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T MANY UNIVERSITIES the once monolithic

common core of studies for beginning students
is crumbling. There is a widespread feeling that
students should not have to wait for as much as
two years to come into close contact with their
department and chosen discipline, and that this
delay is an important contributor to the loss of
students from engineering during the first two
years of study. Once the decision is made to make
available to engineering freshmen a course in
chemical engineering, the obvious next question is

. . . during much of their training, students will
not receive or at least will not perceive

an integrated experience. | believe this

lack of . . . seeing how all the parts of their
training fit together . . . is a major factor in

what students perceive as a lack of relevance.. . .

what this course should be. Perhaps it should
be plant design. Recently in this journal Gordon
Youngquist [1] wrote of his experiences with a
freshman course in plant design at Clarkson Col-
lege. I would like to describe my own experiences
with a similar course at the University of Maine.

Most ChE departments offer a plant or pro-
cess design course as an integrating experience in
the senior year. Its placement in the final year of
study seems reasonable in that the student at
that point has the most knowledge to integrate.
But implicit in that decision is the idea that dur-
ing much of their training, students will not re-
ceive or at least will not perceive an integrated
experience. I believe that this lack of integration
—of seeing how all the parts of their training fit
together and further their career development—
is a major factor in what students sometimes per-
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ceive as a lack of relevance in their training.

The students also may not have a clear idea
of the systems aspect of the chemical process,
i.e. that there are interactions between process
elements such as the reactor and the separator,
and that optimal design requires examination of
the system as a whole. Finally, the student may
lack a clear idea of the role of economic con-
siderations in reaching optimal engineering de-
cisions. (They may as a result fail to elect courses
in economics from the smorgasboard of humani-
ties and social studies electives we offer them.)
Plant and process design courses are excellent
vehicles for remedying these problems, but they
come late. I wished to test the idea that by
studying the design of a very simple chemical
process in their freshman year, students could
obtain these important insights at the start of
their studies rather than at the end.

At the University of Maine, ChE freshmen
all take a two-semester course “Introduction to
Chemical Engineering” in which they select and
work on a number of laboratory projects from
among those offered by the department. The
projects are designed to introduce them to the
practice of chemical engineering. Each project
lasts about four weeks, and the students work on
a total of six during the year. As one of the
projects, I offered the design of a chemical plant,
and I taught this to three different groups during
one semester in the Fall of 1975. The groups met
one afternoon each week for four hours. There
was no homework assigned other than the prepa-
ration of a final report by the group. There were
no formal examinations.

There were six to nine students in each group.
We met around a table in a room which did not
have a blackboard. There was about one hand or
desk calculator per two students. I believe that
all of these elements—small groups, calculators,
an informal setting, close contact between in-
structor and students—were important positive
factors. The electronic hand calculator, for
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example, is working a quiet revolution in
engineering studies. The number and kinds of
calculations that we could carry out in a short
period of time was very much influenced by the
availability of these instruments. The absence of
a blackboard helped in keeping our sessions from
degenerating into the lecture format. There was a
great deal of “eyeball contact” and it was not
difficult to keep everyone involved. The instruc-
tional method used involved a combination of
questioning and guiding. Calculations were
carried out simultaneously at several places
around the table. Feed-back, the detection and
correction of errors, was immediate.

THE BASIC SCENARIO

DURING THE FIRST session with each group we
developed the basic scenario. The process
might best be described as a “let’s pretend”
game in which everyone participated. I began
by proposing that we wished to react A and B in
a chemical plant and sell the product. “What do
we need to know to design the plant?” With
some coaxing and guiding the students began
to ask the necessary questions and to provide
the answers. The basic chemical plant developed
in each case consisted of a reactor and a separa-
tor. In the separator the unreacted A and B were
removed from the final product C and recycled
to the reactor. In one project the separator was
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an evaporator. In the others it was a filter. The
reaction was second order, and irreversible. Did
we need to know the rate of reaction and how it
varied with concentration? We discussed the kind
of experiment we would carry out to obtain this
information and then we imagined the result!

ChE freshmen take a two semester course
. . . in which they select and work on a
number of laboratory projects . . .
designed to introduce them

to the practice of

chemical engineering.

Did we need physical property data? We imagined
that A had the properties of hexane and looked
them up in a handbook. No two projects were
the same, because no two projects developed the
same scenario. We discussed the factors that
might determine how big our plant should be
and then picked a preliminary design capacity.
We discussed the factors that might determine
the optimum conversion in the reactor and then
picked a preliminary design conversion.

With the basic scenario set, we carried out
the necessary calculations together. The students
had all taken differential calculus and high school
chemistry and could readily grasp the idea of a
reaction rate expression in terms of concentration
and its implications for design. For batch re-
action they were able to recognize the integrated
solution to the rate equation, even though they
had not all studied integration. They all under-
stood the concept of the mole, and were able to
participate in the calculation of quantities flow-
ing between process units by material balance.
We were able to calculate the necessary size of
the reactors—both batch and continuous stirred
tank, and estimate their cost. [2] A comparison
of these reactors for the same conversion brought
out the impressive fact that the volume of the
continuous reactor had to be far greater than that
of the batch reactor for the same conversion.
ChE is not simply chemistry in bigger beakers!
By assuming filtration rates (after another
thought-experiment on a laboratory filter) we
could determine the size of the filtration unit, and
estimate its cost. We could see the trade off be-
tween reactor size and filter area. (In one project
we calculated energy costs for the evaporator and
saw the trade off between equipment costs and
energy costs.)
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TABLE 1. RESULTS OF STUDENT SURVEY.
THERE WERE 17 QUESTIONNAIRES RETURNED; 23 STUDENTS TOOK THE COURSE.
RESPONDENTS WERE ANONYMOUS.

1. Overall, how would you rate the value of your
experience in plant design?

2. How would you rate the project as an introduc-
tion to the role of economics in chemical
engineering ?

3. Do you feel that the project gave you a good
understanding of how your future courses fit
together, and the purpose of each one?

4. How would you rate the project in terms of
helping you to understand the work of the
chemical engineer?

(34

. What percentage of the work we
covered do you feel you understood?

6. Do you think that a course in plant design
would be a good first course for

Excellent Good Fair Poor Very Poor
6 4 0 0
9 1 0 0
9 5 0 0
8 3 0 0
range 75 - 100 mean 87
6 3 0 0

chemical engineers?

Using approximate Lang factors [2], we could
estimate the cost of the plant from the cost of
the major pieces of equipment. The students were
then able to compare the relative advantages of
batch and continuous operation, at least in terms
of the higher initial equipment costs for the latter
and the higher estimated labor cost for the form-
er. How should these costs be compared? We dis-
cussed the concepts of depreciation and marginal
return on investment, and carried out the
necessary calculations. The students also examined
the interaction between the demand curve for the

During the first session

with each group we developed

the basic scenario. | began by proposing that
we wished to react A and B in a chemical
plant and sell the product. “What do we
need to know to design the plant?”
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final product and the engineering design cal-
culations in determining the optimum size for
the plant. In every project they were able to see
the role of economics in determining what con-
stitutes an optimal design.

Although we did not determine, for example,
the size of pumps, the students understood that
pumping costs could be an important factor in
determining the optimal conversion and hence
the optimal design. I explained that they would
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learn how to determine the pumping requirements
in their future course work in fluid dynamics.
Similarly, I tried to show how their other future
courses would meet specific needs that suggested
themselves during our design work, but which
we did not have time to treat.

IN RETROSPECT

AD TIME PERMITTED, if this were a full semester

course rather than a 1/3 semester course, we
could perhaps have included a recycle pump, a
recycle heater, or even a distillation column as
the separator. We might have attempted pro-
gramming the calculations and finding the op-
timum design rather than comparing just a few
designs. The possibilities are exciting.

I feel that the course accomplished several
important objectives.

e I think the students now have a better understand-
ing of the curriculum they will follow. They saw the
kinds of things one needs to know to design a chemical
plant.

» They learned that in general we have to consider
the whole system if we are correctly to design any of its
parts.

e They gained a better understanding of the role of
economics in engineering decision-making, and of what
we mean by an optimal solution.

e They obtained a clearer view of the meaning of
chemical engineering as a discipline, and the factors that
set it apart from, for example, chemistry.
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This is of course a great deal to claim for
one short course, and one may well ask whether
simply going through the calculations together
with their instructor constituted a significant
learning experience for the students. My own
impression is that we were able to keep together
as a group, and that student comprehension was
good—surprisingly good. The students them-
selves, when surveyed several weeks after the
course was over and the final grades were in,
indicated that they had understood most of what
we covered (see survey results below). On the
basis of the written final reports they prepared
presenting their results, and our close contact

in class, I feel their evaluation is substantially
correct.

I think the experiment was very encouraging,
and that the idea of offering freshmen a course in
chemical plant design well merits considera-
tion. O
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“mathematical.” Moreover, originators of the
theory offer no promises of insight into structure
and evolution of living things, of the stability of
societies, or of anything else so grand. Indeed,
their interest in the past few years has been
focused not upon thrusts toward trendy applica-
tions, but rather upon critical and scholarly re-
examination of existing theory.

I appreciate all of this, and that is why I was
predisposed toward Astarita’s viewpoint before
the book was sent for review. It is also for this
reason that, upon reading the book, I probably
reacted more sharply to shortcomings than would
someone less interested in its success. Before I
describe the book and point out what I think are
its blemishes, let me state in unequivocal terms
that I think Professor Astarita has made a bold
and important contribution to our literature and,
considering the brevity of the book, has rendered
a surprisingly effective exposition of difficult ma-
terial. He has served us well.

Chapter 1 is devoted to mathematical pre-
liminaries. Readers who have not been exposed
to mathematics required for, say, a graduate
course in fluid mechanics are not likely to find
this chapter adequate; on the other hand, readers
who have had this exposure but little more will
find it helpful. Some of the ‘“preliminaries”
offered (orthogonal tensors, covariant and contra-
variant components of vectors and tensors) are
never used in the book and might just as well have
been omitted.

Chapter 2 is similar to the first chapter of
Truesdell’s monograph® insofar as it tentatively
deals with thermodynamics of homogeneous sys-
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tems, primarily as a vehicle for sketching the
Coleman-Noll methods.

In Chapter 3 the familiar field equations for
balance of mass, momentum, and energy are dis-
cussed, the local form of the Clausius-Duhem in-
equality is placed alongside these as a thermo-
dynamic postulate, and the stage is set for demon-
stration of how that inequality serves to place
restrictions upon constitutive equations.

In Chapter 4, application of the theory is
demonstrated through successive consideration of
ideal fluids, viscous fluids, and elastic solids—all
regarded as heat conductors.

Chapters 5 and 6 are devoted to Coleman’s
study of implications the Clausius-Duhem in-
equality has for materials with fading memory.
The development is closer in technical detail to
Day’s exposition* of the same subject then it is
to Coleman’s 1964 paper.

In discussing what I regard to be the book’s
weaknesses I should point out that these are
more tactical than they are technical. It is im-
portant to make a distinction between, on one
hand, the methods introduced by Coleman and
Noll in 1963 and, on the other hand, Coleman’s
application in 1964 of those methods to materials
with fading memory. The first should, I think, be
given clear priority in an introductory work;
fortunately, the methods are brilliant in their
simplicity and can be taught clearly without much
need for advanced mathematics. The second is
likely to interest a more limited audience and
requires such delicate functional analysis that
any brief treatment intended for chemical

engineers must, of necessity, be more suggestive
Continued on page 151.
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