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about the book…

This revised and expanded Second Edition summarizes fundamental engineering 
principles, operations, and development considerations that are critical to converting 
bulk pharmaceutical products into patient-ready and appropriate drug delivery dosage 
forms. Pharmaceutical Process Engineering facilitates a comprehensive understanding 
of the practical aspects of drug production and current development philosophy in an 
accessible, step-by-step format.

Improving communication among diverse professionals in the field—including 
pharmaceutical researchers, and chemical, industrial, and process engineers—the 
Second Edition of Pharmaceutical Process Engineering considers:
•  the relation of global concepts in pharmaceutical development, exemplified by 

Quality by Design Principles, to the application of fundamental principles and major 
unit operations in pharmaceutical engineering

• heat transfer, mass transfer, and fluid flow
• control of manufacturing environments
• preparation of sterile materials
• drying, evaporation, and crystallization processes
• techniques of filtration and centrifugation
• particle size reduction, mixing, granulation, and drying methods
• the manufacture of biological materials
•  and more, with references to statistical experimental design and process analytical  

technology as they support a philosophy of Quality by Design
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Preface

The motivation for expanding and updating Unit Processes in Pharmacy (David
Ganderton, 1968) into the first edition of a book titled Pharmaceutical Process
Engineeringwas a desire to make this valuable introductory volume available to a
new generation of pharmaceutical scientists and technologists. The basic prin-
ciples have not changed in the intervening years, but the environment in which
manufacturing is conducted, both from a practical and a regulatory standpoint,
has undergone a substantial evolution. The important principles of Quality by
Design and the subtopic of Process Analytical Technology are routinely found on
the programs of symposia devoted to pharmaceutical engineering and have a
clear impact on the future of pharmaceutical manufacturing.

The present volume covers the basic principles with updated examples of
the unit operations in pharmacy and their application. As in the first edition, the
many unique drug delivery systems that extend beyond classical oral and
parenteral dosage forms are not covered extensively as these are specialized
topics covered in other volumes in this series.

A new section has been added on quality principles and the underlying
mathematical and statistical methods. Adoption of known input variables that
define the relevant process space can bring about consistency of product per-
formance. The current capacity to store and manipulate data could not have been
envisaged when the original volume on unit operations was published. The
evolving tool of computer-aided design is likely to become a standard procedure
in the future and, therefore, deserves to be addressed in the revised edition.

This volume remains an introductory text for pharmaceutical scientists
and technologists who require an understanding of engineering principles.
We hope that academic, industry, and government scientists and students will
find this a useful text that serves the purpose of an easily accessible reference.

Anthony J. Hickey
David Ganderton
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Units and Dimensions

The pharmaceutical scientist is familiar with the units (dimensions) of centi-
meter (length), gram (mass), and second (time) or the conventional Système
Internationale (SI) units of meter, kilogram, and second. The engineer, in con-
trast, will express equations and calculations in units that suit quantities he or
she is measuring. To reconcile in part this disparity, a brief account of units and
dimensions follows.

Mass (M), length (L), time (T), and temperature (8) are four of six funda-
mental dimensions, the units of which have been fixed arbitrarily and from
which all other units are derived. The fundamental units adopted for this book
are the kilogram (kg), meter (m), second (sec), and Kelvin (K). The derived units
are frequently self-evident. Examples are area (m2) and velocity (m/sec). Others
are derived from established laws of physics. Thus, a unit of force can be
obtained from the law that relates force, F, to mass, m, and acceleration, a:

F ¼ kma

where k is a constant. If we choose our unit of force to be unity when the
mass and acceleration are each unity, the units are consistent. On this basis, the
unit of force is Newton (N). This is the force that will accelerate a kilogram mass
at 1 m/sec.

Similarly, a consistent expression of pressure [i.e., force per unit area is
Newtons per square meter (N/m2 or Pascal, Pa)]. This expression exemplifies
the use of multiples or fractions of the fundamental units to give derived units of
practical importance. A second example is dynamic viscosity [M/(L·T)] when
the consistent unit kg/(m·sec), which is enormous, is replaced by kg/(m·hr) or
even by poise. Basic calculations using these quantities must then include
conversion factors.

The relationship between weight and mass causes confusion. A body
falling freely due to its weight accelerates at kg·m/sec2 (g varies with height and
latitude). Substituting k ¼ 1 in the preceding equation gives W ¼ mg, where W is
the weight of the body (in Newtons). The weight of a body has dimensions of
force, and the mass of the body is given by

massðkgÞ ¼ weight ðNÞ
g ðm=sec2Þ

The weight of a body varies with location; the mass does not. Problems arise
when, as in many texts, kilogram is a unit of mass and weight of a kilogram is
the unit of force. For example, an equation describing pressure drop in a pipe is

DP ¼ 32ul�

d2

when written in consistent units—DP as N/m2, viscosity (Z) as kg/(m·sec),
velocity (u) as m/sec, distance (l) as m, and tube diameter (d) as m. However, if
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the kilogram force is used (i.e., pressure is measured in kg/m2), the equation
must be

DP ¼ 32 ul�

gd2

where g ¼ 9.8 m/sec2. In tests using this convention, the conversion factor g
appears in many equations.

The units of mass, length, and time commonly used in engineering heat
transfer are kilogram, meter, and second, respectively. Temperature, which is a
fourth fundamental unit, is measured in Kelvin (K). The unit of heat is the Joule (J),
which is the quantity of heat required to raise the temperature of 1 g of water by
1 K. Therefore, the rate of heat flow, Q, often referred to as the total heat flux, is
measured in J/sec. The units of thermal conductivity are J/(m2·sec·K/m). This
may also be written as J/(m·sec·K), although this form is less expressive of the
meaning of thermal conductivity.

xiv Units and Dimensions


