BOOK REVIEWS

Chemical Product Design

By E.L. Cussler and G. D. Moggridge, Cam-
bridge University Press, Cambridge, U.K., 2001,
229 pp., $30.00.

This book delivers a very readable
treatment of the important aspects in
the design and development of new
chemically related products and de-
vices. The book covers specialty chemi-
cals such as pharmaceuticals and coat-
ings, but it also considers microstruc-
tured products (based on complex flu-
ids) and devices that perform chemical
operations. The book is packed with ex-
amples, anecdotes, case studies, and il-
lustrations. This bounty makes it easy
for the reader to understand how the
concepts being discussed can be applied
to real problems and real situations. The
numerous illustrations and the conver-
sational writing style make this book one
that advanced undergraduate students
could easily comprehend.

The book contains seven chapters.
The first introduces the field of chemi-
cal product design. The authors give a
working definition of product design
and make a compelling case for its im-
portance. The balance of the chapter
then introduces the “product design
procedure,” which is a four-step
methodology for product design. This
procedure is analogous to Douglas’ hi-
erarchy for conceptual process design,
and it serves as the organizational
structure for the rest of the book.

Chapter 2 is devoted to the first step
in the product design procedure. This
step, entitled “needs”, explains how to
identify the needs that the product
should fill. The emphasis is on both
identifying all of the needs and also
converting qualitative product at-
tributes (such as smoothness of a beer)
to a relevant quantitative specification
(such as force of contact lubrication)
whenever possible.

After the needs have been identified,
it is time to think about how to fulfill
those needs. The third chapter, “ldeas”,
discusses ways to generate ideas for nu-
merous different products that could
satisfy the needs and then ways to sort
and screen those ideas down to a man-
ageable number for further considera-
tion. The chapter briefly discusses
brainstorming and problem-solving
styles, and it presents a useful concept-
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screening matrix. The desired outcome
from application of these tools is identi-
tying five or fewer ideas for further de-
velopment. That further development,
termed selection, is the third step in the
product design procedure and title of
the fourth chapter in the book.

Chapter 4 focuses on more detailed
analyses of the remaining options so
that the best option can be identified.
The chapter considers two cases. The
first case involves product selection on
the exclusive basis of technical criteria.
The second case includes both techni-
cal and less exact criteria such as con-
sumer reaction. The discussion of selec-
tion by technical criteria shows how
thermodynamic, transport, and kinetics
principles can be used to advantage in
product design. The emphasis is appro-
priately on making quick, order of mag-
nitude estimates to determine the limits
of feasibility. Inclusion of qualitative
and less exact criteria is handled by us-
ing a more refined product selection
matrix. At this stage, one also includes
an analysis of the risks associated with
¢ach choice. The desired outcome is the
identification of the best one or two
product ideas to manufacture.

I was surprised that the suggestions
for further reading at the end of Chap-
ters 3 and 4 did not include any books
or articles on idea generation,
problem-solving, or decision analysis.
Strategies for Creative Problem Solving, by
Fogler and LeBlanc, which is in the
Further Reading list in Chapter 2,
would have been at least one book to
which interested readers could have
been referred.

Chapters 5-7 discuss manufacturing
and economics. The material presented
differs from that found in chemical pro-
cess design texts, because the issues and
tasks involved in product design are dif-
ferent. The authors include a very nice
treatment of microstructured products
and of devices, along with the expected
treatment of specialty chemical prod-
ucts such as pharmaceuticals. The
treatment of economics in Chapter 7
covers both product economics and
conventional process economics for
bulk, commodity chemicals. This chap-
ter also clearly articulates the distinc-
tions between product and process eco-
nomics. These differences include the
comparatively shorter lifetime of a high
value-added product, the importance of
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time to market and the cost of product
development, and the relative unimpor-
tance of raw material costs for specialty
products. The authors use net present
value as an economic indicator to judge
the profitably of a proposed new prod-
uct. Chapter 7 provides some examples
that illustrate the determination of net
present value, and by so doing it en-
ables the reader to identify the infor-
mation required and the methodology
for using that information. The chapter
does not tell the reader, however, how
to obtain or estimate reasonable values
for some of the required information
(such as manpower needed).

Having taught chemical process de-
sign for several years, [ can see that the
material in this book could easily and
profitably be integrated into a senior
design course. In fact, integrating prod-
uct design with the traditional process
design course would provide a more
current, more complete, and more in-
teresting design experience for chemi-
cal engineering students. I recommend
Chemical Product Design to all chemical
engineering design instructors,

Phillip E. Savage

Dept. of Chemical Engineering
University of Michigan

Ann Arbor, MI 48109

Catalyst Design, Optimal Distribu-
tion of Catalyst in Pellets, Reactors,
and Membranes

By Massimo Morbidelli, Asterios Gauriilidis,
and Arvind Varma, Cambridge University Press,
Cambridge, UK., 2001, 227 pp., $60.00.

Chemists and chemical engineers in-
volved in the design and analysis of cat-
alysts comprising precious material
components will find significant value in
Cambridge Series in Chemical Engi-
neering’s new offering Catalyst Design,
Optimal Distribution of Catalyst in Pel-
lets, Reactors, and Membranes. In their
new text, Morbidelli, Gavriilidis, and
Varma provide a very focused study of
the general problem of the use of the
precious components of catalysts. The
basis concept of catalyst effectiveness or
catalyst utilization, that is, the result of
combined transport and reaction issues,
is the index or objective function to be
maximized when the utilization of pre-
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cious materials 15 an issue. Thus, the
classic analysis of reaction and diffu-
sion, with and without temperature gra-
dients. 1s solved for potential and opti-
mal distributions of precious catalyst
materials.

The coverage includes, broadly, the
practice significance of the problem, a
collection of examples of industrial sig-
nificance, usetul preparation methods,
and clegant quantitative analysis. The
book provides special comprehensive-
ness in the latter.

The material is developed quite logi-
cally from the single peilet problem to
the problem of a collection of pellets in
a fixed-bed reactor. This includes the
important issucs of catalyst deactivation

and process life. The coverage of mem-
branes is especially helptul in that it of-
fers guidance on how to realize the
mathematical notions in a real catalytic
membrane sample. The section on spe-
cial topies of commercial importance
provides less gencerie guidance, but will
strike a very positive chord with
chemists and engineers engaged in the
process chemistries of oxidation, hydro-
treating, auto cexhaust catalysis, bio-
catalysis, or those using functionalized
polvmer resins. The material on prepa-
ration methods provides a tangible cap-
stone to the mathematical elegance.
The audience for Cutalyst Design is
likely as focused as the coverage: cata-
lyst vendors and rescarch and develop-

ment specialists in catalyst development
will want to have this book by their
sides. The inclusion of reactor and
membrance coverage also provides a link
to process engineers looking to obtain a
few selectivity or activity point improve-
ments via catalyst design and develop-
ment. More broadly, the book is a
scholarly treatment of a classical topic
that will serve as the foundation for fu-
ture work in the arca. Readers will en-

jov both the practical and scholarly per-

spectives of this work.

Michael T. Klein
School of Engineering
Rutgers University
Piscataway, NJ 08854

2112

September 2002 Vol. 48, No. 9

AIChE Journal



