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Metallurgy /////_\ Meta“urq
The
= .,
J wetatturay . — -
i etal can be (¢
; Is from which M a
troduction : . ineral. The minera : ith earthy or
" The compound of a metal found in nature 1S calleg Z:EZ”E‘ ore is usually Contam!nate?s“"ores ma; sl (
ically and conveniently extracted are called © . ot Il ores arey minerals. |
ecznu.rmd m;mrjais known as gangue. Soall minerals are not ores
undesire it i o
ifi -1 into following four classes. ] ; cour as native O Charti:
1?3].? .:‘s:t:;{in;ir;l); I“Phey contaiﬁ the metal in free state. Silver: gold, pm““‘-‘“::stc' Eosphat -, sulphates and al
(b) Oxidised ores : These ores consist of oxides or oxysalts (e.g. carbonates, P
silicates ) of metals. . o inc, mercury ole
(c) Sulphurised ores : These ores consist of sulphides of metals like iron, lead, zin
(d) Halide ores : These ores consist of halides of metals.
Important ore :
1. Oxide ore :
(i) Bauxite —AlLO,.2H,0 (Major ore of Al) Cha
(i) Haematite — Fe,0,
(i) Zincite =Zn0O
w= (jy) Cassiterite or tin stone — SnO, (Black Tin = 60— 70% SnQ,)
2. Carbonate ore - Y .
() Lime stone —* caCco, (ii) Dolomite — CaCO0,.MgCQ, .
(iii) Siderite — FeCO; ) Malachite — CuCO,.Cu(0H),
> (vi) Calamine — ZnCO,

(v) Azurite = 2CuCO,.Cu(OH),
we (i) Cerussite —> PbCO,

3. Sulphate ore : Epsom salt — MgSoO,.7H,0

4. Silicate ore - Feldspar — KAISIi,O,
5. Sulphurised ore: Consist of sulphides of metal like Iron, lead, zinc & mercury.
(i) Iron pyrites = FeS, (ii) c_oppe,- glance —> Cu,S
(v) Zinc Blende — ZnS

(iiiy Copper pyrite or chalcopyrite —= CuFeS,

() Galena—PbS (vi) Cinnabar — HgS

6. Halide ore :
(i) Cryolite— Na,AlF, (i) Sylvine - KClI
= (i) Carnallite —> KCI.MgCL.6H,O W) Fluorspar — CaF,
() Hom silver —AgCl
Note: Mg obtained from both sea water & earth crust.

Sotved Examples .

Example-1 Which metals are supposed to occur in the native state in nature ?

Solution Elements below hydrogen in the electrochemical series like Cu, Ag, Au etc, exist native ores
Example-2  Match the ores listed in Column-I with their correct chemi i i ‘
S g, emical formula listed in Column-ll.

(A) Cassiterite (p) FeCO

(B) Siderite ()] SnO :

(C) Cerussite (r) pbsé)

(D)Anglesite i

()  PbCO,

and PbSO0, is called anglesite. So co
. rrect match is (A) - (q), (B) — (
. P). (C) - (s) and (D) - (r)
—\'
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Metallurgy -

Metallurgy :

The scientifi
l'l"letallurg::hc and technolo,

T;e isolation and extra
EB:}’ grushing of the ore
ressing or concentration of the ore

(C) Isolation
: of the crude i
(D) Purification or reﬁningn;?ttzgﬁg Its i
al.

1 Metallurgy 1

Chart1:

n/\3

gical process sed f
u r ractionfi
or the extraction/isolation of the metal from its ore is called a
s

ction of met i
als from their oresinvolve the following major steps:

!

Pyrometallur
[(Thermal trea{n?gnt)
1

Chart2: Steps involved in metallurgy

Concentration

Leaching<«—{ By Chemical method fde
ofo

Hydro metallurgy Electrometallurgy
(use of aqueous chemistry) (use of e'.er;irodes)h

Gravity separation

Electromagnetic separation

Saitinalicae20 a8 SOOI 2
ore into oxide

|  Metal oxide oy

By Carbon
: By Alurmninium
Semiting and reduction SY " :rg:::‘:ﬁon
(of metal oxide) L
Electrolytic
i i By hydrogen
Liquation <—] 3
{ £
Distillation <— l:l mpsee metzL\ Metal displacmen
Cupellation <— 4
Zone refining €<— Refining
Electro refining <——
\apour phase refining €< S
Amalgamation <—
i od: , owder (pulversation of
y P hy:lcal Mdeg::“ ding : The oreis first crushed by jJaw crushers and gmund foap (p
Crushing an : - e _
A he ore) in equipments like ball mills antigt::;{)eztiﬁpuﬁﬁesfmm o crete cald dressng con saritralion
wan
tion:The removal of un | il
(B) Concentratic - e opertes
or bensfact t B d selection of these steps depends upon the déﬁ esare escribed below-
Itinvolves severdl S - hat of gangué gome of the jmportant proceaur
a .

the compound of metal and t

Froath separation

Roasting
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1 e differencej tallurg
Metallurgy ration or Levigation method : It 1;5 %aﬁ: Svr;:‘;r b wash:(? \Iﬁ‘:i tt';‘& Metallurzy
ravity sep i jitate a
g meu"c s QLS are :::lrﬁcles. In this, the powdered ore 1S :Ei are washed away leaving behing e
daniies of e gRrRet lighter particles of sand , clay etc & This method is generali \e-3
rd stream of running water, e ' . i Wilfley table is used. Y Example
:s:jer ore particles. For this either hydraulic classifier or Wilfley o
used for the concentration of oxide and native ores.
(ii) Electromagnetic separation : ) ) >
It is based on differences in magnetic properties © the —
i i
the impurities associated solution
I
2. C
(i
<

ore components.
It is used when either the ore or
with it are magnetic in nature. A magnetic separator
consists of a belt (of leather or brass) moving over two
rollers, one of which is magnetic. When the powdered ore
is dropped on the beit at the other end, magnetic
component of the ore is attracted by the magnetic roller
and falls nearer to the roller while the non-magnetic

Elsctromagnetic separation

impurities fall away from it.
Examples : Chromite ore(FeO.Cr,0,) is separated from
non—-magnetic silicious impurities and cassiterite ore

(Sn0,) is separated from magnetic Wolframite (FeWO, +
sed for the concentration of the low grade

S.Fe,S, or CuFeS, (ore of copper) ; zinc
and ore particles have different degree of

MnWE)‘)_

(iii) Froth floatation process : This method is commonly u
sulphide ores like galena, PbS (ore of Pb) ; copper pyrites Cu,

blende, ZnS (ore of zinc) etc., and is based on the fact that gangue

wettability with water and pine oil; the gangue particles are preferentially wetted by water while the ore
particles are wetted by oil. In this process one or more chemical frothing agents are added.
(a) Frothers : These form stable froth which rises to the top of the flotation cell. Qils like pine oil, camphor oil
etc., are used as frothers. These are added in small quantity. The stabiliser are added to the frothers so that
(b) Collectors : Potassium or sodium ethyl xanthate is used as a collector. These get attached with the

the froth can last for longer period.

particles of the sulphide ore and thus make them water-repellant. Consequently the ore particles pass on
into the froth. Collectors are always added in small quantity.

(c) Activating and depressing agents : 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 galena (PbS) usually contains the minerals namely zinc
blende (ZnS) and pyrites (FeS,) as impurities. Flotation is carried out by using potassium ethyl xanthate
(used as a collector) along with NaCN and Na,CO, (used as depressing agent). The addition of NaCN and

Na,CO, depresses the flotation property of ZnS and FeS, grains, so mainly PbS passes into the froth when
air is blown in. After PbS has been collected with the froth, the process is repeated by adding CuSQ
4

(activator) which activates the flotation property of ZnS grains which are now removed with the froth. The
acidification of the remaining material left in the flotation cell leads to the flotation of FeS,,

/—“\: Rotating paddle

Mineral froth

Lz Pulp of ore + oil

Paddle draws in air
and stirs the pulp \

Froth floatation process

ty Mall, Jhalawar Road, Kota (Raj.)-324005

va'orI;nc{rata Office: CG Tower, A-46 & 52, IPIA, Near Cj
8vsite : www.resonance.ac.in E-mail : contact resonance.ac.in

Toll Free : 1800 200 2244 | 1800 25

®

=
INResonance

WWW.GRADESETTER.COM



https://gradesetter.com/

\

the
hg
jnd
illy

WWW.GRADESETTER.COM :

U\§

Metallurgy -

How does NaCN
act 5
as a depressant in preventing ZnS from formi
rming the froth?

Example-3
Solution NaCN r .
preventi?t?rivnfin ezposrr:;::ﬁg?: gtLaYEr of Na [Zn(CN),] complex on the suriace of ZnS
I - ) of ZnS and thus
Som“’; : 4 \::::: ;Sa:\:: :?fa of stabiliser in froth floatation process?
or a longer period in presence of stabiliser.
2. Chemical Method :
uble in some suitable solvent, e.g, acids, bases and

(iv) Leaching : Leaching i

: : ng is oft i i
suitable chemical reageﬁts‘ gnuend fine cEWEQ
e.g. Al ore, Ag ore, Au ore, low grade copper ore

Leaching of alumina from bauxite :

The p;incipal ore of aluminium, bauxite, usually con

impurities. ioni i ) digesti

purities. Concentration is carried out by digesting the powdered ore with a concentrated soluti
ion of NaOH

at 473-523 K and 35-36 bar pressure Thi i
_ < ; . This way, ALO isleached outas sodiu i
sodium sil icate) leaving behind the impurities, lmrz\ ma(ide and titanium oxide _m e
A-lzoa(sf) + ZNE?OI-!(aq} +3H,0(0) — 2NafAl(OH),)(29)
The aluminate in solution is eutralised by passing CO, gas and hydrated Al O ,is precipitated. Atthis sta
i 3 ae,
ted A1,O, which induces the precipitation.

the solution is seeded with freshly prepared samples of hydra

2Na[Al(OH),] (aq) + CO,(@) — AlLO,xH.0() * 2NaHCO(aa)
The sodium silicate remains in ydrated alumina is filtered, dried and heated 1o give back

tains Si0,, iron oxide and titanium oxide (TiO,) as
2

the solution andh

pure ALO,:
AL,O,xH,0(s) __ 1470K /calcination _, Al O (S) *+ xH,0(9)
r's process.

These steps comprises the Baye
of gold, the re:::pective metal/ore is leached with a dilute solution of
ich the metal is obtained \ater by displacement with Zinc

Other examples :
(or O,) from wh

In the metallurgy ©
NaCN or KCN inthe pi

scrap.

f silver and that
resence of air
5 AIM(CN),I (aq) + 40H-(aq) (M=Ag of Au)

J(aq) + 2M(s)

(aq) + 2H,0(aq) * 0.,(9)
(s) — [Zn(CN)
rated ore :

or reduction. Usually

aform whichis suitable f
sier to red

4M(s) + 8CN”
2[M(CN),I(aa) + Zn
metal from concent

ust be converted into
e reduction. Oxides are ea
given below.

{ne sulphide ore

Extraction of crude

The concentrated ore M

is converted to oxide befor uce. Thus isolation of metals from
concentrated ore involves two major steps as

(i) Conversion to oxide
(ii) Reduction of the oxide to metal.

(i) Conversion to oxide:

©

xide

Conversion into 0

By calcination

(A absence of a0 _— Sideor

{ v
m‘lose: carhonala, OﬂdB are, h}'dfa‘ed QXIdB ore Whose Sul

WWW.GRADESETTER.CO
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i ly of air or in th Mt
in a limited sUPP 3
' oDBSH. g e conceﬂfmlEd ?rSoi:ll‘.g;ggﬁanges 4
e ot air. The process of calcination brings e of thamelal, &.5-
i te ore gets decomposed to form the oxide i 2, PHO +CO,
e ?’artbigli'siderile} __4 , FeO + CO,; PbCO, (cerrussite) —
e
Caco: (calcite ore / lime stone) —2—s Ca0 +CO,
' = 0 +CO
ZnCO, (calamine) —=— Zn .,
CUCO:‘CLI(OH)z (malachite) —2— 2Cu0 +H,0 »;: (C:)oz
MgCO,.CaCO, (dolomite) —2— MgO + Ca0 +2CO,

; moisture, €.9..
(b) Water of crystallisation present in the hydrated oxide ore gets lost as
2Fe,0,.3H,0 (limonite) —2— 2Fe,0,(s)+ 3H,0(g) T
Al,O,. 2H,0 (bauxite) —*— ALO, (s)+2H,0(g) T

ile impurities are
(c) Organic matter, if present in the ore, gets expelled and the ore becomes porous. Volatile imp
removed.

Roasting. Itis a process of heatin

g the concentrated ore (generally sulphide ore) strongly in the excess of
airor O, below its melting

point. Roasting is an exothermic process once started it does not require additional
heating. The process of roasting does the following things :
(a) Roasting at moderate tem

(ZnS) is converted into metalli
S0, in the gaseous environme

perature. Some portion of the sulphide ores like galena (PbS), Zinc blende
needed to decompose them.

c oxide. If the temperature is fairly low (about 500°C) and the concentration (_:.f
ntis more, sulphate may be produced that are stable, and high temperature is

2PbS + 30, —— 2PbO + 250, ; 2ZnS +20, —2 , 27n0O +2S0,
PbS +20, —4 PbSO, ;

ZnS+20, —2 _, 7ZnsoO,
* Some times roasting may not bring about complete oxidation.

2CuFes, (copper pyrite) + 40, —» Cu,S + 2FeO + 380,
(b) Roasting at high temperature. The sul

heated strongly in the free supply of air o

phide ores of some of the metals like Cu, Pb, Hg,
oxides, e.g.,

Sb etc., when
r O, are reduced directly to the metal rather than to the metallic
Cu,S (copper glance) + O, —— 2Cu+ S0, !
PbS (galena) + O, — Pb + SO,

HgsS (cinnabar) + O, —— Hg + SO,

The reduction of the sulphide ore directly into metal by heatin
self-reduction, auto-reduction, air-reduction etc, The SO, pro

(c) It removes easily oxidisable volatile impurities like arseni
P,0,,) and antimony (as Sb,0.,).

4M (M =As, Sb) + 30, — 2M,0,1
S+ 0, =50, ;R;¥40, — , po_ 1
These oxides are volatile and hence escape as gases through the chimney.

gitinairor O, is called by various names like
duced is utilised for manufacturing of H.SO

2 4"
c(as As,0,) ) sulphur (as S

O,). phosphorus (as

Smelting :

Slag formation : In many

>lag r extraction processes ide i -
impuriles and form a staoy. p » @n oxide is added deliberately to combine with other
Smelting.

molten phase immiscible with molten metg| calledaslag. The processistermeq
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The princi sla
n principle of slag formation is essentially the follow
onmetal oxide idic d : b =
(acidic oride) + Melal oxida (bacic oride) Fusiti
cie de) — s Fusitie (eas?y melted) siag

Remov a
al of unwante 5 i
I ed basic and acidic oxides: For exampis, F
ple, FoO is the impunty in extraction of Cu from

copper pyrile.

ZCUSFBS, +40, —» Cu,S + 2Fe0Q + 350

u + E i :

e e0 + Si0, —— FeSIO, (Fusbimsag) + CuS (mare)
{upper layer) .'.‘,q:—r \an'.l

P
%ﬂ::;?:i?ﬁg:;g very small amount of iron(I1) sulphide.
e CBCIGIC impurities like sand and P,O,_, smelting is done in the presence of imestone
= a0+ CO, .
CaO + SiI0,—— CaSio, (fusitis siag)
6Ca0 + P,O,,— 2Ca (PO,), (fusitie slag - Thomas slag)

Properties of aslag :
(i) Slag is a fusible mass.
(ii) It has low melting point
(iii) It is lighter than and immiscible with the molten metal.
a separate layeron the molten metal and can thus be easily separa
on the molten metal prevents the metal from being oxidised.
and basic flux.
O

Fluxes are of two types viz., acidic flux
ide of a non-metal) like Si0,.P.O,,
dic flux combines wi

Itis due to these impurities that the slag floats as
ted from the metal. The \ayer of the slag

B,O, (from borax). \tis used o
th the basic impurity and

Type of flux:
(a) Acidic flux : It is an acidic oxide (0x
remove the basic impurity like Ca0, FeO, MgO etc. The aci
forms a slag.
(i.e., oxideof a metal) like CaO (obtained from lime stone, CaCO ), MgO
te (Fe,0,) etc. Itis used to remove the acidic impurity like SIO,, PO, etc.

(b) Basicflux: Itisa basic oxide

(from magnesite, MgCO,), haemati
The basic flux combines with the ac
Thus, slag can be definedasa fusib
basic impurity presentin the oxide ore.

n of a metal oxide :
| is obtained by reductionofa compoun

idic impurity and forms a slag.
n a flux reacts with an infusible acidic or

le mass, whichis obtained whe
(ii) Reductio ;
The free meta d, using either a chemical reducing agent of electrolys\s.
1. Chemical reduction method :

Alarge number of commercial processes come under this cat
of oxides and other compounds, and because of the low cos
used. The disadvantages are that a high temperature is needed,

use of blast furnace.

sedtoreducea number
e this method is widely .

egory. Carbon can beu
e and necessitates the

t and availability of cok
which is expensiv

rbon:
Cc——Pb+CO (extraction of lead)
4Fe (spongy iron) + 3CO,
Zn+CO (extraction of zinc)
(extraction of tin)

(A) Reduction with ca

PbO +
2Fe,0,+3C—

ZnO +C 1200°C

sno,+2C (anthraci
1200°C

MgO * c electric fumace Mg + co .

me cases CO produoed in the furnace itself isused asa reducing agent.

te) —22C— Sn+2C0

jon with cO:Inso
__»2Fe+3CO,

_—3Fe# Co,

(B) Reduct

snce’

Educating for better tomorrow
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carried out in blast furna@

arbon mMonoxide reduction process is usually
of metals.
pon may take place.
2

of using carbon as reducing agents €.9-, d
iic oxides like CaO give metallic carbides instea
f the oxide and car

AferallirZy
C‘grban or ¢
disadvantag®
(a) some metal

ling of the products, in many cases, reformation ©

ca0 +3C —*= cac, + CcO

(b) During the coo A
Mgo +C === Mg +CO

2z Reduction by other metals - :

ks temperature naeded‘ for carbon to reduce an oxide is too high, for economical or practical PUFPOSE:&

reduction by other metals is done. Also, certain metallic oxides cannat be reduced by carbon o b‘a

greater than its affinity for carbon. Such metallic oxides (Crand Mn) ca;n e

such as aluminium that liberates a large amount of energy (1675

Process is known as Goldschmidt or aluminothermic process and the

affinity of oxygen for the metal js
reduced by 3 highly electropositive metal
kJ/mol) on oxidation to ALO,. The
reaction is known as thermite reaction,
2Al+ Fe,0, — ALO, +2Fe (molten) ; AH =
3 Mﬂgo.a «8Al — 4Al2oa +9 Mn
— 2B +ALLO, (extraction of boron)
mceﬂd.sswlith zxpfos:ivg violence and only initial heating is needed.
Sed In similar way to reduce oxides. In certain cases

itive metals are used to reduce halides.

— 3230 kJ (The reaction is used for thermite welding)

B0, * ;
Asitisa strongly €xothermic reaction, it p
nesium reduction methed : Magn
:::aj‘e the oxide is 100 stable to reduce, electrop

Krollprocess .
TiCl, +2 M3 = 0011500 > 1! + 2 MgCl,
Ti+4 NacCl

gher reducing power of the metals and solubility

IMI process
—_— e
washed free from impurities.

Tj'C_L +4Na
of using Na and Mg as reducing agents are the hi
s in water so that the reduced metals can be
phide ore of some of the
se is changed into oxide
nd SO,.

esium j
os|

Advantages
of their halide:
so called auto-reduction method or air reduction method. If the sul

3. Self-reduction method :

i dis all
This method i e metals like Hg, Cu, Pb, Sb, etc. are heated in air, a part of the
at reacts with the remaining part of the sulphide ore to give its metal a

less electropositiV
or sulphate then th
Examples: 2HgS+30, — 2HgO + 280,
2HgO + HgS — 2Hg + SO,
CUES + 302 — 3CU20 =2 Soz
2Cu,0 + Cu,S — 6Cu + SO,
2PbS + 30, — 2PbO + 2 502
2Pb0O + PbS —— 3Pb + SOZ
The extraction of Pb by heating its sulphide ore (PbS) in air can also be represented as

PbS +2 0, — PbSO,
PbSO, + PbS — 2Pb +2 SO,
4. Electrolytic reduction :
r:: ;fos:r;tj r:::i- rrggié i?]werful ,meﬂ;l:)ddof rteduction and

emical methods, it i i i
aluminum or for production of sam ples r’n: r:isglfjfs;ﬁ:.hg ef;rrglit?cr?:g;z;orr?g:‘aéso SU;? :S n::? gnesif{m i
taminants such as silver. PR iesedding

advantage of allowing the recover of valuable minor con

gives a very pure product. As itis an expensive
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