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Metallurgy /=~
| Metallurgy

|

Introduction :

:25 con:npnlund of a metal found in nature is called a mineral. The minerals from
undg:mlza ly anp conveniently extracted are called ores. An ore is usually contamina
ired materials known as gangue. So all minerals are not ores but all ores are minera

classified mainly into following four classes.

(:) Nal.ive ores : They contain the metal in free state, Silver, gold, platinu
(b) Oxidised ores : These ores consist of oxides or oxysalts (e.g. carbona

silicates ) of metals.

(c) Sulphurised ores : These ores consist of sulphides of metals like iron, |

which metal can be
ted with earthy or
|s. Ores may be

ative Oreg_

m etc, occur asn
sulphateg and

tes, phosphates.

ead, zinG, mercury ete,

(d) Halide ores : These ores consist of halides of metals.

Important ore ;
1. Oxide ore:
(i) Bauxite —»Al1,0,.2H,0 (Major ore of Al)
(i) Haematite - Fe,0,
(iii) Zincite =Zn0
*(jy) Cassiterite or tin stone = SnO, (Black Tin= 60

2. Carbonate ore :
() Lime stone — CaCO, (ii)
(iii) Siderite — FeCO, w)
(v) Azurite - 2CuCO,.Cu(OH), (Vi)
*** (vii) Cerussite — PbCO,
Epsom salt — MgSO,.7H,0

3. Sulphate ore:

4. Silicate ore : Feldspar — KAISi,O,

ulphides of metal like Iron, le

—70% SnO,)

_,CaC0,MgCOs

Dolomite
% CUCOS.CU(OH)Z

Malachite
Calamine-—»ZnCoa

ad, zinc & mercury-
Copper glance —* CuS

5. Sulphurised ore: Consist of s .
(i) Iron pyrites — FeS, (i) ; £
(i) Copper pyrite or chalcopyrite — CuFeS, ()  ZincBlende— Zn
() Galena—PbS (vi) Cinnabar — HgS

6. Halide ore :
(i) Cryolite— Na,AlF, (ii) Sylvine — KCl

= (jii) Carnallite = KCI.MgCL6H,0 W) Fluorspar — CaF,
() Homsilver— AgCl

oth sea water & earth crust.

Note: Mg obtained from b

— Solved

Which metals are suppo

——

sed to occur in the native state in nature ?

hemical series like Cu, Ag, Au etc, exist native g
res,

Example-1

Solution Elements below hydrogen in the electroc

Example-2  Matchtheores listed in Column-! with their correct chemical formula listed in Column 1
Columnl ColumnIl e
(A) Cassiterite ()  FeCO,
(B) Siderite (@  SnG,
(C) Cerussite ((p) PbSO,
(D)Anglesite (s) PbCO,

Solution SnO, i called as cassiterite or in stone, FeCO, is called as siderite, P i

3 + PDCO, is called as cenysgit

and PbSO, is called anglesite. So correct match is (A) — (a), (B) - (p), (C) - ©)
J §)and (D)

=(n).
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Metallurgy ,— “

Metallurgy :
The scienti [
metaslfl.lt?s’;&t’mc and technological process used for the extraction/isolation of the metal from its oreis called as
The isalati;in and extraction of
metals from thei i ' ' .
(A) Crushing of the ore. G IEEY.

(B) Dress.ing or concentration of the ore.
(C) Isol'atlon of the crude metal from its ore
(D) Purification or refining of the metal.

Chart1: [_——__Ei_g"@}lurgy
! I |

1TPyrometallurgy Hydro metallurgy Electrometallurgy
(Thermal treatment) | (use of aqueous chemistry) (use of electrodes)

Chart2: Steps involved in metallurgy.

Gravity separation

Leaching«—| By Chemical methodje— CO";?E‘::“"” Electromagnetic separation
v Co v'l'. ol B Froath separation
Calcination«—— ” reninetcras:fxi e |__BY , Roasting
[ Metaloxide |

—> By Carbon
Y - L—> By Aluminium

Semiting and reduction > Self reducti
(of metal oxide) > Self reduction

L —> Electrolytic
> By hydrogen

Liquation <— v
Distillation <— r'mf’“fe metﬂfj L5 Metal displacment

Cupellation «—-

Zone refining (-—-.__li Refining 4]

Electro refining <—
Vapour phase refining <— :
Amalgamation ¢<— Pure metal

1.  Physical Method:

(A) Crushing and Grinding : The ore is first crushed by jaw crushers and ground to a powder (pulverisation of

the ore) in equipments like ball mills and stamp mills.

B) Concentration : The removal of unwanted useless impurities from the ore is called dressing, concentration
or benefaction of ore.
It involves several steps an
the compound of metal and that of

d selection of these steps depends upon the difference in physical properties of
gangue. Some of the important procedures are described below.

|, Jhalawar Road, Kota (Raj.)-324005
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Metallurgy . It is based on the difference in the

ethod : |tisDbas ]

(i) Hydraulic washing or Gravity separation ot Le‘-"ga‘d“’"c'l“me is agitated with water or washed with a &
iti articles. In this, the powdere d away leaving behing
densities of the gangue and ore p : lay etc are washe ample-3
upward stream of running water, the lighter particles of sand . G2 is used. This method is generally -
heavier ore particles. For this either hydraulic classifier or Wilfley table is . solution
used for the concentration of oxide and native ores.
(ii) Electromagnetic separation : 2
It is based on differences in magnetic properties of the Exa‘“?‘e
ore components. solution
It is used when either the ore or the impurities associated S
with it are magnetic in nature. A magnetic separator 2 C
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 belt 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
impurities fall away from it.
Examples : Chromite ore(FeO.Cr,0,) is separated from
non—magnetic silicious impurities and cassiterite ore Electromagnetic separation
(Sn0,) is separated from magnetic Wolframite (FeWO, +
MnWO,). . de
f the low gra
(iii) Froth floatation process : This method is commenly used for the Cf(’:“uf:;:gatg’:; c;f copper) ; Zinc
sulphide ores like galena, PbS (ore of Pb) ; copper pyrites Cu,S.Fe,S; of s \-Z\av o different degree of
blende, ZnS (ore of zinc) etc., and is based on the fact that gangue and Ore"paw etted by water while the ore
wettability with water and pine oil; the gangue particles are preferer_ma y s are added.
cess one or more chemical frothing ag?]l"o“s like pine oil, camphor oil
which rises ta the top of the flotation cell. dded to the frothers so that
d with the

small quantity. The stabiliser are
hese get attache

particles are wetted by oil. In this pro
y the ore particles pass on

(a) Frothers : These form stable froth
etc., are used as frothers. These are added in

the froth can last for longer period.
(b) Collectors : Potassium or sodium ethyl xan
particles of the sulphide ore and thus make them water-
into the froth. Collectors are always added in small quantity. £
(c) Activating and depressing agents : When a mineral contains othe'r rl'"r'l15 :
of these agents activates or depresses the flotation property of other rr:m.er‘il ta?ns o ninaralsnamelyZnc
helps in separating the impurities. For example galena (PbS) usually cbo \aing potassium ethyl xanthate
blende (ZnS) and pyrites (FeS,) as impurities. Flotation 1S pgied out by ). The addition of NaCN and
(used as a collector) along with NaCN and Na,CO, (used as depressi ngi:l?;e;b e ol iricthe trothwhen
Na,CO, depresses the flotation propert);'of fnds a'r;;;l fhe:?r%:ilnfﬂ esoprrv; N s repeated by adding CuSO
air is blown in. After PbS has been collected Wi n, ! Y :
(activator) which activates the flotation property of ZnS grains which areﬂnc;wtrem ;V:;ismth the froth. The
acidification of the remaining material left in the flotation cell leads to the flotation -

a collector. T

Consequentl
rals as impurities. The addition

thate is used as
esent as impurities and thus

repellant.

gg ﬂ,.nq nnonao 00,
0,8, o
o%c” a

© ¢ o9Q

| Paddle draws in air
and stirs the pulp

Froth floatation process
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Example-3
How does N
Solution C ECWN e
i e anzﬁpressant in preventing ZnS from f i
Prevents it from ™m fo i
3 | nts it f the fo ot 2_ ;uﬁl\ayer of Na_[Zn(CN), campiexi htrmm?
N ; B N the surface of Zns
e nS and thus
Som'::on -4 FW - @ role of stabiliser in froth float ti
s ation pro
ro astforalonger period in presence opf ::13 .
. - stabiliser.
2 (Cl vl;Em:cal Method :
eaching : i
g Leachlng Is often used if the ore is soluble |
uble in some suitable solvent, e.g, acids, bases and

(©)

Conversion of ore into oxide is car

:ug;ta::;lle chemical reagents.
-g. Al ore, .
Ag ore, Au ore, low grade copper ore

L -
e g lumina from bauit
’ al ore of alumini i
impurities. Concentrati M, beuxite usually oopteins Si0,, | \ :
" ; ! J ains Si0,, iron oxide and titani i i

at 4?’3—523 Kand 35-36 gr:‘ :?g:d o b¥ digesting the powderei‘i ore with a conce:\:::;;n sgmgsn(z;(:lgga
sodium silicate) leaving bat ure, This way, Al,O, is leached out as sodium aluminate (and also SiO

ALO (a3 aid g behind the impurities, iron oxide and titanium oxide. S
T8 Sbica il OH(aq) + 3H,0(1) —— 2NalA(OH),}(a0)

onisn i i i
eutralised by passing CO, gas and hydrated Al,O,, is precipitated. At this stage,

the solution is i
2Na[A?(ec?g?d with freshly prepared samples of hydrated AlLO, which induces the precipitation.
The sodium silicate :]egq? +CO,(g) — Al,O,xH,0(s) + 2NaHCO (aq)
ains in the solution and hydrated alumina is filtered, dried and heated to give back

pure ALLO,:
Al '
zoa'tzO(s) 1470K /calcination Naon(s) s }(HZO(Q)

These steps com prises the Bayer’s process.

Other examples :

In the metall i

NaCN or Kcsfi'%};r?; s:lver and thc:xt of gold, the respective metal/ore is leached with a dilute solution of
presence of air (or O,) from which the metal is obtained later by displacement with zinc

scrap.

4M(s) + 8CN

X é o ‘(af) +2H,0(aq) + 0,(g) ——> 4[M(CN),}" (aq) + 40H(ad) (M=Agor Au)

,IHaq) + Zn(s) —— [Zn(CN),*(aq)+ 2M(s)

Extraction of crude metal from concentrated ore :
_The concentrated 01:e must be convertfad into a form which is suitable for reduction. Usually the sulphide ore
is converted to gxlde before reduction. Oxides are easier to reduce. Thus isolation of metals from
concentrated ore involves two major steps as given below.

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

(i) Conversion to oxide :

Conversion into oxide

By calcination By Roas_ting
(Ain air)
Whose: Sulphide ore

(A absence of air)
Whose: carbonate, oxide ore, hydrated oxide ore e::;::

ried out in two ways depe

nding upon the nature of ore.
(Raj )-324005
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ply of air or in thg

ncentrated ore strongly in @ limited sUp!

s about the following changes :

de of the metal, .9,
) —4 - PbO+CO,

WWW.GRADESETTER.COM

of heating the col
ng

Metallurgy
tlon. It is 8 process é
ﬁ:as'::;; o‘;:ir The process of calcination h;l e
a carbonate ore gets decomposed to 1o i
. ) —2— FeO + CO,; PbCO, (cerrussite
_4 , caO+CO,

(a)Th
FeCO, (siderite
re / lime stone)
_4 , ZnO+CO,
2cu0 +H,0+ CcoO,

Ccaco, (calcite ©
by
MgO + CaO + 2C0O,
xide ore gets lost as moisture, e.g.,

ZnCOy (calamine)
cucO,.Cu(OH), (malachite)
MgCO,.CaCO; (dolomite) —2
(b) Water of crystallisation present in the hydrated ©
2Fe,0,.3H,0 (limonite) —>—> 2Fe,0,(s) + 3H,0(g) T

Al,0,. 2H,0 (bauxite) _4A , ALO,(s)*+2H,0(Q) T
ore, gets expelled and the ore becomes porous. Volatile impurities ar

’ e

(c) Organic matter, if present in the

remoyed. : ted ore (generall

y ; ss of heating the concentra i

ot e i e am XTI processcnce et doss e o

heating. The process of roasting does the following things : otrequirs addiional

derate temperature. Some portion of the sulphide ores like gal i

to metallic oxide. If the temperature is fairly low (about soong&; ::g t&,‘?fgﬁi?,ﬁg:i?i

sulphate may be produced that are stable, and high ‘empe'a;m‘;;s

(a) Roasting at mo

(ZnS)is converted in!

SO, in the gaseous environment is more,
2ZnS + 20,

needed to decompose them.
2PbS + 30, —2— 2PbO +2S0,;
ZnS+20, 4, ZnsO,

PbS + 20, —2— PbSO, ;

* Some times roasting may not bring about complete oxidation.
2CuFeS, (copper pyrite) + 40, —> Cu,S + 2Fe0 + 330,

ngi, gza;ttgg at f.ligh temperature. The.sulphide ores of some of the metals like C

gly in the free supply of air or O, are reduced directly to the metal rat

4, 2Zn0O +2S0,

u, Pb, Hg, Sb etc., when
her than to the metallic

oxides, e.g.,
Cu,S (copper glance) + 0, — 2Cu + SO
PbS (galena) + O, —— Pb+80, ’

HgS (cinnabar) + O, —— Hg + SO

2
S:lfe re;uc{ion of the sulphide ore directly into metal by heating it in air or O, is called by various names like
-reduction, auto-reduction, air-reduction etc. The SO, produced is utilised for manufacturing of H,S0, .

(c) It removes easily oxidisable volatile impurities like arsenic (as As,0,) ) sulphur (as SO,), phosphorus (as

P,0,,) and antimony (as Sb,0,).

4M (M = As, Sb) + 30, — 2M,0,1
3 $+0,— 50,1 ;P,+40, — PO, 1

ese oxides are volatile and hence escape as gases through the chimney.

d) When t i
rg e{ impugtif;z ;Jgﬁesntrated tin stone ore SnO, (ore of Sn) is heated strongly in a free supply of air (roasti

o a;]d FeS present in the ore are converted into CuSO, and FeSO, respectivel ik
e u t‘+ 20, —=— CuSO0, ; FeS + 20, —2— FeSO, 4 i

cina i i i

lon and roasting are generally carried out in a reverberatory fumace. In case of roasting, th
. » theair

hol . .
oles are kept open while they are partially or completely closed during calcination

,n m i i i ’
0 e

t " . . » ‘ -

-Sfag formation :
Impurities and form
smelting.

oad, Kota (Raj.)-324005
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Metallurgy -

The princi
e I'Pfe :f slag formation is essentially the following
al oxide (acidic oxid :
e) + Metal oxide (basi
sic oxide) ——» Fusible (easi
sily melted) slag

Removal of un
wanted basic a idi i
copper pyrite. nd acidic oxides: For example, FeO is the impurity in extraction of Cuf
u from
2
CuFeS, +40,—— Cu,S +2Fe0 + 350
2

CusS + Fe i
, O + SiO, —— FeSiO, (Fusibleslag)
(upper layer)

—
(roasted pyrite ) e o
N ; (lower layer)
T unr\:th:I:e : \;Eirg_sr_nall amount of iron(ll) sulphide
ic impurities like sand and P,O .s ingi
, smelting is don
CaCO,—— Ca0 +CO, . ° )
:;;O + 8i0,— CasSiO, (fusible siag)
a0 +
P,0,,—> 2Ca,(PO,), (fusible siag - Thomas slag)

in the presence of limestone.

F_'roperties ofaslag:
(i) Slag is a fusible mass.

(u) It has low melting point.
g") It is lighter than and immiscible with the molten met
separate layer on the molten metal and can thus be easily sep
on the molten metal prevents the metal from being oxidised.
types viz., acidic flux and basic flux.
metal) like SiO,, PO, B0, (fr
The acidic flux combines with
me stone, CaCO,), MgO

purity like Si0,, PO ete.

al. Itis due to these impurities that the slag floats as
arated from the metal. The layer of the slag

Type of flux : Fluxes are of two

(a) Acidic flux: Itis an acidic oxide (oxide of a non- om borax). Itis used 1o
remove the basic impurity like CaO, FeO, MgO etc. the basic impurity and
de of a metal) like CaO (obtained from li
Jetc. It is used to remove the acidic im

d forms a slag.
when a flux reacts with an infusible acidicor

forms a slag.
(b) Basic flux : It is a basic oxide (i.e., oxi
?‘;om mr_:lgnesite, Mg_COS). haematite (Fe,O
e basic flux combines with the acidic impurity an
Thu_s._slag can be defined as a fusible mass, whichis obtained
basic impurity present in the oxide ore.
nt or electrolysis.

d, using eithera chemical reducing age

(ii) Reduction of a metal oxide :
The free metal is obtained by reduction of a compoun
1. Chemical reduction method :
cial processes come under this category. Carbon can be used to reduce a number
ow cost and availability of coke this method is widely
ive and necessitates the

A large number of commer
of oxides and other compoun
used. The disadvantages are t

use of blast furnace.

(A) Reduction with carbon :
PbO + C—> Pb+CO (extraction of lead)
2Fe,0,+3C—> 4Fe (spongy iron) + 3CO,
ZnO+C __1200°C , 71+ CO (extraction of zinc)

extraction of tin)

ds, and because of the |

hat a high temperature is needed, which is expensi

SnO, + 2C (anthracite) __1800°C_, gn+2CO (

1200°C
MgO #G electric furace Mg + CcO
d in the furnace itself is used

In some cases CO produce

CcO— 2Fe +3C0,
co—> 3Fe +CO,
——»Pb+CO,
Cu+CO,

as a reducing agent.

(B) Reduction with CO:
Fe,0,+3
Fe,0,+4
PbO + CO

cu0+CO—
324005

r Road, Kota (Raj.)

IPIA, Near Gity Mall, Jhalawa
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A

g ide reduction process is usually carried out in blast furnace. There are somg
Carbon or carbon monoxide redu

disadvantage of using carbon as reducing agents €.9., s of metals:
(a) Some metallic oxides like CaO give me nste

Ca0 +3C —2 caC,+CO
(b) During the cooling of the products, in many
MgO + C =——=—> Mg + CO
cool

tallic carbides i

cases, reformation of the oxide and carbon may take place.

2. Reduction by other metals : . i
If the temperatufe needed for carbon to reduce an oxide is too high, for economical o prachczl 2:?;5?:5’,
reduction by other metals is done. Also, certain metallic oxides cannot be reduced.by carbon be D
affinity of oxygen for the metal is greater than its affinity for carbon. Such metallic oxides (Cr and Mn) ¢ pihas
reduced by a highly electropositive metal such as aluminium that liberates a large EIITlOl{!'It of energy ( 4
kJ/mol) on oxidation to Al,O,. The process is known as Goldschmidt or aluminothermic process and the
reaction is known as thermite reaction.
2Al+ Fe,0, — AL O, + 2Fe (molten) ; AH =~ 3230 kJ (The reaction is used for thermite welding)
3 Mn,O, +8Al —> 4 AlLO, + 9 Mn

B,O, + 2Al —— 2B + Al O, (extraction of boron)
As itis a strongly exothermic reaction, it proceeds with explosive violence and only initial heal'lngr';s ‘neigzg-s
Magnesium reduction method : Magnesium is used in similar way to reduce ‘:]‘_'X 'F‘gs;s‘" cRpam
where the oxide is too stable to reduce, electropositive metals are used to reduce halides

TiCl, +2 Mg % Ti+ 2 MgCl,

TICI" + 4Na M Ti + 4 NaCl
the higher reducing power of the

Advantages of using Na and Mg as reducing agents are y s
of their halides in water so that the reduced metals can be washed free from im purities.

metals and solubility

3. Self-reduction method : .
This method is also called auto-reduction method or air reducti

less electropositive metals like Hg, Cu, Pb, Sb, etc. are heated lin air,
or sulphate then that reacts with the remaining part of the sulphide ore

on method. If the sulphide ore of some of t‘he
a part of these is changed into oxide

to give its metal and SO,

Examples :
2HgS + 30, — 2HgO + 280,

2HgO + HgS —— 2Hg + SO,
Cu,S +30, — 3Cu,0 +2 30,
2Cu,0 + Cu,S — 6Cu+ SO,
2PbS + 30, — 2PbO + 2 SO,
2PbO + PbS —— 3Pb + SO,
The extraction of Pb by heating its sulphide ore (PbS) in air can also be represented as
PbS +2 0, — PbSO,

PbSO, + PbS ——> 2 Pb +2 SO,

4. Electrolytic reduction :

Metallurgy
Medium :
\n agueo
products
sulphate
In other
walter a
3. In fuse
Alumir
chlorir
adder

1.

Elec
Elec
and
fror
the

wi
P!
¥

\

It presents the most powerful method of reduction and gives a very pure product. As it is an expensive
method compared to chemical methods, it is used either for very reactive metals such as magnesium or
aluminum or for production of samples of high purity. Electrolytic reduction of copper has the additional

advantage of allowing the recover of valuable minor contaminants such as silver.

RE SD na nc e@ CO@Me Office: CG Tower, A46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.}-324005
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Metallurgy
Medium : 4“—
nd cheaply in aqueaus solution thatthe
ution of their 3

Inaqueous s i
olution : El +
products do not react wi uctrolysis can be carnad o i
o e Sopper e e amaned oy
y e

sulphates.

In other solv

ents : Electrolysi :

ysis can be carried outin solvents other than water. Fluorine reacts

1.
\ectrolysis of aqueous sol

wiolently with

2.
water and it is pro
3. In fused melt,z. 3 dE"lJ:::aﬁfsT: cttrol'?l"sis of KHF, dissolved in anhydrous HE
at react with water are often extracted from fused melts of their lonic salts.
sed mixture of ALO, and cryolite Na JAIF - Both sodium and
to two-third by weight of caC\,is

grl]ll.l;lii:um is obtgined by electrolysis of a fu
ik z :;e ?btam_ed from the electrolysis of
n impurity to lower the melting poin

fused NaCl. In this case up
t fromn 803 to 505°C.

E : .
E::;‘g;?:géﬁi:?"“ﬂmas of metallurgy
iol
n canbe regarded asa technique for driving 2 reduction by coupling tthrough electrodes ;
ess with a more negative AG. Thefree eneray available )
the electrodes using the 2

ve or a physical proc
duces across

?nd external circuit to a reacti
rom the external source
; can be assesse
thermodynamic relation : e
. AG =-nFE wineneerll)

et clsiogh St F B >

:.ar:tp ;S the number of electrons transferred, F is Faraday's constant (F= 96.5 kJ/mal)
po ial of the redox coupled formed in the system.

| and external processis

Hence, the total Gibb's energy of the coupled intern?@

AG + AG (external) = AG—NFEw

If the potential difference of the external source exceeds
__se
Euﬂ = nkF
ally feasible; thus, the overall cEesS 0Ccurs
negative values of the electrode potentia\. So their reductionis difficult. \f tne
positive g° and consequently negative G° inequation (1), then

| come outof the solution and the more reactive metal will go to the solution, eg.,
_ cu? (aq) * Fe(s) — Cu(s) + Fe* (@)
In simple electrolysis, the M ions are discharged atnegative ele
Precautions are taken considering the reactivity of the metal produ
electrodes. Sometimes a flux is added for making

Hydrometallurgy : The processing of ores and minerals
low, often am bient temperatures employing aqueous solution i
is generally Us€

ts are also used. This method of extraction
de oreitis \eached out using acl

otential it pro
and E°is electrode

the reduction is thermodynamic pro witha decrease inree anEI.
More reactive
difference of two

the less reactive metal wil
depos'-.ted there.

des Yand
are used as

ctrodes (catho
ced and suitable materials
the molten mass more conducting.

ir compounds atr

d for low grade ores. Copper s
d and pacteria. The solution

organic reagen
extracted by hydrometallurgy from low gra
containing Cu*is treated with scrap jron or H,.
cuso,+Fe — Cu(s) + FeSO, )
A hydrometallurgical process for the extraction of metals from ores, concentrates, or second?w mateqa\s
essentially contains three pasic step issolution ofthe yaluable metal inthe aquf:ous -§0\u’t\on Qeach\n@
puriﬁcation of leach solution and subsequent recovery metal from the purified solutions either py electrolysis
or by adding some electroposiﬁve metal to it.
some of the metals obtained by hydrometaﬂurgy are as follows . ' N
(A) Extraction of AgandAu: Metals like AU and Ag canbe prec‘\p‘\iated fortheir salt solution by eleciroposive
metals for example, Zn- r-? .
MetallicAg is dissolved from its ore in dilute NaCN solution, a_nd the solute SO pbta\ned \str{a?\lt:dv?;:\:crz?d
7nwhenAd is recipitated- Air is blown into the solution oxidize NaS. Leaching the retals like sWVel, o
with CN-is an oxidation reaction (A9 — Ag* or AU— Au®) 5
Ag,S (9)+ 40N @A) 2 AgCN) (B +S z(im( )
- L Zn (O (aq) +2Ra S
2[Ag(CN)) (B9 * Zn( ) .
2 m0oH—*4 (AUCN)F () + 40N (s0)
q)+2Au ()

CN-(aq) + Y @+
s) — [ZH(CN)AZF (a
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i esses
(B) Extraction of Aluminium : itinvolves the following proc

Metallurgy
_Metaii TS
THE
Kk's Method i
(a) Purification of bauxite : (i) sgrp?huﬂ b Sonug The
(1) Hall's Method ining Fe,0,and | (used forwn e SELs ng ext
() Bayria Myt i (used for red bauxite containing Fe;0, sllicaas im ; e
(used for rled' b:;.ixﬂa containing Fe,0, and silicates as impurities) . AL, SO acE Nz—-_.__,___*‘“"‘c 2y
te: u s " S fatnacy
Afgmzﬁsgi ;nr?ao; —)’i"—; ALO,.2H,0+Na,CO, +2H,0 | 2AIN + 3CO + 2H,0 i)
o - 2NaAlO, (soluble) + CO;+ 21 2AIN + 3H,0 = AI(OH)L + Ny er
2NaAlO, (soluble) + 3H,0 &a"C 200. + S %
Fe,0, (insoluble) separated as red mud by 2NaAlO, +3H,0+CO; —__-.L’ Hais0) S!Qz + zcgaa-isas aal i i, :
filleration solution is diluted with water and 2AI(OH), L +Na, Silicone v sphuss i '
seeded with freshly prepared AI(OH),. It induces UBKA , AL O,+3H.0 2A1(0H),—12E22 5 ALO, + 3H,g i
the precipitation of AI(OH),. AI(OH), is filtered 2AI(OH), ——* A4
leaving behind silicates in solution.
NaAIO; +2H,0 — NaOH +AI(OH), +
2AI(OH), —173K 4, pj o +3H,0

o oytic reduction (Hall-Heroult Pmﬁte s)Srjr:c:aF (fluorspar) ) which lowers th:- me“Lr::?ep::::tdi g:z
ifi is mi i cryolite 2 de and grap
;?x‘ir.?r:n;l:: ,;:grcl)gasfscr:r:ﬁiix?t;&?rﬁlf:rs(erdymatrix is efectroly?eri.'l'ifilvz?gl]loreaction?'ﬂay be taken as :
used. The graphite anode is useful here for reduction to the metal.
2AL0. +3C — 4Al + 3CO 5 5 e oxygen
The electol = i Y f th It SS i ;:-risd out in an electrolytic cell using carbon electrodes. Th 'YS'J o
i o e e ducing CO and CO,. This way for each kg of aluminiu
liberated at anode reacts with the carbon of anode producing S st ata
produced, about 0.5 kg of carbon anode is burnt away. The electrolytic reactio :
Cathode : AP* (melt) + 3e-— 5 Al(l)
Anode : C(s) + O* (melt) — CO(g) + 2e-

C(s) + 20* (melt) —, CO, (g) + 4e-

Electric Frozen crust of
insulation alurmina and Control
electrolyte \ lamp
4 !
_'§ T
Dynamo

Carbon lining
(cathode)

Extraction of Na : The fused mixture

of NaCl and CaCl, is taken in Down'’s cell w‘!ﬂch consists of circulgr
ron cathode and carbon anode. On passing the electric current the following reactions take place:
lonisation of NaCl : NaCl —— Na* + CI-
Collection of Na at cathode Na*+e — Na(Reduc.tion).
Collection of Cl, at anode Cl"+ e~ — Cl (Oxidation), Cl+Cl—>Cl,.
Na can also be obtained by electrolysing molten

NaOH in Castner's cell.
—_— Solued Ervamples

aluminium

Example-5 Common impurities present in Bauxite are :
(1) Cuo (2)ZnO (3) Fe,0, (4)Sio,
Solution (3) Red Bauxite contains F &,0, as impurity. (4) white Bauxite contains SiO, as impurity.
Therefore, (3) and (4) are correct options.
Exan_:ple-s Wh{ch metals are generally extracted by the electrolytic reduction and why ?
olution Sodium, aluminium, Magnesium etc. are extracted b
because be

' y the electrolytic reduction of their fused salts
INg more reactive and el

ectropositive elements they themselves acts as strong reducing
agents. Hence they can not pe extracted by any of the chemical methods,

'Resonance

Educating for better tomorrow
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RMODY
The stang Ics oF
extraclingathrie:'fﬁtmde reduction poh‘:;n:‘ -ELLINGHAM DIAGRAM OF
by chemical red: ?1 fonits *’mn"npl:mncismll-f;f S povkisse ey Qoodﬁlz!a”-
fundamental i ction of their oxid - However, since most meta indicator or the ease or difficulty of
ntal importg : e, the free melals of industriali
nce. Despite the energy changes occurring during tha B omaI g een
: E ese processes are of more

ener

Itis sguyfr?c?e:]zl:st ogative, AQ = AH-Tag : ‘

Here a negativ?a 32?3 ider AG because itis related to the equilibri |

also relevant, but ateh‘_’f AG corresponds to K> 1 and E::S oo it A S | -

themcdynamica“y ! |gf‘1 t.em Mot g aré Oﬂr:fo{re. a favourable reaction. Reaction rates are

il il enrgcg:msmle mlsadabbss ikl n fast and we can normally assume that any

metal (apart f S 9_3 metal from its ore is : i i

fastal p fom simple binary compound essentially concerned with decomposing the oxide of the

mes ros congict Sscaraly s‘suc_l‘\ as metal sulfides and chlorides that occur in nature). Most E
arbonates, sulphides ot etal oxide in association with one or more nonmetal oxides. Ores lik -

The free energy of forrm C., are a!so converted to oxides, prior to reduction e . ‘

ation AG is the standard free energy of the reac:ti.on:

XM+-!0
o Uy —2MO, il (1) or
" y 2 y oy

AG isthe free ene ;

Fiho ciilod freer?ah:azr formation per mole of O, consumed.

' e gy of formation AG has a negative sign atagiven temperature, then the oxide canbe
spontaneously from the metal plus oxygen. If AG has a positive sign, the oxide will be

_?_:pe;cted to decompose spontaneously to its elements.
e free energy of formation of an oxide can now be determined, provided we know the entropy of formation.
AG = AH—TAS o)
a more random structure (less

action. Gases have
ness decreases, and hence AS is

). Thus, if the temperature is raised
AG then becomesless negative.

L?J:_ae‘ﬁlop (2) oxygen is used up in the course of re:
hénaitiv é( hg:_gc;;nd or sc_v[ids. In this reaction the entropy or random
then TAS tl:emi that neither Fhe mgla'. nor its oxide MO, are vaporized
Thus. the chanme"?' more negative. Since TA§ is subtracted in equation (3),
The f;ee s ge in free energy decreases with increase in temperature. _
Sraphical rgy change that occurswhen 1 mol of common reactant (in this case O,) 1S used may be plotted
i y against t.em perature for a number of reaction of metals to their oxides. This graph is shown in
ollowing figure and is called an Ellingham diagram for oxides. Similar diagrams can be produced for 1 mol
of S, giving Ellingham diagram for sulphides and similarly for halides using 1 mol of halogen.

‘\ﬂz‘:’

HgO

Free energy change (kJ/mole)

____,____;.___1-—-1-—*_:.-__.1-_-»——-‘"——"“""__
joo0 1500 2000 e

Temperature/'C
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WWW GRADESETTER.COM , =— AS.Itis noted that the entrar. |
This figure shows a number of oxide plots with slopes defined by A%;Jth at the boiling point of neither g,
change in reaction (2) is roughly the same for all rnetal. oxides provi ' of all the graphs are roughly (e,
metal nor oxide is exceeded. Thus, below the boiling point of metal the slope ture is raised a point will be
same, since TAS factor is same whatever be the metal. When the tempe;;la L;:ge energy of formation of
reached where the graph crossed the AG = 0 line. Below this temperature the of formation of the oxide is
oxide is negative, so the oxide is stable. Above this temperature the free energy en. This explains why
positive, and the oxide becomes unstable and should decom pose into metal and oxyg ti:;ally oil pyidanca
HgO, for instance, decomposes spontaneously into its elements when heated. TheorE_ od I‘n practice, that
be decomposed to give metal and oxygen if a sufficiently high temperature can be_a.malnf “.1 e 'The
are easily attainable and these metals can be extracted by thermal decomposition of the - hoid s
diagram predicts that MgO and ZnO ought to decompose if heated strongly enough, but it does el
much hope for obtaining say pure Mg by straight forward heating of the oxide to a hlglj tEr_npera 'ur bl
the boiling point of the metal is exceeded. However the slope increases since the reaction is now involving
larger entropy change as the random ness increases in reactants. For example,

2 Mg (g) + O, (g) —— 2 MgO(s)
Here, three moles of gas phases are converted into solid phase in the reaction. This takes place above
1120°C, which is the boiling point of Mg.

Similarly Hg—HgO line changes slope at 365°C. Several of the plots show abrupt changes in the slopes.
These breaks occur at temper,

ature at which the metal undergoes a phase transition. A smaller effect is seen
at the melting point. If, howeverthe oxide undergoes a phase change, there will be an increase in the entropy
. ! § of Pb, the oxide
of the oxide, and at such a point the curve becomes less steep. For example in ﬂ'fef case o end
(PbO) boils while lead is liquid. In these instances the entropy change becomes positive f,°" the":,rbei__ roached
hence the slope AG/T changes sign, the situation reverting to normal once the boiling point of p rei,ducing the
In principle, when the plot of one metal lies below that of another, the first metal is f:apablte C"_l T gives the
oxide of the second. A vertical line drawn on the Ellingham plot of the metal qmdes‘ aha Z Kiay Al b
Sequence of the stabilities of metal oxides. A metal forming a more stable oxide (higher i o s
potential reducing agent for a less stable oxide. If the two lines intersect, the free energty r?a il mekethe
reduction will be zero at that temperature and equilibrium results, but a change of temﬂer%‘:e duce CuO and
reaction proceed provided no kinetic barriers (activation energy) exist. Thus, Mg metal w:).l“ approximates
FeO but not CaO. Also, it is seen that at room temperature (27°C) the order of reducing ability
that of standard electrode potential. - 100°C,
Although the SiO, line is above the MgO line, Si can successfully reduce MgO to free mit::_' :bpc:\? ; 1? gogc
the normal boiling point of Mg, the AG plot for formation of SiO, and MgO are parallel. Ho‘f]v?eooo’o the reaction
the plot for MgO changes slope owing to the increased entropy Effect- and ab'OVE‘: rthet enhancedls
between Sij and MgO proceeds with decrease in free energy. In practice, the reaction is fu 4
the distillation of Mg metal from the reaction mixture.
2Mgo + Si —— 2 Mg + Sio,
Carbon or carbon monoxide as reducing agent.

In figure the plot corresponding to the change C (s) + O,(g) — CO,(g) is shown by a horizontal line. For
this reaction AS is relatively small because in this case one mole of gaseous product is formed while one
mole of gaseous reactant is used up. AG for this reaction is almost independent of temperature. The plot for
CO, is relatively high in the figure, and at low temperature C will reduce only a few of metal oxides shown.
However, the slopes of the plots for several of the metals are such that they cross the CO, plot; hence
theoretically these metals can be reduced by C at elevated temperature.

An altemative reaction involving carbon and oxygen is the formation of CO.
2C(s) +0,(g) — 2CO(g)

since two of gaseous product is formed from one mole of gaseous reactant, this process is accompanied by
nincrease in entropy. Hence, the slope of the corresponding line is negative as shown by the downward

Jping line in the figure. If the temperature is high enough, C should reduce all the metal oxides,
werted into CO. The plot for the reaction of CO with oxygen is also shown.

're are three curves for carbon, corresponding to complete oxidation of C to CO,, partial oxidation to

0n monoxide, and oxidation of CO to carbon dioxide. The three curves pass through a common point at
2. Thus, the free energies of formation of CO, from carbon monoxide and carbon dioxide from carbon are
cal.
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Dpy
th | 2co
th: . ::g{n *OL9) — 2c0,(q) “_
5 AG =
b‘i—: Subtracting one e)q:l OtiZ(S) GO i
‘o a =
co (g‘)’f:'from the other and rearranai AG = x kdimol
2 C(s) =2 co(g) nging, the following is obtained -
AG=0 &

Thatis g
» an equilibrium j
hy than quilibrium is set. It i
ca .ltis
in lie abm:zfiz. but above this tempg;?; below a temperature of 710°C, CO is a .
Crbenic lha! for oxidation of zinc UIlr:;ItQE; reverse is true. All lhree.oxidatior::%ﬁific:‘l\;\e red::}cl(;ng i
ermodynamicall X emperature of a i o the carbon systam
ca 7 pproximatel °C j ¥ 2
y capable of reducing ZnO to Zn. Since thi);?(:?n(:; fréfu’ia‘-il,“;“' Aitis poirt,
reater than the

at
e boiling point of Z,
n (907°C), it wi
#t ZnO(s)+C ) itwill be formed as a vapour. The overall equati ioni
(s) — Zn(g) +CO(g) quation for reduction is

tis

0 e
® Zinc melts

100 = Zinc boils

200

400

600

Free energy change (kJ/mol)

1
I
]
[]
1
1
1
i
1
1

800
0 500 750 1000
Temperature (°C)

|

1500 2000
ent is due to marked increase in disorder that
le of oxygen to give two moles of CO. The net
(anincreasein entropy). ltisa factthatinthe
o<t metal oxides to metal.
hould consider the overall reaction

It is interesting to note that the value of carbon as reducing ag
takes place when carbon (an ordered solid) reacts with one mo
effc?ct is an extra mole of gas and hence an increase in disorder
region of 2000°C, carbon is thermodynamically capable of reducing m
Thue:., for most metal oxides, a reducing agent is required and we S
obtained by subtracting the metal oxidation from one of carbon oxidation as

AG, o = AG ()~ AGyy,

overall

Metals as reducing agents :

Mefal oxide reduction is thermodynamically favourable for temperatures atwhich the line for the metal oxide

is above any one of the lines for carbon oxidation, for the AG for metal oxide reduction by carbonis negative.

Note : The Gibb's energies of formation of most sulphides are greater than that for CS,. Infact, CS,isan
compensated. So reduction of M,Sis difficult. Hence

endothermic compound. There, the ,G® of M, is not
it is common practice to roast sulphide ores to corresponding oxides prior to reduction.
lies above AG , from W

Similar principles apply to other types of reduction. For instances if the plot of AG
is now taking the place of C. When AG = AG 4y~ AG,is negative, the reaction, MO + W —— M+ WO

is feasible.

Hydrogen as a reducing agent :
btaining metals from their oxides.

Hydrogen is not very effective reducing agent for o

The reason is that AS is negative for the reaction :
—— 2H,0(0)

2H,(g) + 0,(9)
3 moles of gas 2 moles of gas
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-______j)llea‘ah’urgy & rises with tempera
as the products are less disordered. The plot of AG against T therefore U- s suchas Cu Sre, m,
duces oxide Ul o Mey
y with difficulg :ua :u,m —

not many metal oxide plots are intersected. H, will therefore T ced onl Y.
oxide, but not the oxides of Al, Mg, and Ca. Oxides ot irom v restablisr'ed‘ k. “? N
rium composition 1S readily © duce these oxides. ) o”‘tﬂl]‘
o

magnetic iron oxide Fe,0, an equilib H, can be re

In the case of W, Mo, and Co AGisa
MoOQ, + 3H, — Mo + 3H,0

GeO, + 2H, — Ge +2H,0
Co,0, + 4H, — 300 +4H0

bove that of H,0 s©

H, at elevated temperatur® formip,
M

_ 421 kJ) is thermodynamicay, fo

WO, + 3H, ——> W +3H,0 ith
This method is not widely used because many mstalomasct “:
There is also a risk of explosion for H, and oxygen in the air.

— Sstued Evamples

AG°=
Example-7  Thereaction Cr,O,+2Al—> ALO,+2Cr (asss lace at o
: asis apparent frozm the Gibb's energy value- Why does it r;IO: ;z:t?oliq::m:::hr:i)en:r::mpermum%"
Solution Certain amount of activation energy is essential even for suc ”“Udyna%
feasible, therefore heating is required. S \
Example-8 s it true that under certain conditions, Mg can reduce Al,O, an can reduce MgO? Whay :
those conditions ? = g
Solution Below 1350°C Mg can reduce ALO, and above 1 350°C. Al can reduce MgO as evident from
Ellingham diagram. he
"

Metallurgy of Some Imgonant Metals
1. Extraction of iron (Fe)

Ore: Haematite

};‘;’;mﬁ ; o Roasting/ Reduction of ”-m
Calcination| > fu > 8
(Fe,0,) i R e
| g
(Imperity)

Mefa!lurgy
Natura\'ty. the resultal

otre resentin
\;?:;sp‘dm‘:“a’d‘ A
16Gc.con < AGar
a similar way the
\he basis of lower!
In the Blast furnat
from the pbottom ¢
jitself. The burnir
moves o upper’
Fe,0,) coming

Oxide ores of iron, afte i
, after concen inati
tration through calcination / roasting in reverberatory furnace (t
O remoy
e

water, fo decompose carbonates and to oxidi

oxidise sulphi
a Blast furnace from its top wi Prase)
e p with the help of a cup and cone

Thermodynamics hel,
) Ips us fo understand h
of the main reduction steps in this process?: ‘coke e R Y s Tumee

FeO(s) + C(s) — Fe(s/) + co (9)

Itcanbe seenas a
; couple of two sij ;
other, C is being oxidised to COO. simpler reactions. In one, the reduction of FeOis

(11)

FeO( 1
S) P Fe(S) + Eoz(g) [AG

(FeO, Fa) J

rerrescnenn (12)

1
C(s) + 2% —co @ [4AG

(c.co)]

are mixed with lime stone and cok
eand fedi
arrangement. Here, the oxide is reducefc;afol?ﬁo
e

eis chosen, One

taking place ang inthe

- —
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SURAT

Tel.: 0261-6060660

g-mail: surat@resonance.ac.in

RAJKOT

Tel.; 0281-6002011

e-mail: rfot@resonance.ac.in .
VADODARA P
Tel.: 02656060660

e-mail: vadodara@resonance.ac.in

uoupl
Tel: 0820-2522449, 2522994, 9986663074

VUIAYANAGAR
Tel: 23111333/23111334

YELARANKA
Tel: 08028463922/ 42283643

CHIKKAMAGALURY
Mobile ; 7411329369, 9448336890

HASSAN
Mobile : 9481392014, 9972038283

JPNAGAR
Tel: 26595151/26535153,

NALABURE!
Tel: 08472-230014

. Mobile : 9845805200/ 3844510914

Corporate Dffice: CG Tower, A-46 & 52, IPIA, Near: City Mall, Jhalawar Road, Kota (Rajasthan)- 324005
Reg. Office: J-2, Jawahar Nagar Main Road, Kota (Raj.)- 05 | Tel. No.: 0744-3192222, 3012222, 6635555 | CIN: UBD302RJ2007PLCO24023

3 i

To Know more: sms RESO at 56677 | E-mail: contact@resonance.ac.in | Website: www.resonance.ac.in -
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