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PREFACE

We have immense pleasure in presenting the present edition of the
book for S.Y. B.Sc. Students. This book is written as per the revised
syllabus prescribed by the University of Mumbai which comes into effect
from the academic year 2015-2016. The overwhelming response we
received from the students and teachers. This encouraged us in bringing
out this edition of S.Y. B.Sc.

We made every effort to present each topic in the book in a logical
and lucid style. Our book provide the students with the background of
basic principles, sufficient to promote rational understanding of the subject.
All the topics are discussed keeping in mind the syllabus and lectures
allotted. At the same time, to maintain the flow and continuity, a number
of questions are given at the end of each chapter and SI units have been
used throughout the book.

We express our deep sense of gratitude to our publishers,
M/s. Himalaya Publishing House Pvt. Ltd., for their untiring efforts and
co-operation in bringing out the book in time in such an elegant form.

We hope that this new edition will be appreciated by the readers.
Creative criticisms and concrete suggestions for the improvement of the
book will be most welcome.

AUTHORS
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1.1 Sources of Organic Compounds

1.1.1. Sources: (a) Non-renewable: Coal, Petroleum (crude oil) and
Natural gas, (b) Renewable: Biomass.

1.1.2. Coal: Structure and types of coal, Destructive distillation of
coal, Coal tar refining, coal liquefaction (coal to liquid), coal
gasification, Synthesis gas (syn gas), Hydropyrolysis.

1.1.3. Petroleum: Characteristics, composition and origin of
petroleum, Refining of petroleum, Catalytic cracking and
reforming, hydrocracking, thermal cracking, steam cracking.

1.1.4. Natural gas: Composition, Conversion of methane, higher
alkanes, synthetic diesel (gas to liquid), methanol, aromatic
compounds, Natural gas hydrates: occurrence, structure.

1.1.5. Synthesis gas (Syn gas: production of syn gas from coal,
natural gas, biomass, composition, synthetic uses of syn gas.
Separation of hydrogen, Production of methanol, alkanes,
hydroformylation of olefins, synthesis of aromatic
hydrocarbons, Fischer Tropsch synthesis.
Synthetic diesel (biomass to liquid).

1.1.6. Biomass: Transforming biomass into chemicals (pyrolysis)
and synthesis gas.

1.1.7. Biofuels: Methanol, Ethanol, biodiesel, synthetic diesel.
(7L)

1.2 Unit Processes in Organic Chemistry
1.2.1. Nitration: Mechanism, Industrial preparation of Nitrobenzene,

m-dinitrobenzene.
1.2.2. Sulphonation: Mechanism, Industrial preparation of DDB and

DDBS (detergent). (4L)
1.3 Unit Operation – Distillation

1.3.1. Introduction
1.3.2. Fractional distillation
1.3.3. Azeotropic distillation



1.3.4. Vaccum distillation
1.3.5. Extractive distillation (4L)

2.1 Physico-chemical Principles
2.1.1. Criterion for spontaneity of chemical reaction
2.1.2. Chemical equilibrium
2.1.3. Le Chatelier principle
2.1.4. Law of mass action
2.1.5. Catalysis (3L)

2.2 Manufacture of Basic Chemicals
2.2.1. Ammonia: Physico-chemical principles involved,

manufacture of Ammonia by modified Haber-Bosch process.
2.2.2. Sulphuric acid: Physico-chemical principles involved,

manufacture of sulphuric acid by contact process. (4L)
2.3 Introduction to Environmental Chemistry

2.3.1. Concept and scope of environmental chemistry. Components
of environment; Biotic and Abiotic. (1L)

2.3.2. Composition of various segments of environment –
Atmosphere, Hydrosphere, Lithosphere, Biosphere (with
respect to composition and interrelationship). (2L)

2.3.3. Natural chemical processes: Carbon Cycle, Nitrogen Cycle,
Oxygen Cycle. (3L)

2.3.4. Untoward chemical events causing hazards to the
Environment: London smog, Mithi River (Mumbai),
Chernobyl accident.
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3.1 Chemistry of Water
3.1.1. Water as a natural resource, physical properties of water,
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reactions in water. (6L)

3.1.2. Sources of water, Chemical composition of various water
sources: Ground water, Surface water (river and lake water),
Rain water and Sea water. (5L)

3.1.3. Important parameters measuring the quality of water –
Salinity, Chlorinity, alkalinity, pH, pE, DO, Hardness, TS,



TSS, TDS, Electrical conductivity, Silica content and
transparency (brief introduction).
Standards for Industrial water and Potable water. (4L)

SEMESTER  IV
1.1 Oils, Fats and Soaps

1.1.1. Oils: Composition of some common oils and fats (peanut
oil, sesame oil, cottonseed oil, castor oil, butter fat, animal
fat, etc.)

1.1.2. Classification of oils.
1.1.3. Properties of oils and fats.
1.1.4. Extraction of oil from oilseeds – Hydraulic pressing,

Solvent extraction process.
1.1.5. Extraction of animal fats.
1.1.6. Hydrogenation of oil.
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Laundry and bath soap, glycerol recovery. (8L)
1.2 Corrosion and Protection of Metals
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corrosion).
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(iii) Cathodic protection,
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(v) Sacrificial coating. (7L)

2.1 Metallurgy of Cu, Ag and Al
2.1.1. Principles of Metallurgy
2.1.2. Extraction and purification of:

(i) Copper by pyro-metallurgy and electrolysis
(ii) Silver by hydrometallurgy
(iii) Aluminum by electrometallurgy (7L)
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(i) Eutrophication
(ii) Effects of soaps and detergents
(iii) Effects of oil spills and marine pollution
(iv) Thermal pollution. (5L)

3.1.3. Treatment of water pollution
Pre-primary, Primary, Secondary and Tertiary
Treatment. (3L)

3.1.4. Case study of water pollution (film/ppt.) (2L)



CONTENTS

Unit Chapter Name Page No.

SEMESTER  III

I 1. Sources of Organic Compounds 1 – 19
2. Unit Processes in Organic Chemistry 20 – 28
3. Unit Operation 29 – 32

II 4. Physico-chemical Principles and
Manufacture of Basic Chemicals 33 – 59

5. Introduction to Environmental Chemistry 60 – 73
III 6. Chemistry of Water 74 – 95

SEMESTER  IV

I 1. Oils, Fats and Soaps 96 – 107
2. Corrosion and Protection of Metals 108 – 120

II 3. Metallurgy of Copper, Silver and
Aluminium 121 – 153

4. Toxicology 154 – 165
III 5. Sources, Effects and Treatment of

Water Pollution 166 – 179



Sources of Organic Compounds 1

1. SOURCES

(a) Non-renewable: Coal, Petroleum and Natural Gas
The fossil fuels like natural gas, crude oil and coal are referred to as

non-renewable sources as the formation of these fuels takes millions of
years and once used cannot be replaced. It is estimated that the deposits
of petroleum and coal are expected to exhaust by the end of the
21st century. In short, the supply from fossil based sources are limited,
i.e., they cannot be used forever as they go on getting depleted. They are
called non-renewable sources because, they cannot be regenerated by
man-made processes. Non-renewable sources are not inexhaustible.

(b) Renewable: Biomass
The sources that have inherent capacity to reappear or replenish

themselves within a reasonable time are renewable sources. Biomass is an
excellent renewable source which includes forests, woods, agricultural
goods, human and animal waste, etc. Biomass can be converted to fuels
through biological and thermo chemical conversion and is also a rich
source of organic chemicals. The biomass can be regenerated within a
reasonable period of time through afforestation, agriculture, animal
husbandry, etc. Hence, it is called renewable source. They are the
dependable and continued source for fuels and chemicals.

2. COAL

Origin of Coal:
The land-based plant materials get covered by rock layers and soil.

They are subjected to high temperature and pressure over the years. As
they are cut-off from air, there is an anaerobic decomposition of cellulose

UNIT I

CHAPTER 1

SOURCES OF ORGANIC
COMPOUNDS

SEMESTER III



2 Industrial and Environmental Chemistry

and lignin present in plant residues into organic compounds by liberation
methane, CO2 and H2. By the process of cyclization and aromatization,
they form aromatic compounds which are changed into elementary carbon.
Depending on the conditions and location, different types of coal are
formed. Peat is first formed by maceration and later converted to lignite
which undergoes further metamorphosis under pressure to form anthracite.

Structure and Types of Coal:
Chemically coal is a complex organic matter with varying amount

of water together with nitrogen and sulphur in the form of organic and
inorganic matter. Coal is composed of macromolecules having high
molecular weights upto one lakh. Structurally, they consist of aromatic,
hydroaromatic, heteroaromatic rings attached by −CH2 − bridges or longer
aliphatic chains.

Types: There are basically three varieties of coal
(i) Anthracite
(ii) Bituminous
(iii) Lignite
Anthracite contains the highest percentage of carbon. Bituminous

coal is a common commercial rank coal. It burns with a smoky yellow
flame. Lignite is a dull black variety of coal.

Destructive Distillation of Coal:
The process of heating coal in absence of air at a temperature of

800-1200oC is called destructive distillation or carbonization of coal. The
major products formed are coke and coal tar. The gaseous products
obtained are called coal-gas which is used as fuel. The solid residue left is
called coke which contains 90-95% carbon. It burns with a non-sooty
flame. Coal tar is a viscous liquid which is a complex mixture of organic
compounds which are largely aromatic.

Coal-tar Refining:
Fractional distillation of coal-tar is called refining which yields various

fractions as shown, which contain a mixture of compounds.
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Table 1.1

Fraction Boiling range (°C) Components

Light oil upto 180 benzene, toluene, xylene etc.

Carbolic oil 180 – 230 phenols, cresols, naphthalene

Creosote oil 230 – 270 methyl naphthalenes, quinolines

Anthracene oil 270 – 350 anthracene, phenanthrene, acenaphthene

Residue (pitch) solid residue mainly carbon

Fig. 1.1: Fractional distillation of coal tar

Recovery of Benzene and Toluene from Light Oil Fraction
 Light oils is so named because it is lighter than water. It contains,

benzene, toluene and xylenes along with some unsaturated hydrocarbons,
phenol, basic impurities such as pyridine and some thiophene. The light
oil is first treated with concentrated sulphuric acid to remove unsaturated
substances, basic impurities and thiophene (by converting it into water
soluble thiophenesulphonic acid). The lower acid layer is removed and
the remaining oil is first washed with water and then treated with caustic
soda to neutralise the acid and to dissolve away the phenols. The lower
aqueous alkaline layer is removed  and the remaining oil is washed with
water. The oil is then dried and fractionally distilled in fractionating columns
and the following fractions collected.

Furnace

Pitch

Tar

Steam

Thermometer

Condenser

Uncondensed
gases

Iron
still

Distillate
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90% Benzol upto 110°C (70% benzene and 25% toluene).
50% Benzol between 110-140°C (46% benzene)
Solvent Naptha 140-170°C (Mainly contains xylenes and cumenes.
The first two fractions are again fractionally distilled and the portion

distilling between 80-81°C is commercial benzene and between 110-112°C
is toluene.

The second and third fractions are used for the isolation of xylenes
i.e., ortho meta and para xylenes.)

Recovery of Phenol from Middle Oil Fraction
This fraction is cooled when naphthalene crystallises out and is

removed. The remaining oil is treated with 10% caustic soda solution
when the phenols dissolve in it. The aqueous layer is separated and
evaporated to controlled concentration for the removal of dissolved oils
and bases. The concentrated solution is then saturated with carbon dioxide
or acidified with sulphuric and when the phenols are regenerated in crude
form. The oily phenolic layer is separated, washed with water, dried and
fractionally distilled. The fraction distilling between 180-183°C is phenol.

6 5
Phenol

C H OH  + NaOH 6 5 2
Sodium phenate

 C H ONa  + H O→

2C6H5ONa  +  CO2  + H2O 6 5 2 3
Phenol

 2C H OH  + Na CO→

By this process, 1000 kg of soft coal gives about 55 kg of coal tar,
which in turn, gives about 0.9 kg benzene, 0.25 kg of toluene, 0.05 kg of
xylenes, 0.25 kg of phenol, 0.9 kg of cresols, 1.4 kg of naphthalene and
several other compounds.

Coal Liquefaction
Liquefaction of coal is a process in which coal is converted to liquid

hydrocarbons, gas and coke in an atmosphere of hydrogen at a temperature
of 300-500°C and pressure of 200-250 atm. in presence of molybdenum
catalyst. The required H2 gas is obtained by the reaction of steam and
carbon monoxide. The fundamental processes involved are pyrolysis,
solvent extraction and hydrogenation. This is basically hydrocracking
under pressure. Then the product is depressurised and residue is separated.
Then the liquid is fractionated. The liquids produced by liquefaction are
similar to fractions obtained by distillation of crude oil.
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Fig. 1.2: Coal liquefaction

Coal gasification: It consists of converting coal to either high energy
fuel gas rich in methane or syn gas (CO + H2) for chemicals production.
In this process, coal in a suitable form along with steam and oxygen enter
the gasification reactor where they undergo a complex series of reactions.

At 1000°C, 2C + 2H2O → 2CO + 2H2

At lower temperatures,
CO + H2O → CO2 + H2

CO + 3H2 → CH4+ H2O
The H2 gas produced by gasification is used in the synthesis of

ammonia.
Higher temperatures are used to produce a mixture of carbon

monoxide and hydrogen (syn gas) which is used in the preparation of
methane, methanol, ethylene glycol and other primary alcohols. In the
Fischer-Tropsch synthesis the syn gas (CO + H2) is heated with H2 to
prepare liquid hydrocarbons. The main purpose being the production of
synthetic petrol (synthol).

Hydropyrolysis:
It is a midway process between coal pyrolysis and coal liquefaction.

The process operates at a pressure of about 100 atm. and temperature
about 1000°C. The reaction produces more gaseous hydrocarbons and
the yield of coke is reduced. About 20% tar is produced whose aromatic
content increases from 80% to 95% as temperature is increased from
530°C to 950°C.

3. PETROLEUM (CRUDE OIL)
(1) Origin Characteristics, Composition
Petroleum is a complex mixture of hydrocarbons in the form of

thick black syrupy liquid present in oilfields, under the earth’s crust. It is
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also called as Rock oil or Mineral oil. It mainly consist of saturated
hydrocarbons along with cyclo alkanes and a small amount of alkenes
and aromatics, plus negligible amounts of oxygen, nitrogen and sulphur
containing compounds. The precise composition of crude oil varies from
location to location. It is believed that petroleum is formed by decomposition
of plant and animal bodies of aquatic origin.

The chemical nature of petroleum depends on its location. There
are three types of petroleum oils based on their chemical composition.

(i) Paraffin-based oil: mainly composed of alkanes (C1 – C35)
(ii) Asphaltic-based oil: mainly contains cycloalkanes which are

called ‘naphthenes’ with small amount of aromatics.
(iii) Mixed base oil: contains both  alkanes and cycloalkanes. It is

generally rich in waxy hydrocarbons.
(2) Refining of Petroleum
The process of pretreatment and fractional distillation of petroleum

oil to separate the constituents into different fractions having different
boiling ranges and carbon content is known as petroleum refining. The
plants set up for refining of petroleum are called refineries. There are two
major processes involved in refining.

(a) Pretreatment: This involves following processes:
(i) Sedimentation: Crude petroleum oil is allowed to stand in

large tanks. The large soil and other solid impurities gradually
settle down. Then the upper petroleum layer is siphoned
off. The removal of solid particles by settling is called
sedimentation.

(ii) Filteration: The fine solid particles are removed by filteration.
(iii) Removal of water: The resulting petroleum oil is again

allowed to stand in tanks. The water forms immicible layer
above which is siphoned off.

(iv) Removal of sulphur: On treatment with sodium sulphide
which combines with sulphur forming sodium polysulphide
(Na2Sx) which is removed by filteration. This is a very
important step as sulphur poisons the catalyst surface in
further operations.
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Fig. 1.3: Fractionating column

Table 1.2

Sr. Name of fraction Boiling Average Applications
No. range composition
1. Uncondensed gas < 30°C C1 and C4 Fuel domestic

(refinery gas) (LPG) and
industrial

2. Petroleum ether 30-70°C C5 – C7 As solvent
3. Gasoline petrol 40-120°C C8 – C9 As a motor car

or aviation fuel
4. Naphtha (solvent spirit) 120-180°C C9 – C10 As solvent, feed

stock for
petrochemicals

5. Kerosene oil 180-250°C C10 – C16 As a fuel in stoves
and for lighting,
feed stock for
reforming process

6. Diesel oil 250-320°C C10 – C16 As engine fuel
7. Heavy oil 320-340°C C17 – C30 For getting

gasoline by
cracking

8. Residue > C30

(a)  Asphalt In road topping,
water proofing
roofs.

(b)  Petroleum coke As fuel

(b) Fractionation: The components of petroleum oil are separated
by fractional distillation using tall fractionating columns. The

Natural gass

Gasoline

Naphtha

Kerosene

Gas oil

Lubricating oil
Pitch

Pretreated
petroleum oil
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separation is based on difference in the boiling points of the
components. However, the boiling points are close and overlap.
Hence, different fractions in particular boiling ranges are
separated. The  lighter fractions are obtained from upper part
of the column and heavier fractions from lower part. For
effective separation, a series of fractionation columns are used.
The different fractions also vary in the carbon content. The
solid residue left behind is called pitch form which asphalt and
petroleum coke are obtained.

(3) Catalytic Cracking
Cracking of petroleum is a process of converting high molecular

weight alkanes as obtained in gas oil to a mixture of lower molecular
weight alkanes and alkenes at a suitable temperature in presence or absence
of a catalyst. Catalytic cracking is generally carried out at about 700°C in
pressure of zeolite as a catalyst. In the fixed or fluidized-bed catalytic
cracker, higher alkanes are cleaved resulting in the formation of C3 – C4
alkenes and alkanes. It is a kinetically controlled process. The rate of
cracking depends on the temperature, the rate is maximum at an optimum
temperature and decreases on further increase in temperature.

A typical cracking reaction may be represented as:

2C6H14 
o800-1000 C

Catalyst
→   CH4 + 3C2H4 +C2H6 + C3H6

Mechanism:
The cracking involves homolylic cleavage of C – C and C – H bonds.

Thus, the reaction proceeds through free radical intermediates:

e.g., 3 2 3
propane

H C – CH  – CH  → H3C• + H3C –  •CH2

H3C• + H3C – CH2 – CH3
→ H4C + H3C – CH2 –  •CH2

→ H4C + CH3 
•CHCH3

H3C – CH2 –  •CH2 → H3C
• + H2C = 2CH

H3C –  •CH – CH3 →   •H + H3C – CH = CH2propene

ethene
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In some cases, carbonisation and dehydrogenation can also occur

e.g., (i) CH4 
1000 C→  C + 2H2

(ii) H3C – CH3   
400 C→   H2C = CH2 + H2

     Fig. 1.4: Fixed bed catalytic cracking

(4) Reforming: The gasoline obtained by refining of crude petroleum
has a lower octane number and causes ‘knocking’ in automobiles. When
the combustion of fuel-air mixture in the cylinder is not smooth, it results
in ‘knocking’ which reduces the power of the engine. The relative anti-
knock tendency of a fuel is indicated by octane number. In an arbitrary
scale, iso-octane (2, 2, 4 – trimethyl pentane) is given octane number of
100 whereas n-heptane which causes high knocking is given octane number
zero. Thus, gasoline is subjected to a special operation called ‘Reforming’
which is a modified cracking process in order to increase the octane
number and hence the fuel efficiency of gasoline. It is generally carried
out at high pressure for a very short time (10-20 sec). The reaction takes
place in a steel tube containing anhydrous AlCl3 as catalyst at about 600°C.

Some of the reactions taking place during reforming are:
(i) Isomerization is conversion of straight chain alkanes to

branched alkanes which have higher octane number.

(ii) Aromatization involves cyclization of the straight chain alkanes
followed by dehydrogenation resulting in aromatic compounds,
which also have higher octane number.
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Fig. 1.5: Thermal Reforming

(5) Hydro-Cracking: It is a more limited operation aimed at
converting heavy fractions to naphtha. The process is carried out at 450°C
and 150-200 atm of hydrogen with zeolite catalyst. Heavy aromatic and
polyaromatic components are cleaved to give naphtha which is suitable
for reforming or as petrochemicals. Due to excess of H2, the products of
hydrocracking are saturated hydrocarbons, which having higher
percentage of branched alkanes.

e.g., CH3 – (CH2)8  – CH3 + H2 → H3C – (CH2)3  – CH3 + Branched isomers

(6) Thermal Cracking: It consists of thermal decomposition of
very heavy petroleum fractions to give mainly gases and a high coke
yield. It can be carried out at 600°C and 85 atmospheres.

(i) Liquid Phase: Heavy oil or Gas oil is cracked at 475-500°C at
100 kg/cm2 pressure and the crude products are separated by
fractional distillation. The process gives gasoline of octane no.
65-70.

(ii) Vapour Phase: The oil to be cracked is first vapourised and
then cracked at about 600°C and low pressure (10-20 kg/cm2).
The petrol obtained by this method has better anti-knocking
property.

CH3

→H3C – (CH2)5  – CH3
AlCl3, Pt

500°C +  4H2

octane no. 0 octane no. 100

Gases

Condenser

Heating
still

Charge

Heavy
product

Reformed
gasoline



Sources of Organic Compounds 11

Fig. 1.6: Thermal Cracking

(7) Steam Cracking: In this process, naphtha and steam are passed
through pipes heated at about 700-900°C, when cracking takes place to
form alkenes. It is cooled and subjected to fractional distillation which
gives ethene along with other hydrocarbons. At 700°C, about 15% feedstock
is converted to ethene and another 15% to propene. Higher alkenes are
obtained by cracking of wax with steam at 500°C. Branched chain higher
alkenes can be obtained by polymerization of ethene and propene.

4. NATURAL GAS
(1) Composition:
Natural gas is a mixture containing 94% methane and small amounts

of  ethane, propane and butane, found in the vicinity of coal mines and oil
fields. It is not only used as a domestic fuel, but also as raw material for
synthesis of various chemicals.

Conversion of methane to aromatic hydrocarbons:
Method I: Methane when reacted with alumino silicate catalyst at

600-800°C in absence of oxygen can be converted to aromatic
hydrocarbons.

CH4  
o o

2

600 -800 C
aulmino-silicate
absence of O

→  Aromatic hydrocarbons

Method II: Methane is reacted with higher olefins or paraffins in
presence of zeolite catalyst at 300°-600°C under a pressure of 100-500
kpa when aromatic hydrocarbons are formed.

CH4 + higher olefins or paraffins 
o o300 -600 C

zeolite
(100-500 kpa)

→   Aromatic hydrocarbons

Condenser

Gas

Gasoline
Hot oil pump

Residue

Fractionator

Reaction Chamber

Pipe Heater

Charge

Charge

Combined Feed
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Conversion of methane to methanol:
Methane is reacted with steam or oxygen to obtain a mixture of CO2

and H2 which is converted to methanol.

CH4 + 2H2O(g) ∆
→  CO2  +  4H2 ∆

→  CH3OH

Natural gas hydrates
These consist of modified ice structures enclosing methane and

other hydrocarbons in the form of clathrate where water molecule forms
a framework that traps the methane molecule. At 30 atmospheric pressure,
methane hydrate begins to be stable at temperatures above 0°C and at 100
atmosphere, it is stable at 15°C. Methane hydrate or “yellow ice” is found
to occur on the sea floor. There are three types of methane hydrate
structures. They all include pentagonal to dodecahedra of water molecules
enclosing methane.

5. SYNTHESIS GAS (SYN GAS)
Syn gas is a mixture of CO and H2 gases roughly in 1:1 proportion.
a (1) Production of synthesis gas from coal: Coal in the form of

coke is treated with a mixture of air and steam at 1000°C to form syn gas
(CO + H2).

C + H2O
1000 C→  CO + H2

a (2) Production of Syn gas from natural gas: Natural gas (rich
in methane) is passed over ZnO at 500°C to remove all traces of sulphur.
The desulphurised gas is mixed with approximately 3.5 volumes of steam
and passed through a nickel based catalyst in a stainless steel tube at
1300°C to form syn gas. The reaction is endothermic and hence requires
high temperature.

CH4(g) + H2O(g)  →  CO + 3H2  (∆H = + 54.2 Kcal mol-1)
a (3) Production of synthesis gas from biomass: Biomass is a

rich source of cellulose and lignin materials and serves as an excellent
feedstock in the production of a wide variety of organic compounds.
Biomass can be converted to syn gas through gasification process. The
biomass is mixed with steam and oxygen and passed through a reactor at
1000°C. The carbon from biomass reacts with steam to give mixture of
CO and H2.

1000 C
2 2

(Biomass) (steam)
2C  + 2H O   2CO + 2H→
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The method is cost-effective and eco-friendly. Fuels produced from
biomass have reduced environmental impact from waste disposal. In
addition, oxygenated fuels such as syn gas obtained from biomass are
cleaner burning and do not add net CO2 to the environment, thereby
reducing the factors that contribute to global warming.

(b) Synthetic uses of syn gas:

(1) Separation of Hydrogen:
Hydrogen gas in mainly used in the production of ammonia, nitric

acid, urea, methanol, in hydrogenation of oils, in production of oxy-
hydrogen flames etc.

Pure hydrogen gas can be obtained from syn gas by ‘Pressure
swing adsorption’ method through the following steps:

(i) Adsorption: Feed gas is passed co-currently through the clean
adsorbent bed where impurities are selectively adsorbed. Pure
hydrogen at high pressure exits the bed.

(ii) Co-current depressurization: After adsorption, the bed is
saturated with impurities and requires regeneration. To recover
hydrogen trapped in the void spaces, counter-current
depressurization is used which blows down the impurities with
the off gas stream.

(2) Production of methanol:
Methanol is synthesized from syn gas under high pressure in presence

of a catalyst.

   CO(g) + 2H2(g)    CH3OH(g)     ∆H = −24.6 Kcal
This is a reversible reaction and the equilibrium constant for the

reaction is,

       Kp =  2
HCO

OHCH

2

3

PP
P
×

It is seen that equilibrium constant is small and further it decreases
rapidly with temperature, as the reaction is exothermic. This is a gaseous
reaction involving decrease in volume of gases. Therefore, by the
application of pressure, the reaction is driven to the right side so as to get
higher conversions. Thus, at 300°C and 3,500 psi, the theoretical mixture
of 1 volume CO and 2 volume of hydrogen, the equilibrium yield is above
60 per cent.

A catalyst containing 73 per cent charcoal and 27 per cent Nickel is
used for the conversion. Ferric oxide, vanadium pentoxide and cerium
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oxide are promoters for the nickel-charcoal catalyst. The catalyst of metal
and metallic oxide mixtures like oxides of zinc, chromium, manganese
and aluminium may also be used.

There are some side reactions which are called methanation.
*  CO + 3H2 → CH4 + H2O

*  2CO +  2H2 → CH4 + CO2

A high rate of flow is maintained by using a H2 stream, so as to
reduce the contact time of gases in the reactor.

(i) This reduces the side reactions.
(ii) It also prevents poisoning of nickel catalyst by CO gas.
The syn gas plant is generally connected to a methanol plant. The

process becomes economical as syn gas need not be compressed as it is
already under high when it enters the methanol plant.

The catalyst is contained in special reactors designed to withstand
the pressures and temperatures used.  By heat interchange either in the
reactor or in special heat exchangers, the heat of the reaction (24.6 Kcal)
is absorbed and the temperature of the catalyst can be kept constant. As
the reaction is exothermic, once started, the reaction is self-supporting,
i.e. the problem is of heat removal and not addition.

The methanol, other by-products and gases leave the reactor and
pass through heat exchangers. Then they are passed through condensers.
The condensed liquid contains methanol and other by-products like ether,
1-propanol, 2-propanol. They are separated by fractional distillation. The

Off Gas Purged or Returned to synthesis
via Booster Compressor

Condenser

Hydrogen
Holder

Synthesis
Unit

Water Gas
Holder

4500 ub.
Compression Interstage Gas

Purification Use Refined methanol
Storage

Crude Methanol
Storage

Purge

High and Low Pressure
Separators with
Let-Down Valve

Refining

Fig. 1.7: Flow sheet for the systhesis of methanol from syn-gas
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volatile ether separates out first, methanol comes next followed by higher
alcohols.

(3) Hydroformylation of olefins:
The addition of CO gas to the double bond of alkene to get aldehydes

or ketones, is called hydroformylation of olefins. For example, conversion
of ethene to propanal. Syn gas can be used to convert olefins to aldehydes
in presence of cobalt carbonyls or homogeneous triphenylphosphine
rhodium catalyst.

CH2 = CH2 + CO + H2 3(Ph) P-RH
3 2

Propanal
 H C – CH  – CHO→

(4) Production of alkanes – Fischer-Tropsch synthesis:
In 1925 Franz Fischer and Hans Tropsch developed a catalytic

process that converted syn gas into liquid hydrocarbons (alkanes). The
conversion is carried out at 1 atm and 250-300°C. The overall Fischer-
Tropsch reaction is described by the following equation.

    nCO(g)  +  4nH2(g)  2MgO, ThO→  CnH2n(g) + nH2O(g)

A mixture of CO + H2 is passed over a catalyst containing thoria and
magnesia through a converter. The reaction is believed to take place through
formation of methylene radicals which polymerise to form straight chain
alkanes. The product is condensed to separate the gases and the liquid is
fractionated to get synthetic gasoline and diesel.

Cooler

Fractionating
Column

Compressor
(5-25 Atm)

Purification
of Gas

Water gas
(CO + H )2

H2

Gasoline

Heavy
oil

Catalyst
(ThO  + MgO + Keiselguhr)2

Fe O2 3
Fe O2 3

+
NaCO3

Gasoline
Cracking

Fig. 1.8: Fischer Tropsch Method

6. BIOMASS
Biomass consists of a host of agricultural products such as corn,

potatoes, soy, agricultural waste products such as molasses which are
rich in cellulose and lignin. Biomass serves as an alternative feedstock for
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the production of organic chemicals through biochemical (fermentation)
or chemical processes.

Transforming biomass into chemicals:
Example 1: The waste biomass such as municipal  solid waste,

sewage sludge, manure and agricultural residues can be converted into
useful chemicals using a fermentation process. The waste biomass is
first treated with lime to make it more digestive and using an anaerobic
fermentor, the biomass is converted into volatile  fatty acids which can be
further converted to useful organic compounds.

Waste
biomass →lime Lime - treated

biomass


→ fermentation

R  C  O 
2
 Ca

O

→
H
⊕

R  C  OH

O

(carboxylic acid)


→ ∆

C

O

RR

(Ketone)

→
[H]

C

OH

RR

(Sec. alcohol)
H

Example 2: Molasses and hydrolysed corn starch are sources of
glucose. They are subjected to fermentation by adding ammonium salt
and yeast to acidified molasses or hydrolysed corn starch at 30°C. The
starch and sucrose are hydrolysed into glucose. In presence of the enzyme
zymase, glucose is converted into ethanol.

12 22 11 2
Sucrose

(from molasses)

C H O  + H O Fermentation
6 12 6 6 12 6Invertase

D-glucose D-fructose
 C H O  + C H O→

6 10 5 2
(From corn starch)
(C H O )  + H Ox x 2 4Dil H SO

6 12 6Pressure
D-glucose

 C H O→ x

6 12 6
Glucose

C H O Fermentation
2 5 2Zymase

 2C H OH + 2CO→

The ethanol can be mixed with gasoline to get hybrid fuel.
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Example 3: Using fast pyrolysis, biomass can be converted to
hydrocarbons in presence of a catalyst. In other words, biomass is heated
to high temperature for a short duration.

Biomass →
pyrolysis

Zeolite
Catalyst

→ Olefins

Biomass →
pyrolysis

ZSM-5
Catalyst

→ Aromatic hydrocarbons

Gasification of biomass yields syn gas which is a good source of
methanol, ethylene glycol and higher alcohols. Clean fractionation of
biomass yields cellulose which can be converted to glucose – an excellent
raw material for the production of lactic acid, acrylic acid, peracetic acid,
furan etc.

Advantages and Disadvantages:
Biomass is a renewable feedstock. The processes are cost-effective

as high temperatures and pressures are not required and do not contribute
to environmental pollution. However, raw-material costs are higher than
that of crude oil because biomass is an agricultural material and harvesting
is labour-intensive. Also being a solid material, transportation is more
difficult and expensive.

7. BIOFUELS
Biofuels are transportation fuels such as ethanol, biodiesel, etc. that

are made from biomass materials. They are cleaner burning fuels than
fossils fuels, producing fewer air pollutants, though they are expensive.
These are usually blended with petroleum fuels.

Biodiesel:
It is a vegetable oil or animal fat based diesel fuel consisting of long

chain methyl or ethyl esters. Biodiesel is made by chemically reacting
vegetable oils or animals fat with methanol or ethanol when trans-
esterification takes place to form monomethyl or monoethyl ester of fatty
acid which is termed as biodiesel. For example,

17 35 3 15 31 2 5
Methyl stearate Ethyl palmitate

C H  — COOCH         C H  — COOC H  

In India, the oil obtained from the seeds of Jathropha plant is used in
production of biodiesel. The Jathropha plants are being cultivated on large
barren lands as they do not need much water. It is considered to be a
clean fuel since it has no sulphur, no aromatics and has 10% built-in
oxygen, which helps it to burn completely.
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More recently, algal and fungal biodiesel have also been produced.

Synthetic diesel:
Conversion of methane to higher alkanes
Natural gas rich in methane is treated with a catalyst composed of

alkaline earth metal oxides in presence of a rare earth metal as a promoter
(catalyst - I) at 500°C when conversion to ethene takes place.

2CH4 
Catalyst - I

500 C
→  H2C = CH2 + 2H2

Further conversion takes place in presence of acidic solid catalyst
— pentasil zeolite (catalyst - II) to form gasoline range hydrocarbons
(higher alkanes) which under a suitable carbon range of C18 – C20
constitutes synthetic diesel.

H2C = CH2 
Catalyst - II→  gasoline range hydrocarbon → Synthetic diesel

QUESTIONS
1. What are renewable and non-renewable sources of organic compounds? Give

examples.
2. Explain the origin and structure of coal.
3. How is coal tar obtained? How are the aromatic compounds obtained from

coal tar.
4. Explain the terms:

(i) Coal liquefaction
(ii) Coal gasification

(iii) Coal hydropyrolysis
5. What is petroleum? What are its characteristics?
6. What is refining of petroleum? What are the various fractions obtained by

fractionation? Give their uses.
7. How is the catalytic cracking of petroleum products carried out? Give its

mechanism.
8. What is catalytic reforming? Explain the different types of reactions taking

place.
9. Explain the terms, giving example:

(i) Hydrocracking
(ii) Steam cracking.

10. What is natural gas? What are natural gas hydrates?
11. How is methane from natural gas converted into: (i) Aromatic hydro carbons,

(ii) Methanol?
12. How is syn gas obtained from: (i) Coal, (ii) Natural gas, (iii) Biomass?
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13. How is methanol manufactured from syn gas?
14. What is biomass? What are its advantages and disadvantages as a source of

organic chemicals?
15. Using biomass how are organic chemicals prepared by: (i) Fermentation,

(ii) Fast pyrolysis.
16. What are biofuels?
17. How is synthetic diesel obtained from natural gas?
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