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ee HAT'S THE DIFFERENCE between

Chemistry and Chemical Engineering?”’
That’s a question often asked by high school stu-
dents (and teachers and guidance counselors)
when they are seeking out a career with a chem-
istry bias. We have even been asked the question
by students who have already chosen to study
chemical engineering. The question is no doubt
symptomatic of the lack of communication be-
tween schools and chemical engineering depart-
ments which, to my mind, has arisen because
traditionally we could attract all the students we
wished to enroll and we were definitely blasé about
recruiting. Times have changed however, and now
departments are worried about falling enrolments
and the solid decline in the overall number of stu-
dents wishing to study engineering in general and
chemical engineering in particular. We must com-
municate with the schools and somehow we must
get across to students and teachers the attractive-
ness of chemical engineering as a study discipline
and career opportunity. In return we need to be
educated in the changing patterns of high school
curricula so that we are flexible and agile enough
to adjust our courses to accommodate the needs
and abilities of the new Freshmen. How can we
open up this line of communication. No doubt
there are many ways tried by many departments
across North America and the world.

The Waterloo programme was inspired by my
sabbatical experience at the University of Queens-
land, Australia, where I was called upon to take
part in the Chemical Engineering High School
Day Programme. This kind of educational pro-
gramme is aimed at challenging small numbers
of interested students to seriously learn about
chemical engineering and consider the profession
as a career opportunity. In our High School Pro-
gramme we do not invite busload after busload of
uninterested students to the campus and deliver a
pep talk, a movie, and a donut in the hope of
catching a few. Instead, we send out a limited
number of invitations to those students who have
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We must communicate with the schools and somehow
we must get across to students and teachers the
attractiveness of chemical engineering as a study
discipline and career opportunity.

a curiosity (be it mild or strong) about chemical
engineering.

On a typical High School Day we can entertain
about 33 students from outside the university. To
these we add 11 of our own volunteer first-year
undergraduates, several professors and some
graduate student demonstrators. Small groups
consisting of three high school students and one
undergraduate, tackle four experiments selected
from a total offering of eleven. Each experiment
takes about one hour to complete and the students
have to do the work themselves, although Profes-
sors are close at hand to introduce the basic prin-
ciples of the experiments and answer questions.
The experiments have been developed by the Pro-
fessors of the department and strongly reflect
their own interests, thus illustrating the breadth
of the Waterloo degree programme and the scope
of Chemical Engineering.

EXPERIMENTS TO CHALLENGE
HIGH SCHOOL STUDENTS

1. Expansion of the Kitchener waste treatment plant
(P.L. Silveston).

The object of the experiment is to illustrate
what goes into process design and how one sets
about it. The experiment gives the student a brief
introduction to pollution control, computers and
computer-aided design. In the explanation of the
experiment (we have a High School Programme
Manual) the concept of a process system is ex-
plained by reference to the present Kitchener
(Ontario) Sewage Treatment Plant. It is then
shown how the plant can be simulated by use of a
digital computer programme. At this stage the
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existing programme is handed over to the students

and they are requested to find out:

o If the present plant is capable of handling 95 %
of the Biological Oxygen Demand and Sus-
pended Solids expected in 1985;

o What will be the effect of adding cylindrical
tanks in the settlers or rows of square tanks to
the aerators;

¢ What will be the cost to expand the city of
Kitchener Plant to meet the 95% target.

2. Enzyme Catalysis (J.M. Scharer)*.

Intended to illustrate the involvement of bio-
chemical applications of chemical engineering, the
student is asked to determine the Michaelis—
Menten constant for a particular enzyme reaction
and the maximum reaction rate for a given
enzyme concentration. The reaction studied is
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in which E represents catalase, and X an en-

zyme—H.O, complex. The catalase is synthesized

by use of bacteria such as E. coli, B. subtilis, S.

Faecalis and S. Aureus, while the evolution of

oxygen indicates the presence of the enzyme. Hav-

ing determined the two constants from the system

the students are asked :

* To explain why most aerobic organisms can
synthesize catalase;

o How a change in enzyme concentration would
affect the experimental results.

3. Analog Computation in Chemical Engineering (K.S.
Chang).

A short presentation is given to the students
in which the general purpose analog computer is
described as an orderly collection of amplifiers,
potentiometers, resistors, capacities etc. The patch
board is introduced and the students are asked to
patch up the circuit to be used for generating the
4 sin t and 4 cos t functions. The signals are dis-
played on an oscilloscope and an X-Y recorder.
Among other questions, the students are asked:
o Why the signals produced by the circuit are

4 sin t and 4 cos t.
o To develop a circuit diagram which would gen-
erate 4 sin(10t) and 4 cos(10t).

*Gorber, D.M. and Scharer, J., CEE 5 (2), 141 (1971).
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4. An Advanced Analog Computation Problem (T.Z.
Fahidy).

Following on from experiment (3) the stu-
dents investigate the oscillatory behaviour of the
Van der Pol Equation. Having done this the stu-
dents then go on to:

o Sketch the shape of the limit cycle at various
potentiometer settings and describe the findings.

o Discuss the practical use (if any) of such an
electronic circuit.

5. Elastomers—A Fourth State of Matter? (B.M.E. Van
der Hoff).

After a general introduction to the concept of
viscoelasticity and the chemistry of rubber, the
students use an Instron tester to investigate the
properties of natural rubber and polyvinylchloride
softened by the addition of oil. For example an
elastic band is elongated in the machine and the
force acting on the band is measured against time
at constant elongation. The sample is then heated

We sent out a limited number of invitations

to those students who have a curiosity

about chemical engineering.
]

and the experiment repeated. Hysteresis is meas-

ured in the form of a force-elongation curve. Typ-

ical questions asked of the students are:

o What is the value of the initial modulus at small
elongation and the modulus just before break?

o Why is the area of the hysteresis loop larger for
the polyvinylchloride than for the natural rub-
ber?

¢ Why does a sample not return to its original
length ?

6. Experiments Demonstrating some Industrial Electro-
Chemical Processes (K. Enns).

The objects of this experiment are to demon-
strate a) the electrowinning of copper, b) electro-
etching and ¢) brass electroplating. It is explained
that all electrochemical processes found in extrac-
tive metallurgical, metals refining and finishing
industries involve cells containing anodes and
cathodes. The students find out by experimenta-
tion the amount of copper won per kilowatt hour
and calculate the energy cost per ton of copper.
Then by building a cell using graphite for the
anode and a partially covered copper sheet for the
cathode, electroetching is discovered, and the
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o What is the permeability of a non-porous sub-
stance?

o What factors may influence dispersion in porous
media?

BULL SESSION

When each group has completed four experi-
ments it must prepare a two minute verbal report
on the final experiment. This report is presented
at the closing session of the day. Half an hour is
allotted for report preparation and the usual vis-
ual aid materials are provided for the assistance
of the students. The reports have been remarkable
for several reasons. For example, the students
have been seen to respond amazingly well to the
challenge and have quickly learned the principles
on which the cxperiments are based. Secondly, it
has baca worth noting how interesting and often
amusing the students have made their two-minute
presentations. One student presented the enzyme
experiment in the form of a series of cartoons of
whale-like bugs gobbling up molecules and burp-
ing out new ones all over the place.

Each group having made one report, the whole
programme of eleven experiments is covered and
the final half hour is devoted to informal open dis-
cussion. It has been our experience that at this
stage, most of the barrier of shyness has been
broken down and everyone is anxious to get a
word in. Our own undergraduates make a big con-
tribution to the discussion. Marilyn was a very
glamorous first-year chemical engineer in 1971
and she came to all our High School Days in flam-
ing hot pants. When one High School threw out
the question “What was it really like to be a chem-
ical engineering student?”, it was answered by
Marilyn with a very eye-catching gesture and one
word “Fabulous.” Despite the fact that from then
on, the Professors thought Marilyn was our best
advertisement, she left us at the end of the year
for academic reasons, a very sad departure for one
and all.

EFFECTIVENESS OF THE PROGRAMME

So far the only method of measuring the ef-
fectiveness of the programme has been to ask the
students for their opinions at the end of the day
and to observe the reactions of both students and
professors in the laboratory and in the culminat-
ing group discussion.

Nearly all the students responding to a ques-
tionnarie say the programme is suitable for
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One fellow suggested we insert a steak dinner
into the program and another felt the program
would be helpful for his school teachers.

Grades 12 and 13 High School Students but not
for Grade 11. Most of the experiments were
judged to be correct level of difficulty, although
most problems were caused by the analog com-
puter experiments and least difficulty was experi-
enced in the waste water treatment and fluid flow
experiments. Many students would have liked an
extra day to do all the experiments and most felt
they had learned a lot. Several students indicated
that the opportunity for discussion was a very im-
portant factor contributing to the success of the
programme. One fellow suggested we insert a
steak dinner into the programme and another felt
that it would be very beneficial for his school
teachers. This last comment prompted us to invite
the local School Teachers’ Federation to include
an evening of working in our laboratories on their
Professional Development Programme. One such
evening has now been held with enormous suc-
cess. The format was the same for the teachers as
it was for the students and the closing discussion
provided a real opportunity for the exchange of
ideas on education.

It has been mentioned that first year under-
graduates were also used in the programme. Their
reaction has also been very positive and we are
considering offering the programme to all the
Freshmen during registration week. Its purpose
here will be to break down the barriers between
Faculty and students almost before they have time
to be erected, and to motivate the students by pro-
viding them with a broad view of the department
at the very beginning of their university career.

Does our programme answer the question
“What is the difference etc. . . . . 7. At least it il-
lustrates the breadth of interest of chemical engi-
neering, which we believe is one of its most at-
tractive features. It also provides a forum where
all kinds of people by working together, find com-
municating questions, answers and ideas to be
very easy.

The High School Programme Manual can be obtained by
writing to Professor E. Rhodes, Chemical Engineering,
University of Waterloo, Waterloo, Ontario, Canada. Please
enclose a cheque for $2.00 to cover the printing and post-
age costs. The cheque should be made payable to Chemical
Engineering, University of Waterloo. []
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