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Introduction


There has always been a strong connection between materials and technological adventures: sometimes, new materials induce new ideas, new processes, new devices. But the reverse is true: the design of new devices necessitates new materials. This means that the challenges in materials science and engineering depend on the great technological projects. One should not underestimate the weight of defense problems, even in the development of basic science. 

The  years 1980-2000


At least in France, the great technological projects were those involved in the development of nuclear energy, of aeronautics and space, and of computers.

Considering the large variety of new materials already developed, there was a sort of convergence process which tried to identify what was common to all kinds of materials: metals and alloys, ceramics, electronic materials, polymers (e.g. the basic physical properties of crystalline materials are governed by the same mechanisms: interactions with periodic electromagnetic waves, deformation mechanisms described by dislocation models, activation processes, etc…) This had proven to be a fruitful synthesis, but insufficient in that the differences still govern a large part of the behavior of each kind of material. At that time, one was speaking of the challenge of “the hyper-choice of materials”


Owing to the development of various kinds of composites, the situation was becoming even more complicated: materials such as polymers and resins reinforced by fibers or powders appeared, along with what was called ”multi-materials”, i.e. sandwich plates for car bodies composed of high strength steels and polymer layers, covered with anti corrosion layers of zinc or other protective materials.


The most spectacular evolution has come from the progress of computers, which have induced “revolutions” everywhere: increase of the performances of observation instruments and of the capacities of calculations, the development of simulations closer and closer to experimental observations, making the tool predictive. This had a decisive influence on design, but also on the efficiency of forming tools and processes.


The development of computers was itself monitored by the development of electronic materials: the famous “Moore’s law” is based on the capacity of the manufacturers to integrate components at an ever larger scale, almost reaching the limits of the “quantum world”: this opened the gates of the now unavoidable “nano world”. Although the word itself has been used extensively only recently, there is a real continuity in the evolution of the race towards smaller scales:  this will not slow down since it is due to the extending possibilities of  instruments of observations and manipulation; one must remember that the field ion microscope, the ancestor of the tunnel effect and  the atom force microscopes, which could produce direct images of atoms, dates up to the sixties


Even the basic science world recognized the outstanding contribution of materials science to the development of new knowledge: let us mention the Nobel Prizes granted to the inventors of the tunnel effect microscope, of the high temperature superconductive materials, of the fullerenes leading to the carbon nano-tubes, and to the specialist of soft matter (Pierre Gilles de Gennes). The first two were granted to researchers of IBM; this was an indicator of a basic phenomenon: research in this field is so expensive that only highly profitable industry could afford the luxury of successful 

basic research).
What did France do to try to follow the on going progress?


This period coincides with very difficult times in France: the necessity of “keeping economical doors opened”, together with a strongly dirigist ideology, induced terrible re-structuration decisions, concerning mostly materials connected industry like steel industry, chemical industry, non ferrous metallurgy. On the other hand, due to the weakness of the French electronic industry, it could not take full advantages of the evolutions in this sector.

The main consequences were 

-a constant decrease in the funding of research, especially from the public sector (note that, during that period, the Scientific Direction of the Ministry of Defense was suppressed)

-a decrease of the funding of research in materials industries, but a development of industries using materials, like aeronautics, space, automobile and, more generally mechanical industries.


An important side effect was the increasing difficulty to find interested good students willing to work in this sector, even more to make research in this field. This was only part of the decreasing interest of students for science and technology: but it is more visible in materials science. 

Focus on electron microscopy


France has been very active in electron microscopy,but with main interest for electron optics, more than applications.It has developped an important research center in Toulouse(Professor DUPOUY) and built a gigantic device, the 3 MeV electron microscope: this was actually a particule accelerator, and observation was rather difficult due to the rapid deterioration of the samples .But the consequence was that the CNRS decided to try to promote a national device built by a private company,Optique Precision Levallois(OPL), supported by public money.At that time, public laboratories could not buy any other microscope. Private companies and “strong” research institutes like CEA could buy foreign microscopes ,like Siemens, Zeiss, Hitachi, Jeol, Philips, AEL(a British company),etc….


In order to evaluate the progress,just a rapid description of the main characteristics of the apparatus (1963)used for making these pohtographs:


Electronics with lamps


Vacuum:10. –7mm,no air lock(high contamination:max time for observation 10 mn)


Rough goniometer(+/- 10°)


Source:tungsten filament


Manual alignment of the column:once aligned,very good point resolution(3-5 A°)


Photographs with glass plates(10 max.per box);no photometer,manual development

The other microscopes were already much better:nevertheless ,at thebeginning of the 70’s, ,all the manifacturers had dropped the competition on TEM except JEOL and PHILIPS

What about the future?


Interestingly enough, the rapid development of China and India has put the pressure on two important markets: energy and raw materials?. The resulting geopolitical instability has boosted the Defense expenses in all countries, which generally, even if it is hard to accept, boost also funding in materials research. The really serious problems of the availability of energy and of the green house effect will have to be coped with by the development of new clean energy devices. 

One should also consider the growing place taken by health and nutrition problems, which raises interest in biological materials properties. It is thus obvious that more interest in materials science is to be expected.


Final question: what about funding? It is always the final question, since nothing is possible without money....The more and more powerful instruments are also more and more expensive: this is obviously a decisive driving force to try to optimize the efficiency of investments in “Big Science”, which means a coordination at the world scale. The more recent example is ITER, the huge fusion project implanted in France. The basic discussion was to decide whether fusion could become one day an industrial process: the most problematic part is obviously the solution of the materials problems, which is anything but clear. But the final decision being to take the risk, then nobody in the world, except the whole planet, can afford such a project. This example is extreme but one could find many similar ones, even if at a lower scale, which undoubtedly push towards an increased and inevitable international cooperation.


This is why the past twenty years of collaboration between LBL and Ecole des Mines should be regarded as a good example of what should the future be

