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NEW MATERIALS IN THE SERVICE OF MANKIND

- The Eco-Technological Approach -

Lecture at the conferring ceremony on the 17th of November 1997 in Tokyo

Prof. Dr. Giinter Petzow

Max-Planck-Institute for Metals Research, Stuttgart

Mrs. Honda, President Kawashima,
Excellencies, distinguished guests,

Today is a very special day for me on which I
feel great joy and deep gratitude. To stand in a
row with world famous Honda Prize awardees
is a particular honour and an enormous incen-
tive. My heartfelt thanks go to you Mrs. Honda
for the wonderful medal and the generous sup-
plementary gift. [ am very grateful to you Mr.
Kawashima for the very positive eulogy, whi-
ch I enjoyed listening to in all modesty and of
course thanks for the impressive testimonial.

I am especially pleased that the Ambassador of
my native country could attend this ceremony,
herewith paying tribute to the Honda Founda-
tion as well as to the basic science. Many
thanks, Excellency, for your appreciative
words. [ am aware of the special status of the
Council for Science and Technology. The
presence of a highly ranked representative of
this organisation is an additional distinction.
Thank you Mr. Mori for being with us and for
your congratulatory address.

I have to thank all those who nominated me
for the prize, and those in the appointed circles
who critically examined and accepted this
nomination. I also would like to express my
appreciation to all who have gone to such
trouble in arranging this fine event; mainly the
excellent staff of the Honda Foundation.

"When you drink water, remember the source"
is a saying. And in this sense, thanks are also
due to the Max-Planck-Institute for Metals
Research, which supported my research work.
Therefore this prize is certainly also an ac-
knowledgement for this institute, which many
of you know from your own experience.

23

Of course I would have liked to express my
personal thanks to Soichiro Honda today, the
magnanimous founder. This prize, which bears
his name, connects me to him in a particular
way. With the donation of this prize, an idea is
being pursued that lay especially close to his
heart, namely, to take care that all technologies
should be shaped by humanity.

As the first materials scientist who has been
granted with the Honda Prize, 1 decided
straight away, that I should set materials at the
centre of my lecture and highlight them in the
frame of Hondas concept, namely in the frame
of eco-technology. Soichiro Honda as son of a

~ blacksmith, felt the fascination of materials

already in his youth. With bated breath, so
written in the book "Honda about Honda" [1],
he watched as a boy the working of glowing
iron, from which sparks sprayed. "Impercepti-
bly," he wrote, "awoke my understanding for
the material and then for the dynamic world of
technology".

The following partial aspects I will treat in
detail: The historical development and the
close interactions between the development of
mankind, technology and materials. The
availability of materials and its importance
with respect to the limited resources. Because
of the restricted availability, we are compelled
to conserve the limited resources and to handle
them as sparingly as possible. That is possible
through recycling, optimising and new mate-
rials. These current challenges will be treated
in view of Honda's philosophy and with the
conclusions resulting from this.




HISTORICAL DEVELOPMENT

Between man, materials and technology is a interconnected three-way relationship as
steady interaction ongoing for millions of shown schematically in figures 1 and 2 [2].
years. The base of progress is an unalterably
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The earth's population has been continuously
multiplying since early man first appeared
about two million years BC. E.g. the popula-
tion grew by a factor of 100 in about 100 000
years, from an estimated 100 000 people to 10
million, and this was reached about 4000 BC.
Despite natural catastrophes, plagues and
decimating wars, by 1820 the population had
grown again by a factor of 100 to 1 billion
people, this time in less than 6000 years. To-
day there are about 6 billion people and the
doubling rate is only about 33 years. Accord-
ingly, it could be possible that in not quite 200
years time there will already be 100 billion
(10'") people on earth. For the factor of 100 in
population increase this period is less than 400
years; compared to 6 000 and 100 000 years
the population increase becomes alarming fast.

Of course, all of us are aware, those extrapo-
lations are mostly not reasonable. But no mat-
ter whether the steep increase will continue or
come into a final state, mankind is faced with
drastic increase of population during the up-
coming decades.

Overpopulation will more and more influence
our life and our thinking.

The four little pictures above in figure 1, ex-
press severe changes in the living conditions.
Around 4.000 BC when early man settled from
a nomadic behaviour as hunters and began
with agriculture. And then around the middle
of the 18th century: the industrial revolution;
symbolised by James Watt's first steam engine.
In both cases a change in the habits of living

was essential because of the population growth.

In both cases materials and technologies have
reached a standard, which allows such drastic
changes in human being. We are now obvi-
ously in the beginning of a third renovation
based on the high technological standards
available today and symbolised by the So-
journer of the successful Mars-mission. And
there is no doubt that this renovation must
imperatively enclose the ecological renewal.
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In figure 2 the evolution curves of materials
and technology are plotted. The rise of the
evolutionary curves includes the number of
discoveries and technological events; by far
not all are mentioned here for reasons of clar-

ity.

As we have learned at school already: Materi-
als are one of our oldest cultural assets. His-
torical eras are named after the materials that
dominated at that time: the Stone Age, the
Copper and the Bronze Age and the Iron Age,
possibly the end of which we are living
through at this time. New materials such as
plastics, semi- and superconductors, advanced
alloys and ceramics etc. are appearing on the
scene and providing an impetus for tech-
nological developments, often with far-
reaching consequences as is the case for auto-
mobiles, airplanes and computers for instance.

In the interaction with materials and technolo-
gy man is the decisive partner, of course. Ma-
terials and technologies are ambivalent. They
are, a priori, neither good nor bad. Only man
decides about their applications and consump-
tion.

AVAILABILITY OF MATERIALS

Today there is a broad spectrum of materials
available, as schematically expressed in figure
3. Besides the natural materials, like wood,
sand etc. there is a wide range of engineered
materials subdivided in metals, inorganic non-
metals, and polymers. All of them have sub-
classes as steels, ceramics and so on. Compo-
site materials, often very sophisticated combi-
nations of different materials, are gaining more
and more relevance for special applications.
Just counting the materials which have been
stored in databanks, millions of different mate-
rials are already in application. This may seem
to be a large number, but the number of unre-
corded materials is by far greater, as will be
shown later.
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Fig.3  Classification of available materials.

Although materials are prerequisites for tech-
nology and human life; even today materials
are mostly taken for granted - they are self
evident to most people. Without materials hu-
man beings immediately would fall in great
trouble and the statement by Georgius Agri-
cola, given about 500 years ago, would be-
come true. He wrote [3]:

"... If mankind ceased to use metals, all the
possibilities to guard and preserve health, as
well as to lead a life corresponding to our
cultural values would be taken away. People
would lead the most detestable and most mis-
erable life among wild animals ..."

Everything said about metals can be general-
ised to all materials. Agricola addressed the
social aspects of materials: problems of public
health and culture as well as general questions
of standards of living. He made the connection
between materials, technology and society in
context of his time. A time when the unifica-
tion in Japan by Oda Nobunaga and Toyotomi
Hideyoshi took place and on the other side of
our globe Columbus sailed to India and dis-

26

covered America. In our days, the increasing
need for materials is obvious. The increase of
consumption for all materials is about 15 % in
ten years according to a very rough estimate.
The largest parts are with the metals, although
their consumption decreases for the benefit of
the polymers.

The steep increase in materials consumption is
caused not only by the fast growing of popula-
tion but also by higher demands of people
(two cars instead of one, ten shirts instead of
two, etc.). The increase in the consumption
would be very good to improve our economies
but at the same time imposes a heavy burden
on our anyhow limited resources. And indeed
the growing demand of materials implies the
"looting" of our planet on non-renewable
sources. This becomes directly evident by the
fact, that the lasting periods are very short,
alarming short for many metals, e.g. for lead
only 23 years, 35 for copper, 40 for nickel, to
mention just a few [4]. These data reflect the
situation of a somehow constant production
rate as for the last year. If China or India
would reach the same standard of living as the




industrial world, the decrease in resources
would be much more drastic.

Our evolution has taken a long time to reach
the current rate. But today the question arises,
whether the steeply increasing population cur-
ve and the pace of technological innovations
really present true progress! Our earth, often
compared with a spaceship (figure 4), has lim-
ited resources and as a consequence its loading
capacity is limited. The "spaceship" earth as an
economic system with limited resources and
increasing population is confronted with seri-
ous problems. In this universal consideration,
the planet earth is a part that may give up en-
ergy to its surroundings, but can replace it
again from outside, from the sun. Presently
this seems somehow futuristic, but solar tech-
nique develops quite well. So it might be ex-
pected in the not too far future that the energy
losses can be balanced at least partially, as
shown schematically in figure 4.

Heat Loss

Fig. 4  Global Ecosystem "Spaceship Earth".

But it is totally another matter for material
converted by the economy. Out of raw pro-
ducts arise commodities. The consumption of
materials out of the concentrated storage
places into scattering by mass production and
to refuse dumps is regarded as an increase of
irreversible loss. Those irreversible losses are
unavoidable.

A measure for irreversibility is the so-called
entropy, which is defined in the second fun-
damental law of thermodynamics. According
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to Albert Einstein the entropy law is the most
important law in science.

The entropy law expresses in simple words:

e One cannot break even. (This law gave
much burden to Soichiro Honda, because
its consequence is that the efficiency of en-
gines are much lower than 100 % (no per-
petuum mobile).

The material entropy in the global ecosystem

of the world causes an increase in irreversibil-

ity. The potential of materials decreases as
they are used technically although they do not
disappear. They go from a certain concentra-

tion to an even distribution [5, 6].
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Fig. 5 Change of situation in "Spaceship

Earth" (schematically).

As schematically expressed in figure 5, the
increase of population would cause a need for
more food, more industrial production, more
energy and raw materials and as a consequence
an increase of pollution. All that yields to an
unbalanced situation on earth in the next fu-
ture, with catastrophic consequences being
very likely.

There is only hope for avoiding such a situa-
tion by achieving a quasi steady state on our
planet by further improving the ecological
balance. That means both curves should ap-
proach to a course close to a horizontal line.
This could be a remarkable contribution to the
ecological renewal, which will more and more
influence our life and our thinking.

So far as materials are concerned, three direc-
tions are important for approaching the steady
state on earth:

Recycling - Optimising - New materials.
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RECYCLING OF MATERIALS

Fortunately, consumption of materials does
not have to be synonymous with a complete
irrecoverable loss, but - at least in the most
favourable case - must be considered as a stage
within the cycle of materials shown schemati-
cally in figure 6. The path taken by the sub-
stances leads from the resources and raw mate-
rials to primary products, declared here as
elements, to the engineering materials them-
selves, which become waste after their use in
products of various technological areas [7].

At best, the waste products can be recycled. In
less favourable cases they have to be stored in
refuse dumps. But even those waste products,
not suitable for reuse, are not lost from this
cycle, unless they cannot be decomposed by
chemical processes or micro-organisms and
thus cannot be fed back as resources. Even
waste must be considered as a product that
cannot simply be thrown away but must be
utilised to stretch the available resources.

Many successful examples support this point.
This might be underlined by figure 7 showing
the recycling rates for some important classes
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Non-decomposing Waste

of materials [4]. The recycling rates of iron
and steel are encouraging; but with plastics are
still problems. But nevertheless the values
achieved are a beginning and will certainly be
improved in the near future.

Fr b

Iron and Steel

Aluminium

; Recycling
Plastics ’ ‘ ’ | /I /l

0 10 20 30 40 50 60 70 80 90 100

Fig. 7 Recycling rates of several materials.

Non-renewable resources must be recycled if
the industrial society wants to retain its stan-
dard of living at roughly the same level. How-
ever, a complete recovery cannot be achieved
as the second law of thermodynamics demands
a tribute in the form of entropy.



OPTIMISING OF MATERIALS

Another important approach for saving materi-
als and to stretch the available resources is
optimising. Optimising the properties for
specific use. E.g.: Improve strength, or con-
ductivity, or duration of life, or reduce weight,
or corrosion sensitiveness to mention just a
few examples for materials optimising which
is saving materials. Since all properties depend
on the internal "architecture" of the material an
optimising necessitates changes directed to
this internal architecture. As can be seen from
figure 8 the internal architecture of materials is
determined by a whole range of characteristics
which extend across a very wide range, from

atomic dimensions in the tenth of a nanometer
range to the dimensions of structures in the
centimetre or meter range [8]. All of the char-
acteristics in this range of scale of several
magnitudes contribute, in their own particular
way, to the characteristic profile of a given
material. In addition to the crystal structure,
determined by the interaction of the various
types of atomic bonding, the microstructure of
a material also plays a significant role in de-
termining its characteristic properties, from
nano- to macrostructures of a component, here
as an example a turbocharger rotor.
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Fig. 8

The microstructure is an important domain
within the science of materials. More and
more often it bridges the gaps in communica-
tion between scientists on one side, who sel-
dom enough venture outside their field of ba-
sic research, and engineers on the other side,
who show little interest in leaving their safe
macroscopic ground of their continuum con-
ception. The great significance of materials
science in technological progress is that it can
lead to a basic understanding of internal
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Application

Microstructural characteristics ranging from the atomic to component size.

structure, so that new materials can be in-
vented and tailor-made for specific applica-
tions, literally by microstructural and molecu-
lar design. Even though materials are an an-
cient cultural inheritance of man, their scien-
tific exploitation began only at the beginning
of this century. Today we know that the inter-
nal architecture of a material is determined by
the type of atoms it contains and their three
dimensional arrangement in accordance with
certain degrees of order: from strictly ordered




arrangements, such as in crystals, to extremely
disordered or chaotic arrangements such as
occur in some solidified melts, for instance
glass.

Better than words a few micrographs will il-
lustrate a bit of the internal architecture of
materials. In figure 9 an example of a material
with a relatively high atomic order, a section
from a copper single crystal is shown [9]. The
copper atoms are arranged in the cubic face
centered structure. Each light coloured fleck is
produced by a whole column of atoms. The
image was produced by transmission of a
nanometer thick single crystal copper foil in a
high resolution high voltage electron micro-
scope. The direct resolution of this instrument
is 0.105 nm, which is less than the distance
between the adjacent copper atoms and can
thus be resolved. The enormous power of this
microscope is demonstrated best by compari-
son with the human eye. Were our own eyes to
have the same ability, we would be able to see
a tennis ball on the surface of the moon.

Fig. 9 Direct image of atomic arrangement
in a copper single crystal.

In the arrangements of copper atoms some
irregularities are to be recognised as deviations

from the ideal structure (marked 1). Those
deviations, called dislocations, cause a certain
stress field, which can strongly influence
properties like mechanical strength and elec-
trical conductivity. (For instance only one
missing atom among 1000 others causes a
measurable effect). The change in properties
depends strongly on the amount and distribu-
tion of those deviations from the ordered
structure. There are deviations of several types,
which I will not explain here.

Moving from nanometer to micrometer region
microstructures like this presented in figure 10
are typical. It's a scanning electron micrograph
of a polycrystalline zirconia, which is an ad-
vanced ceramic with special strength and con-
ducting properties. There are homogeneous
grains and grain boundaries. The facets arc
caused by the crystal structure. The properties
depend on grain size and grain size distribu-
tion. With this resolution we cannot recognise
lattice deviations like dislocations as in the
atomic resolution picture before.

feld]

>4 2vrm
#108001 MBI PHMl_ LA
1624 x 1424

Fig. 10 Scanning electron micrograph of
polycrystalline zirconia.

In general: The microstructure can be strongly
influenced by external parameters, e.g. stress,
temperature, pressure, processing route etc.
This should be explained by figure 11 as an
example. Scanning electron micrographs are
shown of the microstructure of an alumina-
zirconia alloy, a well-known cutting tool mate-
rial. Both samples have the same composition.



ALO; + 15 vol % ZrO2

Sintered 1550°C,2h  Sintered 1450°C, 2h
HIP 1600°C , 10 min
Strength : 1050 MPa

Strength : 570 MPa

Fig. 11 Example of a microstructural optimi-

sation of a dispersion-strengthened
alumina-zirconia ceramic.

The light particles are zirconia inclusions in
the alumina matrix, which appears grey. Both
samples were prepared by densification of the
same starting material. However, different
densification processes were used. Although
the treatments applied did not differ greatly, a
large difference in strength resulted - nearly a
factor of two. The reason for this is a minute

variation in the microstructure. The treatment
of the sample shown on the left resulted in a
more pronounced grain growth, and as a direct
consequence of the microstructural coarsening,
the strength decreased markedly.

Figure 12 demonstrates the relations between a
component -in this case a ceramic valve- and
its microstructure. The valves are made from
silicon nitride and some alumina-yttria addi-
tives. Presently there is a test run of about
2000 cars equipped with these valves. Com-
pared to metallic valves they have several
ecological advantages: they are lighter (two
thirds) and have better wear behaviour yield-
ing to higher performance, lower fuel con-
sumption and lower exhaust emission and they
are made from materials which are available in
huge amounts on the earth surface [10].

The microstructure of such a valve shows sili-
con nitride crystals in a white matrix of the
additive mixture (middle of figure 12). This
section is superimposed in a photo-montage
upon a pile of silicon nitride crystallites to
show the three dimensional arrangement of the
silicon nitride crystals.

®9. Crain oundary fifm
~ee B om0 the SNy

Yb,O5-fluxed

Yb at the grain boundaries

Fig. 12 Macro-micro- and nanostructure of ceramic valves.




A more detailed arca of the microstructure
gives additional information as to be seen in
the right part of figure 12. In the high resolu-
tion electron micrograph a direct lattice image
of the silicon nitride grains is clearly visible.
Between grains there exists only a thin amor-
phous film, 0.1 nm thick, which markedly dif-
fers in its composition from the crystalline
areas, as can be seen from the electron energy
loss spectrum inserted in the upper right [11].
The ytterbia sintering aid has become concen-
trated in the amorphous phase. All the infor-
mation of the macroscopic, microscopic and
nanoscopic areas are important for optimising
since all the features influence the quality of
the component and therefore they have key
functions in the development of materials.

MICRO-

STRUCTUR

Fig. 13 Different phases and deviations from
the ideal atomic arrangements form-
ing the microstructure.

For optimising materials the internal architec-
ture, the microstructure, is a decisive factor.
The microstructure is nothing else than the
sum of the different phases and the deviations
from the ideal atomic arrangements [12]. This
i1s schematically shown in figure 13. Size,
shape, distribution, orientation, type, arrange-
ment and amount of the various phases, grains,
defects, and pores they all go to form the actu-
al microstructure of the material which thus
results from the combination of each of all
phases, grains, defects and pores they each
contain. Such defects can be from zero to three
dimensional, their size reaches from atomic
vacancies and dislocations to grain boundaries,
pores, and shrinkage cracks. The various dif-
ferent combinations of these factors result in
the fascinating multiplicity of possibilities.
These microstructural features can exist in
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sizes spanning more than ten orders of mag-
nitude, as figure 8 expresses. Microstructure
can be like a piano on which one can play
millions of different melodies.

The microstructural parameters strongly influ-
ence many of the properties of a material. Be-
cause of this, a great deal of attention is paid to
the microstructure in science, development
and testing of materials. As a rule, each mate-
rial contains many million microstructural
features in each cubic centimetre. The higher
the requirements of a material, the more strin-
gent are the requirements on its microstructure,
i.e. the more accurately must its microstructure
be established. The aim is to be able to create a
microstructure specifically designed to pro-
duce a given property profile. The terms "mi-
crostructural engineering" and "microstructural
design" are the keywords used to describe this
process. Optimising of given materials is
mainly a steady improvement of properties, a
smooth evolution. But real revolutionary sur-
prising steps can be expected only from the
invention of new materials, unknown before.

NEW MATERIALS

After all recent developments of new materials,
the question as to the potential of further mate-
rials arises. Can we hope for significant new
contributions, especially if we consider the
great multitude of materials already available?
The answer is straight-forward: yes!

In fact, potential materials are in abundance
and the possibilitics of combining and varying
elements are almost unlimited even though
there are just over 100 elements. The follow-
ing considerations may help to clarify this:
Elements can be mixed or alloyed respectively
and combined to systems, the so called phase
diagrams, for instance the well-known iron-
carbon phase diagram, which includes many
carbon steels and cast irons. Phase diagrams
are comprehensive descriptions of constitution
of matter so far relations between different
phases are concerned. The principles of phase
equilibria are central to an understanding of
many scientific and technological disciplines



and are important guidelines in the production,
processing and application of materials.

Let us consider 86 of the 100 or so elements
we know, and ignore inert gases and the
transuranic elements. If we combine these 86
clements to binary, ternary, quaternary phase
diagrams and so on, up to the 86-clement
phase diagram, the total number of possible
phase diagram comes to as many as 7.7 x 10”!

3 D : i X 1 1 i 1

log (Number of Systems)

0 20 40 B0 80

Number ot Components N
Fig. 14 "Mountain" of Materials.

In figure 14 the number of possible phase dia-
grams is plotted as a function of the number of
elements N. This can be drawn only on a loga-
rithmic scale, otherwise the ordinate would
extend to the Milky Way. There are only 86
unary systems (the elements), 3.655 binary
systems, more than 100.000 ternary systems
and so on and the maximum of 6.6 x 10*
phase diagrams is reached with 43 elements.
Beyond this maximum the number of possible
phase diagrams decreases and finally only 1
phase diagram with all 86 elements exists
(which contains all other phase diagrams as
subsystems).

On the other hand, the number of phase dia-
grams investigated decreases steeply as the
number of components increases. Altogether
about 10.000 phase diagrams are known to
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date, most of them only partially. This is
marked by the small area in the lower left of
figure 14. This area represents all known ma-
terials. The ratio of known to possible phase
diagrams is as small as 1072, This is not casy
to picture and better to illustrate by a compari-
son. Let us assume the surface of our earth the
oceans included would be equivalent to the
total number of all possible phase diagrams
then the number of the already established
would have the size of a stamp.

This "mountain" of materials represents a huge
reservoir of new materials. Despite the numer-
ous combinations of elements used in today's
materials, a much larger multitude of unknown
possibilities remains. Among these could be
numerous technological material combinations,
which some day could play a role similar in
importance as today's steels, superalloys, ad-
vanced ceramics and so on.

The dimension of this reservoir increases if
one considers that a phase diagram (e. g. iron-
carbon) containing many technical alloys 1s
counted only once in this plot. Further multi-
plication results from the fact that neither
modifications (e.g. graphite, diamond and car-
bon) nor metastable states, e.g. glasses, are
included. And even more possibilities arise by
variation of the molecular arrangements as in
the case of polymer materials. Thus, an in-
credible abundance of possible materials is a
formidable task and nevertheless a great chal-
lenge for the materials science community.

However, many of the possible element com-
binations will be without practical significance.
But likewise, many element combinations will
result in new engineering materials. In par-
ticular, combinations of light elements such as
silicon, aluminium, carbon, oxygen and nitro-
gen, that are abundant in the earth's crust, are
of special economic and ecological signifi-
cance. Research on that is likewise not expen-
sive but not very spectacular and therefore of
minor interest to politicians. 1 think the situa-
tion is somehow curious: we are able today to
bring little vehicles to the Mars but have only
a narrow insight to our materials on earth.



Of course it is impossible to investigate all the
phase diagrams experimentally . It would be
too time and materials consuming. Therefore
one prerequisite for the utilisation of the
"mountain” of materials is presented by the
computer-aided study of multi-elemental ma-
terial phase diagrams, a method which has
already been developed to a high standard.
Relatively few experiments are then sufficient
to verify these phase diagrams. The computer
software employed is alrecady in use and is an
important tool for the understanding of multi-
elemental materials and their complex phase
equilibria [13]. Although the determination of
phase diagrams still relies upon experiments
and estimations more and more important in-
formation comes from computational thermo-
dynamics (figure 15).

Fig. 15 Determination of phase relationships
in materials.

Especially the Calphad (calculation of phase
diagrams) method is increasingly used. In ad-
dition, ab-initio calculations continuously ob-
tain attention. Ab-initio calculations start with
atomistic data, first principles. The dream is to
get phase diagrams by ab-initio calculations.
Although this is possible in principle, at pre-
sent the reliability of the basic data sets is in-
sufficient.

At present most phase relations are established
by an intensive interaction between calphad,
experiments and estimations, with remarkable
advantages. E.g. about ten to twenty years ago
it was necessary to investigate 300 to 500 spe-
cimens to establish a complex ternary
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phase diagram experimentally. Nowadays by
using the interaction between calphad and ex-
periments 10 to 20 specimens are sufficient.

In recent years there have been many tech-
nological breakthroughs via new materials.
Those materials have a key position since they
enable new technologies, not possible before,
because of the lack of proper materials. Figure
16 gives an idea of some recent breakthroughs
in the development of high temperature mate-
rials. This development is a typical example
for real progress with striking influence on the
ecological behaviour. It is plotted the devel-
opment of high-temperature materials, the
surface temperature against the initial use. It is
nicely to be seen the smooth evolutionary de-
velopment of specific materials, mostly by
microstructural optimising and the revolution-
ary steps with new materials.
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Fig. 16 Evolution of high-temperature mate-

rials.

Although the new advanced ceramics are not
yet completely optimised a new type of mate-
rials is upcoming which very likely might take
the next step in the impressive development in
high-temperature materials. It is the precursor
ceramic which are under severe studies now,
especially the silicon carbonitrides. So, one
can expect another chemical component to
become an engineered material.



CONCLUSIONS

There are still many challenges in the field of
materials science. In addition to the already
known and well approved classes of materials,
composite materials, so called intelligent ma-
terials, as well as anisotropic materials and
those with cellular structure are investigated
world-wide to find new materials for new de-
mands in technology. All of these materials
have to be synthesised, produced and opti-
mised by mastering the microstructure and
phase relations to get the best properties for a
special application. The tetrahedron in figure
17 expresses the most important topics in ma-
terials science and engineering. The corners,
edges, planes and the space of the tetrahedron
symbolise combined actions necessary to un-
derstand the very complex field of materials.

Mictostruct
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Fig. 17 Tetrahedron expressing important
topics in materials science and engi-
neering.

In the beginning of my lecture 1 have argued
that the mankind very likely is after the settle-
ment of hunters to farmers and the industrial
revolution now in the beginning of a third
renovation: the ecological renewal. And again,
there is no alternative to technology. Ecology
cannot be realised besides technology and not
against technology. But there is only one
choice for industry and that is to adapt ecol-
ogically. New materials and innovative tech-
nologies offer a means just for that. There does
not seem to exist another solution of our
ecological problems than a broadly distributed
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development of technologies and materials.
Materials science can help to ensure that the
technological evolution is on the right track:
Not only the use of our resources and energies
is enhanced, but also our environment is better
protected. In short: With less resources, less
energy and a smaller environmental impact we
must attempt to make today's highest standard
of living accessible to all people, based on
more intelligent, innovative materials and
technologies [14]. In very short: More with
less (figure 18). Or just in other words by Soi-
chiro Honda: "There is no limit for the quality"

[1].
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Fig. 18 Aims in Research and Development
of Materials.

Based on more intelligent, innovative materi-
als and technologics materials science can
contribute significantly to the change in in-
dustrial culture. A change that will lead to an
ccological future with man in harmony with
his materials and his technology. Not a costly
program is necessary to reach the goal, but just
a co-ordination of special advantages of the
partners and in addition some new thinking
and adaptation. Or expressed in the simple
words of Linus Pauling:

"If man had as much sense as reason,
things would be a lot simpler!"



[3]
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