, Machinery
beds

+ White cast iron

(L

a. is 3 hard, brittle alloy containing massive amounts of FesC.
23 www.Jntufastupdates.com




* contains spheroidal graphite particles.

= produced by treating liquid iron with a carbon equivalent of near
4.3% with magnesium

Steps

« Desulfurization: CaO is used to remove sulfure and oxygen from
the liquid.

» Nodulizing: Mg in dilute form (MgFeSi alloy) is added, a residual of
0.03%Mg must be present after treatment in order for spheroidal

graphite to grow
inoculation: heterogeneous nucleation of the graphite is essential

Fading: occurs by the gradual, nonviolent loss of Mg due to vaporization
and/or reaction with oxygen
Application:

. valves, pump bodies, crankshafts, high-strength gears (heavy
duty gears) and machine, rollers, slides, die material having high

strength and high ductility.

24 www.Jntufastupdates.com



b. A fractured surface of this material appaars white, hence the name.

c. Features promoting formation of cementite over graphite __
A low carbon equivalent (1.8-3.6 %C, 0.5-1.9%Si, 0.25-0.8%Mn) and

» Rapid cooling

A group of highly alloyed white irons are used for their hardness and resistance to
abrasive wear.
Application:
a. brake shoes, shot blasting nozzles, mill liners, crushers, pump impellers and
other abrasion resistant parts.

as rollers in rolling mills. Generally, white

b. wear-resistant surface, example,
iron is used as an intermediary in the production of yet another cast iron,

malleable iron

White fracture surface

No graphite, because carbon forms Fe3C or more complex carbides

Abrasion resistant

Often alloyed

a. formed by the heat treatment (in range of 900°C
iron (carbon equivalent 2.5%C, 1.5%Si)

b. the cementite di
nodules)

c. It exhibits better ductility than gray or white
machinable.

cast irons. It is also very

The production steps
25 www.Jntufastupdates.com

) of unalloyed 3%C white cast |

ssociates into its component elements (graphite clumps, or



-

. contains spheroidal graphite particles.

« produced by treating liquid iron

with a carbon equivalent of near

4.3% with magnesirg‘:m

Steps

the liquid.
» Nodulizing:

0.03%Mg must be present a

graphite to grow
inoculation: heterog

Fading: occurs by the gradual, nonvi

Mg in dilute form (MgFeSi alloy) is added, a

Desulfurization: CéO is used to remove sulfure and oxygen from

residual of
fter treatment in order for spheroidal

eneous nucleation of the graph‘rtﬁ is essential

olent loss of Mg due to vaporization

and/or reaction with oxygen

Application:

. valves,pumbodies;crankshufts,hlgh-suenaﬂipm(heaw

duty gears) and

machine, rollers, slides, die material having high

strength and high ductility.
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Types of Cast Iron

ition, cooling

* Depending on chemical compos
lants that are

rate, types and amount of inocu
FesC Pairlitc

Grdph‘jle flakes

used we can have
a. Grayiron
White iron
Malleable iron

Ductile iron
Compacted graphite iron

b.
C.
d.
e.

()

(d)
®

» Gray cast iron
— The least expensive and most common type

— Characterized by formation of graphite
— Tvpical composition ranges from 2.5-4.0% C, 1.0-3.0% Si, and

0.4-1.0% Mn. |
— contains small, interconnected graphite flakes that cause low

strength and ductility.

— It is the most widely u
— It is named for the dull gray co

— The gray irons are specified by a c

sed cast iron
lor of the fractured surface.

lass number of 20 to 80.

» Properties
— high compressive strength,

— good machinability,
— good resistance to sliding wear,
— good resistance to thermal fatigue,

—8 opd thermal condu%in\HhﬁPagtupdates com
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Gray ClI

* Application;
— Damping vibrational energy
* Base structures for machines and heavy equipment
— High resistance to wear.

— High fluidity at casting temperature
* Intricate shapes; Low casting shrinkage allowance.
— (strength is not a primary consideration)
— Tensile strength 120 — 300 MPa
» Small cylinder blocks, cylinder heads, pistons, liners, clutch plates,
transmission cases.
.. * gears, ﬂy\}vheels, water pipes, engine cylinders, brake discs,
Machinery beds
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LM Series for Cast Aluminium Alloys

Composition, per cent.
or. | Trade | Si | Cu Mg | Mn Others
No. name
1 IM-1 | 3.0 7.0 - - Zn 8.0
2 LM-2 10.0 2.0 - = - -
3 LM-4 5.0 3.0 - 0.5 - -
"4 M4 | 5.0 3.0 - 0.5 Fe 0.8
S T 0.2
i IM-5 | - - 5.0 0.5 ~ -
6 LM-6 | 115 - ~ - - s
7 LM-8 5.5 - 0.6 0.5 Ti 0.15
8 LM-9 | 115 - 0.4 0.5 - -
9 LM-10 - - 10.5 - Ti 0.2
10 LM-11 - 4.5 - - Ti 0.15
11 LM-12 - 10.0 0.25 — ~ —
12 LM-13 | 12.0 0.9 1.2 - Ni 2.5
13 LM-14 | 0.3 4.0 1.5 - Ni 2.0
| T 0.2
14 LM-16 | 5.0 1.2 0.5 - Ni 0.3
15 LM-17 | 115 - - - Ni 3.0
16 LM-18 | 5.0 b - - - _
17 LM-23 | 25 1.8 0.2 - Ni 1.2
Fe 1.0
Ti 0.2
18 | LM-24 | 8.5 3.5 - - - o
19 | w25 | 7.0 3 0.3 _ _ B
41 www.Jntufastupdates.com
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