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Self reduction

This method is applicable to some of the sul

phides, e.g. PbS, Cu.S and HgS. It does not involye
reducing agent from an external source. Here t

he sulphide ore is partially roasted into i Oxide, Whyie ;
turn reacts with unreacted sulphide to produce molten metal. For example, iy

2PbS +30, — 2PbO) + 250,
PbS +2Pb0 — 3Ph+ SO, T
L Another side reaction takes place, which is as follows

PbS+20, — PHhSO,
PbS + PbSO, —+ 2Ph+ 250, T

rmite reduction (or Goldschmidt-Thermite process)

etal oxides having very high melting points, e.g. the oxides of Cr, Man, Ti. Mo, Fe, etc, are ven
it 1o reduce by carbon reduction method. These can be reduced by thermite reduction methog iy
as reducing agent. For example,

IMn, O, (s)+ SAl(s) — IMn(l}+4A1,0,(s)
ITO. (s)+ AAls) — 3T+ 2A1,0, (%)
Cr,0,(s)+ 2Al(s) = 2Cr(1) + Al O, (5)
F-:-.H,m- 2Al(s) = 2Fe(l) + Al 0, (5)

acti s reducing agent due 1o its very ig
ictions are highly exothermic in nature. Here Al is chosen asre
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Such metals are extracted by passing electricity through their ) _
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example, or oxides or hydroxides. For

1. Na is extracted from molten NaCl or maolten NaOH.

NaCl - Na’ +Q1° | NaOH - Na' +OH
At the cathode: Na* +¢ — Na | At cathode Na™ + ¢ - Na
Al the anode: 2C1" — Cl, +2¢ | At anode:OH” = OH +¢
40H - 2H,0+0, 1
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6.6 | PURIFICATION OR REFINING OF METAL

Metals obtained by any of the mmmdumﬁunpmammmm%
refining. There are rwo methods for lhtmﬁnmluimdcm:uh—themnlmﬁm;m%u::‘h

Thermal refining
Onxidation by air and poling
This process is applicable for refining of Cu and Sa. In this process, the crude metal is melted and
blasted through the melt. After air it blown, the melt is stirred with a raw wooden pole and its yy
condition produces sufficient amount of carbon and CO 1o reduce the metallic oxide formed and gy
refined metal, A coke powder layer is maintained at the top of the surface 10 prevent -4
the metal formed (Figure 6.7). A mall amount of metal to be refined, however, may gel oxidized in

:
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Figure 6.7 Diagrammatic representation of cudation tyy air and poling.
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Liquation

Sn. b and Bi, which have low melting points as
gompared to their impurities. In this method, the
block of crude metal is kept at the top of the slop-
ing furnace and heated just above the melting

int of the metal to be refined. The pure metal
melts and flows down the sloping hearth and gels

‘gollccted in a receiver at the bottom of the slope

{Figure 6.8). The perforated block of impurity is
thrown later

The impurity content has to be high enough
in the crude metal, otherwise the impurities also
flow down with the molten metal.

Zone refining

Metals like Si, Ge and Ga of high purity (which are
used in semiconductors) are purified by this method.
This process is known as ultrapurification because it
results in impurity level decreasing to ppm level.

Zone refining is based upon fractional crystal-
Hzation as the impurity prefers to stay in the melt
and on solidification only the pure metal solidifies
on the top surface of the melt. In this process. a ring
furnace is heated 1o a suitable temperature for mc!.l-
ing the metal rod (Figure 6.9) and producing a thin
zone throughout the cross-sectional area as shown i
Figure 6.10,

It is desirable
gnough to give a uniform melt.
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#. Mond's process for purification of mckel
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Electrorefining

This method 15 .1|"'P:.':\.
strip of pure metal (same as that 1
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Anode mud
Figure 6.12 Diagrammatic representation of electrorefining
al gets deposited at the cathode and s purificd &

The metal gets corroded from the anode. Pure mel

this way.
Reactions at the electrodes:

At cathode : M™" + ne —-+M
Avanode : ()M =M™ +nc
{unwanted)

{wanted)
0 b “-h"‘;‘r

1

(X" = -X; +ne
ual 101
jon in the ¢ ectroh®

There are two reactions competing at the anode. So the anionic part of the electrolyte is t
in such way that the reaction (ii) does not take place at the anode.
Hence at a particular moment, the number of moles of metal dissolved in the electrolyte 15 €4
deposited at the cathode. The concentration of metal
al to be refined A€ p

number of moles of metal lons
remains the same al a particular time.
The metallic impurities having lower oxidation potential than that of the met

rated in the form of anode mud at the bottom
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EXTRACTION OF ron i
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a
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L
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5. Iron pyrite FeS
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F extraction of jron 18 haematie : Fe
this ore COntain A o T g

S alot o sulj

: _ hur which m
won from different

ores s ||L-|1|L-1._r

akes | b
d in Figure 6,36

Magtictite Fe i e

|.-'|i|||l'huln||h--| Concentraie

Haematite Feu
ematite Fey( e dre takieg P
>
Limaositite Feul Dy YHL O tor gravin
Sidene Fel L l eparatan 10y

Remawes Si0), « | (small amosiamt) |

uther silicates

Figure 6.36 Flow chart for extraction of iron

Ihe reactions at various steps of the iron extraction process are

L. In the roasting step:

Fe.D = FeO + Fe.O)

FeCO, = FeO) +CO
2Fe0) & - ¢) s Fe O
Fe.0,3H,0 = Fe.O, +3H.0 T

Hence the final product of roasting is Fe,0,,

Though there is no sulphide ore vet re rasting is adopted here
1o convert all FeO present into Fe, O, As Fe,0, does not
form slag, this prevents the loss of FeO) as slag (FeSi0),),

In the smelting step: The various changes taking place
during smelting in the blast furnace are shown in Figure
637 The reactions involved are-
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Fe)+ Mn + MnO+Fe, FeO st - Fe+ 00 1

3 i T 52 :
L | uddling process: This process involves stirring of molten iron in reverberatory furnace by rogy i
are consumed in the process. ' =

2. Bessemer and Thomas process

3. Siemens open hearth process
4. Basic oxygen process (also called Linz-Donawitz (L.D.) process).

All these processes are developed to economize the production of steel from iron. In the Bessemer o
Thomas process or Siemens open hearth process, impurities are oxidized by air; while in the LD procs
pure O, is used for the oxidation of impurities. This is because in the first Iwo processes the molien mes
takes up small amount of nitrogen trom the air. In concentrations above 0.01%. nitrogen makes steel brite
and nitriding the surface makes the metal more difficult to weld. The use of O, not only helps overtees
these problems but also has the following advantages:

: . . ' i by GOt X
L There is faster conversion, so a given plant can produce more in a day Le larger quantities ™
handled in lesser time. For example, a 300 tonnes charge can be converted in 40 minutes compa

6 tonnes in 20 minutes by the Bessemer process.

-2 i gives a purer product and the surface is free from nitrides.

process Mg! :

ini [ calei s (Culk
Mains aciclic impurities such as Si, S, P, a lining of calcined dul:mlm rtxm e
s and the process is called basic Bessemer process. I P o
ol

Y Mich i known o8
hines with lime and forms basic slag [Ca,(PO,),€ a0)] which is kno
byproduct and sold as phosphate fertilizer.




