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Preface

Oral administration is the dominant method of delivering drugs to the
human systemic blood circulation because of its safety and simplicity. Thus,
great interest has been focused within pharmaceutical science on the design
of oral dosage forms with optimal therapeutic properties. The prevailing
oral dosage form today is the tablet due to its elegance. Tablets of various
types and biopharmaceutical properties—from conventional, disintegrat-
ing tablets, to advanced modified release systems—exist, but their common
denominator is the way in which they are formed, i.e., powder compaction.
Physical and technological aspects of this process, from a pharmaceutical
point of view, are the theme of this book.

The complexity of the compaction process—what at first sight seems
to be a simple mechanical operation—was recognized early. Problems still
exist in large-scale production of tablets, such as low tablet strength, cap-
ping, limited use of direct compression, and sensitivity to batch variability
of starting materials. Moreover, the use of basic physical data in formula-
tion work in order to predict tableting behavior of particles such as com-
pressibility (ability to reduce in volume) and compactibility (ability to co-
here into compacts) is limited. Thus, tablet formulation must still be based
to a large extent on empirical knowledge rather than on scientific theory.

An improved theoretical understanding of the compaction process
will enable a more rational approach to the formulation of tablets. How-
ever, the investments in research on the physics of the compaction process
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iv Preface

have, in relative terms, been limited in universities and the pharmaceutical
industry. In spite of this, a large number of publications on the theme of the
formation of tablets by compaction exist today in the pharmaceutical litera-
ture. This literature can be broadly classified into three categories: (1)
reports on specific formulations and their compactibility and on formula-
tion solutions to compaction-related problems, (2) studies on mechanisms
of and theories for the compression and the compaction of pharmaceutical
powders (such studies also include articles dealing with the development
and evaluation of methods for theoretical studies), and (3) evaluation, with
recognized methods and theories, of the compression and compaction be-
havior of pharmaceutical tableting excipients.

In the older literature, publications were focused mainly on the practi-
cal aspects of the preparation of tablets. However, since the late 1940s,
articles focused on the theoretical aspects of the compaction process have
been presented in the pharmaceutical scientific literature. As a conse-
quence of the growing interest in directly compactable formulations, new
excipients with improved tableting performance have been developed and
the compaction characteristics of these have been the object of scientific
studies. Despite this growing literature on the physics and technology of
powder compaction, the interest in bringing together the accumulated
knowledge in the form of comprehensive reference works has hitherto been
limited. It is thus a great pleasure for the editors of this volume to present a
book on theoretical and practical aspects of the process of forming com-
pacts by powder compression. This is, to our knowledge, the first book
devoted entirely to this theme. It has been made possible by the contribu-
tion of chapters from researchers throughout Europe and North America.
To achieve the high level needed, only recognized scientists, representing
academia or the pharmaceutical industry, have been involved, and each
contributor has been encouraged to focus on his or her field of expertise.
The role of the editors has been to primarily select topics and authors for
the contributions and to find a suitable structure for the book. The conse-
quence of this is that different concepts and beliefs in the field of powder
compaction are presented and discussed in the book, and we have not
attempted to hide this diversity. This diversity reflects the complexity of
studying and establishing theories for the handling and processing of “real”
materials. Moreover, there are also different traditions with respect to the
nomenclature used in the discussion on powder compaction, and this incon-
sistency among researchers in this respect is also reflected in this book. The
editors allowed each author to use terms in accordance with his or her
tradition. However, to improve the stringency in the use of the nomencla-
ture for the future, a short list of definitions follows this preface.

During the preparation of this book, some topics within the area of
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pharmaceutical powder compaction have not been dealt with as separate
chapters, as they are not covered extensively in the literature. Examples of
such topics are energy aspects of the formation of tablets, physical instabil-
ity in compacts during storage, and mathematical expressions for the tensile
strength of compacts. However, these topics are discussed and references
are given in some of the chapters of this book.

Although great progress in the theoretical understanding of the com-
paction process has been made since the late 1940s, the need for further
research is obvious. It is our hope that this volume can contribute to and
stimulate such intellectually challenging research.

We are very grateful to Marcel Dekker, Inc., for taking the initiative
to prepare a book on pharmaceutical powder compaction technology. We
express our sincere appreciation especially to Sandra Beberman and Ted
Allen, for pleasant cooperation during the preparation of this book, for
their qualified contributions, and for their support and patience with us in
our role as editors.

We are also very grateful to all contributors to this volume, for their
positive attitude to share their expertise in the field of powder compaction
and for the time and effort taken to write articles of high quality. Without
their collaboration and contributions, the writing of this book would never
have been accomplished.

Finally, we would like to thank Mrs. Eva Nises-Ahlgren for qualified
administrative work in connection with the preparation of this book.

Goran Alderborn
Christer Nystrom



Nomenclature

Below are the definitions of some terms commonly used in relation to
powder compaction. It should be noted that within this book the terms are
not used strictly in accordance with these definitions, as some authors have
used the terms differently. The list is narrow in that it presents only the
terms that seem to cause the most confusion in discussions of powder com-
paction. Less ambiguous terms, describing mechanical properties of and
bonding mechanisms between particles, are defined within the individual
chapters and in other books on material science and chemical engineering.

Compactibility The ability of a powder bed to cohere into or to form
a compact. Usually described in terms of tablet strength as a func-
tion of applied compaction stress.

Compaction The transformation of a powder into a coherent speci-
men of defined shape by powder compression.

Compressibility The ability of a powder bed to be compressed (be
reduced in volume) due to the application of a given stress.

Compression The reduction in volume of a powder bed due to the
application of a stress, e.g., loading or vibration.

Consolidation Mostly used synonymously with compaction. The
term has also been used to describe compression of powders.
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Nomenclature

Elastic deformation of particles Time-independent, recoverable de-
formation of a particle. Deformation occurs parallel to a contrac-
tion of the particle.

Hardness The resistance of a specimen against penetration into the
surface of the specimen.

Particle deformation The change in shape of a particle during com-
pression. Can be quantified with some shape factor for the particle
as a function of applied stress during compression.

Plastic deformation of particles Time-independent, permanent de-
formation of a particle. Degree of deformation is thus controlled by
the applied stress and independent of the time of loading. Deforma-
tion occurs without a change in particle volume.

Particle fragmentation The fracturing of a particle into a number of
smaller, discrete fragments during compression. Can be quantified
as the change in particle size or particle surface area with applied
stress during compression.

Time-dependent deformation of particles Degree of deformation of
a particle is controlled by the applied stress and the time of loading.

Viscoelastic deformation of particles Time-dependent recoverable
deformation of a particle.

Viscous deformation of particles Time-dependent permanent defor-
mation of a particle.
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