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Abstract. The Mexican Nuclear Research Institute (ININ) played an important role in setting up of
nuclear power plants (two) and development of fuel technology. However, with no current plans for
expansion of this programme, the Institute is looking mainly into multi-cycle fuel management and
life extension issues. The Institute focuses on programmes related to radioisotope and radiation
applications and on the use of nuclear technologies for non-nuclear applications. The ININ is the
major provider of radioisotopes for medical uses. It also promotes and uses nuclear analytical
techniques for addressing a variety of problems. In non-nuclear areas some R&D examples include:
the use of thermal plasma for hazardous waste incineration, biodegradation of polymers and
development of separation techniques for treating industrial effluents. For preservation of knowledge,
the Institute has instituted PhD. programmes in materials science, medical physics and nuclear science
in collaboration with a university.

Introduction

Like many other nuclear centres around the world the Mexican Nuclear Research Institute
was created in the sixties. Its initial mission to carry out scientific research and technological
development in the area of nuclear sciences and their applications still stands, however some
of the initial research is now well established as applied technologies carried out by
commercial companies.

One of the main objectives for the creation of NRC's was to provide support for the nuclear
industry especially in the design, construction and operation of nuclear power plants. In the
60's and 70's there was a large increase in nuclear power plants. However, in the 80's and
90's the construction of new plants declined worldwide with the exception of a few countries.

The reduction of the construction of nuclear power plants, their ageing and the new openings
for nuclear and radiation applications in other fields has modified the mission of many
NRC's.

New directions

Most of the NRC's have started to widen their scope in nuclear and related applications and
will continue to do so in the next century.

Nuclear power

The NRC's will direct their efforts in two principal areas: to improve the current operation of
the existing nuclear power plants making them safer, reducing their environmental impact,
and extending their life cycle and to design and construct prototypes of the next generation of
nuclear power reactors. These reactors will be smaller, safer, simpler and more compact than
the current ones. With regard to the nuclear fuel cycle, studies will be carried out to improve
the performance of the current nuclear fuel and also to design new fuel formulas using other
materials such as thorium and plutonium.
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Nuclear and radiation applications.

Medical: The production of new radioisotopes with improved characteristics such as half life,
different types and energies, chemical compatibility together with new production processes
is required in medical applications for the diagnostics and treatment of illnesses.

Food irradiation: The banning of the use of certain chemicals to destroy plagues in fresh
fruits and the need to eliminate bacteria from fresh products such as poultry and meat will
result in the increased use of irradiation as an alternative. Studies will have to be conducted to
determine the efficiency of the method and also work on the standard irradiation protocols. At
the same time new and more efficient irradiation facilities based on radioactive sources or
accelerators will have to be conceived and designed.

Environmental studies: The use of nuclear and related techniques such as neutron activation
analysis (NAA), particle induced X ray emission (PIXE), X ray diffraction and fluorescence
etc. are unique in the study of pollutants in air, water and soil. With the development of more
advanced equipment and analysis software the use of these techniques in environmental
studies will be substantially increased.

Other areas of increase in nuclear and radioactive applications are in archaeology, to study
ancient objects, materials sciences, to investigate composition of new materials, biology, to
understand the effects of radiation in human cells, radiochemistry, to study the chemistry of
actinides and lanthanides, etc.

Plasma technology and fusion

Plasma technology has undergone a rapid development in the last few years and will continue
to do so in the XXI century. This technology offers marked advantages when compared with
other technologies, it can be successfully applied to improve the physical and mechanical
properties of materials and also it can be applied to the destruction of hazardous waste. Fusion
studies will also be continued in the future, but they should be carried out at very specialized
centres, as these investigations require large facilities, sophisticated equipment and groups of
experts in the fields.

Materials sciences

In the field of new materials, emphasis will be directed to the characterization and synthesis
of new carbon and carbon-nitrogen compounds which with their increase in hardness will
have immediate applications. Molecular manipulation or nanotechnology will also be applied
in the creation of new materials with improved physical properties. New materials can be first
conceived and designed through computer simulation and modeling. Once the formula is
known it can be recreated experimentally in the laboratory.

Examples of successful orientation

Computer modeling and simulation

The computer models used originally for modeling and simulating a nuclear accident for
predictions of the transport of radioactive gases and particles have served as basis to simulate
dispersion of environmental pollutants. Models of contamination transport in the atmosphere
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of Mexico city have been created using the same principles as the ones used to simulate a
nuclear accident.

Natural materials

Natural materials such as zeolites and clays have been studied because they possess retention
properties for radioactive compounds and can be applied for the treatment of radioactive
waste, the same technology was reoriented to study the treatment of industrial wastewater
which can contain herbicides, chemicals an heavy metals amongst other pollutants. Currently
there is a project underway to study the effectiveness of using these materials treated
chemically in the retention of oil products in wastewater from oil refineries.

Nuclear fuel technology

The Mexican nuclear research centre (ININ) designed and constructed a prototype nuclear
fuel plant which produced some fuel assemblies which are currently used in one of the
reactors of the Mexican Power Plant of Laguna Verde. The plant fulfilled its objectives and
now the technology and expertise is being applied to industrial problems in special welding,
non-destructive testing of materials, calibration of instruments and quality control systems.

Preservation of expertise

The ININ has an active programme to update its expertise by promoting technical visits to
other laboratories, participating in national and international conferences and symposia and by
encouraging and supporting postgraduate studies in universities with renowned prestige.
Three years ago the ININ initiated three PhD programs in materials sciences, medical physics
and nuclear sciences with a local university with the aim of increasing the academic
qualifications of its staff and also to form new scientists in these fields. The ININ also
actively participate; in the IAEA regional program ARCAL and send its scientists to research
visits and conferences and also send its engineers and technicians to training courses
organized by the IAEA.

Future programme

The principal areas of research where the ININ will be focusing in the XXI century are:

Radiation studies

The use of radiation to sterilize biological tissues which can be used in humans shows a great
deal of potential. Already our Institute has started a project to create the first bank tissue bank
in Mexico.

Studies of protection mechanisms for genetic damage caused by some types of radiation using
selected bacteria strains as test vehicles will be carried out in order to understand the radiation
damage and the repair mechanisms.

Mexico, being located in a seismic and volcanic region is preoccupied as to how to predict
earthquakes. Measurements of radioisotopes such as radon which emanates from rocks can
help to understand the evolution of earthquakes and volcanoes.
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The hydrogen system as a future alternative source of energy needs to be studied, its presents
two technological problems: finding an alternative method for its production and how to store
it.

Reactor physics and engineering

Some very important issues have to be addressed for the current nuclear reactors used
electricity production: the nuclear fuel cycle and reactor materials. The optimization of the
nuclear fuel through multi-cycle fuel management, the use of alternative fuel composition
such as oxide fuel or thorium and the management of radioactive products present great
challenges. The life extension of the current nuclear power plants depends largely on their of
the structural materials. Therefore, the understanding of the behaviour of such materials under
operating conditions is very important.

Nuclear analytical techniques

Nuclear techniques such as neutron activation analysis, particle induced X ray emission and
other related techniques usually require the use of large installations such as nuclear research
reactors or particle accelerators, therefore, the analysis of materials with these techniques is
only possible in a nuclear research centre.

Neutron activation analysis
This technique which has been around for more than 25 years is still unique and most suitable
for many applications where it is necessary to analyze the elemental composition with the
detection limit of less than parts per million. Improvements considered for the future are
based on the prompt neutron activation analysis using a cold neutron source.

Particle induced X ray emission PIXE
PIXE was normally performed only in big accelerators such as the Tandem from ININ.
However, smaller and more compact accelerators are now available. The ININ has just
installed a Tandetron accelerator with a PIXE line which will be used to characterize many
different types of materials.

Environmental applications

The thermal plasma technique is been successfully applied for the destruction of hazardous
waste such as biological waste contaminated in hospitals. The ININ has designed and
constructed a prototype thermal plasma reactor which at temperatures of more than 3000 °C
can practically disintegrate waste, transforming it into non-hazardous substances without
releasing poisonous gases to the atmosphere. The next step is to scale it to a commercial plant.

The biodegradation of styrene used to manufacture polystyrene foam is another area of
interest at ININ. The waste generated by this polymer causes liver or urinary track cancer.
Using bacteria that feeds from this material in a bio-filter can solve this problem.

Environmental pollutants in air, water and soil have to be well understood. Techniques such
as PEXE, neutron activation analysis, X ray diffraction, X ray fluorescence are current
techniques used for determining the elemental composition of pollutants and with the use of
electron microscopy it is possible to determine their morphology.
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The use of natural materials such as zeolites and clays can be considered as an alternative for
the elimination of radioactive waste materials in liquids or pollutants in industrial
wastewaters.

Numerical modeling has also been used to study particle dispersion and to simulate the
transport of pollutants through different media.

Materials

Nanotechnology is the materials technology of the future, with this technology it is possible to
design and create new materials, for example the creation of materials through carbon and
carbon-nitrogen compounds with greater hardness than diamonds. Metallic matrix materials
with ceramic reinforcement particles also present great advantages over other materials for
their weight, resistance to abrasion and high temperatures.

Microwave plasma and low energy ion beams can be used to prepare extra hard coatings,
insulators, semiconductors and thin films which can be used in the field of optics and
microelectronics.

The irradiation of materials with the purpose of improving their mechanical characteristics
needs also to be studied.

The ININ recently created an electron microscopic laboratory with the installation of three
modern microscopes where morphologic, topographic and characterization of materials can be
performed.

Computer modeling and simulation

For studies of nuclear physics reactions, fluid dynamics, stellar evolution, non-linear
dynamics neural networks and image processing, advanced computer sciences have to be
applied.

Numerical simulation is capable of reproducing experiments creating virtual laboratories
where all the parameters involved in a natural phenomena can be modified at will.

Metrology

Being the only nuclear centre in Mexico the ININ has the responsibility of keeping and
maintaining the national reference standard for ionizing radiation. In this laboratory
instruments for measuring radiation are calibrated and serviced and personal dosimeters are
measured.

Nuclear medicine

The ININ is the major provider in Mexico of radioisotopes for medical uses. The main
radioisotopes supplied are technetium and iodine. Another radioisotope being studied as a
palliative against cancer pain is samarium.

The development of new techniques for medical imaging such as tomography and new
treatments of illnesses using radiation therapy will go hand in hand with the development of
new radioisotopes and radiation detectors.
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