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Arizona's 

ALAN RANDOLPH 
Chemical engineering to Alan Randolph is a 

profession which requires a balanced synthesis of 
experimental and theoretical programs. His own 
research in particulate systems and his profes­
sional career are outstanding examples of this 
view. He feels very strongly about maintaining 
this balance between theory and experiment for 
the profession. He says, "Chemical engineering 
must achieve this balance; otherwise, an ever 
increasing split within the ranks of chemical en­
gineers will occur. This growing schism, which, 
unfortunately and unnecessarily, often pits aca­
demician versus industrial technologist, is readily 
observable at our national AIChE meetings." 

THEORY AND EXPERIMENTATION IN 
CRYSTALLIZATION 

At the University of Arizona, Alan has devel­
oped a program which contains strong elements 
of experiment and mathematical theory in his 
study of particle dynamics in crystallization and 
grinding. For instance, he has two students who 
have mathematically simulated these two types 
of particulate processes in a total system simula-
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on Mt. Lemmon ski slope 

near Tucson , 'Skiing is a 

sometime-thing but you just 

keep hoping." 

tion using population balance models. Comple­
mentary to this program, two other students have 
experimentally studied crystal nucleation kinetics 
in a bench-scale crystallizer well-suited for simi­
lar industrial studies and more fundamental nu­
cleation mechanisms in realistic crystallization 
environments by using very sophisticated auto­
matic particle counting techniques representing 
the current state-of-the-art. Each of these experi­
mental and theoretical programs has assisted the 
other. The experimental programs are designed 
to seek basic mechanisms while the simulation 
programs indicate the mechanisms that are re­
quired to predict behavior in large commercial 
systems that cannot be studied experimentally. 

Alan's career has been purposely directed 
toward the welding of these two elements of 
Chemical Engineering. After graduating from 

Alan's involvement in the overall chemical engineering process on an exciting and interactive level is indicated 
by the following profiles by two of his graduate students. 

"Alan Randolph is a man engrossed in 
the swirling, growing technology of crystallization. He 
is smilingly thought of by his graduate students as a 

generating source for new and innovating concepts which 

originate from a scrap of paper signed ADR or preferably 

from a coffee-stained napkin. 

Each of his new students is properly initiated by a 

formal introduction to Mr. Tuffy, Alan's least outspoken 

graduate student. Mr. Tuffy is a three-foot wooden 

Kachina make by San Juan Pueblo Indians and represents 

Alan Randolph's often expressed love for the West. Alan 

Randolph is truly admired for his dedication and inex­

haustible patience." - Eric Nuttall 
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"Alan Randolph is in some ways similar to 
the nucleating, growing crystals that he studies. He is 

constantly generating new twists to old ideas and hav­
ing· his graduate students check them out. Should the 

graduate student generate a new idea, he must convince 

Alan of its veracity and often finds him to be the roughest 

critic. This process draws upon all the student's technical 

and argumentative talents to produce a clear, concise 
formulation of that idea. Alan continually admonis·hes 

his students to consider the many facets of crystallization. 
For example, during the winter months he doggedly tells 
them to 'Think snow !' "-Mike Cise 

CHEMICAL ENGINEERING EDUCATION 



Chemical engineering to Alan is a profession which requires a balanced synthesis of experimental and 
theoretical programs. His own research in particulate systems and his professional career are 
outstanding examples of this view. 

the University of Colorado with a BS in 1956, 
he worked for two years with Shell Chemical. 
There he became involved with an ammonium 
sulfate crystallizer that was having crystal-size 
distribution (CSD) problems and was dynami­
cally unstable. This unstable behavior, poorly 
understood at the time, was fascinating to him 
and to others in the group. 

In 1958, he entered Iowa State University and 
obtained an MS and PhD by 1962. After complet­
ing an MS by studying entrainment in distilla­
tion, he decided that he wanted to study the types 
of crystallization systems that he previously had 
encountered, e.g. the system with unstable CSD 
at Shell Chemical. To Dr. Mauri Larson he pro­
posed a program of study which was motivated 
by an article by W. C. Saeman. This paper an­
alytically described the steady state CSD in a 
single stage mixed crystallizer. Alan proposed 
that he study the general dynamic problem of 
crystal-size distribution using a population den­
sity function. In this PhD program, he success­
fully developed mathematical models to describe 
the dynamics of CSD in such crystallization sys­
tems, and showed the process coupling that could 
result in an unstable CSD. In addition, he quan­
titatively evaluated stability limits in terms of 
system crystal growth and nucleation kinetics. 
This PhD work resulted in development of a gen­
eral population balance for a dynamic mixed sus­
pension crystallizer with crystal-size distribution 
characterized by the population density function. 

ALAN IN THE DESERT 

His choice of jobs after leaving Iowa State 
University indicated that he had developed a 
sense of direction for his chemical engineering 
career. Instead of accepting some very tempting 
positions in groups involved with process control 
and transport phenomena, he joined American 
Potash and Chemical Company at Trona, Cali­
fornia (located in a rather remote region next 
to Death Valley in California's Mojave desert). 
Although Alan at first had some misgivings 
about the location, he soon learned to love the 
desert climate and surrounding terrain, and both 
he and his wife remember the years at Trona as 
some of the most enoyable of their life. 

Alan's chief motivation in choosing the Trona 

SPRING 1971 

job opportunity was to try out his population bal­
ance models on some large-scale industrial crys­
tallizers. These models were successful and be­
came the basis for analyzing size distribution per­
formance for a multitude of crystallizer systems 
at American Potash. Before leaving, Alan be­
came head of the crystallizer research section. 

Also, while at American Potash, he realized 
the population balance models that he was using 
could be generalized. He published a generalized 
population continuity equation in particle phase 
space that could be useful for simulation of multi­
dimensional particle distributions in a variety 
of systems, e.g. microbial, macromolecular, cata­
lyst suspension, demographic, etc. Almost simul­
taneously, Hulbert and Katz also published a 
paper which developed a generalized particle bal­
ance continuity equation and thus confirmed the 
generality of the population balance approach 
first applied to the CSD problem. 

ALAN IN ACADEMIA 

To be able to study fundamentally problems in 
particle systems and to teach others of his phi­
losophy concerning the balance between theory 
and experiment, Alan accepted a faculty position 
in the Chemical Engineering Department of the 
University of Florida in 1965. His efforts were 
directed toward understanding the fundamentals 
of nucleation and growth in crystallization sys­
tems and their interaction with process configura­
tion to determine the CSD. Since then, both at 

Alan and graduate student Mike Cise examine crystals used as 

seed in nucleation apparatus. 
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A fine point in particle classification is discussed with graduate 

student Eric Nuttall. 

Florida and after 1968, at the University of 
Arizona, he has expanded his interests in particle 
systems to include grinding, biological and dis­
persed phase populations. 

Alan has found that the two elements of 
research, experimentation and theoretical formu­
lation, reinforce each other. One element for a 
time will lead the other, and then their relative 
positions will reverse. For instance, the theory 
first indicates what particle dynamics phenomena 
needs to be measured, e.g. nucleation and growth 
rate kinetics, particle breakage, particle classi­
fication, etc. Experimental data are then ana­
lyzed using the general CSD theory to back-out 
and correlate these empirical particle dynamics 
functions. Then, with numerical values and/ or 
reasonable empiricisms representing such particle 
kinetics, the mathematical theory is utilized in 
overall computer simulations to predict the be­
havior of large complicated systems that cannot 
be studied directly. In this phase, CSD theory 
leads experimental kinetics and motivates further 
refinement of experimental measurements. 

From the previous discussion, Alan's involve­
ment in the academic world would appear to be 
totally one of a researcher. Actually, he has 
equally involved himself in teaching at both the 
graduate and undergraduate levels. He teaches 
such courses as transport phenomena, process 
control, unit operations, process dynamics, and 
a special topics course in particulate systems. 
He has been able to bring to these the same bal­
ance that he has displayed in his research. In 
his area of specialization, together with Dr. 
Larson of Iowa State University, he has written 
a book that can be used as a graduate text in 
courses concerned with crystallization in particu­
lar and particulate processes in general. 
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. . . no student should go through to the PhD 
without the awareness of how theoretical models 
are tested and their necessary relationship to 
the real world. 

This balance between experiment and theory 
has amplified a similar balance in the Chemical 
Engineering Department at the University of 
Arizona. The department has concentrated on 
teaching computational theory, methods, and 
techniques by utilizing transport phenomena, unit 
operations, process control, thermodynamics, etc. 
The desired end result is a capability to design 
chemical engineering processes and equipment, 
and to analyze chemical engineering data to 
understand a given process. The effective chemi­
cal engineer must have a sound grasp of theory 
plus an appreciation of the experimental process 
to gain these ends. In this regard, the faculty at 
the U of A feels strongly that every PhD can­
didate should have some experience in the plan­
ning or execution of an experimental program at 
least once during his graduate career. Such ex­
perience can come at the MS level or in gathering 
and organizing experimental data taken by 
others, e.g. data made available by an industrial 
organization or in a previous experimental study 
by another student. The U of A faculty's main 
concern in this area is that no student go through 
to the PhD without awareness of how theoretical 
models are tested and their necessary relationship 
to the real world. 

LETTERS (con't from p. 57) 
It is a well know thermodynamic principle that for a 
single component, nonreacting, single phase, ideal gas 
system in a state of quasi-equilibrium, that 

du ~ c.,cT)dT (g) 

~ Cv(T) is the heat capacity at constant volume per unit mass. 

Usually, Cy(T) ::::: a + bT + ci2 + ... - .... 

Combining equations (f) and {g) :yields 

4 dTt f Ti• i!Ti 
mt Cy(T) dt ~ "i Cy{T)dT + "inr;w.T (h) 

~'t 
At this Juncture. it is possible to ettect a. simplification by­

letting 6v ( T) be a cOnstant. Thus e. 

(i) 

which is the same as equation (b) of Himmelblau and 
Bischoff. 

Now the reoccuring error associated with problems 
of this kind is simply the fact that Cv(T) is and should 
remain outside, not inside, of the time derivative term 

(Continued on page 71) 
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