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SR Paration or levigation Crushed ore
betweep :‘ ]2“3 utilizes the density difference :
the ore, It is Or€ and impurity to concentrate
For exampl mainly applicable 1o oxide ores.
'-'!Dnc:ntratg; ' bSnozr Fe,0, and FeCr,O, are
i‘“"Pll-rilics_ Y this method from siliceous

w“]::d gbm"“!-' separation the crushed are is
ftted i I: a current of water on a sloping table
as Wil a series of corrugated boards known . .
fley table (Figure 6.2). The table is continu- Figure 6.2 Representation of gravity separayj,
ously vibrating as a result of which the lighter using Wilfley table. ;
particles move downwards and the heavier particles are left behind the corrugations (as barriers)
A sult.ahle arrangement is made 10 remove the heavier particles continuously, otherwise the “.
process will become ineffective after some time as heavier and lighter particles will start passing lhf::::i:

Ore particles

together.

Crushied ang
Magnetic separation pavdered ore
Generally this method is used to separate the Magnetic rolles &7
magnetic impurities from the non-magnetic ore. oo BT 4 Roller

For example, tin stone (SnO,) is separated from
magnetic impurity wolframite (FeWO, + MnWO,
(minor)) by this method. In magnetic scparation
powdered ore is allowed to move towards magnetic -

roller and fall downwards. The magnetic material C-oncrul-rated—‘gﬂg._l
makes a new heap because it is held to the roller
for a longer time (Figure 6.3). Figure 6.3 Representation of magnetic separater,

Canveyer belt

Magnetic impuricey
ure I

Froth floatation or oil floatation

This process is used Lo separate the sulphide ore from impurity in the ore. It is based upon the differentia
welting of the ore by oil and the impurity by water.

In this process, the ore is ground to fine powder and mixed with water 10 form a slurry, Any one of
the oily components such as pine oil, eucalyptus oil, crude coal tar, cresols, etc. is added 10 it together with
sodium ethyl xanthate as collector. Air is bubbled through the mixture which acts asan agitator and creales
bubbles. Finally, the ore is floated to the froth and silicious impurities are settled at the bottom of the tank. Thee
the froth is collected into a separate container and washed thoroughly and dried.

The oil added acts as frothing agent. It 7 s the ce lensi
stable froth. Reagents SUChis aniline of cresol are used to stabilize the froth.
involves an increase in air-water SUrface that means doing work against surface tension. The enerd)
W'

Air

Water

Figure 6.4 Froth floatation process for sulphide ore.
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The overall ore collecting process occurs through adsorption and depends upon the unbalanced forces on
the solid surface. ' ing® d and
Activator is a substance that is added to help the collector 5'33*]3“:"5“;" (o the particles 10 be g‘::‘ Al
s i isti e ore. For example, the . )
nen g ﬂo?gn%.c;::r:gcéﬁgg [:: Tﬂ: as activator to form a coating of CyS on the ZnS surface
as compared o thatof CuS. Hence £E5L22 i asactimtoglofom s SR EHE=———

and improve its floating charactenstics
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S el « 2 Prepared e At
oN ::D:. Thig “_I M._u_m_”.__ d Sample of hydrated ALO, s added to
mw_}:OIf:JQﬁ L alled seeding, It Induces the precipitation.
Sodium sili COL® - ALO,xH,0(s) + 2NaHCO, (ag)  (6.2)
nﬂﬂ ol NG "
m:mﬂma. Qﬂmmaﬂr '®mains in the solution and hydrated alumina is
and heated to give back pure Al,O..

Al,04.xH,0(s) 470K, Al,O,(s) + xH,0(g)

(6.3)

In the metallurgy of silver and gold, the respective metal is
leached with a dilute solution of NaCN or KCN .5. the presence
of air, which supplies O,. The metal is cdﬁwﬁma later by

replacement reaction. I (ag)
. _ 2H.0(aq) + O,(g) — AMI(CN),] \aq) *
i) + SCN (an)+ 2Ot el e AR oo, 184
5 (6.5
2 [M(CN), ] (aq) +Za() > Zn(CNT () THES - 2
L e .m.

T dpctions



6.4 CONVERSION OF CONCENIRKAIEV Witk ITEET= 1TE MAIUR

L W

This is generally carmed out by two methods —caleination and roasting.

Calcination

It is the process in which the concentrated ore is heated to a high temperature (just below i fusics
tempera u.. ¢) in the absence of air (or limited supply of air).

I. This process is mainly used for a carbonate ore to get its oxide
. -~
\Metal carbonate —2— Metal oxide + CO,

2. Hydrated ores or hydroxides become anhydrous by calcination. For example,

Fe,0,-3H,0—25Fe,0,+3H.0 T
Limonite

2AI(OH), —>- Al,0,+3H,0 T

3. Impurities like S, As and S removed in the form of their elemental vapours by calcination.
4. The products formed by calcination are always porous. s

Roasting
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General Principles and Processes of Isolation of Elements 1.11

1. Volatile impurities such as moisture, CO,, SO,, organic
matter
2Fe(OH), -4 Fe,0, + 3H,07

2. Water from hydrated ore
ALO,-2H,0 -2 Al,0,+ 2H,0
Bauxite

3. Carbon dioxide from carbonate ore
CaCO, -2 Ca0 +CO,1
Limestone
CaCO,MgCO, —*> CaO + MgO + 200,1
Dolomite
Calcination is usually
makes the mass porou
metallic staté in the next s

done in reverberatory furnace. It
s so that it can be easily reduced tc

tep of metallurgy.

+ 72 E 2 Roasting o
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Calcination is usually done in

reverberatory furnace. It
makes the mass porous so th;

: | at it can be easily reduced to
metallic state in the next step of metallurgy,

1.4.5.2 Roasting

Roasting is a process in which the ore (usually sulphide) is heated
strongly in presence of air, at o tempernture below the melting
point of the ore. This step ensures:

1. Conversion of the ore o the oxide form
2HgS + 30, ~% 2HgO + 250,
Cinnabar

Cu,S +30, 25 2Cu,0 + 250,

Copper glance

2ZnS +30, %5 2Zn0 +250,
Zinc blende

Sometimes, a part of the sulphide may act as reducing
agent as in the case of extraction of lead.

2PbS + 30, — 2PbO + 280,
Galena

PbS + 2PbO — 3Pb + SO,
Sometimes, insoluble sulphide ores are converted to
corresponding sulphate ore, which are water soluble.
CuS + 20, — CuSO,

ZnS +20,— ZnS0, - _
2. Removal of non-metallic impurities such as arsenic %5)1;
. antimony (Sb), sulphur (S) and phosphorous (P), whic
are oxidised to oxides, as volatile gases.
4As +30, —> 2As5,0, T
4Sb +30, —>25b,0, 1
s+0, —S0,T
P, +50,—> POy T
ted ores. -
3. Removal of water from hydn.a : i o
4. Makes the ore porous 0 that it underg
' in the next step of metallurgy.

i furnace or blast
Roasting is usually done in reverberatory

furnace (Figure 1.6)

)
bgca

l'cdu

® the



] 1.12 Inorganic Chemistry
Charge Charge
hooper Hangers hooper
Tie rod
E/ Magnesite
oa Furnace charge
< Silica

Fig. 1.6 Section of a modem reverberatory furnace

air vents are kept open, whereas during

During roasting, r completely or partially closed.

. . . = e
calcination, air vents are eith

R T v - ﬂn:dﬂd/tatdne:l Ore to Metal



3. Impurities ke S, As and S0 are 1= == _.ocqm
L] . c .
4. The ﬁﬂﬁu&ﬁﬁﬂm formed Uv- calcination are m__rf.m.%m —u .]’!/

Roastin .
Isting s heated to a high temperature (ust below itg fyg,

It is the process in which the concentrated ore 1

temperature) in presence of excess of air.

1. This process is mainly applicable for sulphide ores to get the corresponding metal oxides.

Metal sulphide+ O, — Metal oxide +S0, T

2. Sometimes the lower oxidation state oxide gets converted into higher oxidation state oxide. Fu

example,
mmn0+.w O, — Fe,0,

3. Hydrated ores become anhydrous through roasting.

4. The impuritieslike organicmatter,Sand Asare removed by roasting in the form of their volatile oxides
i.e. (CO,+ H,0), SO, and As,0, respectively.

5. The products formed by roasting are always porous.
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reducing agent w:a to pre a_m%ﬂﬁmﬂnnw for Enﬁﬁﬁw%awwm
Interpretationg o Em%%ﬁn metal oxide (M.0 will suit as the

ry of metallurgical transfo

€ in Gibbs energy. AG for any process

at any mﬁm.ﬂmﬂa temperature, is described by the equation:

. AG = AH - TAS . (6.14)

where, AH is the enthalpy change and AS is the entropy change for
the process. For any reaction, this change could also be explained:
through the equation: | L
_bOeuldeﬁ f the * tant ﬁBLn.ﬂ.

i uilibrium constant of the reactant =
whee A Eﬁwnmﬁn.ﬁ A negative AG implies a +ve Kin equation

tion proceeds towards
. can happen only when reac sions:
ol wdaﬂw%nw mummm mmwﬁm we can make the following conclusions
ucts.

e
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1. When the value of AG is negative in equation 6.14, only then Lhe
reaction will proceed. If AS is positive, on increasing the temperature.
(T). the value of TAS would increase (AH < TAS) and then AG will

become -Vve.

> If reactants and products of two reactions are put togetherinas
and the net AG of the two possible reactions is -ve, the overall reaction
will oceur. So the process of interpretation involves coupling of the
two reactions, getting the sum of their AG and looking for it
magnitude and sign. Such coupling is easily underst e
Gibbs energy (AG”) vs T plots for formation of the oxides (Fig 6.4\

—

'

e e

I}.'l':fii'u'lla .
1 representation of Gibbs energy was first used by H.J.T.Ellingha;ﬁ; |
s a sound basis for considering the choice of reducing a h; 1S

oxides. This-is known as Ellingham Diagram. Such diagrams help
the feasibility of thermal reduction of an ore. The criterion of {688

| . .
jven temperature, Gibbs energy of the reaction must be negath
R o =~ S = OE 0
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When the value of AG Is nogative in equation G4, o,
Tll‘.n Hon will proceed. 11 AS IS rositive, on e reasing 1. :‘? lhr,.‘
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reduction of oxides. This is known @8 Fiingham Diagram. Such diagrams fey,
of an ore, The eriterion of feas

in prdicting the fgastbilily ot thenmal peduction
is that at a given temperalure, Gibbs cnergy ol the reaction must be negative

an diagram pormally consisis ol plots of Afe vs T for formation of

for the reactlon,

{a) Elingh
of elements L.e..
IxMis) + L’i_,Ls._'r — 23'..013-.] . :

{ (hence molecular randomness) IS decreayn:

sseous armoun

In this reaction. the &
e consumption of gases leading 10 & —ve value of 58

from left to right due to th
which changes the sign of the second term in equation {6.14). sum
<hifts towards higher side despite rising T (normally, AG decreases |e.,

The result is +ve slope in the cu

jower side with increasing temperature).
most of the reactions shown above for formation of M Ols).

(b) Each plot is a straight line except when some change in phase (s—liq ar I
takes place. The temperaturc at which such change occurs. is indicated
increase in the slope on +ve side (e.g.. in the Zn, ZnO plot, the melting is indicat

by an abrupt change in the curve). i
(¢) There is @ point In a cunve below which AG is negative (So M O is stable] '
its owm.

(d) In an Ellingham diagratl. the plo

of the correspond
given. The values of A, G, etc.for formation of oxides) at ¢

are depicted which make the interpretation easy. _
fe) Similar diagrams are also constructed for sulfides and halides a

clear why reductions of MSis difficult. There, the Ajﬂ‘of 1,

Limitations of Ellingham Diagram
1. The graph simply indicates whether a reaction is
of reduction with a reducing agent Is indicated. This
only on the thermodynamic concepts. 1t does not say
reduction process (Cannot answer questions like how
2. The interpretation of AG is based on K (AG® = -R’Nnﬁi.
that the reactants and products are in equilibrivm: |

M,O + An-l‘ =xM + nom

This is not always true because the reactant/product may be solid.
how the reactions are sluggish when ,,-\-,3,}.' species is in solid state
»
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BT 2 1
the ore melts down.It is interestng to note here that AH (enthalpy change) and thi hu_.
fentropyv change) values for any chemical reaction remain nearly constant even on
varving temperature. So the only dominant variable in equation(6.14) becomes T.
However, AS depends much on the physical state of the compound. Since entropy
depends on disorder or randomness in the system, it will increase if a compound melts
(s—l) or vapourises ([—g) since molecular randomness increases on changing the phase

from solid to liquid or from liquid to gasl.
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ing ag orms its oxide when the metal o2
The reducing agent fi | ide when the metal oX £
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1.4.6.2 Auto-reduction or Self-reduction Process
In centain cascs., no reducing agent is required. The syinh:
less electropositive metals iy

. such as mercury (Hg) ¢
lead (Pb), tin (Sn) are reduced without the use of an: :

. additional
reducing agent.
When the ores are heated in air. a part of these ores is
changed into the oxide or sulphate, which then reacts with the
remaining part of the ore, 10 give the metal and SO, as shown
below:

1. Extraction of mercury from cinnabar (HgS)

2HgS + 30, —» IHgO + 150,

( srstashiad

JHgO + Hgs - g+ 3
]
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General Principles and Processes of Isolation of Elements  1.13

2. Extraction of copper from copper glance (Cu,S)
2Cu,S + 30, — 2Cu,0 + 250,

Copper
glance

2Cu,0 + Cu,S — 6Cu + SO,

Copper (Cu) so obtained is known as blister copper
because as it solidifies, S0, hidden in it escapes out
producing blisters on the surface,

3. Extraction of lead from galena (PbS)

2PbS +30, —> 2PbO +250,

Galena
2PbO + PbS — 3pph + SO,
or PbS +20, — PbSO,

PbSO, + PbS —> 2Pb + 250,

Elevated temperature and the anion/s associated with the
metal may bring about this change.

All roasting/smelting processes mentioned above make use
of reverberatory furnaces at some stage. The diagram of such a
modern furnace is shown in Figure 1.6. Oil burners shoot along
intensely hot flame down the fumace and melt the charges. On
the walls there are suitable tap holes for crude metals and the
slag. Such a furnace may melt upto 106 kg of charge per da:r'.
Smelting operations can also be carried out in converters. Air
is blown through the molten material, when the impurities are
Jargely removed as volatile oxidation products. Al?n-magn.e:fnte
linings are used in converters to slag off any metallic impurities.

Converters may be of two types:
1. Bessemer converter, similar to that used in metallurgy

of iron. | ‘
Peirce-Smith converter, which consists of a large
horizontal steel drum rcstf'ng upon rollers. Rolls of
steel tubes (tuyeres) pass 1.m.u the cm.wcrtlcr andlarc
connected to an air duct. Air is forccc! mtq the muhte::
bath of crude metal. The prnct':s..s provides its own hea
due to the oxidation of impurities and the temperature

rises to ~2673 K.
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Electrolytic reduction R

The oxides of strong electropositive mat

reduce them into metallic state by carbo s such a Ca

Na, A
N reducnop Proce lang Mg are very stable |y

. . . ) 8 becayse
1. The temperature requirement jg 4 ery high so the ¢ use of 1he '“”"“"ingru-.su",
2, The collection of metals i O € tuel coyg yy '
- il 15 1D hc- 'I-jOI'I ‘E'-h
acl with ai . € very ,
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Such metals are extracted by Passing electricity through their fused chlond
' e

example, s or oxides or hydroxides, For

I Nivis extracted from molten Na€l o molten NaOH

NaCl s Na' - (1 Sall <o Na <0l
Atthe cathode No <0+ 50 Atcathode Na 4 ¢ Nat
At theanode 201« 01 = 2¢ Atanode OH = OH +¢

01 = 2H0-01

cussed 1n the individual extraction),
2, 4 alracte n molten ALO, (details will be discusse -
AL it nnot be used as electrolyte here because then these electropositive melils
canng )

¢ cathode. |
can be extracted by the electrolysis
Pb, etc. For cxumple,

Note: Aqueous solution
in wi Latth
will react again with H.Oto liberate H; at

- the electrochemic
The - which come below Al in the elect
1 The metals which L;-mns o their salis This pr ess is 3P

of the aqueous solu L Zn
ZnsS0, soluton can be used 10 £

al series
plicable for Cu.Zn, Sn,

ZI‘!S”. 7= SO!
i de 1s
I cathode) and the reaction at the catho
s
i Zn or ,‘k l"
e used 18

cL e

n
¢t Cu and 50 respectively.

The electrod

s;jrl.'l!—"‘:dwg

Q solunon

SnS
larly. CusO. and 3

Simi



If fused cryolite and fluorspar is

reduction of Al;O;
of electricity. Metallic Al is

lumina melts at about 2000°C and is a bad i
f conductor of electricity.
the mixture melts at 900°C and Al,O; becomes a good conductor

ad at the cathode
s of molten mixture

Carbon

Graphite rods
- 60 parts cryolite + 20 parts fluorspar + 20 parts pure Al203

. 900°C
to the 1% theory the following reaction occurs
2AI"% + e —— 2Al

302 —30,T + 6e”
greater electrochemical stability it does not dissociate. It only increases the dissociation of

| theory states that, cryolite unde 15
indergoes electrolytic dissociation fi +3
F, at anode then reacts with Al,O, producing AlF;. rst then AI"™" goes to the




= ‘qq] + 2H B 411 mEl.hDd e - B .i-'llu "’ﬂu']

20(3"‘]] + D&(g] =
N)I'(aq) AN HAulen), 1,

In thlS re Q}' + 40”
act : (ag)
ion zine acts a5 , r‘-'t:s] + IZn{CN].I’" (aq) ¥ (650
' ¢ducing 4 (6.5]
ft mEtElil extracteq gent, 1
Mpurity, For obtaj Y metheq |

S usi:
!“l"lg Metals of hi Sually Contamijp

cle
Purily, severy, ed with some

; rrErE'n o | te
[ them €S in propertg “chniques are
(a) Distillation are listed hejoy. PETHEs of the mety and he
(e) Electrolysjs ®) Liquation
(e) Vapour phase refining o el

(f !
These are described in s o ) Chromatographic methods

il re.
(@) Distillation

This is very usefu] for low bo

iling metals like ; :
Impure § € zinc and mercury.,
P metal is evaporated (o obtain the pire metal as dlil_c.?;lig-::
(b) Liquation

In llhls method a low melting metal like Lin can be made to flow on
a sloping surface. Tn this way it is separated from higher melting
impurities.

(c) Electrolytic refining

Tn {his method, the impure metal is made to act as anode. A strip
of the same metal in pure form is used as cathode. They are put in
a suitable electrolytic bath containing soluble salt of the same metal.
The more basic metal remains in the solution and the less basic
ones go to the anode mud. This process is also explained using the
concept of electrode potential, over potential, and Gibbs EI:ICI‘E}'
which you have seen in previous sections. The reactions are:

Anode: Mn:—r M _+ ne o

Cathode: M™ + ne - M ;

Copper is refined using an electrolytic mclhud.. Anar{-:l'l;:i:nr:rﬁc
impure copper and pure cOpper strips are la'kcn .151 fhe sy e
electrolyte is acidified solution of copper 5“11"““;“ ant{mm S ar-l-ode
of elc(‘l;‘ﬂl}‘SiS is the transfer of copper in purc orm

to the cathode: - ) _
Anode: Cu— Cu” +2¢€ AT s

- Cal 2¢ — Cu
Cathode: Cu + de mud which
deposit as ano c :
from the blister COppeT : g plalinum:
Impurites o elentum, tellurium, sver, £010 &40 P
kel gse elements may meet the cosl of re :

r(;ﬂned this way.

Cpements
2 S5 ol 1‘-fllul.||l'|l] af 1
neral Principles and Processts

v 150  Ge




() Zone refining

This method is based on the prineiple g the |

Ty
spluble (o the welt i i the solid_state of .1,:;L-'1‘”"1;,,,

mobile heater 18 lxed of one end of g ";l—n[_-q'j?;.lr Al, "‘"I'r:?*'

(Mg, 6.7). The molten zone moves along withy g, h'l"*iﬂu, *ﬁt

moved Toowiard, As the healer moves ferrwiry r'r""r mj..:l'*t

m crystallises oul ol the mell and the hnp“””". " Mire “Hh

the adjacent ‘molten 20, 'I:l‘ b [P,

i Noble ; H_[_ repeated several Himes g the h:_" [-‘I’r;,,_"‘%

— oble-gas atmosphere = — in the same direction, At fllll‘p--'“nh"'h:

] ) pet concentraled. This ‘""l‘-llh“:i' |'Hp.r4‘

Metal rod — T ic L oRt-C00) method Iy very useful fr}r it o] y
folten zone

SLrV

Fig. 6.7

KoY

LG

G |
: done refining process gallium_and indium. r"-b-rr-,,].

4 e, L
heaters moving  semiconductor and other Mietaly iy

as shown purily, C_!.u_mm_:imtnlwwpug

fe} Vapour phase refining

In this method, the metal is converted into its volatile cop
and collected elsewhere. It is then decomposed 1o )

BIVe pure rr.,..

So, the two requirements are: pure meyg
il the metal should form a volatile compound with an ay

agent, Ulate

i) the volatile compound should be easily decom
the recovery is easy.

Following examples will fllustrate this technique.

Posable, o 5y

Mond Process Jor Refining Nickel: In this process, nickel {s heaied g

stream of carbon monoxide forming a volatile complex. nickd
tetracarbonyl:

Ni + 4c0 —%, Nj(CO), (6.3

The carbonyl is subjt'ctéd to higher temperature so that it
decomposed giving the pure metal:

Ni(CO), <=2, Ni + 4CO fo54

vag-Arkel Method for Refining-Zirconium_or_Titanium: This methed &
very useful for removing all the oxygen and nitrogen present In e
form of impurity in certain melals like Zr and Ti. The crude metl ®
heated in an evacuated vessel with jodine. The metal fodide b
more covalent, volatilises:

;50
Zr + 21, - Zrl A i

The metal iodide is decomposed on a tungsten filament, rl;‘«'ﬁ
heated to about 1800K. The pure metal is thus deposite
filament. :

- 1&5-"
Zrl, = Zr + 21,

{ Chromatographic methods " dl

e " nt cnmpﬂm 4
This method is based on the principle that dilfere i
mixture are differently adsorbed on an adsorbent. The the ad
in a liquid or gaseous medium which is moved through
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Fig. 1.11 Ellingham diagram showing the

formation of Cu.O from
ZnO from Zn, Co 2 X"

from C, and CII)2 from C and CO
ZCUES + 302——) 2Cu20 + 2‘.*3.()2

The oxides can then be reduced to metallic copper using
coke as the reducing agent.

Cu,0+C—>2Cu+CO

However, in actual process, the sulphide ore (i.e. copper
pyrites), after concentration by froth flotation process is roasted
in a reverber. e when copper pyrites is converted into
a mixtue of FeS and Cu,S, which, in turn, are partially oxidised.

m 0,—> Cu,S + 2FeS + SO, _
Copper pyrites ?
2FeS +30,—> 2Fe0 +280,.
2Cu,S + 30, —> 2Cu,0 + 250, ,
Since jxgiis more reactive than copper, FeS is preferentially
oxidised to FeO than Cu,S to Cu,0. Ifatall any Cu,O is formed,
immgfeq back to Cu,S.

Cu,0 + FeS —5 Cu,$ ¥ FeO
Thus the’;'caa.s.tI ote mrainly contains Cu,S and FeO along

with some unreacted FeS.
The roasted ore is then

’ heck the ox
powdered coke (to ¢ '
eated strongly in a blast furnace. This proc

During smelting, FeO combines with si
errous silicate slag.
FeO + Si0, — FeSiO,
o ire mass melts
furnace, the entire
At the temperature of the

mixed with silica (flux) and some
idation of FeO to Fe;,03) _and
ess is called smelting.

lica to form fusible



Fig. 6.4: Gibbs energy (AG®) vs T

plots (sche -
oxides (Ellingham diagr chematic) for formgy

In the Blast furnace, reduction of iron oxides
temperature ranges. Hot air is blown from the W%ww%ﬂﬂmﬁﬂww:ﬂnﬁ
and coke is burnt to give temperature upto about 2200K in the ﬁwnn .
portion itself. The burning of coke therefore supplies most of the :nMM
required in the process. The CO and heat moves (o upper part of the
furnace. In upper part, the temperature is lower and the iron oxides
(Fe,O; and Fe;O,) coming from the top are reduced in steps to FeO. |
Thus, the reduction reactions taking place in the lower temperature
range and in the higher temperature range, depend on the points of =
corresponding intersections in the A,G" vs T plots. These reactions can
be summarised as follows: .

At 500 - 800 K (lower temperature range in the blast furnace)-

ion of Some

3 Fe,05 + CO — 2 Fe;0, + CO, (6.28)
Fe;O, + 4 CO - 3Fe + 4 CO, (6.29)
Fe,0; + CO — 2FeO + CO, | (6.30) M
- A o
155 General Principles and Processes of Isolation _& E.,.ﬁ.:_.m._ﬁllw.. o




4

The temperature near the top of the furnace is ~523k
near the bottom it is ~2170 K. Wiy

Fumace charge
(Ore, limestone, and coke)

Exhaust gases (CO, Co,
(500 K)

Ore loses
s _
Eﬂ; gﬁmes Reduction begins ]
MOre porous 3Fe,0, + CO — 2Fe,0, + C0.
(Iron ore) -
Fe,0, + CO — 3Fe0 + CO,

[ CaCO, — Ca0 +CO, |
(Limestone)

CaO + SiO, — CaSiO, |
- (Slag) |

[ Reduction completed |
| FeO + CO — Fe + CO, |

[C(Coke) + CO, —» 2CO
| C(Coke) + O, - CO, l
FeO + C — Fe + CO

Blast of,
air and Molten slag’”

oxygen r i

Solldovasie

Pigiron

Fig. 1.9 Blast furnace
a. Theory of reduction process: Iron oxide is reduced to
iron mainly by CO, though perhaps some reduction by C
also takes place.

P W i s & g~



Ll = 1500 K (higher temperalure range
o AL B 10 the b
o K=" 1 “::._.:.,_,...__ Wt
| ¢ + €O, = 2 CO 48
. . 159
FeO + cOo - Fec + CcO, _m_E: 2C
Limestone Is also decom R
i , pose
o Exhaust Gases (COLCON hich removes silicate impurity Mnno Cany du% ”
as slag. The slag is in molten mﬁmsaﬂ evolutio
aFe 0, + COIFe 0, +CO, geparates oul from iron. ¢ ang e (©) Extrc
(tron ore) The iron obtained from Blag
; el t fuma The !
Fe p.J_“_- ..,WM%MHMOFP contains aboul 4% carbon and this
o000 mpurtties i emaler SRS hea
C30 + Si0,~ CasIO, Mn). This is known as pig tron and cast i
J i (Slag) variety of shapes. Cast iron is different frop,
: FeO + CO — Fe + CO, plg iron and is made by melting Pig fron
C+ €0, 2c0 with scrap iron and coke using hot air blast
m_uwﬁo 6D It has slightly lower carbon content (about
: : 3%) and is extremely hard and brite.

FeO + C—»Fe + CO
63 The reaction,

OHH _Ou + 2 2 =)
is thermodymnamic:
Why does it not 1

6.4 Is it true that unt
reduce MgO? Wt

\ Further Reductions

A Blast of air and oxygen Wrought tron or malleable iron is the
purest form of commercial iron and is

prepared from cast iron by oxidising impurities in a

reverberatory furnace lined with haematite. This

haematite oxidises carbon to carbon monoxide:

.., ' Fig. 6.5: E' { furnace Fe,0, + 3C — 2 Fe + 3 CO
z Limestone is added as a flux and 1lpht

and phosphorus are oxidised and passed into the slag.
removed and freed from the slag by passing through roliers: -

AT R

-
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&,
7 | Theromodynamics of Reduction Process W

[he suitable electroly
olyles used 1n general for respective metal
elals are

Cu: CuSO, solution Sn
| : SnS0O i
Zn: ZnS [ solution NG
0, solution ::, *&;0,501 TN :;T::;:g,:;i::iuuon
. Atk - : s on
y Solition Al (ALO, + Na,AlF,) melt + BaF,

6.7 THEROMODYNAMICS OF REDUCTION PROCESS

The exlractl ' f ] [ i I 5 LS \l
wtraction of melals ram lhtlr ulldt‘:' u I H n or el
(Table ; : |n“. cl"hﬂ L1 ““!L'I' mel; / i }
& i].l 1 ] ¥ r hict s | 32 : I\ and l‘_\ ther 1l lJUL'lII'I.lPi_I'\I'IHlI'I

Table 6.1 Reduction potentials and extraction methods

Elemen! E° V) Maierah Eatrastion method
Lithium Li*jie  -305 LA

Pomin K° |[K -203  KCLIKQ, Mgy 6H0) Flectrobyshs of fined
Calcium Cal*|Ca -1 fatl, ) mp, oty
Sodim Ma*|Na -271 al 'I‘ P

¥ b tpushinas 0l Mgl 1
High temperatine
vedu o with U

Fleatiobyss ol Sl

Magnesinm My | Mg -2 7 Mgy, Mg

Almininm Al* (A1 =106 Al
diwsirlordd oo myarkica
. Nyl AIFy ]
Manganese Mo~ | M -1.08 Mn, 0y, Mty Rty i with Al
Chromium O b -0, T4 Felaldy Themite piines
Zinc Znt* [fn T Ins
Iran Fr"’jFr 44 I't;lh.lnll. lIhl"::"lllln:m“”"
5 ol penides bR
Cabalt o jlo 0 CoS salplibiles are
Nickel Nt i.\'| =1, 2% Wi, Moty u.mulul.lm.-tuhl
Tin gad* [Sn -4 S0 then lr|1||.-:|--l| b oo
Lead pptt pp 013 IS e 1
Capper Cul* [tu =0 45 Cuimetal), Cud h'"""l " HATHY
- i kal,
Silver Ag jag OW Agtmetal), AgsS. Al gty caslly
Mercury  Hg'' [HE we e decompuet 19
ol [Adwr

R Aufmetalh
|“|.|,|11.m'|

R

Gold A JAu

ree energy change AG must be negative

5(;:,1}{—3'.15'

7 is the gbsolute lempe!
ation of an onde:

For a spontangous reaction. the [

qure. and ASsthe change 1"

the reaction.
a reaction SUC
M- 0

” AH is the enthalpy change during
tropy during the reaction. Consider

% ian. O3
Dioxygen is used up in the cOUrse of this reactio®:
o eeas hAYE a hy s

i 1 | =
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jar.:l-g:t ;mf Is then mived with a little coke and sand and smelted iy
s ed blast I'L‘;rna-:c. The minor reactions that occurreqd duri i

. inue hL‘_rt:. Ferrous oxide combines with sand to form af
andpmus oxide formed combines with ferrous sulphide 1o Bive f

CUprous sulphide. This is because | ini
. 0 L Js g I
e, ¢ 1iron has more affinity for OXygen
(iv) FeO + Si0, - FeSiO,

(v) C'u_-U + FeS — Cu,S + FeO

\ - . nh
> -:E‘,_Iiun mass l...ﬂ“k‘k ted from the bottom of furnace contains [argc}y ¢
SEPde and a ligle ferrous sulphide, This molten mass js known as

Converter -

SiO; + 3ir — g

Molten matte

The molten matte is finally transferred to Bessemer converter (Fig.122
A blast of sand and air is blown in the converter through tuyeres which i
situated a little above the bottom. This causes removal of S and As as oxides
and ferrous oxide as slag (reaction iv). At the same time Cu,S is oxidized
mostly into Cu,O (reaction ii) and partly into CuO and CuSO,. All thes rext
with Cu,S giving copper. The reactions are
(ii) 2Cu,S + 30, - 2Cu,0 + 250,71

2Cu,S + 50, — 2CuS0O, + 2Cu0

2Cu;0 + Cu,S — 6 Cu + SO,T

CuSO, + Cu,S — 3Cu + 250,T

Cu,S + 2Cu® — 4Cu + SO,T 4
Finally, copper may be refined electrolytically (electrolyte; coppef =

phate: anode; impure copper and cathode; pure copper). :

frer ¥
is mai from galena. AfeC5
f lead Lead is mainly extracted it
muﬂl:?unoof the ore by froth flotation process, the ore is mlﬂ" -
mmnmmry furnace for about six huurs- at a mode!-::c :dmpmﬂ"' U
m_verbelﬂ ir. Part of galena is converted into lead oxi ks of

urrent of air. ir is sto and small quantilies =
Afrer this, the supply of alrare addﬁdpeadlong with increase of ter

Fig. 12.2 Bessemer converter

After ' iron ore s . and SIP"
q“i‘:kﬁme o f,:er:i:ed sulphide reacts with the lead oxide

At this B lead : T
T o metallic R
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