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PREFACE

Going back over the events in the membrane world since the first edition
of Ultrafiltration Handbook, one cannot help being pleasantly surprised at the
remarkable progress in many aspects of this ubiquitous technology. The devel-
opment of the Sourirajan-Loeb synthetic membrane in 1960 provided a valuable
separation tool to the process industries, but it faced considerable resistance in
its early days. The situation is different today: membranes are more robust,
modules and equipment are better designed (if the feedstream can be pumped,
the chances are one or more of the modules available today will be able to
handle it), and we have a better understanding of the fouling phenomenon and
how to minimize its effects. Most important, costs have come down signi-
ficantly, partly because of maturing of the technology and partly because of
competition from an increasing number of membrane suppliers and original
equipment manufacturers (OEM). Simultaneously, several company mergers
and marketing alliances occurred that should provide a firmer footing from a
business viewpoint. Developments in nanofiltration, gas separations, pervapo-
ration, and bipolar membrane electrodialysis have widened the applicability of

. ’ v""'
filtration Handbook is an attempt to catch up with these developments. The
main themes remain the same and familiar to readers of the previous edition,
but each chapter has been updated and revised while keeping the “handbook”
flavor intact.

One major change in this edition starts with its title: microfiltration has
been added to recognize it as an important member of the family of membrane
technologies. Purists may argue that microfiltration (MF) is essentially the same
as ultrafiltration (UF), with the difference being only in pore size. On the other
hand, end users and membrane manufacturers tend to view them as distinct
enough to justify separate treatment. I have tried to merge the two views since
both are correct, but for different reasons. The scientific principles and much
of the equipment may be the same, but these two sister technologies differ
in operating strategies, mathematical modeling, and applications. A unified
approach has been taken in earlier chapters, and distinctions are drawn in later
chapters, especially when describing specific applications.

xi



xii Preface

I'have followed the same format as the first edition. Chapter 1 is a brief history
of membranes, definitions, and basic thermodynamic principles. Chapter 2
reviews membrane chemistry and materials. The objective is not to teach
membrane manufacture or design, but what membranes are designed to do.
Unlike the early days when most membrane development was done by a few
companies, there are numerous public and private institutions, universities, and
independent research organizations involved today. This has lifted the veil of
secrecy and improved manufacturing techniques to the extent that membranes
are now considered to be a commodity. The trend today is towards speciali-
zation: many companies offer only membranes and/or modules of a certain type
while relying on OEMs to provide system design and engineering. This is why
Chapter 3 assumes even greater importance. Quality control and properties
of membranes, inasmuch as they affect their potential use, are now the shared
responsibility of the end user. Chapter 4 reviews mathematical models that
will be useful in understanding the effect of process parameters on system
performance. Here also, the emphasis is on factors the end user will need to
consider when designing a membrane process.

Listing all the changes that have occurred over the past decade in equipment
and module design (Chapter 5) has been a daunting task. Some of the companies
that were major players a decade ago have ceased to exist or have been merged
out of existence. This is part of the risk in a technology that is rapidly changing,
not only to users of the equipment (where will they get replacement parts and
support from?), but to authors of books targeted at the end user. Rather than
attempt to describe each manufacturer’s equipment in detail, the approach in
this book has been to describe general operating principles of each type of
equipment, with commercial examples being used to illustrate selected design
features. Chapter 6 deals with an area of crucial importance: membrane fouling.
A more general approach has been taken instead of the case study approach of
the first edition. This is partly because of a better understanding of this vexing
problem and also in order to be useful in as many applications as possible.
Cleaning has been discussed in greater detail in this edition. Chapter 7 focuses
on process design aspects, with expanded coverage of system design and cost
calculations.

Like the previous edition, Chapter 8 forms the bulk of this book. At that
time, I noted that the bias towards citing biologically oriented examples was
probably because of the special interests of the author, rather than a reflection
of actual usage of ultrafiltration. Although the range of applications of MF and
UF has widened, it now appears that these bio-industries did indeed constitute
the major market for UF and MF and will continue to be important for the
foreseeable future. In contrast, chemical and petroleum industry applications
are few. It is likely that water treatment and environmental applications will
see the greatest growth in the next decade.



Preface xiii

In order to serve readers with a variety of backgrounds and to keep this book
as practical as possible, I have not delved too deeply into the theoretical aspects
of the technology. Appendix C contains a list of books that provide greater
depth in these areas. I have also minimized the use of jargon in order to be
readily comprehensible to the novice, but sometimes it is unavoidable. A list
of abbreviations at the beginning of the book and the glossary of terms at the
end should be useful in this regard. Appendix A provides names and addresses
of some membrane manufacturers (with the caveat that inclusion in this list
should not be interpreted as an endorsement nor should omission be taken to
mean otherwise). Appendix B contains conversion factors (to help translate
English engineering units to the metric and vice versa).

Numerous individuals working for membrane manufacturers, engineering
companies, and end users have continued to educate me in this exciting tech-
nology. Interacting with them has expanded my knowledge and appreciation
of what it takes for this technology to succeed in the marketplace as much
as scholarly papers from academic institutions helped elucidate the scientific
principles. This subject has long ceased to be a “laboratory curiosity” or an
“emerging technology.” This, in turn, has generated vast numbers of papers
and books over the past decade. I may have summarized, simplified, or omitted
contributions of several distinguished workers in this area and perhaps not cited
them individually. It should not be construed as ignoring or minimizing their
contributions or those of the legions of scientists, engineers, and marketing peo-
ple who may not publish papers but have done much to move this technology
forward.

I am once again indebted to my graduate students and research associates
for their enthusiasm and doing much of the experimental work while we were
learning the art of membrane technology. Technomic Publishing Company did
a magnificent job of converting essentially classroom notes into a widely used
reference book with the first edition. They were extraordinarily patient waiting
for this long-overdue revision. Needless to say, the most important element has
been my family. This book is dedicated to them in appreciation for their support
and for sharing the joys and tribulations that accompanied my professional life
and the writing of this book.

MUNIR CHERYAN

Urbana, Illinois
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CHAPTER 1

Introduction

1.A.
DEFINITION AND CLASSIFICATION OF MEMBRANE SEPARATION PROCESSES

Filtration is defined as the separation of two or more components from a
fluid stream based primarily on size differences. In conventional usage, it usu-
ally refers to the separation of sclid immiscible particles from liquid or gaseous
streams. Membrane filtration extends this application further to include the
separation of dissolved solutes in liquid streams and for separation of gas
mixtures.

The primary role of a membrane is to act as a selective barrier. It should
permit passage of certain components and retain certain other components of
a mixture. By implication, either the permeating stream or the retained phase
should be enriched in one or more components. In its broadest sense a mem-
brane could be defined as “a region of discontinuity interposed between two
phases” (Hwang and Kammermeyer 1975), or as a “phase that acts as a barrier
to prevent mass movement but allows restricted and/or regulated passage of
one or more species through it” (Lakshminarayanaiah 1984). By these defini-
tions, a membrane can be gaseous, liquid, or solid or combinations of these.
Membranes can be further classified by (a) nature of the membrane—natural
versus synthetic; (b) structure of the membrane—porous versus nonporous,
its morphological characteristics, or as liquid membranes; (c) application of
the membrane—gaseous phase separations, gas—liquid, liquid-liquid, etc.; (d)
mechanism of membrane action—adsorptive versus diffusive, ion-exchange,
osmotic, or nonselective (inert) membranes.

Membranes can also physically or chemically modify the permeating species
(as with ion-exchange or biofunctional membranes), conduct electric current,
prevent permeation (e.g., in packaging or coating applications), or regulate
the rate of permeation (as in controlled release technology). Thus, membranes
may be either passive or reactive, depending on the membrane’s ability to
alter the chemical nature of the permeating species (Lloyd 1985). Ionogenic
groups and pores in the membrane confer properties such as permselectivity
and semipermeability.



