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EDITOR’S NOTE: A historical view of chemical
engineering education in Mexico appeared in the
Summer 1982 issue of CEE (Vol. XVI, No. 8). In
that paper the authors described the meeds, de-
ficiencies, and possible solutions for the education
of chemical engineers in the undergraduate pro-
grams of that country. In this paper the authors
extend their comments to the status of graduate
education in Mexico.

HE MASTER OF SCIENCE program in chemical

engineering was introduced about ten years
ago, both at the National University (UNAM)
and the National Polytechnic Institute (IPN), in
an effort to improve the basic education of engi-
neers who were not being fully trained in the
undergraduate programs. It was also an initial
attempt to prepare teachers with a high academic
standard to staff Mexican universities.

It should be mentioned that this initiative was
not casual. We will examine how the proper
conditions came about as a natural development
of the growth of Mexican universities and techno-
logical institutes, and as a result of the need for
highly qualified engineers in industry.

It was in the late sixties when the first foreign-
educated postgraduates joined both UNAM and
IPN. It was during that same period of time that
industry also realized that the quality of the engi-
neers they were recruiting did not meet their re-
quirements. Thus, both professors and engineers
from industry (who also staffed the chemical engi-
neering schools) pressed enthusiastically for the
creation of graduate programs. As a result,
UNAM introduced its Master in Science program
in 1967, and IPN followed suit to establish its own
program in 1968.

It cannot be overemphasized that the main ob-
jective of these early programs was to alleviate
the deficiencies of the undergraduate studies. This
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can be seen from noting the contents of those early
programs. Most of the courses were, to a great
extent, a review of undergraduate topics. Funda-
mental material such as transport phenomena,
numerical methods, etc., which is undergraduate
material elsewhere, was introduced in the gradu-
ate program. This left no time for an in-depth
treatment due to time restrictions. Research ac-
tivities were very limited, both in quality and
quantity, since there was neither equipment nor
enough qualified personnel for instruction.

The graduate programs at the mentioned
institutions have slowly evolved towards programs
where research has become an ever-important ac-
tivity. This was a result of hiring a significant
number of teachers with higher degrees (mostly
obtained abroad) and of the improvement of
conditions within the universities themselves.

In order to fully understand this development
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it is interesting at this point to briefly examine, in
general, the role of research in recent history.

Research in Mexican universities and tech-
nology institutes had very limited importance
until, say, 25 years ago. Prior to that, research
as we understand it today was almost nonexistant.
Both universities and industry suffered from the
lack of this activity and it left the country without
any real possibility of participating in the genera-
tion of scientific knowledge or technology. To
mention only one case, a famous Mexican
physicist, Sandoval Vallarta, worked at MIT for
over 20 years, only returning to Mexico in the
early fifties when conditions seemed adequate.

It was, in fact, in that decade that research be-
came a desirable activity and the National Uni-
versity moved towards institutionalizing it by
creating a number of research centers, called
“Institutes” (mainly in scientific and social
disciplines), devoted to research. Unfortunately,
these were separated from the teaching activities
which belonged to the ‘“Schools.” In the early
sixties, research in engineering fields began with
the establishment of the Instituto de Ingenieria
which initiated studies in soil mechanics. This was
important due to the soil characteristics of the
capital city which is situated in a highly seismic-
prone zone.

In the early sixties, the Polytechnic Institute
founded its Center for Research and Advanced
Studies, which again was totally devoted to re-
search activities (although it also offered some
graduate programs in pure science and later in
engineering). But again, it separated research
activities from teaching at the undergraduate
level. However, both institutions left out chemical
engineering, which was traditionally more related
to the chemistry schools than to the engineering
ones. Thus, research in chemical engineering did
not materialize until the graduate programs
matured in the pioneer institutions (UNAM and
IPN).

The economic reality of the country, and there-
fore that of its educational system, should not be
forgotten. It was very difficult to divert large
amounts of funds to universities for research
when other social programs, such as elementary
schooling, communications and health centers,
were more pressing. It is only fair to mention
that, because of the limited resources, research at
the universities was not feasible until the country
was able to afford it.

We have heretofore examined how the proper
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The masters program should also be a step

towards establishing a doctorate program, which is
now nonexistant. Hence it should prove itself
capable of fulfilling, in accordance to its

scope, the requirements of both industry

and the educational system.

conditions for doing research came about within
the university realm. We will now discuss the
industrial aspect and its influence and contribu-
tions, if any, in this direction.

Industry developed in an isolated and protected
medium where most of the required technology
was acquired abroad and where there was little
incentive, economic or political, for innovation or
development of local technology. Due credit must
be given to the engineers who in the span of a few
yvears developed a well organized, profitable and
expanding industry; in particular the petroleum
industry, which has reached a prominent position
worldwide.

It was as a direct result of this expansion,
which has recently outgrown the national
frontiers, that Mexican industry realized that in
order to keep its level of competence both in the
local and international markets, it would have to
modernize and optimize its resources both eco-
nomically and technically.

Thus, the necessary gradient towards innova-
tion, adaptation and development of technology
was established and the need for highly qualified
engineers became apparent. The recent practices
of hiring specialists who work at universities as
consultants and sponsoring research projects
carried out at the universities, are indicative of
this mood.

This analysis serves several purposes: first, it
shows that research (or the lack of it) in chemical
engineering has been intimately related to the de-
velopment of the Mexican chemical industry on
one hand, and to the development of the higher
education system on the other. Secondly, it pro-
vides some guidelines for designing a graduate
program which can contribute to alleviate the
difficulties previously mentioned, as well as to re-
spond actively to the challenges that the country
as a whole, and chemical engineering in particular,
face.

GRADUATE PROGRAM DESIGN

It has been established that in order to meet
the demand for highly qualified engineers, both
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the undergraduate and the graduate programs in
Mexico have to be strengthened. It is clear that
the strengthening of the undergraduate program
depends to a great extent on the availability of
qualified personnel to staff the educational institu-
tions; also, industry is demanding more engineers
with higher degrees. Graduate programs must
meet this dual purpose and be designed ac-
cordingly
It is therefore not fortuitous that the basic
philosophy which molded the undergraduate pro-
gram at UAM-I (as described in our previous
paper) should again be applied to the design of
the masters program. A solid formation at the
graduate level, in the fundamentals of chemical
engineering disciplines, is sought. This would
allow the students to perform equally well either
in industry or in research and teaching activities.
The masters program should also be a step
towards establishing a doctorate program, which
is now nonexistent. Hence, it should prove itself
capable of fulfilling, in accordance to its scope, the
requirements of both industry and the educational
system.
The benefits that the country as a whole should
expect from such a program are
e Formation of human resources with high academic
standards to staff the educational system.
e Development of technology at an intermediate level
of sophistication.
e Improvement of plant operation and productivity.
® Generation of applied scientific and technical
knowledge.
e Generation of research programs, both in industry

and in research institutes, in applied chemical engi-
neering science.

THE MASTERS PROGRAM AT UAM-I

The masters program at UAM-I, took advant-
age of the experience gained at UNAM and of the
new attitudes with regard to graduate studies. It
is therefore not a program intended to alleviate
former deficiencies in the education of the engi-
neer, but is rather directed toward strengthening
the knowledge of the chemical engineering funda-
mentals and introducing the student to the re-
search field. The objectives of the program are

e A sound formation in the chemical engineering

fundamentals, i.e. applied mathematics, thermo-
dynamics, transport phenomena and reactor engi-
neering.

e An adequate capacity and ability to perform research

through a basic understanding of the relationship
between theory and practice.

e The skill to exercise creativity in order to implement
new technologies and to adapt or optimize the
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existent ones through the application of the funda-
mental knowledge acquired.

e A working comprehension of the Mexican chemical
industry and/or the education system and its re-
quirements, in order to fulfill their needs.

In order to achieve these objectives, the pro-
gram (which is four quarters long) is divided into
three levels.

The first level corresponds to the five basic
courses: Applied mathematics, thermodynamics,
fluid mechanics, mass and heat transfer, and re-
actor engineering. These courses are given at
typical American graduate schools and are
intended to provide the student with a solid
foundation in engineering.

The second level (which is called the specializa-
tion area) is devoted to provide the necessary
tools for a research program (M.S. thesis). It
consists of two 12 credit courses, which could be
in the form of a typical course or a ‘tutorial,”
where the student follows a program set by the
instructor and under his supervision, but without
formal lecturing.

The third level consists of research work which
should culminate in a thesis. The objective here
is to work in a project relevant to industry, or to
contribute to the generation of applied or funda-
mental scientific knowledge.

It is important to note that the student is en-
couraged to begin his research in the first quarter
and to join a research seminar in all quarters. At
least twice during the term he is expected to
present the state of development of his research
work to other students and to the full staff, thus
permitting evaluation of the work performed. This
also brings about the opportunity for discussions
from which new ideas can be generated.

Thus it can be seen that this program includes
research as a basic component of the Master in
Science program—as opposed to other programs
currently being offered in Mexico which require
the taking of many dissimilar courses.

CONCLUSIONS

The development of the chemical industry and
of the chemical engineering profession in Mexico
has been in phase in terms of supplying the
quantity of engineers required by industry. How-
ever, quality has been a problem (particularly in
the last five years because both the number of
schools offering the program and the number of
students registering for it has exploded tre-
mendously.

Mexican industry now requires a different
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type of chemical engineer; one capable of as-
similating the imported technologies and of de-
veloping new processes more suitable to the
efficient utilization of our resources. This require-
ment provides one of the fundamentals for cur-
riculum development; the other is a sound
knowledge of what chemical engineering is.

With these two points in mind, we propose the
formation of an “Academic Commission” on a
national level, composed of highly qualified pro-
fessors from all parts of the country who would
coordinate the design of a curriculum which could
then be implemented at all government sponsored
schools. This curriculum should contain a funda-
mental core of basic science (chemistry, physics
and mathematics), with strong interaction
through practice in lab sessions. The second stage
of the curriculum should emphasize the funda-
mentals of chemical engineering (thermody-
namics, transport phenomena and reaction engi-
neering) . Finally, the third stage should be flexible
and concentrate on several aspects, depending on
the region of the country or the strength of the
faculty at hand. As examples, important areas to
cover are process design and development, project
engineering, energy resources, and equipment
design.

It is obvious that the implementation of the
proposed curriculum requires highly trained
teachers and researchers. These people should be
educated through the graduate programs now
existing in Mexico; therefore, those programs
should be strengthened and strongly supported at
the main government sponsored institutions.
Furthermore, since all these programs offer only
a M.S. degree thus far, emphasis should be placed
on the development of one or two doctorate pro-
grams at the schools with the capabilities to imple-
ment them. Clearly, UNAM is one of them.

Strengthening the graduate programs should
also develop research in chemical engineering,
which so far has been meager and is greatly
needed for the development of our industry. The
few people that are presently capable of doing this
have been schooled abroad. We feel that we have
reached the stage where it is possible, and in fact
imperative, to do it in Mexico. O

BOOK REVIEW: Optimization

Continved from page 167.

ance, just the how for a few cases. The why is
needed so the student can develop, understand
and use other designs. It is surprising that the
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Newton-Bairstow method for curve fitting is not
given.

Chapter 3. This chapter, though well-written,
desperately needs more worked examples. On p.
102, the concepts of consistency and efficiency
should be included with unbiasedness as properties
of an estimator.

Chapter 4. This chapter appears to be a literature
search from a thesis. The notation will be con-
fusing to older readers whose formal mathemati-
cal background predate 1955 but who apply
mathematics daily. A glossary of symbols would
help. The coverage is excellent in scope. The
section on interval reduction is very good. It is
unfortunate that the Kuhn-Tucker conditions for
constrained optimization are not mentioned. The
basis for several algorithms are described but no
executable algorithm is actually given. Completed
examples are rare; no student exercises are pro-
vided. There is no warning against sectioning.
Chapter 5. This is an improvement over Chapter
4 in that stepwise algorithms are given but not
worked.

Chapter 6 contains only four complete examples
to illustrate applications to physical processes.
Chapter 7 is descriptive in nature. For the two
“examples” of simulation models, only the results
were given. [

RESEARCH IS ENGINEERING
Continued from page 195.

spent about half as much time in industry as in
academic institutions and I can tell you that the
neurial, competitive and cost conscious as any-
thing in the “real” world. Our budgets are even
more inflexible than those of our industrial
brothers. We can’t pass cost overruns on to our
clients, customers, or stockholders, for example.
I suggest that when you hear someone say that
research in academe is not the real world, you are
listening to a person who doesn’t know what he’s
talking about, who is so unaware of the actualities
of university research that his own perspective is
unreal.

SI: Well, you have certainly given me some food
for thought. Let me digest it for awhile and come
back to see you again.

PI: Fine. When you come I'll take you through
the lab. It may make you feel better. It has 500-
gallon tanks, 32-inch vacuum pumps, 6-inch valves
and piping, and 10-horsepower motors. You’ll
think you’re in a factory! 0O
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