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Atiemo-Obeng and Richard V. Cal-
abrese of the University of Maryland.
The chapter’s first section covers
rotor-stator mixer characteristics and
discusses example applications. Sec-
tion 2 discusses geometry and design
configurations. Section 3 covers hy-
drodynamics and talks about batch
mixer power draw and pumping ca-
pacity. Section 4 explores process
scaleup and design considerations,
and section 5 discusses mechanical
design considerations. 

Chapter 10, “Solid-liquid mixing” (40
pages), is authored by Atiemo-Obeng,
W. Roy Penny of the University of
Arkansas, and Piero Armenante of the
New Jersey Institute of Technology.
After an introduction in section 1, the
chapter’s second section discusses the
hydrodynamics of solid suspension
and distribution. This includes settling
velocity and drag coefficient, the effect
of particle shape and orientation to
flow, the effects of solids concentra-
tion, and states of suspension. Section
3 covers measurements and correla-
tions for solid suspension and distribu-
tion, including just-suspended speed in
stirred tanks; the effect of fluid viscos-
ity, solids loading, and fluid particle
size; and vessel and impeller geometry
and scale. It includes a good discussion
of floating solids dispersion. Section 4
covers mass transfer in agitated solid-
liquid systems and the effect of im-
peller speed. Section 5 discusses
selection, scaleup, and design issues
for solid-liquid mixing equipment.
This section has a good list of tips for
lab or pilot-plant experimentation. 

Chapter 15, “Solids mixing” (101
pages), is divided into two parts: “Part
A: Fundamentals of solids mixing”
and “Part B: Mixing of particulate
solids in the process industries.” Au-
thors are Fernando J. Muzzio, Albert
Alexander, Chris Goodridge, Eliza-
theth Shen, and Troy Shinbrot of Rut-
ge r s  Unive r s i ty  and  Konanur
Manjunath, Shrikant Dhodapkar, and
Karl Jacob of The Dow Chemical Co.

Part A covers ideal mixtures versus
real mixtures, powder sampling, scale
of scrutiny, and statistical methods,

In this month’s column, I’m going
to tell you about a mixing resource
that you might want to add to your

reference bookshelf if you conduct
any kind of mixing or blending in
your plant. Handbook of Industrial
Mixing: Science and Practice, edited
by Edward L. Paul, Victor A. Atiemo-
Obeng, and Suzanne M. Kresta (John
Wiley & Sons, 2003) is a weighty
tome of 1,440 pages containing
mountains of both theoretical and
practical information. It’s accompa-
nied by a CD-ROM that has 50 video
clips and animations of various mix-
ing applications. The book recently
was named best new PSP engineering
book by the Professional/Scholarly
Publishing (PSP) division of the As-
sociation of American Publishers. 

Sponsored by the North American
Mixing Forum, an organization of
mixing professionals in both industry
and academia, the book has 22 chap-
ters written by various authors. Each
chapter contains some sections focus-
ing on theory and others focusing on
practice. 

The book editors’ mixing credentials
are impressive: Paul had more than 35

years experience in process develop-
ment at Merck & Co. Inc. before retir-
ing. Atiemo-Obeng is a scientist in
The Dow Chemical Co.’s engineering
science and market development de-
partment. Kresta is a University of
Alberta, Edmonton, professor in the
chemical and materials engineering
department. As for the chapter au-
thors, Kresta told a university publi-
cat ion that  “Everybody who’s
anybody in the field has written a de-
finitive chapter. We have 46 contribu-
tors with a combination of more than
1,000 years of mixing-engineering
experience.”1

The comprehensive mixing hand-
book has chapters on both liquid mix-
ing and solids mixing. Of most
importance to powder mixing are
Chapter 8, “Rotor-stator mixing de-
vices”; Chapter 10, “Solid-liquid
mixing”; and Chapter 15, “Solids
mixing.” (For information on other
handbooks that focus more heavily on
powder mixing, see “More powder
mixing references,” later in this col-
umn.) Other chapters in this book in-
clude “Residence time distributions,”
“Mechanically stirred vessels,”
“Mixing and chemical reactions,”
“Heat transfer,” “Mixing in the fine
chemicals and pharmaceutical indus-
tries,” “Mixing in the pulp and paper
industry,” and “Role of the mixing
equipment supplier.”

Focus on powder mixing

This is the only book I’ve seen that
devotes a full chapter to the rotor-sta-
tor. Chapter 8, “Rotor-stator mixing
devices” (26 pages), gives a good
overview of the rotor-stator mixer and
its application. The authors are

A mixing resource

Peter R. Holman

“Mixing Mechanics” appears in
Powder and Bulk Engineering
twice a year. The author will
answer your questions in future
columns. Direct questions to
him at 262-763-3373 (pholman
@wi.rr.com) or via the Editor,
PBE, 1155 Northland Drive, St.
Paul, MN 55120; fax 651-287-
5650 (toneill@cscpub.com).
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I also recommend Powder and Bulk
Engineering’s Best of Mixing and
Blending Plus Agglomeration, CSC
Publishing, 1991.2 PBE

Reference
1. Find more information at 
www.engineering.ualberta.ca/kresta.cfm.

2. Available for purchase on PBE’s Web site,
www.powderbulk.com, or by contacting PBE
at 1155 Northland Drive, St. Paul, MN 55120,
651-287-5607, fax 651-287-5650 (mwatt@
cscpub.com).

Peter R. Holman, PE, is a consulting
engineer specializing in engineering
and designing mixing systems. He has
more than 30 years experience devel-
oping mixing systems for the chemi-
cal, pharmaceutical, cosmetics,
biotech, and food industries. He leads
H2TS mixing seminars in various lo-
cations and mixing seminars at the
Coatings Research Institute at East-
ern Michigan University. He is the
author of a book on mixing and holds
a BS in chemical engineering from the
University of Wisconsin-Madison.

granular mixing, mixing mechanisms
(including freely flowing materials,
weakly cohesive powders, and
demixing), batch mixers and the
mechanisms of tumbling and convec-
tive mixers, and selection and scaleup
of solids batch mixing equipment. 

Part B covers mixture characterization
and sampling, selecting batch and con-
tinuous mixers, mixer fundamentals
and mechanics (including mixing and
segregation mechanisms and mixer
classification), continuous solids mix-
ing, and mixer scaleup and testing. 

While the bulk of the book is on liquid
mixing, it provides a good mixing
overview. References are extensive
and will lead you to good sources of
additional information. Like many
first editions, the book contains some
minor errors and omissions. An exam-
ple occurs on page 483, which refers
to Figure 8.1 (a), (b), (c), and (d); how-
ever, there is no (d) in the figure. 

More powder mixing references

Since only a small portion of Hand-
book of Industrial Mixing covers
powder mixing, I recommend that
you consult other literature or refer-
ences when you need in-depth infor-
mation about your dry application. I
recommend the following:

Robert F. Conley, Practical Disper-
sion — A Guide to Understanding
and Formulating Slurries, Wiley-
VCH Publishers, 1996 (on mixing
powders into liquids).

N. Harnby, M.F. Edwards, and A.W.
Nienow, Mixing in the Process Indus-
tries, second edition,  Butterworth-
Heinemann, 1997 (20 percent of the
book focuses on powder-to-powder
mixing).

Martin Rhodes, ed., Principles of
Powder Technology, John Wiley &
Sons, 1990 (90 percent focuses on
powder-to-powder mixing). 
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