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The visitor coming to the McMaster Chemical Engi-
neering Department for the first time is usually rather
bewildered. The main office on the third floor of the
Engineering building is small, crowded and noisy. In all
probability he will have to wait there while a free profes-
sor can be found. “Prof. A is giving a lecture, Prof. B
is at a meeting, Prof. C is on the telephone . . . etc.” If
he is lucky, our visitor will find a chair to sit on, but
often the chairs are piled high with reports and memos.
The atmosphere is reminiscent of a newspaper office in
a 1940 movie. In short, things hum. The air of this article
is to present our philosophy on chemical engineering edu-
cation, illustrate its application, and perhaps correct our
visitor’s chaotic first impression !
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THINGS ARE HUMMING

AT
MCMASTER

O UNDERSTAND OUR PROGRAM and the

underlying philosophy of the department, it
is necessary to take a brief look at the recent his-
tory of chemical engineering in Canada. In 1958,
when the department was founded, there were
just eight other chemical engineering depart-
ments in the country. The emphasis was very
much on undergraduate teaching, with 236 BEng
graduates being produced in that year, while the
graduate student population was only about 75.
The undergraduate teaching load for faculty was
heavy; twenty contact hours per week were not
uncommon. The supervision of graduate students
was not considered to be part of the normal teach-
ing load. In the post-Sputnik era of the late ’50s
and early ’60s, both the demand for engineers and
the university enrolments soared, and many new
chemical engineering schools were created. Today
in Canada there are 23 such schools, of which 18
have graduate programs. The 1970 output of
BEng graduates is 490, and the graduate student
population is 608. This last figure reflects a major
change in emphasis since the late fifties.

On the industrial scene, there is and always
has been a strong demand for chemical engineers
at the bachelor’s level. However, since many
Canadian companies are subsidiaries of parent
companies whose research and design depart-
ments are not situated in Canada, the level of
industrial research activity is comparatively low.
Some Canadian-owned companies have active re-
search departments, but many others do not. The
Canadian government has for some years recog-
nized this unbalance providing tax incentives and
other assistance for industrial research, and the
industrial demand for MEng and PhD chemical
engineers has been rising, though more slowly
than supply.
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CEE features a developing Canadian department that emphasizes design and simulation (as well as fundamentals)
and whose unofficial motto is: “The whole must be stronger than the sum of the component parts.”

In this department we work hard to main-
tain strong liaison with Canadian industry with
the prime aim of indicating the uses of new and
sophisticated problem-solving techniques, and
thereby encouraging companies to employ our
graduates, both at the BEng and higher levels.
The McMaster department has grown steadily
since its formation to its present strength of 13
Faculty, a 1970 BEng graduating class of 24, and
a graduate student population of 50. The average
faculty age is 40 (age range 28-55) and there are
seven full, four associate, and two assistant pro-
fessors. Our educational goal is to graduate an
engineer with a good grounding in fundamentals
(versatility), who is technically sophisticated and
can use up-to-date techniques of design and an-
alysis (adaptability), who appreciates the im-
portance of mew research results and improved
knowledge in the field (continuing self-educa-
tion), who ts aware of industrial problems and
constraints and who can formulate the right ques-
tions, obtain answers and select the most practi-
cal solution (relevance), who can commumnicate
with technical and mon-technical people (inter-
action) and who is aware of his professional and
social responsibilities (social conscience).

This broad goal applies equally to the under-
graduate and graduate programs: we are con-
stantly examining and re-evaluating the pro-
grams so that they may better achieve this goal.
The departmental philosophy has evolved over
the past twelve years, and include the following
tenets. The emphasis is mainly on technical so-
phistication and fundamentals, as opposed to
teaching “technology” which may change com-
pletely in a few years. On the other hand, we
believe in an integration of fundamental science
with application. Graduate and undergraduate
programs are developed concurrently, and under-
graduates are thereby provided with an insight
into the vitality of graduate research. Indeed,
several of our undergraduate experiments are
performed on current graduate research appara-
tus or may be directed to obtaining peripheral
for a research program. All faculty members par-
ticipate in teaching, research and professional
activities—for instance there are no non-re-
searching teachers or non-teaching researchers
among us. There are many cooperative projects
involving several or all Faculty as well as grad-
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uate and undergraduate students. The unofficial
motto of the department is “The whole must be
stronger than the sum of the component parts.”
As well as communicating strongly within the
department, and thereby develop a philosophy
together, we continually interact with other de-
partments at McMaster, industry and the chemi-
cal engineering professions. We are acutely aware
of the dangers of the “ivory tower” mentality, and
for that reason a conscious effort has been made
to assemble faculty with industrial experience as
well as academic expertise. Innovation in teaching
and research are encouraged ; indeed experiments
on teaching at the graduate and undergraduate
level take place every year. Originally, classes
were small and there was no tradition to stifle
new ideas; although classes are larger now, the
early spirit of innovation persists.

HE UNDERGRADUATE PROGRAM starts a

year of basic material, common to all engineer-
ing departments. In the second year, in addition
to further basic courses, there is an introductory
chemical engineering course which acts as a
bridge between the science already covered and
the engineering that is to come. For several years
this course has included a cooperative project
with local industry (see Fig. 1). Also in the second
year, we give one of our most important courses.
Information Management. This course runs the
gamut of the various means of communication:
use of library, computer programming, report

. Johnson and a group of second-year students

Figure 1. 5
discuss a problem in simulating a glycerine evaporator at the Procter
and Gamble plant.
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writing and oral presentation (via closed circuit
TV) are included. There was a marked improve-
ment in our laboratory reports in later years after
this course was inaugurated. In our laboratory
courses, in third and fourth year, we have broken
away from the traditional set experiment to be
done in one or two periods. Instead, students are
faced with an in-depth project (sometimes the
problem is not even defined!) and are given four
weeks or more to produce a report. Usually one
faculty member is in charge of a given experi-
ment; two or at most three students work on any
given experiment. One of our other successful
teaching experiments has been the inclusion of
a design project near the end of our junior year.
Each student is given an objective to be achieved
in his experiment and then is guided through the
apparatus design by a faculty member and tech-
nicians. Several of the best designs have been

We are acutely aware of the dangers of the “ivory
tower” mentality, and for that reason a conscious
effort has been made to assemble faculty with
industrial experience as well as academic expertise.

constructed and used in our teaching laboratory.
In these courses, they draw upon the material
taught in Information Management and in addi-
tion they get a foretaste of industrial project
work and academic research.

Nowhere is our philosophy epitomized more
than in the undergraduate “simulation project”.
As implied, the primary aim is to simulate a
given chemical process using the CDC 6400 com-
puter available at McMaster. The information so
obtained may be used in process improvement,
design of new plants, etc. Ten to twelve under-
graduates work throughout their final year on
each project, with usually three or four coordi-
nated sub-groups studying different aspects of
the process. There are weekly meetings of the
whole project team which would typically include
three or four faculty and six graduate students
as well as the undergraduates. These studies con-
cern real plants operated by Canadian industry.
Our weekly meetings may be attended by repre-
sentatives of the cooperating companies, and dur-
ing the project plant visits are arranged as
needed. We owe an inestimable debt of gratitude
to the companies concerned since the first project
in 1965.

These include: Aluminum Company of Can-
ada Ltd.; BP Refinery Canada Ltd.; Canadian
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In our laboratory courses, in third and fourth year,
we have broken away from the traditional set experi-
ment to be done in one or two periods.

Industries Ltd.; Cyanamid of Canada Ltd.; Poly-
mer Corporation Ltd.; Procter and Gamble Ltd.;
Shell Oil Canada Ltd.

The simulations use two computer executive
programs, both developed in the department.
MACSIM (McMaster Sizer and Simulator) was
developed from the Dartmouth College PACER
Program. Further details may be found in the
book Chemical Plant Simulation by Crowe, Hamie-
lec, Hoffman, Johnson, Shannon and Woods, Me-
Master University, 1969. A hard-cover edition
will be published by Prentice-Hall in 1971. Since
1969, we have also begun to use GEMCS (General
Engineering and Management Computation Sys-
tem), a system developed here in cooperation with
Canadian General Electric Ltd. GEMCS may he
run either on the CDC 6400 or on other time shar-
ing computers. The simulation project generates
enormous enthusiasm in all who take part, and
we are aware of the risk of overemphasis on com-
putation. We therefore urge our students to “com-
pute if necessary, but do not necessarily com-
pute”, in other words to look for the consequences
of a solution rather than to regard the solution
as an end in itself.

This simulation work provides a focus for de-
partmental activities and is the key to our close
liaison with industry. It is a means whereby we
can apply the expertise of each faculty member
to the solution of real problems. It gives us a good
excuse to talk to each other about a given prob-
lem and thereby increase our breadth of knowl-
edge in chemical engineering. In this way we
come to realize each other’s strengths. It pro-
vides us with an appreciation of industrial prob-
lems and perhaps of those areas which require a
better understanding; certainly many new re-
search projects have originated through the sim-
ulation projects, not only for the simulation group
itself but also for the experimentalist as well.
There is no doubt that the interaction among
faculty on the simulation project has been a major
factor in creating an harmonious team of faculty
and students.

The above outline has only given the high-
lights of the undergraduate program; for details
the reader is referred to the usual sources. At
the present time, the program is being reap-
praised, with the main objective of providing a

CHEMICAL ENGINEERING EDUCATION



number of options in areas such as applied chem-
istry, applied mathematics (including simulation
and control), biochemical engineering, etc. These
options would comprise about 15% of the total
course units, and they reflect the diversity of
interests in the department. Many of the pro-
posed option courses would bring together under-
graduates and post-graduate students since
undergraduates would take some of the introduc-
tory graduate courses which are offered our
course-oriented MEng students. Another proposal
which is independent of the options program, is
for a five-year course in combined chemical en-
gineering and business administration. We are
discussing these changes with other departments
in the university, with our alumni (via mailed
questionnaire) and with our current undergrad-
uate and graduate students. An important input
is also provided by the departmental Industrial
Advisory Committee which comprises three mem-
bers from Canadian Industry and one member
(currently Dr. S. W. Churchill) from a large
U.S. chemical engineering department. We also
formed an Undergraduate Curriculum Advisory
Committee comprised of three faculty and two
student representatives from each of the under-
graduate classes and graduate school to undertake
studies of various aspects of our undergraduate
curriculum. This has proved to be a very success-
ful committee and the interaction with the In-
dustrial Advisory Committee is excellent.

UR GRADUATE PROGRAM offers two routes

to the MEng degree: one is mainly course-
oriented, while the other has a relatively light
course load and a major thesis requirement. The
latter is the usual precursor to entry to the PhD
program, although it may be entered directly by
a student with a good Master’s degree from an-
other school. Prior to presenting the PhD thesis,
the student must pass two qualifying exams.
These are aimed at ensuring a breadth of knowl-
edge at least as broad as that offered in our
bachelor’s program, plus the ability to “think on
one’s feet”. The second part of this qualifying
examination is related directly to the candidate’s
research project. Here, the candidate reviews the
present status of the research project (literature
review), the progress of his program to date and,

One of our other successful teaching experiments has
been the inclusion of a design project near the end
of our junior year.
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Our graduate program offers two routes to the
MEng degree.

most important, the direction he has planned for
his research. He is then examined in detail on his
proposals. An integral part of the program, in
addition to course work and research, is the input
of practical problems and realism that results
from participation in undergraduate projects.
Working contact between graduate students and
industry is particularly important in the Canad-
ian context, since the opportunities for industrial
employment on fundamental research are almost
non-existent. A graduating PhD can rarely expect
to get a job which relates directly to the expertise
obtained in his research program.

The research activity of the department is
detailed in our Research Report and is sum-
marized here. The research projects cover a wide
spectrum from the most fundamental to the very
applied. Our policy is to concentrate on compara-
tively few research areas, with a back-up of two
or more faculty active in each area, rather than
having each man ‘“doing his thing” in isolation
in one specialized area. The benefits of such in-
teraction far outweigh those of attempting to
have an expert in each area. The areas covered
are:

e Applied chemistry: heterogeneous ecatalysis, poly-

merization and reactor design

e Applied mathematics: simulation, optimization,

computer-aided design

® Transport phenomena: heat transfer, fluid mechan-

ics, mass transfer with and without chemical re-
action

o Waste-water treatment

e Transport phenomena in iron and steel manufacture

Several faculty members act as bridges be-
tween these five areas, and through associate
departmental membership we cooperate with
Chemistry, Metallurgy and Mechanical Engineer-
ing. Figure 2 shows a typical joint project on
solids conveying in a 2 inch pipeline. We have
already started interdisciplinary projects with
the Health Sciences Centre which is due to open
soon, just across the campus, and we look forward
to increased activity in this area.

Industrial support for research is less wide-
spread here than in U.S. chemical engineering
departments, because of the relatively low level
of industrial research activity in Canada. One
major industrial project involves the development
of a file-oriented, information-handling program,
GEMCS, for use on time sharing computers, in
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Figure. 2. The Department cooperates with the Mechanical Engineer-
ing Department in operating this 80 ft loop for slurry pipeline

research.

cooperation with Canadian General Electric Ltd.
This program has been used in simulating alterna-
tive steel-making processes (Steel Company of
Canada Litd.), and a fat hydrolysis unit (Procter
and Gamble Ltd.). A new dynamic simulation
program, DYNSYS, has been developed and used
in transient and control studies with Polymer
Corporation, Dow Chemical Co., and Aluminum
Co. of Canada. The Department has just pur-
chased a SUPERNOVA Computer to test in the
laboratory, via direct digital control on pilot plant
equipment, some of the ideas developed in com-
puter/equipment studies of the dynamic response
of this equipment. A number of industrial proj-
ects have been carried out through the agency of
CARED, the McMaster Centre for Applied Re-
search and Engineering Design (whose Director
is a member of the Department!). These include a
major study of heavy water separation for Atomic
Energy of Canada Ltd. and the simulation of a
polymer reactor train.

However, government agencies provide most
of our research support. The National Research
Council of Canada granted us a total of $205,800
this year. This amount allows for the fact that
the university provides overheads, professors’
salaries, and partial student support. The Depart-
ment of Energy, Mines and Resources is granting
$100,000 per year (renewable, for up to 5 years)
for a major research program on waste water
treatment plants.

All the faculty are active in one or more of
various professional societies (CIC, CSChE,
AIChE, ACS, etc.). The department contains the
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editorial office of the Canadian Journal of Chemi-
cal Engineering, and several of us are examiners
for the Association of Professional Engineers of
Ontario. We initiated the annual meeting of On-
tario Professors of Chemical Engineering, a use-
ful clearing-house of education experience for the
eight departments in the province.

In concluding, it is interesting to look ahead
to the next 40 years, the working lifetime of our
present crop of graduates. What changes will
occur in chemical engineering ? Will it even exist
in 40 years time? Certainly there is a discernible
broadening in the scope in which chemical engi-
neers are employed; originally in the 1930s the
profession was centered around oil refining, and
in recent years the “chemical industry” has been
the recognized employment area for chemical en-
gineers. Now in the 1970s we see that in Canada
chemical engineers are in demand in such areas as
pollution control, mineral processing, and in broad
systems studies which may have little formal
chemical engineering content. Overlying these
new technical needs, there is a growing aware-
ness in the profession that we are accountable
for our actions—not only to our employer, but
to society and the community. By precept and
example, we try to impart this attitude to our
students. Hopefully, the teaching and research
emphasis in our program will stand our graduates
in good stead throughout their careers.

LETTERS (Continued from page 107)

copper, aluminum, nickel and iron that we use. The im-
provements in technology kept pace with the decline in
quality of ores so that the cost of metals and fuels didn’t
change much during the decade. Garbage and unusable
solid wastes are now being hauled considerable distances
from metropolitan areas for disposal.

In spite of technological advances the quality of life
in the U.S. went down during the decade. The U.S. made
little headway during the 1970’s on its population prob-
lem although some encouraging signs are just beginning
to emerge. The ghettos are considerably bigger than they
were ten years ago. In spite of massive public housing
additions, there were always people waiting to move in
every time a ghetto dwelling was vacated. Attempts to
interest the poor in birth control were always met by
demagogic statements of “governmental genocide aimed
at reducing the ghetto dwellers political muscle.” In spite
of massive expenditures for better schooling in the
ghettos, the education remains unable to train people for
useful roles in today’s society. Crime and lawlessness run
rampant in the ghettos. The police do little more than
try to contain it at the borders. Drugs, alcohol and
marijuana are available at low cost in the ghetto in the
hope that it will dull the anger of the residents.

(Continued on page 152)
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