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Describe some metaliu S
Make a list of raw materials for Solvay process. |
Outline the basic reactions in Solvay Process
Develop a flow sheet chart for Solvay process.
Describe the composition of Urea.

b
Develop a flow sheet diagram for the manufacturing of Urea.
List the uses of Urea.
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s Define petroleum.
s Describe the formation of Petroleum and Natural gas. |
o Describe the composition of Petroleum _

e Describe briefly the fractional distillation of Petroleum

e Relate the study of chemistry to careers.in industry. ; : SR
e Describe the link between chemistry, business and communication skills in order to promote chemical sales.
o Describe how different types of fire (wood, oll, aiectric}.roquire different chemistry to put them out.

« Explain how technology impacts the production of common chemicals.

« Debate the use of synthetic fertilizers versus organic/natural fertilizers,

e

In grade VI you leamed about metals and how important the metals are in our life...?
Most of our kitchen utensils, parts of sewing machine, washing machine, parts of our car,
electrical cables etc. are made of metals. Think what will happen if the base of our iron is made
of plastic instead of metal...? Your mother asks you to bring dhobi soda or washing soda when
she plans for her scheduled washing... Do you know the chemical name of dhobi soda...? We
put fertilizer in our fields, gardens and flower pots...? Think what wij| happen if we du;r.:'t put
fertilizer to these...? Have you ever thought of how we get diesel, petrol, gtc for running our
vehicles? Where from we get natural gas (Sui gas) and kerosene ol for our kitehen stoves and.
our factories etc.? What is coal tar? Where from it comes? In this era of high technoloay all of
s depend too much on plastic items...? Did you ever try to know what these thj a:;‘g?y What
is the source of these things? In this chapter you will leam about how metals are,negsm cted from
their ores? How sodium carbonate or dhobi soda and sodium bicarbonate or baking soda are
 manufactured. How urea is manufactured and what are it important uses? Wt is petroleum?
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& 16 Chemical Industries .
B = ok TABLE 16.1: Some important ores

——— e ere S

=TALLURGICAL OPERATIONS
tant for us: We use them for structural applications, cooking utensils,
_mahy other things. However, being electropositive, almost all the
und in the form of their compounds:. The naturally occurring metaliic
alled minerals. The debris, such as sand, rock and clay attached with the
slied gangue. Some important ores are given in table 16.1. An ore is a solid deposit
ning ; sufficiently high percentage of a mineral to make extraction of metal
cally feasible. To recover and use these metals, we separate them from ores and
on. The process of separating a metal from its ore and preparing it for
mﬂt&"ﬂ y o R 255 ﬁ_‘ﬁ"fi g =roskae = Y ;_;: '____.._. S—

verizing of the
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steps is converted into the powder. Then S _
separated from gangue by some physical | eure 18.1: Magrietic Ssparator

process is called concentration. Some of these methods are as fo-l-lows =
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a) Magnetic Separation:

Cleaner
S Air

For magnetic ore, a magne ﬁk
leaving the gangue behind. The powere ore is dropped over 3

moving belt. Belt moves over two wheels, one of which is
magnetic. It attracts the magnetic ore, so it falls nearer to the
magnetic wheel. While non-magnetic impurities fall further away,
as shown in figure 16.1.

2= 16 Chemical Industries

|s used to remove minera|,

b) Cyclone Separation:

Where large density differences exist between ore and
impurities, a cyclone separator is used. In this method air under
high pressure is blown through the pulverized ore. The lighter
gangue is blown away through the top. But the denser mineral
rich particles hit the walls by centrifugal force. They fall down the

funnel.

(Figure 16.2)

c) Flotation Process:

' bottom ‘The coppe

e

Figure 18 3

-

_"—_

t:aﬁ.rz»«;'F

: prOcessto Xtr

- Some mmerals are converted to oxida'
melting point. This pmeess Is called r“‘tlng- !
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Puivenzed ore is fed into a tank contalnmg water and an

oil-detergent mixture. The mixture is agitated with
air. Detergents wet the mineral particles but not the

silicate gangue. The maneral particles rise to the top
of the mixture as a forth, from where they aré

skimmed off. Particles of the gangue fall down to the

16.1.2 Extraction .-6f?.Metals
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16 Chemical Industries

Roasting reaction of copper pyrite ore is
2CuFeS,, + O, —™CuS, + 2FeS, + SO,,

2(s) 2(g)

(b) Smelting
The method to reduce metal ions to free metal is called smelting.
The most common reducing agents are coke, carbon monoxide and hydrogen. Some
examples are:
Fe,O,,

WO. + 3H

3(s) 2(g)

+ BCO{Q}—».?Fem + 3002@',
WV (s) + 3H,0,
ZnOm i Cmv—-—J.an + COm

However, smelting of copper ore is done in two steps.
i) The roasted copper ore is heated with coke and sand at about 1100°C. The materials melt
and separate into two layers. The bottom layer that contains mixture of Cu,S and FeS is

called matte. While the upper layer is a silicate slag formed by the reaction of FeO and sand
2FeS, + O,,—— €0, + 280,

FeO,, + SIO,,,———FeSiO,

2(s)

i) Bessemerization:
~ In this process air is blown
through the molten copper matte in a
Bessemer converter - (Figure 16.4). Any
_ remaining iron sulplide (FeS) is oxidized and
removed as slag (FeSiO, ) . In the final smelting
step cuprous sulphide (Cu,S)is oxidized to

form cuprous oxide, which reacts with
remaining cuprous sulphide to” form metallic Figure 16.4 Bessemer Converter

copper.
2Cu,S, + 30,,—2Cu,Q, + 280, .

CuS, + 2Cu,0,,—6Cu, + 802(9)

The product, called blister copper is about 97 to 99% pure Cu, with entrapped bubbles of SO.

‘Bessemerization is also used to convert pure iron into steel.

:-l'('l.:') Refining or purification of metals
5 The metal obtained as a result of smelting contains some impurities. So it must be refined

i Elillowmg methods may be used.

A i o
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Self-Assessment Exercise 16.1

List important ores of iron, copper, zinc and mercury.

List out basic metallurgical operations.

List main processes used to concentrate the ore.

Write names of methods used in the extraction of a metal from its concentrated ores.
List methods used to purify metals. '

16.2 SOLVAY PROCESS
Sodium carbonate (Na,CO,) or soda ash is an important industrial chemical. It is used
in the manufacturing of glass, soaps, detergents, paper and many other important chemicals.
‘Sodium carbonate is manufactured in a continuous process known as the Solvay process.
16.2.1Raw Materials v
- Commercially, sodium carbonate is manufactured in @ continuous process that uses:

a) Ammonia e
b) Brine (concentrated sodium chioride solution)
" ¢) Lime stone as a source of carbon dioxide and slaked lime, Ca (OH),

" 16.2.2Basic Reactions

Solvay process consist of following steps

' Preparation of ammonical brine: - |
) ‘Ammonical brine is prepared by dissolving ammonia gas in brine. Ammonical brine is fed
into the carbonating tower. '

i) Carbonation ,
= ) In the carbonating tower, carbon dioxide is passed through ammonical brine. Foliowing

" reaction takes place in it. .
CO, ., +NH, , + H,0,—NHHCO, .,

2(9)

ok WN S

ke NH,HCO, ,,, +NaCl,,, —=¢—NaHCO,, +NH,Cl,
in the lower compartments of carbonating tower, the temperature of the mixture is lowered
to 15°C. At this temperature, NaHCO; precipitates out.

lil) Filtration :
Precipitates of NaHCO, are separaied from the milky solution by filtration. It is used as

baking soda.

lv) Calcinations
Sodium hydrogen carbonate is heated to get sodium carbonate

i ‘ ZNGHCOS(,} —‘l‘—)Nazcosm + COz(a) e Hzota)

Carbon dioxide released is re-cycled in the process.

N S a
—__ - - — - -
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4. Show formation of two Products from the carbonation tower

| Carbonation

!

5. Show formation of Na,CO, and CO, form NaHCO, and show recycling of CO, .
[arico, ] ‘

| To Carbonation Tower

6. Show ammonia recovery:
‘| @) First show formation of Ca (OH), from CaO and H,0.

(8]
B Pl
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5 e Make a ’nst of raw materials of So!vay process.
Outline the baslc reactions of Solvay process.
- List out main steps of Solvay process.

SR ~ 16.3. UREA .
S As the warld papu]at;on has increased, the demand for food has increased. The world
_poputation was 3.5 billion in 1965. By 2050, it will reach 10 billion. Many people today are hungry
and many more are under-nounshed Crops take nutrients from the soil, and these must be
-replaced before the next crop is sown. Fertilizers are the compounds which are put in the soii to

provide: elements essential for plant‘s life. They are added to the soil to make up the daﬁcnency
caused by the previous crops. Fertilizers are classified into two oategones
1_.. Natural farhhzers or manures derived from ammais and human wastes

e Synthe{nc femhzers ie. urea, amﬁéﬁ"?m sulphate, amrnonium phos;:hate super
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Solution:
(Unreacted NHs, CO; and H,0)

ﬁ—a- .

Steam Jhot air
Figure 16.8: Flow sheet for urea manufacturing

16.3.2 Raw materials:
The raw materials for the manufacture of urea are:

i) Ammonia (NH, ) i) Carbon dioxide (CO, )
Manufacturing of urea consists of following steps.
a) Reaction between NH, and CO, to form ammonium carbamate.
| 2NH,, + CO, ,——NH,COONH,
b) Distillation of ammonium carbamate.
0
NH,COONH; ——= NH;—C—NH; + H,0
Urea :
c) Evaporation of liquid urea and its granulation.

The urea solution is concentrated in vacuum evaporators, which is then rapidly cooled
and sent to the prilling tower. Urea prills thus produced are packed and then marketed.

~ Do you know
% ofnitrogen in various fertilizers =
Ferlizer [ Formula [ Molecularmass | % age of Nitrogen
Ammonium sulphate ’ (NH, ), SO, 132 _ s
[ Ammonium nitrate ‘ NH,NO, - 80 - 35.0
L Urea I NH,CONH, 60 466
= ' — ]

Self-Assessment Exercise 16.3

1. Calculate percentage of nitrogen m urea.
~ 2. Outline the basic reactions that take place in the synthesis of urea.
'3. What happens when ammonium carbamate is distilled with steam?
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Society, Technology and Science

1. Natural fertilizers are better than synthetic fertilizers. Natural fertilizer
water. They decompose slowly and gradually by bacteria and liberate useful water |
soluble nutrients for plants, They do not contain toxic chemicals and hence do not |
damage the soil crops and plants. On the other hand synthetic fertilizers are water |
soluble. When more fertilizer is applied than the soil can absorb, rain washes off the
excess fertilizer. This is not only uneconomical but also hazardous to the environment.
The dissolved nutrients flow into stream, lakes and rivers and contribute in the\
eutrophication of their waters. It results in over growth of water plants, algae and bad
odour in these waters. A bloom of algae can spread across the surface, blocking light |
for other plant life in the water. When plants and algae die, bacteria multiply rapidly with \

so much food available. They remove the dissolved oxygen in the water. Without |
oxygen, fish die affecting the whole ecosystem. Nitrates in drinking water cause |

stomach cancer. :
2. People have been preparing common chemical such as acids, alkalis, soaps, baking

soda, soda ash, caustic soda etc. since centuries. But the use of technology has not
only increased production of chemicals but improved quality as well. For instance, soda
ash anq.,‘paki_r_'lg soda are produced commercially by Solvay process, which is a
continuous process. Soda is not handled until” it is packed. Carbon dioxide and
ammonia are recovered almost 100%. At the same time process is pollution free. J

16.4 PETROLEUM INDUSTRY

16.4.1 Petroleum
Where the most of the energy used today come from?

; |
s are insoluble in

Fossil fuels are energy-rich substances formed from remains of organisms. Coal
petroleum and natural gas are G?‘"ed fossil fuels because they were formed under rour.'nd fron;
the remains of once-living organisms. The name petroleum is derived from Lati g S
(rock) and oleum (oil). It is also called as crude oil. Petroleum or crude ol i atll:'] :(:jr T(‘IJ id
composed mostly of hydrocart:pns. Natural gas, usually \associated w'thm‘ is thick dar IC]Llll
consists mostly of methane. It also contains significant amounts of efhanléz pﬁzgzreu;nnc? TJTJ?;I\:‘

16.4.2 Origin of Petroleum and Natural gas

It is believed that petroleum was formed fi ‘

“ e rom organisms that |i e
of years a_go..P!ants and anlmals: in the seas died. Their remains “‘:;‘Ved o m|ll10ni
a:j' ;:]unis b::zdbglcetedﬁe?d fnt;:rgamsms.. Over time, in the absencepo‘;’ a_Up.h Layers of sand, rcuc:f
sedime cterial effect = air, 0

. ct chjrmged the material into dark oo gat and pressuré
petroleum. It is also called crude oil: The gaseous prog rownish viscous liquid called
called as natural gas. | Products :

(4
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16.4.3 Mining of Petroleum
Petroleum is extracted by drilling holes into the earth crust where it is found. When drill is

made through the rocks, natural gas comes out first with great pressure. After the gas pressurée

subsides, crude oil is extracted by pumps.

16.4.4 Important fractions of petroleum

The conversion of crude oil into useful products is called refining. These useful products
are called fractions. Each fraction consists of a mixture of hydrocarbons which boil in a certain
range of temperature. Petroleum is refined by fractional distillation in a tall fractionating tower.
(See figure 16.9). The crude oil is heated up to 400°C under high pressure in a furnace. Then it
is passed through the fractional distillation column. Its vapour rise through the column. As hot
vapour move up, they condense according to their boiling points into various fractions.
Compounds with highest boiling points condense first near the bottom. Compounds w_ith lowest
boiling point condense last near the top. Compounds which do not boil, collects at the bottom as
residue. In this way vapour condense gradually at different levels according to their boiling
points. Therefore, crude oil is separated into various fractions. Each fraction has its own specific
boiling range and composition. How many fractions are obtained?

Liquefied petroleum gas

Lubﬂﬂﬁhg o[ls e

"—*ll i

Figure 16.9: Fractional distillation of petroleum
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new ways to Fielﬁa people reduce anwronmental peilutton etc As a food chemist; you can.

work in food prqqassing Induatry You can discover new methods to store, improve texture
~ and flavor of foods. I "-._hqsp[tais, chemists analyze blood, urine and stood samples to detect
o any disease dlsem-ﬁ‘using bacteria, virus, or other microorganisms. As nuclear chemist
oV l or _"nt of new nuclear medscmss besides giving chemotherapy

2 m chamncai ’mchnology is a blg business. Chemlcal firms spent
25 _ chemical research and development. The industrial use of chemistry
i --__;-',bnngs new medicines, lifesaving druga, effective pesticides, germlcldes, fungicides,
:___"_'_‘-sxgﬂ'létinfertilrzars, paints, cosmetics, artificial flavors, sweeteners, etc. These chemicals
2 ur standard of living. However, besides benefits, these substances have
and risks, It is the job of sales officer to keep you aware of such
oF Mb%i@&axplamkigbaneﬁts It is important to express benefits of chemicals in

jone can understand. In order to. share mformation he needs to develop
: urﬁ:aﬁon skllis wwmote chemical sales.

R

Concept in brief
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References for additional information. ATERS R

¢ Longman Chemlstryfor«[GCSE §. 3

e et et
e 2 LW
= Pavie;.

. David E. Goldberg, Fundamentalsofchem e T e
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An ore is a solid deposit mntammg a .

extraction O ofmstals economwa"‘yf‘_. g

& The process of separating s
metallurgy- :
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. . W
— & The process of converting a mineral into oxide by heating in the air at temperature belo

their melting point is called roasting.

% The method to reduce metal ions to free metal is called smelting. Copper obtained from
bessemer converter is called blister copper. It is 97% 99% pure copper.

“ Metals with relatively low melting points such as As and Hg are refined by distillation.
< Fertilizers are classified into two categories

o Natural fertilizers or manures
e Synthetic fertilizers

% Coal, petroleum and natural gas are called fossil fuels, because they were formed
underground from the remains of once-living organisms.

* Natural gas consists mostly of methane. It also contains significant amounts of ethane,
propane and butane.

“  The conversion of crude oil into useful products in called refining.
Each petroleum fraction has its own specific boiling range and composition.

™ 2| Review Questions

1. Select the correct answer

i) The naturally occurring metallic compounds are called as

a) ore b) gangue ( c) mineral d) rock

ii) The separation of minerals from gangue is called concentration. Which of the following
- methods is used for concentration?

a) smelting b) roasting c) refining d) flotation
i)~ Which of the following steps is not used in the extraction process of metals

a) roasting 'b)"smelting c) flotation d) bessemerization
iv) In electrotyt'igwreﬁnjng of copper, is used as anode.

a) pure copper b)impure copper  c) copper sulphate d) electrolytic tank
V) Which of the followings in not a raw material for the manufacture of soda ash.

a) ammonia b) carbon monoxide c¢) brine d) lime stone

vi) A mixture of CuzS and FeS called matte is produced in one of the metallurgical operations
in the extraction of copper. The name of this operation is.

a) smelting b) roasting c) bessemerization d) electro-refining
| vii)  Chemical formula of slaked lime is
a)CaCo, b)Ca0 c)Ca(OH), d) CacCl,
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0.
1
12
13.
14.

15.
16.

Calcination is the process in which sodium hydrogen carbonate is heated to get sodium
carbonate. Which is not obtained in this process?

a) CO, b) CO c) Na,CO, - d) HO
Percentage of nitrogen in urea is

a) 35 b) 21.2 c) 80 d) 46.6
What happens when ammonium carbamate is distilled with steam?

a) ammonia is produced

b) carbon dioxide is released

c) urea is produced -

d) urea solution is produced

Give short answers.

i)  How are urea prills produced?
i)  What is slaked lime? How is it produced?

iii)

Write chemical reactions that take place during carbonatlon in Solvay process. .
iv)

Explain the process “Roasting” with two exampies.
v)  Write chemical reactions that take place during urea formatlon

Describe the following with an example
a) roasting b) smelting c) flotation

Make a list of metaliurgical operations.

How was crude oil formed?

State five specific products made from crude oil.

Outline basic reactions of Solvay process.

Draw flow sheet diagram of Solvay process.

Describe composition of urea

Make a list of raw materials for Solvay process. |
Describe the composition of petroleum "
Relate the study of chemistry to careers in industry.

Draw flow sheet diagram for manufacture of urea.

Petroleum is a mixture of several compounds, which are separated in a roﬂnerf

a) What is the name of the apparatus used for this purpose? e
b) What is the name of the process used in separating crude oil? e A
¢) Write name of the fraction that represents gases.

d) Which fractions represent liquids with the lowest boiling points?

Petroleum is a sdurce of fuels. Name two fuels which are not obtained from petroleum.
What has to be done to crude oil before it is useful?
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527 Glossary

Destructive -heating a substance in the absence of -air.

distillation

Equilibrium is the ratio of the product of concentration of_products to the product of

constant concentration of reactants each raised to power equal to the co-efficient
In a balanced chemical equation.

Enhanced __| @n upsetin the natural balance of the concentration of greenhouse gases

greenhouse ~ |inthe atmosphere.

effect

Ethylene the industrial name for ethene.

Fatty Acids are carboxylic acids which contain three or more carbon atoms in their
chain.

Functional are groups of atoms in an” organic molecule which give particular

groups properties.

Fossil fuels fuels made from the remains of decayed animal and plant matter

| compressed over millions of years.

Fraction a collection of hydrocarbons that have similar molecular masses and boil
at similar- temperatures.

Bt separatlﬁga mixture on the basis of differences in boiling points.

water containing dissolved calcium and magnesium salts which produce
scum with soap.

is addition hydrogen in alkenes and alkynes.

Hydrogenation

Hydrocarbons compounds containing only carbon and hydrogen.

Indicators chemicals that change colour as pH of a solution changes.

Isomer a compound having the same molecular formula but different structures.

the rate at which a substance reacts is direc_tly proportional to its active
mass and the rate at which the reaction proceeds is directly proportional
to the product of the active masses of the reactants. f

Law of mass
action '

Lewis acid a substance that can accept a pair of electrons.

a substance that can donate a pair of electron.

Lewis base
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pids any component of plant or animal tissue that is insoluble in water—m
soluble in solvents of low polarity such as ether, hexane, benzene".am:i
carbon tetrachloride.

Metallurgy ~ |is the art of extracting metals from their ores. '|

Mineral a naturally occurring metallic compound. '.

Monosaccharides | the simple sugars that can not be hydrolyzed. ]

Normal salts salt formed by the complete neutralization of an acid and a base. ’

——

Oligosaccharides | carbohydrates that on hydrolysis give 210 9 monsaccharide molecules. l\

Ore a solid deposit containing a sufficiently high percentage of a mineral to |
make extraction of metal economically feasible. .
Ozone | an allotropic form of oxygen that contains three oxygen atoms. |
Organic compounds containing carbon except carbon dioxide, carbon monoxide |
Compounds and carbonates. _4
Permanent in water is due to the presence of sulphates and chlorides of calcium ‘|
| hardness " and magnesium. : ’
Petroleum a dark brownish viscous liquid.
_;H is the negative logarithm of molar concentration of the hydrogen ions.
P olluta-nts ' are substances that have adverse effect
Polysa ccharides carbohydrates that contain hundreds to thousands of monosaccharide
: | units-
Proteins organic compounds which on complete hydrolysis form amino acid units.
pH Scale scale based on hydrogen ion concentration.
______________—-—"'"
Refining a process of separation of crude oil into useful fractions.
_____._.—-—-—-'—'—‘_"_'_-'_-__
Roasting the heating of concentrated ore in the presence of air.
Salt an ionic compound made from the reaction of an acid and a base.
._.—-—-—'__'_-_.__ o >
Saturated . |every carbon atom present in the hydrocarbon attached to four atoms:
hydrocarbons _
Side groups groups of atoms such as CHs group, which are attached 10 1 ma

chain of carbon atoms in the molecule,
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