
New horizons for metallurgical
.engIneers

by R.J. Dippenaar*

Synopsis

In his inaugural lecture (delivered in Afrikaans at the University of
Pretoria on 16th Febmary, 1995), Professor Dippenaar defends his
doctrine, philosophy, objectives, and methodology, as was required
of a newly appointed professor in the days of old.

Briefly, he recounts the growth and achievements of the
Department of Material SCience and Metallurgical Engineering at
the University of Pretoria; he sketches its strategic guidelines and
the obstacles encountered; he outlines the opportunities for the
metallurgical industry in South Africa and the need for environ~
mental control; and he describes how modelling techniques,
together with expert systems, can aid both the industry and the
community. He ends on an optimistic note, saying that his
Department will continue to strive to transform adversities into
opportunities, and to give its students a view of new horizons
beyond the foundations laid by their teachers.

Introduction

Between the years 1170 and 1200 AD, the
universities of Paris and Bologna had a custom
of requiring a newly appointed professor to give
an inaugural lecture at a function known as the
inceptiol. In the course of the inceptio, the new
professor defended his philosophy and doctrine
in public and, if his doctrine was found
acceptable, the Archbishop conferred upon him

the licentia docendi, which permitted him to teach
and tutor. While this honour was being bestowed
upon him, he sat on a special chair. Hence, the
phrase that a professor occupies a chair.

Although the inceptio has changed in form

over the past century, and although the
licentia docendi as such is no longer conferred,
the principles have not changed, and the spirit
in which an inaugural lecture is presented has
remained the same. Consequently, I here
publicly defend my doctrine, my philosophy,
my objectives, and my methodology, and I

seek acceptance for these by the public at -
large, but more specifically from the
metallurgical community.

I should like to begin my submission for
the award of the licentia docendi with an
epitaph. Alexander Pope intended the epitaph
for the grave of Sir Isaac Newton2, one of the
greatest scientists and engineers of all time.
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Pope wrote:

Nature and Nature's laws Iqy hid in night:
God said, Let Newton be! and all was light.

Pope suggests that the Almighty
occasionally offers the selected few the
opportunity to glance at the mystery of His
creation, and confers on them the privilege to
comprehend it. Newton was evidently one of
the selected few. However, in a letter to Robert
Hook, dated 5th February, 1676, Newton
wrote about himself 3.

!f I have seenfurther it is by standing on
the shoulders qf giants.

Newton was able to see further, so he says,
partly because he could rely on the
foundations laid by his predecessors.
University teachers may not frequently
encounter a Newton in their ordinary daily
discourse, but I do believe that it is our
responsibility to produce work of such quality
that our students can build on it, so that they
too can see further. It is our task to afford the
new generation the opportunity to see beyond
our own limitations-to have new horizons.

Historical background

It is useful to look at the future from a
historical perspective, and for this reason I
wish to highlight a few pieces of information.

The Department of Materials Science and
Metallurgical Engineering was established in
1959, among other things, to train South
African students in the field of metallurgical
engineering but, more specifically, to attract
Afrikaans-speaking students to this discipline.
Consequently, I should like to report on the
achievements of this Department during the
first 35 years of its existence under the able
leadership of Professor G.T. van Rooyen.
Figure 1 shows the number of four-year
degrees awarded by the Department.
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Figure 1-Four-year degrees awarded by the Department of Materials
Science and Metallurgical Engineering from 1960 to 1995

The production of graduates has been erratic and, in
certain years, very low. Notwithstanding these set-backs,
Professor Van Rooyen and his team continued persistently
with undergraduate teaching and also instituted a graduate
programme. The success of this attempt is clearly shown in
Figure 2, which depicts the number of Honours, Master's,
and Doctor's degrees awarded in the same period.
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Figure 2-Advanced degrees awarded by the Department of Materials
Science and Engineering from 1960 to 1995
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The three-year average degrees awarded, shown in
Figure 3, indicate a rising trend and, together with other
universities, we are almost able to meet the industry's needs
for metallurgical engineers.
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Figure 3-Three-year average of degrees awarded by the Department
of Materials Science and Metallurgical Engineering

From 1962, when a single degree was awarded, until
1993, when a total of 45 four-year degrees were awarded,
the Department conferred the following:

428 four-year
70 B.Eng. (Hons.),
54 Master's, and
17 Doctor's degrees.

Traditionally, industrial activities in South Africa have
lured a significant number of metallurgical engineers from
abroad, mostly from the United Kingdom. However, this
source has become depleted in recent years, partly because of
a declining interest in the study of metallurgy and
metallurgical engineering among students in the United
Kingdom, as shown by Figure 4.

Consequently, the South African metallurgical industry
has had to rely on local universities to educate metallurgical
engineers in sufficient numbers. However, the decline in the
intake of first-year students in metallurgical engineering is
cause for great concern, not only in our University, but also
in other universities. In 1993, 45 first-year students enrolled
for metallurgical engineering at the University of Pretoria,
but this number decreased to 15 in 1994, and to 18 in 1995.
If this trend continues, there will soon be a major shortage of
metallurgical engineers in South Africa.

The small percentage of students choosing engineering as
a career is likewisecause for great concern.Figure5
indicates that South Africa produces only 600 graduates per
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Figure 4-Metallurgical graduates in the United Kingdom from 1980 to
1990

mi.llionof the population, in comparison with 4000 and 3500
in the USA and Japan respectively4. Moreover, only 5 per cent
of all graduates in South Africa qualify in engineering, as
against 8 per cent in the USA and 20 per cent in the
industrially successful Japan.

Although roughly 75 per cent of South Africa's export
earnings can be attributed to the mining and metallurgical
sector of the economy5, less than 10 per cent of the
engineering students enrolled at South African universities
have chosen mining or metallurgical engineering as a career.

Guidelines in our strategy

I should like to benchmark our strategy against the
guidelines delineated by those before us but, when I do so, I
am fully aware of Oscar Wilde's warning6:

Population

RSA

37,5 million

JAPAN

124 million

USA

254 million

..," ."
ea,,"

Total graduates

Totalengineers
Graduates/million

Engineers/million

32000
1200

626
32

1050000
82000
4130

323

430000
86000
3450

694
Figure 5-Distribution of graduates in various countries in 1991

The Joumal of The South African Institute of Mining and Meta/iurgy

Most people are other people
Their thoughts are someone else's opinions
their lives a mimicry,
their passions a quotation.

On the other hand, Solomon7 advised as follows:

Go to the ant. ..consider her wqys, and be wise.

If Solomonin his wisdomdeemed it necessary to refer us to
the ants to gain wisdom and understanding, it is probably
even more appropriate that we study the legacy of Burns and
Shakespeare, of Cicero and Van wyk Louw.

Consequently, I shall take the liberty of referring to some
guidelines proposed by Marcus Tullius Cicero8many years
before the birth of Christ:

Id quad ratio debuerat, usus docet.
[Experience teaches the lessons

that reason should have taught before.]

These words of wisdom, transposed into engineering
education, suggest that university education and the
engineering curriculum should emphasize a thorough
understanding of fundamentals so that they can be employed
in predictive mode. The application of these guidelines in my
own field may illuminate the point. It is clearly not enough
that I teach my students the operating principles and the
operational details of a smelting-furnace. I should go further:
I must lead them to a full understanding of the transfer
processes involved and the fundamental thermodynamics, so
that they understand the scientific foundations of the
chemical reactions occurring in the furnace, the applicable
reaction kinetics, and the heat transfer. This understanding
should be so thorough that they are able to develop the
process further on a scientific basis. So says Cicero. It is my
duty, in Newton's words, to enable them to see further.

Obstacles in our way

I was appointed head of the department three days after the
historic elections in April of last year, and was assigned the
responsibility of guiding our department into the New South
Africa. I think it would be unwise to move ahead without
taking cognizance of the obstacles in our way and the
difficulties that confront us.

(1) We are seriously concerned about continued and
sufficient State funding or perhaps, more accurately,
the lack of funding. Also, substantial funding that has
been channelled from industry to our department in the
past has already been withdrawn. That there is a
problem with the funding of education follows from
Figure 6.

Figure 6 indicates the expenditure per capita
required to educate children to a specified level and the
relative position of a few countries. The following
examples are of interest.
~ The mean years of schooling in the USA amount

to 12, and that requires $1400 per capita.
~ In South Africa, the mean years of schooling

currentlyamount to 4 years, and $195 per capita
is being spent for this purpose.

~ This expenditureamounts to 22,4 per cent of our
budget, which implies that, if we were to spend
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our total budget on education, we would be able to
increase the mean years of schoolingto only 11
years.

Clearly, if we are to ensure a reasonable level of
education and a decent standard of living for all South
Africans, it is imperative that wealth be created.

(2) At times, we are threatened by unrealistic demands
about the quality of the environment, and the
extractive metallurgical industry is, very specifically,
singled out for criticism in this regard9.

(3) Our university is in danger of losing its unique nature
and character.

(4) We are perturbed by the demand to lower standards
and to accept the pass-one-pass-all principle.

(5) We are concerned about student unrest and rumours of
disturbances.

(6) We are concerned that our students will lose heart and
direction.

It is all too easy to become discouraged and surrender to
the forces of evil. One is tempted to follow the advice given in
the Irish folk-songlo:

Youmqy prifer the soldier's maxim
when resistingftom thejight:
Bestbe a cowardJor a dqy
than a deadman all your lffe.

Instead, I wish to suggest that we draw on our own
cultural and historical heritage and heed the warning
sounded by N.P. van Wyk Louw when, on one occasion, he
paid tribute to our ancestors in the poemjulle was die
tederesll (Addendum). Van WykLouwemphasizedthat the
pioneers of this country taught us to take up the challenge
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and not to yield to adversity. We must face the future with
courage and audacity, equipping ourselves and our students
to triumph over the odds. I believe that we should follow his
advice and transform problems into opportunities.

Opportunities

South Africa has been blessed with the largest reserves of
gold, chromium, platinum, vanadium, and manganese ore in
the world12. It is also the biggest producer of these minerals,
except for manganese, for which we rank third. This mineral
wealth in itself offers unique opportunities for metallurgical
engineers to upgrade these minerals, to build and operate
extraction processes, to add value, and to create wealth.

In paragraph 1.14.13 of the White Paper on
Reconstruction and Development13, the government
acknowledges the need for the optimal utilization of our
mineral resources and envisages new opportunities:

Our econo1l1Ymust... continue to develop a large
domestic manlffacturing sector that makes greater use qf our
own raw materials and minerals.

An analysis of the variation in gross national product
(GNP)and in the exchangerate of the rand over the past
thirty years gives hope. Figure 7 shows that the GNP rose
sharply at a time when large investments were made in the
metallurgical industry4.

During this period of economic growth, a number of
important metallurgical industries were established, among
them the following:

Ferrometals
Highveld Steel & Vanadium
Southern Cross
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Figure 7-Variations in the gross national product and exchange rate of

South Africa4
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Iscor NewcastleWorks
Silicon Smelters
Alusaf
Richards Bay Minerals.

By contrast, in the years when sanctions were imposed
on South Africa, hardly any capital projects were launched,
the GNP showed no growth, and the exchange rate fell
sharply. However, since 1990, a new stimulus has been
provided for the metallurgical industry.

~ Columbus Joint Venture invested R3,6 billion in a new
stainless-steel plant in Middelburg.

~ Gencor invested R7,5 billion in the Hillside Smelter at
Richards Bay.

~ Anglo American invested R1,4 billion in the Namaqua
Sands project at Saldanha.

~ Iscor announced its intention to invest R3,5 billion in a
unique steel-mill foundry at Saldanha, and invested a
hundred million rands in a stainless-steel plant at its
Pretoria Works.

~ During the first six months of 1994, the gold-mining
industry invested R1,22 billion just in capital projects.

The metallurgical industry has created new and unique
opportunities for metallurgical engineers with these
enormous investments. It is our duty to respond to this faith
shown by the metallurgical industry, and to exploit these
unique opportunities to the full.

In an attempt to utilize these opportunities, our
Department will pursue a balanced training-and-research
programme aimed at assisting our students to reach
intellectual and technological maturity. We shall serve the
metallurgical community with our knowledge and skills. We
accept the professional responsibility of applying our
knowledge and directing our research so that we can assist
our industry in making a contribution to the creation of
wealth.

In expanding on this mission, I wish to show

~ how problems with environmental conservation can be
transformed into opportunities

~ how new technologies and creative thinking can
stimulate our teaching task and our research

~ how new developments in artificial intelligence enable
us to serve our community by assisting industry in the
efficient transfer of knowledge from the researcher to
the shop floor.

The environment

The ability to guarantee effective environmental control is
currently a decisive issue in the acceptance or rejection of any
new metallurgical process, and the question arises as to
whether metallurgists can design and operate in a safe
environmental envelope. If they cannot, industrialists will
inevitably have to yield to environmentalists.

When confronted by these environmental concerns, I am
reminded of the humility exhibited by the great Scottish poet
and philosopher, Robert Burns, when, one day in November
of 1785, he turned up a mouse's nest with his plough14. On
seeing the terrified little mouse, he said:

The Joumal of The South African Institute of Mining and Metallurgy

Wee, sleekit, cow'dn, tim'rous beastie,
0, what a panic's in thy breastie!
~ounadnasmnawas~has~
Wi' bickedng brattle!
I wad be laith to dn an' chase thee,
Wi' murd'dng pattle!

I'm truly sorry Man's dominion
Has broken Nature's sodal union,
An 'justjfies that ill opinion
Which makes thee startle
At me, thy poor, earth-born companion
An :fellow-mortal!

Still, thou an blest, compar'd wi' me!
~e present only toucheth thee:
But Och! I backward cast"IY e'e
On prospects drear!
An :forward, tho' I canna see,
I guess an :fear!

Burns imparts the truth that the endangered mouse,
rhinoceros, or elephant is concerned only with its daily well-
being, but it is our responsibility to plan ahead and to ensure
its survival, as well as our own. A balance has to be struck.

It is primarily industry that creates wealth and, because
of our extensive mineral resources, the metallurgical
industries play a major role in this regard. Consequently,
industrialists should be allowed, indeed encouraged, to
proceed with their developments, as long as the rights of the
ordinary citizen to a clean and healthy environment are not
infringed upon, and as long as nature is, as far as practically
possible, preserved. Consequently, metallurgists should
spear-head attempts to safeguard the environment, and they
are indeed doing so. In this regard, I refer to the new COREX
process for the making of iron, recently commissioned at the
Pretoria Works of Iscor Ltd. The impact of this process on the
environment is considerably less harmful than the integrated
iron-making facilities in general use today. For example,
COREX producesless than 1 per cent of the dust and sulphur
dioxide released in an integrated facility, and less than 2 per
cent of noxious nitroso-compounds15. It is of great signif-
icance that this greater environmental acceptability of the
COREX processwas achievedthrough the applicationof
inherently innovative design principles. This was because the
designers fully understood the fundamental causes of
pollution in the existing processes.

On a lighter note, but an important issue for golfers, the
CSIRhas developed environmentally friendly golf tees made
of biodegradable organic material. The tees do not damage
lawn mowersand eventuallyturn into compost.

The teaching assignment

Traditionally, the discipline of metallurgical engineering has

been divided into the following subdisciplines:

~ mineralsprocessing
~ extractionmetallurgy
~ materials science.

These divisions have been entrenched to the extent that
many universities established three separate departments,
one for each subdivision.This fragmentationhas becomean
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obstacle to progress. These subdivisions only distract our
attention from the central goal. and I should like to suggest
that we consolidate our efforts in an integrated multi-
disciplinary approach to establish the linkage between
process and product, underpinned by knowledge and
propelled by the desire to create wealth. The point of
departure should be the quantitative integration of
metallurgical process measurements, full knowledge of the
scientific principles underpinning process and product, and
characterization of the product.

Central to this theme is the formulation of a process
model. I should like to illustrate the development of such a
model by reference to two examples.

~ In the late sixties, in an attempt to more fully
understand the internal workings of a modern blast
furnace, which produces approximately 10000 tonnes
of liquid iron per day, Japanese engineers quenched
and dissected a number of working furnaces piece by
piece. These efforts resulted in a model of the internal
structure of the blast furnace that has been accepted
universally and is used on a daily basis by virtually
every blast-furnace operator.

~ About twenty years ago, a concerted effort was
launched to place on a scientific footing the quality
problems experienced in the continuous casting of steel
billets. A heat-transfer model developed in a university
laboratory has since been refined to the extent that it
currently forms the basis of continuous caster design.
Moreover, the principles of casting practice developed
by use of the model are employed in virtually every
continuous casting shop today.

I have referred to only two examples of modelling
techniques in my own field of specialization. I could equally
well have referred to the modelling of milling circuits, which
is used to ensure optimal comminution of gold and copper
ore; modelling of the kinetics of the pearlite reaction, which
controls the effective production of wire rod in the Stelmore
process; modelling of the thermo-mechanical behaviour of
steel in a hot-strip mill; and many more.

It is particularly the advent of the high-speed personal
computer that made possible the development and use of
such models. By means of computerized mathematical
models, a new interface has been created between university
and industry. The task of the university is to create, preserve,
and transfer knowledge. Industry, on the other hand, concen-
trates on process and product. By the use of computerized
mathematical models that are based on fundamental
knowledge, the knowledge built up by university and
industry can be integrated. Figure 8 shows how the
mathematical model bridges the gap between university and
industry16.

Based on fundamental knowledge, the mathematical
model is verified initially by laboratory experiments. Once
verified on a small scale in the laboratory, it is extended to
predict the relationships between process and product.
Inevitably, verification on production scale has to be based
on in-plant trials before the model gains enough confidence
to be used predictively to fully quantify the interrelationship
between process and product.
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Models do not always consist of complicated, highly
mathematical. computerized, three-dimensional finite-
element analyses. An example is Isaac Newton's
mathematical model. When he saw an apple fall from the
tree, he was so intrigued by this wonder of nature that he
devised the model F = ma. This is so simple,but so powerful
that it has become known as a law of nature. Thus, a model
need not be complex and complicated to be useful. The model
is simply an aid to the quantification of relationships
between fundamental knowledge, a process, and its product.

A computer model mathematically incorporates the basics
of conservation and the laws of physics and chemistry and,
once properly formulated and validated, predicts product
properties reliably and quantitatively as a function of process
conditions.

Thus the engine qf knowledge generation is coupled to
the engine qfwealth creation16.

If the quantified inter-relationships between knowledge,
process, and product are taken as the point of departure in
our attempts to transfer knowledge to our students
efficiently, new opportunities appear on the horizon.

~ Entrepreneurial skills can be developed more easily.
~ Creative thinking is encouraged.
~ The student's participation in the process of knowledge

transfer is ensured, and we can finally move away
from the well-entrenched notion that the learning
process is a spectator sport.

~ We can ensure that our students possess the tools that
will enable them to compete in an ecological-oriented,
highly competitive business environment.

However, engineering education and training should not
be confined to those few years of full-time residence at
university. It should be extended so that practising
metallurgists are continuously exposed throughout their lives
to new research and to interaction with the university, with
benefits both to industry and to the university.

The research assignment

The computerized mathematical model rooted in fundamental
knowledge can also be exploited in university research to
create new and unique opportunities. The formulation and
refinement of the mathematical model serve to stimulate
innovative experimentation, experimental design, and the
development of new measuring techniques. Inevitably, the
results of laboratory experiments necessitate refinement of
the model, which, in turn, leads to in-plant trials.
Consequently, the development of a model is frequently more
of an exercise in measurements and experimentation than in
calculation or the writing of computer code. This
methodology frequently requires, and ensures, intensive
interaction between university and industry, thus
encouraging striving for excellence by both parties.

Because the mathematical model integrates the total
engineering process, it makes accessible to management the
knowledge gained by research and development; and, once
verified, becomes a powerful tool in the running of a
business.

Measurements on processes give us understanding and
knowledge, while mathematical models provide the
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framework for assembling the knowledge and applying it
quantitatively to link process behaviour to product properties.
However, a warning must be sounded. All too often
modelling work has been de-railed by an excessive interest
in the model itself17. The emphasis should not be on the
model as such, but on the linking of process and properties
in a quantitative manner.

Unique opportunities for creative and innovative research
cannot be attributed only to the arrival of the high-speed
personal computer. Former students of our Department who
are currently leaders in the metallurgical industry have
shown us new horizons. By their interaction with our
University, and more specifically our Department, they have
created unprecedented opportunities for interaction and
collaboration. Consequently, I thank them for their loyalty,
and for their vision in investing in the future of the new
generation and so making it possible for us to enable our
students to see further.

Community service

Through the publicationof our research results, we reach
only a small proportion of the scientific and engineering
community. Most managers simply do not have the time or
the energy to struggle through hundreds of highly technical
research reports and papers. We can attempt to reach this
important corps of our engineering fraternity through focused
seminars, professional enrichment programmes, and
conferences, and indeed we do so. This is an important
service to industry, and it is crucial that it should continue.
However, although these services are necessary, they are not
enough to ensure further development.

Until fairly recently, there was no means for the effective
transfer of advanced technology to the person on the shop
floor. There was simply no mechanism by which well-
documented research results could be made accessible to the
ordinary worker. In the past, the transfer of knowledge to the
shop floor was impeded by the educational level of the
workforce. Moreover, there is an imbalance in the
metallurgical industry between the available technical know-
how and the ability to absorb and use that knowledge to the
benefit of humankind.

I said that the transfer of knowledge to the shop floor
was impededby the educationallevelof the workforce.That
has all changed. Artificial intelligence has spawned the
expert system, with a capability of drawing complex
knowledge together and, in a user-friendly personal-
computer environment, adapting it to the needs of the
operator18. The expert system is usually based on a model
that links process, product, and basic knowledge (Figure 8).
It can be used in diagnostic mode, in control, or as a teaching
tool. Suchan expert system, code-namedCRACK has, for
example, been developed by Professor Brimacombe and his
colleagues at the University of British Columbia18. Their
system is based on the research that they and others
conducted on the continuous casting of steel billets. The
system is designed so that an operator on the shop floor, if
he or she experiences any difficulties, can log into the system
and ask for assistance. In a question-and-answer session,
the system leads the operator through previously
programmed research data and technological know-how to a
possible solution. The interface is so designed that the
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Figure 8- The mathematical model: a bridge between university and
industry

operator can communicate in a user-friendly manner without
even knowing that, before a solution is proposed, the
response to his or her input is analysed with the aid of
sophisticated mathematical models.

An expert system that is based on a mathematical model
can easily be extended to incorporate other business
variables so that the complex inter-relationships between
technology, market forces, personnel management,
investment strategy, etc. can be quantified with a view to
developing new business strategies. In this way, research
and development become inseparable from the management
of a business at senior executive level19.

The availability of expert systems affords new and
unique opportunities for the transfer of knowledge from the
university to the metallurgical and materials industry but, at
the same time, it places a new responsibility on the shoulders
of the academics. The effective use of expert systems, or
perhaps, more generally, of artificial intelligence, can, and in
my opinion will, have a determining influence on the

mechanism of knowledge transfer from the research
laboratory to industry and, if used properly, will revolu-

tionize the interaction between university and industry.

Conclusion

The Department of Metallurgical Engineering in the
University of Pretoria has grown to maturity over the past
thirty-five years. Not only have we become an important
supplier of highly educated metallurgists to industry, but we

have also made a significant contribution to the creation of
new knowledge through the work of our graduate students.
We have gained international recognition for these efforts. I
have shown that we have developed a responsiveness
towards the environment and conservation, and that we
approach our task with diligence and conviction.
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I have demonstrated how new doors have been opened

and new opportunities created. Such opportunities we must
seize, following the advice of Shakespeare's Brutus about

opportunities encountered on the crossroads of life20.

There is a tide in the qffairs qf men
Which taken at theflood, leads on tofortune;

Omitted, all the voyage qf their ljfe

Is bound in shallows and in miseries.

On such aftll sea are we now qfloat;

And we must take the current when it serves

Or lose our ventures.

Notwithstanding the obstacles in our way, we shall strive
to transform adversities into opportunities, and we shall ride
the current of the full sea on which we are now afloat. We
shall attempt to develop entrepreneurial skills in our
students, to stimulate a creative approach to problem-
solving, and to encourage innovative thought. We shall help
them to see further-to have a view of a new horizon.
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Addendum: By die monument

julle was die tederes, en ons kom biddend staan,
om wat te vind? Teerheid, berusting, ootmoed? Nee,
dit sou 'n bitter hou injulgesigte slaan
as dit nog al was watjul dood ons nou kan gee.

Hier salons kniel, hier salons bid en peins
tot smartlik in ons die leif die pynjul aangedaan,
tot ons rein word en sterk om nie terug te deins
vir sterke dinge; dan het ons julle dood verstaan.

Julle was die tederes
N.P. van wyk LOUWll .
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