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Metallurgy
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The compound of a metal F@

fo in nature is called a
The from which
metalcan be economically
and conveniently extracted

All minerals are not ores
but all ores are minerals.
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Native Ores ( Urres chiv) fb ined Ores
& T
Silver, gold, platinum They contain the metal in
etc, occur as native ores. combined form.
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Oxideores, Carbonate ores, MO 2

Sulphate ores, Phosphate M&io
]

ores, Silicate ores. {V] (|
s La.f
(ii) Sulphurised Ores D FeSda,

These ores consist of sulphides /9 55
of metals like Iron, Lead, Zinc,
Mercury etc.

(iii) Halide Ores

These ores consist of halides
of metals.
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with earthy or undesired

An ore is usually contaminated
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Concentration of The Ore /OO h(ﬁ {rie.
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The removal of unwanted,
useless impurities from the

ore is called Dressing or
Concentration or Beneficiation

of ore.
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Physical Separation Method
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Hydraulic washing or Gravity separation or Levigation method
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It 1s based on the difference in

the densities of the gangue and
ore particles.
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This method is generally
used for the concentration
of oxide and w
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Magnetic Separation R c.\z)p_dccc

It is based on differences in
magnetic properties of the
ore components.

It is used when either the ore
or the impurities associated
with it are magnetic in nature.
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Chromite ore(FeO.Cr,0,) is
separated from non—magnetic
silicious impurities and
cassiterite ore(SnQ,) is
separated from magnetic
Wolframite (FeWO, + MnWO,)

impurities.
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Froth Flotati rocess e D

éu [Pl\wlt oves X
Dineg

This method is commonly used for
the concentration of the low grade
sulphide ores like galena
of Pb) ; copper pyrites :
or CuFeS, (ore of copper) ; Zinc
Blende, ZnS (ore of zinc) etc.,
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It is based on the fact that
gangue and ore particles have
different degree of wettability
with water and oil.

Gangue Water
The gangue particles are
preferentially wetted by ‘
water while the ore 21]
particles are wetted by oil. /
Ore Water

In this process one or more
chemical frothing agents
are added.

Get it on

Get Top Ranks in IIT-JEE/NEET with eSaral APP ™ Google Play




> Feod s
(B Y= e

-
)g 0L-w+ Scgv4

o~ P:,..{‘Ll:,c_ifg
ger attached 4= '
hbbles m

i
TrodN stbilises

Get it on

Get Top Ranks in lIT-JEE/NEET with eSaral APP ’Google Play



Frothers

These form stable froth which rises to the top of t tion
cell. Oil like pine oil, camphor oil etc., are used a _gthers.
These are added in small quantity.

Froth Stabilizer((Aniline @
The stabiliser are added to théfrothers so that the froth can

be stable for longer period.
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Collectors s

Potassium of(sodium ethyl xanthate)is used as a Collector.

These get attached with the particles of the sulphide ore
and thus make them water-repellent .

Consequently the ore particles pass on into the froth.
Collectors are always added in small quantity.
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Activating and Depressing agents Grp—r Swlphide

When a mineral contains other minerals as impurities.

The addition of these agents activates or depresses the
flotation property of other minerals present as impurities

and thus helps in separating the impurities.
For example galensual]y contains the minerals

namely Zinc Blende (ZnS)—~> fva WV
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Flotation is carried out by using potassium ethyl xanthate
(used as a collector) along with NaCN (used as depressing
agent).

The addition of NaCN depresses the flotation property of
ZmS, so mainly PbS passes into the froth when air is blown
in.
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which activates
property of ZnS grains whlch are
now removed with the froth.
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By Chemical Separation Method
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It involves the treatment of the
ore with a suitable reagent.

e.g, acids, bases and suitable
chemical reagents.

Get it on

Get Top Ranks in IIT-JEE/NEET with eSaral APP ™ Google Play




As to make it soluble while
impurity remain insoluble.

The ore is recovered from the
solution by suitable chemical
method.
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'Hall's Process

A.Os
Used for red bauxite
G\laﬂ‘}ldq P&qn]
Hyvdrolysi
Bauxite ore + N?Z%%.& L NaAlO, - Al(OH); + NaOH

e Jco.

1500°C
@ ~—— AI(OH), + Na,CO,
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Cyanide Process e
e
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(a) Formation of cyanide lex
y LC_pCL\:\ e ?vcsmc_c_ o,](rean

Ag,S + 4NaCN(=)2Na[Ag(CN),| + ZI.L(A

In absence of air reaction is reversible.

4Na,S + 50, + 2H,0 —— 2Na, SO, + 2S + 4NaOH

In presence of air reaction is irreversible.
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b) A
() an %anda Preess

0o
4Au + 8KCN + 2H,0 % 4K [Au(CN),] N4KOH

2K[Au(CN),] + Zn ———K,[Zn(CN),] +2Au
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Conversion of concentrated ore
into oxide form
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. Syr
oastin ide
Roasting is a process in which the
concentrated sulphide ore is
heated in reverberatory furnace,
below its melting point or fusion
temperature in the presence of an
excess of air to form metal oxide.

o
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.
\ (@

alcination
Calcination is a process in which
ore is heated, generally in the
absence of air, to expel water from
a hydrated or hydroxide ore and
carbon dioxide from a carbonate
ore at temperature below their
melting points to form metal oxide.
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(i) Excess of sulphur is removed |(G) Moisture is removed. /=

as volatile oxide. (i) Organic matter is destroyed

@+ 0, —— (iii) The hydroxide and carbonate
(air) ores are converted into their

oxides.
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R@a 541 . La\Anation
(1)) The metal sulphide is
converted into metal
oxide or sulphate.

(iv) The mass becomes porous
and easily workable

. . 3 (v) Impurities like C, S, As,
(111) Imp};lrltles of Arsenic, P etc. are removed by
Antimony & Phosp!lorous - vaporisation.
are removed as their volatile
oxides.

Sb + 30, —»28b,0, |
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Reduction of ore to the metal
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1.Reduction by Carbon (Smelting)

Some Reactions of Reduction By Carbon

PbO+C — Pb + CO

Fe,0; + 3CO —>2Fe +3C0,
ZnO+C —Zn+CO

Sn0O, + 2C —— Sn + 2CO,

Gangue + Flux ——Slag
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Substance used to convert non 3600 “hoopc <

fusible impurities into fusible one.

Two types of Flux are used.
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a) Acidic Flux

Substance used to remove basic impurities (metal oxide)

(basic impurity)  (acidic flux) (slag)
Acidic flux are non metal oxide (Si02, P205 etc.)
b) Basic Flux

Substance used to remove acidic impurities (non metal oxide).

Sio, + CaO —> (CaSiO,
GdiC besic_
(baste-impurity)  (acidic flux) (slag)

Acidic flux are non metal oxide (Si02, P205 etc.)
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2. Reduction by CO
Will cover with Iron
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3.) Self reduction (Auto reduction)

Compounds of certain metals
are reduced to metal without
using any additional reducing
agent, ores of Cu, Pb, Hg etc.

High t t
PbS = PO igh tempera uf*e  iph e SOzT
In absence of air

(unroasted ore) (roasted ore) (Self reduction)
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Self Reduction of Cu,S ngff-wa
2Cu,S +30, —2aL, 76, 0 + 250,
- 2 Roasting : 2

2Cu,0 + High tempera_tu.re: GCuts OzT
In absence of air ___—_

(Blister Copper)
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4.Reduction by metal(Alumino Thermite Process)

Oxygopr attinity (dhsans)
In this process those metal oxide will be reduced
which require high temperature and at high }’\@4” veleae

temperature carbon reacts with metal to from d

metal carbide. T = GOl . aied

For Cr, Mn, Fe, Ti

Cr,0; + Al —— ALO; +2Cr + Q cal
Mo lbem

Fe,0, + Al —> ALO, @+ Q cal
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3 Mn,0, + 8A1 —— 4AL,0,+9 Mn + Q cal

3 TiO, + 4A1 ——> 2AL,0, +3Ti+ Q cal
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Krolls process

TiCl, + Na—> [i4 oVa(|
TiCl, + Mg =) 7
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5.) Thermal decomposition

d’\m T Lr\ﬁ(ré__

wnstmble_
Ag (l» 2Ag| + 1120,1

27 300°C
HgO TOA"C) HgT+ 120, T
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6.) Electrolytic Reduction (Le o€
E (ecXr c‘rg

This process is mainly used for the
extraction of highly electropositive 7606°C
metals.

Na, K, Mg, Ca, Al, etc.

e.g. Manufacture of metallic
sodium (Down's process)
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Electrolysis is carried out in M . < e
large cells and a small amount o\ F k/ lectrly

of another suitable electrolyte
is added.

(i) Lowers the melting point of the
main electrolyte

(1) Enhances its conductivity

(1i1)) Reduces corrosion troubles
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Iten NaCl containing a little
1s electrolyzed between &}W S

graphite anode and iron cathode.
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On Electrolysis

~S

—_—

At Cathode Na"+ e~ —— Na (reduction)
(Metallic sodium)

AtAnode 2CIr—— Cl, (g) + 2e”
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By Hydrometallurgy
Cg antde ?«oo&;a

7.) Metal displacement method

Silver and gold are extracted by
a method involving complex
formation.
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Refining of Metals do | pure

Poling Process w
This process is used for the :

purification of copper and tin.

(A) Purification of Impure Copper
Impure copper is remelted in a
reverberatory furnace lined with

Si0, and a blast of O, is blown

into the furnace.

Get it on

Get Top Ranks in [IT-JEE/NEET with eSaral APP "Googm Play



