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Strength of Materials

 Strength 1s the property determined by the
greatest stress the material can withstand
prior to failure, as failure is determined by
the designer. It may be defined by the
proportional limit, the yield point, or
ultimate strength. No single value 1s
adequate to define strength, since the
behavior under load differs with the kind
of stress, and the nature of the loading.
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thFESS o=F/A

yield _— fracture
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Brittleness

* A property of a metal that does not allow
movement of material or distortion before it

will break.

Ductile Torsion Failure

Brittle Torsion Failure
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Table 1.1 List of some metals and their common ores with their chemical formula

Bauxite AlLLO,.nH,O Zig;:::r?; or ZnS
Aluminum Diaspore ALO,.HO Zinc Calamine ZnCO,
Kaolinite ALSi,O_(OH), Zincite ZnO
Haematite Fe O, Galena PbS
Magnetite Fe O, Lead Anglesite PbSO,
Iron Siderite FeCO, Cerrusite PbCO,
Iron pyrite FeS, Tin ((,:ra;s;ttzl;:; SnO,
Limonite Fe,0,.3H,0 S‘(i};’fgreil;ge Ag.S
Copper pyrite CuFeS, (gaa;iﬂl‘j :) Ag.SbS,
Copper glance Cu,S Silver ?g::l:;%]):: :; AgCl
Copper Cuprite Cu,O Stefinite Ag SbS,
Malachite CuCO,.Cu(OH), Prousitite Ag,AsS,
Azurite 2CuCO,.Cu(OH),
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Nature of Metal Composition
Ore
Oxide Ores Aluminium Bauxite Al 05 .2H-0
Copper Cuprite Cu-0
lron Magnetite Fe;0O,
Sulphide Copper Copper CuFe;0»>
Ores pyrites
Copper Cu-3S
glance
Zinc Zinc blende Zns
Lead Galena PbS
Mercury Cinnabar HgS
Carbonate Calcium Limestone CaCO5
Ores Zinc Calamine ZnCO;
Halide Ores Sodium Rock salt NaCl
Magnesium Carnallite KCI
MgCl,.6H-0O
Calcium Fluorspar CaF-
Silver Horn Silver AgClI
Sulphate Calcium Gypsum Cas0,.2H-.0
Ores Magnesium Epson Salt MgS0O,4.7H-0
Barium Barytes BaS0O,
Lead Anglesite PbS0O,




GIREAVIGIGED

Percentage amount of Fe content

Iron ore type Grade %)
High =65 %
Hematite Medium (62-65) %
Low <62 %
Metallurgical >38 % oxidized/ weathered ore
Magnetite Conditional < 38 % un-oxidized ore, resources

unclassified oxidized/ un- oxidized

Coal washery

>70 % magnetite content
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44— Compressed air

Froth bubbles
carrying sulphide
ore particles

Sulphide ore
particles

Water
containing pine oil

Gangue
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https://bn.wikipedia.org/w/index.php?title=%E0%A6%B2%E0%A7%8B%E0%A6%B9%E0%A6%BE%E0%A6%B0_%E0%A6%86%E0%A6%95%E0%A6%B0&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%B2%E0%A7%8B%E0%A6%B9%E0%A6%BE%E0%A6%B0_%E0%A6%86%E0%A6%95%E0%A6%B0&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%B2%E0%A7%8B%E0%A6%B9%E0%A6%BE%E0%A6%B0_%E0%A6%86%E0%A6%95%E0%A6%B0&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%AC%E0%A6%BE%E0%A6%A4%E0%A7%8D%E0%A6%AF%E0%A6%BE%E0%A6%9A%E0%A7%81%E0%A6%B2%E0%A7%8D%E0%A6%B2%E0%A7%80&action=edit&redlink=1
https://bn.wikipedia.org/wiki/%E0%A6%95%E0%A6%BE%E0%A6%B0%E0%A7%8D%E0%A6%AC%E0%A6%A8
https://bn.wikipedia.org/wiki/%E0%A6%95%E0%A6%BE%E0%A6%81%E0%A6%9A%E0%A6%BE_%E0%A6%B2%E0%A7%8B%E0%A6%B9%E0%A6%BE
https://bn.wikipedia.org/wiki/%E0%A6%95%E0%A6%BE%E0%A6%81%E0%A6%9A%E0%A6%BE_%E0%A6%B2%E0%A7%8B%E0%A6%B9%E0%A6%BE
https://bn.wikipedia.org/wiki/%E0%A6%95%E0%A6%BE%E0%A6%81%E0%A6%9A%E0%A6%BE_%E0%A6%B2%E0%A7%8B%E0%A6%B9%E0%A6%BE
https://bn.wikipedia.org/w/index.php?title=%E0%A6%A1%E0%A7%8D%E0%A6%B0%E0%A6%B8&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%AD%E0%A6%82%E0%A6%97%E0%A7%81%E0%A6%B0&action=edit&redlink=1
https://bn.wikipedia.org/wiki/%E0%A6%AC%E0%A6%BE%E0%A6%B2%E0%A6%BF
https://bn.wikipedia.org/wiki/%E0%A6%95%E0%A6%BE%E0%A6%81%E0%A6%9A%E0%A6%BE_%E0%A6%B2%E0%A7%8B%E0%A6%B9%E0%A6%BE
https://bn.wikipedia.org/wiki/%E0%A6%95%E0%A6%BE%E0%A6%81%E0%A6%9A%E0%A6%BE_%E0%A6%B2%E0%A7%8B%E0%A6%B9%E0%A6%BE
https://bn.wikipedia.org/wiki/%E0%A6%95%E0%A6%BE%E0%A6%81%E0%A6%9A%E0%A6%BE_%E0%A6%B2%E0%A7%8B%E0%A6%B9%E0%A6%BE
https://bn.wikipedia.org/wiki/%E0%A6%B6%E0%A7%82%E0%A6%95%E0%A6%B0
https://bn.wikipedia.org/wiki/%E0%A6%95%E0%A6%BE%E0%A6%81%E0%A6%9A%E0%A6%BE_%E0%A6%B2%E0%A7%8B%E0%A6%B9%E0%A6%BE
https://bn.wikipedia.org/wiki/%E0%A6%95%E0%A6%BE%E0%A6%81%E0%A6%9A%E0%A6%BE_%E0%A6%B2%E0%A7%8B%E0%A6%B9%E0%A6%BE
https://bn.wikipedia.org/wiki/%E0%A6%95%E0%A6%BE%E0%A6%81%E0%A6%9A%E0%A6%BE_%E0%A6%B2%E0%A7%8B%E0%A6%B9%E0%A6%BE
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https://bn.wikipedia.org/wiki/%E0%A6%95%E0%A6%BE%E0%A6%81%E0%A6%9A%E0%A6%BE_%E0%A6%B2%E0%A7%8B%E0%A6%B9%E0%A6%BE
https://bn.wikipedia.org/wiki/%E0%A6%95%E0%A6%BE%E0%A6%81%E0%A6%9A%E0%A6%BE_%E0%A6%B2%E0%A7%8B%E0%A6%B9%E0%A6%BE
https://bn.wikipedia.org/wiki/%E0%A6%95%E0%A6%BE%E0%A6%81%E0%A6%9A%E0%A6%BE_%E0%A6%B2%E0%A7%8B%E0%A6%B9%E0%A6%BE

Composition of pig iron

* Pigs may hold from 3.0 — 4.5% of carbon,

* 0.5 -4.0% of silicon,

* 0.025 - 2.5% phosphorus, 0.15 — 2.15% manganese,
e up to 0.2% sulfur.



Furnace

 Ametallurgical furnace, more commonly referred to as
a furnace, Is an industrial furnace used to heat and melt metal
ore to remove gangue, primarily in iron and steel production.
The heat energy to fuel a furnace may be supplied directly by
fuel combustion, by electricity such as the electric arc furnace,
or through induction heating in induction furnaces. There are
several different types of furnaces used in metallurgy to work
with specific metal and ores.



https://en.wikipedia.org/wiki/Industrial_furnace
https://en.wikipedia.org/wiki/Gangue
https://en.wikipedia.org/wiki/Metal
https://en.wikipedia.org/wiki/Steel
https://en.wikipedia.org/wiki/Combustion
https://en.wikipedia.org/wiki/Electric_arc_furnace
https://en.wikipedia.org/wiki/Induction_heating
https://en.wikipedia.org/wiki/Induction_furnace
https://en.wikipedia.org/wiki/Metallurgy

Factors consideration to identify furnace

The Volume of Production
Ease of Use

The Melting Speed

Portability and Design

The flexiblility of the Furnace
The features of the Equipment
Quality and Durability

The Price and Your Budget



- Important metallurgical furnaces

« Important metallurgical furnaces used in various metallurgical processes
are (i) coal carbonization furnaces, (ii) rotary kilns, (iii) multiple hearth
furnaces, (iv) shaft furnaces, (v) rotary hearth furnaces, (vi) smelting,
melting, and refining in bath and flash smelting furnaces, and (vii)
electro-thermal furnaces.

Important metallurgical process furnaces

Rotary kiInsI

ICoaI carbonization furnaces

Important
metallugical
process

IMuItipIe hearth furnaces 7Shaft furnaces I

I Rotary hearth furnaces furnaces Smelting, melting,
and refining in bath,
flash smelting furnaces

I Electro-thermal furnaces




Blast furnace is a type of metallurgical furnace used for smelting to produce
iIndustrial metals, generally pig iron, but also others such _
as lead or copper. Blast refers to the combustion air being supplied above
atmospheric pressure.d

* In a blast furnace, fuel (coke), ores, and flux (limestone) are continuously
supplied through the top of the furnace, while a hot blast of air (sometimes
with oxygen _ennchmen? is blown into the lower section of the furnace through
a series of pipes called fuyeres, so that the chemical reactions take place
throu?hout the furnace as the material falls downward. The end products are
usually molten metal and slag phases tapped from the bottom, and waste
tc_i'.ases (flue gas) exmn?I from the top of the furnace.2 The downward flow of

ne ore along with the flux in contact with an upflow of hot, carbon monoxide-
rich combustion gases is a countercurrent exchange and chemical reaction
process.l

* In contrast, air furnaces (such as reverberatory furnaces) are naturally _
as?lr_ated, usually by the convection of hot gases in a chimney flue. According
to this broad definition, bloomeries for iron, blowing houses for tin, and smelt

mills for lead would be classified as blast furnaces. However, the term has

usually been limited to those used for smelting iron ore to produce pig iron, an

Intermediate material used in the production of commercial iron and steel, and

the shaft furnaces used in combination with sinter plants in base

metals smelting.



https://en.wikipedia.org/wiki/Metallurgical_furnace
https://en.wikipedia.org/wiki/Smelting
https://en.wikipedia.org/wiki/Pig_iron
https://en.wikipedia.org/wiki/Lead
https://en.wikipedia.org/wiki/Copper
https://en.wikipedia.org/wiki/Blast_furnace
https://en.wikipedia.org/wiki/Blast_furnace
https://en.wikipedia.org/wiki/Blast_furnace
https://en.wikipedia.org/wiki/Coke_(fuel)
https://en.wikipedia.org/wiki/Ores
https://en.wikipedia.org/wiki/Flux_(metallurgy)
https://en.wikipedia.org/wiki/Limestone
https://en.wikipedia.org/wiki/Air
https://en.wikipedia.org/wiki/Oxygen
https://en.wikipedia.org/wiki/Tuyeres
https://en.wikipedia.org/wiki/Blast_furnace
https://en.wikipedia.org/wiki/Slag
https://en.wikipedia.org/wiki/Flue_gas
https://en.wikipedia.org/wiki/Blast_furnace
https://en.wikipedia.org/wiki/Blast_furnace
https://en.wikipedia.org/wiki/Blast_furnace
https://en.wikipedia.org/wiki/Carbon_monoxide
https://en.wikipedia.org/wiki/Countercurrent_exchange
https://en.wikipedia.org/wiki/Blast_furnace
https://en.wikipedia.org/wiki/Blast_furnace
https://en.wikipedia.org/wiki/Blast_furnace
https://en.wikipedia.org/wiki/Reverberatory_furnace
https://en.wikipedia.org/wiki/Convection
https://en.wikipedia.org/wiki/Chimney-flue
https://en.wikipedia.org/wiki/Bloomery
https://en.wikipedia.org/wiki/Blowing_house
https://en.wikipedia.org/wiki/Tin
https://en.wikipedia.org/wiki/Smelt_mill
https://en.wikipedia.org/wiki/Smelt_mill
https://en.wikipedia.org/wiki/Lead
https://en.wikipedia.org/wiki/Iron_ore
https://en.wikipedia.org/wiki/Pig_iron
https://en.wikipedia.org/wiki/Steel
https://en.wikipedia.org/wiki/Sinter_plant
https://en.wikipedia.org/wiki/Base_metals
https://en.wikipedia.org/wiki/Base_metals

Construction of blast furnace
e Shell

* Lining

* Hearth

* Bosh

e Syack

* Column

* Bustle pipe
 Slag Notch
* Tap Hole
 Slag Hole

* Tuyers



throat <

N

stack <

belly {

bosh <

N

hearth <

=0

—

J

—

pig.i

sl

waste gas vent

coke

charge (iron ore)
charging bell
waste gas

layer of charge
layer of coke

steel casing
brickwork

water cooling
bustle pipe

tuyere (hot
blast nozzle)
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Chemical reaction of blast furnace

Roasted ore,
coke, limestone

S 75 ft, 230 °C
0:;".
) ® 0‘:" 6
e 65 ft, 410 °C
G
AL 55 ft, 525 °C
Ve p
. o.“ .
‘@ v 45 ft, 865 °C
° e
.‘
. 35 ft, 945 °C
25 ft, 1125 °C
15 ft, 1300 °C

5.1t 1510 °C

Molten iron

— > CO,CO,, N,

3Fe,0, + CO —> 2Fe,0, + CO,
Fe,0, + CO —> 3FeO + CO,
FeO + CO —> Fe + CO,

C +C0O, —> 2CO

cacO, —> CaO + CO,; C + CO, —> 2CO
CaO + Si0, —> CaSiO,; C + CO, —> 2CO

C+0, —> CO,



Slag in blast furnace

Blast furnace slag and its processing

Air cooled slag

AS"‘g —) Road base

............................... course material
. Crusher Screen

&—) &—) Lﬁ I& o -ﬂ Coarse aggregate

Cooling yard | for concrete

Iron ore
COke .................................
Fluxes

BF Granulated slag

@ 1 —_) Portland BF slag cement

ﬂ Ground granulated BF slag

' Crusher Screen

s# s%_&_ *—} Fine aggregate for concrete

ooooooooooooooooooooooooooooooooo

Hot air

oxygen
Pulverized coal

Water
blowing
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Pig-Iron, | Wrought Iron,

Graphite 2+650 —

Combined Carbon 0°462 0+07
Sulphur 0-064 004
Silicon 2120 0-14
Phosphorus 0-040 0-08
Manganese 0-122 0°14
Iron (by difference) 94-542 99-53

Steel,

0-360
0-042
0-061
0-056
0620
98-861
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Reverberatory Furnace
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Spark
Arrester

Air Inlet [:

pr—-
N /
Charging Door /’/Steel Shell
\ METAL
| Charging Floor FLUX Charging Floor |
Coxe
METAL |__Brick Lining
FLUX
Melting Zone
\l COKE / <:l &
N Y D Wind Box
i) Tuyeres
e
L )
Metal Spout
Slag Spout = SANDLAVER — ] po
=
-~ Porp /

CUPOLA FURNACE




Spark Arrester

Steel Shell ——

Refractory
Fire Bricks

Charging Door —»

Metal
Coke
Metal

Coke
Metal

Flux

Flux -

-

Air Blast Inlet -

Slag Hole —»
Sand Bed

Furnace Leg

¥

Stack
Zone

Preheating
Zone

Cupola Furnace

Construction

£ Reducing Zone

o

Combust

-~ Tuyeres

| -

Bottom

- Tap Hole

&
Working

on Zone

Door
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Malleable iron Ductie iran

Mechanical Magic Mechanical Learning Tutorials
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Elemsernt Gray CI % | Wlate CI % | Malleable CI % | Ductile CI %

Carbon 25.40 18.2.6 2 0.2 6 3040

Siicon | 1.0-30 0:3-1.9 1.1-1.6 18-2.3

'

Manganese 0.25-1.0 0.25-0.3 0.2-10 0110
Sulfur 0.02-0.25 0.06-0.20 0.04-0.18 (.03 max

Phosphorus @ 0.05-10 006-0.13 013 max 0.1 max
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*PROPERTIES OF WHITE CAST IRON:

v'High Hardness.
v'"Wear resistant and abrasion resistant.

v'High compressive strength of order of to
180kg/mm?*.

v'Poor machinability

v Brittle
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Properties of gray cast iron

= among least expensive metallic materials

= high fluidity — easy to cast, especially complex shapes
= low shrinkage during casting

= good mechanical properties in compression

= BUT brittle due to shape of graphite flakes

= excellent machinability

= excellent thermal conductivity

= excellent bearing properties
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Casting process

Melt heating

t

Chemical compos

analysis and processing

ition

T

Bed inspection

Modify surface

phosphating primer

Preparation . Falling Shot Inspection
Box » Pouring —» — . — .
of sand sand peening processing
Machining
Milling ‘—P{ Drilling
Coating process
| Pre-coating Coating
I |
v v ¥ ¥

Purge dirt Spraying Filling and spraying

Y

vinyl chloride
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Steel C Si Mn P S Fe

Fe-0.1C 0.09 0.01 0.01 0.001 0.002 Bal.
Fe-0.4C 0.38 0.01 0.01 0.001 0.004 Bal.
Fe-0.6C 0.61 (.03 0.01 0.003 0.005 Bal.

Fe-0.8C 0.78 0.03 0.03 0.005 0.005 Bal.
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5. Select most appropriate steel for each application listed:

Steels to choose from: Applications: Your selection:
Plain, low carbon steel Gear
Plain, medium carbon steel High temperature turbine
Plain, high carbon steel Drill bit
High strength low alloy (HSLA) steel Crank shaft
Heat treatable steel Medium strength bolt
Tool steel Low strength pipe
Stainless steel High strength pipe

Bridge supports

Forging dies

Furnace hangers

Refinery pressure vessel

Hammer

Knife blade

Outdoor statue

6. Use the steel wheel (http://apps.aist.org/SteelWheel/index.html) to identify a processing path
for welded pipe (multiple possible answers).

Name three non-ferrous alloys and list one advantage and one limitation for each.

8. Describe the three general steps involved in precipitation hardening.

e
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Carbon
monoxide

Steel covering

Slag, partly
silica

ire clay bricks

. Hot

*+— air

Tuyeres

Furnace profile Furnace section



The Bessemer Process for Manufacture of Steel
The Bessemer Converler

Converlet is

P Peor shoped furnoce
P 20909t high
P 10 fee! in diometer

P made of steel
with fire clay bricks

A~
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Comparison

Bessemer process Open hearth process

Time consuming for oxidation

15 10k Z0mmn © oxidation finishes within 10
Low output(70to80%) minutes

© Operations are difficult © High output(80to959%)

> Scrap iron cannot be used © Simple operations

O Superior quality cannot be © Scrap iron can be used
made

Superior quality can be made

% Law capitel investment © High capital investment

Steel is less homogeneous . :
g © Steel produced is more

homogeneous.




Increasing Carbon Content

e Hardness o Weldablllty (above 0.25% C)
« Brittleness  Plasticity
* Yield Point  Ductility

« Air Corrosion Resistance

Tensile Strength

Rusting (in field environments)

NAavt nann
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Sublance System
(full automated)

N\

Off-gas
End Point Control

Slop Control
System

Tapping Control

Post Combustion
Control

b il

Purging Control
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Furnace

Steel Bricks heated
up by exiting
gas & air

Bricks give off
their heat to
warm up the "~
gas & air

P 1 b

Gasin Airin Gas out Air out



* The (FeO) reacts with the impurity elements in the metal &
slag.

(FeO) + [Si] = [Fe] + (Si02)
(SiO2) + 2(FeO) = (2Fe0.Si02)
[Mn] + (FeO) = (MnO) + [Fe]
2(MnO) + (Si02) = (2Mn0.Si02)

A (FeO) rich slag quickly dissolves lime, and the following
reactions proceed,

(2Mn0.Si02) + 2(Ca0) = 2(Ca0.Si02)
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Comparison

Bessemer process Open hearth process

© Time consuming for oxidation

is 10to. 20min oxidation finishes within 10
Low output(70to80%) minutes

© Operations are difficult © High output(80to95%)

Scrap iron cannot be used © Simple operations

Superior quality cannot be © Scrap iron can be used
made

Superior quality can be made

O Low capital investment © High capital investment

Steel is less homogeneous . 8 Stedl producedis more

homogeneous.
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ELECTRIC ARC FURNACE STEELMAKING

GRAPHITE
ELECTRODES

' L uH |

MOLTEN BATH

BO‘I'TOM I SLAG

REFRACTORY-LINED :
BOWL-SHAPED HEARTH | TR

o —

CONTINUOUS CASTING
PROCESS _
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Power Leads —p

]

Gap for air
Refractory to anter
lining < Graphite
electrodes

Slag remove from
surface thrmigh door

o 7
|- _ > - . o

] Purified steel

Molten steel scrap

. _é_lag

Figure 2. Electric Furnace
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Improves oxidation resistance and hardenability.

Usually at least 10,5% and up
to 18% in stainless steels.

'ﬁi‘g@? —\ Chrome (Cr)

Manganese (Mn)

Itincreases the strength of steel and assists with de-oxidation.
Manganese has a milder effect on the strength of steel than carbon.

Usually at least 0,3%. Can be up to
1,5% in carbon steels.

Molybdenum (Mo)

Improves hardenability and high temperature strength.

Usually less than 1%.

Nickel (Ni)

Increases strength, hardness and hardenability. Also often
increases ductility and toughness. .

Usually 8-10% in stainless steels.

Phosphorous (P)

Increases machinability. Can increase strength but majorly reduces
toughness and ductility, is generally considered as impurity.

Can be added up to 0,1% to low-alloy
high-strength steels.

silicon (Si)

Similar to carbon and manganese. Silicon increases the strength of
steel. Silicon has a milder effect on the strength than manganese
and consequently than carbon.

Usually between 0,1% to 1%. Can be
up to 6,5% in electrical steels.

Sulphur (S)

Can reduce toughness and ductility, is generally considered as
impurity.

Should not exceed 0,05% unless the
goal is to get resulfirised steel.

Titanium (Ti)

Increases hardness and toughness. Reduces the oxygen or nitrogen
in the molten steel.

Usually between 0,2% and 0,6%.

Tungsten (W)

Improves high temperatures strength.

Can vary from 2% to even 18% in high
speed steels,

Vanadium (V)

Improves hardenability and high temperatures strength.
Extremely effective,

Usually 0,05%. Can be up to 0,25% in
high speed steels.
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ALLOY STEEL VERSUS CARBON STEEL

Alloy steel is a type of steel having
a high percentage of other elements apart
from iron and carbon

Corrosion resistant

Has a comparatively low strength

Weldability is high

Have high melting points

Ductility is high

Carbon steel is a type of steel having
a high amount of carbon and low
amounts of other elements

Less resistant to corrosion

Has a high stregnth

Weldability is low

Have low melting points

Ductility is low
www.amardeepsteel.com
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Composition

Percentage by weight

Carbon 0.030
Manganese 2.00
Silicon 0.75

Chromium 16.00-18.00

Nickel 10.00-14.00

Molybdenum 2.00-3.00
Phosphorus 0.045
Sulphur 0.030
Nitrogen 0.10
lron 7.0
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Elements
Carbon
Chromium
Tungsten
Molybdenum
Vanadium
Iron

silicon
Sulphur
phosphorus
manganese

Weight in %
0.78-1.05
3.75-4.50
5.50-6.75
4.50-5.50
5750 O
Balance
0.20-0.45
0.30 max.
0.30max.
0.15-0.40
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Iron-» _—
‘arbon lining

(cathode)

—Outlet for

> . alummium
Molten alumimnmmuam

Electrolvtic cell for the extraction of aluminium

lonization of Alumina:2Al>,03 — 6072 + 4A]*+3

Reaction at Cathode: 4Al*3 + 12e™ — 4Al
Reaction at Anode: 6072 — 305 + 12e7, C + O — CO>»



Power supply

_|_

Cathon Cathode

Al0 + Na aAlF,

+ C'aF

Tap

o mteel tatiks
Ilolten alurmriam

Electrolytic reduction of alumina
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Fig. 8.3. Electrolytic Refining of Copper



Impure Pure copper
copper (Cathode)
(Anode) Acidified copper

sulphate solution

Take an impure copper rod as anode and a thin sheet of pure copper as
cathode, in an electrolytic cell containing an acidified solution of copper
sulphate as electrolyte.
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hnportance of P/M:

* Powder metallurgy is an alternative, economically
viable mass production method for structural
components to very close tolerance.

* The methods of powder metallurgy have permitted the
attainment of compositions and properties not possible
by the conventional methods of melting and casting.

* Powder metallurgy techniques produce some parts
which can’t be made by any other method.
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Tundish

Melt Outlet Nozzle

Water Inlet Nozzle

Water
Jet/Spray

Metal
Droplets

1. Melting

-----------------

3. Particle

Powders

Solidification
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Conventional Powder Metallurgy Process
Base Powder + Alloying Elements M

Compacting

Hot Zone ‘
Colling Zone ‘ Preheat Zone
Oout «— Sintering Oxide Reduction  Delubrication ¢— In

IQSdirectory.com
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Powder Metallurgy Process

 / / Upper punch

Die cavity

Metal powder Compact

Di "
e «—Die

%

Lower punch /
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