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PREFACE

This book is primarily intended as a textbook for undergraduate students of
Chemical Engineering and Chemical Technology. The students reading in specia-
lized training of different technology, e.g., Petroleum Refining Engineering,
Petro-chemicals, Oil Technology, Paint Technology, Plastic Technology, Food
Technology and Biochemical Engineering will also find this book useful. Efforts
have been made to cover the elective papers on these topics as prescribed by
Chemical Engineering Education Development Centre, IIT, Madras. It is also
expected to serve as reference book to the practicing Chemical Engineers, Indus-
trial Chemists and Chemical Technologists. A fresh engineer is not only expect-
ed to know the basic principles of engineering but also to have sufficient know-
ledge of technology and operating conditions of a chemical plant. Because of the
limited amount of time given to the course in technology for formal teaching
in Engineering Institutions, we have considered it necessary to give in detail
operating conditions to familiarise the students who have no background or
previous experience of the technological processes. An attempt has been made
to bridge the gap between the fundamental theory and engineering on one hand,
and the practical use of knowledge in industry on the other.” Selection of
industries and processes was necessary to keep the volume of the book within
limits.

The metric system prevalent in the country has been adopted as far as possi-
ble and informations have been given in terms of kilogram, metric ton, K Cal.,
atmosphere, cubic metres although the engineering data in the literature is gene-
rally available in British system.

An attempt has been made to bring out a comprehensive volume on organic
technology devoted to Indian conditions. The Engineering Institutions in the
country have been following books on Chemical Technology with little attention
to the practice followed in India. India has made rapid strides in the growth of
chemical industry during the last decade. Hence, there is justification for empha-
sizing the conditions prevalent in this country in the form of a book.

It is impossible for us to acknowledge individually contributions that have
been made to the writing of this book. Assistance provided by S. K. Awasthi,
Dhirendra, V. K. Jain, R. P. Kumar, G. N. Mathur, D. K. Pathak, J.P. Pathak,
M. S. Saxena, G. Shanker, S. K. Shukla, S. N. Srivastava, A. K. Vashistha and
S. N. Yadav is gratefully acknowledged.

It could not have been written without the help of the experts in the field
because the industries covered are rather wide and it is beyond the personal
knowledge of any individual. Published literature on the subjects and technical
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journals have been freely consulted and information has been taken from them.
Many of the statistical data have been obtained from the reports published by
DGTD, and otheryjournals. We are truly grateful to them.

The authors will greatly appreciate being informed of errors and receiving
constructive criticism.
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CHAPTER 1

INTRODUCTION

Chemical Engineers deal with processes which are defined as change of state
taking place in any system. There are three questions generally asked about any
process:

1. How is it going to be carried out? .

2. How far is it going to be carried out?

3. How fast is it going to be carried out?

First question how falls within the jurisdiction of unit processes or unit opera-
tions depending upon whether the change required is chemical or physical in
nature. Chemical changes could be brought about only by unit processes while
unit operations are a must for physical changes.

The second question how far concerns thermodynamics as the ultimate limit of
conversion must be known in order to decide the extent to which a process may
be carried out, for example, in the case of chemical reaction, it is essential to
know the equilibrium conversion which subsequently helps in determining the
optimum conversion.

Third question how fast deals with the rate of chemical reaction and falls in
the jurisdiction of kinetics which eventually determines the time required for the
completion of the process.

It is, therefore, obvious that some information on unit operations, unit pro-
cesses, thermodynamics and chemical engineering kinetics will help the readers
in going through the text. However, exhaustive treatment of these subjects will
not be possible here.

UNIT OPERATIONS

Unit operations and now more recent Transport Phenomena may be broadly
classified as:

(1) Momentum transport, (2) Heat transport, and (3) Mass transport.

Each one is again sub-classified into a set of unit operations. Unit operations
often used in chemical industries are:

1. (a) Crushing;

(b) (i) Grinding, (ii) Screening;

(¢) Fluid flow;

(d) (i) Filtrations, (ii) Centrlfugatlon,

(e) (i) Sedimentation, (ii) Classification, (iti) Floatatlon, (iv) Fluidization.

2. (a) Conduction;

(b) Convection—(i) Natural, (ii) Forced.

(¢) Condensation;
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(d) Radiation; )
(e) Evaporation; ’

(f) Crystallization.

3. (a) Solid-liquid extraction

(b) Liquid-liquid extraction

(¢) (i) Vapour-liquid extraction, (ii) Distillation;
(d) Diffusion;

(e) Absorption;

(f) Adsorption;

(&) Drying;

(#) Humidification;

(i) Dehumidification;

A list of equipments with their applications is given in Table 1.1.

UNIT PROCESSES

Following unit processes are very often used in chemical industries.

(a) Oxidation;

(b) Reduction;

(c¢) Hydrogenation;

(d) Dehydrogenation;

(e) Sulphonation;

(f) Sulphation;

(g) Halogenation—(i) Chlorination, (if) Bromination (are most commonly
used halogenations);

(h) Nitration;

(i) Isomerization;

(j) Polymerization;

(k) Amination;

(1) Esterification;

(m) Hydrolysis;

(n) Alkylation.

Some of the unit processes as with their brief descriptions and typical applica-
tions are given in Table 1.2.
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