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THE NATIONAL SCIENCE Foundation, during re-
cent years, has moved to support closer ties be­

tween the academic/ research institutions and in­
dustry. This was done to improve the nation's 
technological innovation and to decrease the time 
taken to move from fundamental discoveries to 
application in the market place. The NSF / Uni­
versity / Industry Cooperative Centers Research 
programs represents one of the National Science 
Foundation initiatives. 

West Virginia University was designated by 
the National Science Foundation as the NSF Uni­
versity / Industry Fluidization and Fluid Particle 
Cooperative Research Center. The area of fluidiza­
tion was designated as one area where a better 
understanding of the fundamentals could lead to a 
significant increase in the technological applica­
tions in a wide number of industrial areas. West 
Virginia University received this designation be­
cause of its wide experience and long-term re­
search in fluidization. The National Science Foun­
dation provided the catalyst that brought in­
dustry and West Virginia University together to 
form the Cooperative Fluidization Center. 

As a result of the financial support given by the 
National Science Foundation, West Virginia Uni­
versity and industry, the Fluidization Center has 
developed a laboratory that will provide for a 
better understanding of the problems associated 
with the scale-up of fluidized bed systems. This 
has been shown to be the major deterent to 
wider applications of fluidized bed technology in 
areas where a significant contribution to improved 
products and production could be made. 

A second and equally important purpose of the 
Center is to provide for the development of young 
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Students from the Center have an easy 
transition to industry. Four times a year they 
will discuss their research activities with industrial 
research personnel at regular meetings. They have 
the opportunity to learn first-hand . .. 

scientists / engineers in the area of fluidization and 
fluid particle science. 

BACKGROUND 

There a re a number of NSF Cooperative Re­
search Centers in addition to the Fluidization 
Center. These Centers cover a wide range of sub­
jects. There are a number of differences between 
Centers, depending upon the goals of the Center 
as well as the industrial membership. They all 
have some elements in common. 

• National Science Foundation contributes funding at 
a decreasing rate and their support ends by the fifth 
year. 

• All require multi-industrial member support on the 
continuing basis. 

• All require a high level of cooperation between uni­
versity, industry, and the National Science Founda­
tion. 

The companies identified as Charter Members 
of the Fluidization Center were 

• Aluminum Company of America 
• AISReactivation, Inc. 
e Arco Chemical Company 
e E.I. DuPont De Nemours & Company, Inc. 
• Monsanto Intermediates Company 
• The Standard Oil Company of Ohio 
• Union Carbide Corporation 

Not all of these companies ultimately became 
members, while several more have recently 
suggested they will join. 

DISCUSSION 

The success of the Center rests upon the bene­
fits received from all participants. The National 
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Science Foundation, as a result of the equipment 
and seed monies provided, has established a re­
search center supported by industry that will re­
main well after its support is terminated. Industry 
obtains leverage on research funds by pooling re­
sources with other companies to support long term 
fundamental research and to have a pool of young 
scientists /engineers being developed to fill person­
nel needs. The University obtains recognition and 
support for research programs. 

The graduate student is a primary recipient of 
the benefits from Center activity. As a result of 
the Center, research facilities are state-of-the-art 
and in many respects may be superior to those in 
industry. The technical support for each graduate 
student is enhanced. The Center has resulted in a 
critical mass of engineers and scientists with a 
common purpose. 

The Center program, while administrated 
through the Department of Chemical Engineer­
ing, is housed in a separate research building. 
Over 50% of the programs supported are within 
the chemical engineering department. 

Students from the Center have an easy tran­
sition to industry. Four times a year they will 
discuss their research activities with industrial 
research personnel at regular meetings. They have 
the opportunity to learn first-hand how a wide 
variety of industrial research personnel respond 
and interact. On occasion they will visit the spon­
sor's labs and work together with industrial 
personnel. Industry will have the opportunity to 
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follow the student's progress and to review his 
work periodically. What better way is there to 
evaluate a potential employee/employer? 

RESEARCH PROGRAM 

The Center focuses on fundamental problems 
of reacting systems at elevated temperatures with 
important discoveries confirmed in a large-scale 
system. Fluid particle systems studied include 
prototypical systems which simulate commercial­
ly significant reactions from the following major 
classifications 

• Particles undergoing no chemical change while in 
the bed. 

• Particles that will undergo little change in the bed, 
but effect chemical reactions; catalytic reactions are 
a primary example. 

• Particles that change from one solid species to an­
other in the bed. 

• Particles that grow in size while in the bed: for 
example, granulation. 

• Particles that shrink in size while in the bed. 

Fundamental studies are carried out on a bench 
scale, basic studies in a fifteen to twenty centi­
meter bed, and confirmation studies in a sixty 
centimeter fluidized-bed system. Many of the 
fundamental studies will deal with aspects of 
fluidization science: for example, particle ad­
hesion. Particle adhesion effects have largely been 
ignored in previous investigations of fluidized beds 
and may often dominate the behavior of particles 
that are undergoing chemical reactions in fluidized 
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beds. A major effort is devoted to developing in­
struments and probes to monitor fluidized-bed per­
formance at elevated temperatures in reacting 
species. 

The centerpiece of the laboratories will be the 
large "test cell" that provides for a process gas 
stream for the fluidized bed and the gas cleaning 
system for the effluent from the bed and a compre­
hensive detection, data logging and data analysis 
computer system. The "test cell" can accommodate 
fluidized beds up to seventy-five centimeters in 
diameter and six hundred centimeters in height. 
The bed can be operated at temperatures as high 
as 1000°C. The "test cell" will interface a variety 

FIGURE 1. Initial experiments begin in small experi­
mental laboratory. 

of configurations, ranging from single staged un­
baffled beds to fully staged beds with internal re­
cycle. 

The physical facilities are divided into bench 
scale laboratories, a small scale laboratory and a 
large scale facility. Fig. 1 shows the developing 
small scale facility. The centerpiece of the Center 
is the hot verification facility. Fig. 2 shows the 
major components of the hot fluidized bed verifica­
tion facility which consists of four major units: 
the process gas generator unit, the gas cleanup 
unit, the signal highway data logger signal an­
alyzer unit, and fluid bed units. 

CAPABILITIES OF FACILITY 

• Temperatures to 1000° C 
• Bed size to 75 cm / diameter 
• Velocities to 25 cm / second in 75 cm / diameter bed 
• Carrier gas combinations of 

• steam 
• air 
• N2 
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• reducing gas (without air) 
• Bed height of 600 cm 
• Reactor configurations 

• single bubble bed 
• circulating bed 
• multi-stage bed with/ without internals 

The Fluidization Center was established on 
August 15, 1984, and at the present time the 
staff consists of eight professionals (with PhD.s) 
that work on an average 50% of the time for the 
Fluidization Center. In addition, there are eight 
graduate students on half-time appointments. 

FUTURE 

The initial efforts in the Center have been di­
rected at the study of fluidization fundamentals, 
but as it matures it will progress toward a wider 
program in particle science. It will become in­
volved with a series of other programs being de­
veloped at the University that will involve close 
cooperation with industry. These programs in­
clude 

• Catalysis 
• Biochemical Separations 
• Powder Technology 

The ultimate success of the Center will depend 
upon the growth and competence of the students 
that pass through the Center. If they leave the 
Center for responsible positions and provide for 
the implementation and placing into practice the 
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fundamentals studied through the Center, the 
National Science Foundation will have achieved 
its goal of improvement of technological innova­
tions, industry will have benefited with new pro­
ducts or improved systems, the student will clear­
ly have benefited, and the Center will benefit as 
all parties will continue to support the Center. 
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LIQUID FILTRATION 
by Nicholas P. Cheremisinoff and David S. Azbel 
Ann Arbor Science Publishers 
Woburn, MA (1983) $49.95. 

Reviewed by 
Max S. Willis 
University of Akron 

Most modern curricula in chemical engineer­
ing are dominated by attention to the process de­
sign applications of momentum, heat, and mass 
transfer with an increasing emphasis on comput­
ers. Many topics are superficially covered, and 
there is a significant probability that one or more 
of these topics can be of major concern after 
graduation. Liquid filtration is such a topic. For 
the engineer who encounters a solid fluid separa­
tion problem in the chemical, polymer, drug and 
cosmetic, steel, food and beverage, petroleum, or 
paper industries, this book on Liquid Filtration 
can provide a state-of-the-art review that can 
amplify the superficial coverage obtained as an 
undergraduate. 

This industrially oriented review of liquid 
filtration in the chemical process and allied in­
dustries has chapters on. the hydrodynamics of 
flow in porous media, cake filtration, media filtra­
tion, filter aids, filter media, cake washing, cake 
dewatering, optimizing filter design, and selection 
of filter equipment. Chapters written by specialists 
on ultra filtration (C. Gelman and R. E. Wil­
liams), membrane filtration (C. Gelman, H. 
Greene, and T. H. Meltzer), and reverse osmosis 
(P. N. Cheremisinoff and A. R. LaMendola), ex-
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PROCESSES FOR MAJOR AODITION-TYPE 
PLASTICS AND THEIR MONOMERS 

by Lyle F. Albright 
2nd Ed. 1985 298 pp . $32 .50 

This process-oriented work focuses on four important plastics 
and their monomers. The plastics are produced by addition­
type processes and they include polyethylene , polypropylene , 
polyvinyl-chloride , polystyrene, and related copolymers . 
Monomers include ethylene, propylene , vinyl chloride , and 
styrene. 

This text will be used in chemical engineering classes at both 
the undergraduate and graduate level. 

Send for our complete 
CHEMISTRY and TECHNOLOGY catalogs today. 

When ordering , please add $4 .00 for first book ($1.00 each additional) to cover 
shipping . 

KRIEGER PUBLISHING COMPANY, INC. 
P.O. Box 9542 

Melbourne, FL 32902-9542 
(305) 724-9542 

pand the coverage to liquid filtration of particu­
lates from lA O to 100 microns. The final chapter 
is devoted exclusively to example problems; for 
example, the comparison of filtration times for 
cylindrical and flat media, and the calculation of 
the filtration time for a specified quantity of fil­
trate. Under one cover, the reader gets a con­
sistent set of notation and the essentials features 
of liquid filtration from a wide variety of sources. 

The writing is clear and reflects the authors' 
industrial experience and approach to problem 
solving. The emphasis is on correlations and calcu­
lation procedures rather than mechanisms and 
analytical solutions. The mathematics is, at most, 
ordinary differential equations in time, but the 
major portion of the presentation uses relatively 
simple algebraic equations. Most of the references 
are prior to 1970 and a significant number are 
from the German and Russian literature. Some of 
these references may be inaccessible or, at least, 
difficult to obtain. 

The introductory material on volume averag­
ing is incongruous for this type of book and is 
inadequately presented. Many of the graphical 
correlations do not have references and this pre-
Continued on page 193. 
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