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Pretface

Pharmaceutical Engineering is concerned with the study of industrial
nrocesses required to convert raw material into value added pharmaceuti-
cals such as drugs and excipients. It is a subject of importance both to
the industrial pharmacist and the undergraduate students. ~Over the
years, students of pharmacy have been feeling the need for a simple
book, yet in sufficient depth to enable them to handle industrial

operations with understanding of the principles involved therein. This
book is an attempt to meet these twin objectives.

This book consists of 18 chapters: introduction to basic principles In
engineering, fluid tlow, liquid material transport, solid conveying. heat
flow, size reduction, size separation, mixing (solids, liquids and semisol-
ids), filtration, centrifugation, distillation, evaporation, crystallisation,
drying, humidification and dehumidification, corrosion, plant materiais
of construction and other related aspects of pharmaceutical industry.

This book deals with unit operations and processes utilised in the
production of bulk drugs, dosage forms and biological products. There
is a proper blend of physical, chemical and engineering principles. Onc
model equipment has been selected for explaining all the principles and
general working though many variations and varieties of the same may -~
be available. Hopefully this book will provide strong foundation
subject, and for in-house training of technical personnel in the industry.

Special emphasis is laid on the following:
. Application of principles, practice and pharmaceuﬁcal examples.
"« Tllustrations and diagrams explaining the working of equipment.
 Units have been described in I system.
. 'Question bank.

Suggestions and criticism are welcome.

Davangere --
15th June, 2001 | Authors

Reprinted after necessary corrections and improvement

(iii)




Acknowled gements

We place on record our thanks to Prof. K.V. Jayadevappa, B.E.,
M.Sc.(Engg). Professor and HOD, and Mr. Y.J. Jagadeesh, Lecturer,

Department of Mechanical Engineering, Bapuji Institute of Engineering
and Technology, Davangere, for reviewing the manuscript. Thanks are
due to Prof. K.S. Muralikrishna. Professor, and Mr. S.M. Vijavendra
Swamy. Lecturer, Bapuji Pharmacy College, Davangere, for sharing their
thoughts and critical comments on the manuscript. - Thanks are also due

to Mr. Giriraj Kulkarni, Lecturer, JSS College Pharmacy, Ooty for his
valuable suggestions on the manuscript.

We express our thanks to Prof. Y.R. Prabhakara, Principal. BEA's
- School of Pharmacy, Davangere, and Prof. B.G. Shivananda, Principal,

Al-Ameen College of Pharmacy. Bangalore, for their continued support
in the preparation of this edition.

We thank Mr. Kiran Shenoy, f}rtlist.. Audio-Visual Section, J.J.M.
Medical College Library and Information Centre, Davangere,. for the
preparation of figures, graphs, and artwork. We acknowledge the sup-

port extended by Miss Ranjeetha H.S.. Pradeep Xerox and DTP Centre.
Davangere, in the preparation of electronic script.

The authors thank their respective parent associations namely, Bapuji
Educational Association, Davangere, and Al-Ameen Educational Soci-
ety, Bangalore. for their encouragement in this educational endeavour.

The authors are grateful to the Curriculum Development Cell, All
India Council for Technical Education. Government of India; at Indian

Institute of Science, Bangalore, for the financial assistance provided for
the preparation of this book. We thank them profoundly.

We also cxpress' thanks to Mr. Manish K. Jain of M/s. Vallabh
Prakashan. Delhi, for his painstaking efforts to bring out this edition.

9

Davangere

I 5th June, 2001 Authors

(iv)



A

Contents

Preface | - . ~(i11)
Acknowicdgments ' (1v)

Chapter 1. INDUSTRIAL PROCESSING & BASIC PRINCIPLES 1-24
~ Unit Operations—Unit Processes 3
LUnit Operations—Scicentific Foundations 3
Dimensions, Units, Systems and inter-Conversions //
Dimensions-——Iformulae, Equations and Analysis /6
Stoichiometric Equations—DBalancing 21
Question Bank—23 Lo
Chapter 2. FLOW OF FLUIDS ' 25-55
Fluid Statics 26 __ > E
IFluid Dynamics 37 °
Bernoullt's Theorem 35
Lintrev-Losses 3y
Measurement of Rate of Flow of fiuids 43
Question Bank ' 54 &

- Chapter 3. TRANSPORTATION OF FLUIDS __ S56-88
Malvies o7 1 |
Pumps. 03

Reciprocating Pumps 62
Rotary Pumps 74
Miscellaneous Pumps 86 '
Question Bank 87

Chapter 4. CONYEYING onis 89-102
Belt Conveyors 90 '
Screw Conveyors 94
Pacumitic Convevors 96 i
Cham-tonvevors™ Yo . f - SRR :
Bucket Conveyors /1007
Storage of Solids 10/
Question lank 102 °

Ehapter 50 FLOVW OEHEAT 103-143
Mechanisms of 1eat Flow 2 '
Conduction /103
Convection /13
Radiation /127 /i ;




S

Equipment—Ilicat Exchanger and Heat Interchangers

(Zrcslion Bank /42

Chapter §§ SIZE REDUCTION

Mcchapni-sms of Size Reduction 147

Modes of Stress applied in Size Reduction /48
Classification of Size Reduction Equioment /48
Size Reduction—Equipment /49

Sclection of a Mill 166

Theories of Comminution /69

Encregy for Comminution /7]

< ~ Question Bank 1 74

Chapter 7. SIZE SEPARATION
Official Standards for Povders /78
Sieves 179
. Modes of Motion in Sizc .Separauon 184
~Sieve Analysis—Testing of Powder /87
Equipment for Size Seprration  /9/
Quc.suon Bank /98

Chapter 8. Mixing

Section I-Mixing of Solids -
Interparticle Interactiors—Segregation 20/
Mecchanism of Mixing in Solids 202
Mixing Process-Steps 205 .
Deeree of Mixing and Statistical Evaluation 204
Factors Influencing Mixing 272
Classilication of [ qunpm.ma for Solid Mixing 2/3
Equipment 2/4
Question Bank 224

~Section 11-Mixing of Liquids

- Mechanisms of Mixing 226
Mixing Vesscls 227
Mixing Devices—Flow “attern 229
Equipment © 236
Qucslim} Bank 240

Section I111-Mixing of Immisc sle Liquids
Equipment 24/

-

Section 1V-Mixing of Semisolics
. Equipment 245
 Question Bank 247

Chapter 9. FILTRATION
Mcchanisms of Filtration 230

31

144-176

177-198

199-247
199-224

225-240

241-2435

245-247

248-275



1heorics of Filtration 252
Factors Influencing Filtration 253
Filter Media and Filter Aids 257

Classitication of Filtration Lquipment 259

Lquipment - 260
Qucestion Bank 273

Chapter 10. CENTRIFUGATION
Theory of Centrifugation 277
Classification of Centrifuges 280
Lquipment 252
Question Bank 292

Chapter 11. DISTILLATION
Theory 2935
General Equipment for Distillation 300

Classification of Distillation Mcthods = 304

Simple Distillation 304
I-lash Distillation 308
[Fractional Distillation 31710

Azcotropic and Extractive Distiilation 322

Distullation under Reduced Pressure 323
Steam Distillation 327

Molecular Distillation 330

Destructive Distillation 334
Compression Distillation 333

Ouestiony Bank . 233,

Chapter 12. EVAPORATION |
[Factors Influencing Evaporation 338
Classification of Evaporators 34/
Equipment 34/

- Theory 353
Multiple Effect Evaporator 356
Question Bank 360

Chapter 13. CRYSTALLIZATION
| » Characteristics of Crystals 362

Pharmaceutical Solids—Terminology 366

Theory of Crystallization 368
Equipment 373 |

A Caking of Crystals 379

/ Question Bank 38/

Ihapter 14. DRYING e
Theory of Drying 383
Classtification of Dryving Equipment 390

W

276-292 "

293-336°

337-360 .

361-381

382-406




/

Equipment 390
Question Bank 405

Chaplcr 15. HUMIDIHCATION AND DEIIUMIDIFICATION
tlumidity Charts and Its Uulltv $11
Humidilication: /4

Dchumadification 4/5
Refrigeration 478

Air Conditioning 424
Qucslion Bank 429

('.haptcr 16. CORROSION
Theorics of Corrosion 432
, Factors Influcncing Corrosion 453
-~ Types of Corrosion 438

Prevention and Control of Corrosmn 444
Question Bank 448

- Chapter 17. MATER!ALS OF CONSTRUCTION
Factors Influencing the Selection of Matcrials 45/

. Classification of Materials for Plant Construcum 453
» - Ferrous Metals 4354

‘Non Ferrous Metals 457
Nonmctals——lnorgamc 439

Nonmctals—OrEamc 46.
Quust:on Bank 466

Chapter 18 PHARMA. INDUS FRY——-—ESTABLISHME.NT
Pharmaccutical Industry 467

Plant Location 468

Plant {,ayout 473 _

Utilities and Services 476 -
Industrial Pollution and Control- 478
Industrial Hazards and Safcty 480
Question Bank 485

.

AP'PENDIX-I ~ : Fractions and Muitiplications of Units
APPENDIX-Il : Notations and Abbreviations
APPENDIX-III : Inter Conversion of Units
APPENDIX-IV : Deﬁnitions_and Meanings
APPENDIX-V : Bibliography :

SUBJECT INDEX

. 407-430

431-449

450-466

467-485

&

487
488
490
192
501

503



