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THE UNIVERSITY OF Arizona has come a long way 
in the 103 years since it was a one-room school 

house in the middle of the desert. The original 32 stu­
dents have grown to more than 34,000 and the six 
charter members of the U A faculty now number about 
2,200 (which does not include the more than 1,000 
graduate assistants who aid in teaching and research). 
In order to administer such a large educational enter­
prise, The University of Arizona requires more than 
7,500 staff personnel. Their work is carried out in 131 
buildings spread across 540 acres in the heart of Tuc­
son. 

The University of Arizona is a very strong re­
search-oriented university. In 1988, it was ranked 
12th among U.S. public universities for research fund­
ing. Engineering at The University of Arizona ranked 
17th in research funding, and the Chemical Engineer­
ing Department ranked 25th in research funding. 

Chemical engineering was proposed for The Uni­
versity of Arizona in the mid-1950s. The dean of engi­
neering at that time saw no place for chemical engi­
neering in his college, so the College of Mines began 
development of the department. The first courses 
were taught by the Metallurgical Engineering Depart­
ment. 

The Chemical Engineering Department first took 
its place among the other engineering curricula and 
was duly proclaimed in print in the 1957-58 UA 
catalog. It is interesting to note that while it listed 
thirteen courses, it listed NO faculty-a problem 
quickly remedied, even though those who were inter­
viewed had to pay their own travel expenses. A strong 
faculty was assembled by the first department head, 
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Don H. White, and the department quickly gained rec­
ognition. 

Due to strong leadership during those initial years, 
the department gained the reputation as a research 
and education leader with both industrial and 
academic sectors of the profession. The early em­
phasis on computer utilization, continued stress on 
design, and a strong foundation in chemistry have 
brought the department into the present where it en­
joys international respect in the crystallization, com-

- bustion, pollution control, biomedical, biochemical, 
and turbulent flow areas. 

Enrollment has averaged 150 undergraduates and 
40 graduate students for the last ten years. An in-
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creasing emphasis on doctoral research has changed 
the composition of the graduate enrollment toward a 
majority pursuing the PhD. These students benefit 
from working at a highly technological campus "th 
well-equipped laboratories. 

The University provides several outstanding 
facilities of interest to students and faculty in chemical 
engineering. The Main and Science libraries contain 
over 2,500,000 volumes, and the combination ranks 
21st nationally. The University Computer Center 
houses a CYBER 175, an IBM 4381, and three VAX 
11-780's, one VAX-8650, one SCS-40 mini-supercom­
puter, and a large microcomputer laboratory. An IBM 
3090 is used for financial and student records. Addi­
tionally, the University is one of eight member institu­
tions in the Consortium for Scientific Computing at 
the John von Neumann Supercomputer Center in 
Princeton, New Jersey. Direct satellite link to this 
center provides interactive capabilities. In addition to 
those campus-wide facilities, the department has a 
multitude of student-accessible personal computers, 
both for undergraduate education and graduate re­
search, including data acquisition, and numerous 
minicomputers serving similar purposes. The College 
of Engineering and Mines has several computers on a 
network which are accessible to chemical engineering 
faculty and students. Some of those are MVlO000 and 
MV8000 Data General computers (the 10000 has an 
array processor), three VAX 11/750's, one VAX 11/ 
780 and several DEC minicomputers of various sizes. 
All computer systems are accessible through interac­
tive terminals and microcomputers located in the 
chemical engineering building. All computers on both 
the engineering and the university networks can send 
and accept files to and from the others. 

The departments of mathematics, physics, chemis­
try, biochemistry, microbiology, pharmacy, electrical 

Coal combustion research lab. 
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The graduate program is designed to provide advanced work w ith core courses in 
transport phenomena, thermodynamics, and reaction engineering, with additional selected work 
in mass transfer, heat transfer, fluid dynamics, control theory, and process simulation. 

and computer engineering, and aerospace and 
mechanical engineering supply chemical engineering 
with the support necessary for good undergraduate 
and graduate research programs. Projects are done 
jointly by undergraduate and graduate students and 
faculty in chemical engineering, and in many cases 
other departments provide service to and/or coopera­
tion with chemical engineering. A high degree of 
cooperative research and course-sharing exists be­
tween departments on the campus, assuring a rich 
and diverse atmosphere for research and study. 

THE FACULTY 

The original faculty member, Don H. White, was 
called upon by the Dean of the College of Mines to 
organize a chemical engineering department in 1958. 
He arrived in Tucson in September of 1958 to find 
eager junior and sophomore classes of chemical en­
gineers expecting to be taught, but empty chemical 
engineering laboratory rooms and no other faculty. 
He quickly organized a small group of faculty to begin 
teaching the students who had been admitted in the 
fall of 1956. This first faculty consisted of Robert 
Damon, fresh out of Montana State, Richard Edwards 
from Mallinkrodt Corporation in St. Louis, and James 
Carley, engineering editor of Modern Plastics in New 
York City. Also here, for a short time, were James 
Hall and Ray Richardson. 

Other early faculty included Edward Freeh in 
1962, Neil Cox in 1962, Alan Randolph in 1968, 
Thomas Rehm in 1966, and Richard Williams and Wil­
liam Cosart in 1968. A second round of "early faculty" 
included Jost Wendt in 1972, Joseph Gross in 1972, 
and James White in 1971. At that time a new young 
university president (John Schaefer) led the univer­
sity in its push to become a research university. 

Not all early faculty stayed in the teaching profes­
sion. Robert Damon is now with Crown Zellerbach, 
James Carley is with Lawrence Livermore Labs, and 
James White is vice president of his own successful 
computer company (in partnership with a U A alum­
nus, who is president). Richard Edwards retired in 
Tucson after becoming a vice president of the Univer­
sity of Arizona. Neil Cox went to the Idaho Nuclear 
Test Facility, and Richard Williams ended up at 
Exxon Research and Development. All the others are 
still active faculty in our chemical engineering group. 
William Cosart is Associate Dean of our College of 
Engineering and Mines. 
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TABLE 1 
Faculty: University of Arizona 

MILAN BIER Fordham University 
protein purification 

HERIBERTO CABEZAS University of Florida 
solution thermodynamics 

WILLIAM P COSART Oregon State University 
Associate Dean 

EDWARD J . FREEH Ohio State University 
control (adjunct) 

JOSEPH F. GROSS Purdue University 
biomedical transport processes; department head 1975-1981 

ROBERTO GUZMAN North Carolina State University 
bioseparations 

GARY K. PATTERSON University of Missouri-Rolla 
fluid mechanics; department head 1984-1990 

THOMAS W. PETERSON California Institute of Technology 
aerosols 

ALAN D. RANDOLPH Iowa State University 
crystallization 

THOMAS R. REHM University of Washington 
process design 

FARHANG SHADMAN University of California, Berkeley 
chemical reaction engineering 

JOST O.L. WENDT Johns Hopkins University 
combustion 

DON H. WHITE Ohio State University 
polymer processes 

DAVID WOLF Technion 
mixing; (visiting half years) 

As can be quickly discerned from this short his­
tory, the faculty in this department have been re­
markably loyal. Undoubtedly, part of the reason is 
the persuasiveness of Don White, who was depart­
ment head until 1974. Other factors contributing to 
such a stable faculty are the unduplicated climate and 
quality of life in Tucson and the excitement of being 
part of a rapidly growing university. 

More recent faculty are Thomas Petersen, 
Farhang Shadman, Gary Patterson, Milan Bier, 
Heriberto Cabezas, and Roberto Guzman. The pres­
ent faculty, their origins, and their main professional 
interests are shown in Table 1. 

TUCSON: THE "OLD PUEBLO" 

The University of Arizona is located in the heart 
of Tucson, a metropolitan area of over 700,000 people. 
Tucson is located sixty miles north of Mexico, at an 
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elevation 2,400 feet and in a valley surrounded by rug­
ged mountains. Not much more than a century ago 
Tucson was a small, dusty Mexican outpost-a pueblo. 

Life in Tucson places emphasis on the out-of-doors. 
The sun shines more than 300 days each year, making 
outdoor recreation a way of life for many Tucsonans 
(exemplified by the thirty-one golf courses in the 
area). Tennis, golf, and swimming are obvious favor­
ites, but Tucson offers much more than that. Within 
an hour of the campus are the ski resort of Mount 
Lemmon, the internationally acclaimed Arizona-Son­
ora Desert Museum, and one of the world's largest 
accumulations of telescopes at Kitt Peak National Ob­
servatory. Backpacking and off-road vehicle trails are 
abundant and easily accessible. Camping equipment 
can even be rented from the campus Hiking, Outing, 
and Travel Center. For longer treks there are the ski 
resorts of the White Mountains and the incredible 
Grand Canyon. Tucson city parks and golf courses also 
provide varied recreation. For those who like to stay 
close to home, on campus there are several restau­
rants, a game room, three swimming pools, handball/ 
racquetball courts, a weight room, a gymnasium, and 
a movie theater. A new comprehensive student recre­
ation center is being constructed to add to these 
facilities. 

UNDERGRADUATE PROGRAM 

The undergraduate program in chemical engineer­
ing at the University of Arizona has developed as one 
of strength in fundamental chemical engineering 
utilizing basic science, requiring thirteen semester 
units of math, eight semester units of physics, twenty­
three units of chemistry, and three units of any other 
advanced-level science. The math strength is consoli­
dated by six units of applied math taught within the 
department. Altogether, thirty-seven units of courses 
are required within the department, along with fifteen 
units of other engineering outside the department. 
The addition of six units of freshman composition and 
sixteen units of humanities and social sciences leaves 
room for ten units of technical electives. The technical 
electives must be chosen from a list of specialties such 
that depth of study is achieved in some field. 

Such a program of study is rigorous and attracts 
only the most motivated students. Even with a heavy 
study load, most students find time to participate in 
the student AIChE chapter, which has Friday after­
noon picnics several times each year. The chapter also 
organizes the annual open house for high school stu­
dents and sends members to talk to high school classes 
about chemical engineering. Each year the chapter 
sends a delegation to the regional student meeting. 
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The graduates of the undergraduate program have 
been very successful when entering industry or 
graduate programs at other universities. This is prob­
ably because they can rely on the strong fundamental 
science base that the curriculum provided-they are 
prepared to learn any specialized field of chemical en­
gineering. 

A relatively recent trend, which is of great benefit 
to the undergraduates, is their participation in the 
various graduate research programs. All the students 
seem to be highly motivated by their inclusion in the 
laboratory research of the graduate programs. An 
added benefit is that acquainting them with the joys 
of research and the graduate student culture undoubt­
edly results in more of them pursuing graduate work 

Altogether, thirty-seven units of courses are 
required within the department, along with fifteen 

units of other engineering outside the department . .. . 
Such a program is rigorous and attracts only 

the most motivated students. 

before taking a job. Additionally, contact with the 
other undergraduates and discussions of their re­
search work convinces them of the value of the re­
search projects. Such knowledge breeds understand­
ing. 

GRADUATE PROGRAM 

The Department of Chemical Engineering has a 
strong and diverse graduate program. The Master of 
Science degree has been offered for many years (the 
first degree was awarded in 1961) and the first Doctor 
of Philosophy was awarded in 1964. Since that time 
144 MS degrees and 23 PhD degrees have been 
granted. The department is heavily involved in a 
transition from a primarily MS graduate program to 
a primarily PhD graduate program. The ratio of PhD 
candidates to MS students has increased in the last 
four years from less than 0.3 to greater than 1.0. 

Graduate studies in chemical engineering are ad­
ministered by a graduate studies committee of the fac­
ulty under the general direction of the Graduate Col­
lege. Work toward a master of science degree consists 
of a mix of course work and research leading to a 
thesis. The doctor of philosophy degree requires some 
additional course work (including a minor in a related 
area) and extensive research leading to a dissertation. 
Along the way a qualifying examination, a prelimi­
nary examination, and a final oral examination must 
be passed. 

All graduate students must take, or have equiva­
lent credit for, three basic courses: Advanced Trans-
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port Phenomena, Advanced Thermodynamics, and 
Advanced Chemical Reaction Engineering. 

The graduate program is designed to provide ad­
vanced work with core courses in transport 
phenomena, thermodynamics, and reaction engineer­
ing with additional selected work in mass transfer, 
heat transfer, fluid dynamics, control theory, and pro­
cess simulation. The following interdisciplinary op­
tions with several courses in each are also available: 
biomedical engineering, bioprocess engineering, 
energy systems engineering, and materials engineer­
ing. 

RESEARCH PROGRAMS 

Each department of chemical engineering develops 
its own style and philosophy of research. At Arizona 
neither pure engineering science nor applied process 
development is emphasized at the expense of the 
other. Rather, the approach is to apply fundamental 
engineering science to the solution of process-relevant 

TABLE 2 
Departmental Research Topics 

Aerosol Dynamics: Physical and chemical mechanisms gouerning 
particle formation, transport, and transformation • application to 
atmospheric problems, combustion and clean rooms. 

Biochemical and Biomedical Engineering: Transport phenomena 
in the microcirculation • deuelopment of physiological pharma­
cokinetic models • thermodynamic properties of protein solutions 
• protein separation and purification techniques • dynamic model­
ing of kidney-stone formation • bioreactor design and scale-up • 
transport in fermenters 

Catalysis and Kinetics: Sulfur oxide emissions control uia catalyzed 
lime reactions • catalytic gasification of coal 

Combustion: Control ofNOxfSOx during coal combustion; reburning 
as a method of NOx control • mechanisms of fly ash formation in 
puluerized coal combustion • model characterization of flame 
chemistry 

Computer-Aided Design: Deuelopment of unit operation modules 
for undergraduate education 

Crystallization: Use of chemical inhibitors as nucleation I growth rate 
modifiers • laboratory modeling of kidney stone formation • real­
time control of crystal population dynamics • use of supercritical 
fluids as crystallization media • crystallization in micrograuity 
(space) 

Fuels: Fuel combustion efficiency and relationship to pollutant 
formation • coal gasification and liquefaction • high-pressure 
liquefaction of biomass 

Polymers: Viscoelastic properties of polymers • shear degradation of 
polymer molecular weights • polymer extrusion methods 

Separations: Large scale free-flow electrophoresis as a means of 
protein separation and purification 

Solar Energy: Solar desalination of sea water and brackish solutions 
• solar desiccation methods for air conditioning 

Surface Analysis: Scanning auger spectroscopy of fly ash particles 
and catalysts 

Thermodynamics: Modeling of multicomponent and polyelectrolyte 
properties in solution 

Turbulence: Effect of mixing on reactor yields • laser-doppler 
measurement of turbulence properties in mixing • computer simu­
lation of turbulent mixing and reaction 
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problems of major engineering concern. This is indeed 
a formidable task and requires good relationships and 
communication with the industrial world where such 
process-relevant problems are identified. About half 
of the chemical engineering faculty members at 
Arizona have had several years experience in industry 
and are encouraged to maintain close industrial ties 
through consulting arrangements. 

Our department plays a significant role in the 
energy and biotechnology fields. In energy-related 
work, numerous projects emphasize both the 
economic and environmental aspects of current energy 
concerns. These projects combine practical experi­
mental and theoretical studies with the latest in 
analytical tools. 

Biochemical engineering studies are being con­
ducted in a number of new and exciting areas. In fer­
mentation and bioreactor studies, microorganisms and 
enzymes are used to generate useful products. In the 
bioseparation area, mixed products are separated and 
purified. Our bioseparation group is one of the pre­
mier groups in the world, particularly in the area of 
electrophoretic methods of separation. Other separa­
tion methods, notably two-phase aqueous extraction 
and chromatography, are under development. 

An interdisciplinary program emphasizing mate­
rials processing is available in cooperation with the 
Materials Science and Engineering Department. Simi­
larly, courses of study are also designed to include 
electronic materials processing through the Electrical 
and Computer Engineering Department. Current re­
search topics in the department are described in Table 2. 

Research funding from outside agencies and com­
panies has grown dramatically in the last five years, 
particularly since inclusion of the Center for Separa­
tion Science. Total funding is now about $1.5 million 
for a permanent faculty of eleven. Growth in the 
biotechnology area was recently spurred by a univer­
sity program which provided new capital and support 
funds. 

QUALITY AND QUANTITY 

The department has a rigorous undergraduate pro­
gram which has produced graduates who have contri­
buted to the chemical engineering profession since its 
first graduating class in 1960. Many entered graduate 
studies at other universities and did well in their pro­
grams, as indicated earlier. 

From the beginning, the department has worked 
hard at building its graduate program, with the aim 
of having a PhD program of national impact. That 
capability grew sporatically at first, but it was marked 
Continued on page 60. 
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terns by Stochastic (Monte Carlo) Simulation," Proc. 
2nd World Cong. of Chem. Eng., Montreal Canada 
(1981) 

11. Nauman, E.B., "Residence Time Distribution in Sys­
tems Governed by the Dispersion Equation," Chem. 
Eng. Sci., 36, p.957-966 (1981) 

12. Nassar, R., J.R. Too, and L.T. Fan, "Stochastic 
Modeling of Polymerization in a Continuous Flow Re­
actor," J . of App. Poly. Sci., 26, p.3745-3759 (1981) 

13 . Fan, LT., J.R. Too, and R. Nassar, in Residence Time 
Distribution Theory in Chemical Engineering, Verlag 
Chemie, Weinheim (1982) 

14. Too, J.R., L.T. Fan, and R. Nassar, "Markov Chain 
Models of Complex Chemical Reactions in Continuous 
Flow Reactors," Comp. Chem. Eng., 7, p.1-12 (1983) 

15. Bukur, D., H.S. Caram, and N.R. Amundson, in 
Chemical Reactor Theory, A Review, Prentice Hall, 
Englewood, NJ (1977) 

16. Shah, B.H., D. Ramkrishna, and J.D. Borwanker, 
"Simulation of Bubble Populations in a Gas Fluidized 
Bed," Chem. Eng. Sci., 32, p.1419-1425 (1977) 

17. Ligon, J.R., and N.R. Amundson, "Modeling of Flu­
idized Bed Reactors - VI(a) An Isothermal Bed With 
Stochastic Bubbles," Chem. Eng. Sci., 36, p.653-660 
(1981a) 

18. Ligon, J.R., and N.R. Amundson, "Modeling of Flu­
idized Bed Reactors - VI(b) The Nonisothermal Bed 
With Stochastic Bubbles," Chem. Eng. Sci., 36, p.661-
671 (1981b) 

19. Fox, R.O., and L.T. Fan, "Application of the Master 
Equation to the Bubble Population in a Bubbling Flu­
idized Bed," Chem. Eng. Sci. , 42, p.1345-1358 (1986) 

20. Bird, R.B., "Book Writing and Chemical Engineering 
Education," Chem. Eng. Ed., 17, p.184-193 (1983) 

21. Fox, R.O., PhD Dissertation, Kansas State University 
(1987) 

22. Ramkrishna, D., "The Status of Population Balances," 
Reu. Chem. Engg., p.49-95 (1985) 

23. van Kampen, N.G., Stochastic Processes in Physics 
and Chemistry, North-Holland, New York (1981) 

24. Gardiner, C.W., Handbook of Stochastic Methods, 
Springer, New York (1983) 

25. Cohen, E.G.D ., Fundamental Problems in Statistical 
Mechanics, North-Holland, Amsterdam (1962) 

26. Ramkrishna, D., and J.D. Borwanker, "A Puristic 
Analysis of Population Balance - I," Chem. Eng. Sci ., 
28, p.1423-1435 (1973) 

27. Ramkrishna, D., and J.D. Borwanker, "A Puristic 
Analysis of Population Balance - II," Chem. Eng. Sci., 
29, p.1711-1721 (1974) 

28. Nicolis, G., and I. Prigogine, Self Organization in 
Nonequilibrium Systems, Wiley, New York (1977) 

29. Oppenhiem, I., K.E. Shuler, and G.H. Weiss, Stochas­
tic Processes in Chemical Physics - The Master Equa­
tion, M.I.T. Press, Cambridge, MA (1977) 0 

DEPARTMENT: Arizona 
Continued from page 6. 

with a tendency for high quality. Many of the early 
PhD graduates, for instance, went on to become pro­
fessors and administrators at major universities. 
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Since the majority of graduate students in a de­
veloping program were in the MS degree program, 
they were very closely supervised and generally pro­
duced publication-quality work. Many have gone on to 
important positions: three are company vice presi­
dents; one is a director of overseas development; and 
several are heads of company divisions of various 
types. Several others pursued PhDs at other univer­
sities and have entered academia or research and de­
velopment. 

As mentioned before, the PhD/MS student ratio 
has recently increased to a level that will ensure a 
high rate of PhD graduates in future years. It appears 
that the department is beginning to achieve its early 
objectives for the graduate program. In terms of doc­
toral students, the department has been long on qual­
ity but short on quantity. Now that graduate enroll­
ment has reached the desired level, we are focusing 
our efforts on maintaining quality in both graduate 
and undergraduate programs. D 

WORKING IN THE IC INDUSTRY 
Continued from page 4 1. 

phases: gas and solid. Because of problems with par­
ticulates, liquids have been all but eliminated from 
the clean room. The reactors are small, and a batch of 
product can be held in one hand. Reaction times are 
on the order of minutes rather than days, so the turn­
around is fast. Process control is simply a matter of 
using in situ diagnostics to predict the endpoint of an 
etch or deposition step. Compared with the difficulties 
of death, mutation, complex organic chemistry, living 
membranes, and mass transfer limitation typical of 
bio-engineering, the challenges of the IC industry are 
controllable. The problems are straightforward, but 
they generally require experimental solutions. There 
is enough work to be done to keep surface scientists 
occupied for several decades. Not only do the prob­
lems require experimental solutions, but the chemical 
engineer who lacks knowledge of device physics is just 
as handicapped as the electrical engineer with his/her 
ignorance of continuum mechanics. The need for a 
cross-disciplinary education cannot be overem­
phasized. 

In conclusion, if you have the people skills to run 
for congress, the patience to spend a day in a junior 
high school, the perseverance to climb Mt. McKinley, 
the hands-on skills to keep dual Weber carburetors 
perfectly tuned on a 1960 Porsche, and the desire to 
help an industry which is vital to our national security 
and economy, consider obtaining a graduate degree in 
IC processing and joining a US IC company. D 
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