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Elemerts are the basic units of all types of
matter in this universe. How were these ellments
originally formed and how are they distributed on
earth ? What are their modes of occurrence in the
earth's crust and how are they obtained iu the pure
hrm ? These are some of the interestiog qu..iion.
which come upin our minds and in this uiii we shall

10.2. Origin of Elements :!:rrr:.:r::.:,:::j:i;::,:j,:,:ir:i:r::.:::.:.::;::::,::i::::i,::.,!,:,:,::

accepted views, within
two of the universe, there
was rature and most of the
matter at that time still consisted of hydrogen
(89Vo) and treli,um (llo/.). The condensation-of
some of the clouds of H and He resulted in the

influence
and den-
to merge
rred. The

:
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refining ot metals. i
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variety of nuclear
eutroos emitted b

ffNe + lue .....- fiwg + Ut

llt'to + ln ..-.* lrMo + /-ra)6 +neutrino

,l

W+ -?p
The daughter ouclide such as !!Mo and

!!Tc may capture more neutrons giving rise to
elements with higher atomic numbers. Besides
neutroacapture, cleE
impact of cosmic rays
phere. For example, I

l.N+ [, -- l1c+ lH
_ This reaction still continues andis responsible
for asteady concentration of l.C in the living world.
10.3. Oistribution of Elements on Earth

_ .In flualcar Eactions, thc numbcron thc top lcft ofthc symbol oft
thc bottom lcft dcnotc6 thc atomic numbcr.
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Volatile elements : C, halogens, Hg, Pb' Zn

Non-volatile elemenls ; Fe, Co' Ni, Si, Be, Ca

It is, therefore, reasonable to believe that ter-

restial distribution of non-volatile or less volatile

elemenG would be somewhat similar to the overall

cosmic (i.e. in the universe) distribution. On the

other haad, volatile elements are greatlyless abun-

dant on eatth due to their loss during the high

temperature periods accompanying the formation
of the earth.

Cosmic abutrdances of elements.t The cos-

mic abundances of elements are shown in Fig 10'1'

These data are only approximate because of the

following reasons :

(i) Based upon the stsbilities of tha nuclei,

elements with even atomic numben are more abwt
dont than those wilh odd atomic numbers.

(ii) Thehig! abundance ol iron h due to its ltigh

nuc\ear binding energt

(iii) The low abundsnces oI ligl er elements

ruch as Li Be and B aft due lo thei ability to rcact

wih more 4- Particles Ioming other elements' For
qMPlq

lne + lue ""'.' l'zc

103.1. Condensatlon Processes

The non-volatile elements becauso of their
higb melting points underweot condensation

without any loss at relatively high temperatures
and thus appeared as minerals in high abundances.

The moderitely volatile elements such as Ag, Zn,

Ge, Sn and F, however, condensed in lower abun'

dances while volatile elements such as Cd, Hg, Pb

and halogens (other than F) condensed in rather

relatively low abundances. Thus, the early conden-

sates inilude metallic iron (with 12'5% Ni) and

diopsidz (Ca Mg Si, 05) aad anofihite

(Ca Al, Si, Or).

In this way, Fe, O, Mg and Si account for about

mVo ot ahe earth, the elements S, Ni, Al and Ca

account for anothe t 6 -7 Vowhtle allother elemenLs

accotnl for 3-4Vo of the earth.

1032. Zonal DlsHbutlotr
The earth mainly consists of the following hvc

zones :

1. The atmosPhere

2. The hydrosPhere

3. The crust or The lithosPhere

4. The mantle

5, The core

photosynthesis.

fi\ Elemens ore not unilonnly distibuted' i'e'

rhere on higher concentrations oI ce,tain elements in

different rugions ol he eqnh.

(ii) Eanh is not uniform from he core to the

cntst.

(iii) Compotilion of othet ploncts is not the

same as that oJ the ea h'

In view of the above facts, terrestial abundan-

ces have little or no relation with cosmic abundan-

ces. However, there is a broad concensus on the

following conclusions :

Th

.U

tNon-evaluative

- 
ATOMIC NUMBER ---+
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't0 - 50 km

2900 km

2100 km

650 km

The three inner zones, i.e.,lithosphere, mantle
and core are studied by seismography. These are
distinguished on the basis of properties which
depend upon density and elasticity.

Let us now briefly dlscuss the comPosition ol
these zones.

1. The atmosphere. The gascous mixture sur'
rcunding lhe earth is called the atmosPhere. It col-
tains mainly nitrogen (78'W%), orygen Q0'957o)
and other gases such as COr, He, Ne, Ar, Kr and

Xe (< l%). The atmosphere extends not more
than 60 km above the surface of the earth.

2. The hydrosphere. The liquid phase oI the
edrth (oceans,lokes etc.) is called the lrydrosplure.lt
covers about 807a of the earth's surface. There are
a large number of elements present in sea water.

3. Th€ crust or the lithosphere. The upper
solid phase of the earth is called the crust or the
lithosphere. Its thickness various from 10-50 km
(Fig. 10.2). It consists of three tlpes of rock.

CRUST (LITHOSPHERE) : lgn€ous rocka-shale,
aandstong, llmodone

MANTLE : Solid layor olmagnesium and iton
sllhai.!.nd lome rulPhldq!.nd oxldc!

OUTER CORE : Llquld Fo-Nl alloy

INNER CORE : Solld Fe-Nlalloy

(ii) Scdimentary or Strattlied rocks. The
weathering (selective extraction) of igneous rocks
by water, carbon dioxide and humic acid (organic
acid formed when water passes slowly through a
mass of decaying vegetation) dissolves
Na+,Mgl+, caz+,Fe2+ etc. leaving behind in-
soluble residues consisting of TiOr, Fe2O3 and

SiOr. These insoluble residues are ultimately

broken into fine pieces called sediments. These
sediments are then carried awaay by water to river
banks and sea beds where they get deposited. With
the passage of time new layers are deposited over
the old ones. The bottom layers are ultimately con-
verted into rocks by the pressure of overlying layers
and presence ofcementing material like lime. Thus,
sedimentary rocks are composed mainly of
minerals such as dolomite, limestone, silica, iron
oxide, clay etc. The sedimentary rocks are also
called stratified roc&s since they occur in form of
layers. Limestone, sandstone, dolomite, shale etc.

are some important examples of sedimentary rocks.

(l) Igneous rocks. It is believed that the
temperature deep down the earth is very high. The

ertre,nely hol mateial present inside the eulh is

called magma.D\e to earthquakes, some Yents are

created in the upper layer of the earth. The high
temperature inside the earth sometimes forces the
magma out of the earth',. surface through these

vents in form of volcanic eruptions. ThLs magma
gets spread ovcr the surface of the earth. With
gradual cooling, over the years, it gets solidilied in
the form of rocks. Thtts, igneous rockt are formed by
gradual cooling and solidification (i.e. Iructional
crystallization) over billions of yean of the molten
moteiql coming out oI the eatTh's surface duing
volcanic eruplions. The word igneous implies
formed by fire. These are mainly made up of
aluminosilicates along with certain other ions such

as Fe2+, Mg2+, ca2+, Na+ and K+. These rocks
cover about 4/5th of the earth's crust. Some impor-
tant examples of igneous rocks are : grazite, basalt,
gabbru, etc.

FIGURE 1O.2. Main zones in the earth's interior.
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(iii) M€tamorphic rocks. These rocki ure

fotmed by the structlrrul modilicalions of the igneous

and sedimenlary rocl<s due to hiSh lemperait c

4. The mantle. The portion of the earth lying
immediately below the crust is called the mantle. Its

thickness is about 2900 km. It mainly consists of
silicates of Mg2+ and Fe2+ along with some sul-

phides and oxides.

5. The core, On the basis of type of phase, the

core has been divided into two parts, viz, the outer
core and the inner core. Whereas the inner core is

a solid of about 650 km depth, the outer core is a

liquid of 2100 km depth. Both these ParG maidy
consist ofFe-Ni alloy.Apart from Fe and N| other
elements alloyed with iron in the core are Co, Pd

and Rh. Seismic studies also suggest the presence

of some orygen or more probably sulphur in the

core.

Goldschmtdt Classificatlon' According to
GoldschrEidt classification, earth consists of the

following four zones :

1. Slderophtl. The innermost Poftion of the

eorth is called the iron core or the metallic core or
siderophil (sideros it Greek means iron). This

covers both inncr and outer cores as meutioned

above. The elements present in siderophil are

called iderophiles.

2. Chalcophtl. Thz loyer ol the eotlh sutround'
ing lhe iron corc (i.e. mantle as mentioned above) li
called chalcophil. Since this layer mainly contains

sulphides of Cu, Zn, As and Pb, therefore, tbe

elements present in this layer are called chal'
cophiles (/<iral&os in Greek means copper and

brass).

S.Lithophil,The outermost po,Tion of the earth

is caltedlithophll (,lit&os in Greek means stone) and

the €lements present iD this layer are called
lithophiles.

4. Atmopbll. The gaseous mirture sunounding
E crust or the lithosPhere is called the atmophll.

The distribution of the elements in these four
different zones is different as shown in'Ihble 10.1.

1'AIILD 10.1. Distribution of
elcments in dilTcrent zones.

From the above table, it is evident that an

element may be prominent in more than one

geochemical category. For example, orygen can

be regarded both as a lithophile and as an at-
mophile.

10.4. Abundances of Elemenls
in The Earth's Crusl

Earth's crust is made up of light clements

such as orygen, silicon and aluminium. Oceanic
crust is mainly basalt (which also contains mag-

nesium and iron). Continental crust is mainly made

up of t*o types ofigreous rocks :

(i) Light tockr, i.e., granite and related types

containing 707o SiO2 together with AlrOr.

(ii) Heavy roclg i.e., basalt containing40'50Vo
silica togetber with MgO.

Aluminium is the second most abundant elc-
ment in the light rocks andmagnesium is the second

most abundant element in the heavy rocks.

112 elements are knowlr at Present time. Out
of these, 88 have been found in nature and the

remaining have been synthesized. Orygen con'
stitutes nearly half (a9'5) and silicon one'quarter
of the total mass of elements in the earth's crust.

The sixteen most abundant elements in the earth's

crust and their percentages by weight are listed in
Table 10.2.

Sidcrophil

Chalcophil

Lrthophil

Atnrophil

Mn, Fe, Co, Ni, Cu, Ru, Rh, Pd, Ag,
Re, Os, lr, Pt, Au

B S, Zn, Ga, Ge, As, Se, Cd, In, Sn,

Sb,'Ib, Hg,1l, Pb, Bi

Chlorides, sulphates aod carbonates
of metals like

U, Na, I( Rb, G, Mg, Ca, Sr, Ba

Silicates aDd oddes of metals like

Be, Al, Si, Y, l-a, Ac,'fi, Zt, Hf , T-tr,

Y Nb,'Ih, Cr, Mo, \Y U

F, Cl, Br, I, B, C, Si, N, O, He, Ne, Ar,
IK, XE

Zoae Constitnents



PRINCIPLES AND PBOCESSES OF EXTMCTION OF ELEMENTS 10/s

'lABl,E 10.2. Sixteen most abun(lant elements in the Darih's Crust.

Percentogc
(by wri8ht)

8

t4
13

m
ll
19

t2

O)rygen

Silicon

Aluminium

Iron

Calcium

Sodium

Potassium

Magnesium

49.5

25.7
7.5

4.7
3.4
26
2.4
1.9

I
n
l7
t5
25

6

16

56

Hydrogen
'fitanium

Chlorine

PhGphorus

Manganese

Carbon

Sulphur

Barium

0.9
0.6
o.z
o.l

0.09

0.0E

0.06

0.M
Ctbtal p€rc€ntage weigbt of rhese elements = 99.?7)

T\vo poins which emerge from the about table
are :

(i) Elemens with low atomic numbers con-
stitute a major porion of the earth's crust.

(li) Elements with evco atomic numbers are
generally more abuldant than elements with odd
atomic numbers, There are, hoq/ever some exc€p-
tions. For example gases (with even atomic num-
bers) occur only to a small extent because they
probably escaped into the atmosphere during the
condensation period.

i 0.5. Llernents in Biological Wo rlcl f:ir,i+.:rjii li.iii.ii:i.,ii:,,i,:

Many elements are accumulated in living or-
ganisms. For example,

(r) Iodlne rs sea weeds, (li) vanadium in sea
cucumbers (ilr) Magnesium in chlorophyll, the
green colouring pigment of planLs. (iv) Potassium
and iron also present in plant life. (v) Carbon and
hydrogen are major comtituents of all organic
molecules (Dimoleczles) present in our body in one
form or the other. Besides, these living organisms
contain different elements in different parts. For
example, (i) lron in haemoglobin (blood).

(i) Zlnc in eyes of some animals and the
enz,,rne carbonic anhydrase present in cells.

(iii) Tiaces of Mn, Fe, C\ ln abe chloroplqsts.
It may be noted that very little is ktrown as to

why a particular elernent is present in a specific
region of the living organisn. However, it is known
that their deficiency causes many disorders in the
body. For example, deficiency of iron causes
anaemia while lhat of iodine causes goirre.

F\trther, except iodine, no other element has
beer isolated from these biological sources.

Oceans are a rich source of many useful
substances, nutrients and minerak;. For example,

(i) Oll and natural gas octur in continental
shelf sedimentes.

(ri) Gold and manganese are present as sedi-
ments on the ocean floor.

(i) Igneous rocks consist ofaluminosilicates of
sodium, pota-ssium, calcium etc. Rain water con-
taining dissolved CO, dissolves these elements as

thei.r bicafionates wlich go ioto sea water leaving
behind clay and sa nd (called detrias cloy) .

'10.6. Oceans as a Source ol Elements r"rftirg*;,++irr',i

Igneous rock
CaAtStos

Co I c itgn o lumin dtili c atc

+ KAIS3O8
(PoL olumhatilica,c)

+ NaAlSi3Ot
(Sod" oluminNidcotc)

Stream ofwater + Detritus clay
(ca2+, K+, Na+, HCot) (claY + Sio)

(ri) Marine organisms convert Ca2+ and
HCOI ions to form CaCO, (shells) which form
sediments,

_ _ Irarinc organisms

caco3+H2o+c()2

* Rain water
(H2o + co,

Atomlc number Elelnent Atolrtic nurnlrer ElGmeot P€rcentage
(lryweight)
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(rrr) HCI injected by undersea volcanoes

reacts with HCO; to form chlorides of Na, K and

Ca in sea water

HCI+HCO| 
- 

CI-+H2O+CO2
The relative abundance of elements in sea

water is shown in Fig' 10.3.

104

CI NaMg S CA K C BT B ST Si N Li AI Rb

MAJOR ELEMENTS MINOR ELEMENTS

FIGURE 10.3' Elements in sea+'

Although sea water contains many elements

but only four ,i.e., sodhtm, nlogtesiunt, chloine und

bromine are commercially recovered from it'
Besides these, some rare metals are recovered

from manganese nodules which are occasionally

found in sea beds.

Huge amounts of metallic and non-metallic
elements are present in sea water. Some important
ones are Na+, Mg3+, Ca2+, K+, sr2+, cl-, soi-,
HCO3-, F-, Br-, I- etc. In future, sea water may

become an important source of many metals such

as uranium and gold.

.::.::: :: '::::. : t

Elements may occur either in the native (ot

free) state or in the combined state.This is mainly
due to the reason that different elements possess

different chemical reactivities'

(i) Natlve state. Elements which are not at-

tacked by moisture, orygen and carbon dioxide of

the air occur in the native state. For example, gold,
platinum, noble gases etc.

(ii ich are

readily carbon
dioxide state in
form of their compounds called minerals.In the

combined state non-metals are found in the

reduced form while metals are found in the

oxidised form such as elements are generally
present as oxideg carbonates, sulphides, silicates

etc. as shown in Thble 10'3.

1-.Ult lt !U.-l' llrrpot'tant'l\pes ot ()l'es

A variety of minerals are found in India. For
example,

10

I
o)Y
J
O ta-2

Oz
oo

Ore type ExamPles

Natlve

Oxides

Carbonates

Sulphides

Phosphates

'Non-evaluative
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(i) ffssa and Blhar have the largest deposits
of ores otiron, manganese, chromium in addition to
coal, mica and phosphates.

(ri) Madhn Pradesh and Maharashtra have
sizeable reserves oI maganese, chromium and
bauxite.

(ra) R4lasthan is rich is non-ferrous metals
like copper; zinc atd lead

(rv) Thmll Nadu has large deposits of iro4
manganese, mkq limestone a\d lignite.

A number of industries are producing iron,
aluminium, zinc, gold etc. The Steel Authority of
India (SAIL) is producing over 10 million tones of
steel through a number of steel plants.

1o i)- Occurrence o, Metals-Minerals and Ores,,r,r

Majority of the metals occur in the crust of
the earth in the combined state in form of com-
pounds called mluerals. Thus,

The nafitral materidls or the chemical com-
pounds in which the melals occur in the eqrth are
called minerals.

In other words, metals are extracted from
minerals. But every mineral is not suitable for the
extraction of the metal.

llu mincraltmm *hich the melal ts conventg l!
arul econonicel$ *acal is slltil an one. Ihzs,
aU org5 are mlnsok ba all mtnemb on t* ors.

For example, iron is found in the crust of the
earth as oxides, carbonates and sulphides. Out of
these minerals ofiron, oxides of iron are employed
for extraction of th e metal. Thus, oxides of iron are
called ores o/ iron. Similarly, aluminium occurs in
earth's crust in form of two minerals, i.e., bauxite
(AlrOr.2HrO) and clay (AlrOr. 2SiOr. 2HrO). Out

of these two minerals, aluminium can be con-
veniently and economically extracted from bauxite
while no easy and cheap method is so far available
for extraction of aluminium from clay. Therefore,
the ore of aluminium is bauxite. Further, the main
minerals ofcopper are copper glance (CuS), cupnk
(Cu2OL copper pyitet (CuFeS), malschite

(CuCOr.Cu(OH)r) etc. but copper can be con-

veniently extracted from copper pyrites.Thus, cop-
per Wite is the orc of copper

10.10. Exiraction o

As stated above, only a few elements occur ilr
the native state in nature while majority of them

occur in the combiled state.In the contbined state,
metals usually occw in the oxidised form, (e.9.,
FerO, AlrO j, SnO, MnOr) while non-metals

occur in lhe reduced fotm such as X- (X = Cl, Br,
I). Silce the modes of occurrence of metals and
non-metals are different, therefore, their methods
of extraction or isolation from their natural sources
arc differett. Metals orc usudlly oblained from their
oidised forms by reduction while non-melals are
obtained from lhet reduced lotms by oidqtion.
Whereas reduction is btought about by eleclton,a-
tiot, i.e. ; addition of electons dinctly ot indirectly,
oidation is canied ou, b) dc-clcctronation, i.e., by
removal oI ekctrons dircctly ot indirectly.

10.10.1. Extractlon of Non-metalllc elements

Non-metals occur in the combined state in the
reduced form. Therefore, they are generally ex-
tracted or isolated by oxidation of their com-
pounds. Consider, for example, the oxidation of
chloride ion in water.

2 ct- (aq) + zHrO (t) --.---+

zoH- (aq) + H, G) + Ct G)

Since this oxidation cannot be carried out by
ordinary chemical methods. Therefore, it is ac-
complished by electrolysis. The minimum potential
difference required for the oxidation 'ts 2,2 y.
Similarly, fluorine is extracted by electrolysis of
their fluorides. Elements like oxygen, nitrogen and
noble gases are directly obtained from this. In con-
trast, carbon, sulphur and phosphorus are ex-
tracted either from native ores or by oxidation of
their compounds occurring in nature. From the
above discussion, it follows that there are no
general methods available for extraction of non-
metals. Therefore, the individual methods of their
extraction will be discussed while dealing with the
chemistry of these elements in uDit 13.

10.1 1. Melallurgical Processes

The procrns o! dtacting mcrd\r Jrom their ores Ls

called metalfurg.

The process actually employed for the extrac-
tion of a metal depends upon its physical and
chemical properties and the impurities associated
with it. Sioce differeot metals have different physi-
cal and chemical properties, they have different
methods of Theref or e, a s in gl e, univ ers a I
tnethod csnnot be sppliedfor the efiruction of oll the
/zerab. Still there are some procedures and proces-
ses which are common to the metallurgies of
various metals. These are termed as metallu,Eical
opemtions.
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Eveo l6{D yes6 ago, Indians had a high level ofskill io metallurry. This is evidenl &om the Delhl IroD plllar
Near Kutab Mioar. It is ess€ntially made up of wrough iron (99 .72Eo), carbon (0.08%), silicoo (O.M6%),
sulphur (0.006%), phGphorus (0 1l4%)and margaoese nil. Since40OdD., it has been existio8 without any
rust or siSDs of decay.

Thi! s pdmarily due to the reason that during linishiDg treatment git€n to the pillar, a ihin Alm of magnetic
oxide (FcaO, $as applied on its surfacc.

Some important metallurgical operations are :

I . Crushing and. grinding of the ore

ll, Concentmtion and bendaction of tlu ore.

lll, EJdmctiot, of crude metal lrom the con-
cenfiated orc.

lV. Refinint ol ahe crude metal.

These are briefly described below :

l. Crushlng and grlodlng of the ort.
Tte ores usually, occur in nature in forrn of big

lumps. These lumps are broken into small pieces

rvith help of crushen or grindErs. This process is
called crushlng. These small pieces are then
reduced to a fine powder with the help ofball mill'
or stamp milP.This process is called Pulyerlsatlon.

ll. Concutraton or Benefaction of the ore
(Ort-dresslng).

Oras as they are obtained from earth's crust are
never pure. They are usually asociated with earthy
and silicious impurities (in addition to the impurities
of other minerals) called gangue or matrlx. These
impuritics har,re to be remowd from the orcbefore the
extraction of the metal is actually done.

The finely ground ore is concentrated by the
following mcthods :

1. Hand plcklng. In case the impurities are
quite distinci from the ore so that these may be
differentiated by naked eye, these may be separated
by hand picking.

2. Hyilraullc Washlng or Levlgatlon or
Grsyity scparatlon. The process by which lighter
eqilry pa,ticles aw freed from the heavier ore par-
ticles by washing with water is called levlgatl on. For
this purpose, the ore Ls either agitated with water
or wtshedwith an upward stream ofrunningwater.
The lighter impurities are washed away while
heavier ore particles settle down.

This mahod is used when the ore particles ore
lrcavier than the earthy or roclq gangue patticles. The
oxrZe ores such as those of itroo (hoematite), tin (tin
stone) and native ores of Au, Ag etc. are usually
concentrated by this method. The process is carried
out in specially desigrcd tables called Wilfi ey tab les.

3. Electromagnetlc separation. This method
oI concentration is employed when either the ore or
tlrc impuities associated with it are magnelic in nq-
ture. Fot example, chromite, (FeO'CrrO, =
FeCrrO.) - an ore of chromium, maguetite

(FerOo) - an ore of iron and pyrolusite (MnO2) -
an ore ofmanganese being magnetic are separated
from non-magnetic silicious gangue by this method.
Similarly, a'nstore o r cassiteite (SnOr), an ore of tin
being non-magnetic can be separated from mag-
netic impurities like those of tungstates of iron and
manganese which are generally associated with it,
by this method.

In this method, the powdered ore is dropped
over a travelling belt moving around two rollers -
one of which has an electromagnet in it. As the ore
particles rol[ over the belt, the magnetic particles
are attracted by the magneticroller. As a result, two
heaps are formed separately. The hcap collected
below the magnetic roller contains the magnetic
particles while the heap formed away from the

'A strmp mlll ir r hcsiystrmp or boltwhich riJas and falls on a die bclof,onwlrich c 6hcd orc is fcd from onc sidc. A t nll
mlll, on thc othcr hand, consists ofa bigstccl tank containing a fe* stecl balls ora fcw picccr ofhard stonc likc flint in it. Thc steel
tank is fed with crushcd orc and w'etcr, and rciatcd. Stc€l balls fal! on thc crushcd orc and rcducc it to powdcr.

I't <t,i, , 1.': Neut Coursc Chemistrglffi[l)

,
F
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magnetic roller contains the non-magnetic im-
purities (Fig. 10.4). In case of tinstone. thc

iunqstates biing magnetic fall in a heap under thc

mafoe tic roller while the ore particles i.e. SnO, fall

in a separate heap away from the magnetic roller.

The suspension is violently agitatcd by the

rotating paddiewhich draws in air causing frothing'

During this process, the ore particles which

are preferentially wetted by the oil become lighter
and thus rise to the surface abng with the froth
while the ganguc particles which are preferentially
wetted by water become heavier and thu-s settle
down at the bottom of the tank. The froth is

skimmed off. It is allowed to collapse and finally
dried to get the concentrated ore.

If the mineral to be concentrated consists of

sodium cTanide is used as a dePressant to separate
lead sulphide (PbS) ore from zinc sulphide (ZnS)
ore. This is due to the reason that NaCN forms a

zinc complor, Nq [Zn(CN).1 on the surfacr ofZnS

thereby preventing it from the formation of froth.
Under tlese conditions only PbS forms froth and

hence can be separated from ZnS ore.

4 NaCN + ZnS ""'- Nar[Zn(CN).] + NarS

Sod. tctraq/anozincatc (II)

5. lrachlng. This prucess consists in lreoting
lhe powdered ore with a suiloblc reqgettt (such qs

acitls, bases or other chemicals ) n)hkh can selective ly

dissotve lhe ore bul not the imPuilies.

In the Baeycr Proc€ss, pure aluminium oxide

(AtOJ) is obtained from the bauxite ore (which

contains impuities ofFerO, and silicates) by trcat-

ing the powdered ore with a strong (457") solution

ELEcTfi oI\,lAGNErlc 
poFJ,,lBEeLJeo

ORE

NON.
MAGNETIC
PARTICLES

,i..ic
MAGNETIC
PARTICLES

FTGUBE 1O.4. Electornagnedc separatisr.

4. Ftoth tlotatlon. This method is widely used

for the conc€ntration of sulphide ores such as zinc
blende (ZnS), copper pyrites (CuFeS), galena

watet,

The ore is crushed into a frne powder and

mixed with watcr to form a suspension in a tank

stabilize the froth.

ROTATING PADOLE

ORE FROTH

.- ""J#:',sllo'

PADOLE ORAWS IN AIR
AND STIRS THE SUSPENSION

.:a::::::::::::::::::::::::::::::::::::::::::::::;:;:r1g:-:-!:::::::_:_:1{.[$:;:_:_:
:::::::1..I:::::=+::
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of NaOH when alumina (Al2O) dissolves forming

sodium meta-aluminate leaving behind impurities
which are Iiltered off.

AlrO, . 2 H2O (s) + 2 NaOH (aq) + I{.O (f """'r
Alurninn

2 Na[Al(OH).1 (aq) or 2 NaAlO2 (aq) +
sod' mcta-tlumi*tc 

4H2o (r)

The solution of sodium aluminate is filtered,
cooled and irs pH adjusted downward either by
dilution or by neutralization with CO, when

aluminium hydroxide gets Precipitated ; sceding
with a littli freshly precipitated aluminium
hydroxide quickens the process.

Dilution
Na[AI(oH).1 (aO 

-
or CO2

Al(oH), (s) J + NaoH (aq)

Aluminium hydroxide, obtained as above, is

filtered, washed and finally heated to about 1473 K
to get pure alumiaa (AlO3).

1413 K
2 At(OH)s -""+ Al2O3 + 3H2O

Leaching is also used for stracting pacious
nrctqls like silver and gold by convetting these metak
or aheir o,es into their sofuble conplaes.

In this process, the finely powdered argentite
or the native silver or gold is treated with a dilute
solution (0.5 %) of sodium or Potassium cyanide
while a current of air is continuously passed' As a
result, silver and gold pass into solution forming
their rcspective soluble comptex cyanides while the
impuritiis remain unaffected which are filtered off.
Thus :

4M + 8CN- + 2H2O + 02 """''
(air)

4 M(Cr.{)2- + 4OH-
Solublc complcx

(i) For silvu,
4Ag + 8NaCN + o,2+ zHzO-

cNa[fu(CN)r] + 4NaoH

or Ag2S+4NaCN -----..l 2Na[Ag(CN)r] +Na2S
Sod. diqaroaBcntatc (I)

(Soh/bh con9la)

NqS thus formed is largely oxidised to

NarSOn by the air current.

4NqS + 2HrO + 5Or(air)"""""*
2NarSOo+4NaOH+25

(ii) For gold, 4Au + 8KCN + C)2 + 2H2O

aK [Au(CN)rl + 4KOH
Pot. dicranoauratc (l)

(Solubk compla)

of Crude Metals - Reduc-III. Extraction
tioni Oxidation

their respective oxides by reduction (electrona-
tion), therefore, the extraction of metals acutally
involves the following two chemical processes :

l.Convenion o{ the ore into metallic oide, i.e.,

Since many metals can be easilyobtained from

de- electronotion oI ores.

2, Reduction ot elect,onaaion of the metallic
oxide to the Iree metal.

1. Converslon ofthe ore into mctallic oxide or
de-electronation of oras. Metals are usually present

in ores as hydrated oxides (hydroxides), carbonates
and sulphides. Depending upon the nature of the

rninerals present in the ores, the following two
methods are used for conversion of orcs into their
respective oxides.

(a) Calclnation.

This method is commonly used to convert
metal carbonates and hydroxides to their respec'
tive oxides. During the process of calcination, the
following chemical changes occur :

(i) Moisture is diven o*.
Qi) Volatile impuities of S, As und P arc

removed as thei volatile oxides.

(iii) Water is rmrcvedfrom hydraterL oxides ond
hyd,roide ores.

Heat
Al2Os.ZHzO ------. Alzor + 2H2O

Bauxite Alumina
H€at

FerOr.3HrO ...........r FezOr *3HzO
Linronilc Fcrric oxide

(i) Cabonate ores are converTed inlo their
respective oides by loss of carbon dioxide .

Heat
CaCO, CaC) + CO2

Linestone Calcium oxide
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CaCOr.MgCO3
Dolonlirc

CuCOr.Cu(OH)2
Malachitc

Heat
CaO+MgO+2CO,

Heat....._ 2 CtrO + H2O + CO2

Hcat
ZICO, 

- 
ZnO + COz

Calaminc

(v) It makes the ore porcus and hence easily
wo*able in subsequent stages . Calo.aaaion is usually
caried out it a revetberatory fumace (Fig. 10.6).

The concentrated ore is placed on the hearth
ofthe furnacc and heated by flames deflected from
the roof.

(b) Roasdng It is the process of converting an
ore into ils metallic oxide by heating stongly ot
temperature insufricient to melt in ucess of air.This
process is com.monly rsed for sulphide ores. The
following changes occur during roastitrg :

(i) Moisuue is removed.

(ii) Oryanic maner is destnryed.

(iii) Non-metafiic impurities Eke thal oI sul-
phur; phospho s and anenic sn Nidlted snd are
removed es volatile gases-

s8+8o2 , 8SOz | (Sulphur dionde)

P4 + 502 

-P4Or0 
| (Phosphorus pentoride)

4 As + 3 Or "-""-' 2 AaO3 i (Arcenious oxide)

(iv) Ores are genemlty convefted into metuAic
oxides.

FIGURE I 0.6. Reverberatory furnace.

2Zlr$ + 3O2.- ZZIO + 2SO, I
Zincsulphide Zi nc oxide

2 PbS + 3O2 -----------' 2 PbO + 2 SO' 1
L6d sulphidc Irad oxide

(v) It mokes the ore porous ond hence easily
workable in subsequent stsges.

Like calcination, roxting Ls al,so carried out in
a reve,beratory fumace (Fig. 10.6). During roasting
air vents are kept open while during calcination, air
vents are either partially or completely closed.

2. Reduction or elcctronation of the oxide to
the free metal. The roasted or the calcined ore is

then converted into the [ree metalby reduction with
a suitable reducing agent. The choice of the reduc-
ing agent, however, depends upon how difficult the
reduction process is. If the metal to be extracted is
very reactive like the alkali metals or the alkaline
earth metals, thenthe reduction ofthe oxide can be
done only by the electrolytic method. The oxides of
less reactive metals like those of copper, lead, tin
etc., can be reduced by a number of reducing
agents. The frnal choice of the reducing agent is

decided by the energetics and economic.s of the
reduction proc€ss.

The various reduction processes have been
divided into the following four categories :

(a) Chemical reduction
(b) Auto-reduction
(c) Displacement method

(d) Electrolytic reduction

(a) Chemlcal Reductlon

(i) Carbon as a reducing
agent - Smelting

In this process, the roasted or
the calcined ore is mixed with a
calculated quantity of carbon (coal
or coke) and heated to a high
temperature above its melting
point in a reverberal.ory furnace
when carbon reduces the metal
oxide to the free metal. For ex-
ample,

.\-,.

CHARGE HOOPER
U

o
Lr,.l

l
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ZDO+C. + Zn+CO I
1173-1573 K

SnO, + 2C Sn + 2C0 t
Pbo + c ----------, Pb + co I

FerO3 + 3C 
---r 

2 Fe + 3 CO I
i Th" 

"orbo.r 
monoxide thus evolved or

produced by incomplete combustion ofcarbon can

also bring about the reduction of metal oxides to
free metals as shown below :

1600 K
ZnO+CO 

- 
Zt + COzl

823 K
Fe2O3+CO ' 2FtO +COz I

1123 K
Feo+Co ._ Fe+CO2 1

The mctal thus produced is in themolten state

and is tapped out from the furnace. Sometimes

metals may be obtained in the vapour s tate, e-9.,21.

In such cases, smelting cannot be carried out in an

open furnace.

[lux. lf the calcined or the roasted ore still
cootains non-fusible impurities ofearthy matter, an

additional substance called the fluxisusually added

during the rcduction process. Thus,

F\tx is a substance whiclt chemically combines

with gangrc (eanhy intputitia:t) wltich moy still he

present i,t lhc )asled or the calcined ore lo fomt an

easily fitsible nrutcial cdlled the slag.

Flux + Gangue- Slag

The slag formed melts at the temperature of
the furnace. It is insoluble in the molten metal and

also being lighter floats over t-he surface of the

molten metal from where it can be skimmed off
from time 1o time.

I}pes oflluxes. Depending upon the nature of
the impurities present in the ore, fluxes are clas-

sified into the following two tyPes :

(i) Acidic lluxes' For basic impuities like lime

or metallic oides (FeQ MnO etc.) yesent in the ore'

acidic lluxes &,te sr?lc a (SiO) and boru (NarBoOr.

l0HrO) ac. are used

FeO + SiO2 FeSiO,
(Daic impwitks) (Acidic fitLr) (Fusible sto.)

(ii) Basic fluxes. For acidic impuities like
silica (SiOr), phosphorus pentoide (Paorc ) etc.

present fa the ore, basic lluxes /ike limestone
(CoCo3), mqgesite (Mgco), haematite (FerOo)

etc., arc used.

SiOz + CaCO3 

- 

CaSiO3 + CO2 t
sioz + Mgco3 

- 
MgSiO, + COz t

(Acidic (Baiic !hs) (Fuiblc slot)
inpuities)

Production of Iron from the oxide or€

Iron is the most important industrial metal.Its
extraction is carried out in a blast furnace (Fig.
10.7). It is a tall cyclindrical furnacc madc of steel

lined with fre clay refractory bricks. It is narrow at

the top andhas a double cup and c.ne arrangement
for introduction of charge and outlet for waste

gases. The charge consisting of calcined iron oxide
(haematite, FerO, and magnetite, FerOo), coke

and limestone is fed into the toP of the furnace. A
blast of air pre-hcated to about 1000 K is blown in
by means of uarrow pipes (called tuyeres) at the

base of the furnace.

Reactions taLing Place ln the furnace'

The following reactions occur in the blast fur-
tace.

(i) Zone of combustlon. Near the tuyeres,
coke bums to form carbon dioxide.

C + 02 ---t CO, ; AH = -393'3kl
Since the reaction is exothermic, lot of heat

produced and the temperature here is around
1800 K.

(ii) Zone ofheatabsorption.ThLs is lower part
of the furnace and the temperature here is between
74.23-1673 K. As the CO, formed near tuyeres

moves up, it meets the descending charge. The coke
present h the charge reduces CO2 to CO.

co2 + c--.+ 2co ;AH = + 163 2kJ

Since this reaction is endotherrnic, therefore,
the temperature gradually falls to 1423 K.Cao SiO2 CaSiO,



PHINCIPLES AND PROCESSES OF EXTRACTION OF ELEMENTS 10/13

Slag tormailon
CaCO3rCaO+CO2

CaO + SiO2 -.) CaSlO3(Slag)

Redudion bogins
Fe2O3 + CO rr 2FeO + CO2
Fe3O1 + CO r.3FeO + CO2

Reduclion compl6tcd
FeO + CO -, Fe + CO2

Coke bums to fonn co"
which on passing up '
fumace through more

hot coke is reducad to CO
C+O.-'Co"
co2 +t -+ c6

But the further reduction ofFeO to Fe by CC)
occurs around 1123 K

rln K
FeO + CO --.---..r Fe * CO,

Fumace gases
containing 25% CO

used lo heat
incomrhg air blast

reduction around 823 K gets completely
d to iron by carbon above 1123 K.

Fire bricks

sholl

However, diect reduction of iron ores, i.e.
magnetite etc., which might have es-

Double
cuP

and cone
arran9ement

> 1123 K
Fe2O3 + 3C -------- 2Fe + 3CO

Furmce
charg!

(ore + coke)
+ limestone

Oro lose3
molsture and

becom6s more
porous

Melting ofslag
and iron

Tuyeres

//
Mollen pig iron

(iii) Zone ofslag formatlon.It is the middle
part of the furnace. The temperature here is

1123 K. In this region, Iimestone decom-
to form CaO and COr. The CaO thus

acts as a flux and combines with silica
as an impurity) to form fusible calcium

silicate slag

CaCO, (s) 

- 
CaO (s) + CO, fu)

CaO + SiO2 """""- CaSiO,
Calcium srlicatc (dag)

Fluid slag and
liquid Fe trickle

down lnto hearth

(lv) Zone o[ reduction. This is tbe upper
of the furnace. The temperature here is

around 823 K. Her€ the ores are reduc€d to FeO
co.

823 K
Fero, * CO 

--=r 
2 FeO + COz

823 X
Fe3O1 + CO -------r 3 FeO + COz

upper layer while molt
r.s the lower layer. The
allytapped off. The iron

523 K.

E23 K

l1Z3 K

1423 K

'r 673 K
t&x, K

FIGURE 1O.7, Blast lumace for the manulacturc of pig or c.rst iron.

(v) Zone offuslon.Thisis the lower part ofthe
furnace. Temperature here is in betwee niqZ3-rcll
K. In this region, spougy iron melLs and dissolves
some C, S, I SiO, etc. CaSiO, slag also melts in this
region. Both themolten slagand molten iron trickle
down ilto hearth where i-hey form two separate

The molten CaSiO, slag being lighteiforms

is called pig lron or cast lron.
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(ii) Reductlon or electronation by hydrogen.
Hydrogenis alsoused for reducingoxides of metals
but this is more expe.sive than using carbon. Fur-
ther, because of its inllammable nature, it is used

only in those cases where carbon does not work.
The oxide of the ore is placed in a tray and heated
in a current ofhydrogen. For example,

Ilcat
3Hz ........+ w + 3H2O

Tungstcn

Hcat
H2 Ni + HrO

Ilcat
3Hz--------- 2Mo +3H2O

Molytrdenum

(iii) Aluminlum as a r€ducing agent. Many
oxides like CrrOr, Mn3C)a , Fe2O3 etc. are not easi-

ly or satisfactorily reduced by carbon or carbon
monoxide. These oxides are, however, easily
reduced by aluminium.

Mo POWDER
+ Bao2

AI POWDEH
+ Cr2O3

FTGURE 1o.8. Alunrinothermic process.

The ignition powder burns to produce a large
amount ofheat. As aresult, the metals are obtained
in the molten state and hence can be easily

separated from the other products ofthe reaction.
A few examples are :

2Al + Cr2O3 

- 
N2O3 + zct

8Al + 3MqOl 
-r 

4AlO, + 9Mn

Likewisc Fero, can be reduced to metaUic

iron.

2Al * FcrO, '---------' Alzo,r + zFe

The molten iroa produced as a result of ther-
mite process can be used to weld broken parts of
heavy machinery of all kinds, such as girders, rails
etc, This pmcess is calred tbcrmltt weldin8.

(lv) Other metals as rcduclng agents. Like
aluminium, other electropositive metals can be also
be used as usually agents. For example,

BrOr+3Mg-'3MgO+28
TiO2 + 2Mg- Ti + 2M8O

TiO, + 4Na-r Ti + 2 NabO

Instead ofusirg oxides of metals, their halides
can also be used. For example, titanium can be
obtained hom titaniun tetrachloride by reduction
with nagnesium ((roll's process).

TiCln + 2Mg """"".. fi + 2MSCI2

O) Auto-rtrluc'llon or Self reducdon or Self
electronsdon,

Somc metal sulphidcs can be used for the
reduction of their own oxides. Thus, when the sul-
phide oras of the less active metals (whose oxides
are unstable towards heat like Hg, Cu, Pb etc.) are
roasted in an excess of air, a part of these sulphide.s

are oxidiscd to their oxides which further react with
more of the sulphide ore to yield the metal. 77ir
process is c4rJed sclf-rcductlon or a[to.rcductlou.
For example,

(l) ues (s) + o, G) -'-"'r
Hg(8) + So2 G)

or 2 HgS (s)+3 Oz(0 

-2 Hgo (s) + 2 So2 G)

2 Hgo (s) "'-' Hg G) + oz G)

also 2 HgO (s) + HgS (r) 

-)3 Hg (8) + So2 G)

WO3 +
'fungsten
trioxide

Nio +

MozO3 +
M olltide nu Dr

trioxide

Thc process oJ
metal vilh llg ,

In this process, a nt ixnte ol aluminitm powder
and the metollic oide (say CrrO.,MnrOo etc.)

called thermi'E is ignited in a closed crucible by
inserting a burning magnesium ribbon into the ig-
nition mixture consisting of magnesium powder
and barium peroxide (Fig. 10.8). This process is

called thermite process or the slumlnothermlc
process. Metals like maaganese and chromium are

obtained by this process.
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(ii) zPbs + 3o2
Galcna

2PbO + PbS

...........+ 2PbO + 2SO2

-, 
3Pb + SO2

Sometimes the sulphide ore may be oxidised
to sulphate which is thetr reduced to the free metal
by the excess of the sulphide ore.

PbS+2O2....._PbSOa
PbSOI + PbS -----......r 2Pb + 2SOz

(m) 2CurS + 3o', - --+ lQtrzo + 2SO2

Copper
pyrites

ZCt}rO + Cu2S 

-- 
6Cu + SO2

The roasting of the sulphides are discussed
above is usually carried out in a reverberatory
furance (Fig. 10.6).

(c) Displscement method,
Some metals are reduced by displacement by

a more reactive metalfrom their soluble complexes.
For example, silver and gold are obtained from
their complex cyanides (obtained during leaching)
by addition of more electropositive zinc metal.
2 Na[Ag(CN)r]+Zn- Naz [zn(CH) al+z Ag L

2 K[Au(CN)rl + zt- \ [zn(cN)nl + 2 Au I
(d) Electrolyttc m€thod.

Active metals such as alkali netals, alkaline
earth metals, alumi!,ium etc. cannot be obtained by
reduction of their respective oxides with carbon.
This is due to the reason that the oxides of these
metals are very stable and thus have to be heated
very strongly with carbon in order to reduce them
to the metallicstate. Further, at such high tempera-
tures, metals liberated combine with carbon form-
ing their respective carbides. Thus, such metals are
extractcd by the electrolysis oftheir molten or fused
oxides, hydroxides or chlorides. The metal is
liberated at the cathode.

(i) Electrolysis of NaCl. The s-block ele-
ments, i.e., alkali (group 1) and alkaline earth
materials (group 2) which occur as chlorides or
trxosalts are converted into their chlorides. When
electric current is passcd through a fused chloride,
metal (M't+) ions are discharged at cathode and
deposited. Similarly during the electrolysis ofbrinc

(NaCl solution) using mercury cathodes, the Na+
is discharged atcathode and forms an amalgam. On
the basis of electrochemical series, the liberation of
H, should have occurred at the cathode. However,
due to high H, overvoltage at the Hg cathode,
liberation of Na occurs in preference to H, gas.

NaCl -----------r Na+ + Cl- (Ionization)
(Mohat)

At cathode: Na+ + e - ----.-r Na (deposited)

At anode: Cl- - e- , Cl
Cl+ Cl ......._ Cl, t

(il) Electrolysis of alumlna. Metals other than
s-block elements can also be extracted by
elecirolysis of fused compounds. For example, in
Hall and Heroult process, alurrinium is obtained
by electrolysis of a fused mixture of purified
alumina (AlrOr) and cryolite (Na3AlF5) at 1150-
1173 K, when molten aluminium collects at the
cathode.

IV Re{ining or Puriflcation of Metals.
The metals obtained by any of the methods

discussed above are still impure and hence are
called crude metals. The impurities generally
present io the crude metals are :

(i) Othet metah -produced by simultaneous
reduction of their respective oxides originatly
present in the ore.

(ii) Non-metah -like silicon and phosphorus
formed by reduction in the furnace.

(irl) Unreacted oxides and sulphides of the
metals, and

(iv) Substances taken up in the furnacr, e.g.,
residual slag, flux etc.

The crude motals are, therefore, purified or
refined. The method actually used for purification
depends upon the nafure of thc metal and the
nature of the impurities to be removed.

Some common methods used for refining of
metals are discussed below:

1. Distillatlon Process, This method is
employed for purtification of volatile metals like

The process of exlraclion oJ melqlr b, electrollsis of
their fkted sa s is called elcaromaallurg. In thlt
process, eleclrons seme &r the reducin? aqent.
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2. Liquation Ptocess. This mcthod it used for
puifrcstion of such metal,' as corttoin nPuities
which are less fusible lhan thc,ncldls tlrcmselves, i.e.,

lhe melting poinls those

ol tlrc impwities. in ao

inert atmosphere sloP-

ing hearth of a reverberatory furnace (Fig. 10.9)

when the metal melts and flows down into the
receiver leaving the infusible impurities on the
hearth. Metals like tin atd lead are pttrified by this
method.

3. Oxidation Process' Iftis Process of metal

molten metal thus obtained is brought in contact
with air. The impurities are oxidised and form a

scum on the surface ofthe molten metal ftomwhere
it is skimmed off. Sometimes the oxide of the metal
itself is added which supplies the necessary orygen

to the impurities for oxidation. For example, iron
oxide is added to molteu steel and copper oxide to

molten copper. The various oxidation Processes
employed for different metals are briefly described

below :

(i) Bessemerisation. This process is carried
out in a specially designed furnace called a be-

ssemer converter (Fig. 10.10). The impure metal is

melted and a hot blast of air is passed through it
when impurities are oxidised. Pig iron and copper
are purified by this method.

Another converter vrhich has been used is

called the Pierce-Smith conv€rter. It consists of a
large horizootal steel drum resting upoa rollers. Air
is forced into the molten crude metal through
tuyeres. During the process oxidation of impurities
occurs and the heat thus evolved raises the

temperature to about 2673 K.

(ii) Cupellation. This method is aPPlied

when the impure metal contsins imPuities ololher
metals which form volstile oxides. For example,
last traces of Iead are removed from silver by this
process.

A cupel is an oval shaped pan with shallow
hearth and made up of bone ash or cement. The
impure metal is heated in a cupel in presence of
a blast of air or orygen. The impurities are con-
verted into their volatile oxides which escape

along with the blast of air or orygen while the
pure metal is left behind. Thus, when impure
silver containing lead as impurity is heated in a

cupel along with a blast of air, lead is oxidised to
litharge (PbO) which being volatile escapes

alongwith the blast while the shining mass of
silver remains in the cupel.

(iii) Politg.This method is employed when the

crude metal contains impuities ol the oxide of lhe
metal itself. For example, impure copper contains

FIGUBE 10,9. Liquation process.
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crrzo and impure tin contaiqs stannic oxide The net result is the transfer of pure metal
(SnOr). from the anode to the cathode. The voltage applied

. Air is brown through crudemorren metar to :i:;['J::lf,:;:ti3,J*"fl[f;iffi;which a suitable flux may be added-.As a result, *i.r""ll.p"rr,r", of the less electroposirive me_impurities get oxidised and escape either as ga-ses ,rf r-#"i""r""l.rired and settle down under thesuch as COr, SOz etc. or pass into slag. The surface -^".;;';;^;O" 
^"d 

or anode sludge. Thus in the
of molten metal is then covcred with-low sulphur electrolytic refining of copper, -"r'" u".i"."t"r.
coke,_.i.e , anthracite (to prevent oxidation of the like zini remain in 

-the 
solutionas cations, whereas

metal) and stirred withgreen wooden poles. At this ress basic metals rike au, eg, Te 
"tc. 

io; ir," r""a"
high temperature of the molten metal, the wood mud.
liberates gases such as methane which reduce any
oxide present in the metal (.e. CqO ir blister
copper) to copper metal.

3 Cr2O + CHa ---'-'---r f qg + 2H2O + CO

4. Electro-relining. A large number of me- nis method is bqsed upon tlrc pinciple that
taf,s such as copper, silver, gold lead, nickel, when q mollen solution of lhe impure menl is al-
chromium zinc, aluminium etc. are rehned by thls lowed to cool, the puremetal crystallises outwhile the
method. impuities remain in the melt.

In this method, the impure metal is corverted In this method, the impure metal is converted
into a block which forms the anode while cathode into a bar which is heated at one end with a moving
is made up of a pure strip of the samc metal (Fig. circular heater (Fig. 10.12) so that this enrl melts
10.11). These electrodes are suspended in an and forms amolten zone or the melt. As the heater
electrolyte which is the solution of a soluble salt of is slowlymoved alongthe lengthoftherod, thepure
the metal usually a double salt of the rnetal. Wheo metal crytstallises out of the melt whereas the im-
electric curreut is passed, metal ions from the purities pass into the adjaceDt molten zone. This
electrolyte are deposited at the cathodein the form process is repeated several times till the impurities
of pure oetal while ar equivalent arnount of metal are completely driven to one end of the rod which
dissolves from the anode and goes into the is then cut off and d kcarded. The pmcess is usaally
electrolyte solution as metal ions. The process takes canied out in an inen atmosphete to prevent tie
place as under :

Arodc: M ---.. M"+ + ne-
Cathode : M'+ + 

1c- 
-----.* M

purities.

6. Vapour.phase refining. In this method,
the crude metsl is freed from impuities by ftrst
con
hea
twe and, then decomposing the volatile compound
ot some higher temperqnlre to give the pl[e nrctal.
This method is illustrated by the foflowing two
processes :

. (i) Mond process. It is used for rcfining of
nickel. Whenimpure nickel is heated in u 

"uoi"ntof CO at 330-350 K, it forms volatile nickel car-
bonyl leaving behind the impurities. The nickel
carbonyl thus obtained is then heated to a higher

BATTERY
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t-----
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temperature (450-470 K) when it undergoes ther-
mal decomposition giving pure nickel.

330-350 K
Ni + 4CO N(CO).

Inlpulc Nickcl c.6onYl

450-4m K
N(CO)I Ni + 4CO

PUIc

is method is used

for metals such as

titra are used in sPace

technology. In this method, zirconium is heatsd
in iodine vapours at about 870 K to form volatile
zirconium tetraiodide which when heated over a

tungsten filament at 2075 K decomposes to give

pure zirconium.

t7o K m15K
'Zr (s) + 2lr(g)--' hlq G) 

-

(l^p*) e2rap-o) Tungstcn filamcnt

Z.r (s) + zlr(g)
(Pw.\

Similarly,

523K 1700 K
r(s)+zr2(s) ----+ rillG) ------' !(s) +zIzG)

(Inpoe') (P&)

7. Chromatographlc method. This method is

based upon the principle that vadous comPonenls

of a mirture are adsolbed to difrerunt dents on an

iborbert. In column chromatograPhy, an adsor-

bent such as AlrO, is packed ia a glass colurm. The

mixture to be separated or purified is dissolved in
a suitable solvent and applied to the top of the

columr. Depending upon their polarity, the com-
ponents of the mixture are adsorbed to different
extents on the column. When the column is ex'
tracted (or eluted) with a solvent (eluent), the

weakly adsorbed component is eluted hrst followed
by the more strongly adsorbed and so on. ftts
technique k especiolly suitable Iu such elemenls

which are available onbt in minute quantilies and lhe

impuities are not very much dwrent from the ele-

ment to be puifed.
A flow-sheet diagram of the metallurgical

processes dlscussed above is given in Fig. 10'13.

1 0.1 2, Thermodynamics of Melallurgy rri':::i:'i'i:i::::i:l;::rri::,::l

Thermodynamic aspects ofthe reactions uscd

in metallurgical operations are very important.
These canhelp in decidingthe temperature and the

choice of the reducing agents in the reduction
processes. An important thermodynamic functior
is the standard Gibb's energy change (AG'). lt is

related to cnthalpy and entropy of the system by the
relation,

AG=AH+AS.
For determining the feasibility of aay process'

AG should be negative. Therefore, AG decides the

direction of the process at constant temperature
and pressure. We shall learn more about AG and

its applications in class XII.
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Step 1

CRUSHING AND GRINDING

Slep 2

PULVERISATION OF THE ORE

Step 3

CONCENTRATION OF THE ORE
(Separalion of othsr min€rals)

c Lavlg.tton
e Froth lloi.tbn
ts El.ctsonrgn tlc aaparation
e Lalchhg

+- Crldnellon"l Convcrrlon
e Ro!.Une J lnb mctrt ortd.

es
e R Conversion ol
e E metal oxldc
e D to metalStep 4

EXTRACTION OF THE METAL
(Rernoval ot olher gl€.Yl.nts to
obtain lho doskod nlet D

Step 5

PURIFICATION OF THE METAL
(R€moval of impuritie3 ol
olh6r €lem6nts)

e Lhu.ton
r- Pollng
c- El.cEo-I.fnlng
G Zone rolining
€ \Apour ph63e rafnhg
e Chronrtogr.phlc nFthod

FIGURE 10.13. Flow-sheet diagram for general mutallurgical operations. In the above diagram,
functions oI the proce-sse-s are given on the left wfiite the methods used are written on the right

Summary of the methods oI extraction of some common metals

lvetels Occutrence &tractio! method Remnrk
1. Lithium

2. Sodium

3. Magnesium

4, Calcium

5. Copper

SpodumeDe LiAlSi2O5

Lepidolite, (U, Na,

Ar2(sio3)3 Fe(oH)

Rock salt, NaCl ; Feldspar,
Na3AlSi3Og

Camallite, KO.M8O2 . 6 H2O ;

Magnesite, M8CO3

Umestone, CaCO3 ; Dolomite

M8CO3. CaCO3 ; q/p6um,

CaSOI . 2 H2O

Copper pyrites, CtrFeS2 ;

Cuprite, Cu2O ; Malachite,

CUCOs . CI(OH)2

K)2

Electrol)sis of fuscd LiCl/KCl

Electrolysis of fused
NaCl/CaCl2,"

Electrolrsis of tused MgO or
MECI:./ C)Ch

Electrolysis of fused
Caclz / cj.F2

Roasting of sulphide. Initialty
formed Cu2O reduc€s Cu2S to
Cu

Because of high reacrMty these
are extracted under anhydrous
conditioos

C.arbon reduction is not possible
with alkaline earths since a car-
bide is formed with them.

It is an example of auio-reduc-
tion. Sulphuric acid leaching is
also employed.
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cheap source of electricity is

Deeded in the extraction of Al.

metal Day be purilied by
fractional distillation.

Magnetic seParation
employed as the imPurities
this case are ma8[etic.

Elecrol)Eis of Al2O3 dissotved

in fused Na3AlF5 or Na3AlCl6

Roasting follovrcd by reduction
vith c€rboo

Roasting followed by reduction
with carbon.

reduction of the oxide

rlaDide leaching of the
and fiDally displace-

ment of Ag by Zo.

Clanide leaching, same as in
case of Ag.

Si or Al reduction of the qxide

Bauxite, y'Jzo3 .2 HzO ;

Cryolite, Na3A1F6 ; AluminGsili-

catcs

Zinc blendeor Spharelite, ZnS ;

CalamiDe ZnCO3

Galena, PbS

Cassiterile, SnO2

Ag2S Hom silver,

occurs in smallamounts
ores of Cu, Ag eto.

Cbromite, Feo . cr2o3

6. Aluminrlm

7. Zinc

t. Lead

9, Tin

10. Silver

11. Gold

12. ChroEi m

Q. I . \4,hy ls Fe an abundrtrt element on earth and why sre the elemerts with high stornlc numhers increosingly rare ?

(N.C.E.R.T.)

Ans. Fe b€cause ofits high nuclear bindinS ener$/ is very stable and henc€ is an abundant element on the earth. As

thc atomic numbei increases, the niutron/proton, ie., n/p ratio increases. As a result, the Duclear binding

enersr decreases aod hence the abundaoc€ of elemeots with high atomic numbers decreases.

Q. 2. Give e'omples oflgncous rnd sedim€rtary rcck& What l9 rhe origin ollgneous rocks oDd what is the origitr of

scdiEentary rods ?
Ans. Ignco[s rocks : Sranite, baMlt, Sabbro ctc,

sedlmenlory rocl(s : limestone, sandstoDe, shale, dolomite etc.

orlgln. Igneous rocks are formed by Sradual cooling and solidificatioo of magma'

ScdimeoLs are obtaiDed byweathering of igneous rocks. These are brought by rain water, wiDd, CO2 aDd humic

acid to river banks, sea and lake beds where they 8et dePosited to form sedimentary rocks.

Q. 3 . M.tels ltl{! cu, A& Z,lr' IIg ad Pb occnr ln naturc &s sulPhides rEther tllan odd€6 ? Why ?

hA The cations of these metals, t.e, Cu + ,Z*+ , AE+ aod H{+ tpseudo itrert gos confrgwatio4 1n -tl s7 f dtol

axrd Pb2+ (inen pair configuratio4 1n -t1 s2 p6 d1o ntz) have high Polarizing Power and henc€ car easily

potarize thi oiggcr sulphide ion than the smaller cxido ion. As a result, sulphides of these metals are more

;table thaD the oddes;nd hence thesc metals occur i'l naturc in form oftheir sulphides rather than oxides.

Q.4. In general whlch metals do you t:xpect to occur lD the native stst ln n8tur! ? Glw cr(8mples. (N'CERI)
Ars. Metals such as C\, Ag, Au, Pt etc. which lie below trydrogetr in the eleclrocbemical series are not readily

attacked by orygen, moisture and CO2 ofthe atmosphere and hence occur in the native state in nature.

Q. 5. Copper and sllverlie below ln the electrochemical serics and yet they sr€ found in the combined state 8s sulphides

ln nsturq comment (N'c'EJ.n
Ans. As exptai[ed in Q. 3, due to high polarising power of their cstions, their sulphidcs arc eveD more s]able than

the metals.

Q.6. Metal,s usuolly do notoctur ln n turt rs nltrst4s. why ?

Ans. Nitrates of all metals are solublc in wBter. Thcreforc, if metal dirates were Present in the crust of earth, ihes€
would be slowly and graduallywashed by rain wster into thesea. It is becauseofthis reason tbat metals usually
do not occur iD nature as nitrates.
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Q. 7 . How does NoCN oct as a depEssont h prcventing ZrS ltoE folmiDg the ftoth ? (N-C-E.R,T)
Ars. NaCN combineswith ZnS to form a complex, Na2 [Zn(CN)4|on the surface of ZnS aDd thus prevenls it tiom

forming tbe froth.
ZnS +4NaCN .+ NE[ZD(CN)4] + NazS

Sod. tclracranozimarc (lI)
Q. 8. Wby b ltadvontogeous to rEst a $llphlde orc no ttie dide befotr rEduction ?
Ans' The standard free energies (Ac') of formatioo of most of the sulphides are greater than those of CS2 and

H2S (CS2 is, iD fact, is an endothermic mmpound). Therefore, neither carbon nor hydrogen can reduce Detal
sulPhidcs to metal. Io coDtrast, the staDdard free energies of formation of oxides are much lower than ihose
ofS02 and heDcr csidation of metal sulphides to metal oddes is thermodrramically favourable. Therefore, it
is the mmmon practice to roasr sulphide ore to the oxide before reduction.

(N.C.E.R.T)

(N.C.E.R.T\Q. 9. !,r/het is ahe themod5mamic consideration in the choice ofo rcduclng [gent in met{llurfs/ ?

Ars. For aoy spontaneous reaction, the free enerry change (AG) must be negative
Ac =AH -TAS

AH is thc enthalpychangc, during rhe reactioD, T
is the ab6olute tempcrature and AS is rhe change
in entropy duriDg the reacrion.

Let us investigalc the AG during lhe conversioD
of a metal i[to its oxide

M+02 
- 

MO2

In this reaction, dimygen---a gas is us€d up, and
metal oxide-a solid is formed. Since gases have
higher entropy than liquidsand solids, therefore,
during this reaction, As becomes negative. Thus,
if temprature is raised, the[ TAS becomes more
ncgative. SiDc€ TAS issubrracted in theequation,
iherefore, AC becomes less ne$atiye. Thus, ,he
lrcc cnzrg change increascs trith an infieore i,
temperonre.

Consider the Ellingbam diagram (Fig. 10.14) tbr
some mctaloxides.

From the diagram ir is evident that Detals for
which free eDer$/ of formation of their oxides is
more negative can reducr those metaloxides for
which the free enerry of formation of their
respective oxides is less negative. In otherwords,
any metal will reduce the odde of orher metals
which lie above it iD the Ellingham diagram be-
cause the free energy changc will becoDe more
negative by aD amount equal to the difference
between the two graphs a! that particular
temperature. Thus Al reduces FeO, CrO aDd
NiO in Thermite reaction but Aj will not reduce
MgO at rempcrature belo^, 1773 K From the
above discussioo, it is clear that thermodyDamic

FIGURE 1O,14. Ellingham dhgram showing the
change in free energy (AG) with temperature

for oxides (hased upon 1 mole o{
dioxygen in p,ach case)

coNiderations help us in choosing a suitable reduciDg agent in metallurgy.
Ql0 Carbon monoxide ls o more effective rtd ucing agent thsn carbon below 9ti3 K btlt I bo].e this tempcmturE rcveNe

is true. Horv will you explair this ? @.C.E.R.T)
Ans. When carbon reacts wlth diqygen two reactions are possible :

C+02 + 2CO2

2C+Oz 
- 

2Co

L
E
f
o

,E

Eo
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ln thc first reactiol'I. the volunle of COz produced is

the same as that of 02 used, therefore, as is very -200

small and aG does oot change with tenlPerature.

Thus, the SraPh ofAG against T is almost horizontal

(Fig. 10.1s).

The second reaction produces twovolumes ofCO for
everyone volumeof O z!sed.n%\ L-s is Potiitive and

hence LG become:r increasingty negalive 4s lhe

tcmDetaate iacreaner Consequently its line on lhe
Ellingham rJiagram slopes dou'nwards (Fi8 l0.15)
The two lines for the reactioDs, C ...- COz and C

+ CO cross at 983 K. Belo$' this temperature, the

reactioo leading to the formation ofCO2 is energeli-

cally more favourable
ofCO is preterred. In
C and CO can act as

can be more easily oxidised to CO2 than C to Co2,

L
aE -4oo

o
>. -€00

3 -aoo

;
E -1000
o

773 3 1273 1773 2273 2773

TEMPERATURE (KD

ducing

:t-:: HGUBE lo.l5. Ellnsham diagnm for carbon'

]l l'-: (The composite cun€ is the solid line).
983 K,

carbon is a better reduciDg ageDt tban CO.

Q'll.whichmetolssrtscnerallyextrac,edbyelectrolytcpIo(lss.s?WhichPcltionsthcsem.talssenerallyoccupyln
the periodic tabte i (N'C'E R'T')

Ans. Electrolytic Process is used for the extraction ofactiv€ me ere allother method's

fail. Except Al and few other metals, tbese metals belong

Q. 12. tlou are prcvidedrvlth a sample ofsome impurc metals such Whlchmethodswould- 
yo,, r.-rrr-"ntfor tbe puri-flcation of eacir of these metals (N'C'E'R'T)

Ans.

zinc metal iD tbe distillatoD flask.

0i) The metalzinc may be further purfied by electrolytic refining as explaiocd on Page 10/17'

(rii) The metat copper is relined by Poling.

(ie) The metal Sermanium may be Purified by zone refining as exPlain€d on Page 10/17-10/18'

Q.13.Whlchmethodwouldyousuggeslforthes€poratlonolthemetalsinthefollotf,iDgmlxtues?
(i) Zn ftom iron (ii) coPPer from magnesium (t'ii) Rarc eorths'

cive r€asons for your choice- (/VC'E R'I)

Ans (i) Zn (b.p. 1180 K) c€n be easily seParated from iron (b P 3273 K) by distillation'

(ri) A mixture of cu and Mg metals is trcated with dil. Hcl when Mg di.ssoh'Es formin8 Mgcl2 while coPPer rema ns

uDreacted. The imPu re cDPper thus obtained is pu rified by electrolytic refu:in8' The M8O2 obtaiDed above is made

anbdrousbyheztinsinacurrentofHclge6.Theanh}drousMgcl2thusobtaiDedisaddedtoamirureofmolten
NaO aDd CaCl2 (93-1025 K) and electrobsed when pure Mg gets dePosited on the caihode

(iii) Rare earth metals (ie., lanthanides abbrwiated as Ln) can of

it tiiirimpl" tuttt tr"h ai niirates, sulphates, bromales, P€rchlora ch

"t 
in 1lbr1, . : r.lg(No3)2 . 2a H2ct because they crystallize we to

Lu, therefore, salts at the Lu eDd of the Series will crystallize first. The Proc€ss has to be reP€ated a numbcr

ofiimes to o6tain good separations. Non-aqueous solventssuch as diethylether have Jeenused to seParate

Nd (No3)3 and Pr (No3)3.

C + O2') Coz
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Q. 1.

Ans.

Q. 2.

Ans

Q. 3.

Ars.

Q. 4.

Ars.

Whot is a mineral ? How doqs it dilfer from an ore?
The natural materials or the chemical compouDds iD wbich the metals oc€ur iD the earth are callcd mioerals.The minerar from which the me."r is convdnientry ano economicaif,liiieo i" *,ea ,n_o rc. -fht)s, alr orerare minerals bw all minerols ore nol ores.
Whnt tl4rcs of ores ore mssted ?

Sulphide ores arc roasted to conven them into their oddes.
Metal sulphides occur Eaitrly ltr rocks anrl metal hsUdes ln lakcs srd scos. Explaln.
Mctar harides being sorubre in water,.get dissolved in rain water and are carried to rskes and s€ar durincweathering ot roc*s. on the orher hand, meralsutptrides being irisorror" 

"i" 
lii u"l,ri iril,;ffi#;il,:

What arc fluxes ? How trre they useful ?
Frux is a substaoce which c,mbines with ganguc which rnay sti, bc prcsenr in the roasted or calciDed ore toform an easily tusible materialcalled lhe slag.

Q. 5. Whst is o slsg ?

Ans. A slag is an c
combines wit fl_gangue still preseDt in the roasted or the calcjned ore
easity tusible of iron' cao (flux) combiDes with silica 8angr" to roinl

CaCO3 * CaO+CO2 ; CaO + SiO,

Why do come metcls occur in the rative state ?
Mctals like Au and pt, which are not reactive, ie., are no! atracfed by 02, moisture and CO2 of tbe air occur
in the native state.

Q, 7, What do you mean by berefaction process ?
Ans. The process used to concentrate an ore N called the benefaction proccss.
Q. 6, What is gangue ?

Ans. The earthy aDd silicious impurities associated rvith the ores is called gangue.
Q. 9, Deline aluminothermy,
Ans, The reduction of oxides of metals like CrrOr, Fe2Ol, MDtOa etc. to rheir me.ols by alun,niunt is called

aluntinothermy.

Q. 10. WhEt is cupellatlon ?

Ans' cupellation is a method used for relining ofsuch nretals which coDtain impurities otother metals which rormvolatile oxides. For example removal oflast traces of lt from e!.
Q. I l What is potirg ?

Ans' PoliDS is a method used for refininS ofsuch meials which contain impurity of the oxidc of the nretal rtseI. Forexample, CUO in crude Cu.

Q. 12. WhEt is th€ principle ofzone reliring ?
Ars. When the molten solution o[ i

impuri es remain i,, solrtion. 
to In]pure rDetal is allowed to cool, thc purc melal cr]stallizes out whilc the

Q. 13. What is Vnn Arkel method ofobtaining ultrapure metals ?
Ans' The impure metal('Il or zo is first converted inro irs volalile iodide by hearingwith 12 at some low temperature

and then decomposing the voratirc iodide at a suilabre high tcmperature to give the pure metar. For exampre.
870K _- 2075K

(Inpurc) w ril"n.nr 1rr).i - ''
Q. 14. Glye ihe chemical formula ofdolomite and cornalllte.
Ans" CaCOr.MgCO3 and KCt.MgCt2.6H?O.

.- 6aSio3

(ios)
Q. 6.

Ans.
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Q. 15. GiYc one imPoitsnt ore ofal$miniunr'

Ans. tJauxite (Al2O3 . 2H2O).

Q. 16.Ans' iaB':[iH:flf:'lliffiill;f,"",*3,)"li
elrts it fron] formin8 the froth'

Q. t 7. rrvhat is the role of a sturhilizer in froth-floistiotr Process ?

Ans.Chetl]]icalcon]poulrdslikecresolsandaniliDewhichtendtostabilizethefrotbarecalledfrothstabilizers'

Q. 18. \Yhich is n better r€ducing oEent nt 9t3 K (or 710'C)' carbon or carhon monoxiile ? 1 \'( / ii /

Ans, CO. Above 983, CO being more siable does nol act as a good reduciog ageDt but carbotl does'

Q. 19. Indic[te the temperatrrre atwhich cnrbon can he useil ns a reducing aPent for FeO' \ ( ] /r' I

,\ns. Above 1123 K, carbon can reduce FeO to Fc'

Q. 20. ls it true that under certsin cooditlons Mg con re'luce SiO' anrl Si can reduce MgO? \ ( / /i l

Ans. Below 1773 K, Mg can reduce SiOz but above 1773 K Si can reduce M8'

Q. 21. Ilow is l4C ohtained in the atmosPhere ?

Ans. I)ue to nuclear reaction between imic rays and atmosPheric nitrogen' ie ' |af'f + pt .. |ac + lft

Q. 22. Why is the cosDic abundance of Fe very hl8h ?

A[s. Duc to its vcry high nuclear bindiog energy ?

P ratl e a lr's N eut Coiise Chemist,AifrlD)

Explain uhy terrcstiat aDd cosnic abundance ofelemeots is different'

Why iron is an abundant element on earth and why are the elements with higher atomic Dumbers

increasingly rare ?

write shon notes on : (i) HydrosPhere, (ii) LithosPhere (iii) AtmosPhere and (iv) Biosphere

Name a few elements present in lhe livtng organFm

Givg a brief accouDt of tbe various elements present in ihe sea- water'

Ocean is a storehouse of the clements Colnment

Although sea water contains almost all thc elements' yet only a few elements are recoveted from it 'l

How d6 the elements ocrur in nature ?

fi;;;;-r;;i;"r""ts occur in the Dative state whilc others do oot ?

Differentiate betweeD mineral and ores'

ence oflhc followi[g in the earlh's crust :

(c) sodium (d) lead (N'C'E'R'?')

(ar leasr rhree), exptain how the reacriviry of a metat ls r:/;5.i.?.fi

predict the mode of occurreoce o[ the following three types of metals : (i) Highly reactt-: q'j']:)

i,iftloo";,;,y;;;,iliie.,i:e) (iii) noure nritarlr:e,eu; N'c'D'R'r)

Howdonon-metalsoccurinnature?Howaretheyextracted/isolatedfromtheirDaturalsources?(N.C.E.R.T)

DiscusssomeofthefactorswhichncedconsidcrationbeforedecidingoDthemethodofgxtractionof
metal fronr its ore (N'C'E'RT)

Describe the principle of froth flotation Process What is the role of a stabilizer and of a depressant ?

Give oDe examPle each. (IVCE R'I)

Name three ores which are concentrated by froth flotation proc€ss wbat is meant by a dePressaDt ?

(N.C.E.R.Tl

Sec. 10.1. 1.
to 10.6.

Sec. I0,7'
to 10.10.

Sec.l0.l0.
to 10,12.

3.

4.

5.

6.

E.

9.

10.

11.

12.

13.

t4,

16.

17.

Question
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18. Differentiate betweeo the followin!: fi\ *r.t.,,ri^" .., .^^.ll-l_.ll]-
r9. whar is meanr by *r""rorrion J8;":) 

calcinatioD and roastiDg' (ri) gaDgue aod flux'

Discus the origin of elementr iE rhis unryerse.
Dtsclss briefly ttrc distribution ofclemcnts on eanh.
Wtite the zones of the e3rth and discuss the distributioo of clerEat! iD thcse zoncs.

tioll of thc earth.
were they formcd duriog formation ofe€rth ?
ores,. D€scribe bricny the various methods used for

Giye a bdef account of tbe various methods used for obtaining mefals from tbc r@$ed or calcjtred

YJHt,f#:1'iifl.?:fl:rry 
? Describe bricrlv thevariousrErhods empgrcd turisohtionormctars

Give an appraisal of the methods uscd for rcduclion of mctallic qidcs to mctals.
Discuss briefly the various methods us€d for refioing of crude metals.

20. What is the purpose ofroastiDg and calclnation ln meEllurgical operations I21. What do you mcan by leaching ? Fxplain with an cxaD.rple.
22. Explain rhe difference between leaching and levigation.
23. Silver ores and native gold have to be leached with metalcyanides. Suggesr a reasoD for this.24. Giviog ooe example in each caje, dittereniiate between

(i) Hydrometa urgy and (ii) Etecrromera urtl/
25. What is a flux ? Discuss its types and uses in ntetallurgical oprations.
26. 

_What 
is aluntinothermy ? Explain wth one example-

27. What do you uoderstand by lhe following terms ?
(i) Roasring (ri) Catcination (ir) Snrelting.

2t' Naore rhe nretars which are associated wirh rhe forowing rerms in their exrracur, ,r.,, ,$l;"';X l'(r) Bessenter,s converter (ti) Blast furnace (ru) A.luntiriothermic process (iv) MagDetic separation

,r. I:.!1* gl" leducing agent rDa p€rlicular case depcnds upon rhe the rmodyoam- r",$.?'J;11you agree with this statement ? I
30. rscarboDasarisro"to.y,.ou"r,,g'ffii#l;Hffi'::;Hi',?;," (N.c.E.R.r)

3L Describe rhe principrcofeach olr the follo\ring processes in det,ir ? 
rns (N'C-E.R.T')

(a) MoDd,s process (6) ZoDe refining (c) Elecrrolyric refiDing. (N.C.E.R.T),. 
Ni:ira,i 

*, nrean by vapour phase refining. DescriOe ,ran"ertet me[hod used for purificztio' of
33. Describe the principle of extraction of each of the followiDg :

34. 
ucr. wrrar wi, happe, ,r$lrtf;ll

,r"0 r.,,n. .,tl*lflXi3i
36. ^ WC.E.R.T)

J7. Sreet Aulhoriry of India. W.C.E.R.T)

3t. Cupeltation.

39. d c€lcination ?

and poting ?

10125

Sec. 10.I.
to 10.t.

Scc 10.9.
to 10.12.

L

3.

4.

6.

9.

10.

werQueeti
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1. Electrostatic corcentration' PrhciPI€ The principle ofelect
-dc nds uion the differenc€ in the

ly wneD brought into ao electrostattc ---'
ectrode carrying the charge'

inc su fed uPon tt roller in a

thin i,[il rJJsffi::?il::l
easi e to tho roller'
not

2. Hvdrometollurgy is lhe Process of dissotving lhe ore in a.suitable chemical reatent followed by cxlraction

ot rhe meial either by electrolvsis "' ;;;'i;tiilir'i;t 
meiat sv a more etectroposiiiue melal Ag and Au are

extracted bY lhis Process'

4Ag + SNaCN + O, + 2HrO - 
4Na[Ag(cNLl + 4NaOH

2 NatAg(cNhl + zn - Na2[zn(cN)rl + 2Ag I

ng behi'ld the metsl'

ro/26
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Q I Delire amalgamatio[ ? Discuss its nse in the
purllicatioD of gold and silver. CoD Fe be
purllied by this method ?

Ans. Iron €nnot be purified by this mclhod siDce Fe
dc,es not form as amalgam.

Q 2. Cinnabsr (HgS) sDd galena (pbs) on roasting
often give thcir respective metals but zilc
hlende (ZtrS) does Dot. Explain.

AIls. OD roastiDg all-these sulphide ores are partly
converted into (heir respective oxides. Since th;
oxtoes ol mercury and lcad are unstable while

Hgs + 2Hgo a sHg+soz
(uistoblc)

Al, Zn, Fe, Pb (West Behpl l.E.E. 2003\
Anr. AlumiDium caDnot be extraeted by the smelting

process because of the following reasons :

(i) Ai is a highly etecrropGttive
very srong affinily for mvs
AlrO, is a very stabli *rporij
rct be rcduccd by carbon.
(n) Ahos wheo heated with carbon forms
alumiDium carbide.
2AhO3+6C 

- 
A.t+e + 6CO

mass. The additional substanc€ is called

Durirlg smeliing, an addirional substaDce is added
which contbines with impurities to form a fusible

rve Exsminations
6. In the uluminothcrn)ilc proccss, illuntiniunr acts us

(4) atr qidising agcnt (r) a flux
(c) a reducing agent (d) a sotder. (t.t..t te|.t)

7. Inwhich ofrhe followirg minerah, aluminiumis nol
prEsent ?
(a) Crlotite (6) Mica
(c) Fledspar (4 Ffucspar.

& An important orc of magnesium is 
(l l'T 199 t )

(D) Cassiterire

(d) calena.
I D.lll! t 't ' l

9. The salt which is least likely to be found in minerals is

-' he
by

(4) Electrometallurs/ (D) Hydrometa u rS,
(c)Electro-relining (d)ZnDe_rcfinin|.

3. Smelting involves reduction of metal oxide with

(a) FIux
(c) can8ue

(c) Carbon
(c) Magnesium

(o) cE
(") ce

(a) NajAlF5

(c) Al2O3

(D) slag

(d)Ore.

(b) Carbon moooxide
(d) AlumiDium.

(b) zn
(d) Ac.

(b) r'J2O3.2Il2O

(d) ?+o3.H2O

(a) Matachire

(c) Carnatlite

(a) Chtoride
(c) Sutphide

10. The ex&actioD of which
involws bcss"meri.gtion.
(s) Fe

(c) Al

(6) Sulpbare

(d) Nitrate.
tl).L \1. /. !rr.t

of the following metals

(r) A8
(d) Or. @.H.u. teet)

3::::l1T has been emptoycd for prepariDs
urrrapure samples of

5. Which of the followiDg is an ore of aluminium ?

and

lUALTI I,LE CH UEisTTONS
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11. Which of the folloEng metals is obtained by leach'

iog the ore with dilute c,anidc solution ?

20. ln the equation, 4 M + 8 CN- + 2H7o + oz

...- 4 [M(CN)r]- + 4 0H-, the metal M is

(a) Copper

(b) IroD

(c) Gold

(4) Silver

(c) Vaoadium

(a) NH,

(c) Hcl

15. Malachite is an ore of

(a) Iron
(c) CoPPer

(a) Smelting

(c) Uquarioo

(a) CrPPer

(c) Iror

(b) TtaDium
(d) Znc.

(A-l.l l'l.s l99l)

(r) Copper

(d) Magnesium.
(;t1.PC-E.l:. 1999)

Process
(4) As
(c) Al

22, Pyrolusitc is a/an

(a) Oxide ore

(c) Carbide orc

(6) Na

(d) cu
(1.1.1,.E 1,.2002\

(b) Sulphide ore

(d) Not aD ore

(D.Ml.1:2002)

(b) co
(d) so2

12. Which method ofPurification is represented ry the

eouatioos.
smK 1675 K.It +2LlTitr ,'Il + 212

(lmoure) ' (Pure)

ta) iupeitation (b) Poling

13, Which of the following benelaction processes ls

used tbr the miDeral Al zolz}lzo !

rd)Froth-floatation (D)

i.ji.iqrurion @\ aration

14. Thc process of concentrating Au and Ag orcs ls

based uPon their solubillty lD

(c) Van Arkel (d)'/-ane rcfioin9.
(/r'l-l.n'1.5 199J)

(b) HNO3

(d) KcN.
lC. .5.8. l!M.7: 1991)

(b) Tinc
(d) MerorrY

(M.lPM.T 1998)

16, Which of the follottr'iog meials is sometimes found

native in nature ?

(a) A.luminium

(c) Iron

Io thc extraction of coPPer ftom its sulPhide ore'

ihe metal is formed by iaduction of Cuzo witb

17. Which of the follo 'ing metals is n]ost abundaflt in

the earth's crust 'l

(a) Me (b) Na

(c) Aj (d) Fe ( teee)

l& Hearing Pyrites to remove sulphur is

(a) FeS

(c) CurS

tlllllIS 200l)

24. In the Process of extraction of 8old,
o"

Roasted gold ore + cN - + H2O --; lxl + oH-

lxl + Zn- [Y] + Au

IdeDtiry rhe comPlexes [Xl and [Yl

(a) x = [Au(cN)2]-, Y = [ZD(CN)4]2-

(b) x = tAu(cN)4r2-, Y = [zn(cN)a]2-

(c) x = [Au(cN)2]-, Y = [Zn(cN)6]1-

(d)x = {Au(cN)al-, Y = lzD(cN)412-
i.l T.2l)0.1)

25. The olethod of zone refining of metals is based on

the PrinciPle of
(a) ireater mobility of the Pure metal than that of

the imPuritY.

(b) higher melling Point ot thc imPurity than lhat

of the Pure metal.

(c) Ereater noble character of the solid metal tban

that of the imPuritY'

(ll rrcaler solubility of the imPurily in the molten

;late rhan in the s( lid.
t(R \ t' l!rl.'l:2A01)

tlt. rJ 19. b 20. c

(D) Calcination

(d) Roasting.

t itl.l: llil. l: 200t) )

19. In the metaltursr ofwhich of the fottoxinS' c,lrPel-

lation Process is us€d ?

l(h 11 t:
13. b

27. a

l'rtrt!r:,:1,'s Ne.l Cou$e Chem istrylft[p
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26. The Dlethods chiely uscd for the extractioD ol lead

and tin from their ores are respectively
(a) Selfreduorion aDd CarboD reduction
(D) SclfreductioD and Electrolytic redocrion
(c) Carbon reductioo and Self reduction
(d) C)anlde pr@ess and Carbon reducrion

27. vapour phase refining ofnicketis carr,:l: 'JL;;

3I. During the exrraction ofiron, slag produccd is

\.1 t K L:.tt t: 1001)
32. Silver contaiDtng lead as an impurity is purilicd by

(.r) PoliDg (b) cupelarion

(a) cO

(c) MgSio,

(c) LevigatioD

(D) FeSiO3

(d) casio3

(d distillation
(J & KC.Ii.',l:2(t04)

(r) cr
(d) Mg

u& KC.F:.',t:2004\

(D) At
(d) Cu Ouittt.c. zoot:

(q) rz

(c) Hcl
(e) No
Thomas slag is

(a) CalciuDsilicate (D) Calcium phosphate
(c) Barium phosphare (d) Strontium siticarc
(e) Bariun silicate lK(ratn I;.L.ta 2tjtlJ )

Silver is obtained fronr Na [A8(CN)2J by reaction
with

(a) Fe

(c) ZD

(a) Malacbite
(c) Galena

(6) Cassirerite

(d) Magoerite

\.1 tL.h:.L.200J

(b) ct2

(d) co
(It tdle E.Ii.f:. 200Jt

(6) Na
(d) ht tc.c1t.r zoot

33. Out of the followiDg melals that caDnol be obtained
b),electrobsis of ihe aqueoussolution of their salts is

28. (4) As
(c) Cu

Wbich onc of the followiDg ores is bqst con-
c€ntratcd by froth- flotatioo method ?

34. ln the fiolh-floatalion prooess for bencfircti n ,\J
lhe ores, the ore parttcles floal because
(4) they are tight
(r) their surface is not easily wetted by water
(c) they bear electrostatic charge
(d) they are insotubte.

(a) Ni
(c) Fe

HlNT5./EXPLANATIONS to M uliiple Ch oice @.u eetion s7. Fluorspar is CaF2. :8. Calcium phosphate is calicd Tho-as stag.
9. All nitrates are soluble iD water.

ll- Silver dissolves in NaCN solution.
16. Copper is very slowly a acked by air, ntoisture and

COz and henc.€ sometimes occurs in nalive state.

J3. Since the reduclion potetrlial of Mg2+ (_2.3-t V)
rs much tower than rhar ofI{rO 1_1t.6i yy,16s1"1
Iore, H2O gets reducerl inprefereneof Mgz+ ions.

J4. Ore particles float because lheir surfacc it wctted
by oil.

ADDITIONAL UESTIONS

The lollorlng
key to choosJ 2' U3€ atle fotloryin8

(a) Ifboth assertion ard resson are CORR-ECI and reasou is the CORRECT explanation ofahc assertion.(b) If hoth o.sertioD and ,"asor orc coRREq but rcasor ls Nor the coRREcr exptsnatron of the assertion,(c) If assertior is CORR.ECI, but reason is INCORRECT
(d) Ifassertion is INCORREC,I; bur reason is CORRECT,

L.LI E R .S
31. d 32. b 33. d 34. b 35. o

26. a 27. tl 2a. b
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Assertion (Column l)
1. 'Il can be Purified by van Arkel Process'

2. Aluminothermy is used for exkaction of
chromium from chromiun] oxide'

A! aod Au are extracted by leaching thier

o; with a dilutc solulion of NaCN'

C.arboDates and hydroxide ores are con'

centrated by froth lloatatioD process'

Reflson (Cohtmn 2)

lll1is a rolarile coln=-und whhhdcq]nrpces at a high lemp€rature

Alumina has a high nleltiDg Polnt'

I$purities associated with these ores dissolve io NaCN

ln fro(h-floatation process Pine oil is used because it preferentially

wets the ore Particles-

TruelFalee ?tatemente
Which of ,he Jollo,iing stalefienl\ are true o'td

called an ore.

FilllnThe
AD orc is a . . .. from which the metal ca n be exkacted

ies

'io

orrvert it into ....

4. The process emPloyed lo conceotrate an ore is

called (he

s. ieactring Particular mioeral- 
io un orj ivelY bY using cer'

taiD acids, bases or other reagcnts'

e. freiim&al orirnpurities ftom an ore by forming

salts is called slaSSing oPeratio['
z. ia"iar. tntria 

",Jiigfily 
ieactive cannot be obtained

by elecrolYtic rcduction.

Olanks

5.
6.

1.

2.

3.

Vatchin7TY?e

Highty eleotroPositive metals like alkali metals are

;;
its ores.

Q.uesAions
Match rtctns give n in Column Aagainst those given

rn Colun]n B.

4. concentration ofsulPhide ore

5. concentatioD of ore
6. Sodium chloride
7. Sodium bicarbonate is used in

8. Alkali metals aro

(d) Firc extioguishers

od

(i) An ore ofsodium
(/) Pbs

Column A
l. Bauxite

2. Galena

3. AlkaliDetals are extraoted bY

Column B
(a) Flame to.st

(b) r-Block elements 9 Atka[ne earlh metals are
(c) Frolh-floalalion 10. Magnesium does nor give

ASSERTION.REASON TYPE OUESTIONS

MENTS

, mineral 4' Tiuc 5' 'Iiue 6' 'Iiue 7' Blse'

FILL IN THE BLANKS

H I NT9 /EX P LA NATI O N5 to As 3 ertio n-Rea e on'fy ? e Au estio n 5

cnncct etDlonalion. Al is a Sood reducing auent'

ii,ril"r r"loroo Ag and Au drssolvc in NacN solu-

tion to form tieir soluble coDlplexes'
3.

1.

,l

:iii

4, Care a\.tertiott Sulphide orcs are

by froth- floatrtior Procs*'


