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NUCLEAR PHYSICS AND TECHNOLOGIES
Yu.V. Daneykin,
PhD, Associate Professor,
Tomsk Polytechnic University, 30, Lenin av., Tomsk, 634050, Russia

E-mail: daneykin@tpu.ru

Nuclear reactors

Over the last quarter of a century, nuclear energy has made a progressively increasing contribution to the
generation of electricity. At present 31 countries make some use of nuclear energy for electricity generation. Of
these 17 rely more than 25% on nuclear energy. Averaged over these countries, nuclear energy might amount to
perhaps 1% of the GDP. By any standards nuclear energy must rate as a very large industryl. It will remain so
for several decades at least - even if there should be a move to reduce our reliance on this energy source.
Nuclear technology has developed over half a century. We will discuss a number of possibilities for the future
later.
But to understand the present scene one needs little more than a familiarity with the state of nuclear scientific
and engineering knowledge in the mid-seventies. The basics have not changed, as is inevitable in an industry
with large capital costs and long construction times. The rate of change in the underlying science has been
relatively slow - though the engineering elements have advanced continually and have led to progressively
improved performance.
The Flowers report of 1976 remains an excellent guide to the underlying principles and the various types of
nuclear reactor that have been developed. The developments since then relate to very significant improvements
in fuel technology, the controls, the safety features, the sophisticated electronics and software. On the figures, we
provide a summary of the key elements of modern nuclear reactors. For the purposes of this lecture, we need
bear only the following basic facts in mind.

*  Nuclear energy is derived from the fission of uranium by an incident neutron. The summed mass of the
fission components is less than that of the uranium atom - the deficit being the source of the energy -
about 200 MeV per fission.

« Natural uranium consists mainly of the isotope 238U with about 0.7% 235U.

»  Afission event initiated by one neutron generates more than two neutrons. This is the basis of the chain
reaction on which the operation of a reactor depends.

» The chance of a 235U atom being split is greatly enhanced if the incident neutron is slow. But the
neutrons produced by a fission event are fast. By slowing them down to thermal velocities their ability
to induce further fission events is enhanced. This thermalisation is effected by means of a «moderator»
which, by successive collisions, progressively reduces the speed of the neutrons; it must feature a low
absorption of neutrons.

*  Moderators used in current reactors may consist of graphite, water or ‘heavy water’, i.e. D,0.

« In some reactors, the uranium fuel must be enriched — the percentage of 235U has to be increased above
the natural level of 0.7% - in order to reach a self-sustaining reaction. This is the case for the most

commonly used reactors — the light water pressurised water reactor (PWR).
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Throughout the period there have been significant advances not only in the basic engineering of new nuclear
plants but also in retrofitting of improvements into older plants and in operational practice, procedures and
training. The advances in fuel technology are particularly important - the total output per kg of fuel has more
than doubled during the course of the last 20 years.
Of the 428 reactors currently operating in the world, 80% use light water both as a moderator and as a coolant.
Of these, three quarters are PWRs, in which the heat is extracted by means of a heat exchanger, the water being
kept under sufficient pressure to avoid boiling. The other quarter are boiling water reactors (BWR), in which the
generated steam is fed directly to the turbines.
There are two other reactor types that we must note at this stage. The first are the Canadian heavy water
moderated, light water cooled reactors (CANDU). 21 of these have been built — 16 of them in Canada. Second,
the Russian light water cooled, graphite moderated reactors ‘RBMK’, which, like Magnox and CANDU, work
on natural uranium. The Chernobyl disaster Currently, world wide, there are 35 reactors in the process of
construction. Of these 21 are of the PWR type. It should also be noted that in the US a number of reactors have
been cancelled during the construction period as a result of additional costs imposed by design changes to
accommodate new safety regulations.
Which of the reactor types is best? One might attempt a “Which’ type analysis in which each reactor type is
assessed against a number of criteria, to include:

+ safety;

«  capital cost per kW installed capacity;

»  cost per kWh delivered (to include operational costs, fuel costs and reliability);

o lifetime;

+ decommissioning costs.
There is however an additional factor: the advantages, in cost and performance, derived from building a series of

reactors of the same type. This is a powerful factor in decision making.

The problem of waste disposal
The operation of nuclear reactors produces substantial quantities of waste material. For example, a 1 GW PWR
will produce about 30 tons of spent fuel per annum. Of this, 95% is 238U, 0.9% 235U, 0.9% Pu, 3.3% fission
products, and 0.06% minor actinides. The spent fuel elements, as well as being highly radioactive, continue to
generate heat. After ten years, the 30 tons of spent fuel will still produce a power of several hundred kW.
Spent fuel rods are classified as high level waste ‘HLW’. They require massive shielding and provision for
cooling. Both the radioactivity and the resulting heat generation decay with time, but some provision for cooling
has to be provided for about 50 years.
The nuclear cycle also generates materials described as intermediate level waste ‘ILW’. An example would be
the cladding around the fuel. ILW materials are sufficiently radioactive to require a barrier between them and the
biosphere.
However, the level of the activity is not such as to require cooling.
Finally there is low level waste - a mixed bag of items such as protective clothing, which can be safely disposed
of by shallow burial.

7-9 MIOHA 2012 r. Tomck, Poccus 7



MEXAOYHAPOOHAA MONOAEXKHAA HAYHHAA LLKO/IA « METOA010TMMA NPOEKTUPOBAHMA MOJTOAEXKHOTO
HAYYHO-MHHOBALIMOHHOIO MPOCTPAHCTBA /19 POCCUNCKOM SHEPTETUKU»

M/IEHAPHBIE JIEKUMN

Both HLW and ILW?2 contain long half life radioisotopes - notably 239Pu with a half life of 24,000 years. The
problem of waste disposal is the effective segregation of both HLW and ILW for very long periods - in excess of
100,000 years. That seems like a very long time on the surface of the earth - but not necessarily so 500 metres
below the surface. The intention of the industry, in all the countries in which it is established, is eventually to
dispose of HLW and most of ILW in deep repositories. That is the intention - but to date it has not been

implemented.

Nuclear technology - future prospects

Nuclear energy was born just over 50 years ago. It is only 42 years since the first reactors emerged from research
in the form of a fully engineered power plant. The main development phase which has led to the present
generation of reactors extended perhaps over 20 years. Nearly all existing plants have been designed and built
without the benefit of accumulated real feedback experience. It would therefore be extraordinary if the
technology had already approached an endpoint - if the basic designs conceived several decades ago had
achieved some ultimate optimum.

In this chapter we will briefly review some of the ideas currently under consideration for a next generation of
nuclear technology. There has been relatively little resource for pursuing some of these ideas. There are two
main reasons. The first is the current near-stagnation of the nuclear construction industry, on account partly of
past over-investment in electricity generating plant, and partly of the competition from modern fossil fuel plants
- notably natural gas. The second reason is that the industry has had to react to a tightening regulation
environment stemming from the concerns aroused by three major accidents - Three Mile Island, Chernobyl and
Fukushima. The result is that safety in reactors has certainly been enhanced; however the extent of retrofitting
additional safety systems on existing reactors has increased complexity - and cost - whilst not in every case
securing additional safety benefits. The developments that have taken place have been incremental but have led

to a steadily improved performance - safety, reliability and generation cost.

Advanced light water reactors
The stage that has now been attained in the development of advanced light water reactors is characterised by a
number of designs which have just, or are about to, come into operation:

* the ‘Advanced Boiling Water Reactor’ (ABWR) developed by General Electric with Hitachi and
Toshiba. Two units came into operation in 1996 and 1997. Several more are planned for Japan and for
Taiwan;

e the Framatome, ‘N4’ PWR. Four units have been built in Chooz and Civaux and will reach commercial
operation in 1999 and 2000;

+ the UK Sizewell B, PWR, which came into operation in 1995.

More recently a number of enterprises have embarked on evolutionary designs. The key objectives sought
include an even greater degree of safetyl with the probability of a major accident reduced by a further factor of
at least 5; and design simplification with the aim of achieving a measure of standardisation which would
facilitate gaining approval by licensing authorities.

One example is the 1.5 GW European Pressurised Reactor (EPR), a joint effort of Framatome and Siemens,

which it was hoped would obtain simultaneous licensing approval by both Germany and France. It includes
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various improvements, particularly on containment, emergency core cooling systems, control rod mechanisms
and one remarkable feature — provision for damage limitation in the event of a core melt down. This is achieved
by arranging for molten components to flow to a purpose built spreading compartment with provision for cooling
both above and below the compartment. Whilst there is now no immediate prospect of the EPR being built these
evolutionary features are likely to be retained. A rather different approach is that of Westinghouse with their
AP600 - a 600 MW PWR. There are two reasons for considering a reactor below the 1 GW level. It allows the
provision of a passive safety system, a design which ensures that in the event of malfunction there is no reliance
on pumps to provide emergency core cooling. Convection alone suffices.

Second, the smaller design provides opportunities for simplification and - so it was hoped - the possibility for
large series manufacture. There is also the suggestion that smaller power units can be located near their loads and
so reduce the cost and losses of longer transmission systems. Here again there is no immediate prospect of
embarking on construction.

There is little doubt that the immediate future will be based on light water reactors. The competition is on driving
down the cost whilst enhancing safety. It is important to be clear that the development of innovative models does
not mean that the existing ones are not satisfactory or ‘safe enough’. What is clear is that some, though modest,
further investment in research and development is needed to gain licensing approval. This is in contrast with
more radical possibilities to be discussed below, where the scale of the investment in R&D requirements will be
very large.

High temperature reactors
High temperature reactors (HTR) are characterised by

» the use of helium both as a coolant and as the turbine fluid,;

« the use of fuel in the form of individual spherical particles just under one mm in diameter. The U or Pu
core is surrounded by low density graphite and by a silicon carbide coating. Operating temperature is
set at 1250 oC but the encapsulation retains its integrity at temperatures up to 2000 oC;

« ahigh temperature turbine contained within the pressure vessel,

« ahigh thermal efficiency (about 45% instead of 35%).

The reactor is designed to incorporate a considerable measure of passive safety - a claim regarded as valid. The
concept is not new - it was the subject of a number of programmes in the US and in Germany in the ‘60s and up
to 1975. The implied technologies, particularly those that stem from the high temperature regime, and the
development of turbines that work efficiently on helium notwithstanding its low density, are very demanding.
But there is continuing interest in developing this breed of reactor, both for its inherent virtues and for its
inherent safety features. Even though the probabilistic failure analysis of PWRs may show an equal level of
safety, it is possible that the safety of the HTR might be easier to explain to lay people.

Work is currently proceeding on high temperature reactors in a joint enterprise between General Atomics of the
USA, Rosatom of Russia, Framatome of France and Fuji Electric of Japan. In China and Japan experimental
reactors have been built and South Africa is planning a demonstration project (110 MWth).

Fast neutron reactors

7-9 MIOHA 2012 r. Tomck, Poccus 9



MEXAOYHAPOOHAA MONOAEXKHAA HAYHHAA LLKO/IA « METOA010TMMA NPOEKTUPOBAHMA MOJTOAEXKHOTO
HAYYHO-MHHOBALIMOHHOIO MPOCTPAHCTBA /19 POCCUNCKOM SHEPTETUKU»

M/IEHAPHBIE JIEKUMN

Fast neutron reactors utilise a core of uranium mixed with plutonium. There is no moderator, so that the fast
neutrons from one fission reaction are the means for producing further fission events. To avoid excessive loss of
neutrons the core has to be very compact, and the power density within it very high.
Adequate cooling with gas is probably not possible, as it leads to a low power density design and hence low
breeding gain; one resorts to the use of liquid metals, usually sodium or lead.
The concept is not new. The world’s first fast reactor, mercury cooled, generating 25 kW was built at Los
Alamos in 1949. At about the same time plans for a fast reactor programme were initiated in the UK - leading to
a low power demonstration critical assembly at Harwell in 1954,
Subsequently many countries, including France, Germany, Japan and the former Soviet Union embarked on fast
neutron reactor work, usually with an additional element - a surrounding annulus of 238U, which is
progressively transmuted into plutonium. The reactor can be configured so that it produces more plutonium than
is used in the primary reactor core — the basis of the fast breeder reactor.
The primary motivation for embarking on breeder reactors has been the prospect of obtaining much more energy
from uranium than the 1 or 2% which thermal reactor technology permits. The measure of the advantage is
something like a factor of 60.
However during the last 20 years the uranium supply prospects have much improved for a number of disparate
reasons:

«  discovery of new uranium reserves;

* improvement in the utilisation (‘burnup’) of uranium in thermal reactors;

« reduction in the projected growth of electricity generation needs;

* impact of cheap natural gas;

+ concern about the safety of the nuclear option following Chernobyl.
In addition the technology of breeder reactors, particularly when scaled to the sizes needed if they were to
supplement thermal reactors, was found to be far from easy. In particular the problems stemming from the use of
liquid sodium as a coolant have proved to be hard to overcome. These factors were probably the main
ingredients in the decision to terminate some major demonstration projects - such as the PFR at Dounreay (250
MWe) in the UK and SuperPhenix (1.2GWe) in France.
However it is important to emphasise that whilst technology has been difficult, the fact that breeders are not, for
the moment, favoured should not be regarded as a technological defeat. One example of long and on the whole
satisfactory experience with a breeder is the Russian BN600 reactor (1.5 GWe) at Beloyarsk. This has operated
at a load factor, averaged over 15 years, of 70% and has recently reached 76% - better than the record of Russian
thermal reactors. If fast neutron reactors are to be needed, they can be built.
Will they be needed? They could, if required, serve a number of different purposes.
For example, breeder reactors would greatly extend the availability of reactor fuel. At the present price of
uranium the incentive is weak. The situation could change if over the next 50 years there were to be a large
expansion of nuclear energy. Even then the breeder/plutonium route might have to compete with uranium from
seawater.
Fast reactors could be used to do the very opposite of breeding - they could ‘burn’ plutonium. If the plutonium
stockpile is regarded as a waste product requiring safe disposal, burning it in a fast (non-breeder) reactor would

be an effective solution. Burn rates of the order of one ton per annum per reactor seem possible. It is however
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hard to imagine that one would wish to embark on a fast reactor programme solely for this purpose. The concept
would be viable, if fast reactors were to form an integral part of a next generation of nuclear power. It has been
suggested that in a nuclear power system made up three quarters of standard PWRs burning slightly enriched
uranium fuel and one quarter of fast neutron reactors designed for maximum consumption of plutonium, there
would, under normal running conditions, be no net production of the latter.

More ambitiously one might adapt the fast reactor to the fission of Pu and some of the minor actinides and long-
lived fission products in spent fuel to shorter-lived isotopes — and thereby greatly reduce the magnitude of the
disposal problem. If one could transform long-life into short-life components it would clearly reduce both costs
and any remnant risk associated with deep geological repositories.

But before one can begin to address the transmutation technology one must first separate the long lived material
from the rest - ‘partitioning” - and this is in itself a very major undertaking. One would concentrate on the high
level waste and seek to effect the partitioning at the stage within the overall reprocessing when the HLW is in
liquid form.

Partitioning and Transmutation (P&T) embodies a great deal of new technology, requiring decisions on a whole
series of options before one could embark on a realistic demonstrator. For example there is the option of
‘homogeneous recycling’ where the radionuclides to be transmuted are intimately mixed with the fuel, as
opposed to ‘heterogencous recycling” where they are physically separated from the fuel. The partitioning will
certainly require extensive reprocessing and possibly even isotopic separation facilities. The concept represents
major technological challenges - but there are no known fundamental reasons why, given enough effort, it should

not ultimately succeed.

Accelerator-driven subcritical assemblies
The accelerator produces a beam of fast neutrons. When these are directed on to a subcritical assembly, the
normal chain reaction process will lead to a neutron flux much greater than that from the incident beam.
However since the assembly is subcritical the chain reaction is not self-sustaining. Switching off the accelerator
beam stops the chain reaction.
This is a basic concept of long standing, originally intended as a way of producing plutonium from a slightly
enriched uranium core. The method was tried in the early fifties with a 25 MeV 50 mA proton accelerator. A
plan to scale up this system with a 350 MeV, 500 mA machine was abandoned when it was found that (critical)
reactors were a simpler and more economic way of producing the wanted material.
Producing fissile material was then the first motivation for investigating accelerator-driven systems - and failed
in competition with reactors. By the ¢70s, the emphasis had changed. Production of plutonium was no longer the
problem.
Instead there was a growing interest in the possibility of transmuting long-lived waste products - notably the
minor actinides. Various schemes have been studied at Los Alamos and Brookhaven in the USA, at the Japan
Atomic Energy Research Institute in Japan, in Russia and in France. None has so far led to a production system.
The destruction of the minor actinides will produce an energy per fission approximately equivalent to the fission
of one plutonium atom. The rate of burning of the unwanted radionuclides will determine the energy output - and
hence the cooling requirements. For a high rate of transmutation, the subcritical assembly will have to be

engineered in much the same way as a power reactor. The high energy proton beam itself will consume a
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substantial amount of energy. These considerations led Charles Bowman at Los Alamos and a little later Carlo
Rubbia to propose a hybrid system, which would also generate electricity, a small portion of which would be
used to drive the accelerator. The Bowman proposal was based on a thermal neutron system, that of Rubbia on
fast neutrons.
Very briefly, the main features of an accelerator-driven fast reactor, described by Rubbia, somewhat
whimsically, as an ‘energy amplifier’ (EA), are intended to include the following:

» aproton accelerator, 1 GeV, 10-200 mA with a heavy element target5;

+  thorium based fuel;

«  Pb/Bi alloy coolant - relying on convection circulation;

e output power of the order of 1.5 GWth .
How do the proposers see the advantages of an accelerator-driven subcritical reactor as compared with a
‘conventional’ fast neutron reactor? Two major motivations are advanced. The first is the inherent safety of the
EA. Since the assembly is subcritical, the chain reaction will cease simply by turning the accelerator off. The
problem of removal of decay heat would however remain.
In a critical reactor there are constraints just because the reaction needs to be at the critical level. The second
major claim is that when, as in the EA, that constraint is removed, a much more complete incineration of the
long-lived radionuclides can be achieved.
These are bold claims - and have been subjected to a good deal of criticism. A very helpful analysis of the issues
has been provided by Richard Wilson. A first question might address the claim of inherent safety. The assembly
is subcritical - the neutron flux is only a fraction, k, of that required to sustain the chain reaction - for a critical
assembly k=1. Now the fraction of the energy generated that is required to supply the accelerator will be zero for
a critical assembly and increase the further one departs from criticality6. It is therefore essential to run the
system very close to criticality. This then raises the question whether, under some conditions, the assembly
might not become critical. If that is accepted the precautions needed to retain control become identical to those
needed in a conventional fast neutron reactor. Also, as with any reactor, cooling is essential even after shutdown.
The advantage that the EA offers in incineration of long-lived radionuclides as compared with destruction in
critical reactors is controversial. But strong claims are made. For example the Los Alamos group state that
accelerator-driven transmutation of waste (ATW) ‘is expected to accomplish the following:

»  destroy over 99.9% of the actinides;

« destroy over 99.9% of the Tc and | - two of the major longlived radiotoxic radionuclides;

» separate Sr and Cs;

e separate uranium;

»  generate electricity. ... 10- 15% of this electricity will be used to power the accelerator.’
Those are impressive claims - but of course based on preliminary studies and as yet not on any integrating
experiments. The implied pyrochemical separation processes have been explored only in a pilot stage; the
economics of the whole process are hard to gauge. And there is one very special problem that has worried those
who have sought to assess these possibilities: the protons in the accelerator are of course in a high vacuum. One
must devise a window that will transmit the protons with minimal loss, whilst withstanding normal atmospheric

or even higher pressure in the reactor assembly. At present the intention is to use a curved tungsten alloy
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window, with a thickness at the centre of about 1.5 mm. This may prove to be a major difficulty. Not all

materials problems have an answer.

The thorium fuel cycle

It has been appreciated since the earliest days of the nuclear energy development that thorium was an alternative
fuel to uranium. It appears to be somewhat more plentiful than uranium. India and Brazil in particular are well
supplied. Thorium is found predominantly in single isotopic form - 232Th - which is only feebly radioactive, not
fissile - but it is fertile. 232Th can capture neutrons to produce9 233U which is fissile. To utilise thorium in a
reactor it must therefore be mixed with a fissile material to start the process - for example enriched 235U or
237Pu. If the aim is to get rid of excess plutonium this is a way to do it. Unlike the disposal route in MOX fuel,
irradiation does not produce new plutonium. If one were to fuel a PWR with Th/Pu, about twice as much Pu
would be destroyed as with the established U/Pu MOX fuel. In addition the fraction of fissile Pu isotopes in the
spent Th/Pu fuel would be about one third less than with U/Pu.

So where is the catch? First of all the technology for producing Th fuel is somewhat more complex and hence
more costly than for U. Since for the moment there is no prospect of a uranium shortage for the easily
foreseeable future, there was little incentive to make a change. But, in addition, the motivation for destroying Pu
was to reduce any proliferation risk. Irradiating Th leads to 233U which is fissile and could also form the basis of
a nuclear weapon. It radiates gamma rays and that would make the construction of a weapon harder - but
probably not very much harder.

The merits and demerits of the Th cycle are not yet by any means clear. It is interesting to note though that all
the groups who are currently exploring the accelerator-driven sub-critical array machines discussed in the

previous section are basing their designs on the Th fuel cycle.

Fusion

Nuclear energy can be generated by the fusion of lighter nuclei into heavier ones, for example the fusion of
deuterium with tritium to form helium. It is of course the basis of solar energy. To achieve a self-sustaining
fusion reaction the gases need to form a plasma at very high temperatures and need to be sustained in that state
for a sufficiently long time. It has proved to be a very difficult task — the subject of a great deal of research over
the last half century. The motivation is clear - a fusion reactor could in principle provide energy from resources
that are practically unlimited. Moreover there is much less of an active waste problem to take into account.

The flagship of the European Fusion Programme is the Joint European Torus (JET) located in Culham,
Oxfordshire. JET and other similar machines elsewhere have provided much of the data necessary for the design
of the ‘next step’ machine — the International Thermonuclear Experimental Reactor (ITER). This is a partnership
between the USA, Japan, Russia and the EU. It aims to demonstrate the safe operation of a device which
incorporates the key technologies to be employed early in the next century. ITER is intended to be the final step
before embarking on a demonstration power station. However the funding of this venture has been delayed

several times, though it is still hoped to make a start early next century.
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In the mean time there is great interest in a variant of the apparatus , the ‘tokamak’ used at JET and intended for
ITER — the spherical tokamak. It is smaller and could turn out be a major advance, though this is not as yet
established.

Will fusion energy work? There is now no serious doubt that a machine could be built which would provide net
energy. The issue that is still highly controversial is whether the technological difficulties, including some very
severe materials problems, can be overcome so that a machine producing energy at an economic rate could be
anticipated. Since world research in this area is proceeding at a spend rate of about $1B per annum, there is
reason to be confident that an answer to this question will emerge in the next decade or two. However it seems
very unlikely that fusion power could make a significant contribution to the energy needs of the world before, at

the earliest, the second half of next century.

Comment
In this chapter we have reviewed some potential developments that could change the nuclear energy scene over
the next few decades. The ideas are not all new - many have been around in one form or another for a long time.
However the progress in materials, fuel technology and control systems has transformed the prospects of some of
them. The list of the topics we have touched upon is by no means exhaustive.
What characterises all of them, with the exception of search for fusion energy, is the relatively low level of

current R&D investment, which seems totally out of scale with their potential future importance.
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REMOTE THERMAL “FLASH TECHNIQUE” FOR THERMOPHYSICAL PROPERTIES
MEASUREMENTS AND ITS APPLICATION TO PROBLEMS OF ENERGETICS
Oleg Yu. Troitsky
Professor, Dr., Institute for Non-Destructive Testing

at Tomsk Polytechnic University, 30, Lenin av., Tomsk, 634050, Russia
E-mail: tor_43@mail.ru

Abstract. The paper is a kind of survey of works performed by author during the last two decades to obtain new
remote methods of thermophysical properties measurements using flash technique, which can be applied to
different objects and materials.

Key words — remote sensing, flash method, thermophysical properties.

Laser flash experiments apply transient conduction heat transfer as a tool to extract thermophysical
properties (TPP) of different materials. An instantaneous heat source is generated by absorption of a laser pulse
on a flat, heat-conducting, non transparent sample. The diameter of the heat source should be large compared
with the sample thickness to establish approximately ID heat flow. Thermal diffusivity of the sample is
determined from temperature evolution with time measured on its front or rear surfaces; data are taken shortly
after the end of, or even during, the radiation heat pulse.

Laser flash belongs to a series of unsteady-state measurement methods that can be grouped according to the
nature of the specific disturbance into pulse, periodic heat flow, and monotonic heating regime methods. The
more recently developed of these, the pulse method, has gained much popularity among thermophysicists in the
last four decades because of the ease with which initial and boundary conditions of the mathematical heat
conduction model can be reproduced in a physical experiment, the simple shape of the specimen, and the wide
range of materials, diffusivities and temperatures to which the method is applicable. Traditionally, the very short
bursts of radiant energy are emitted from a laser or from a xenon flash lamp. As a transient energy source, single
particles or a pulsed beam of particles (electrons or ions) can be used as well.

Determination of the TPP of materials is the essence of the coefficient inverse problem of thermal
conductivity (IPTC). As initial data for solving such a problem, one can use the results of thermometry of an
object made of a material with unknown properties. Particular attention has been paid to take into account finite
pulse-time effects [1], heat losses and the depth of the flash energy absorption in the object under investigation
[2]. Further, much effort was spent to use the traditional method to determine the TPP also of layered objects
[3.,4].

But one can use quite another view point to solve this problem: let’s try to obtain TPP without making the

otherwise necessary corrections for any of these impacts at all.
CLASSIFICATION AND DEFINITIONS. FOREIGN CLASSIFICATION
It's not a question of methodics but rather methodological one. It's very important part of any scientific

investigation because sometimes it gives (shows) right direction of investigation.

All methods for the measurements of the TPP can be divided into two groups:
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1. lengthy stationary state methods;
2. faster, more productive unsteady-state methods, which are based on the analysis of the temperature response

of the specimen subjected to transient thermal conditions:

a) pulsed method;

b) periodic heating methods;

€) monotonic heating regime methods.

The most recently developed is the pulse method (about 80% of all the TPP results were obtained with the
pulse technique).

This is the widespread foreign (with regard to RUSSIA) classification.

RUSSIAN CLASSIFICATION.

Dependence of In @ (relative variation of the

Ing temperature) on time for cooled body.

1 stage 2 stage

A\

\ The initial period of cooling (or heating) (1-st
stage), during which the rate of temperature variation

depends on the kind of initial temperature distribution,

is called as the disordered stage.

t1 Time At a certain moment of time t > t;, the initial

conditions begin to be of secondary importance and

from then the process is rally determined only by the
boundary conditions, the physical properties of the body, its geometry and size (2-nd stage).

The 2-nd stage is referred to as the regular regime (there is no such definition in English-speaking
countries!).

The 3-d stage is identical with the process under steady-state conditions, when the temperature of all points
of the body is the same as the temperature of surroundings (i.e. there is thermal equilibrium).

It's necessary to note that the present day opinion in RUSSIA ascribes the pulsed methods to the 1-st stage
(may be, due to the influence of the US, the founder of the "flash method").

It's not right! Sometimes it's possible to refer this method to the 2-nd stage with all the consequences
ensuing therefrom (O.Troitsky, 12 ECTP, Vienna, Austria, Sept. 1990; 15 ECTP, Wuerzburg, FRG, Sept. 1999.)

DOUBLE-ENDED

) REAR-FACE FLASH METHOD
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telluride)-detector.

3-d All-Union Conf. on Nondestructive Testing (Khabarovsk, Sept. 1987).
ERRORS in the FLASH METHOD

A. MEASUREMENT ERRORS
1. Due to determining the effective thickness of the sample.

2. Due to measuring the time

(1) flat and parallel surfaces(soft materials; roughened surfaces as for plasma-sprayed materials etc),

(2) it's necessary to know maximum temperature.

B. NONMEASUREMENT ERRORS (merely deviations from an ideal situation)

1. finite pulse time effect,
2. heat losses,
3. in-depth absorption of the energy pulse,
4. nonuniform heating.
(1) Corrections for r o.5 in EQ.5,

(2) corrections for the constant in Eq.5,
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(3) Special coatings (films, discs) e.g."glassy carbon",

(4) Focussed laser beam (USA, GB); transmission through a step-index optical fiber (Japan).
APPLICATION: TO LAYERED STRUCTURES

Effective TPP may be found, but not layer by layer.
TO DISPERSED COMPOSITES
100 < I/d, d — characteristic particle size.
a. Forx=I

0= 1+22 1) Ay expl-n222F ) G:TT—m; =i Fos

c. For Fy=Fy..
0:1—2A1exp(—7r2F0).
i(—l)”An exp(—nzﬁzFO)

_1_n=0
E-1- —Alexp(—zrzFo)

6,0"

oo

T Time

Eq.(l) is valid for Fy > Fy, =0.14

0.14<Fy <0.19

A = sin(nzg /1) exp(n P aru/lz)
nzg/l n2z? aru/l

— pulse duration, g — depth of energy absorption.

12 ECTP(Vienna, Sept 1990) High Temp.-High Press., 1991,
v.23.

MCM, 1992, N4; Int. Conf. "Nondestructive testing and
evaluation of composite structures™ (Riga, Oct. 1991).
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Two-points method (1985)
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r>10R;; a=6.12x10""—; cp=0.05 3 .
Tj r T(Ti)
For aplate, if | >,
where 1: thickness
rj: corresponds to the inflection point of the temperature

evaluation curve.
From the moment of regutarization of the temperature regime the solution (1) can be represented by the

monomial formula
T = A+Bep(-C ).

Specifying discretely t, =t,_; + At, where At is a time step, we have

Tk =F'Tk_1+D,

with F =exp(-C-At); D=All—exp(-C-At)]; A=Ty, =Q/(C-p-1); B=2A -T,; C=r2a/1%.
As a criterion of the quality of identification of the TPP we choose the minimum of the root-mean-square

residual
n
min{Z(Tk —FTyy - D)Z} .
k=1

Using the technique of regression analysis, we obtained (MCM, 1999, N3)

ZTk ZTk 1N ZTka 1

F= k=1 k=1

n
[zn_lj 3P
k=1 k=1

ZTk 1 szTk 1 sz Z Ty )
k=1

D=F_kz k=1

[zn:Tk—1] -n- Zn:(Tk—l)Z
k=1 k=1

7-9 UKOHA 2012 r. Tomck, Poccus 19



MEXAOYHAPOOHAA MONOAEXKHAA HAYHHAA LLKO/IA « METOA010TMMA NPOEKTUPOBAHMA MOJTOAEKHOTO
HAYYHO-MHHOBALMOHHOIO MPOCTPAHCTBA /19 POCCUMCKOM SHEPTETUKM»

M/IEHAPHBDIE JIEKLIMN
and
g2 INF , Cp:Q(l—F).
At- 72 I-D

TIME RESTRICTION

(from the response time of the measuring system and the characteristic time of the object examined)

2
4ty < 4431031
(24

For Hg Cd Te detector
d. ty ~3x107°[s].
So, for Cu sample 1>304 m.

RESTRICTION from the geometrical conditions
1<0.3R; —for an infinite plate;

1<0.3R;, 1<0.6R —for a disk of radius R,
with R; — the radius of a spot of heating.

"SINGLE-ENDED"
"FRONT-FACE FLASH METHOD"

A. "Early" period following the pulsed excitation
The IR-signal(temperature) depends on the absorption coefficients of the sample and on the thermal
diffusivity of the material.

B. In the "Late"period the signal depends on the thermal diffusivity and thickness of the sample and totally
insensitive to the absorption coefficients.

In'T| T

Ny
1
In t t
1. semi-infinite sample with a Dirac heat pulse; 1.  bare steel sample;
2. finite pulse duratian effect (here a square-wave pulse); 2. well-bonded Ni-Cr coating on steel substrate
3. finite thickness effect; (100 £m + 3 mm);
4. heat-loss effect. 3. delaminated coating.
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CRITERION OF THERMAL HOMOGENEITY

Measurements to find TPP constitute an inverse heat transfer problem. Accordingly, questions connected with
regularisation of the solution arise, i.e. it is necessary to determine the instant at which the heating regime
becomes regular. If this problem is solved [5], it is possible to manage time thermograms processing in such a
way that initial conditions will no longer influence the obtained TPP and very simple and convenient
relationships to find TPP can be achieved. However, another problem comes up in multilayered structures:
governing parameters have to be identified that clearly correlate the measured TPP with the corresponding

layers. To solve this problem, we propose the use of the DCTH [5]

To= L, 1)
T’

where T and T' are the temperature and its derivative with respect to time, respectively, both measured as

function of time, t, at the sample surface. Behavior of the DCTH is presented in figure 1.

To /| Behavior of the thermal homogeneity criterion, To(t)

(schematic). The meaning of the curves is as follows: (a)

A B straight line 1 GDEF: semi-infinite steel sample with a Dirac

heat pulse; (b) curve ABCDEF: finite pulse duration effect

(semi-infinite steel sample with a square-wave pulse); (c)

c - straight line AB: direct pulse action; (d) curve CD: pulse tail

3 effect; (e) curve 2 GDEM: the effusivity of the first layer is
larger than that of the second one (Dirac heat pulse); (f)

D £ K_ F curve 3 GDEL: the effusivity of the first layer is less than

that of the second one (Dirac heat pulse); (g) curve 4 GDEN:

>
=

the first layer is adiabatically isolated (Dirac heat pulse).

One can see that the DCTH indeed responds to

variations in the boundary and thermal transport conditions, as schematically indicated in figure 1. For putting
the suggested method into practice, the deflection point E indicated in figure 1, at which the Fourier number, Fo
~ (.13, can be used as a reference for the TPP identification. It was shown previously [4] that beginning at Fo =
0.16, the heating regime was regular, i.e. the initial conditions began to be of secondary importance, and from
then the process was fully determined only by the conditions of cooling at the interface between the body and the
medium, the physical properties of the body, its geometry and dimensions [6]. From the mathematical viewpoint,

this means that the temperature field is described by a one-term expression:

1= 8 e 2nenl-rFo] @

1~1

which can be used to obtain the TPP. In this expression, Fo = a;t/(L;)? p; denotes the density of the first layer
material, and c; and a; its specific heat and thermal diffusivity, respectively. L, is its thickness, and Q denotes
the density of pulsed energy. A, is a constant coefficient derived from initial conditions. Moreover, one can see

from equation (2) that it is possible to process data in such a way that the coefficient A, will be excluded and so
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will not have influence on the TPP.

Thin films and film coatings, wide-used in differrent branches of modern technique and technology (from
electronics up to rocket design), are too inconvenient for thermal nondestructive testing. The conventional front-
face- flash methods, which are the most suitable for these purposes, have time limitation derived from relation

between a response time of a measuring system (ty) and a characteristic time of an investigated object [1]
4ty <4.4310° /o, (L)

where L — the thickness of object, o — the thermal diffusivity.

It follows from (1) that, if we refuse from a
traditional temperature measuring directly at the pulsed
heating region and measure the temperature at any
distance “r*” from the center of the heating spot with

radius “R”, we'll have as a characteristic dimension not

“L” but “r*”, which can be varied, so excluding the

limitation (1).

X

It's necessary to solve the following problem, shown

Fig. 1. Scheme of the problem 4. .
9 P in Fig. 1.

100(xrpr)_ 0% 100 1 30 &%,
o

()

—+= +——;
or a2 ror g? 9p?  ox?

Q

—— for 0<x<g,0<r<R,0<¢p<2
6(x,1,9,0)=1 cpg J p=er 3
0 for g<x<L, r>R

GH(X, r,o, r)| 649(x, 0, @, T)
A= = =0. 4

The analytical solution of (2) with (3) and (4) is

2 o0 2 2
H(er’f)=&exp e 1+2) " cos D2 expl =7z ||
cpoL dar o L 12

p p 7R2/(4ar)
1-exp| — - expl ——— |- b P~ exp bdb 5
) Xp[ 4ar]+pzz: (p!)Z 4dar dar P dar P v([ XP ©)

1

Under R > L, r* > 10-R, r* > 2., 4ar>R? from (5) one can obtain the simplified expression for the

temperature evolution

2 2 4
res| ro= R
6= i -exp| — . . . (6)
CpL dar | dar 166521'2
In this case, when measuring the temperature at the time moment “z” (at the inflection point of the temperature

response curve), we can obtain the simple relation to calculate the thermal diffusivity

r2s
a =0.042 . (7

T
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To investigate the reliability of the method, the plates of different materials, 50 mm in diameter and 100 ¢z m
thick under R =1 mm and r* = 11 mm, were investigated.

The results of the experiments are presented in Table 1.

Table 1.
Materials Al Cu Ag
a-10%, m¥s — our experiments 88 114 166
0-10%, m¥/s - Reference data 87.2 112.9 168

With the values mentioned above, an overall error of less than £1.2 % is estimated.

This method does not need specific instrumentation and is very easy for realization.

REFERENCES
1. O.Yu. Troitsky, "A new approach to the flach technique for the remote sensing of layered materials, "Mech.
Compos. Mater., 35, No. 3, 271-276 (1999).

e. Estimation of thermal diffusivity of thin film materials by a one-level, two-point "diverging"
thermal wave technique.
Goal: Estimate thermal diffusivity from experimental T(t,r*) without explicit knowledge of sample thickness.

Method: Measure T(r*,t) in thin films at positions r* outside target spot dimensions.

Realisation: Find analytical approach to 2D or 3D-Finite Element (FE) simulations.

Q i il
o J # v

| PSS
i 2R L 1/ 2D-FE

i
e
|
3D-FE
Theory (analytical solution):
2 2 2
Start with 100(xrpt) 0% 100 1 0% 8%
a o or? ror r?9p? ox?
Q

= <x<g, 0<r<R, 0<p<
Boundary conditions: 0(x,r,9,0)=1{ cog for 0<x<g, 0<r<R 0<p<2z

0 for g<x<L, r>R

a0(x,r,p,7) _ 06(x,0,pt) i
> |:fﬁ_ p = 6(x,0,0,t)=0.

Solution (Grigoryev, 1974):
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2 o 2 2
o(x,r,t)= %exp(— %J{H ZZcos[%jexp{— n ler arﬂ .
cp n=1

2 w (\p+L( 2 \P 2\P 2 ~R/(4at) )
-sl—exp _R_ + Z( 1) r* _R_ exp _R_ -p J-bp_le)(pbdb . Eq (5) In our paper
dar - 4 0

= (pp Aot bar

atT

Approximated by:

Ifx=L R>L, 4ot >>R? p=1:

1.05

0.9

0.75

0.6

Temperature, Arbitrary units

Time, ms
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Approximation to Eq. (5) at x = L using 4ot >> R?, p=1
"One level, 2 points™:

Q r2s) r2x R?
CpL 40{t1 40!t1 40!t1

Q r2x| r?x R?
=——.exp| — . .
C,DL 40{t2 40(t2 40!t2

yields after elementary transformations:

-1

@=0125-r2% — 21
ty -t In(ta /1)

2D-Finite Element (FE)

calculation: Temperature
distribution (cross section) in
a copper thin film (strip of 50
mm width) during irradiation.

Film  thickness 100
micrometer, width of target
spot 2 mm (indicated by the
region with red colours). Data
are given near the target point

[ I
8. 76.918 135.788 194 .657 2535217 ~
L 224.092 IR | at 0.1 ms after start of

irradiation (from top).
Element size at the target spot 500 micrometer in length, 25 micrometers in thickness. Adiabatic case (no
convection or radiation interaction with ambient). Temperatures are given in deg C.
Summary:
1) Formula for extraction of thermal diffusivity does not depend on sample thickness (interesting for thin films,
quality and process control).
2) Proposed method is applicable if
4at>>R? r*>>R and r*>>L,
& >>10.
r*
Conclusions
Methods to obtain the TPP of different objects have been presented and tested numerically. The agreement
between theory and numerical experiment is satisfactory. The present results are encouraging, because the new
methods do not need corrections to radiative and convective losses, and they avoid the serious limitations
imposed on standard transient measurements when applied to transparent or semitransparent materials. The
methods are of great practical interest to industrial applications, because the measurements can be performed if
only one side of a sample is accessible. Now we need new extraordinary, and may be even crazy, ideas to solve
the thermal tomography problem, and, may be, we need new understanding of thermal wave propagation at the

early stage of the process just after the instant when an excitation occurs.
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K BOITPOCY SHEPI'O®®EKTUBHOCTHU U DHEPTOCBEPEKEHUIO B OCBELLIEHUH
SlkoneB A.H., I'onuapos A.J., Henncos N.I1., Kossipera U.H., FOranucon 10.B., OBuaposa U.C.

ToMCKUI NOIUTEXHUUECKUM YHUBEPCUTET

BBenenue

DneKkTpuueckas SHEPrusi — HEOOXOIUMOE YCIOBHE IKU3HEACSITENbHOCTH YeNOBeKa U CO3JaHUs
ONMarompusATHBIX ycloBUH ero Obita. B 3koHOMuke Poccum 3HeprocOepekeHHe U dHEeprocOeperaromie
TEXHOJIOTHH SIBJISIFOTCS IPUOPUTECTHBIMU TIPU BHEJPEHUH UX B IPOU3BOJCTBO [4].

@enepanbuplii  3akoH Poccmiickoit  ®enmepaumm ot 23 HosOpst 2009 1. Ne 261-d3 «O6
SHEProcOepeKCHUN M O MOBHIIICHUH YHEPTETHUECKON YPPEKTHBHOCTH M O BHECCHUH M3MECHEHHUH B OTAEIHHEIC
3aKOHOJaTeabHble akThl Poccuiickoir denepaunn» [1] mpu3BaH o0OecCHEYUTh CHIDKCHHE MOTPEOICHUS
SHEPreTUICCKUAX PECYPCOB IIPH COXPAaHECHUH COOTBETCTBYIOMIETO MOJIE3HOTO 3(p(PeKTa OT MX HCIIOIB30BaAHHS.

OTOT HMOKYMEHT HE TONBKO TMOOYXKTaeT K MPUMEHCHHIO COBPEMEHHBIX HHEProd(PQeKTHBHBIX
WMCTOYHUKOB CBETA, HO W K MPHUMEHEHHUIO KOMIUIEKCHOTO TOJXOJa MpH CO3JaHHH COBPEMEHHBIX YCTaHOBOK C
WMHTEJJIEKTYyalbHBIMA CUCTEMAMU YIIPABIIEHUSI U MOHUTOpHUHTA [5].

CornacHO JaHHBIM ~ MEXIyHAPOJIHOTO SHEPTreTHUYECKOrO AareHTCTBAa Ha OCBEUIEHHE MPUXOAUTCS
npuMepHo oT 16 10 19 % o61ero MUPOBOTO pacxojia AMEKTPOIHSPTUH.

B Hacrosmiee BpeMs IMOYTH BO BCEM MEpPE IMBITAIOTCS HAWTH PEUICHUS M CPEACTBA IUIS YMEHBIICHUS
notpeOieHus u Oojee >PPEKTUBHOTO PACXOMOBAHHS MPHUPOIHBIX PECypcoB, M HE B IMOCICIHIOI OYepenb
sHepruu [6].

Poct TapudpoB Ha »HHEPrOHOCHTENH - pEaTbHOCTh HAIIero BpeMeHH. CTpEeMHTEIBHBIA pPOCT
SHEPromoTPeOIeHNs MPUBOIUT K HEXBATKE JJEKTPUUYECKUX MOIIMHOCTEH. Ilepexon K MONMyNmpOBOJIHUKOBOMY
OCBEIICHHUIO B POCCHE MTO3BOJIUT CHU3UTh BO3ICHCTBHE 3THX (DAKTOPOB HA SIKOHOMHUKY.

B yciioBHsIX, ONMpPEIeAeMbIX KaK dKOHOMHYCCKHIA KPU3HUC, MEPEIOBBIC MPOMBINUICHHBIC MPEANPHUITUS
Poccun OCyIIECTBISIFOT MEpOTPHUATHS 10 COKPAIICHUIO H3/ICPIKEK, YacThI0 KOTOPBIX SBISIOTCS 3aTpaThl Ha
JJEKTPO’HEPTUI0. B 3TOM HampaBiIeHWH OOJNBIIHE MEPCIEKTUBBI MMEET 3aMEHA TPAIUIIMOHHBIX WCTOYHHUKOB
cBera Ha cBetoauoanabie (CH) [7].

OcHOBHbBIE 0Te4eCTBeHHbIE MPON3BOIUTEIN CBETOANOI0B:

v' OAO «HUMHIIII»;

<\

3A0 «Cgetnana ONTORIEKTPOHUKAY,
v" 3A0 «Omrroram».

Hecmotps Ha pactymmit mHTepec k C/I, B Poccum BMECTO pa3BUTHA TEXHOJOTMH ITOBCEMECTHO
pacnpocTpaHeHa Tak Ha3blBaeMasi «OTBEPTOYHAsi cOOpKa» HM3/ENMH W3 MMIOPTHBIX KOMIIOHEHTOB, WHBIMH
CJIOBaMH, KOINHMPOBaHWE CYIIECTBYIOUIMX O0pa3loB  CBETOAMONHON TNPOAYKIMH 0Oe3 IpUMEHEHUs
WHHOBAITMOHHBIX T10JIX0JIOB HapamuBaHus 3(QEKTUBHOCTH. DTH (PAKTOPHI CBHUAETEILCTBYIOT 00 OTCTaBaHHU
poccuiickoro pbiHKa oT MUpOBBIX JnzepoB (Kurait, CLIA, SInonus).

Bcero Heckoipko kommanuii B Mupe (B Poccun, ennacTBeHHas - 3A0 «Ceerinana OUTORIEKTPOHHUKA)
BIAJCIOT IIOJIHBIM TEXHOJOTHYECKHM IHKJIOM BBIITYCKa ONTORJIEKTPOHHON MPOAyKIWU. VHBIMH CliOBaMH —

KOMIIJIEKCOM COBPEMCHHOI'0 TEXHOJOTHYCCKOTO O60py}10BaHI/I${, TIO3BOJIAIOIIETO OCYHICCTBIATHL U3TrOTOBJICHUC
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NPOIYKIUH, HAYMHASL C POCTa CBETOM3IIYUAIOUINX Te€TEPOCTPYKTYpP, COOPKM W MOHTa)ka CBETOIUOMAOB, MPOYUX
JJIEKTPOHHBIX 3JIEMEHTOB Ha MeYaTHBIE IJ1aThl, COOPKY FOTOBBIX CBETOTEXHHMUYECKUX M3AeH [8].

3a WCKIIOYEHHEM OYEHb Y3KOTO Kpyra CIEHHUAINCTOB, Mal0 KTO OPHEHTHUPYETCS B METOJHKAX
MU3MEPEHUs] CBETOBOTO IOTOKA, pacueTa TEIUIOBBIX XapaKTEPUCTUK, HAJCKHOCTH M cpoka ciyxO0bl CJll mpm
Pa3IMYHBIX pexXuMax padoTsl U T.J. K coxaleHUro, STUM MOJIb3YIOTCS MHOTHE ITPOU3BOANTEIN OCBETUTEIBHBIX
npuOOpOB, yKa3bIBas B JOKYMEHTAIIMH [TapaMeTpPhl, HE COOTBETCTBYIOLINE peabHOCTH [9].

I'ocynapcTBeHHBIE IPOTPaMMBbl pa3BUTH HHHOBALIMOHHONW SKOHOMUKH, HallpaBJIEHHbIE, B TOM YHUCIIEC Ha
BHEJpeHHE pecypcod(GEeKTHBHBIX TEXHOJIOTHH, MpPEAyCMaTPHBAIOT y4acTHE BY30B M Hay4YHbBIX OpraHM3alMi
BMECTE C IPOMBIIIJICHHBIMH IPEANPUATUSIMH U OU3HEC-CTPYKTYPaMH B OpPraHW3allMi HAYKOEMKHX IIPOU3BOJICTB.
IIprmepom Takoit mporpaMMEl siBisieTcs moctaHosieHus [IpasurenscTBa Poccuiickmii @eneparun ot 09 ampens
2009 r. Ne 218 «O mepax TOCYZapCTBEHHOW IMOAICPKKH Pa3BUTHS KOOIEPAIIMHA POCCHUICKIX BBICIIUX YISOHBIX
3aBEACHUH M OpPTraHW3aLUi, PEATM3YIONIMX KOMIUIEKCHBIC IPOEKTHI IO CO3JaHUIO0 BBICOKOTEXHOJOTHYHOTO
NpOM3BOJACTBa».  IlocTaHOBIEHWEM  INpeaycMaTpUBAaeTCS  BO3MOMKHOCTH  HCIOJB30BaHMSA  HAYYHO-
00pa30BaTeNBPHOTO MOTEHIMANa POCCHUMCKOM Hayku U pELIeHUs aKTyaJdbHBIX 3a7ad MOJEPHHU3AIUH
MIPOU3BOJICTBCHHOM C(EepBI.

[TomynpoBoIHMKOBAs CBETOTEXHMKA TONAJa B pa3psA aKkTyaldbHBIX 3amad. B 2010 r. B ycioBusx
KOHKYPCHOT0 0TOOpa ObLT HoajepkaH npoekT «Pa3paboTka BHICOKOI(M(EKTUBHBIX M HaJEKHBIX MCTOYHUKOB
CBETA U CBETOTEXHWYECKHX YCTPOMCTB M OPTaHM3aIMs MX CEPUHHOTO NMPOM3BOACTBA», KOTOPHIM pealn3yeTcs
Koncopunymom Tomckux By3oB (TYCVYP, TTV, TIIY) u npemmpusatuem OAO «HUUIIII» TNockopropanun
«PocanexTponnka» B pamkax nocraHosyeHus [lpasurensctBa PO Ne 218.

Ilepexon Ha HOBBIE NCTOYHHMKH CBETA U CBETOBBIC MPHOOPHI CBSA3aH C SKOHOMUYECKUMHU BBITOAAMH TIPH
ux npuMmeHeHuH. 3arpatel Ha CJI ocBeTHTENbHBIM NpHOOpP OKYMArOTCs NPH 3KOHOMUHM B pasbl. PeanbHas
HSKOHOMHS BO3MOXKHAa TOJIBKO TP TPOCKTUPOBAHUM «IIPABWJIBHOI'O CBETa», IOJA KOTOPBIM ITOHHMAaeTcs
CBETOTEXHUUYECKHH pacyeT C yUeTOM BCeX 0COOEHHOCTel TeXHYeCcKuX Xapakrepuctuk CJ] cBeTOBBIX MpUOOpPOB.
B mpoTtuBHOM ciTydae NpH 3HAYMTEIBbHBIX HadyaJIbHBIX 3aTpaTrax Ha o0OpyZOBaHWE W HE OYEBHIHON SKOHOMHUH
3JIEKTPOIHEPTUH HA BBIXO/IE TTOJTyIaeTCs TAKOE e KOJIMIECTBO CBETA.

OKOHOMUS BJIEKTPO’HEPTHH MNPU NPOEKTHPOBAHMM M MOHTAXKE€ OCBETHTEIIBHBIX 3IICKTPOYCTAaHOBOK
JIOCTHTAeTCs 3a CYET NPaBWIBHOTO BBIOOpa THma Jyiamn u cBeTWiIbHHKOB. OAO «HUMUIIID» coBmecTHO C
TOMCKMM TIOJIMTEXHUYECKHM YHUBEPCHTETOM OCYILIECTBIISIET Pa3pabOTKy  CBETOJUOAHBIX OCBETHTEIBHBIX
npubopoB (B OCHOBHOM, IS MpoMbInuleHHBIX, mpennpustuil JKKX). IIpoekt mpemycmaTpuBaeT OTKa3 OT
CHCTEMBI «OTBEPTOYHOW COOpPKM» M Tepexoi] Ha TOJHBIM LMK MPOM3BOJACTBA  HA4YMHAs C pPOCTa
CBETOM3IIYYAIOIINX T€TEPOCTPYKTYP U 3aKaHYMBas COOPKOW M MOHTa)KOM TOTOBBIX OCBETHTENIBHBIX IPHOOPOB,
BHEJIPEHHE B ITPOM3BOACTBO TEPEOBBIX HAYYHBIX Pa3paOOTOK, KOHTPOJIb CBETOTEXHHYECKUX XapaKTEPHCTHK U
JJIEKTPOMArHUTHONH COBMECTHMOCTH TIOJYIPOBOJIHUKOBBIX IIPHOOPOB.

B pamkax mpoekra TIIY coBmectHo ¢ OAO «HHUUIIID» co3maercs peruoHanbHbld LleHTp mO
pa3paboTke BBICOKOI((EKTHBHBIX CBETOAMOJOB M CBETHJILHHMKOB Ha WX OCHOBE [UISi CEPUHHOTO BBIINYCKa H
BHE/IPEHHS YHEProcOeperaronux CUCTEM OCBEUICHHMS, a TAKKe AM3aiH-TIEHTPa CBETOTEXHUIECKUX YCTPOICTB Ha
OCHOBE HCIIOJIH30BAHMS COBPEMEHHBIX IPOTPAMMHBIX CPEACTB M METOJOB HMX pacdera, pa3pabOTaHHBIX Ha

kadenpe nazepHor U cBeTOBOM TexHukn TITY.
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MopaepHu3alys  OCBETUTENBHBIX  YCTAaHOBOK  IIPEANOJIaraeT  MpOBEACHHE  IIPEIBAapPUTEILHOIO
9Heproayaura B OOJIACTH OCBEIICHMs. DHEProayauT IpeAcTaBiseT co0oil cOop MH(pOpMaUH O TEKyLeM
COCTOSIHUH OCBETHTEIbHOM YCTaHOBKH, aHAIN3 HH(GOPMAINHU, BBIPAOOTKY SHEProcOeperamnx peKOMEeHIANH,
peann3aIuo MpeaIoKeHHbIX PEKOMEHIaNi, TOBTOPHBIA COOp JAaHHBIX M aHAJIHN3 PE3YIbTaTOB BBHITOIHEHHBIX
padoT 1O MOBBIMICHUIO YHEPTO3PPEKTUBHOCTH.

OAO «HUUIIIT» coBmectHO ¢ TITY npoBoxut sHeproayaut (o0ciaenoBaHne) B 00IaCTH OCBEIICHHS U
MOJICPHU3AIMIO OCBETUTENbHBIX YCTAHOBOK HAa MPEANPUATUSX MPOMBIIIICHHOCTU U KUIMIHO-KOMMYHAJIBHOTO
XO35MiCTBA, pa3pabaTbiBaeT  JU3alH-NIPOEKTHl PEKOHCTPYKIMH OCBETUTEIBHBIX YCTaHOBOK (3-X MepHas
BU3yaln3alys), peallu3yeT PeKOHCTPYKIIMIO U 3aIlyCK OCBETUTEIBHBIX YCTAHOBOK 110 TPEOOBAHHUIO 3aKa34YHKa.

B macrosmmeit pabote paccMaTpuBaeTCs NMPHMEP MOJCPHHU3AIMH OCBETHTEIBHON yCTAaHOBKU C IICIBIO
MOTYYCHHS HATIBIIHOTO MIPECTAaBICHUS O IPEUMYIIECTBAaX U HEAOCTAaTKAaX CBETOIUOIHOTO OCBEIICHUSI.

OOBeKTaMH HCCIICAOBaHUS BBIOpaHBI /Ba IIOMEIICHMS, a HMEHHO JBE JICKIIMOHHBIC ayAUTOPUH
yueOHOTO Kopmyca HanmoHambHOTO HCCIENOBAaTEIbCKOTO TOMCKOTO TIOJMTEXHHYECKOTO YHHBEPCUTETa,
OJIMHAKOBBIE MO IJIOIIAN, TE€OMETPUU IMOMEIICHUS M YHUCIy BCTPAUBAECMbIX CBETHJIBHHUKOB AJIS IIOJIBECHBIX
MOTOJIKOB THUIIA « ADPMCTPOHI».

OcBerutenbHas ycraHoBka (OY) aymutopun Ne 1: 12 CBEeTWJIBHHUKOB C JIIOMHHECIICHTHBIMH
ucroynrkamu csera (418 ARS/R, npousBoaurens OOO «CBETOBBIE TEXHOJIOTHI).

OcBerutenbHas ycTaHOBKa ayauropun Ne 2: 12 CBETWIBPHMKOB C HCTOYHMKAaMH CBeTa Ha 0Oase
cseroqnonos (CCOH CJ] B-0-01-110-30-001-1P20-YXJI4, CCOH CJI B-0-01-140-35-001-1P20-YXJI4,
npomsBogutens OAO «HUUIII»).

Ilenpro aHHOTO WMCCIICOBAHUS SIBISCTCS CPABHUTEIBHBIM aHATN3 CBETOTEXHHMYECKHX XapaKTEPHCTHK
OCBETUTEIIFHBIX YCTAHOBOK (II0 OCBELICHHOCTH, MO CHEKTPY M3Iy4eHHs) C pa3lNUYHbIMM HCTOYHHKAMHU CBeETa
(1C), cozmanue au3aiH-MPOEKTa HOBOW YCTAHOBKHU, pPacueT dHEProd(PPEeKTUBHOCTA OCBETHTEIBHON yCTAHOBKH

Ha 0a3e CBETOIUOIOB.
XapaKTepuCTHKH 0CBELIAeMOro 00beKTa

XapakTepUCTHKH PacCMaTPUBAEMBIX JICKIIMOHHBIX ayJAUTOPHH CIIEAYIOIHE:
Tabaputhbie pazmepsr (IXII%B): 9,92x5,7x3 M.

CTeHBI: OKpaIIeHbI KpacKoil, IBET OSKEBBIH.

Ilos: oxpallleH TEMHO-KOPUYHEBOM KPACKOM.

IToronok: moBeCHON THIIA «APMCTPOHT.

CBeTOTEXHUYECKHUE XapaKTECPUCTUKN OCBETUTCIIbHBIX YCTAHOBOK IMTPUBC/ICHEI B Ta6nnue 1.
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M/IEHAPHBIE JIEKUMN

Tabéauua 1. Xapakrepuctuku cpaBHHBaeMbIx OY

OV aymutopun Ne 1

(mromuHecieHTHBIE VIC)

OV aynutopun Ne 2

(cBeTomuomunie MIC)

HanmeHoBaHuE CBETOBOTO CCOH CJ B-0-01- CCOH CJ1 B-O-
nipudopa (CII) 418 ARS/R 4x18 110-30-001-1P20- 01-140-35-001-
YXJi4 IP20-YXJ14

Yucno CIT B OV, en. 12 6 6
CgetoBoii nmorok ogHoro CII (D),

1800 2000 2500
™M
Momrnocts CIT (Pcr), Bt 72 30 35
Momaocts OV (Poy), BT 864 180 210

OV ayauropun Nel cocTouT u3 12 TFOMHHECIICHTHBIX BCTPanBaeMBIX CBETHIHHHUKOB (418 ARS/R 4x18),

KOTOpbIC NPCAHA3HAYCHBI MJISI MOHTAXa B HOZ[BeCHOﬁ IIOTOJIOK. MOH_[HOCTL KaXXa0ro CBCTHJIBbHHKA 60 BT,

cBeToBoi moTok 1800 M.

OV aymuropun Ne2 coctout m3 6 cBerommonnbix cBetmisHIKOB CCOH CJZI B-0O-01-110-30-001-1P20-

YXJ14 (mourrocts 30 Bt, cBeToBoii motok 2000 M) 1 6 cBeTomuoansix ceetuinbHrkoB CCOH CJ1 B-0O-01-140-

35-001-1P20-¥YXJI4 (mommocts 35 BT, ceroBoit motok 2500 sm). PacrosnoxeHue CBETOBBIX NPUOOPOB

npuBeieHo Ha pucyHkax 1 u 2. Begomocts CII mpencrasiena B Tabnuie 2.

se2m

Puc.1. Pacnionoxenune
CBCTUJIPHUKOB:
1- CCOH CJ B-0-01-110-30-001-
IP20-YXJI4
2- CCOH C]1 B-0-01-140-35-001-
IP20-YXJ14

Puc.2. TpexmepHast Bu3yanu3zaius ayautopuu Ne2 B mporpamme

DIALux
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M/IEHAPHBIE JIEKUMN
Taoauua 2. BenoMocTs CBETHIBHUKOB
Komnaectso,
Mapka CBETHIIbHUKA Bremrnuii Bun KCC
IIT.
CCOH CJ B-0-01-
6 110-30-001-1P20- TN
VXJI4 / |
CCOH C/] B-0-01- L )
6 140-35-001-1P20-
Y P
VX4 | A

CpaBHHTeJ’IbHBIﬁ AHAJIHU3 OCBCIICHHOCTH, €03/1aBaeMOi 0CBEeTUTEIbHbIMH YCTaHOBKaMHU € pa3iIiIHbIMHA

HCTOYHUKAMH CBE€TA

CpeacTBa u3smepeHus
[Ipy npoBeeHNH UHCTPYMEHTAIBHOTO 00CIIeIOBaHUS OCBEIICHHOCTEH ayIUTOpHil B KayecTBE CPelCTBa

n3MepeHus ucroib3opaics Jlokemerp - YO-pagnomerp «TKA -01/3».
OcBenieHHOCTh Pad0YMX MecT

B pesymerate mpoBeNCHHBIX W3MEpeHWi B ayautopmu No2 10 W IOCTE YCTaHOBKH CBETOIHMOIHBIX
CBETHJILHHKOB COCTaBIIeHa KapTa OCBEUICHHOCTEH — puc.3.

Jlo ycTaHOBKM CBETOJIMOJHBIX CBETMJIBHUKOB OCBEIIEHHOCTh Bapbupyercs oT 240 nx go 570 ik Ha
paboueii nosepxHoctH (0,8 M OT mosa) u oT 125 aKk 10 260 JK B IIOCKOCTH KJIACCHOH A0CKU. TpeOoBaHUAM 10
ypoBHio ocentenHoctd CHull 23-05-95 [2] cooTBeTcTBYeT 97% pabounx MecT.

ITociie yCTaHOBKM CBETOAMOIHBIX CBETHJIIBHMKOB OCBEIIEHHOCTh BapbHpyercs oT 456 ik g0 705 nk Ha
paboueii moepxuoctd (0,8 M oT moma) u ot 167 ak g0 270 gK B IUIOCKOCTH KiaccHOW mocku. CuemaHo
3aKIIFOYCHUE O TIOJTHOM COOTBETCTBUH YPOBHS OCBEIICHHOCTH.

Takum 00pa3oM, YpOBEHb OCBEUICHHOCTH Ha PabOYMX ITOBEPXHOCTSX BO3poc B 1,5 pa3a, a B INIOCKOCTH
KJaccHOW nockd B 1,1 pa3 mpu 3HAYNUTETFHOM CHIDKCHHH JHEPTONOTPEONICHHS 3a CYET HCIIOJIE30BAHUS

CBETOJIMOTHBIX HCTOUYHUKOB cBeTa (MC).
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TJIEHAPHBIE JIEKUWU
j=i=118 o=t == 129 153
o4 £ad 270 £av fali ]
120 177 &3 157 123
25 204 200 196 167
220
292 -T-
= 264
=l T
eyl
= 446 457
l#l a1
446 S4E 245
Ses £33 E02
438 oEd =158 403
E24 TS E5E SE3
A4 528 S3L 446
621 7ol E7E 571
423 202 =113 282
632 654 EE5 596
44 470 445 349
476 536 S27 456
207 242 223 240
453 535 Sg5 467
285 314 286 181
375 420 98 el

Puc.3. Kapra ocBemeHHOCTEH Ha pabounx MecTax B ayauTopuu Ne2

J0 U TOCJIE€ YCTAHOBKU CBETOAMOJHBIX CBETUJILHHUKOB.

538 - OCBCHICHHOCTDH 10 YCTAHOBKH CBETOJUOAHBIX CBETUIILHUKOB, JIK.

Fo1

- OCBCHICHHOCTD MOCJI€ YCTAHOBKHU CBETOJAMOJHBIX CBETUILHUKOB, JIK.

CpaBHUTEJIbHBIH aHAJIN3 CHIEKTPATBHBIX XaPAKTEPHCTHK OCBETUTEJIbHBIX YCTAHOBOK

Cpencrea n3amMepeHHs
[Ipn mpoBeneHMM WHCTPYMEHTAIBHOTO OOCIIeOBaHUS CIIEKTPaNbHBIX XapakTepucTuk OY ayantopuit
HCIIOJIB30BAJIOCH CIIEIYIOIIEe CPEICTBO H3MEPEHHUS:
Crnekrpodoromerp «SPEKTRA»
e [Ipubop mHAMKATOP CIEKTpa

e Habop coennHUTENBHBIX Kabemnei sl IOAKIIOYCHHS K KOMITBIOTEPY
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M/IEHAPHBIE JIEKUMN

e IIporpamma «Spektrofotometry aist mepcoHaTFHOTO KOMITBIOTEPA

e  Uutepoeiic momkimroueHus Kk komnsiotepy — USB

e Hanpsoxerne muranust — 9 — 12 B muraane ot USB

e  JluamasoH jjiuH BoJH — 0T 300 mo 1100 HM.

e Paspematomias cnoco6HOCTh — OT 0,1HM B 061actu 300 HM 10 3 HM B ob6mactu 1000 HM.

e  Bpems nHakomnenus ontuyeckoro cursaia ot 0,1 mo 1000 mc.
CnekTpbl U3Jy4eHHs JIOMHHECHEHTHBIX U cBeToanoHbIX UC

B xone Broporo skcmepumeHTa ¢ momomipio crekrpodoromerpa «SPEKTRA» Obutn moiydeHsl U
00paboTaHbl ceKTpbl H3aydeHus momuHecieHTHeIX VIC B aymuropun Nel u ceronmoansix VIC B ayauropun
Ne2. JlannbIe IpUBEICHEI HA pUC. 4 1 5.

MakcumyMbl u3nyyeHus aoMuHecueHTHbIX C npuxonarcs Ha anuHbl BosH: 365, 405, 440, 540, 550 u
580 HM, YTO COOTBETCTBYET CaMbIM HHTCHCHUBHBIM JIMHMSM PTYTH W JHHUSAM JomuHO(opa. Ha puc. 4.
HaOJII0aeTCs CIUIONIHONW CHEKTP ¢ HEKOTOPBIMH SIPKO BBIPAXEHHBIMH JHHUSMU. OH MPaKTHYECKH COBMAJacT CO
CHEKTpabHBIM paclpe/ielleHueM JIMHUH JtoMuHecleHTHOH namns! (JIJI) Gemoro mBera MomHOCTRIO 65 BT u3
crpaBo4HON KHUTH 1o cBetoTexHuke 1O.b. Aiizenbepra [3] (puc. 6), 4TO NOATBEPKIAECT BEPHOCTh JAHHBIX,
MOJYYEHHBIX B XOJ€ JKCIEpHMEHTa. B clekTpe HMpUCYTCTBYET MHOTO CHHET0, 3€JI€HOTO, JKeNTOro, HO Mallo
KpacHOTO IBETA.

Makcumymbl u3nydenus ceroauoAnslx MC mpuxoxsitcs Ha 1uiuHbl BosH: 450 m 570 M. Coektp
MOJIOCaThIi, HAONMIoMaeTcsi 2 MHTCHCHBHBIC IOJIOCHI: TOJIyOOTO M JKEITOro IBETOB. B cHekTpe coBepIIeHHO
OTCYTCTBYET H3IIy4eHHE (PHOJICTOBOTO LIBETA, OUYEHb MaJIO 3€JICHOTO.

Taroke, HaOnMONANUCh pasnuuHble IBeTa cTeH B aynuropusx Nel u No2. Ilpu Bkmouenun OV B
aymuropun Nel, CTeHBI Takoro ke O6eXeBOoro IBeTa, Kak IPH eCTECTBEHHOM OCBEIIECHUH, a B aynuTopun No2 —
OekeBBIN IIBET 3aMETHO CMEHSETCS Ha PO30BATHIM, XOTS B cmekTpe cBeroaunonHoro MC kpacHbIM IBeT He
MPUCYTCTBYET B OOJBIIOM KoJMuecTBe. TakuM o0pa3oMm, HaOIromaeTcss MCKa)KeHHE I[BETONEepeAayd H3-3a

pas3jiniyng UICTOYHUKOB CBETA B CBETOBBIX HpI/I60an.

4500 =
4400~
4200
40004
38004
3600
3400 -
32004-----
3000 :
28004

gzeoo -
§240D =

2
o)

=
1800
1600
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12004~
10004

8001 -
600
400
2004---
0

300 350 400 450 500 550 800 850 700
JnMHa BORHG! (HI)

Puc.4. Cnextps! usnydenus momunecueHTHeIX IC B aynutopun Nel
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M/IEHAPHBIE JIEKUMN

150

100

300 400 500 600 760
[ONvHa BOAHbI, HM

MOLLHOCTb CBETOBOIO M3y4eHUs, MBT/HM

Puc.5. Cnextps! usnydenus ceeroguoaubix UC B ayauropuu Ne2

MHTEHCWBHOC

o bttt bt i st sk

300 350 400 450 500 550 600 650 700
AnHa BONHB! (HM)

Puc.6. CnexrpansHoe pacupeaencaue JIJI 6emoro mBeta MOITHOCTEIO 65 BT
Pacuer 3HeproagdexruBHOCTH cCBeTOAMOAHOI OY

B tabn. 3 MoXHO YBHIETh OIICHKY SKoHOMEH Ipu BHenpernu CJIC B ayauropun Ne2.
PacyeThl BBIMOIHEHBI U3 ydeTa CTOMMOCTH 3JICKTPOIHEPTHH I TocyupexkacHuii B Tomcke (4,06 py0./kBtu ¢
yaetoMm HJIC). 3anatus B paccMaTpuBaeMbIX ayauTopusx npoBoaarcs ¢ 8:30 mo 17:45 ¢ moHenenbHUKA IO

cy6060Ty. Bpems pabotsl B rog — 2 775 yaco. Xapakrepuctuku CII npueneHs! B Tabnuie 1.
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Tab6auua 3. Ouenka sneprodpdexrusaoctu OY B ayautopuu Ne2 (CAC)

M/IEHAPHBIE JIEKUMN

Poy, BT W, Br/m’ AP, kBt AQ, kBt u/rog AC, pyb/rox T, ner

Poy (cacy w = Fov AP AQ =AP-t AC=AQ q oL

S AC
=N1'P1+N2P2 =POY(J]C) AQ AC

_ 390 _ 60000

Poy ca0) = 5654 — Poy (c0) =0,474-2775 | =1315,35 = 532032
=6-30+ 635 =69 AP = 1315,35 - 4,06 =11.23
= 390 BT =864 — 390 = 5340,32
Poy(ncy =N - P =0,474

Poy (J10) =12-72
= 864

Poy (ciicy— MomHOCTE OY €O CBETOAMOAHBIMH CBETUIBHUKAMH, BT

P, — momnocts cBetwipauka CCOH CJ1 B-0-01-110-30-001-1P20-YXJI4, Bt

P, — momnocts cBetunbunka CCOH CJ1 B-O-01-140-35-001-1P20-YXJI4, Bt
N; — grcno ceerwaparkoB CCOH CJ1 B-O-01-110-30-001-1P20-YXJ14, mit.
N, — ancio ceetunparkoB CCOH CJI B-0-01-140-35-001-1P20-YXJI4, miT.

Poy ¢1ic)— MomHoCTE OY € IIOMUHECIIEHTHBIMU CBETHILHUKAMH, BT

P — momnocTe cBeTunpanka 418 ARS/R 4x18, Bt

N — gucao ceetmiibHUKOB 418 ARS/R 4x18, 1.

W — ynenpHas ycraHoBineHHas MOIIHOCTE (YYM), Br/m?

AP — 3KOHOMMS MOIITHOCTH, KBT

AQ — sxoHOMHSA dTeKTpo3Heprun (33), KBT-9/rox

t— Bpems paboter OV, u/rox

AC — 5KOHOMUSI CPENCTB Ha oruiaty I3, py0./rox

g — rapud Ha O3, py0./KkBT"9

T — cpoK OKyIaeMoCTH, JIeT

C — cTOMMOCTB YHEProcOeperaroero MeponpusITys, pyo.

Takum o6pazom, 3HEepronoTpedaeHne B ayauTopuu No2 CHU3MIOCH Ha 55% 10 CpaBHEHUIO ¢ ayAUTOpUeH

Nel, mpu 3TOM BO3pOC YpOBEHb OCBelleHHOCTH. CIen0BaTelIbHO, CBETOJUOAHOE OCBEIIEHHE 3HAUYUTEIBHO

3KOHOMHYHEC JTIOMHUHECIICHTHOI'O aHaliora. OKyHaCMOCTB IPOCKTa MO 3aMCHE YiKE CyH.[CCTByIOH.[eﬁ OV =na

CBETOIHMONHYIO IOCTHTaeTCs JHWIIb B JoIrocpouHod mepcrmektuBe (11,23 roma) BClieACTBHE BBICOKHX

NEPBOHAYAIbHBIX 3aTpaT. DTO CBS3aHO C BBICOKOH CTOMMOCTBIO CBETOAHUOAHBIX HpI/I60p0B Ha I[aHHBIﬁ MOMCHT.

OHHaKO YK€ CEroAHs Ha TEPPUTOPHUU PO CTPOATCA TpHU 3aBOAa, NPOU3BOJACTBCHHASA ACATCIBHOCTH KOTOPBLIX

HalpaBjeHa Ha pPa3paboOTKy, M3roToBieHHE U cOopky cBeroxmomnelx MC, a Tak xe mpoektupoBanue OV,

ONTUMU3UPOBAHHBIX TI0J HOTpe6HOCTI/I 3aKa34ynKoB. TakuMm 06pa30M, MOXHO HaACATBCA Ha CHHMXCHHC

cTonMOoCTH cBeToAnoAHbIX MC, 1, Kak clecTBre, CHIKEHHE Cpoka okymaeMocTu OY.
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M/IEHAPHBIE JIEKUMN

CHHCOK HCIO0JIb30BAHHOM JINTEPaTyphI:

1.

®denepanbhblii 3akoH 0T 23 HOAOps 2009 1. Ne 261-D3 «O06 sHEprocOEpekeHUH U O TIOBBIIICHUN
9HEpreTHYecKoil 3((HEeKTUBHOCTH U O BHECEHHH N3MEHECHHUH B OTIEJbHBIC 3aKOHOIATCILHBIC AKTHI
Poccuiickoit @enepammm» — Pexxum noctyma: http://www.rg.ru/2009/11/27/energo-dok.html (nara
obpamienns 05.02.2011).

CHulII 23-05-95. EcrecTBeHHOE M HCKyCCTBEHHOE ocBenienue. / Munctpoit Poccun. — U3a. odur.
— Beenensl B neiictBue ¢ 1 ssHBaps 1996 r. nocranosnenueM Munctpost Poccun ot 02.08.95 Ne 18-
78; Bzamen CHull 11-4-79. — M.: T'TI LIIII1, 1995. - 35 c.

CrpaBouHasi KHUTA 110 cBeToTexHuKe / mon pen. 0. b. Alizenbepra. — 3-e usz., mepepad. u gom. —
M.: 3nak, 2006. — 972 c.

@®okna B.M. OcHoBBl 3HeprocOepexenus u dSHeproaymura. — M.: VI3garenbcTBO
«MammuHoctpoenue-1», 2006. — 256 c.

OepopurieB A.JO. CocTosIHIE U IEPCIICKTUBBI Pa3BUTHS CHCTEMbBI HApYKHOTO OcBelleHus Poccun
// Ceerorexnuka. - 2010. - Ne 3. - C.4-6.

bunynn JI. Tlpoekt «CBeroauonabl i obmero ocsemienus» // Cperorexuuka. - 2010. - Ne 5. -
C.4-5.

Moxuatkul A.D «Ceriana-OnTo3ICKTPOHUKA» Ha MYTH MPOrpecca B 00JacTU CBETOIHOMIOB //
Ceerorexnuka. - 2010. - Ne 3. - C.39-41.

CyetoB A. O030p 3apyOeXHOrO M POCCHHCKOTO PBIHKOB CBETOAMOIHOTO OCBEIICHUS //
CoBpemennas cBetotexHuka. - 2010. - Ne 6. - C.15-16. [DnexTpoHHBIA pecypc]. — Pexum
nmocryma: http://www.lightingmedia.ru/magazine/archive/

KpacHoxon 0. Ckaska o uetbipex poiuiapax // CoBpemenHas cBerorexHuka. - 2010. - Ne 6 . - C.

7-8. [OnexrponHslii pecypc]. — Pexxum nocryna: http://www.lightingmedia.ru/magazine/archive/
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CEMWHAP

OBYUYEHHUE TIPO®ECCUOHAJBHOMY HUHOCTPAHHOMY S3BIKY CTYAEHTOB
TEXHUYECKUX COHELMAJBHOCTEM C YYETOM TPEBOBAHUM MEXJIYHAPOIHbIX
9K3AMEHAIUOHHBIX ATEHTCTB. ”THHOBAIHUOHHBIE METO/IbI OBYUEHUSI: CLIL UJIN
MEXIPEJIMETHASI UHTEI'PALIUS.

E.JI. Cemonnna
T'opoxnckoit yuebnsiit nentp «NUDO Education Centrey, Poccus, HoBocubupck, yi. Hapeivckast, 27, 630132
E-mail narymskaya@jands.ru
P.B./ly6aroBka

MexayHapoIHBIN 3K3aMEeHAIMOHHBIN eHTp «J&S», Poccus, r. Omck, yi. lllepOanena, 25, 644024
E-mail study@jands.ru
V.A.CmupHOBa
Tomckuil nonurexHuueckuil yausepeutet, Poceus, r. Tomck, np. Jlenuna, 30, 634050

E-mail ulsmirnova@tpu.ru

[IpobnemMe MeXNpeaMETHOH HMHTETpallid B HACTOSIIEe BpeMs yAeiseTcs OoiblIoe BHUMaHHE. DTO
BBI3BAHO HEOOXOAMMOCTBIO J1aTh 00y4aeMbIM IpEJCTaBICHHE 00 OKpYXKaloIlleM MHpPE KaK O €IWHOM IIeJIOM,
XapaKkTepU3yIOIIeMCsl OOLIMMHU MpoLEeccaMi M YIPaBIsIeMOM OOIIMMHU 3aKOHaMH. AHTJIMHCKUHA SI3BIK TaKke
MOXXET BHECTH BKJAJ B peIIeHHE 3aJaud pPa3HOCTOPOHHEro, IOJUKYJIBTYPHOTO PA3BUTHUS JIMYHOCTH.
WHTerpupoBaHHble Kypchbl IMOMOTaOT ()OPMUPOBATH Y CTYACHTOB TEXHWYECKHX CIICIHAIBHOCTEH Ooiee
[EJIOCTHYI0O KapTUHY MHpa, B KOTOPOM CaM HHOCTPAHHBIH S3BIK BBIMONHSACT CHEIU(PHUUYECKYIO (DYHKIHUIO -
CITy’KHUT CPEJICTBOM IIO3HAHUS U OOIICHHUS.

Kpome Toro, B ycnmoBusix BerymuieHHss Poccun B oOmieeBpomnerickoe o0pa3oBaTesibHOE IPOCTPAHCTBO,
00yCIIOBJICHHOE OCHOBHBIMH IOJIOKEHUSIMH BooHCKOro mpouecca, Hambojiee aKTyaJlbHO BCTaeT BOMIPOC O
TOTOBHOCTH HETIOCPEACTBEHHBIX YYaCTHMKOB 3TOT0 MpoIlecca — MOJOIBIX JIFOAEH, BBITYCKHMKOB Y4YEOHBIX
3aBeJICHUH K IPOJIOJKEHHUIO TIOTydeHHs 00pa30BaHuUs HE TOJIBKO B By3ax Poccuu, HO 1 3a pybexom.

CrenoBarenbHO, BBICOKMM JJOJDKEH OBITH HE TOJIBKO YPOBEHb BJI/ICHHUS HHOCTPAHHBIM SI3BIKOM, HO H
yYMEHHE TOJIIepKaTh pasroBOp B Pa3IMYHBIX KOMMYHHKATHBHBIX CHTYAIMsAX Ha JIIOOYIO IpEAaraeMylo TeMy B
paMKax oOmmux 3HaHWH. B cBs3M c 3THM, HEOOXOOMMO HE TOJBKO (OpMHpOBaHME S3BIKOBBIX YMEHHH U
HaBBIKOB, HO M pa3BUTHE Y4YEeOHO- MHTEJUIEKTYaJbHBIX YMEHHH: 00OOIIEHWs, CpaBHEHHs, 3KCTPANOJIALUH
(ymMeHHs IepeHOCUTh CAETaHHBIE BBIBOABI C OJHOTO SI3BIKOBOTO SIBICHUS HA JIPYroe); pa3BUTHE CIIOCOOHOCTH K
S3BIKOBOM JOTaJKe M YMEHHMS MBICIUTh aOCTPAKTHBIMH KaTETOPUSMH; Pa3BUTHE KOMMYHUKATHBHBIX YMEHUI
JIOTHYECKH HU3JIaraTh BHICKa3bIBAHHUE U OOOCHOBHIBATH CBOIO TOUKY 3PEHHUS.

HUcnone3oBanne texuonoruu CLIL (Content and Language Integrated Learning) na 3aHsTHSIX
MHOCTPAHHOTO sI3bIKa MO3BOJSIET 3(P(PEKTUBHO paboTaTh B 3TOM HampaBieHHH. OOBIMHO TOA MEXIIPEAMETHOH
MHTETpalyell MOHUMAaT OObEAMHEHNE HEKOTOPBIX YacTeil, MacCHBOB y4eOHOTO COJEpIKaHMS M3 PasIMuHBIX
IPEIMETOB, B Pe3yNbTaTe KOTOPOro BO3HUKAET HOBOE 3HAHMUE.

CLIL (Content and Language Integrated Learning) - 3to MeTon, npx KOTOPOM o0y4eHHe Hay4HOMH
JUCHHIUIMHE OCYIIECTBIIIETCS C MOMOIIBI0 MHOCTPAHHOTO s3bIKa. Takol MBOWHOW (mapaiienbHBINH) HMOIXOM
MO3BOJIIET CAENATh mpoiiecc ooydeHus 6osee 3QGEKTUBHBIM MO 000UM HANPABIECHUSM, TJIE S3BIK HCTIONB3yETCS

OOJHOBPEMEHHO KaK MHCTPYMEHT JIA IMOJTYYCHUA 3HAHHUM U KaK Cp€aACTBO KOMMYHHKaIIUU.
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CLIL moxeT OBITh UMIUIEMCHTUPOBAH B 3aHITHE ABYMs criocobamu: 1) OWIMHTBaJbHOE MOTPYXKCHUC
(cunbnbiit CLIL, xorma mpeamersl Kypca NpeHojaloTcs Ha sI3bIKE), 2) MHTErpanys COAEp)KaHUsS IpeaMeTa
MPOMCXOIUT HEOONBIIMMH [103aMH C HCIIONB30BaHWEM HHOCTpaHHOTO si3bika (cimaberid CLIL) mo mmpoxomy
CHEKTPY AUCHUIUINH: OHOJOTH, XUMU, (PHU3MKa, My3bIKa, HCKYCCTBO, Teorpadusi, ICTOPH U JIp.

3ansarue B hopmate CLIL momkHO coderaTs B cebe 4 rremenTa:

1) Coaepxxanue (oapa3syMeBaeTcs pacliipeHue Juamna3ona onpeaeeHHoN 00IacTi 3HaHH);

2) KoMmMyHHKaIUs — Pa3BUTHE KOMMYHHKATUBHBIX HABBIKOB;

3) KorunTuBHBIE HABBIKH — Pa3BUTUE OONICYICOHBIX, TO3HABATCIILHBIX HABBIKOB;

4) KyabTypoJOTHYeCKUil KOMIOHEHT, CIIOCOOCTBYIONMA (OPMHUPOBAHUIO COIMOKYJIBTYPHOM
KOMIIeTeHIINK (YMEHHE BBIACIATH 00Iee M KyJIbTYpHO-CIEN(pUIecKkoe B MOAEIIX Pa3BUTHSA Pa3HBIX CTpaH U
Ap.).

Ha 3amsatim Takoro ¢opmaTa IODKHBI OTpadaThIBaThCA Bce 4 S3BIKOBBIX HAaBBIKA (ayAHpOBaHUE,
YTEHHE, MICHMO, TOBOpeHHE). UTO KacaeTcsl TOBOPEHHsI, TO OCHOBHON aKIIEHT CTaBUTCS Ha OCTJIOCTh pedd u e
KOMMYHHUKATUBHYIO HAaIIPaBJICHHOCTb, @ HE HA MPaBUJILHOCTh TPAMMATHYECKOTO 0(OPMIICHHSI.

Ha s3anstun B gopmare CLIL ucmonbs3yroTcs pasHbIC PEKUMBI paOOThI (MapHas, TPYIIOBas, U Ip).
Kpome Toro, HEOOXOAMMO YYHTHIBATh Pa3IMYHbIE CTWIM BOCHPUATHS MHGPOpPMAaNMU 00y4aeMbIMHU (ayaualbl,
BU3yaJlbl, KHHECTETHKH U JIp.), He00X0IUMO Tarke 3()(PEeKTHBHOE HCIONIB30BaHUE MYJIbTUMEIUHHBIX CPEJICTB.

WuTerpupoBaHHOE 3aHATHE MO3BOJSICT PAa3BUBATH IMUPOKUH CIEKTP KOTHUTHBHBIX HABBIKOB, B TOM
yucine M Tak HaseiBaemblie thinking skills (ymenme ocwmbicnuBare curyarmioo). CoequHEHHE C SI3BIKOM
MIPOMCXOIUT CIEAYIOMIIM 00pa3oM:

» 3amomunuanwme (recognising, listing, describing,naming,finding,describing)

» Tlounmanue/untepnperarms (comparing, explaining, classifying, understanding cause and effect,
summarizing)

» Ilpumenenne kK HOBbIM cuTyanmsam (planning, interpreting, carring out, drawing conclusions, reporting
back).

[IpuMedaTenbHOW OCOOCHHOCTHIO HHTETPHPOBAHHOIO 3aHATHS SBISICTCA OpPTaHM3alUs MOJYYCHHOW
nHpopmanuu. C 3TOH HENbI0 CTYJCHTH UCIOIB3YIOT TPAQUKH, JHATPAMMEI, TAOJIHIIEL.

BHenpeHne BBIIICONMMCAHHOTO METOJA CTajl0 HawOojee YCIEIIHBIM B mociemanue 10 meT Ha Bcex
CTYNEHSX 00yUeHHMsI OT HA4aJIbHOM JIO BBICIIEH IIKOJIbI, MOCKOJIBKY OH IMO3BOJISIET:

» pas3BHBaTh OETJIOCTh PEYH U HABHIKM KOMMYHHUKAIIMH,
» Oounee 3 dhexkTuBHO paboTaTh HAJ PA3BUTHUEM SI3BIKOBBIX HABBIKOB,
> pas3BuBaTh OOlEy4YeOHbIe [103HABATEIbHBIE HABBIKM, TAaKWE KaK YMEHHE BBIICISTH KIIOYEBYIO
HHPOPMALINIO, PE3IOMUPOBATH, KOHCIIEKTHPOBATh U JIP., HEOOXOAUMBIX IUIA JaJbHEUIIero O0yJIeHUs H
paboTs! Kak B Poccun, Tak u 3a pyoexom,
»  ONpEJNEeNUTh JIOTHYECKYIO U COJIEP)KATEIbHYIO CBSI3b MEX/Y YICOHBIMH IIPEAMETaMHU.
OTOT METOA CMOCOOCTBYeT:
»  pacuIMpeHHIO Kpyro3opa ¥ pa3BHTHIO TBOPYECKOrO MOTEHIHAA,
> TOBBILICHUIO MOTHBAallMM K W3YYCHHIO M HCIIOJb30BAaHHIO HHOCTPAHHOTO sI3bIKAa KaK CpeJCcTBa
KOMMYHUKAIWH,

» cHCTEeMaTH3alud 3HAHWN CTYICHTOB.

7-9 MIOHA 2012 r. Tomck, Poccus 38



MEXOYHAPOOHAA MONOAEXHAA HAYYHAA LWKOJIA « METOA0/10TMA NMPOEKTUPOBAHUA MONOAEKHOIO
HAYYHO-MHHOBALIMOHHOIO MPOCTPAHCTBA /19 POCCUACKOM SHEPTETUKU»

CEMWHAP

WHTerpupoBaHHOE 3aHATHE UMEET TAKKE PSIA MCHXOJOTMYECKHX NMPEeNMYIIecTB:
» mpoOy>KlaeT UHTepeC K IpeIMeTy,
» CHUMaeT HalpsDKCHHOCTh, HEYBEPEHHOCTb,
» [OMOTaeT CO3HATEIbHOMY YCBOCHHUIO MOIPOOHOCTEH, (haKTOB, JAeTalei,
» oOecrieunBaeT (HOpPMHUPOBAHHE TBOPYECKUX CIHOCOOHOCTEH YdYaIUXCs, TaK KaK IO3BOJSIET BECTHU HE

TOJIBKO Y4eOHYI0, HO U HCCIIE/I0BATENLCKYIO IESITEILHOCTb.

JlaHHBI METOA IIMPOKO NpHMEHseTcss 3a pyOekoM. B cBA3W C 3TUM, € LENBIO OLEHKH
npodecCHOHANPHON  KOMIIETEHIIMM — TperojaBareilell  9K3aMEHAIMOHHBIM areHTCTBoM  KeMOpumkckoro
yauBepcurera Cambridge ESOL 6bu1 pazpaboran cnenuanbabeiii Moayis ok3ameHa TKT (Teaching Knowledge
Test):CLIL, koTopbIif OpHEHTHPOBAH HE TONHKO HA TPEIOIaBaTelicii aHTIIMICKOTO A3BIKA, UCTTOIB3YIOMINX STOT
METO, HO ¥ Ha TIperofaBaTelield, BeAyInuX TeXHHIECKHE JUCIMIUIMHB] HA aHTJIMHCKOM S3BIKE.

B memom, 3TOT MeTox NO3BOIUT CHOPMUPOBATH OYAYIIEro HMH:KeHepa, CHOCOOHOTO YCIICITHO

HMHTETPHUPOBATHCSI B MEPOBOE PO eccHoHanbHOE, 00pa3oBaTenbHOe U HHYOPMALMOHHOE IPOCTPAHCTBO.

1. Teaching Knowledge Test (TKT) Content and Language Integrated Learning (CLIL). Handbook for
teachers. - University of Cambridge ESOL Examinations, 2008.- 28 pp

2. http://www.cambridgeesol.org/exams/tkt/index.html#tktclil
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EFFECTIVE PRESENTATION: SUCCESSFUL CONTEMPORARY RESEARCHER

Lisa Donohoe Luscombe
Project Manager, English Language and Nonproliferation Program James Martin Center for Nonproliferation

Studies Monterey Institute of International Studies, the U.S.A.

Posted by Lisa Luscombe, MIIS, Monterey, CA,USA on June 6, 2012

In this talk I’m going to focus on one message. My message is:

Everyone can give an effective presentation.

There are three main ways to do this:

1. Dealing with your fear

2. Knowing your audience

3. Getting and keeping the attention of the audience

Fear

Accept your fear.

You are not alone.

Start to manage your fear: acknowledge and accept the fear as something that is hard-wired in all of us.
In fact, new research into cognitive development finds that you would be abnormal if you experienced no
anxiety at all. “Instead of trying to eradicate the fear response, a more reasonable approach,” says Berns, “is to
examine the situations that set it off and try to inhibit it.”

Reframe your fear. One of the situations that sets off public speaking fear is negative self talk. Replace
negative emotions with positive ones. “If someone consistently perceives public speaking as an unpleasant event,
the brain will default to this interpretation,” says Berns.

Control your fear. The secret is practice. Lots of it.

Genius is 1% inspiration and 99% perspiration — Thomas Edison

The only way you can get over your fear of public speaking is by going ahead and speaking.

The longer we wait to do whatever it is that is causing the fear, the more intense our fear would become.

Enroll in public speaking groups or organizations like toastmasters club where you get to constantly
challenge yourself and move out of your comfort zone.

When you are well prepared you are more confident that your speech would turn out well and this keeps
you in a relaxed mode.

Public speaking is not an inborn talent but rather a skill which can be cultivated by anyone.

Relax in the in the last 15-30 minutes before delivering your speech.

Take criticism positively

Let go of the perfectionist in you

Bounce back

You learn a lot from your failures. Resist the temptation to give up and keep bouncing back

Celebrate your success
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We often take our success for granted. Reward yourself for the success you have achieved however
small it might be.

Don’t rely on your slides to do the work for you.

Know your audience

Analyze your audience. Know what it wants. Know what it needs. Mingle beforehand if possible.

What keeps them up at night?

How can you solve their problem?

How can you reach them? Have something for everyone.

How will your audience resist?

Get and Keep the Attention of Audience

Interactive relationship.

Posture

Walk and stand like you are glad to be there.

Communicate enthusiasm.

Stand up straight and face the audience head-on.

Keep your posture open with arms relaxed and hanging down at your sides.

Make eye contact, or at least pretend to by looking toward the back of the room.

Do a passion check

Why are you stepping up to the podium? Do you have something to say?

Your need to be passionate about the truth you are going to impart can be understated; it can’t be
overstated.

That passion can be seen in the way you step in front of the audience, your excitement and even your
opening words.

Be enthusiastic

The authentic emotion of enthusiasm breeds authentic enthusiasm. The opposite is also true. If you are
not excited about what you are saying, the audience certainly is not going to be

Stay relevant

Relevancy, communicated through language, stories, humor and numerous other ways, has to be a
thread that runs through the entire message, not just the first 30 seconds.

Tell a Story

Not just an encyclopedia of facts.

Strike a need

What need are you speaking to? What need does your research meet? What needs does your audience
have?

Focus Your Message

In a 45-min talk, have only 3 points. In a 7 minute talk, have only one main point. Everything you say
should be related to that point.

Back up abstract ideas with concrete examples.

Be conversational. Speak in a language that is familiar and appropriate to the audience members. If you

have a mixed audience, you need to speak a language that all are comfortable with.
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You Can Use Gestures Effectively

Gestures, a form of body language, are also a part of your overall visual picture. They are visual
reinforcements of the words and ideas you are trying to communicate to your audience. Gestures include hand,
arm, and head movements and can enhance your presentation or detract from it.

Movement

Speakers who spend their entire presentation behind the podium can be perceived as aloof.

Use movements to establish contact with your audience.

Get physically closer to your audience: This increases its attention and interest. It also encourages
response if you are asking questions.

It will help to establish a good rapport with them.

The Eyes Have It

Effective speakers make eye contact with audience members.

Their reactions to you will help your performance as a presenter. If you sense boredom, you may have
to pick up the pace; if you sense enthusiasm, it can help to pump you up. When you make eye contact, you are
relating to your audience, which will help get your message across.

Think of the audience as sitting in a “Z” formation.

Facial Expressions

Smile!

Practice smiling and looking pleasant. That’s how you want to look during your presentations.

Get audience to participate.

Your first words are critical !

“The first 25 words you speak are the most important ones of your message.

Here are some of the most commonly used methods for successfully getting and keeping audience
attention.

1. Asking a question.

You can ask a rhetorical question or something that involves everyone by getting him or her to think
about the topic.

2.State an impressive fact.

Begin with a shocking, unusual or impressive fact connected to the theme of your presentation.

3. Tell a story.

Telling a personal story closely connected to the theme of your presentation is a great way to begin.
People usually like to hear personal stories, which are not too long or try to glorify the narrator too much.

4. Cite a quotation.

Quotations are much used for presentations and they add a colourful touch to your personal style.

5. Tell a joke.

Jokes are wonderful for relaxing the audience and setting a cheerful mood. Relaxed audiences tend to be
more interactive. This might make the presenters work somewhat easier.

The joke must be appropriate.

6. Get close to the audience.

Disturb the comfort zone of the audience by walking closer or going absolutely to one side.
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In Conclusion

Everyone needs an attentive Audience

Be a good audience Member!

Come prepared to make your contribution as “the audience.”

It’s an active role, not passive. It means arriving alert (skip the double cheeseburger for lunch); having a
positive attitude’ and doing what you can to make this possible for yourself, the speaker, and others in the
audience.

Audience can fuel the speaker or deplete the speaker of energy.

Pay attention—and let the speaker know you are paying attention. Watch the speaker and really listen to
what she is saying.

Be responsive. Make eye contact. Nod. Smile. Laugh at his jokes. Look serious when he tells a somber
story. Let the speaker know he is getting through to you.

When the speaker tosses a question out to the audience, or does something that calls for a
response, respond enthusiastically. Even if it just means giving a cheery, “Good morning!” in response to the
speaker saying, “Good morning, everyone!”

Don’t look at your watch, check your email or text during the talk. The exception would be if it is
appropriate to tweet updates from the presentation.

Don’t interrupt the presentation. Unless the speaker has indicated that you may ask questions at any
time, hold your questions or comments until the end.

Ask good questions during the question and answer session. Don’t try to put the speaker on the spot,

but ask a question that will help her to better develop a point she made during her presentation
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Abstract.

The given paper deals with the plutonium not only as an element, but also as an energy source for
reactors or for bombs stuffing. Also will be considered methods of synthesis and fission. The author examines the
impact of plutonium in the environment and human health.

The text is not technical, so it will be understandable for people with no knowledge of the plutonium and
the technology of its application. For people who have first-hand knowledge about plutonium, this text will be
useful and interesting too. This is because the author involves the use of plutonium in the high-tech devices such
as radioisotope thermoelectric generators that are used as power sources for spacecraft. Also this report
contains the most important historical dates in the study of plutonium.

This paper contains not all information about plutonium. It resonates with many other articles and
sources, in which aspects of the application of plutonium consider in more details and depth. Thus the paper is
the only entry in the vast world of plutonium and should encourage interested persons to study the mysteries of
plutonium.

I. INTRODUCTION

Key words: project, plutonium, application, production, environment protection

Science: nuclear chemistry, nuclear physics

Nowadays the most popular fuel for nuclear reactors is Uranium-235. But scientists all over the world
realize that Uranium-235 has a small potential in future, because found that the fission cross section of
Plutonium-239 is 1.7 more than the Uranium-235. Natural uranium consists of three isotopes, such as
U?8(99,28%), U**(0,714%) , U*(0,0006%). It’s because worlds reserve of Uranium-235 much less than
Uranium-238 and Plutonium-239. There are a lot of different methods of Uranium enrichment, but it is not
secret that in order to produce Uranium-235 much time and power inputs.

Reaction of synthesis Pu-239 :

02U+ n—g,U?*(B-pacnian) —¢sNp***(B-pacnian) —gsPu’*

Reaction of fission Pu-239:

oPU%+in— A+B+(2-3) *on+E where E=2,5*10" (kuo BarT 4acos)

I believe that in future all secrets of Plutonium will be revealed and it will bring big benefit to the power
engineering of humanity. Based on the goals and objectives were analyzed journalistic, educational and scientific
literature, articles and websites. After analyzing all the material, was written this work.

Il. GENERAL CHARACTERISTICS OF PU

Plutonium in its pure form is a very heavy, silver-colored, tarnish in air, its density is equal to 19,86-16

kg/m® according to modification, well-flying radioactive metal. Essentially all properties of plutonium were
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considered on Earth within the past six decades by human activities Plutonium have twenty isotopes

238 239 240 241

modification, such as ¢sPu~*, ¢,Pu=>, gsPu=", ¢s.Pu“* , all of which are radioactive.

Plutonium was the second transuranium element of the actinide series to be discovered. It was first
produced in 1940 by Glenn T. Seaborg, Joseph W. Kennedy, Edward M. McMillan and Arthur C. Wohl by
bombarding an isotope of uranium, uranium-238, with deuterons that had been accelerated in a device called a
cyclotron. This created neptunium-238 and two or free neutrons. Neptunium-238 has a half-life of 2.1 days and
decays into plutonium-238 through beta decay. Although they conducted their work at the University of
California in 1941, their discovery was not revealed to the rest of the scientific community until 1946 because of
wartime security concerns, but in USSR plutonium have created in 1945 by I.Kurchatov and V. Khlopin.

In 1948, Edwin McMillan suggested calling the 93rd chemical element neptunium, as the planet Neptune
- the first of Uranus. By analogy, has been named the plutonium because it is the second planet of uranium.

The world's nuclear-power reactors are now producing about 20,000 kg of plutonium/yr. By 1982 it was
estimated that about 300,000 kg had accumulated. The various nuclear applications of plutonium are well
known. Plutonium-238 has been used in the Apollo lunar missions to power seismic and other equipment on the
lunar surface. As with neptunium and uranium, plutonium metal can be prepared by reduction of the trifluoride
with alkaline-earth metals.

Plutonium have many different alloys modification for example: Pu-Ga, Pu-Al and others.

I1.1.1sotopes

The main plutonium isotopes at Department of Energy (DOE) environmental management sites are
Plutonium-238, Plutonium-239, Plutonium-240, and Plutonium-241. Except for Plutonium-241, these isotopes
decay by emitting an alpha particle. Plutonium-241 decays by emitting a low-energy beta particle to Americium-
241, an alpha- emitting radionuclide with a half- life of 430 years that is much more radiotoxic than its parent.
The maximum activity of Americium-241 is about 3% of the initial activity of Plutonium-241 and occurs 73
years later. An extremely small fraction of the decays of Plutonium-236, Plutonium-238, Plutonium-240, and
Plutonium-242, are by spontaneous fission (SF), as are about 0.1% of the Plutonium-244 decays. Plutonium-242

and Plutonium-244 are generally present in relatively minute activity concentrations.

Isotope Half-Life Specific Activity, |Decay Mode Radiation Energy (MeV)
(Cilg) Alpha Beta Gamma
@) (8) )
Pu-236 29yr 540 a 5.8 0.013 0.0021
Pu-238 88 yr 17 a 55 0.011 0.0018
Pu-239 24,000 yr 0.063 a 51 0.0067 <
Pu-240 6,500 yr 0.23 a 52 0.011 0.0017
Pu-241 14 yr 100 Y < 0.0052 <
Pu-242 380,000 yr 0.0040 a 4.9 0.0087 0.0014
Pu-244 83,000,000 yr 0.000018 a 4.6 0.0071 0.0012
U-240 14 hr 940,000 B - 0.14 0.0076
Np-240m 7.4 min 110 million B - 0.68 0.34
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1. PRODUCTION AND APPLICATION

Plutonium is created from uranium in nuclear reactors. When Uranium-238 absorbs a neutron, it becomes
Uranium-239 which ultimately decays to Plutonium-239.

0UPB+10n—6,UZ(B-pacnian) —osNp?*(B-pactian)—e,Pu?>

Different isotopes of uranium and different combinations of neutron absorptions and radioactive decay,
create different isotopes of plutonium.

Plutonium metal used in nuclear weapons and is used as nuclear fuel.

The first is use plutonium as fuel for a nuclear reactor, because one kilogram is equivalent to about 25
million kilowatt hours of heat energy. Total world generation of reactor-grade plutonium in spent fuel is some 70
tonnes per year. About 1300 tonnes have been produced so far, and most of this remains in the used fuel, with
some 370 tonnes extracted. About one third of the separated Plutonium (130 t) has been used in mixed oxide
(MOX) fuel over the last 30 years. Currently 8-10 tonnes of plutonium is used in MOX fuel each year. MOX
fuel is nuclear fuel, containing several oxides, nitrides, carbides of fissile materials. In general term applied to a
mixture of oxides of plutonium and natural uranium, but many scientist think that in future we will be using fuel
consisting of nitrides and carbides of plutonium and uranium.

The second is made specially for the military purpose, because one kilogram of plutonium-239 can
produce an explosion that would be equivalent to 20,000 tons of TNT. In June 2000, the USA and Russia agreed
to dispose of 34 tonnes each of weapons-grade Plutonium by 2014.

Its importance depends on the nuclear properties of being readily fissionable with neutrons and its
availability in quantity.

Moreover, plutonium-239 is used in spacecraft batteries, because the nuclei are capable of a nuclear chain
reaction when exposed to neutrons. Therefore, this isotope can be used as a source of nuclear energy.

Despite all the advantages in the use of plutonium, there is a significant disadvantage is the problem of
disposal of spent nuclear fuel. Discussions are progressing as to what should be done with spent fuel. Nowadays
we have modern technological scheme for reprocessing spent fuel. These scheme based on extraction process.

Scheme of reprocessing spent fuel:

=%
&

TBP, Kecosens,
Nitrales of U and Pu

ol

J

TBP, Kerosene,
Nitrates of U andPu
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I11.1. Plutonium and nuclear power

All Plutonium isotopes are fissionable with fast neutrons, though only two are fissile (with slow neutrons).
For this reason all are significant in a fast neutron reactor (FNR), but only one — Plutonium-239 - has a major
role in a conventional light water reactor(LWR).

The most common isotope formed in a typical nuclear reactor is the fissile Plutonium-239 isotope, formed
by neutron capture from Uranium-238 (followed by beta decay), and which yields much the same energy as the
fission of Uranium-235. Well over half of the plutonium created in the reactor core is 'burned' in situ and is
responsible for about one third of the total heat output of a light water reactor (LWR).

A simple light water reactor

Plutonium-240 is the second most commaon isotope,

formed by occasional neutron capture by Plutonium-239. Its

concentration in nuclear fuel builds up steadily, since it does

not undergo fission to produce energy in the same way as

Plutonium-239. While of a different order of magnitude to

44— containment

. reactor
pressure vessel

the fission occurring within a nuclear reactor, Plutonium-240

has a relatively high rate of spontaneous fission with

consequent neutron emissions.
Plutonium-238, Plutonium-240 and Plutonium-242 [ e ppes
emit neutrons as a few of their nuclei spontaneously fission,

albeit at a low rate. They and Plutonium-239 also decay,

. . v €ONLrO) rods
emitting alpha particles and heat. The decay heat of
Plutonium-238 (0.56 W/g) enables its use as an electricity i~ fuel rods
source in the radioisotope thermoelectric generators (RTGs) . water-filled pool

of some cardiac pacemakers, space satellites, navigation
beacons, etc.

Plutonium can also be used in fast neutron reactors, where all the plutonium isotopes fission, and so
function as a fuel. As with uranium, the energy potential of plutonium is more fully realised in a fast reactor.
Four of the six 'Generation IV' reactor designs currently under development are fast neutron reactors and will
thus utilize plutonium in some way.

1111, Plutonium and weapons

The first in the history of the atomic bomb (she was given the name "Trinity") was collected in the
summer of 1945. June 16, 1945 at the atomic test site in Alamogordo Desert (New - Mexico) was performed first
in the world nuclear explosion. The bomb was placed in the center of the polygon on top of a steel 30 - meter
tower.

But the USSR did not keep pace, and August 29, 1949 at the Semipalatinsk test site was the first Soviet

nuclear explosion.
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In the USSR, the production of weapons-grade
plutonium, first performed at the plant "Mayak" (station area
Kyshtym, Chelyabinsk region), then at the Siberian Chemical
Combine in Seversk (formerly Tomsk-7), was opened later in
the Krasnoyarsk Mining and Chemical Combine in
Zheleznogorsk (also known as Krasnoyarsk-26).

An alternative to the chemical process of uranium
enrichment is the creation of a "plutonium bomb" on the basis
of the isotope plutonium-239, which is to increase stability and
improve the physical properties of the compressibility of the
charge is usually alloyed with a small amount of gallium.

Plutonium produced in nuclear reactors during the prolonged

irradiation of uranium-238 with neutrons.
92U238+10n—>92U239(B-pacnan)—>93Npzag(B-
pacnan)—>g4Pu239

It takes about 10 kilograms of nearly pure Plutonium-239 to make a bomb. Producing this requires 30
megawatt-years of reactor operation, with frequent fuel changes and reprocessing of the 'hot' fuel. Hence
‘weapons-grade' Plutonium is made in special production reactors by burning natural Uranium fuel to the extent
of only about 100 MW/t (effectively three months), instead of the 45,000 MWad/t typical of LWR power
reactors. Allowing the fuel to stay longer in the reactor increases the concentration of the higher isotopes of
Plutonium, in particular the Plutonium -240 isotope. For weapons use, Plutonium-240 is considered a serious
contaminant, due to higher neutron emission and higher heat production. It is not feasible to separate Plutonium-
240 from Plutonium-239. An explosive device could be made from plutonium extracted from low burn-up
reactor fuel, but any significant proportions of Plutonium-240 in it would make it hazardous to the bomb makers,
as well as probably unreliable and unpredictable. Typical 'reactor-grade’ plutonium recovered from reprocessing
used power reactor fuel has about one third non-fissile isotopes (mainly Plutonium-240).

The International Atomic Energy Agency (IAEA) is conservative on this matter so that, for the purpose of
applying IAEA safeguards measures, all plutonium (other than plutonium comprising 80% or more of the
isotope Plutonium-238) is defined by the IAEA as a 'direct-use' material, that is, "nuclear material that can be
used for the manufacture of nuclear explosives components without transmutation or further enrichment™. The
IAEA is not saying that all plutonium is suitable for making weapons, simply that on the basis of calculations
and under certain technically-demanding conditions it might be made to explode. The 'direct use' definition
applies also to plutonium which has been incorporated into commercial MOX fuel (PuO,-UO,; PUN-UN; PuC-
UC), which as such certainly could not be made to explode type.

IV. DANGEROUS OF PLUTONIUM

Plutonium metal has a significant volatility under normal conditions and if it is to carry on the room that
limits the maximum allowable quantities are exceeded. Plutonium is sometimes described in media reports as the
most toxic substance known to man, although there is general agreement among experts in the field that this is

incorrect. As of 2012, we haven't people, who died because to influence of plutonium. With the exception of
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death or killing A. Litvinenko in London, but it is hard to believe. Naturally-occurring radium is about 200 times
more radioactive than plutonium.

IV.1. Environment

Atmospheric testing of nuclear weapons, which ceased worldwide by 1980, generated most environmental
plutonium. About 10,000 kg were released to the atmosphere during these tests. Average plutonium levels in
surface soil from fallout range from about 0.01 to 0.1 picocurie per gram (pCi/g).

Accidents and other releases from weapons production facilities have caused greater localized
contamination. The most common form in the environment is plutonium oxide. Plutonium is typically very
insoluble, with the oxide being less soluble in water than ordinary sand (quartz). It adheres tightly to soil
particles and tends to remain in the top few centimeters of soil as the oxide. In aquatic systems, plutonium tends
to settle out and adhere strongly to sediments, again remaining in upper layers. Typically one part of plutonium
will remain in solution for every 2,000 parts in sediment or soil. A small fraction of plutonium in soil can
become soluble through chemical or biological processes, depending on its chemical form. While plutonium can
bioconcentrate in aquatic organisms, data have not indicated that it biomagnifies in aquatic or terrestrial food
chains.

IV.Il. Protection

Environmental Protection Agency (EPA) sets health-based limits on radiation in air, soil, and water.
Federal government agencies are required to meet EPA standards the same as commercial industries. Using its
authority under the Safe Drinking Water Act, EPA limits the amount of radiation in community water systems
by establishing maximum contaminant levels. Maximum Contaminant Levels limit the amount of activity from
alpha emitters, like plutonium, to 15 picocuries per liter.

EPA also protects people against exposure from soil and ground water from sites that have been
contaminated with plutonium. We set criteria that soil and ground water from the sites must meet before
releasing the sites for public use.

Rather than limiting the concentration of plutonium itself, the criteria limit the cancer risk the sites pose.
A person's added risk of developing cancer is limited to no more than about 1-in-10,000 and if possible to 1-in-
1,000,000, or less. Under the Clean Air Act, EPA limits the dose to humans from radionuclides to 10 millirem
from emissions to air.

EPA sets standards for radioactive waste storage and disposal facilities. We can't treat plutonium or other
radioactive materials to get rid of their radioactivity. We can only isolate and store them until they decay. The
extremely long half-lives of some plutonium radioisotopes make the management of spent nuclear fuel, and
wastes from nuclear weapons facilities a difficult problem.

EPA also responds to radiation emergencies. Additionally, EPA helps state and local governments during
emergencies that involve radioactive materials. We provide guidance on ways to protect people from harmful
exposure to radiation. We can also monitor radiation levels in the environment and assess the threat to public
health. We also work with international radiation protection organizations to prepare for large scale foreign
emergencies such as Chernobyl. EPA also works with law enforcement agencies to develop counter terrorism

plans.
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V. RESULTS

- application of plutonium as fuel for reactors is only beginning at this stage of development of nuclear
technology;

- application of plutonium for military purposes;

- fast reactors have good potential in future;

- new types of reactors are developing;

- new types of nuclear fuel studied and introduced by many scientific organization in the world;

- plutonium has a negative impact on human health;

Day by day mankind is approaching the possibility of an energy crisis. The time of creation or
discovery of a new energy source is approaching, too.

Thus, resuming all the above aspects it must be noted that this project can be used by persons who don't

know nothing about plutonium.

1 U.S Department of Energy, “Plutonium: the first 50 years”, February 1996

2 U.S. Department of Energy, ‘“Plutonium: Human Health Fact”, 2001

3 Fishlock, D., "Drama of Plutonium". Nuclear Engineering International, 2005

4 Rhodes, Richard, “The Making of the Atomic Bomb”. New York: Simon & Schuster, 1986. pp. 659—660.
5 H.V. Henderickz, “Plutonium: blessing or curse?”, Copper Beech 1998

6 Plutonium articles in Revue Generale Nucleaire, June 2008

7 Argonne National Laboratory, EVS. Human health fact sheet, august 2005

8 Thomas Jefferson National Accelerator Facility official website: http://www.jlab.org/

9 US Environmental Protection Agency(EPA) official website: http://www.epa.gov/

10 Federation of American Scientists official website:

http://www.fas.org/

11 The International Commission on Nuclear Non-proliferation and Disarmament (ICNND) official website:

http://www.icnnd.org/
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Abstract.

There was conducted a detailed analysis of national export control system of the Russian Federation,
then we selected X-ray fluorescent analysis, as belonging to the group of non-destructive methods of analysis
and suitable for the determination of most elements of the periodic system in a wide dynamic range that allows
to actively use it in the system of export and customs controls.

Keywords: X-ray fluorescent analysis, non-destructive analysis, export control, customs control

Research field: systems of export controls, non-destructive analysis

Related sciences: nuclear non-proliferation

I. INTRODUCTION.

Purposes: study of a national system of export controls in Russia; study of X-ray fluorescent method of
nondestructive analysis as a method applicable to the system of export and customs controls. Objectives: a
detailed analysis of national export control system of the Russian Federation; study of the measuring device
«Spectroscan-Max-G», the designing of educational materials.

Il. THE NATIONAL EXPORT CONTROL SYSTEM OF THE RUSSIAN FEDERATION.

The international regime of nonproliferation of weapons of mass destruction includes many
components. It is based on relevant international treaties: the Treaty on the Non-Proliferation of Nuclear
Weapons, the Wassenaar Arrangement on Export Controls for Conventional Arms, goods and dual-use
technologies, the Vienna Convention on Civil Liability for Nuclear Damage, the treaties between Russia and the
USA on the Reduction and Limitation of Strategic Offensive Arms, the Convention on the Physical Protection of
Nuclear Material, the Convention on Nuclear Safety, etc. Important elements of the global non-proliferation
regime are its instruments: the Zangger Committee, Nuclear Suppliers Group - NSG Control Regime Missile
Technology - MTCR, Australia Group, as well as domestic export control system. [1]

Currently, the activities of the Russian export control system are aimed at implementing control regimes
of the following goods and services:

* Products and Technologies that can be used to create weapons and military equipment.

» Disease agents (pathogens) of humans, animals and plants, genetically modified microorganisms,
toxins, equipment and technology subject to export control.

* Equipment, materials and technologies that can be used to develop missiles with respect to export

control.
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* Chemicals, equipment and technologies that can be used to produce chemical weapons, and subject to
export control.

* Nuclear materials, equipment, special non-nuclear materials and technologies subject to export
controls.

» Equipment and dual-use materials and technologies used for nuclear purposes. [2]

One of the methods to maintain export control is a customs control of goods and technologies, which is
held by customs authorities in accordance with the laws of the Customs Union and the Russian Federation. [3]

In order to reduce the time of customs control and increase its efficiency, technical means of customs
control are used, inventory and order of application of which are installed by an authorized federal executive
body. [4]

In order to identify the goods subject to export control, the customs clearance is carried out in customs
control zones. The authorized customs official during the documentary Control analyzes the information stated
in the customs declaration and specified in the annexed documents, identifying if the declared goods have signs
of controlled goods. Ownership of goods to controlled goods is determined by matching their technical
parameters and description to goods specified in the "Name" checklists. [5]

X-ray fluorescence analysis (XRF) - one of modern spectroscopic methods for the study of matter with
a view to its elemental composition, ie, its elemental analysis. With it different elements from beryllium (or
sodium, calcium - dependent on the spectrometer) up to uranium can be analyzed. XRF method is based on the
collection and subsequent analysis of the spectrum obtained by acting on the material under X-rays.

I11. PHYSICAL BASIS OF XRF.

Bremsstrahlung. The source of primary radiation in the XRF method is generally used X-ray tube.
Electrons emitted by the cathode filament are accelerated by an electric field to the voltage U (voltage tube) and
bombarded with a massive metal anode. As a result of inhibition of the electrons in the material of the anode
there is a continuous (stopping) spectrum of X-rays. Less than 1% of the kinetic energy of the electrons is
converted to the X-ray radiation. For example, in the case of a tube with a copper anode operating at 40 kV only
0.2% of energy consumed is converted directly to the x-rays. The remaining energy is spent on heating of the
anode, so the pipes need to be cooled, and the flow of electrons (current between the cathode and anode) is
bounded to an acceptable value. The output of X-ray radiation is providedthrough a thin beryllium window.

The characteristic radiation. While the bombardment of the anode with flow of accelerated electrons,
braking characteristic X-rays occurs simultaneously. When the material is exposed to short-wave X-ray or
gamma radiation, ionization of atoms may occur. In this case, electrons are released from the inner shell. This
state of the atom is unstable, and electrons from outer shells fill vacancies formed, and the excess energy is
emitted as a photon, or energy is transferred to another electron from the outer shells (Auger electron). Such a
transition of an electron from a higher to a lower energy level causes a characteristic X-ray radiation of certain
discrete wavelengths. The quantum energy of the characteristic radiation is equal to the difference between the
energy states of electrons at the levels before the transition and after it. Because such differences in the atom are
discrete and individual for each element, the characteristic radiation is represented by discrete wavelength lines.
Energy levels of the atom, the allowed transitions and the systematics of names of the characteristic lines shown

in Fig. 1.
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Fig. 1. Full scheme of energy levels and allowed transitions.

The absorption of X-rays. X-rays by absorption in the material are able to ionize the inner electron
shells. This phenomenon is called the photoelectric effect. The photoelectric effect occurs when the energy of the
X-ray photon E> Elimited. As a result, the electron leaves the atom, and the excess energy is released as X-ray
photon. The resulting secondary X-ray emission is fluorescent. The excitation process is similar to X-ray
fluorescence excitation of characteristic X-ray electrons. X-ray fluorescence spectra contain the information
necessary to analyze the elemental composition of substances and materials. For qualitative analysis we
determine the wavelengths of fluorescence lines, and then use the tables we set membership of registered lines to
other elements.

Moseley Law. The energy difference between electron levels (AE) is individual for each atom of the
element, so therefore on the Status of X-ray lines in the spectrum we can perform a qualitative analysis. Contact
the wavelength (energy) of X-ray line with an atomic number of an element is described by Moseley Law

A= by = Eﬂjmeiz[z— G} . 1_2_ l;,
R

1

where v - frequency of x-ray lines, ME - mass of the electron, e - electron charge, h - Planck's constant, z - the
atomic number of the element, s - continuous screening, n0, and nl1 - principal quantum numbers of initial and
final states.

IV. EQUIPMENT

The main components of modern spectrometers are:

« the source of primary X-rays to excite the fluorescence of the sample;

* Feeder and set of samples;

* spectrometric device for the selection of the spectral lines of a given wavelength 2;

« detection device;
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* high-speed recording and computer equipment for determining the intensity of analytical lines and
calculating the corresponding concentration of the element;

* the control unit.

In general, X-ray fluorescence spectrometers are classified into two types. Spectrometer with a wave
dispersion (VD) - the most traditional type of devices. Typically, these devices have a higher spectral resolution
and provide the best results for light elements. Energy dispersive spectrometry (ED) are characterized by small
dimensions and weight, is much cheaper (about 5-10 times), and in some cases may provide more sensitive
measurements than WD-spectrometers. ED spectrometers include, for example, a semiconductor detector
spectrometers, devices, operating according to the method of the differential detector. There are also models that
simultaneously uses both the principle of action, such as a spectrometer MDH1000 by "Oxford Instruments”, in
which there is a block device with the wave dispersion for the determination of light elements (from fluorine to
calcium) and to determine the heavier elements (from calcium to uranium) - another block, which is an energy
dispersive spectrometer type.

Spectrometer with a wave dispersion can be scanning (CDS) and multi-channel (MPC). Devices of the
first type have a custom crystal monochromator, so you can consistently allocate the spectrum of radiation of any
wavelength in the pre-selected spectral range (Fig. 2). Multichannel spectrometers have a number of spectral
channels, each of which consists of its own monochromator, detector, and a set of recording equipment to
measure the intensities of lines, each channel in the MPC is set to a specific line of analysis. The main purpose of

IFA - a quick check of the contents of a limited humber of elements in a production environment.
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Fig. 2. X-ray fluorescence spectrometer, a scanning scheme

Sources of primary radiation. As a radiation source we can use X-ray tube, or the isotopes of any
element. Because each country has its own requirements for import and export emitting isotopes in the
production of x-ray fluorescence technique, in recent years manufacturers try to use, as a rule, X-ray tube. The
tubes can be both rhodium and copper, molybdenum, silver, or other anode. The anode of the tube, in some
cases, is selected depending on the type of tasks (items requiring analysis), the solution of which will be used by
this device. For different groups of elements we use different values of current and voltage on the tube. For the
study of light elements it is sufficient to establish voltage of 10 kV and 20-30 kV for medium to heavy - 40-50
kV. In addition, during the study of light elements a great influence on the spectrum has an atmosphere, so that

the sample chamber is either evacuated or filled with helium. After the excitation, spectrum is recorded on a
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special detector. The better spectral resolution of the detector, the better it will be able to separate from each
other photons of different elements, which in turn will impact on the accuracy of the device itself. At present the
best possible resolution of the detector is 123 eV. In analyzing the elements of z from the 22-24 and above (A
<2,5 A) the maximum intensity of analytical lines is achieved when working with tubes having an anode made
of heavy metal (tungsten, rhenium, gold, platinum), which are characterized by high yield bremsstrahlung. In the
analysis of light elements (z <17), an acceptable rate of secondary spectra can be obtained by using anodes of the
elements that have intense characteristic lines at long wavelengths (chromium, scandium, etc.)

X-ray detectors. Analytical signal in quantitative XRF is the intensity of the characteristic X-ray
element, measured in relative units. For measurement, the energy of the X-ray radiation with detectors is
converted to a convenient form of processing and recording of electrical signals. In the XRF method we
commonly use detectors, the average amplitude of the pulses at the output of which is proportional to the energy
of the absorbed photon. These detectors include the discharge proportional, scintillation and semiconductor
counters. The principle of operation of all types of detectors is based on the ability of X-rays to ionize the matter.

V. RESULTS: THE USE OF RFA IN THE EXPORT CONTROL

The advantages of RFA:

1) non-destructive analysis;

2) a short time of analysis;

3) ease of sample preparation (or lack thereof);

4) defines the contents of most elements in the periodic table

5) The lower limit of detection.

The elemental composition of the alloy can determine the brand of the alloy. As a rule, it uses a
program containing a database of brands of alloys. After analyzing the values are compared with the database
and the program searches for the closest mark. Then you can determine whether this brand of alloy is dual-use
material.

VI. CONCLUSION

XREF is suitable for qualitative and quantitative determination of a significant part of dual-use materials,

uranium, precious metals, which subject to export control.

1. Kirichenko, E.V.: Export control regime / / MIPT, Moscow, 2005.

2. Zhukov, E.F., Kapaeva T.l., Litvinenko, L.T.: International economic relations / / "Publisher Dan Unity",
Moscow, 1999.

3. Federal Law of 18.07.1999 N 183-FZ (as amended on 07.18.2005) "On export control”

4. Federal Law of 27.11.2010 N 311-FZ "On the Customs Regulation in the Russian Federation"
Instruction on the procedure for customs officials check the declared information and decision-making in
relation to goods which have characteristics of goods covered by the legislation of the Russian Federation in
the field of export control / / Appendix to the Order of SCC of Russia of 26.12.2003 1545

6. List of equipment and dual-use materials and technologies used for nuclear purposes, subject to export

control / / application to the Federal Law "On export control".
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Abstract.

The purpose of this work is to deal with the most important issues connected with the extraction of
uranium and represent some theoretical and practical issues of this technological process.

The scope of this review includes basic concepts, processing technology and equipment of uranium
extraction and purification. Also, there are main advantages and disadvantages of this method in this abstract.

The current work could be used as the basic information for scientific and industrial researches and
processes. Also, it could be useful for people interested in the extraction of uranium or other rare and precious
metals.

I. INTRODUCTION

“Uranium extraction” is the theme of my research course work. During it I’ve studied different
characteristics of this process. So, in my report I’ll try to observe the main issues connected with the uranium
extraction process.

Methods of purification of chemical compounds are very important in industry nowadays and the
extraction purification process is one of them. Many compounds can be purified using such a technological
process.

A solvent extraction is widely spread and used in the nuclear industry nowadays. This method of metals
recovery and purification appeared in 1960s. Firstly the di-ethylhexyl phosphoric acid (DEHPA) (the DAPEX
process) was used; later the tertiary amines (the AMEX process) extraction appeared. These compounds extract
uranium, nevertheless, there are different impurities in the uranium ore (iron, thorium, phosphates and rare
earths). But still, some metals (i.e. molybdenum and zirconium) could be also extracted with uranium during
these processes [1].

Il. EXTRACTION PRINCIPLES

Liquid-liquid extraction, also named as the solvent extraction, is a method of compound distribution
between two unmixing solutions: water and organic phase. This type of extraction is used in laboratory in special
funnels, when the necessary reaction is over [4].

The main spheres of solvent extraction application are the following ones: nuclear power industry,
organic compound production, food industry, etc.

More than that, liquid—liquid extraction can occur in non-aqueous systems: i.e. different metals could
be extracted from different molten salts. A mercury electrode is often used during metals reducing; metal
amalgams increase the electrochemical characteristics [4].

Solvent extraction research started during “the Manhattan Project” time, when uranyl nitrate was firstly

extracted for the nuclear reactors. So, this type of extraction can be used either in laboratory or in industry.

7-9 MIOHA 2012 r. Tomck, Poccus 56

NUCLEAR PHYSICS AND NUCLEAR POWER INDUSTRY


mailto:glebaldo@mail.ru

MEXOYHAPOOHAA MONOAEXHAA HAYYHAA LWKONA « METOA0/10TMA MPOEKTUPOBAHUA MOJIOAEXHOTO
HAYYHO-MHHOBALIMOHHOIO MPOCTPAHCTBA /19 POCCUACKOM SHEPTETUKU»

CEKLUMNA Nel « A4EPHBIE ®PU3NKA U SHEPTETUKA»

Nowadays the laboratory variant is not widely spread mainly because of the price of nuclear materials and
special equipment [4].

There are various types of extracting solvent or extractants, but usually they are non-polar organic
liquids. So, after shaking water and organic phases in the special reactor, we obtain a liquid phase divided into
two layers: the upper layer is the organic phase with the valuable component, which moved from the water
phase, and at the bottom we have the water phase with impurities, which stay there, because organic extractant is
not selective for them. After it, the necessary component could be re-extracted from the organic phase, using
special chemical reagents [3].

I1l. EXTRACTANTS

As it was mentioned before, such organic compounds are used during the process of uranium extraction.
They are the alkyl phosphoric acids and amines, but amines are usually used because of the better properties.
When uranium is leached or purified using sulfuric acid, such amines are used in industry; when the nitric acid is
used, the neutral alkyl phosphate (TBP) can be applied [10].

Various types of extractants can be used in industry. Here is some brief information about such
compounds.

Di-(2-ethylhexyl) phosphoric acid (DEHPA or HDEHP) is an organic phosphoric acid and its formula is
the following - (CgH;70),PO,H. It is a yellow liquid, which is widely spread in the uranium industry and rare
metals technology.

DEHPA can extract uranium from sulfate, chloride, or perchlorate anion solutions. In industry this
process is called the “Dapex procedure”. It extracts uranium in the form of the uranyl ion (UO,?*). Fe*" ion is
similar to uranyl ion, thus usually it is changed to Fe®* in order to increase the extraction characteristics [5].

In some cases, engineers use DEHPA with other different compounds in order to obtain the best results
during the extraction process and increase the extractant selectivity to uranium. Tributyl phosphate is often
applied for this purpose. Also, dibutyl-, diamyl-, and dihexylphosphonates are used [5].

Secondary, tertiary, and quaternary amines could be used as the alternative extractants. Though, they
can be more selective to uranium, but, nevertheless, DEHPA and other phosphates provide faster phase
separation and the process could become more profitable in this case [5].

IV. MODIFIERS AND DILUENTS

Modifying reagents are used during the extraction because they [1]:

1) Can increase the distribution rate of a valuable component (uranium) between water and organic
phases;

2) Can improve the solubility of solute and avoid the formation of temporary phase;

3) Can prevent the unnecessary waste formation.

Usually the choice and requirements for the modifier are determined during the experimental research.
In uranium industry the most common additive agent is TBP; it is usually used with DEHPA. Sometimes amines
can be used as modifiers to DEHPA. As for the alcohols, such compounds as isodecanol and tridecanol are also
used during the solvent extraction of uranium. All these modifiers should be stable to oxidation.

Another important compound during the process of extraction is a diluent. It is used for the extractant

dilution because it is not necessary to use the clear solution of the extractant. In this case, the mixture of
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particular diluents and modifier will have unique properties: it means that using another modifier in these
diluents will change their properties. This fact is very important for choosing modifiers and diluents for
extraction [1].

V. PROCESSING TECHNOLOGY

The control of the solvent extraction process is a very urgent issue for the engineers because it is very
important to improve the effectiveness of the technological process, have a purified product for nuclear industry,
reduce a possible environmental harm of such process, avoid the formation of unnecessary by-products and
reduce the total cost of the operation [7].

The growth of the uranium industry, where the solvent extraction method has been used, is shown in

figure 1:
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Fig. 1 [8]. Growth of uranium processing
There are four major consecutive steps in the extraction technology of uranium and other rare or
precious metals. After them, the purified product will be obtained and a solvent and extractant will be recovered
for further application; the process will be profitable and environmentally friendly. These operations are the
following [6]:
e Extraction: distribution of metal between water and organic phase; metal transferring to the
organic phase;
e Scrubbing: separation of different co-extracted impurities (metals, acids) from the valuable
component;
e Stripping: metal transferring from the organic phase to another water phase;
e Solvent make-up: the purification and processing of the organic phase from unnecessary
impurities for the further application and mixing it with the fresh organic phase [6].

The principal scheme of a solution purification using extraction is shown in figure 2:
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Fig. 2 [9]. Schematic flow sheet of purification by solvent extraction

VI. SOLVENT EXTRACTION EQUIPMENT

There are various types of the solvent extraction equipment nowadays. The basic principles of such
reactors are shown in figure 3. The mixing section is for the water and organic phase handling and the settling
section is for their separation. Fine mixing and separation can be obtained in mixer-settlers (Fig. 3(a)), but the
service of such reactors is not good.

Packed column extractors are widely-spread because of their characteristics. They are high reliability,
high stage efficiency, short contact times and small liquid inventory. They are easy in service and have simple
design. The height of a such apparatus is 10-20 m, the diameter is 0,3-3 m (Fig. 3(b)).

As for the disadvantage of such columns, it is bad agitation and bad phase separation.

In pulsed columns (Fig. 3(c)) the mechanical agitation is very good, but it has poor phase separation.
The organic and aqueous phases move between special perforated plates (“settling chambers™). All phases are
dispersed into droplets; the water phase moves down the apparatus and the light organic phase rises and the
component distribution occurs.

The mixer-settler battery and column extractor provides the phase separation not better than ~99%, it
means that each phase contains some amount of droplets of the other phase. In this case centrifugal extractors
(Fig. 3(d)) are sued, which give almost 100% separation efficiency. Their advantages are the following: good
mixing, good phase separation, and very small hold-ups. The organic-water phase contact time in centrifugal
extractors is shorter than in the other types of the extractors. The dimensions of such reactors allow to reduce the

radiation decomposition [2].
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Fig. 3[2]. Different types of extraction equipment. (a) Mixer-settler. (b) Spray column. (c) Pulsed

column. (d) Tubular centrifugal contactor.

VII. RESULTS: ADVANTAGES AND DISADVANTAGES OF EXTRACTION
Here are the advantages of liquid-liquid solvent extraction [3]:
e  Selective separation and high effectiveness;
e Partition coefficient is not influenced by the concentration, so, the extraction can be applied to
a wide range of concentrations.
e The process can be followed by the process of re-extraction and solution (organic phase) could
be used in the further extraction processes;
e A wide range of organic extractants can be used, because of the “modifier-diluent” variations;
e  Simple equipment; this process can be automated.
These are main disadvantages of liquid-liquid solvent extraction [3]:
e Harmful and ignitable solvents are used;
o Usually it takes a long period of time;
¢ Big financial amounts;
e Large organic compounds and solvents waste;
e Can be influenced even by a small amount of impurities in the solvent(s);
e Temporary emulsions formation can affect the phase-separation process;
o Radio colloids and fission fragments cannot be extracted and harm the extractant.
The method of extraction purification has some limitations, but it is widely spread all over the world

nowadays and is considered to be one of the most efficient methods in uranium and rare earth metals technology.
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VIl. CONCLUSION

In my abstract | have represented the uranium extraction process, as a method of compounds

purification used to a wide variety of uranium materials and other rare and precious metals. From my point of

view, the aim to acquaint the readers with the concept and possible applications of this method was achieved. In

this work, theoretical basis of extraction was regarded. Thereby, the issues connected with the experimental part

and equipment were observed and, in this case, the correlations of physical and chemical processes during the

extraction process were interpreted. Also, as the results both advantages and possible disadvantages of this

process were mentioned in my work.
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Abstract.

This is no ordinary report therefore review which consists of two parts. The first chapter is concerned
with some general provisions in nuclear energy sphere, like a safety, shortage of specialists & installation of the
future. The second part includes develop of Rosenergoatom, the numbers and types of nuclear plants in the
Russian Federation, demand for nuclear power in Russia and worldwide(in other words, the export) today.

Keywords: safety, shortage of specialists, installation of the future, Rosenergoatom, nuclear plants in
the Russian Federation, export.

Research field, related sciences: safety of life, human psychology, geography, global interaction and
global economy.

I. INTRODUCTION.

Purposes and objectives: to know the general provisions of the Nuclear Safety Program, the reasons of
shortage of specialists, what’s Rosenergoatom, how many working reactors in Russia, countries, which Russia
exports.

Il. SAFETY.

Even at depressed world prices, Russia relies on income from its oil and gas exports for a substantial
portion of its budget revenues; accordingly, to free up hydrocarbons for export, Russia is looking to supply its
future energy needs by increasing its nuclear-power program. [1]

Before moving on to market of nuclear energy, I’1l start speaking with a some words about safety.

Two major accidents: the Three Mile Island incident in the US in 1979 and the Chernobyl catastrophe in
the USSR in 1986. As a result by 1990 not only had the growth forecasts for nuclear power generation failed to
materialize, but the whole future of the industry was in question. Some countries went so far as to start closing
down their existing nuclear power stations and others decided not to build new ones.

However, the attitude towards nuclear power gradually has changed once again. Many countries found
that they simply could not do without nuclear generating, which already produced a very high percentage of their
electrical power, and the accidents had the salutary effect of making safety paramount in development and
operation of nuclear reactors, helping to make them more acceptable to public opinion.

For safety has already done much in Russia:

-Huge amounts of money were invested in programmes to improve the safety of and modernize first-
generation nuclear reactors;

-More attention was paid to the whole production cycle used by the nuclear industry, including the
decommissioning of nuclear reactors and disposal of nuclear waste;

-Safety requirements began to be regulated at international as well as national level. [2]
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I1l. SHORTAGE OF SPECIALISTS.

The current nuclear renaissance has made it clear to all developed nations that the nuclear industry
needs to preserve and develop its human resources. In the recent past, negative public perception and unclear
prospects made jobs in the nuclear power industry and nuclear science less prestigious and promising. As a result
the industry has lost nearly a generation of engineers and specialists, who chose not to pursue careers in the
nuclear industry. Russia also suffered the full impact of nuclear stagnation, exacerbated by cuts in military and
research programmes. The crisis of the 1990s also made a negative contribution. All of Russia’s engineering
professions have experienced shortages of trained staff, so that engineering positions in many industries,
including nuclear, still have to be filled with older employees. If new nuclear technologies are to be developed
and new power stations are to be built, the industry needs a long-term supply of skilled human resources.
Transfer of knowledge from one generation of technicians to the next is a prerequisite for preserving and
developing any high-tech industry, and there is a risk that the ageing generation of specialists in the nuclear
industry will disappear, leaving few heirs. Attention is therefore being focused, as a matter of urgency, on
training of new specialists and creation of a system that will attract and retain young engineers in the nuclear
sector, thanks to adequate opportunities for social and professional development. [2]

IV.INSTALLATION OF THE FUTURE.

Nuclear power is not a renewable source of energy, and yet it is often viewed as an alternative to
traditional energy generation technologies based on burning of fossil fuels. Economic development, increased
competition in markets for energy resources, global climate change and a number of other problems have led to a
renaissance of nuclear power worldwide. The presidential blog, maintained by Russian President Dmitry
Medvedev, notes that ‘a decision has been taken to gradually increase the share of renewable energy sources in
Russia’s overall energy production. The share of nuclear power will increase to 25% by 2030. [3]

V. DEVELOP OF ROSENERGOATOM.

The industry — nuclear power plants and their supporting organisations — belongs to MinAtom, which
has tried to convert its military-industrial system into a number of viable commercial companies. Since 1992, all
nuclear power stations, except for Leningrad which is independent, have been placed under the state company
“Russian State Concern for the Generation of Electric and Thermal Power at Nuclear Power Plants” —
Rosenergoatom. [4]

It was reorganized as the Federal Agency on Atomic Energy on March 9, 2004. According to the law
adopted by the Russian parliament in November 2007 and signed by the President Putin in early December, the

agency was transformed to a state corporation. [5]
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Figure 1. Organisation of Russian Nuclear Sector [4]
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V1. POWER REACTIONS OF RUSSIA.

Map. 1 Nuclear Power Plants in Russia - Existing and Planned [4]
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Table 1. Power Reactors in Operation [4]

Type MwWe net, Commercial Scheduled

Reactor V=PWR each operation close
Balakovo 1-2 W-320 850 5/86, 1/88 2015, 2017
Balakovo 3-4 W-320 8950 4/89, 12/93 2018, 2023
EBeloyarsk 3 BNEG0O FER 560 11481 2010
Bilibino 1-4 LWGR EGP-6 11 474177 2009, 09, 11,12
Kalinin 1-2 W-338 8950 6/85, 3/B7 2014, 2016
Kalinin 3 W-320 8950 12104 2034
Kola 1-2 W=230 411 12/73, 2175 2018, 2019
Kola 3-4 We213 411 1282, 12/84 2011, 2014
Kursk 1-2 RBMHK 925 10/77, 8/79 2021, 2024
Kursk 3-4 REME g25 3/84, /86 2013, 2015
Leningrad 1-2 RBMK g25 11/74, 2176 2019, 2022
Leningrad 3-4 RBME 925 6/80, 8/81 ZGI_:I‘QE.GE}T 1.
MNovovoronezh 3-4 W-179 385 672, 373 2016, 2017
MNovovoronezh 5 V=187 850 2181 2010
Smolensk 1-3 RBMK 925 983, TIB5,1/90 2013, 2020
Volgodonsk 1 W-320 850 3001 2030
Total: 31 21,743 MWe

Russia's nuclear plants, with 31 operating reactors totalling 21,743 MWe, comprise:

-4 first generation VVVER-440/230 or similar pressurised water reactors,

-2 second generation VVER-440/213 pressurised water reactors,

-9 third generation VVVER-1000 pressurised water reactors with a full containment structure,

-11 RBMK light water graphite reactors now unique to Russia (apart from a larger unit in Lithuania).

The four oldest of these were commissioned in the 1970s at Kursk and Leningrad and are of some

concern to the Western world. A further Kursk unit is under construction.

-4 small graphite-moderated BWR reactors in eastern Siberia, constructed in the 1970s for

cogeneration (EGP-6 models on linked map).

-One BN-600 fast-breeder reactor. [6]

VIl. DEMAND FOR NUCLEAR POWER IN RUSSIA TODAY.

Targets for increases in nuclear-power generating capacity are very ambitious. In January 2000, 29
commercial nuclear reactors operated within Russia at nine sites built between 1971 and 1993. Within the next
eight years, all the units belonging to the first generation, which were designed before the issuance of basic
safety regulations in 1973, will complete their planned lifetimes of 30 years. Units of the second generation will
complete their lives over the next 9 to 19 years. Extensions beyond design lifetime are envisaged, and plans to
increase nuclear-power generating capacity are very ambitious. Under a low-growth scenario, the plan for the
next 20 years is to build almost as much new nuclear capacity, approximately 20 GW, as was built during the
1970s and 1980s. The goal is to reach annual nuclear electricity production of 235 TWh. The goals are even
higher under a high-growth scenario, with a target of 30 to 32 GW of new plant capacity and annual output of
340 TWh, nearly three times that of 1999. [4]

Russian nuclear electric energy industry represents 5% of the world nuclear energy market, 15% of the
world nuclear reactors market, 45% of the world uranium enrichment market, and 15% of the world market of

spent fuel conversion. Russia also provides 8% of the world production of natural uranium. [7]
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The most powerful & latter example was in last year. The Kalininskaya power plant — some 350 km
from Moscow — launched a new reactor. It's be capable of supplying half of the capital's energy needs all by
itself, saving up to 450 million tons of oil annually. [8]

VIII. EXPORT.

Soviet exports of enrichment services began in 1973, and Russia has strongly continued this, along with
exports of radioisotopes. After 1990, uranium exports began, through Tenex.

Exports of nuclear fuel cycle goods and services topped US$ 2 billion in 1999, including $500 million
in fuel assemblies and $1.6 billion in other goods and services. Exports were US$ 2.5 billion in 2001 and and
rose to $3.5 billion in 2004. In 2006 they were again US$ 3.5 hillion. [6]

The latter "Megatonnes to Megawatts" program supplies about 15% of world reactor requirements for
enriched uranum and is part of a US$ 12 billion deal between US and Russian governments, with a non-
proliferation as well as commercial rationale. However, Rosatom confirmed in mid 2006 that no follow-on
program of selling

Russian high-enriched uranium from military stockpiles was anticipated once this program concludes in
2013. The 20-year program is equivalent to about 153,000 tonnes of natural uranium.

Rosatom claimed to be able to undercut world prices for nuclear fuel and services by some 30%. [6]

It was also pushing ahead with plans to store and probably reprocess foreign spent fuel, and earlier the
Russian parliament overwhelmingly supported a change in legislation to allow this. The proposal involved some
10% of the world's spent fuel over ten years, or perhaps up to 20,000 tonnes of spent fuel, to raise US$ 20
billion, two thirds of which would be invested in expanding civil nuclear power. [6]

Rosatom took over building a reactor for Iran at the Bushehr power plant, a project commenced by
Siemens KWU but then aborted. Then it sold two large new AES-91 power plants to China for Jiangsu Tianwan
at Lianyungang (both now operating) and two AES-92 units to India for Kudankulam (under construction, start-
up due in 2008). It is likely that ASE will build a second unit at Bushehr and agreements have been signed for
two more at Tianwan in China, which may be VVER-1200 type. In 2007 a memorandum of understanding was
signed to build four more units at Kudankalam (reaffirmed early in 2008) and more elsewhere in India.

Russia's policy for building nuclear power plants in non-nuclear weapons states is to deliver on a turn-
key basis including supply of all fuel and repatriation of used fuel for the life of the plant.

When China called for competitive bids for four large third-generation reactors to be built at Sanmen
and Yangjiang, ASE unsuccessfully bid the AES-92 power plant for these. [6]

Of China's 11 nuclear power plants, the oldest, Qingshan-1, only came online in 1991. While Western
attention is focused on growing Chinese involvement in the global energy market, Beijing has already
announced plans to spend $50 billion to build an additional 32 nuclear plants by 2020. Rosatom's involvement
could generate far more revenue than issuing bonds in the deepest bear market in decades. [1]

In October 2006 its bid for two AES-92 units for Belene was accepted by Bulgaria. ASE leads a
consortium including Areva NP and Bulgarian enterprises in the EUR 4.0 billion project.

ASE is reported to be under consideration by Fortum to supply Finland's sixth nuclear power reactor if
it is built at Loviisa.
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Itis also considered a leading contender to build two large reactors in Belarus, and will almost certainly
build the first of a series of small reactors (probably VBER-300) in Kazakhstan. [6]

A potentially wide-ranging memorandum of understanding with Enel of Italy is for cooperation on
nuclear power projects in Eastern and Central Europe (where Enel has a major presence), using Russian
technology. Most of these export prospects bring ASE into direct competition with western reactor vendors.

Since 2006 Rosatom has actively pursued cooperation deals in South Africa, Namibia, Chile and
Morocco as well as with Egypt, Algeria, Vietnam and Bangladesh. Tenex has also entered agreements to mine
and explore for uranium in South Africa (with local companies) and Canada (with Cameco).

In September 2008 ARMZ signed a MOU with a South Korean consortium headed by Kepco on
strategic

cooperation in developing uranium projects. This includes joint exploration, mining and sales of natural
uranium in the Russian Federation and possibly beyond.

In February 2008 ASE formed an alliance with TechnoPromExport (TPE), an exporter of all other
large-scale power generation types. This will rationalize their international marketing. TPE boasts of having
completed 400 power projects in 50 countries around the world totalling some 87 GWe. [6]

IX. RESULTS

The world needs nuclear power, so it is necessary to comply with safety, to make effective changes to
existing rules and develop new ones. As a result more people will be have a aspiration to work in this sphere.
Rosenergoatom was established in 1992 year as a center for regulating the production and operation of reactors,
the investigation of nuclear energy. Russia has 31 reactors in view of the exhaust. Russian exports of nuclear
energy in 15 major countries around the world.

X.CONCLUSION

Market for nuclear energy is sufficient demand both in Russia and around the world, so Russia has all

chances to become a global supplier.

1. «Analysis: Russia's nuclear-energy ambition» by John C.K. Daly Washington, (UPI) Apr 22,

2009 from http://www.nuclearpowerdaily.com/reports/Analysis Russias nuclear-

energy_ambition 999.html

2. «National Human Development Report in the Russian Federation 2009. Energy Sector and
Sustainable Development». Moscow 2010. [Electronic version]

3. Report from www.kremlin.ru

4. INTERNATIONAL ENERGY AGENCY. «RUSSIA ENERGY SURVEY 2002.» IN
COOPERATIONWITH THE ENERGY CHARTER. . [Electronic version]

5. "Rosatom State Corporation registered" from http://en.academic.ru/dic.nsf/enwiki/797564

6. «Nuclear Power in Russia» (17 July 2009). [Electronic version]

7. ENERGY STRATEGY of RUSSIA FOR THE PERIOD UP TO 2030 APPROVED by Decree N°
1715-r of the Government of the Russian Federation dated 13 November 2009 Moscow 2010

8. «Russia to play key part in nuclear comeback- RUSSIA TODAY», 12.05.2009 from
http://www.russiaenergy.com/index.php#state=NewsDetail&id=1743

7-9 MIOHA 2012 r. Tomck, Poccus 68

NUCLEAR PHYSICS AND NUCLEAR POWER INDUSTRY


http://www.nuclearpowerdaily.com/reports/Analysis_Russias_nuclear-energy_ambition_999.html
http://www.nuclearpowerdaily.com/reports/Analysis_Russias_nuclear-energy_ambition_999.html
http://www.kremlin.ru/
http://en.academic.ru/dic.nsf/enwiki/797564
http://www.russiaenergy.com/index.php#state=NewsDetail&id=1743

MEXOYHAPOOHAA MONOAEXHAA HAYYHAA LWKONA « METOA0/10TMA MPOEKTUPOBAHUA MOJIOAEXHOTO
HAYYHO-MHHOBALIMOHHOIO MPOCTPAHCTBA /19 POCCUACKOM SHEPTETUKU»

CEKLUMNA Nel « A4EPHBIE ®PU3NKA U SHEPTETUKA»

METHODS, TOOLS AND EQUIPMENT BAR CODE IDENTIFICATION IN THE PROBLEMS OF
ACCOUNTING FOR AND CONTROL OF NUCLEAR MATERIALS
D.V. Chegodaeva
Scientific Supervisor: PhD, Associate Professor B.P. Stepanov
Linguistic Advisor: Senior teacher N.V. Daneykina
Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050

E-mail: dasha.kabanovich@gmail.com

Abstract.

This article describes the principles of building bar-code identification system in system
accounting for and control of nuclear material. And the use of information obtained in the automated data
collection systems.
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I. INTRODUCTION

One of the key tasks of systems of accounting for and control of nuclear materials is data collection for
the physical inventory and the imperative need for its completion in a given time interval. [1, 2] On the way to a
successful solution of these problems arise obstacles that have generalized name - the problem of the "human
factor".

The problem of "human factor” is in the process of accounting for and control of nuclear materials
procedures in the traditional way, the data is repeatedly passed through the human consciousness with:

— reading data with a label or tag;

— writing the reading data in the workbook;

— reading recorded in the workbook data;

— entering these data in a computer system with a keyboard.

The man has features which adversely affect the success of the implementation of the above
transactions:

— sluggishness;

— propensity to commit errors (3 ... 4% - the normal level);

— increase the likelihood of errors in complicating the tasks;

— a low level of motivation for quality work of low-wage workers involved for data
entry.

To obtain accurate and actual (timely) information on changes occurring with nuclear materials, you
need to automate data collection, the advantages are:

— quickness;

— reliability;
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— dose reduction factors for staff;
— removing the human factor.

For this created and maintained computer database, which with the help of automated identifier
recorded information about - accounting units; - the location of accounting units; - weight; - material;-isotopic
composition;-enrichment.

The most common technology of automated data collection - is bar coding.

Therefore, the aim was to rationale the applicability of the bar code data in automated systems of
accounting for and control of nuclear material.

Consider the current at this time, the types of bar coding and types of codes.

Barcode - graphic label, which according to certain rules encoded informationusually, it is an
alphanumeric code identifier. Bar code creates such a way that this information can later be read electronic
device - bar code reader.

In addition to image the bar code label on the model may attend a field with alphanumeric equivalent of
a bar code and additional text information that is used to read for humans.

The main types of codes - One-dimensional (linear) and two-dimensional (matrix).

A one-dimensional bar code is a series of rectangular strips separated by intervals (Fig. 1). The

information is contained only in one dimension and can be read by conventional single-beam scanner. [3]

876

54132109118

Fig. 1. An example of a one-dimensional code.
Two-dimensional bar code contains information on the entire plane of the bar code in two
dimensions. (Fig. 2) It can be considered with the help of specialized scanners two-dimensional bar codes.
They can be coded much greater volume of information, but because of the complexity of working with it

and great cost of the equipment (scanners two-dimensional bar code) is still not widely used. [4]

llI [ ]

Fig. 2. An example of a two-dimensional code.

When choosing a bar code for the purposes of accounting for and control of nuclear materials
should focus on the characteristics of the selected code to the conditions of operation and ease of use in
various procedures of nuclear materials, such as physical inventory, receiving and transmitting material,
incoming inspection, the physical movement of material inside the object [1, 2, 5].

Materials for the application of bar codes can be different - paper, wood, metal, plastic, glass.
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When you select should focus on properties of a material (color, strength, grip the surface with the dye, the
operating conditions).

Bar codes can be applied:

— directly to the subjects;
— on the label;

— in the sticker labels;
— identification cards.

Concerning performance properties of the material, you need to focus on what material can be
subjected to aggressive action of the medium. Should pay attention to the materials for printing, water-
resistant and chemical, resistant to smearing and abrasion resistance, high temperature.

Just here should be taken into account operating conditions:

the presence of friction and the ability to wear;

the need for periodic decontamination;

potential damage to the shell barcode

Application technology of bar codes:

— ink jet;

— offset printing;

— flexography;

— photocomposition;
— squeezing;

— thermal printing;
— Laser:

- Laser printers in the office;

- Laser engraving on the films;

- Laser printing for special coverage. [1,6]

Devices for reading bar codes are an integral part of the system, they just serve as an identifier of
data that were previously handled by a person during the physical inventory.

Scanner - a device emitting controlled light-flow, collects and converts the reflected light in the
first analog and then digital electrical signal.

By reading device element bar code scanners are divided into:

— LED. Radiating element is LED readout - CCD.

— Laser. With the mechanism of scanning the laser beam through a system of
mirrors.

— Image scanners. With a good range of reading linear and two dimensional bar
codes.

By type of performance:

— hand;
— stationary, which are fixed in one place;

— conveyor, used in the industry.
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The decoder - a device that analyzes the electrical signals from the scanner and converts it into
ASCII form.
— determines whether the scanned object is a barcode;
— determines the type of bar code by analyzing the first and last few lines;
— compares the signal with templates (tables) in the memory and converts it to
codes of ASCII;
— transmits data to a computer.
Interface - a device that provides electrical and logical decoder pair with the computer. [1, 6, 7]
A demonstration complex device of INTERMEC and programs to work with bar codes is complete
enough to work with bar codes system. The structure of educational demonstration of the complex devices

work with bar codes is shown in the diagram below. (Fig. 3)

PC

ThermalTransfer Printer

L

Intermec
EasyCoderPC4

Ll
Scanner -

ScanPlus 1800 T
(SR, VT PDF)

Fig. 3. Demonstration complex of instruments bar coding.

The complex includes:

computer;

— packages LabelShop and CorelDraw for designing labels with bar code symbol,
— stationary Intermec EasyCoder PC4 printer for thermal transfer labels;
— stationary barcode readers:

- Intermec ScanPlus 1800 SR;

- Intermec ScanPlus 1800 VT PDF.

Were analyzed the principles of building bar-code identification system in automated system
accounting for and control of nuclear materials. And based on the prorated material was chosen the most
suitable types of bar-coding — EAN[8, 9] and Data Matrix[10], and developed several labels, identifiers for
the possible containers with nuclear material, which was laid down the following information: (Fig. 4, 5)

«03» lot number;

«013» - the number of accounting unit;

«35» - composition of nuclear material (U-235);

«091» - date of receipting a lot.
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01 030130 1350012

Fig. 4. Example of label-identifier based on the EAN code with decoding the encoded information

U325 enriched to 2.3%
The lot 264, shelves 4, line 2
The manufacturer «MSZ»

Date of receipt 25/05/2012

Figure 5. Example of label-identifier based on the DataMatrix code to decipher the encoded
information.
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http://www.jasmi.ru/automation/automation.html#1

http://www.gs1.org/

http://www.gslru.org/

10. http://invx.com/
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Abstract.

In the present work was investigated the applicability of the methods for protecting boron-containing
materials by SHS technology. A model of managing self-propagating high temperature synthesis based on the
calculation and theoretical analysis the dynamics of temperature fields in the propagation of the combustion
wave. We prove the applicability of this model for the synthesis of boron-containing materials of nuclear power
plants. Also the possibility of immobilizing radioactive waste by SHS technology is considered.

I. INTRODUCTION

According to the development program of nuclear industry of Russia in 2007...2010 and until 2015
have been approved by the Russian government planned to implement an accelerated development of the nuclear
power industry to ensure the country's geopolitical interests. This includes the issue of creating new materials for
nuclear power plants for various of goods.

One technology is self-propagating high-temperature synthesis (SHS). This synthesis method has some
specific features that distinguish it from existing methods for producing inorganic compounds: high temperatures
and short times of synthesis, the small energy consumption, simplicity of equipment, the ability to manage the
process of synthesis, and as a consequence, production of materials with a given combination properties[1].

Fundamentally the following ways to control the SHS are [2]:
1.Management in preparation of the bland.
2.Management during the process, which includes a thermal heating system.

3. Management during cooling of finished products consisting in changing the temperature regime of cooling
and the type of atmosphere.

When management of the synthesis is the actual problem that needs a preliminary calculation and
theoretical analysis parameters for the initial batch of components and of the process of SHS. To solve this
problem should be modeling the main factors management self-propagating high-temperature synthesis.

I1. IMMOBILIZATION

Borosilicate glass and aluminum phosphate are currently used for immobilization of HLW. However,
glass-ceramics have many drawbacks: the lack of chemical and radiation resistance, low stability and heat
resistance. Crystalline matrices, in which the radionuclides are minerals are included in the form of isomorphic
impurities, are deprived of these shortcomings. In particular, the polyphase titanate ceramic Synroc offers
exceptional chemical resistance, and, thanks to the wide isomorphism, we can accumulate a large number of

different radionuclides.
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As it is shown in the studies of Synroc, the main crystalline phase in the ceramics is zirconolyte.
Zirconolyte is a phase with a nominal stoichiometry CaZrTi,O is regarded as a promising phase matrix for the
immobilization of actinides, including plutonium and rare earth elements, components of radioactive waste.

There are several ways to obtain zirconolyte with a fixed RW. One of the most challenging and
resource-efficient techniques is a method of self-propagating high-temperature synthesis. [2]

Creation of SHS-materials for various purposes causes a large number of these systems. Moreover,
synthesis must be accompanied by obtaining of the final product, and certain conditions of SH-synthesis must be
provided. This means carrying out a large number of experiments to establish the thermophysical parameters
determining the mode of obtaining the materials. Therefore, the urgent task of design-theoretical analysis is to
determine the principal features of the combustion process in a given system. It is also necessary to determine
preliminary parameters for the initial blend of reactants and modes of SH-synthesis. To those, above all, include:
the proportion in the system of initial reagents, the value of pressing pressure of reactive systems, which
determines the density of the samples prepared in the synthesis, the temperature of preheating of the initial blend,
changing which is one way of managing the IFOR. Along with this, obtained temperature distribution in the
sample volumes suggests a possible phase composition of the final product, and therefore, makes it possible to
choose the optimal regimes of fusion reactions to produce products of high purity.

I1l. CALCULATION AND THEORETICAL DEFINITION OF THE FUNDAMENTAL FEATURES
OF THE SHS

Computational and theoretical analysis based on the determination of adiabatic combustion temperature
of SHS materials was carried out to determine the principal features of SH-synthesis. Calculation of adiabatic
temperature did not give an unambiguous answer to the question about the possibility of SH- synthesis, but in
combination with an experimental study of SH-synthesizing materials of different classes, this approach allows
to predict the possibility of combustion.

The procedure of calculating the adiabatic combustion temperature has been well studied. It is

determined by solving the equation:
Tm)
[c(rydr =Q-vL,
TO

- Where C, Q, L are the specific heat, heat of formation and heat of fusion product respectively, and v is the
proportion of liquid phase in the product of combustion.
According to the quantum model of the Debye heat capacity can be determined by the following

equation:

39/T ,4,x
CV(T)=9Nnk(IJ [ e
0) 9 (ex —l)
hC, ( 9N

1/3
where H:T(—Vj is the Debye temperature; h is Planck's constant; k is Boltzmann constant; N is
T

concentration of solute; n is the number of atoms contained in the N molecules; V is the volume occupied by the

substance; Cy is the speed of sound in this matter; T is the current temperature of the substance. [3]
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For the calculation of adiabatic combustion temperature it is necessary to use the values of heat capacity
at constant pressure.

The studies were conducted for different densities of pressing of the initial blend of components and
initial temperature of preheating equal to 1200 K.

The  dependence of the  adiabatic temperature onthe  preheating  temperature of  the

sample for various densities of pressing is also researched (Fig. 2)
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Fig. 2. Dependence of adiabatic temperature on the initial preheating temperature of the sample for
various densities of compaction: 1 - 1200 kg/m3, 2 - 2400 kg/m3, 3 - 3600 kg/m3.
For determine of the principal features of SH-synthesis is carried out computational and theoretical

analysis based on the determination of adiabatic combustion temperature T, of SHS materials.

Value T, in combination with extensive experimental studies of SHS of different classes of materials gives the

opportunity to ask criterial values of adiabatic temperature [3]:

. T, <1000 K — combustion system is absent and the synthesis is not possible;
. T, >2000 K — the reaction of combustion is in the system;
. 1000 K <T,, <2000 K — the further research are necessary.

The main condition for determining the adiabatic temperature is the equality of the enthalpies of the

starting materials H at the initial temperature T0 and of the final products at the adiabatic temperature. It

means that all emitted by the reaction heat Q goes into heating the combustion products from the initial

temperature to the combustion temperature and can be represented as:

Z(H(Taa)f H(To))i :Q !

i=1

where n — number of precursors mixture of the component.

To solve this equation using a method based on the quantum Debye model that allows relating the

specific heat with the parameters of the initial mixture of components in contrast to the classical model [4].

7-9 MIOHA 2012 r. Tomck, Poccus 76

NUCLEAR PHYSICS AND NUCLEAR POWER INDUSTRY



MEXOYHAPOOHAA MONOAEXHAA HAYYHAA LWKONA « METOA0/10TMA MPOEKTUPOBAHUA MOJIOAEXHOTO
HAYYHO-MHHOBALIMOHHOIO MPOCTPAHCTBA /19 POCCUACKOM SHEPTETUKU»

CEKLUMNA Nel « A4EPHBIE ®PU3NKA U SHEPTETUKA»

(T, Jimal-K)

240 4

- T e T S
W 450 &0 TS 00 1050 1200 1350 1500 1650 1RO

Fig 1. Dependence of the heat capacity for tungsten boride, calculated using the Debye model (1) and
the empirical method (2).

Curves presented in Fig. 1 show a satisfactory agreement at low and medium temperatures compared
with the classical method. In addition, the Debye model has no restriction in the field of high temperature and
allows relating the heat capacity with the parameters of the state of the synthesized sample.

IV. MODELING THE DYNAMICS OF TEMPERATURE FIELDS IN THE DIRECTED SYNTHESIS

For modeling the dynamics of temperature fields is required to solve the heat equation:

+(:(T)p ot

°T 1T °T) g oT
a |yt =
o r o g

where @ — thermal diffusivity coefficient; p — density of the sample; 0, — volumetric heat source.

Equation is a boundary problem with the boundary and initial conditions:

aT oT :

1) or r=R = iOL(Tr:R _TS)iSG(TriR _TS4) , }LE r=0 -
oT oT

2- 7\, az z=H = ia(Tz:H _TS)iSG(TZiH _TS4) R l )L =0 :Tl‘l

where A — thermal conductivity coefficient; oo — heat transfer coefficient; & — coefficient of
"blackness" of the surface; ¢ — Stefan-Boltzmann constant; T, — ambient temperature; T. — preheating

temperature of the sample; R — sample radius; H — height of the original sample.

On the basis of the calculated data laboratory experiments on the synthesis of tungsten boride were
conducted.

V. IMPLEMENTATION OF MODELING THE MAIN FACTORS OF MANAGEMENT THE SHS
AS AN EXAMPLE OF SYNTHESIS OF TUNGSTEN BORIDE

Material used as a control and protection system is a tungsten boride. The synthesis of materials based
on tungsten boride was carried out by the following reaction:

W+B— WB

Fig. 2 shows the thermogram of the combustion system tungsten-boron with equal initial conditions.
The measurements were performed for the central point of the cylindrical sample. There is a satisfactory

agreement between the experimental and calculated data. The difference amounts to different parts is about 5 to
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12%, which agrees well with an error of calculation due to an error of the mathematical model used in the

calculations of two-component systems.
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Fig. 2. Experimental and calculated thermograms SHS system WB
V. CONCLUSION

Satisfactory agreement between calculated and experimental data at this stage suggests the correctness

of the numerical methods and the possibility of calculating the other two-component SHS systems.
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Abstract.

Computational studies of the neutron-physical characteristics of the systems of "dry" storage of spent
nuclear fuel of the RBMK-1000 have been carried out. A range of practical recommendations for the
optimization of the parameters of the systems and schemes of handling and placement of spent fuel in a "dry"
storage have been developed.

Keywords: dry storage system, spent nuclear fuel, neutron-physical parameters, effective neutron
multiplication factor.
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I. THE STATE OF RESEARCH

The pace of development of nuclear power industry is largely determined by external components of the
nuclear fuel cycle and by the long-term storage of spent nuclear fuel (SNF) and its processing in particular.

After the decay of a significant amount of short-lived radio nuclides in the pre-exposure of spent
nuclear fuel in water for the reduction of the heat and radioactivity emission, it appears advisable to switch to the
"dry" method of storing spent nuclear fuel. Therefore, diverse research and scientific and technological
development for the creation of the conditions for long-term "dry" storage of spent fuel are of a great practical
interest.

The purpose of this research is scientifically rational and practical recommendations for creating a
technology to optimize the neutron-physical parameters of the systems and schemes of placing spent fuel in the
"dry" storage. Achievement of the stated goal leads to a better efficiency and safety of the "dry" storage of spent
nuclear fuel.

Il. SIMULATED MODEL OF THE «DRY» STORAGE SYSTEM CAMERA SPAN OF 12M

Storage of spent fuel in Russia is provided in special slots, where the hermetic containers with spent
fuel are placed. Each camera has 242 storage slots of hermetic containers with spent fuel of RBMK-1000,
located in the slot in two levels. About 3,503 tons (of uranium) of spent nuclear fuel of RBMK-1000 is located
in each slot.

The slots are placed in a square lattice with a pitch of 1000 mm (the diameter of the slot 720 mm,
thickness 7 mm). Canister (container) is a steel pipe with the size of 630 x 7 mm, length 4,1 m and the case is
made from steel 10ChSND. Each pencil case has 31 ampoules with RBMK-1000 spent fuel assemblies (see Fig.
1.). Diameter of ampoules 92 x 2 mm, which are located at the distance of 96 mm from each other in a triangular

lattice. Containers are placed in slots in two tiers, one above another.
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Each slot of simulated models with canisters placed is a unit, to calculate the values of k. of simulates

model is approximated as possible to the real storage system as much.
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Fig. 1. Distribution scheme of ampoules with RBMK-1000 spent fuel assemblies in the case: B - distribution
scheme of fuel elements in fuel assemblies.

To describe one cell of «dry» storage in SCALE 5.0 an equivalent cell was created, called a UNIT. An
array with the size of 22 x 11 units was formed from this UNIT, which is processed by the program. The
example of filling of array by UNITs is given in fig. 2.
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Fig. 2. The array in the size 22 x 11, consisting of one type of UNIT.
Additionally, the following approximations were made:
e  Fuel in canisters is "fresh" (design accident).

e  Analysis of nuclear safety for the beyond-design-basis accidents were made in view of burnup.
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e From the main fission products only Sm°

is considered, secondary fission products are not
considered.

e  The main sources of spontaneous neutrons are isotopes of Pu, Am and Cm.

e  The main sources of (a, n)-neutrons are the following dioxides: Puz%0,, Am**'0,, Cm?*?0, and
Ccm**0,.

e  The system is a nuclear-safe only if ke < 0,85.

I1l. THE RESULTS OF CALCULATIONS OF KEFF OF CAMERAS SPAN OF 12 M DSSNF
RBMK-1000.THE CASE OF "FRESH" FUEL.

The variants of design (fillings of the storage system with water, but water is absent in the canisters with
ampoules) and beyond-design-basis accidents (filling of the storage system and all the ampoules with water,
which are located in canisters).

Uranium fuel with enrichment of 1,6, 2,0, 2,4, 2,6 and 2,8% was used in the calculation of ke of «dry»
storage system.

Results of the calculation of ke for fuel with initial enrichment of 1.6% for five different downloads:

1. In the «dry» storage system was one slot with canisters placed in the center. kegr = 0,1252 + 0,0004.

2. The «dry» storage system is completely filled with the fuel. ke = 0,2829 + 0,0008.

3. In «dry» storage system was one slot with penal placed in the center. The «dry» storage system
completely filled with water, water was everywhere except the slot with canisters. ke = 0,3572 + 0,0010.

4, The «dry» storage system completely filled with the fuel. The «dry» storage system completely
filled with water, water was everywhere, but slots with canisters are not filled with water. kegs = 0,3867 = 0,0009.

5. The «dry» storage system is completely filled with the fuel. We consider a beyond-design-basis
accident, water filling the storage and all ampoules, which are located in canisters in the slot of the store. Ke =
0,8146 + 0,0014.

Results of calculation of ke for fuel with another enrichment are given in the table 1. Numerals 1, 2, 3, 4
and 5 correspond to the downloads schemes, which are given above.

Table 1. The calculated values of ke of the «dry» storage system with different fuel enrichment.

Enrichment, % 1 2 3 4 5
1,6 0,1252 0,2829 0,3572 0,3867 0,8146
2,0 0,1299 0,3034 0,3779 0,4108 0,8942
2,4 0,1338 0,3277 0,4003 0,4319 0,9502
2,6 0,1355 0,3399 0,4058 0,4422 0,9756
2,8 0,1362 0,3499 0,4115 0,4492 0,9967

7-9 MIOHA 2012 r. Tomck, Poccus 81

NUCLEAR PHYSICS AND NUCLEAR POWER INDUSTRY



MEXOYHAPOAHAA MONOAEXHAA HAYYHAA LWKOJIA « METOA0/10TMA MPOEKTUPOBAHUA MOJIOAEXHOTO
HAYYHO-MHHOBALIMOHHOIO MPOCTPAHCTBA /19 POCCUACKOM SHEPTETUKU»

CEKLUMNA Nel « A4EPHBIE ®PU3NKA U SHEPTETUKA»

Thus, the emergence of self-sustaining fission reaction is possible for the fuel with the enrichment of
2,6% and 2,8%, and only in case of beyond-design-basis accident, when there is a filling of the storage and some
of its parts with water. However, this event is impossible. In addition, in accordance with PNAE-G-14-029-91
[4], nuclear safety beyond-design-basis accidents should be justified in view of measure of burnup of spent
nuclear fuel, as a really stored burnt fuel.

IV. THE CASE OF "BURNED" FUEL.

The «dry» storage system completely filled with RBMK-1000 spent nuclear fuel (enrichment - 2%,
burnout - 19 740 MW - day / ton, confinement time- 180 days and 10 years). The neutron source (n / (s * ton))
was calculated according to [2, 5 - 7], the calculation method is presented in [6].

Effective multiplication factor of the «dry» storage system loaded by RBMK-1000 spent nuclear fuel is
equal to ke = 0,2229 + 0,0005. The values of the neutron flux as a function of UNIT location in the array are

presented below graphically in Fig. 2.1.

Flux, relative units
5 <4 - G

Fluy, relative unita

N

3 ‘ 5 6 7 L ’ 0

Ve
BCosfoament tone of RIVC-2000 SNF- 0.5 year
BConlframent tme of RIVKC-1000 SN 10 yean

Fig. 2.1. The value of fast neutrons, depending on UNIT location in the array.

Calculations showed that burn-up will reduce the value of k¢ for 32% and as a result from the
viewpoint of nuclear safety camera span 12 m of the «dry» storage system is deep subcritical system even in case
of beyond-design-basis accidents, but level of neutron radiation at a fuel with burn-up of 19 740 MW - day / ton
is greater than the maximum permissible value.

Thus, it is vital to optimize the distribution scheme in the dry storage system of spent nuclear fuel with
different burn-up in order to reduce radiation exposure to personnel. One of the variant of filling is given below
(see Figure 3.) It allowed to reduce the levels of neutron radiation at certain points of the storage system to limit
values [4].

Effective multiplication factor of the «dry» storage system (see the array shown in Figure 3) is equal to
ket = 0,2148 + 0,0003. Fluxes of the modeled system, depending on location in the array UNIT below (see
Figure 3.1).
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Fig. 3. An array of size 22 x 11. UNIT 1 - slot with canisters, burning 19 740 MW - day / ton; UNIT 2 -
slot with canisters, burning 24 910 MW - day / ton; UNIT 3 - slot with canisters, burning 29 285 MW - day / ton,

UNIT 5, 39 ... 69 - the empty slots.
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Fig. 3.1. The value of fast neutrons, depending on UNIT location in the array.

V. CONCLUSION

1. It was found that under proper operation and design-basis accidents the «dry» storage system of
spent nuclear fuel is deeply subcritical system (scheme of loading - 1 ... 4, see Table 1.), with kg < 0,45.

2. Thus, it is necessary to optimize distribution scheme of spent nuclear fuel with different burn-up in
dry storage system to reduce radiation exposure on personnel.

3. Variant of "downloading" of the «dry» storage system suggested in the researching work (see Figure

3.) will reduce the radiation levels at certain points in the storage to the maximum permissible values.
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Abstract

The given project work consists of five sections. In the introduction information about the types of spent
nuclear fuel (SNF) storage is presented. In the main part the concepts of SNF storage of power reactors after
unloading from the reactor is described. In the second part an overview of the main technologies of dry storage
of spent fuel, and a detailed explanation of the technology of SNF in water-filled pools is discussed. The main
types of dry storage of spent nuclear fuel technology, different types of containers for dry storage and storage
chambers are studied. In the conclusion a brief review of the problem of SNF storage is described. There is also
a list of the references and a glossary in which some terms used in this work are given.

Key words: spent nuclear fuel, reactor, storage pools, dry storage, and accumulation of SNF.

Research field: nuclear physics, atomic physics, nuclear energy technologies.
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I. INTRODUCTION

All nuclear reactors have pools for storing spent nuclear fuel that are directly related to the operation of
nuclear reactors. In essence, this is the basic element of storage technology which is provided by reducing the
activity of spent fuel and heat. Over time, storage near the reactor began to fill with a large number of spent
nuclear fuels of different ages, approaching the level of its capacity, which threatens the continued operation of
the power units. When you create a modern steel building it includes spacious pools, storage facilities, which
should allow for unloading of spent nuclear fuel.

For this purpose two approaches are used. In the first case, an additional intermediate storage is
created directly at the reactor site, but it is much larger and, in general, regardless of the reactor and storage near
the reactor. Such storage may be either "wet" using one or more pools or "dry", which may or may not provide
for transportation off-site. It is assumed that such "storage near the reactor" outside the reactor storage can act as
long as a nuclear power plant operation, as well as during the recultivation period (from 50 to 100 years).

In the second case, outside the reactor storage is located outside the reactor area in a special place. The
main part of outside the reactor storage is presented in the form of «pool» storage. Most of these storages (92%)
relate to the storage of the «wet» type.

Both "wet" and "dry" storage technology must meet a number of basic requirements:
. a set of fuel assemblies must be maintained under controlled conditions and should
not cause disturbances in the environment surrounding the repository;
. subcriticality of spent nuclear fuel must be maintained under normal conditions and in

emergency situations;
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. radiological protection should ensure safety of the personnel, population and

environment in accordance with the applicable regulations [1].

Il. SPENT NUCLEAR FUE

I1. 1. Basic information about SNF storage

Through the nuclear fission process, fuel assemblies become intensely radioactive and must be safely
stored in the environment that sequester and contain the radioactivity. Essentially all nuclear fuel from nuclear
power plants is used in ceramic form. A typical 1,000-megawatt nuclear power plant produces about 20 metric
tons of spent uranium fuel per year. The country’s 103 commercial nuclear reactors together produce about
2,000 metric tons of used fuel annually.

Spent fuel radioactivity is generated by:

. fission products (e.g., isotopes of cesium and strontium);

o transuranic elements, also known as actinides (e.g., plutonium, americium, and
neptunium);

. fission product of gases, such as krypton and xenon, trapped within used fuel rods
and pellets;

. spent fuel assembly metals, such as cobalt, nickel, and niobium, which became

radioactive in the neutron flux of an operating reactor.

The radiotoxicity of an isotope is a measure of its potential to cause damage to living tissue.
Radiotoxicity depends on the residence time in the body and on the type of radiation emitted by the isotope.
Radioactive decay of the waste is dominated for a few hundred years by highly radioactive fission products and
after that by heavy elements in the actinide series, which are less radioactive (i.e., take a long time to decay). The
decay of fission products also produces heat. Spent fuel that has just been removed from a reactor generates
about 2,000 watts per kilogram. The heat rate drops after a year to about 10 watts; after 5 years to about 3 watts;
and after 100 years to about 0.5 watts. After 1,000 years, the thermal output of the spent fuel is negligible [1].

I1. 1. Long-term disposal of nuclear waste is necessary

There are several main features of the repository environment to be considered for long-term geologic
disposal. The NJFF group agrees with the technical group convened by the IAEA, which found that, typically, a
suitable environment for deep disposal would display such properties as:

o long-term (millions of years) geological stability, in terms of major earth movements
and deformation, faulting, seismicity, and heat flow;

. low groundwater content and flow at repository depths, which can be shown to have
been stable for periods of at least tens of thousands of years;

. stable geochemical or hydro chemical conditions at depth, mainly described by a
reducing environment and a composition controlled by equilibrium between water and rock-forming
minerals;

. good engineering properties, which readily allow construction of a repository as well
as operation for periods that may be measured in decades.

Some have explored finding alternate approaches to deep geological disposal. For example, a disposal

in deep boreholes (over 2 km deep) drilled from the surface has received some study, but on the whole would
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require substantial research and development. Options other than geologic storage have been considered,
including launching waste into space and disposal in deep sea beds. These have been judged too risky or
infeasible, or they violate international treaties [2].

I1l. TYPES OF STORAGE

I11. 1. Storage Pools

When removed from a reactor, spent fuel is radioactively and thermally hot. It is stored in storage pools
where active circulation cools the radioactive contents. As long as a nuclear reactor is operational, it requires a
cooling pool for the hottest spent fuel.

About one-fourth to one-third of the total fuel load is removed to storage pools from the reactor every
18 to 24 months and replaced with fresh fuel. The spent fuel rods are immersed under at least 20 feet of water,
thus providing adequate shielding from the radiation for anyone near the pool.

When a power plant’s pool storage capacity is limited, NRC may approve replacement of existing fuel
storage racks with higher density racks constructed with neutron-absorbing materials. Almost all nuclear power
plants employ high density racks now, but only a limited additional storage capacity is available through
continued reracking. To allow for more newly discharged spent fuel to be added to pools, older and cooler fuel
can be moved to dry cask storage [3].

I1. 1l. Dry Cask Storage

In the late 1970s and early 1980s, the need for alternative storage began to grow when pools at many
nuclear reactors began to fill up with stored spent fuel. Dry cask storage allows spent fuel that has already been
cooled in the spent fuel pool for at least one year to be surrounded by inert gas inside a container called a cask.
The casks are typically steel cylinders that are either welded or bolted closed. The steel cylinder provides a leak-
tight containment of the spent fuel. Each cylinder is surrounded by additional steel, concrete, or other material to
provide radiation shielding to workers and members of the public. Some of the cask designs can be used for both
storage and transportation.

There are various dry storage cask system designs. With some designs, the steel cylinders containing the
fuel are placed vertically in a concrete vault; other designs orient the cylinders horizontally. The concrete vaults
provide radiation shielding. Other cask designs orient the steel cylinder vertically on a concrete pad at a dry cask
storage site and use both metal and concrete outer cylinders for radiation shielding. Spent fuel is currently stored

in dry cask systems at a growing number of power plants (Fig.1).

Figure 1. Storage of SNF
The main advantages of a dry spent fuel storage technology in comparison with technology in the

storage pools (wet or water storage method) include:
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. storage conditions (atmosphere of air or inert gas), in which the degree of minimal
degradation of the fuel;

. passive way to remove heat from the stored fuel,

o low doses to personnel in the operations of loading / unloading of spent nuclear fuel
storage and maintenance;

. lower the probability of environmental contamination that may occur only when the
mechanical failure of the repository;

. lower capital cost for the construction of storage facilities;
. the possibility of increasing the capacity of the storage unit;
. easy to store maintenance and low operating costs;

. small amount of secondary waste.

However, the dry technology has certain shortcomings, which, as typically include:

. the need for a mandatory pre-cooling in the spent fuel pools exposure;

. minor experience operating dry storage;

. less density storage of spent nuclear fuel;

. the need to study the behavior of structural materials (concrete, metals) to confirm the

possibility of prolonged use (at least 100 years) [4, 5, 6].

I11. 11. 1. The basic technology of dry storage of spent nuclear fuel

In principle, distinguish the following types of dry spent fuel storage technologies:

Technology container storage and storage technology to the chamber. In addition, we can distinguish
the dry storage borehole (mine) type, which are not widely available and dry storage, representing a monolithic
concrete system.

The concept of dry storage of spent nuclear fuel in the chamber has been developed and used in the
U.S., Britain, France, Hungary, etc. The chamber has a relatively simple design, spent fuel is cooled by natural
convection of air. The chamber is made of reinforced concrete can be partially deepened. Chamber storage of
spent nuclear fuel requires additional installation for the reception and packing assemblies in pencil cases and to
verify their integrity.

In the chamber of the dry storage can be used to force air circulation. From a thermodynamic point of
view camera with a cooled natural convection of air allows for higher ambient temperature and gives the
possibility of a more compact storage. The concept of dry storage in cells allows for a modular solution set.

The system container storage has been used in almost all countries, having nuclear power plants (fig.2,).
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Figure 2. The system container storage

Initially the container used for delivery purposes spent fuel from nuclear power plants in the regional
storage or to final burial. Use containers as a means of dry storage was due to several factors. The possibility of
placing directly on the area of NPP, or directly adjacent territories, low capital cost for the construction of
container storage facilities, the possibility of a phased input power (making the required number of containers
within a certain period of time). In addition, a very attractive idea was to use the same containers at once for two
or more purposes, such as for storage and subsequent transportation.

At present, single-purpose containers destination (single purpose system), dual-purpose containers
(dual-purpose system) and multi-purpose (multi-purpose system) are applied. The single-purpose containers are
designed to perform a single function: storage, transportation or disposal of spent nuclear fuel. The dual-purpose
containers are used for storage and transportation of spent nuclear fuel (fig. 3, 4), the multi-purpose containers
means containers for storage transportation and final disposal of spent nuclear fuel.

Figure 3. Dual-purpose containers Figure 4. Dual-purpose containers with the cover removed

All of the existing dual-purpose and multi-purpose containers can be divided into two groups:

. the group of containers (cask-based), in which the container is complete a single
system and performs all the functions for which it is designed (Storage, transportation, disposal);

. the group of containers (canister-based), in which spent fuel is contained in a sealed
pencil case (sealed canister), and that the tight pencil case serves as a common component for storage,
transportation and disposal. Usual for such systems is repackaging canisters for storage, transportation
or disposal.

Container systems for storage, transportation and disposal of spent nuclear fuel as a whole perform
the following functions:

. storage of radioactive substances;

. limitation of ionizing radiation in the environment;
. removal of decay heat from spent nuclear fuel;

. ensuring subcriticality of the system.

Containers should be designed in such a way that their structure integrity and thermal performance

ensure all the necessary safety requirements. A pure container system (cask-based, one-piece flask) was derived
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from the transport containers. In the transport containers thick metal walls provide protection from radiation and
protection against external influences. Many containers inside the cavity, which housed the spent fuel, can be
filled with water, providing heat removal from spent nuclear fuel, and protection against neutron radiation.

For systems based on the use of hermetic casing (canister-based), safety features for each target
(storage, transportation, final burial) are provided with special packages for the pencil case. The very tight pencil
case (canister) may perform one or more security features. For example, a pencil case may include in its
membership the cover, or other supporting structures that ensure subcriticality of the system as a whole in
storage and during transportation and disposal of spent nuclear fuel. Sealed pencil case can, for example,
perform the function of containment of radioactive materials in storage, but for transportation may require
special packaging it pencil case [7, 8, 9].

IV. CONCLUSION

Obviously, for the further development of nuclear energy in the absence of a decision on reprocessing
or final disposal of SNF from the sphere of human activity, requires a rational and efficient infrastructure of
SNF.

Creation of new nuclear power plants with reactors of the new type and use of a new generation of fuel
assemblies with a significant increase in the burn up will require additional studies, related to the definition of
the minimum holding time in the wet storage (security during transportation) and the definition of allowable safe
timing of wet and dry storage of spent nuclear fuel.

In any possible scenario, nuclear power development in Russia prior to the radiochemical processing
and / or disposal of spent nuclear fuel, storage of spent nuclear fuel will remain an essential and necessary
condition [10].
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Abstract.

The results showing the dependence of the experimental and calculated frequencies in the Raman
spectra from the molecular mass of the sulfur isotope. The effect of sulfur isotope shift on the change of
thermodynamic parameters.

I. INTRODUCTION

Natural sulfur consists of a mixture of stable isotopes with mass numbers 32, 33, 34, 36, the relative
content of which is respectively 95.04%, 0.75%, 4.20%, 0.015% [1]. Isotopes of sulfur applied in biology [2],
geology [3], geochemistry [4, 5], ecology [6-8], agrochemistry [9], archeology [10] and medicine [11]. It is
obvious that the information on the spectral and thermodynamic properties of stable sulfur isotopes is important
for applied and scientific problems. In [12-15] studied in detail the vibration spectra of sulfur o-"*S u a-**S at
low temperatures, and studied the effect of temperature on the infrared spectra of natural and izotopically-
pure sulfur 3Sg. These experiments were  done using ~ a-single  crystal of  sulfur. However, in  applied
research often use not single crystals of sulfur, but its polycrystalline powders. Therefore, in this paper, we
present the infrared spectra and Raman spectra of and izotopically-pure polycrystalline o-*S, a-*S, o-
%S The experimental dataare compared  with theoretical ~ calculations ofthe infrared spectra
and Raman spectra, obtained by theory of functional density. In addition, in this paper shows the
relationship between the change in Gibbs free energy and the mass of an isotope of sulfur.

I1. EXPERIMENTAL SECTION

In the experimental work using isotopes of sulfur with an isotopic purity: %S - 99,9%:; *S - 99,4%:; s -
99,9%. To obtaina chemically pure orthorhombic sulfur modification (a-S) the isotopes were subjected
to triple distillation under vacuum with subsequent crystallization from carbon tetrachloride. Obtained in this
way isotopes of sulfur have a chemical purity of not less than 99.9%.
The IR spectra of polycrystalline samples of a-Sin KBr tablets in the range 400-500 cm-1 were obtained
using FT-IR spectrometer Nikolet 5700 at room temperature with a resolution of 2 cm™. Raman spectra were
recorded on a spectrometer Nikolet 5700 with Raman module in the range 100-500 cm™  at room
temperature with a resolution of 1 cm™. In both cases used laser with Nd: YAG ( A=1064 nm, 514 mW).

The calculations of the Sg molecules containing of the different sulphur isotopes were carried out using
the GAUSSIAN’03 program package [8]. The geometries were first optimized at the gradient-corrected DFT
level by using the three-parameter fit of the exchange-correlation potential suggested by Becke [9] in
conjunction with the LYP[10] exchange potential (B3LYP). This method is now generally accepted to describe

the thermodynamic properties and vibrational spectra, and gives results similar to the MP2 and GMP2 methods.
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We have been used all electron 6-31G(d), and extended cc-PVTZ basis sets. The absence of imaginary vibration
frequencies confirmed the stationary character of the structures.

Energy calculations have been corrected for zero-point vibrational energy and reduced to normal
conditions (298,15 K, 1 atm) using thermal corrections to the enthalpy and free energy. The optimized geometries
of these molecules have also been used for the calculations by the ADF’2004 (Amsterdam density functional)
program. We have used the OPTX exchange functional [11] combined with the PBE correlation functional [12]
using an all electron triple-C + polarization basis set of uncontracted Slater orbitals. Scalar relativistic effects
have been considered using the zero order regular approximation (ZORA) [13].

I11. RESULTS AND DISCUSSION
Fig. 1 shows the IR spectra, obtained for polycrystalline samples of isotope o-**S, o-**S, a-*S u o-

"™'S. According to [22], observed in the IR spectra absorption corresponds to the valence vibration (stretching
vibration) - vs. Figures shows that the position of the lines of oscillations 5 for a-**S and the a-**S isotopes
are shifted to the low-energy side, and a line corresponding to the isotope a-*2S, has a high-energy shift with
respect to the spectrum of a-"*S. This behavior can be explained by the fact that the provisions of the oscillation
frequencies in the spectra directly affects the mass of the atoms oscillating around the equilibrium positions in

the crystal lattice. This dependence has the form v= ccm™.
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Fig.1. Raman spectra of the 35, 335, **S isotopes , and sulfur with the natural isotopic composition "S.
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Fig.2. Isotopic dependence of the oscillation frequencies of a-S in the IR spectra
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Isotopic dependence of the oscillation frequencies of a-S in the IR spectra shown in Fig. 2. Line shows
the calculated dependence of the absorption frequency of the atomic mass of a-S isotope (¥=2632,9 m’
*) which agrees well with experimental values. Fig. 3 shows the Raman spectra, obtained for polycrystalline
samples of isotopes of a-S. In the spectra of isotopes observed all the absorption bands characteristic of a-S, but
which according to the isotope shift depends v = o« m™. Fig. 4 shows the experimental vibrational
frequencies in the Raman spectra of the atomic mass of a-S isotope. As can be seen from the figure depending
on the maxima provisions of the bands in the Raman spectra of sulfur isotopes are a linear function of the

atomic masses of the isotopes.

Intensity (a.u.)
-

Raman shifts (cm™)

Fig. 3. Raman spectra of the isotopes a-*S, a-*S, a-**S u a-"'S
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Fig. 4. Isotopic dependence of the oscillation frequencies of «-S in the Raman spectra

The obtained linear dependence on the known frequencies of isotope 0-*2S, a-*S, o-**S allowto
determine the oscillation frequency in the IR and Raman spectrum of sulfur isotope o-*S, for which is
difficult to obtain the vibration spectra due to its high cost associated with its low content in natural sulfur. Well
known that cyclo-octa-sulfur can form three rystalline allotropic modifications, the first of which is stable at
room temperature orthorhombic o -S [15]. Its structure was studied by X-ray analysis, and contains S8 as main

structural elements, which are formed with each other like the columns [16].
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Fig. 7 The relation between the experimental and calculated by BP86/TZ2P+ oscillation frequencies of

Raman spectra for sulfur isotopes a-*%S, a-*°S, o-*S

Resistance of sulfur clusters is determined by the thermodynamic parameters. It should be noted that the

experimental formation enthalpy of the transition from S, to Sg virtually unchanged, while the entropy of

formation varies considerably[18].
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IV. CONCLUSION

IR spectra  and Raman spectra  of polycrystalline isotope a-*%S, o-**S, and o-**S are obtained.

2. Founded, that experimental frequencies of the vibrational spectra of the isotopes of sulfur decreases

linearly with increasing mass of the isotope. From the experimental correlations, the oscillation frequencies for

the isotope o-*S are determined.

3. Obtained results demonstrate that the quantum-chemical calculations are sensitive to the isotopic shifts in the

vibrational spectra of sulfur isotopes and are able to assess changes in their thermodynamic properties.
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Abstract.

This research work was carried out for to studying how fuel assemblies IRT-3M type behave them in

active zone of “Sputnik” research reactor. Six- and eight-pipe fuel assemblies was calculated in special

program, called TGRK (Thermo-Hydraulic Calculation of Channel). Squared in cross-section fuel elements

were transformed into cylinders, because of program geometry requirements. Findings were compared with

passport values of operating conditions. As results, on nominal power level of the Sputnik, temperature

regimes of fuel assemblies are correspond to safety requirements.

I. INTRODUCTION

The active area of research reactor IRT-T [1], equipped only with instruments that allow to determine

heat of the water coolant and the reactor thermal power in general. Determine the distribution of energy, the

distribution of temperature fields on the reactor cells and fuel elements can only be with a program of neutron-

physical calculations.

The purpose of this paper is the calculation of the thermophysical parameters of FA IRT-3M type in the

IRT-T reactor core:

1) Preparation of input data for computer codes TGRK program;

2) The calculation of the temperature field;
3) Calculation of heat flows;

4) Critical parameters of the operation of fuel assemblies;

5) Preparation of a report and design report.
Il. DEVELOPMENT, METHODOLOGY

Table 1 lists specified by the manufacturer (Novosibirsk Plant of Chemical Concentrates Plant) passport

FA values of the operating conditions for the IRT-3M research reactor IRT.

Table 1. Legal values of the operating conditions of IRT-3M fuel assemblies for the research reactor IRT

Parameters Value in normal operation
Position of FA in the core Vertical
Coolant Water
Direction of movement of the coolant Top-down
Pressure of the coolant at the entrance to the FA, kPa 135-170
Pressure drop of the coolant at the core, kPa 35-70
Velocity of coolant, m/s <53
Temperature of the coolant at the entrance to the FA, °C <45
Maximum temperature on the surface of the fuel element, °C | <100

Heat flux from the surface of the fuel element, KW/m? <800
Boiling coolant on the surface of fuel rod Not allowed
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For other values of speed and coolant temperature at the inlet of the reactor power assemblies should be
such that the maximum design temperature of the walls of the fuel rod (without mechanical coefficients) was less
than 100 ° C.

In a technical report on the safety of the reactor IRT-3M indicates a more specific parameter values:

- The temperature of the coolant at the entrance to the active zone - 45 ° C;
- The pressure at the outlet of the reactor core - 133 kPa;
- Pressure drop across the core - 37 kPa.

Thermal calculation was performed for steady state reactor core during operation at nominal power level
(6 MW).

As a result of neutron-physical calculations were obtained according to the calculated energy distribution
of the cells of the active zone, height and azimuth of all FAs. Among them, for the thermal design of selected 8-
and 6-tube bundle with the most intense settings. These distributions were input during the thermal calculation.

The temperature distribution of coolant and fuel element wall temperature on the height of the most
intense FA were calculated in the approximation of one-dimensional cylindrical channel with coaxial fuel
elements. The temperature of the coolant at the core inlet, the pressure in the volume of the active zone and the
pressure drop across the core were set to be constant.

The calculations for the most intense high-altitude sections of the direction in azimuth and altitude of FA
were determined:

« temperature of the coolant between the fuel elements,

+ wall temperature of fuel elements,

« temperature limits shell-core fuel rods;

» maximum temperature of fuel-element cores;

« temperature of the onset of surface boiling

« supply of the surface prior to a boil,

« heat flow from the surface of the fuel elements,

I11. RESULTS

The reactor core loaded with the IRT-T only fresh assemblies. The distribution of energy between the

cells of the reactor is shown in Fig. 1. This figure also shows the estimates made by heat-flux density.

0.87 093 0.96 1.00 294 289 302 352

0.84 097 102 0.99 301 429 419 385

1.12 1.30 406 446
1.13 1.28 411 451
0.87 0.99 0.96 311 420 438 383

090 095 096 0.97 289 317 301 357

Energy release, rel. units. The density of heat flow, kW/m?
Fig. 1. The distribution of energy (normalized by the mean), and heat flux density over the cells of the

active zone of the reactor IRT-T.
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Of the most intense assemblies for thermophysical calculations have been selected (except for the power

they had higher values of the coefficients of non-uniformity):

- among 8-tube FA - FA in the fourth row, right column (underlined);
- among 6-tube - third FA in the fifth row (highlighted in black).

The coefficient of uneven distribution of energy adjustment FA was:

- for 8-tube - 1.28;

- for 6-tubeh - 1.27.

In Fig. 2 shows the distribution of energy of height 8- and 6-tube FA.

Energy release, rel. units.

Height of the active zone, cm

Fig. 2. The distribution of energy adjustment assemblies, normalized by the mean

- \
1,30

P~
N
o

!

e, rel. units.

-
=
o

!

g)LreIeas
k=)
o

Ener

0,90

| D
|

0,80 ! ! ! | ‘
1 2 3 4 5 6 7

=0==Direction from upper eqggRhEAOT tIETTRPEREREHT from upper left corner
Direction from upper right corner ==C==Direction from right edge of FA

(o]

=== Direction from bottom right corner Direction from bottom edge of FA

Direction from bottom left corner Direction from left edge of FA

Fig. 3. The radial distribution of energy for the maximum weighted vosmitrubnoy FAs in different

directions (normalized to the average of the fuel assemblies, fuel elements are numbered from the outer to inner)
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Table 2. The radial distribution of energy for fuel elements

FA type Number of the fuel element, measured from the outer
1 |2 3 4 | 5 6 7 8
Average (excluding azimuthal non-uniformity)
8-tube 1,10 1,02 0,96 0,93 0,91 0,92 0,96 1,01
6-tube 1,03 0,99 0,97 0,96 0,98 1,02 - -
Maximum (of azimuthal directions)
8-tube 1,37 1,23 1,12 1,03 0,99 0,96 0,97 1,12
6-tube 1,53 1,35 1,23 1,14 1,10 1,09 - -

The average value of specific energy in the core fuel rod for vosmitrubnoy shestitrubnoy and FA in the
maximum fuel assembly was loaded with 1.093 and 0.974 kW/cm? respectively.

With an average heating the coolant in the fuel assembly vosmitrubnoy 9,4 ° C the maximum temperature
does not exceed 63,4 ° C. The highest power density in the fuel assembly has an outer fuel rods, so that in him
and reached maximum values of fuel temperature (82,5 ° C), the surface of the shell (81,0 ° C) and maximum
heat flux from fuel rod to coolant — 487 kW/m? — on the surface of the outer fuel element (evaluation stage of the
physical calculation - 451 kW/m?).

With an average heating the coolant in the fuel assembly shestitrubnoy 7,3 © C the maximum temperature
does not exceed 62,8 ° C. The highest power density in the fuel assembly has an outer fuel rods, so that in him
and reached maximum values of fuel temperature (82,9 ° C), the surface of the shell (81,4 ° C) and maximum
heat flux from fuel rod to coolant — 475 kW/m?.

IVV. CONCLUSION

The results of thermal calculations of fuel rods of the reactor core of the IRT-T prepared the data for
computer codes TGRK program. It is shown that at rated power reactor fuel element temperature regimes fall

within limits and comply with the requirements of technical safety justification.
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Abstract.

The isotope americium-241 are produced in industrial quantities in the decay of Pu241. Since Pu241 is
usually present in the newly evolved in weapons-grade plutonium, Am241 accumulates in the medium with the
collapse of Pu241 [1]. In industry, americium-241 used for a variety of test and research instruments, in
particular, for continuous measurement of the thickness of the steel (0.5 to 3 mm) and aluminum (up to 50 mm)
tape, and sheet glass. The apparatus of americium-241 used for the removal of electrostatic charges in the
industry with plastics, plastic film and paper. It is also within some of the smoke detectors (~ 0.26 micrograms
per detector) [2]. Considered the product obtained when U238 loaded into the reactor and subsequent exposure
to thermal neutron flux. In this paper we consider the scheme of the Am241, and the calculated time of formation
of the most efficient accumulation of the isotope. The results are presented in tables and graphs.

I. INTRODUCTION

Americium - silvery-white, malleable and ductile. Glows in the dark by its own a-radiation. Most of all
he looks like a rare-earth metals family. It has two allotropic forms. In the low-temperature form has a double
hexagonal close-packed structure, the density of 13.67, which at 1074 ° C is transformed into a face-centered
cubic. The melting point - 1175 ° C.

Il. APPLICATION OF AM

The most long-lived isotope of americium - Am243 has a half life of 8000 years and is used for
radiochemical research and the accumulation of more remote transuranium elements up to fermium. Much more
varied use of the first isotope of americium - Am241. It has a half life of 433 years. This isotope, decaying, emits
alpha particles and soft (60 keV) gamma-rays (for example, the energy of hard gamma rays emitted by cobalt-60
- a few MeV). Protection against soft radiation of Am-241 is relatively simple and nonrecurrent: sufficient cm
layer of lead. The industry uses a variety of control and measuring instruments, and research with the americium-
241. In particular, for continuous measurement of the thickness of the steel (0.5 to 3 mm) and aluminum (up to
50 mm) tape, and sheet glass. The apparatus of americium-241 used for the removal of electrostatic charges in
the industry with plastics, plastic film and paper. It is also within some of the smoke detectors (~ 0.26
micrograms per detector).

I1l. RECEIPT OF AMERICIUM

Am241 is now produced in commercial quantities in the decay of Pu241 as shown in Figure 1:
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UZBE
T./>=4,46e9 years
A=99,27%
(ny)
UZEE Np239 puli?
T,/,=23,45 min Ty/,=2,4 day T,/,=2,4e4 years
A=0% A=0% 4=0%
(ny) (ny)
Np**® pu*®
T4/,=61,9 min T,/,=6,56e3 years
A=0% A=0%
(ny)
pul-l!. Am2~11
Ty/2=14,35 years Ty/2=432,2 years
A=0% A=0%

Fig. 1. Accumulation chain of americium

Since Pu-241 is normally present in the newly evolved in weapons-grade plutonium, Am-241
accumulates in the medium with the collapse of Pu-241. In this regard, it plays an important role in aging
plutonevogo weapons. Svezheizgotovlenny weapons-grade plutonium contains 0.5-1.0% Pu-241 reactor-grade
plutonium is from 5-15% to 25% Pu-241. After a few decades most of the Pu-241 decays to Am-241. Energetics
of alpha decay of Am-241 and the relatively short lifetime of creating a high specific radioactivity and heat
output (106 W / kg, for example, a Pu-241 thermal output of 3.4 W / kg). Most of the alpha-and gamma-ray
activity of old weapons-grade plutonium is due to Am-241.

IV. MODELING THE DYNAMICS OF RECEIPT OF AMERICIUM

For these calculations were used the following table data

Neutron flux

Thermal neutron 1,00E+14
Rigidity of spectrum 0,3
Ti2 (sec) o(barn) I(barn) A(sec'l) No Sig*
ue 1,63E+12 2,718 2777 4,25792E-13 2,53E+21 8,60E-09
1 1,63E-02 0 0 42,56426183 0 0,00E+00
Np?® 2,40E+00 49,75 1846 0,288811325 0 6,04E-08
Np**® 4,30E-02 0 0 16,12491018 0 0,00E+00
pu®*® 8,76E+06 270,5 1443,8 7,91264E-08 0 7,04E-08
pu 2,39E+06 287,543 8496,66 2,89487E-07 0 2,84E-07
pu?# 5,24E+03 363,277 169,158 0,000132337 0 4,14E-08
Am?** 1,58E+05 615,477 1443,84 4,39388E-06 0 1,05E-07

Fig. 2. Table data for calculations

Calculations were performed in MS Excel. Outputs are shown in figure 3
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840| 0,535606| 9,39E-06] 0,001363| 4,43E-07| 0,072927| 0,018971| 0,128589| 6,06€-05
850| 0,53164| 9,32€-06] 0,001353| 4,39E-07| 0,072431| 0,018845| 0,128474| 6,07€-05
860| 0,527703]| 9,25€-06] 0,001343| 4,36E-07| 0,071936| 0,018719| 0,128333| 6,09E-05
870| 0,523795| 9,19€-06| 0,001333| 4,33E-07| 0,071442| 0,018594| 0,128167| 6,1E-05
880
890
900

0,519916| 9,12E-06| 0,001323| 4,3E-07| 0,070945| 0,018468| 0,127977| 6,11E-05
0,516066 9,05E-06] 0,001313| 4,27€-07| 0,070458| 0,018343| 0,127763| 6,11E-05
0,512244| 8,98E-06| 0,001304| 4,23E-07| 0,069969] 0,018218| 0,127527| 6,12E-05
910{ 0,508451| 8,92E-06] 0,001294| 4,2E-07| 0,069481} 0,018093| 0,127269| 6,13E-05
920| 0,504686| 8,85E-06| 0,001284| 4,17-07| 0,068955| 0,017968| 0,12699| 6,13E-05
930{ 0,500948| 8,78E-06] 0,001275| 4,14E-07| 0,068511| 0,017844| 0,126691| 6,13E-05
940| 0,497239| 8,72£-06] 0,001265| 4,11£-07| 0,068025| 0,01772| 0,126374| 6,13E-05
950| 0,493557| 8,66E-06] 0,001256| 4,08E-07| 0,067549| 0,017597| 0,126038| 6,13E-05
960| 0,489902| 8,59E-06| 0,001247| 4,05E-07| 0,067072| 0,017474| 0,125684| 6,13E-05
970| 0,486274| 8,53E-06] 0,001238| 4,02E-07| 0,066596] 0,017352| 0,125314| 6,12E-05
980| 0,482673| 8,46E-06] 0,001228| 3,95E-07| 0,066123| 0,01723| 0,124928| 6,12E-05
990| 0,479098| 8,4E-06] 0,001219| 3,96E-07| 0,065652{ 0,017108| 0,124527| 6,11E-05
1000{ 0,475551| 8,34E-06] 0,00121| 3,93E-07| 0,065183| 0,016988| 0,12411} 6,1E-05
1010{ 0,472029| 8,28€-06| 0,001201| 3,9€-07| 0,064717| 0,016867| 0,12368| 6,1E-05
1020{ 0,468534| 8,22€-06| 0,001192| 3,876-07| 0,064253| 0,016748| 0,123237| 6,09€-05
1030| 0,465064| 8,16E-06] 0,001184| 3,84E-07| 0,063792] 0,016628| 0,122781| 6,08E-05

Max amount of Am241: 6.13071E-0,5
Time of accumulation of maximum: 940

Fig. 3. Outputs

Processed data were obtained following graphs accumulation of americium by mass.

mg - During irradiation 1 gram of U238
0,07

0,06

0,05

0,04 +

Am

0,03 +

0,02 -

0,01 4

0,00

T T T T T T 1
0 1000 2000 3000 4000 5000 days

time

Fig. 4. Accumulation of americium by mass

The graphs show that 80% of the product is stored in half the time to achieve the maximum. The
effective number of accumulated Am241:
m =m *0.8=6.13e-5*0.8=4.9e-5 g

eff max
A =A *0.8=189*0.8=151 mKkCi

eff max
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So much of the Am241 is accumulated in 580 days.
V. CONCLUSION

When downloading a gram of U238 the most advantageous time for producing the most effective

amount of Am241 - 580 days During this time accumulated:

10.

- 0.049 mg
- 151 mkCi
This Am241 enough for 188 smoke detectors.
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Abstract.

The title of the present work is “Processing of powder mixtures of reagents with using mechanical
activation”. This article is devoted to one of the most perspective materials technologies, the self-propagating
high-temperature synthesis (SHS) and about the one of the ways of the management of SHS — mechanical
activation. First of all, in given paper can be found information about purposes of application of SHS and main
stages of this process. Next, article concern information about different types of mills, which used for hyperfine
grinding, such as planetary, rotary, jet and vibration mills, principle of their work and constructions, and
individual features. Besides this, can be found information about effect of mechanical activation - the changing
of energy state of the substance in the process of grinding and its role in the self-propagating high-temperature
synthesis. This paper may be useful for students who are interested in the modern methods of production of
materials for nuclear industry.

I. INTRODUCTION

According to the development program of nuclear industry of Russia in 2007...2010 and until 2015
have been approved by the Russian government planned to implement an accelerated development of the nuclear
power industry to ensure the country's geopolitical interests. This includes the issue of creating new materials for
nuclear power plants for various of goods.

One technology is self-propagating high-temperature synthesis (SHS). This synthesis method has some
specific features that distinguish it from existing methods for producing inorganic compounds: high temperatures
and short times of synthesis, the small energy consumption, simplicity of equipment, the ability to manage the
process of synthesis, and as a consequence, production of materials with a given combination properties[5].

Fundamentally the following ways to control the SHS are [6]:
1.Management in preparation of the bland.
2.Management during the process, which includes a thermal heating system.

3. Management during cooling of finished products consisting in changing the temperature regime of cooling
and the type of atmosphere.

When management of the synthesis is the actual problem that needs a preliminary calculation and
theoretical analysis parameters for the initial batch of components and of the process of SHS. To solve this

problem should be modeling the main factors management self-propagating high-temperature synthesis.
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II. TECHNIQUE OF EXPERIMENT

Synthesis of materials by using SHS includes the following steps:
- Mixing powders of the starting reagents according to the stoichiometric calculation of the corresponding
equations for the reactions;
- Grinding of powders in a planetary ball mill;
- Drying the initial mixture of reagents in a technical vacuum;
- Mixing in the mill-type screw;
- Pressing the initial mixture of reagents into cylindrical tablets of different diameter and height variations in the
values of the density of the material of samples by changing the compaction pressure;
- Implementation of SHS process in a laboratory setting and to obtain samples of functional materials;
- Processing of the samples.

[II. DIRECTED SYNTHESIS

In the Tomsk Polytechnic University in recent years, the foundations of natural science of technology
for production of new materials by self-propagating high temperature synthesis are being developed. These
include materials based on tungsten boride and boron carbide, which are used in nuclear technology for the
manufacture of protection against ionizing radiation combined flow and control systems and protection of
physical and energy units (FEU) [1].There are several ways to control propagating high-temperature synthesis,
which should be considered in relation to specific stages, and it changed settings. The main stages of the SHS is
considered to be the preparation of the initial mixture, the synthesis mode propagate and the stage of cooling the
combustion products, including the burning of. In this paper the method of SHS exposure on the course by
changing the parameters of the initial components of the charge, namely the mechanical activation of charge and
varying compaction pressure of the initial sample.

IV. MECHANICAL ACTIVATION

Currently, the grinding of the hyperfine features:

Planetary mill

Planetary mills represent an aggregate of several mills drum mounted on a vertical cage. On the axis of
each mill planted gears that are meshed with a fixed gear. When you rotate the drum drove the mill rotate about
the axis of carrier, as well as around its own axis. Grinding bodies in drums, have additional effects of
centrifugal forces generated by rotation of the drum about the axis of carrier. In laboratory practice long used the
planetary mill small batch. Mills developed a continuous process, ie Loading and unloading of material occurs
on the move [2] .Figure 2.1 Diagram of the planetary ball mill AGO-2The main elements of the mill design are:
a cylindrical body, with drums beating them placed in the steel balls, centrifuge, and capacity for grinding steel
balls. The rotation of the centrifuge by means of an electric motor. Change the frequency of rotation can be either

with the use of transmission shafts, or by using the inverter.
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Fig. 1.The scheme of planetary ball mill AGO-2

Rotary mills

The principle of operation of these mills is based on the dispersal of material to be ground up to high
speeds and their further impact on either the mill or scold each other. There are a lot of structures of these mills.
All of them are characterized by high speed parts that break up the material, a large variety of different elements
involved in the refinement [2].

Jet mills

Effect of jet mills is based on the kinetic energy of the gas or vapor. Gas or vapor passing through the
nozzle, gets great speed, which is used to disperse the particles of crushed material. The grains of the material at
a speed of 50-200 m / s moving in the gas stream and are destroyed on impact with a special "Demolition" plate,
or as a result of mutual collisions of particles with tangential feed gas stream into the grinding chamber, or in
collisions of oppositely directed jets of the grains [2] .

Vibration mills

Mixer Mill is a chamber filled with load, consisting of the material, the medium (gas or liquid), and
special processing bodies (spheres, cylinders, rods, cylinders, pipes, etc.). Load reported by the motion of the
periodic vibration of camera shake, or located in its special bodies. As a result, there is relative motion of the
particle load in the zones of contact are high mechanical stresses, which lead to the destruction of solid particles
[2].

At the core technologies of mechanically activated powder mixtures based on the method of mechanical
activation using a planetary ball mill. The acceleration is calculated at the inner surface of the drum, the closest
to the axis of rotation. In the process of grinding the material is subjected to high strain high degree. The high
level of internal stresses created due to a large extent made during the deformation of the dislocations,
disclinations, vacancies and other lattice defects. Despite the return of the structure, which takes place at lower
temperatures, the internal stress level remains high. In preparing the mixture for later use in the process of SHS
should be borne in mind that the main requirement for the mechanical activation process is to obtain the initial
components of the structure with a large number of defects, but did not receive the product. Elementary structure
of the starting point for the synthesis of N-charge shall be mechanical composite consisting of nano-structured
source components. The presence of mechanical synthesis may slow down the processes of high-temperature

synthesis and impairment of control over the process of composite materials. In this situation, the control
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parameters may be the time of mechanical activation, and the mill power density, which is determined by the
centripetal acceleration of rotating drums [2]

Among the shortcomings of their designs include abrasive wear of the working bodies and the low
efficiency of grinding. However, the principle of particles autogenous grinding during multiple high-speed
collisions with each other in the jet and rotary mills should be considered positive, as this is realized the high
power density (bulk density of mechanical energy is introduced into the grinding zone), flexibility and versatility
Grinding installed in a wide range of technological properties of the crushed materials. Changing technological
properties (reactivity) of fine fractions is achieved by dynamic adjustment and loosening the structure of the
ground material. Changes in energy state of matter in the grinding process is called the effects of mechanical
activation. According to modern physical concepts, mechanical activation - is a form of automatic excitation of
activity of a substance at the stage of spontaneous destruction (self-destruction) loaded solids [3,4]. The level is
determined by the type of mechanical activation mechanism and the mode of destruction, altering the depth of
the disordered structure of the crushed material. Effects of mechanical activation during grinding attach great
importance due to the increased rate of production and quality of end products for enrichment, sintering,
briquetting, combustion, chemical and hydrometallurgical processing of minerals. Technological properties, in
practice, evaluate different options, depending on the technological conversion of crushed products: binding
properties, durability of products, dissolution rate, reaction temperature, flow rate of reactants, the degree of

disclosure of valuable minerals, the efficiency gain.
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Abstract.

The aim of this project is to make a contribution into nuclear industry by involving multimedia
technology in educational process of students of nuclear sphere. One should be aware of the fact that it will
make the process of learning much easier than it is and as consequence will improve quality of knowledge of
students. Besides, this project is focused on the understanding of different basic nuclear physics processes with
help of Microsoft flash animation.

The first part deals with the detailed description of visual aids during a lesson as well as with the
problem of understanding of physics processes among the average student in the technical and non technical
universities.

The second part covers the flash project which includes the example of multimedia in education.

After all the basic aspects being highlighted, the results of approbation and basic conclusion will be
presented in detail.

I. INTRODUCTION

Key words: project, education, Microsoft flash, visual aids (animation)

Science: nuclear physics

Related science: computer science, methodology

Innovative approach in nuclear industry requires new approaches in the sphere of education of
appropriate specialists. Science and technology developing allow introducing new methods of studying. It must
be pointed that one of this methods is introducing educational multimedia animation programs. That is why the
aim of this project is to create multimedia educational program (for nuclear physics).

The example of the program suggested in this work presents the project created on the basis of
Microsoft flash to make the process of getting new skills in nuclear physics area more simple and feasible for
every student owing to implementation of illustrative and animated theoretical material.

1. MODERN APPLICATION OF VISUAL AIDS DURING A LESSON IN RELATION TO THE
PROBLEM OF UNDERSTANDING THE PROCESSES OF NUCLEAR PHYSICS

Today’s education requires a lot of innovational ideas to improve the process itself, to make educational
process easier for students and for teachers and lecturers. Unfortunately, today only few students attend the
library to take the books and learn “How it works”. Moreover, the high speed of the Development of the Internet
and mass media leads to changes in people’s mind. Besides, al the high tech technologies contribute to the
changes in the way of perception of new information.

The fact that should be taken into account is that there are some subjects in the university which are

very hard even with using of books and lectures. For example, studying of physics as well as some of the
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physical processes isn’t very hard and they are intuitively clear for students such as low of uniform and direct
motion. However there are a lot of processes in physics such as nuclear processes and thermodynamics processes
which are extremely difficult for students even for students of technical specialties.

Thus, it leads to the idea that educational process must be improved anyway.

Multimedia technology is one of the easiest ways to solve the problem which was discussed above. The
most of lecturers got used to apply the multimedia technology; in general it’s Microsoft PowerPoint
presentations. It makes them free from writing and gives time to explain the slides and the process which is
described. What is more a lot of teachers use the educational movies, and different cassettes with information
(last point in general for teachers of different languages).

Without any doubt it makes make the process of perception of information a lot easier.

There is one very useful program which helps to create multimedia animation projects — Macromedia
Flash.

1. “NUCLEAR TRANSFORMATIONS” — THE PROJECT IN NUCLEAR PHYSICS ON THE

PLATFORM OF MF

Thus, if taking all stated into account it was decided to create multimedia Flash Project on the basis of
Macromedia Flash to contribute to understanding nuclear physics processes. This project shows common nuclear
reactions, include nuclear fusion and nuclear decay. In addition project contains schematic example of nuclear
reactor and thermonuclear reactor. And as example of innovations, it contains the experimental thermonuclear
reactor which was created in Tomsk Polytechnic University by the group of engineers.

So the example of such a project is about nuclear processes and it will show how ease can physics be:
1) The first step is to start the program. Here the first page of the project is presented. First page contains
information about authors and supervisor
The next step is to start main menu — there student can choose the theme of nuclear physics. Very user-friendly
interface and this program can show to even a little child the processes in the atom.

Theory

Nuclear decay
Reactor

Tokamak

Nuclear fusion
I

=1
Fig.1 Main menu of project
2) After that to know all the processes in detail the theory of the topic is given.

3) Then the example of nuclear reactions is presented to help students to acquire new knowledge and
understand all the nuisances. Any user can choose the process and push the button. All the processes
will be shown, all the reactions will be on the panel.
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Fig. 2 Example of nuclear reaction

4)  The next step is to give information about nuclear factory and to show clearly “how does it works”.
You will see the way of working of a nuclear plant with the help of animation which makes the
cognitive processes work and establish goos connections between the image and theoretical
information.

Fig.3 Model of nuclear reactor

5) By continuing using the menu we can easily the information about thermonuclear device. There is still
not working models in the world. But the potential of such a device is incredible!

IV.RESULTS

The educational program was created with the intention to simplify the process of acquiring knowledge
in the sphere of nuclear physics. The results were approbated on different faculties of Tomsk Polytechnic
University.

To make the situation clear it should be stated that the results of approbation met all requirements as
long as the program:
- isvery simple in use;

- does the nuclear processes very clear to all students of the group;
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- enhances students’ motivation in studying physics;

- contributes to the development of visual-image thinking;

- acts as means of increasing attention to the assimilation of the definite educational material;
- allows to specify the theoretical issues;

- makes the scope of practical application of material under study much broader;

- creates opportunities for modeling a number of processes;

- establishes lasting connections between the form of the theoretical material and its content;
- helps to enhance learning and cognitive activities of students.

Thus, resuming all the above aspects it must be noted that this project can be used by the students of
non-technical faculties and even the students in high schools to simplify the process of studying.
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Abstract

The work presents the approaches and software developed for multi-objective optimization of nuclear
power structures: the modules for energy planning package MESSAGE intended for modeling purposes of
developing nuclear power systems and multi-objective evaluation of its effectiveness. Some results of
implementation of these tools for multi-objective optimization of nuclear power structures are shown.

Keywords: multi-objective optimization; scenarios of nuclear power development; pareto-effective set;
advanced nuclear systems

Nomenclature:

ACR Advanced CANDU Reactor, AFBR Advanced Fast Breeder Reactor, AFBR (Th) Advanced Fast
Breeder, Reactor with Th blankets, ALWR Advanced Light Water Reactor, BN-K Sodium Cooled Fast Reactor,
BR Breeding ratios, FBR Fast Breeder Reactor, FR Fast Reactor, MCDM Multi-Criteria Decision Making,
HWR Heavy Water Reactor, NFC Nuclear Fuel Cycle, LWR Light Water Reactor, LWR (Th) Light Water
Reactor with 233U oxide fuel, RBMK High Power Channel-type Reactor, VVER Water-Water Energetic
Reactor, VVER(m) Modified Water-Water Energetic Reactor, SNF Spent Nuclear Fuel

I. INTRODUCTION

Currently, there is a growing understanding of the fact that the problem of optimizing the structure of
the nuclear power industry is a multi-objective one [1]. There is a growing understanding that the problem of
optimizing the structure of nuclear power system is multi-objective. At the same time, the criteria characterizing
resource consumption, economy, the risks of unauthorized proliferation and waste management, are conflicting
by nature. This means that improving the value of one criterion leads to a decrease in the values of other criteria.

This approach to solving the problem of optimizing the nuclear power system structure in the multi-
objective formulation allows to search for compromises between conflicting system factors determining the
nuclear power system development; to evaluate the impact of regional specifics on the whole range of efficient
indicators; and, with the use of a calculation tool, to carry out comparative multi-objective analysis of options for
nuclear power system development, taking into account the dynamics of development, the structure and the
organization features of nuclear fuel cycle (NFC) and the most important system constraints and restrictions.

II. MAIN PART

These circumstances bring urgency to the development of multi-objective program systems to solve the
problem of optimizing the structure of nuclear power system in multi-objective formulation. Software systems of

this kind could provide a basis for decision support systems for multi-objective evaluation of the effectiveness of
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nuclear power system development scenarios, allowing multi-factorial comparison of its various structures to be
made. One such software system is the MESSAGE code.

MESSAGE software (Model for Energy Supply Strategy Alternatives and their General Environmental
Impacts) is a large-scale dynamic system engineering optimization model used for medium-and long-term
energy planning, energy policy and energy development scenarios analysis [2]. The software was originally
developed by the International Institute for Applied Systems Analysis. Currently, this software is supported by
the IAEA, and is used in the toolbox of the INPRO project. MESSAGE software is a flexible modeling
environment that allows the user to formulate a linear programming problem, to find the optimal solution and
process the calculation results.

Despite the fact that the MESSAGE allows a multi-objective optimization based on the reference
trajectory method, which is a variation of goal programming approach, this feature is not implemented in due
measure. Moreover, this method in its present form does not allow carrying out a representative approximation
of the efficient solutions set, a basis for interactive approaches to support the multi-objective decision-making. It
should also be noted that the form of data input into the model does not allow to efficiently implement both
traditional and state-of-the-art methods of multi-objective optimization and to take into account the uncertainty
in the initial data. The latter is necessary to enhance the validity degree of recommendations made on the basis of
calculations.

As part of the multi-objective optimization software systems development for multi-objective
optimization of nuclear power systems, the following methods have been tested and implemented as computation
modules for energy planning software MESSAGE:

methods of effective solutions selection through single criterion optimization (linear direct

weighting of criteria and criteria constraints methods);

goal programming method,;

reasonable goals method, which is an interactive method of multi-criteria decision-making support. Let
us dwell briefly on the developed software modules.

The reasonable goals method was designed by the Computing Centre of the Russian Academy of
Sciences [3]. The basis of the method is visualization of many possible feasible vectors by imaging it through bi-
criterion slices. The use of the method is mainly intended for computationally complex cases of infinite number
of possible solutions and vectors.

One of the goal programming method’s weak points lies in the fact that the ideal vector is given without
taking into account the real system capabilities. Therefore, the attainable values of figures, even the closest to a
given ideal, may prove to be far from it. The given method seeks to overcome this shortcoming. In accordance
with this method, a set of practically feasible vectors is accessible for decision-makers in a clear, easy for
perception form. One can choose a certain compromise among them.

The program module ParSAM (Pareto Set Approximation Module) for an energy planning software
MESSAGE is designed for automation of the approximation and visualization of Pareto set as well as for
accounting of uncertainties in system parameters. With the ParSAM, a user can create a base project set of linear
programming problems, which are based on the criteria linear convolution method, and the solution of which

conforms to the Pareto efficiency condition. With the created initial data set, the module allows serial
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calculations, processing the calculation results and presenting them in tabular and graphical form. All the
sources, intermediate, and the resulting files are compatible with MESSAGE environment file formats. This
allows, if required, making the necessary adjustments through MESSAGE environment.

The basic functionality of the module:

forming a set of matrices for solving a parametric linear programming problem;

forming a set of files for post-optimization processing of calculation results;

controlling the MESSAGE modules to improve efficiency of the Pareto set approximation;
different ways of weights generation for the Pareto set approximation;

different ways of the Pareto set visualization.

Information on the Pareto set can be used to estimate the marginal rate of substitution, which can
effectively support the selection of the most preferred criteria point in multi-objective problems.

The main programming language was chosen as C# which combines object-oriented and aspect-
oriented concepts and was developed in 1998-2001 by Microsoft as a primary application development language
for Microsoft platform .NET [4]. The choice of .NET technology is based on the following features: it allows
efficiently developing applications for Windows, web-applications and web-services, and at the same time the
.NET platform provides simultaneous support for designing and implementing software using different
programming languages.

Using the reasonable goals method, the studies on Russian nuclear power with fast reactors with
different breeding parameters were carried out to establish a compromise development strategy on a set of
conflicting criteria (Figure 1).

Nuclear reactor
technologies

Front-end stage of NFC Back-end stage of NFC

Production of RBMK SNF

nuclear fuel »|  RBMK >
for RBMK storage

Production of Reprocessing of
nuclear fuel »  VVER » SNFVVER »  SNF(RBMK,
for VVER storage VVER, VVER(m))
Enrichment
| ofuranium " Production
of nuclear
fuel for »| VVER(m) »| SNFVVER(m) g
VVER(m) storage
h A
Spent fuel
:;:[:t:fd BN-800 > storage BN- [—
uranium 800
BN-K-1 BN-K SNF ﬁ v
BR=1.23 g =S ‘ :
Production of ( ) (BR=1.23) Reprocessing Iﬁ Pls'::::""em
——» nuclear fuel ———— of SNF (BN) [F g
for FR BN-K-2 E"t"K A
BR=1.34] > storage
¢ ) (BR=1.34)
Thuns BN-K SNF
. _ > torage
||  Extraction (BR=1.42) stor
natural uranium (BR=1.42)
RBMK - Chernobyl type reactor; BN - type of fast reactor;
VVER - water-moderated water-cooled power reactor; NFC - nuclear fuel cycle.

VVER(m)=-modernize VVER;

Fig.1 Settlement scheme of NFC
The NP structure for the beginning of the prediction period consists of thermal reactors of the VVER

and RBMK type. As initial data on quantity of spent nuclear fuel (SNF) being stored, and warehouse stocks of
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the allocated plutonium in model values of 16 thousand t (from them 9 thousand t of SNF RBMK, 7 thousand
tons of SNF VVER) and 40 tons are used, respectively. In the long term, the structure of generating capacities
can be completed with reactors of the following types - VVER, VVERm, using uranium fuel, FR-800, FR - K-1
(BR=1.23), FR - K-2 (BR=1.34), FR - K-3 (BR=1.42), using MOX fuel. The forecasting horizon is 150 years.
Conditional values approximately corresponding to characteristics of the reactor installations VVVER-1000 and
FR-1200 and their fuel cycles were used as input data for material balances of nuclear reactors of model.

The ParSAM module was used to perform a multi-objective optimization of Russian nuclear power
structure on the criteria of minimizing total discounted costs, total consumption of natural uranium, total amount
of spent nuclear fuel and capacities of «sensitive» NFC technologies. For this set of criteria, a set of effective
solutions was built demonstrating the upper productive limits of a given reactor technologies mix, and allowing
choosing a compromise strategy of Russian nuclear power development on the set of criteria mentioned above.

For example, Figure 2 shows the so called alternative profiles of the four non-dominated solutions
demonstrating the changes in integral indicator values for the last year’s forecasting for four possible nuclear
power structures. As can be seen from Figure 2, the improvement of an indicator is achieved by the deterioration

of another, which corresponds to the condition of Pareto optimality.

100000
10000
1000
total discounted total consumption of total SNF capacities of "sensitive"
costs, billion § natural uranium, kt amount, kt NFC technologies, 10° SQ

Fig.2. Profiles for four various nuclear power structures

I1l. RESULTS

The estimates performed showed the principal opportunity to solve the problem of finding a perspective
nuclear power structure compromised from a set of indicators. It should be noted that a more diverse structure of
nuclear power formed based on different reactor types allows getting closer to the desirable compromise goal.
This approach, in contrast to the method of criteria restrictions, provides an opportunity to directly assess trade-
offs between conflicting indicators.

The quantitative analysis performed shows that the considered scenarios are statistically

indistinguishable (90% confidence intervals of uncertainty of the levelized cost for various scenarios
overlap). This suggests that it is impossible to make definitive judgments about the prospects of one or other

structure on economic indicators, taking into account the existing uncertainties in the unit cost data.
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The program modules developed for the MESSAGE power planning environment are intended for
modeling of developing nuclear power systems and a multi-objective assessment of efficiency of their
functioning taking into account uncertainty of the basic data.

Experience in the use of program modules showed that they are a convenient and reliable tool to help
solve problems of the multi-objective optimization arising in the field of systems-analytical and predictive
research to validate the nuclear power system development priorities.

IV. CONCLUSION

The developed software enables solving such optimization problems in multi-objective formulation.
This allows searching for compromises between the conflicting system factors that determine the nuclear power
system development; to evaluate the impact of regional development differences on the whole range of
efficiency indicators; and, with the use of a unified calculation tool, to carry out comparative multi-criteria
analysis of alternatives for nuclear power system development, taking into account development dynamics, the
structure and the organization of NFC and the most important system constraints and restrictions.

The authors express gratitude to students E.VV.Antropova and G. V. Redozubova for the help rendered
during the preparation of the article.

This work was supported by grant of President of Russian Federation MK-6046.2012.8 and performed
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Abstract.

This article is about neutron-transmutation method of silicon doping.

In this scientific work is presented the main aspects of conception of special reactor for silicon doping
of large blocks.

The first part describes approximate material composition of reactor core, moderator, coolant and
reflector.

In the second and main part is given information about calculation and results which was made during
researches of layout of the reactor.

Parameters such as neutron flux density, coefficient of irregularity and neutron fluence are presented.

Based on received data and dependences was made conclusions about optimal configurations of the
projected reactor, in particular material content and layout.

I. INTRODUCTION

Radiation doping of silicon (RLC) is one of the stages of the production technology of semiconductor
materials that are used for the manufacture of electronic circuits and power devices. When irradiated with
neutrons produced silicon alloying element - phosphorus. Neutron doping of silicon in a nuclear reactor is
currently the most advanced methods of radiation doping of semiconductors[4].

The basis neutron transmutation doping (NTD) are the nuclear reactions that occur in a silicon crystal.
Under the influence of the thermal neutron flux is formed of a radioactive isotope *'Si and its subsequent decay

with the formation of stable phosphorus 31P. The resulting *'P creates an n-type conductivity.

3OSi (n,]/) 318i W) 31P

The efficiency of neutron techniques to a large extent determined by the quality of the available neutron
sources, primarily neutron flux density. The main types of neutron sources to date are nuclear reactors -
continuous sources used to produce neutrons by uranium fission chain reaction.

The main purpose of the work is developing the concept of the reactor, providing the effective value of
the neutron flux density of 10* n/cm® - to the siting case with silicon blanks with diameter of 450 and a
thickness about 130 mm. The maximum thermal power of the reactor during operation must not exceed 20 MW.
The geometry of the foam and the siting of the parameters of the neutron field in place should ensure uniformity
of doping in terms of procurement, as close to the theoretical value. The developed concept should contain
sufficient information to begin work on designing a specialized reactor for nuclear doping of silicon blocks of

big sizes[4].
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Il. PROGRESS OF DEVELOPMENT

At the first stage of the work has been selected the materials of the reactor, a reactor designed with the
specifications required for a particular spectrum and neutron flux density in the core.

Since one of the limitations of the designed reactor is to ensure nuclear non-proliferation and elimination
of the possibility of use of weapons-grade plutonium, the fuel is imposed restriction on enrichment of uranium-235
- no more than 20%.

Since the reactor power is limited to 20 MW and the flow not be less than 10* n/cm? - s, moderator
material must absorb neutrons weakly, and small enough to ensure the active zone. As a result, eliminated the use
of graphite (small retarding capacity) and light water (high neutron absorption).

Therefore was chosen the following material composition of the reactor core:

1) Dispersion fuel elements with oxide uranium fuel enriched to 19.8% uranium-235.

2) Heavy water and (or) beryllium as a moderator and reflector.

3) Coolant - light water.

In the second stage made of neutron-physical calculations to find the optimum geometry and dimensions
of the reactor to produce the desired neutron flux in the volume of pieces of silicon. Two models were considered
by the layout of the reactor:

1) In the center of the core is the only channel with silicon surrounded by fuel cells dispersed in the
volume of the moderator.

2) In the center of the core are three channels of silicon surrounded by fuel cells dispersed in the volume
of the moderator.

The space in the center (between the channels of silicon) is filled with iron, which allows you to align the
flow in the center of the core. Neutron calculations for all three variants were carried out in the layout program
Wims-D5 c using a cylindrical geometry. For the first model, the layout of the reactor were calculated thermal
neutron flux density, varying depending on the diameter of a silicon block.

Calculations were performed for the central silicon block diameters 15, 35, 55 cm, while maintaining the
thickness of the surrounding ring of heavy water - 25 cm ring core - 7.5 cm, and the heavy reflector - 30 cm.

The graph below is illustrating the calculated neutron flux along the radius of the reactor.
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[1]Fig. 1. Dependence F, from radius of reactor with single silicon block
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The larger the diameter of the silicon block, the lower the density of the thermal neutron flux in it. The
rigidity spectrum in the investigated range of diameters of blanks satisfies the allowed values for the doping of
silicon.

Coefficient of irregularity of the flux density along the radius of the reactor, calculated as the ratio of

maximum flux to the average radial:

1,25 /

Fmax/Faverage
R
(9]

1,05

e

10 silfcon blocﬁodiameterf%m >0 60

o

[1]Fig. 2. Cofficient of irregularity

Irregularity coefficient increases sharply with increasing diameter of the sample. A serious disadvantage
of placing the sample in the center of the reactor is the inability to align the neutron fluence at the sample means of
the rotation.

For the second model, the layout of the reactor was calculated thermal neutron flux density, varying
depending on the diameters of the three identical silicon blocks. Calculations were performed for three diameters
of silicon ingots 35, 45, 55 cm each, while maintaining the thickness of the surrounding ring of heavy water - 25
cm annular core - 7.5 cm, and the heavy reflector - 30 cm in the central space between the silicon block is hollow
iron rod, which serves for a linear decay of neutron flux density in the silicon block.

The graph below is illustrating the calculated neutron flux along the radius of the reactor.
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[2]Fig. 3. Dependence Fy, from radius of reactor with 3 silicon blocks
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The density of the thermal neutron flux in this model, the layout of the reactor is significantly lower
than the previous version. With increasing diameter of the silicon block decreases the flux density of thermal
neutrons in its volume.

This graph illustrates the almost linear decrease of neutron flux density in the volume of silicon. This
allows you to align the neutron fluence in silicon by means of block rotation.

The neutron fluence per unit time during the rotation of silicon blocks is shown in the graph below.
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[2]Fig. 4. Thermal neutron fluence in 3 silicon blocks
Coefficient of irregularity in this case is obtained to be satisfactory for blocks with diameters of 45 cm
and below.
I11. CONCLUSION
Thus it can be concluded that for a given material composition of the reactor, the optimum from the
standpoint of the uniformity of the neutron fluence at the silicon sample is the method of placement three blocks of
silicon in the center of the reactor. However, in this case, the average neutron flux in the sample is much lower

than the placement of a single sample.
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Abstract

The need for unconventional technical approaches, allowing synthesizing materials with preset properties
has appeared lately.

The process of self-sustaining high temperature synthesis (SHS) has high potential from the point of
obtaining of new materials, which may turn out to be the base for solution of numerous problems of nuclear
industry.

SHS, or combustion synthesis, is the process designed for production of diverse ceramics via direct
synthesis of refractory inorganic and intermetallic compounds during exothermal reaction between chemical
elements.

Along with safety and efficacy in achievement of set goals, any research should be conducted with the
lowest costs possible. Therefore, any experimental work requires theoretical computation.

The objective of this project work is to develop numerical model of combustion process during SHS
process. 1o achieve the goal C# programming language was used. Current project work is meant to satisfy needs
of nuclear industry, but the field of research is adjacent to programming, quantum physics, numerical methods,
and thermal physics

I. INTRODUCTION

The gist of SHS process is as follows. The result of local reaction initiation in a thin layer of solid
reagents is the spontaneous propagation of combustion wave all over the system. This process goes by means of
thermal conductivity. SHS has number advantages over conventional processes of sintering. These advantages are:
electricity consumption is greatly reduced due absence of necessity to maintain high temperatures for a long time;
high efficiency; high purity of obtained specimens [1].

A variety of promising materials have been attained by means SHS. On top, some regularities of
combustion and structure formation in powder-like mixtures of chemical elements, depending on initial conditions
and the mode of reaction, have revealed themselves in the following products: carbides, borides, intermetallides,
and sulfides [4].

It is hardly possible to obtain all the variety of material only in laboratory. Hence, the necessity of
preliminary design-theoretical analysis of SHS arises. In such a case it is necessary to compute the regularity of
combustion wave propagation in observed SHS-systems and the initial conditions in a furnace.

Hence, the following purpose arises. It is obligatory to supplement experimental base with a theoretical—
computational one. It includes the following subparagraphs.

1. Brief introduction to SHS theory and its basic features.
2. Acquaintance with numerical method for solution of second order differential equations called sweep

method.
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3. Use of this method in case of non-linear non-uniform equation of thermal conductivity
4. Obtaining the solution of the equation with sweep method with C # package.
II. METHODOLOGY
As the combustion wave moves through the specimen, its substance undergoes a reaction, which results
in a change such properties as: density, thermal capacity, thermal conductivity and etc. The combustion wave
represents itself as narrow zone (its width is less than 1 mm), where the synthesis takes place along with the
release of large amount of thermal energy. This energy goes to sustain synthesis reaction and heating of zone of
preliminary heat-up. Therefore, to solve the problem it is necessary to solve the following non-linear, non-uniform

thermal conductivity equation [2]:

2 2
a(T)(a_-IZ-_FEa_TJFa-IZ- + q\/ =8_T
or° r or oz CM)-p ot

where a(T) — thermal diffusivity, C(T) — specific thermal capacity, p — density, q,, — specific heat release.

(1)

The equation (1) is a boundary problem and it demands boundary condition if any particular solution is

to be found.
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where ¢ — heat transfer coefficient, & — emissivity, O [

constant, Tg— ambient temperature, Tin — preliminary heat-up temperature.

This equation (1) does not have analytical solution. It can only be solved by means of numerical
methods. The finite-difference sweep method is used to solve it.

The gist of the method is as follows. The continuous argument is replaced with finite amount of joints.
This system is called grid. Functions of discrete argument, which exist only in joints of grid, and which are called
grid functions, are used instead of continuous functions. Derivatives included in differential equation and
boundary conditions are replaced with their discrete analogs — linear combinations of grid function values in
different joints of the grid. Eventually, the boundary problem is replaced with discrete boundary problem
(difference scheme), which is finite a system of linear and non-linear algebraic equations. The solution of
differential scheme (it is presumed to persist) is considered to be an approximate solution to the boundary
problem.

It is necessary to remember that thermal diffusivity is a function of temperature:

_m
=)o)
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With such dependency of thermal diffusivity, the solution of the equation (1) is a difficult and tiresome
problem. It is known that the dependency of specimen density on temperature is weak; therefore its change can be
neglected. Because the computation has the purpose of valuation, then hereafter thermal conductivity will be
deemed independent from temperature. And the average value along the work temperature range will be used.

However, temperature dependency of thermal capacity will be used. This dependency will be taken into
account through the use of Debye quantum model.

According to quantum model of Debye, thermal conductivity can be determined the following way:
T jg’ QJ’—T X" -e*dx

0

k 4.7V

To compute the integral in (2) it is necessary to use numerical methods, scilicet trapezium method can

U
hC, ( 9-N }"°
where ® = —- . — Debye temperature.

be used. This method is that the whole area to be integrated is split into small equal intervals, where the value of
the integral is determined.

Debye model lets to connect thermal conductivity with properties of the synthesized specimen. In
addition, Debye’s model is not limited in the range of high temperatures. Therefore, Debye’s model is more
preferable than polynomial approximation to describe thermal state of the specimen.

I1l. RESULTS
The model built allowed to estimate general dependency of the process on initial parameters like
preheating temperature or initial density of the mixture. As an example, the following dependency on density was

obtained.
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Fig. 1. — Dependence of combustion temperature on density of mixture

Therefore, it can be concluded that, the higher the density is (in current intervals) the lower the
temperatures of specimen during the reaction (it corresponds to experimental data [6]).
Computation in the intervals of lower densities does not yield reliable information due to some flaw of the

model leading to a mistake. The flaw is to be fixed in future versions of the model.
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Dependence of combustion on preheating was also taken into account. The computations coincide with

experimental data [6].
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Fig. 2. — Dependence of combustion temperature on preheating temperature

It can be seen that the lower the preheating temperature is, the more the center of the specimen is

overheated. It happens due to higher heat transfer on boundaries of the specimen. Therefore, the preheating

temperature should not be lower than 900 K.

IV. CONCLUSION

The SHS process — the process of spontaneous high temperature synthesis was studied during this work. It

is used to obtain diverse refractory ceramic materials. The numerical method of radial combustion computation is

shown in this work. The approach, used to solve the equation, describing the process, is called sweep method. This

method can be used for any second order differential equations. Computations are necessary, because they allow

significant reduction of costs and used material. The problem of the method discussed, is the lack of experimental

data on physical properties needed to create accurate models. Therefore, experiments and modeling depend on

each other. The following goals were achieved during the work.

1.

SHS theoretical basics have been studied. SHS is a process of spontaneous exothermal chemical reaction
in a powder-like mixture of refractory elements.

The SHS process is described with non-linear non-uniform thermal conductivity equation. This equation
doesn’t have analytical solution, therefore the numerical methods are required to achieve it. One of these
methods is called sweep method.

This method was applied to thermal conductivity equation the following way. First, spatial coordinates
were separated and sweep coefficients were found for each variable independently. Then, using the
method of reverse sweep temperatures were computed.

The solution of the problem was implemented on C # package..
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Abstract.

In this message described is an integrated approach based on the method of system dynamics and
parameter space investigation, allowing the problem of optimizing of nuclear energy system structure in multi-
criteria formulation to be solved. Also described is realization of this approach in software package MEDNES
v1.0

Keywords. Multi-criteria optimization, Scenarios of nuclear energy system development, Pareto-effective
set.

I. INTRODUCTION.

There is a growing understanding that the problem of optimizing the structure of nuclear energy system is
multi-criteria [1]. At the same time, the criteria characterizing resource consumption, economy, the risks of
unauthorized proliferation and waste management, are conflicting by the nature. This means that improving the
value of one criterion leads to decrease in the values of other criteria.

These circumstances make urgent the development of multi-criteria program systems to solve the problem
of optimizing the structure of nuclear energy system in multi-criteria formulation. Software systems of this kind
could provide a basis for decision support systems for multi-criteria evaluation of the effectiveness of nuclear
energy system development scenarios, allowing multi-factorial comparison of its various structures to be made.

1. METHODOLOGY. INTEGRATED APPROACH BASED ON THE SYSTEM DYNAMICS AND
PARAMETER SPACE INVESTIGATION METHODS.

In spite of the considerable pool of existing models, approaches and software tools for system studies of
the nuclear energy system development, active researches are now being done to find new ways of solutions for
the problems of this class. This is due to a significant increase in the scope of functions and in the range of factors
that will determine the future of nuclear energy system development. These include such factors as non-
proliferation, waste management and safety. Whereas, the existing models of developing nuclear energy systems
consider mainly the economic aspects.

It should be also noted that the limited application scope of models implies the problem of obtaining the
final result, determining the most efficient scenario of its development. So far, no generally accepted algorithms
and no methodological approaches have been suggested there.

The described below integrated approach allows to partly compensate for these shortcomings. It was
developed on the basis of system dynamics and parameter space investigation methods; and allows to solve the
problems of the nuclear energy system structure optimization in the multi-criteria formulation.

I1l. SYSTEM DYNAMICS APPROACH FOR NUCLEAR ENERGY SYSTEMS DEVELOPMENT

According to the general methodology of modeling in the system analysis framework it is necessary to
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identify the following typical stages: 1) generation of the constraint equations reflecting the actual “physical”
limitations; 2) the determination of exogenously defined objective functionals reflecting the concept of efficiency
of the relevant object functioning and 3) if necessary, equations that close the system.

The initial system of constraint equations represents in an aggregated differential form the process of
nuclear reactors fueling in a particular region (the capacity increase must be supply by fuel of a given form and
amount)

dN€ (t)
dt

where i=1...n — reactor type number, j=1...m — region number, k=1...1 —fuel type number.

FJ(t) +BIONI () = g (t) + 9 i (N (1)),

The left side of the equation determines the demand for fuel of given form. The demand is composed by
the needs to provide new capacities (first component) and to replace burnt-up fuel in the nuclear reactors in
operation (second component). The right side of the equation sets an offer for a certain fuel type. It is determined
by the existing fuel supply structure of nuclear energy system in the relevant region, and by the possibility to
import fuel components from other regions. From now on the following conventional signs are used: - initial fuel
loading into the reactor, - the annual refueling of reactor. The functional dependence of the equation parameters
on time takes into account possible technology updating.

Let us introduce the following notation: - are respectively installed capacity of reactors in year t, the total
capacity of reactors put into operation by the year t, and the total decommission of reactors by the year t. These
values are related by:

&

N(t)=N°({t)-N’(t); NO@)=N(t-T); Nd(t):ZN(t—iTl),

where [*] - the integer part.

Taking into account for this fact is necessary for correct modeling of the real need for the introduction of
new nuclear reactor capacity, caused not only by increasing demand for nuclear power, but also by decommission
of worked-out reactors.

Structural and organizational features of the NFC can be taken into account as additional equations and
constraints. In particular, the following conditions can be considered: the nuclear materials supply from other
regions and other types of reactors; delays on various stages and capacities of NFC facilities; property changes in
fuel materials and possible technological modifications of the NFC facilities in the nuclear energy system
deployment.

Incoming and outgoing flows can be defined in two ways. Firstly, additional equations can be introduced
for linking with the definable variables and ultimately closing the initial fuel balance system. In general case, the
model will appear as a set of differential equations with retarded argument.

Secondly, if the objective functional is set, a part of the flow can be defined by solving the corresponding
optimal control problem, whereas the others - by solving the closing system of equations. VVarious constraining on
the variables acceptable region of models or functionals calculated with their help, allows taking into account the

system constraints directly. Thus, the calculations will not lead into non-physical solution region.

Thirdly, this simulation method can be effectively integrated with the described below method of the
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multi-criteria formulation.

IV. THE PARAMETER SPACE INVESTIGATION METHOD.

The parameter space investigation method was suggested by I.M. Sobol and R.B. Statnikov, who
demonstrated its wide opportunities in solving engineering optimization and optimal control problems [2, 3]. The
method is intended to solve multi-criteria nonlinear programming problems and is based on the idea of random
search, where so-called low-discrepancy sequences are used as the random numbers.

The parameter space investigation method consists of three phases:

- formation of test tables — that is, a set of calculated values of the criteria for a given set of testing
points that satisfy a given system of equations and system of constraints;

- selection of criteria constraints and choice of solutions to satisfy them;

- checking the solvability of the problem and formation of an effective solutions set.

The developed methodology allows taking into account nonlinear constraints and nonlinear functionals on
model variables, to approximate the Pareto set in the case of multi-criteria problems. The internal mechanism of
alternatives selection helps identify the most effective directions; and the dynamic character of the model assists in
evaluation of the transition to the asymptotic scenarios.

V. MEDNES SOFTWARE.

The described integrated approach is implemented as a MEDNES software system (Multi-criteria
Evaluator of Developing Nuclear Energy Systems). MEDNES is designed to solve multi-criteria problems, e.g.
structure optimization, parameters identification, control, etc. MEDNES is intended for construction of the feasible
solutions set during interactive dialogues between expert and computer. MEDNES is applicable for analyzing the
dependence of criteria on the parameters; criteria on the criteria and constraints correction. MEDNES can be used
for analyzing different structures of nuclear power system. It is available because of integrated interactive

constructor of structures. An expert can add, edit and remove any facilities to the structure using this tool (fig.1)
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Fig.1 Interactive board for editing structure of nuclear power system.

The number of variable parameters depends on sample points generator used. Different sample points
generators can be used. Currently, implemented are the generators of Holton, Sobol and Faure low-discrepancy
sequences. The standard pseudorandom number generators and uniform sequences can also be used.

The expert chooses the most preferred solution on a basis of feasible set and Pareto set analysis.
MEDNES includes the following analysis tools:

- test tables;

- feasible and Pareto-optimal solutions table;

- tables of vectors not satisfying functional constraints;

- “criteria-parameters” and “criteria-criteria” plots reflecting the criteria sensitivity to parameters
and criteria dependence on the criteria.

There are integrated interactive tools for visual analyses of Pareto-optimal set (fig.2)
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Fig.2 Tool for analyzing Pareto-optimal set.

Because the multi-criteria problems with high parameter vector dimensionality require a lot of computer
time, the possibility is provided to run MEDNES in parallel mode.

The main programming language was chosen C# which combines object-oriented and aspect-oriented
concepts and was developed in 1998-2001 by Microsoft as a primary application development language for
Microsoft platform .NET [4]. The choice of .NET technology is based on the following features: it allows
efficiently developing applications for Windows, web-applications and web-services, and at the same time the
.NET platform provides simultaneous support for designing and implementing software using different

programming languages. The data in software systems are stored in XML-based format and SQL-database.

1. IAEA-TECDOC-1362, IAEA, Vienna (2003).

2. Statnikov R.B. and Matusov J.B. Multicriteria Analysis in Engineering. Dordrecht/ Boston / London:
Kluwer Academic Publishers, 2002.

3. Statnikov R.B. Multicriteria Design. Optimization and Identification. Dordrecht/ Boston / London: Kluwer
Academic Publishers, 1999.

4, http://msdn.microsoft.com
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Abstract.

Developed the detailed calculation model of the research reactor core IRT-T. Presented neutron-physical
characteristics of IRT-T active zone with a load of fresh HEU (High Enrichment Uranium) fuel. Shown that the
duration of the company with such a HEU fuel load of 383 days.

I. INTRODUCTION

Currently is an issue of the conversion of research reactors. Translation of the reactor with highly
enriched fuel (HEU) - the enrichment of U235 over 90% of the fuel to low enriched (LEU) - less than 20%. At the
same time the reactor can change the neutron-physical characteristics that determine the efficiency of the reactor
and not always for the better. To explore the possibility of transition to low-enriched fuel is necessary to conduct a
detailed analysis of how existing active zone and the zone with the new fuel. Currently, such work is carried out in
the TPU and they concern the reactor IRT-T [1].

The reactor IRT-T using a pool-type as a moderator, coolant, and the upper layer of protection of light
water. The reactor core (Fig. 1) consists of fuel assemblies IRT-3M type: 8-tube (12 FA) and 6-tube (8 FAS). In a
6-tube assemblies are placed rods control and protection around the perimeter of the core blocks are beryllium
reflector. Controll rods include the following groups of rods: SHIM-1, SHIM-2, SHIM -3, by two automatic

control rod (AR) and an automatic control rod is located in the beryllium reflector.

o
oo
o

O

o|0| t©
o0
O

Fig. 1. Scheme of the reactor core IRT-T: 1) control rods, and 2) an 8-tube assemblies, and 3) a 6-tube
assemblies, and 4) horizontal experimental channels, 5) vertical experimental channels, 6) beryllium blocks, 7)

experimental channels with water
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Il. DEVELOPMENT, METHODOLOGY

For the calculations have been developed a detailed model of the IRT-T program in the MCU [2]. Each
fuel element has been isolated in a separate area of the material, the reflector of the reactor was a fresh
neotravlenny beryllium poisoning during which payments are not taken into account, the density of beryllium -
1.84 g/cm3; impurities in it are not taken into account. To determine the power distribution in height of the core in
a separate calculation of the registration area distinguished by height in increments of 1.

The calculation was performed for a reactor with a fresh load, which includes 300 grams of uranium-235
for the 8-tube assemblies, and 263.7 grams for a 6-tube of highly enriched (90%), the total load of 5.7 kg of U235.
The capacity of each fuel assembly has its value, and when the reactor is constantly changing, but the total value
of the power of the reactor will be constant and it is 6 MW.

At the beginning of keff is 1,2776 + 0,0008, fraction of delayed neutrons 0,0076, poisoning Xe'*® equally
3,68 Besr. The statistical error of the calculations of jet parameters is 0,025 B

The efficiency of the reactor is determined by the margin of reactivity, Figure 2 shows the dependence of
the reactivity of the reactor operation time.

30

O
25

N
o

Reactivity, B
= [
o (%]

(52}

o

0 100 200 300 400

Duration of the company, day.

Fig. 2. The change in the reactivity of the reactor
From the graph we can conclude that the duration of the company amounts to 383 days, while the
reactivity of the end of the company will be equal to 0,83 Beff. The distribution of the heat capacity of the cells in

the core at the beginning of the company is represented in Figure 3. The total capacity of 6 MW.

260 280 | 289 | 299
251 291 | 305 | 297
335 390
340 385
260 296 | 301 | 288
269 285 | 287 | 292

Fig. 3. The distribution of the thermal reactor power at the beginning of the company, KW
Effectiveness of the use of control rods is determined by their effect on the reactivity margin of the active zone

(the weight of the rods). Weight control rods at the beginning of IRT-T, defined by means of calculation are given
inTable 1
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Table 1. Weight control rods

Roud Weight, Pes
A3 4,80
AP 0,41
KCI 3,85
KC1-1 1,84
KC1-2 2,26

KC2 4,61
KC2-1 2,85
KC2-2 1,99

KC3 4,49
KC3-1 2,51
KC3-2 2,49

In Table 1, clearly presented, that the weight of the rods distinguished from each other, because of their
location in the core and the influence of pulsating flow in the reactor. Weight automatic control rod (AR) is much
smaller than the others, because This bar is located in the beryllium block. Heat flows from the surface of the fuel
elements are of great importance in the study of thermophysical properties of the active zone, as If the heat flux
exceeds the established rules of the FA value (800 kW/mz2) [1], it will lead to a crisis of heat - boiling surface [4].
To estimate the maximum heat fluxes from the surface of fuel rods used in the values obtained for the reaction
rates in each section of the fuel element.

Figure 4 shows that the most intense fuel assemblies are the building closest to the center of the core, this
dependence is due to the fact that in the center of the core are four blocks of the beryllium reflector. In operation,
the reactor heat fluxes from the surface of the fuel elements is constantly decreasing, and hence as a reference
point for calculating the maximum flow is taken at the beginning of the company. One of the most intense is the
FAs in cell number 10, in which the maximum heat flux from the surface of the fuel element is 446 kW/m2. Here

are the axial (Fig. 5) and radial (by fuel elements, Fig. 6) uneven distribution of energy in the fuel assemblies.

The beginning of company The end of company
294 289 302 352 274 303 296 307
301 429 419 385 289 377 363 338
406 446 347 325
411 451 334 328
311 420 438 383 299 363 369 323
289 317 301 357 276 293 297 298

Fig. 4. The maximum heat fluxes from the surface of fuel rods at the beginning of the company and at the end of

the company, kW/m2
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The Fig. 5 shows that the greatest pressure cartridges are tested in the central part of the assemblies kz = 1,29. This

is explained by the fact that in the central part of the assemblies lowest value of leakage neutrons.
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Fig. 5
The distribution of energy height in the cell number 10 fuel assemblies, normalized by the mean
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Fig. 6. The distribution of energy to fuel elements (from outer to inner) fuel assemblies in the cell number 10, is
normalized by the mean

The most intense are the inner and outer fuel rods. In the internal fuel rod smallest leakage of neutrons,
and the external fuel rod facing the beryllium reflector, and has the largest water-fuel ratio, which increases the
number of neutrons initiating fission process in these fuel elements. Also, we calculated the coefficients of
nonuniformity of energy release for each fuel assembly at the beginning and end of the company: high altitude

(kz), radial (kr), which are presented in Figure 7.
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The beginning of company The end of company
1,28 1,29 1,29 1,29 1,16 1,16 1,15 1,15
1,26 1,27 1,27 1,27 1,14 1,12 1,12 1,12
1,28 1,29 1,16 1,10
1,28 1,29 1,12 1,11
1,26 1,26 1,27 1,27 1,14 1,12 1,11 1,13
1,28 1,29 1,29 1,29 1,16 1,15 1,15 1,15

a. The coefficients of uneven height (k,)

1,09 1,13 1,14 1,11 1,02 1,02 1,03 1,01
1,04 1,04 1,04 1,05 1,01 1,00 1,00 1,00
1,11 1,11 1,00 1,01
1,10 1,12 1,01 1,01
1,04 1,04 1,04 1,06 1,01 1,01 1,01 1,00
1,09 1,13 1,13 1,12 1,02 1,03 1,04 1,02

b. The coefficients of the radial non-uniformity (k;)

Fig. 7. The coefficients of nonuniformity of fuel elements per fuel assembly at the beginning of the company and at

the end of the company, rel. units.

The figure 7 shows that by the end of the leveling of uneven energy both in height and the radius. The
uneven distribution of neutron flux density in the core leads to an uneven burn uranium-235. Regulations
established that the maximum fuel burn-paged IRT-T should be 60% [1]. Figure 8 shows the distribution of fuel
assembly burn-U235 at the end of the company (383 days).

4293 | 4567 | 46,79 | 47,35 45,33 | 49,71 | 50,83 | 50,61
46,47 | 51,96 | 53,60 | 52,21 4754 | 53,00 | 54,85 | 53,72
52,30 58,00 55,36 61,06
53,13 57,31 55,86 60,60
49,68 | 52,72 | 53,03 | 50,98 55,10 | 53,95 | 54,04 | 52,55
44,11 | 46,45 | 46,62 | 46,52 46,59 | 50,43 | 50,52 | 49,84

a. 0.
Fig. 8. Distribution of burn-U235 for assemblies: a) average burnup in each fuel assembly, b) the maximum
burnup of fuel assemblies
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The average burn-up in cell number 10 is 58%, but considering the fuel rods can be seen in isolation, that
burn in one of the rods was 61.06%. For the next company to unload the cell number 10 and 12. Burn-U235 for
reactor has a linear dependence. When the reactor produced transuranic elements, which are also able to share with
the release of thermal energy, reducing the cost of U235 to produce a megawatt per day. Schedule of costs for the
company's U235 is shown in Figure 9.

1,28

x

1,275 Q\e\

1,27 o Ve
1,265 y

1,26 .Q\M'% A
1,255 V\G\o

8uzs/MW * day.

1,25
0 500 1000 1500 2000 2500

Energy release, MW * day.

Fig. 9. Costs per unit U235 « MW per day

The figure 9 shows that during the company's U235 reactor costs to produce 1 MW of thermal energy per
day * virtually no decline and remain within the average value of 1.27. This is because, in the core using HEU fuel,
and the accumulation of Pu239 is negligible. When working in the reactor accumulate different nuclides, many of
whom make a significant impact on the properties of the core propagate even at very low concentrations. Most
important for the reactor nuclides, their impact and focus on the end of the Company are presented in Table 2.

Table 2. The share of the neutron absorption nuclides at the end of the company

7-9 MKOHA 2012 r. TomcK, Poccua
138

NUCLEAR PHYSICS AND NUCLEAR POWER INDUSTRY



MEXOYHAPOOHAA MONOAEXHAA HAYYHAA LWKOJIA « METOAO/10TUA MPOEKTUPOBAHUA MOJIOAEXKHOIO
WHHOBALMOHHOIO MPOCTPAHCTBA [1/19 POCCUMCKOWM SHEPTETUKM»

HAYYHO-

CEKLMNA Nel « A4EPHBIE ®PU3NKA U SHEPTETUKA»

Rh'%® 0,62 23,71
Ru'® 0,08 53,06
Tc” 0,32 59,29
Mo”’ 0,03 59,29
Mo™ 0,12 39,57
zZr” 0,04 60,37
Nd™’ 0,05 1,36
Nd™* 0,26 56,06
Nd™* 0,01 41,67
Nd™ 1,58 69,10
Kr® 0,11 4,02
Transuranic elements
Pu* 0,06 0,88
Pu*® 0,12 2,27
Pu* 0,66 10,62
Py 0,02 0,96
Np**’ 0,12 9,95
U= 0,01 0,60
U= 0,75 450,86
U= 0,38 52,86
U= 0,73 548,98
U= 83,64 2870,23
The
combined 99,81 %
effect

Nuclide .Sr?a.re Weight,
acquisitions,% g
Materials of construction
AL 1,46 32441,8
Fission products

Xe™ 4,03 0,02
Xe™ 0,03 1,79
Xe™t 0,48 33,64
| 0,02 9,51
Sm™? 0,30 8,65
Sm™! 0,47 0,57
Sm™ 0,16 17,17
Sm'” 1,01 0,20
Sm™’ 0,03 3,17
Pm™ 0,02 0,18
Pm™*M 0,24 0,16
Pm'® 0,02 0,13
Pm™’ 0,61 22,27
Eu™ 0,09 0,23
Eu™ 0,09 0,47
Eu™’ 0,13 4,27
pri® 0,03 4,41
pritt 0,07 72,40
ce' 0,06 10,13
La™® 0,07 89,86
Cs™® 0,02 17,33
Cs™* 0,04 3,55
Cs™ 0,50 84,80
Cd™ 0,01 0,00
Pd'® 0,03 9,37
Rh'® 0,09 0,05
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The main structural material in the core is Al, whose mass is 32.4 kg (fuel cladding, CPS channels, the
head and shaft assemblies, etc.). The absorption cross section is relatively small and is about 1.79 barns for the
thermal field, but because of its large share of the predominance of the active zone of absorption of neutrons is
about 1.5%. During the operation of the reactor fission products are formed and some of them have a strong
negative effect on reactivity. These nuclides can be attributed Xel35, for which at a mass 0.02 grams, the
percentage of acquisitions is 4%. Another reactor is a poisoner Sm149, which, when the mass of 0.2 grams is 1%
of the absorbed neutrons. In addition to fission products in the core to form transuranic elements. Some nuclides,
with a significant weight at the end of the company, do not have a big impact, such as U236, also a large
accumulation of this nuclide indicates that about 450.8, the U235 has absorbed neutrons in the reaction (n, ), is
not bringing beneficial effects for the reactor. A positive impact on the ability to propagate the active zone is
making Pu239 and Pu241. But since for loading of the reactor used HEU fuel, the accumulation of these nuclides
is insignificant: 10.62 grams and 0.88 grams of Pu239 Pu241, and, consequently, the percentage of absorption of
neutrons in the core is small, 0.66% and 0.06% respectively.

I11. CONCLUSION

When calculating the IRT-T with fresh fuel was set duration of the company, which is 383 days, some
burning fuel assemblies reached 58%. The maximum heat flux from the surface of the fuel element is 451 kW/m?,
were also calculated coefficients of no uniformity of energy release for height and radius. The calculated results
will be used for comparative analysis of neutron-physical characteristics of IRT-T at startup low-enriched fuel
(less than 20%).
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Abstract.

The purpose of this work is to deal with uranium ion-exchange concentration from underground leaching
sulphate solutions. It is also aimed to describe basic principles, special substances and apparatus of uranium
sorption process.

In the presented work there are fundamentals of ion exchange process and the information about ion
exchangers used in uranium technology. In this work, the description of gel-type and macroreticular-type ion-
exchange resins is represented at greater length. The functionality classification of these types of ion-exchange
resins is also covered in the given work. Moreover, the characteristics of the macroreticular Purolite A500/2788
anion-exchange resin are given in this abstract. But the special attention in the abstract is paid to the description
of the equipment for uranium sorption and to the flowsheet of this process.

The current work could be used as the basic information for scientific and industrial researches and
processes. Also, it could be useful for people interested in uranium or other rare and precious metals technology.

I. INTRODUCTION

Nowadays, the questions of the ecological situation and fuel raw materials' limitedness are very
important. Therefore, the world atomic power engineering keeps and increases its positions as one of the basic
perspective energy sources.

The fifth part of the electric power in the world is generated by atomic power stations, the fuel elements
of which consist of uranium dioxide. The growth of atomic power stations contribution in electric power industry
is connected with a number of advantages of atomic power stations prior to thermal power stations working on
natural gas, oil and coal.

Uranium use in nuclear technologies is based on the specific properties of uranium, which are different
from properties of many other nonferrous and rare metals. Uranium has a property of radioactive decay and ability
to be split by the influence of neutrons with the emission of huge amounts of energy.

Thermal power stations exert harmful influence on the environment. Every year, they throw out a
considerable quantity of carbon dioxide, nitrogen oxides, sulfur dioxide and ashes containing radioisotopes.
Atomic power stations use allows generating electric power without burning atmospheric oxygen and gas
emissions.

Moreover, raw materials for thermal power stations are also needed for an organic synthesis. And the
application of nuclear power stations allows us to save these materials for such a valuable purpose.

The growth of world needs for fuel and energy at resource and ecological restrictions of traditional power
engineering makes the growth of atomic power stations contribution in the world energy production very urgent.

In connection with the listed above, the questions of extraction and processing of uranium raw materials

are very urgent today and have a great value for the nuclear industry.
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In the given work, | will report about the ion-exchange uranium recovery from the uranyl sulphate
solution of underground leaching.

Il. FUNDAMENTALS OF ION EXCHANGE

lon exchange is the process of a stoichometric interchange of one sign ions between an ion exchanger and
a solution[1].

lon exchangers are solid high-molecular substances capable of absorbing positive or negative ions from
an electrolyte solution in exchange for an equivalent quantity of other ions of the same sign[1].

Every ion exchanger consists of a skeleton (matrix) connected by a valent or crystal lattice forces. In a
matrix there are fixed ions which create a positive or negative charge on it. This charge is compensated by a
charge of mobile ions of an opposite sign (counter-ions). Counter-ions freely move in ion exchanger's pores and
can be replaced by other counter-ions. The ions in an electrolyte solution which have the same charge as fixed ions
are called co-ions[1].

Subject to a sign of exchanging ions' charge, ion exchangers are divided into cationites and anionites.
Bipolar ion exchangers are called ampholytes and have both cation-exchange and anion-exchange groups[1].

lon exchange reactions can be represented by equations 1.1 and 1.2.

M'A%sgiig + B soiution <> M'Bsolid + A'sotution (1.1)
M*Asgiig + Bsolution <> M B slig + A'solution (1.2)

In the listed above equations, M"and M™ are insoluble fixed anionic and cationic groups. Cations A" and
B* (1.1) and anions A" and B (1.2) are exchanging counter-ions.

For an ideal ion exchange process, the ion exchanger must have the following characteristics [1]:

- a hydrophilic structure of a matrix;

- effective ion-exchange capacity;

- high exchange rate;

- physical and chemical stability in the medium of a process;

- steady particle size;

- effective surface area.

There are various types of ion exchangers: mineral, synthetic inorganic ion exchangers, synthetic ion-
exchange resins, and also coal-based ion exchangers. Nowadays ion-exchange resins are the most widespread.

I11. ION-EXCHANGE RESINS

Coal and phenol-based ion-exchange materials were industrialized in 1930s. Polystyrene-based cation
exchangers with sulphonate groups and anion exchangers with amine groups were developed a few years later. But
these two types of ion-exchange resins are still the most frequently used nowadays [2].

The matrix of ion exchange resins consists of abnormal high-polymeric spatial grid of hydrocarbonic
chains (alkanes and benzene rings). In certain places of a matrix active ionogenic groups, capable to dissociation,
are fixed.

As a result of dissociation, fixed ions, attached to a matrix, and mobile counter-ions, circulating in pores
of a matrix, are formed. lon exchanger's matrix is hydrophobic because the polystyrene (the basis of many ion
exchange resins) is insoluble in water. The insertion of active groups means insertion of hydrophilic group into a
waterproof matrix. The ion exchanger becomes a polyelectrolyte that is capable of swelling. When swelling, the

volume of ion exchanger increases owing to insertion of water into ion exchanger's grains [3].
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Thus, synthetic ion-exchange resins are polyelectrolyte gels capable of swelling. Their swelling capacity
is limited by the cross-section bonds.

Properties of synthetic ion-exchange resins are defined by a number and type of active groups and also by
a matrix structure (first of all - quantity of cross-section bonds). A number of active groups defines the available
capacity of a resin. lon exchanger's capacity and quantity of cross-section bonds define the swelling degree, which
determines the counter-ions mobility and ion-exchange processes' rate.

The structure of a matrix determines chemical and thermal resistance of ion-exchange resin, i.e. their
service life. The important role is also played by the type of active groups[1].

The functionality of resins is classified by the nature of fixed ions[1]:

- Strong acid cation — sulfonate, SO,;

- Weak acid cation — carboxylate, COO’;

- Strong base anion (Types 1, 2):

Type 1 — benziltrimethylammonium, - CH,N(CH3),";

Type 2 — benzildimethylethanolamine, - CH,N(CH,),(CH,CH,OH)";

- Weak base anion — tertiary amine, - CH,NH(CH3),"

It is possible to covert an ion exchange resin to any counter-ion form. Most ionic forms can be

obtained by the interaction between an ion-exchange resin and a concentrated acid or alkali solution, containing an
appropriate ion, during 20-30 minutes [4].

FIG. 1. Schematic cation-exchange and anion-exchange resins’ particles
In figure 1 [4], there are schemes of ion-exchange resin beads. The dark lines shows the polymeric

skeleton of the resin’s particles, which are porous and contain water. The fixed ions of cation exchange resin in
Figure 1 are sulphonates (SOj3’). Sulphonates are attached to the skeleton of the resin. Counter-ions of the cation
exchanger are cations of sodium (Na*). The most widespread form of cation exchangers is the sodium one. The
functional group of the anion exchanger in Figure 1 are cations of quaternary ammonium (N*R3 = CH,N(CHs)3").
The counter-ions of anion exchanger are chloride anions (CI). The chloride form of anion exchange resins is the

most widespread for anionites [4].
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IV. ION-EXCHANGE IN URANIUM TECHNOLOGY

Uranium underground leaching solution contains uranyl bisulphate (UO,(SO4),%) and uranyl trisulphate
(UO,(S0,)3*) complex ions [5].

The uranyl trisulphate complex ion prevails in most cases of acidic leaching solutions. The bisulphate
complex anion is formed in case of pH level is close to 2 and the concentration of SO, is low. The sulphate anion
complexes are strongly sorbed by weak and strong base resins [5].

In case of a carbonate uranium leaching, the solution contains uranyl bicarbonate (UO,(COs),*) and
uranyl tricarbonate (UO,(CO3);*) complexes. These carbonate complexes are also stongly adsorbed by weak and
strong base resins, but still ion exchange from acidic uranium solution is prevalent [5].

The functions of ion-exchange resins are to concentrate uranium complexes and to purify them from
different impurities. A resin should absorb valuable complexes selectively from underground leaching solution
containing anionic complexes of many impurities. It is very important to perform this process rapidly and
reversibly for uranium can be recovered later by the elution process. The ion exchanger’s loading capacity and
ion-exchange kinetics are very important because the volume of a resin which is needed for obtaining a certain
amount of product depends on these factors. The purity of the end product of uranium obtaining is also depends on
resin’s total capacity and selectivity to a valuable compound [5].

Gel-type resins have been used in most cases of uranium ion-exchange. The polymer matrix of gel-type
resins is a continuous phase. It is substantially uniform throughout the beads [5].

Nowadays macroreticular resins are the most preferable. These resins have both a continuous gel phase
and a continuous pore phase. Such macroreticular structures are obtained by the processes of monomers’
polimerization in the medium of non-polymerizable dissolvents. The structure with opened pores shortens the
diffusion path of a metal and improves the diffusional kinetics. It means that macroreticular resins have better
kinetics than gel-type resins have [5].

But uranium loading capacities of macroreticular resins are lower than gel-type resins’ capacities. True
wet densities of macroreticular resins are also lower than true wet densities of gel-type resins [5].

During the process of ion exchange, the fouling of the resin’s pores by silica brings to some problems.
The fouling of pores can substantially reduce loading rates. The uranium loading capacity of a fresh resin rapidly
decreases during the first few operation cycles. Then uranium capacity decreases more slowly due to [5]:

- Resin’s chemical structure changes;

- Some impurities’ irreversible adsorption.

The adsorption of impurities is called resin poisoning. Common resin poisons in the uranium technology
are: molybdenum, silica, sulphur, titanium, zirconium, thorium and organic materials [5].

These resin poisons can be removed by caustic soda or by strong (12N) sulfuric acid solutions (12N).
Sulfuric acid is successfully used for the regeneration of resins that are fouled with titanium, zirconium, thorium
and organic materials [5].

Further in this work, the macroreticular Purolite A500/2788 ion-exchange resin will be considered for the
process of uranium ion-exchange concentration.

Purolite A500/2788 is a macroreticular-type strong base anion exchange resin efficient for the extraction
of uranium complexes in underground leaching or heap leaching methods. Thanks to its specially graded particle

size, this resin is particularly suitable for use in these processes. The macroporous structure of the resin ensures
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regeneration efficiency and lower volume of eluates, while eluates have high uranium concentrations. Purolite

A500/2788 shows high resistance to osmotic and thermal shock and mechanical attrition.
The basic features of Purolite A500/2788[6] are:

Application: uranium and gold mining;

Polymer structure: macroporous polystyrene crosslinked with divinylbenzene;
Appearance: spherical beads;

Functional group: quaternary ammonium;

lonic form: CI".

The other characteristics of this resin are presented in Figure 2.

Total Capacity (min.) 1.15 eq/l (25.1 Kgr/ft3) (CI” form)
Moisture Retention 53 - 58 % (CI” form)
Particle Size Range 800 - 1300 pm

Reversible Swelling, CI" — OH™ (max.)| 15 %
Specific Gravity 1.08
Shipping Weight (approx.) 670 - 700 g/l (41.8 - 43.8 Ib/ft3)
Temp Limit, CI” Form 100°C (212°F)

Temp Limit, OH" Form 60°C (140°F)

FIG. 2. Purolite A500/2788 characteristics

For Purolite A500/2788 uranium ion exchange is represented by equation 3.1[1]:

V. APPARATUS AND FLOWSHEET OF URANIUM ION-EXCHANGE CONCENTRATION
PROCESS

2(R4N)2S0,4+ UO,S04 <> (RaN)4 [UO2(SO4)s]

(3.1)

To realize the process of uranium ion-exchange concentration, (to adsorb UO,(SO.)s" anions at ion-

exchange resin) the special apparatus is needed. There are a lot of different devices for uranium sorption (i.e.

periodic ion-exchange column, sorption-forcing column, column of continuous sorption, pulsating sorption

column, sorption-desorption column, Higgins contactor and ion-exchange pachuca). But speaking about the

underground leaching method of uranium mining, the most widespread device for uranium sorption is sorption-

forcing column. The reasons for such a wide application of this device are availability of this device in the market

and its characteristics. Columns of this type have high productivity (180-300m*h) and allow performing the

process in a semicontinuous mode with small time consumption for loading and for unloading of uranium enriched

and regenerated ion-exchange resin portions. Moreover, the column design allows to automatize all operations

connected with its service and to carry out maintenance and improvement works easier[7-10].
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FIG. 3. Schematic sorption-forcing column
1 — body; 2 — filters; 3 — airlift; 4 — ion-exchange resin feeding box

Characteristics of sorption-forcing column are the following:
Height: ~10 m;
Diameter: ~3 m;
Solution velocity: 25 - 30 m/h;
Productivity: 180 — 300 m*/h.

During the process of ion exchange, there are three layers of ion-exchange resin in the column.

In the upper part of the column there is a layer of fresh (uranium depleted) resin. It provides the decreasing of
uranium concentration in the flowing solution. In the middle of the column there is a layer of operative
concentrations. The height of this layer is 5-6 meters. It depends on the concentration of uranium in the solution
and on the solution velocity. In the bottom of the column there is a layer of uranium enriched resin.
Sorption-forcing columns work in parallel mode in connection with other columns.
Manufacturing scheme of uranium ion-exchange concentration often consists of ten sorption columns.

In Figure 3, there is the flowsheet of uranium ion-exchange concentration process. Uranium solution after
leaching process is transferred to ion-exchange concentration process to the bottom of sorption-forcing columns
D).

The columns work in a parallel mode. The movement of solutions is carried out countercurrently from the
bottom to the top of the columns against the resin's movement. The process is controlled by the uranium
concentration in a waste solution. The acceptable concentration of uranium in a waste solution is less than 2 mg/I.
After getting waste concentration of uranium, the overload of the resin is carried out. The uranium enriched resin
is unloaded from the bottom part of the columns. After that the regenerated resin is loaded into the columns in the
same volume. The unloaded rich resin is transferred to the buffer capacity (3).

The waste solution is taken out from the top of the sorption-forcing columns through filtering

cartridges and transferred to shaker riddles (2) for catching the resin slipped through filtering cartridges. After that
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the waste solution is transferred to the leaching process. The caught resin goes to the buffer capacity. The rich ion-

exchange resin is taken out from the bottom of the buffer capacity and transferred to the further processing.
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FIG. 4. Uranium ion-exchange concentration process
VI. CONCLUSION
On the basis of considered fundamentals of ion exchange, the next summary was made:

- lon exchange occurs between a solution and the internal surface of a solid and it can be viewed
as a special type of the sorption process;

- During the ion exchange, the ions being exchanged are reversibly removed from the solution and
transferred to the ion exchanger;

- lon exchange is a physical separation process, in which the ions exchanged are not chemically
altered;

- lon exchange in uranium technology is associated with the removal of uranyl trisulphate
(UO,(SO4)s") complex ions from the solution after leaching and their transfer to the ion exchanger;

- Since the ion exchanger only collects the valuable ions, the spent exchanger must be regenerated
at the end of a cycle;

- The regeneration of the ion exchanger is carried out by contacting the spent exchanger with a
concentrated solution of an ion (such as CI" or other), which can replace the ions adsorbed on the exchanger during
the sorption process.

It was also marked, that nowadays for uranium ion-exchange process macroreticular ion-exchange resins
are mostly used. The basis of uranium sorption at such a type of ion exchangers was also considered in this work.
Moreover, in the given work, apparatus and the flowsheet of uranium ion-exchange concentration process were

described.
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Abstract.

Renewable and untraditional energy sources. The main purpose of the article is to tell about sources of
energy that must substitute conventional energy sources in near future. Article is not difficult to read for people
that don’t know anything about energetics. But text include a big amount of useful information about reserves of
conventional and untraditional energy sources, best prospect renewable sources of energy such as geothermal
and solar energy. Data in the text carefully structured to facilitate the perception. First part is short introduction
about reserves and problems of conventional energy sources. We can find some about necessity of searching new
sources of energy, too. After that we can see proposition of author in field of new energy sources. The author
tells about geothermal way (i.e. obtaining the energy from heat of the Earth), solar energy, mini hydroelectric
power stations (using the energy of small rivers), nuclear fusion and wave energy. So we can read about main
principle, potential, searching and experiments in field of alternative energy sources. The author writes about
successful application of some sources, too. Then the author gives information about prospects and reasons for
the reluctance to use renewable energy sources. And finally we can read about condition of application of
alternative sources of energy.

There are a lot of publications, articles and texts on this theme. But this article is little bit unusual and
slightly stands out from the rest due to the peculiarities of presentation of information. This article can be useful
for people beginning studying this subject.

I. INTRODUCTION

In the present article we’ll try to consider energy, and exactly the renewable (or alternative) energy
sources and types of its obtaining. Beginning a narration about energy, we’d like to cite a famous expression
about money, but it can be referred to the energy as well: «it can’t suffice, it can be enough, but it never happens
much...».

To start with, we’d like to familiarize you with an unfavourable statistics, it is as follows: scientists
calculated that the reserves of conventional energy sources have been steadily decreasing, for example coal
suffices for 200 years, oil - for 90 years, gas - for 50 years, uranium - on 27-80 years. But that's not all, when we
use the traditional sources of energy, we increase environmental contamination, break the atmosphere heat
balance and it gradually leads to global climate change. For instance, power plants operated on fuel burning are
the main pollutants. They deliver anthropogenic carbon (mainly in the form of CO,), about 50% of sulfur
dioxide, nitrogen oxides, 35% and the same amount of dust into the atmosphere. According to some data,
thermal power plants pollute the environment by radioactive substances 2-4 times more than nuclear power
plants of the same capacity. On the assumption of the mentioned facts, it can be noted that humanity is gradually

lead to the so-called "deadlock™ and to prevent this we should take some measures. One of the ways is starting
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to develop alternative energy sources as fast as possible. Firstly, they are much more ecological than traditional
ones and, secondly, they are practically inexhaustible.

Il.

We'll try to describe renewable (alternative) ways of energy production. We believe that the problem
does not consist only in energy generating, but in its reasonable use. It is necessary to develop and introduce
technologies with low consumption of electricity. But, as always the problem is money, or the absence of it.

Let us consider renewable (alternative) sources of energy obtaining. The first place is given by us to a
geothermal way, i.e. obtaining the energy from heat of the Earth. There are a lot hot wells on our planet. In
some countries, geothermal energy accounts for a considerable part of a power balance of the country (for
example, Iceland). Geothermal plants are not necessary to be built near the hot wells. One can build a power
plant and at any other place, but it will cost more. It is hecessary to dig a hole of several kilometers. Earth's
temperature should be about 350° C or higher. Two tubes are put down into the hole. The water comes through

one tube and the steam comes back through the other one.

The installation has the following form: (picture 1

heat & electrical ! ' wing form: (picture 1)
current ; Besides it is possible to obtain not only energy, but the

power plant heat as well that would be more effective because for heat it is

| not necessary to dig so deeply. We are sure that such an

l l l installation will cover the expenses very quickly. And impact
Water from on environment is minimal. There are already such stations in
] 1 surface ' y

the world. For example, in the USA there is a place where
heated water

(production well) cold water
(injection well)  operating.
The second place is given to the solar energy. Less than

there are no any hot wells, but the described station is

permeable 1 % of a stream of solar energy is concentrates in biomass
rocks  _» 4 ) _

71 J annually. However this energy considerably exceeds the one

T o« &7 that obtained by a man from various sources now and will be

obtained in the future. Biomass can be easily recycled into

- other types of fuel, such as biogas or spirit. The spirit received

from biological resources is more Pic.l Geothermal plant

and more widely used in internal combustion engines. For example, since 70-ies Brazil transferred a significant

part of vehicles to the spirit fuel or a mixture of spirit and gasoline. Experience in using spirit as an energy
carrier is available in the USA and other countries.

We’d like to give the third place to the so-called mini hydroelectric power stations. We believe that power
resources of the average and small rivers (length from 10 to 200 km) are used extremely insufficiently. There are
more than 150 thousand of such rivers only in Russia. In the past the small and average rivers were the major
source of obtaining the energy. Small dams on the rivers do not break but optimize the hydrological regime of
rivers and adjacent areas. They can be considered as an example of environmentally conditioned nature
management, soft intervention in natural processes. Water storage basin built on the small rivers, usually do not

extend beyond the channels. Such water storage basins dampen vibrations of water in rivers and stabilize levels
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of underground water under the adjacent inundated areas. It favorably affects efficiency and stability of both
water and inundated ecosystems.

One has calculated that on the small and average rivers it is possible to receive energy not less than on
modern large HYDROELECTRIC POWER STATIONS. Now there are the turbines, allowing to obtain energy,
using a natural current of rivers, without building dams. Such turbines are easily mounted on the rivers, and if it
is necessary they are moved to other places. Although the cost of energy received by such installations it is
significantly higher, than by large HYDROELECTRIC POWER STATIONS, or the nuclear power plant, but a
high ecological compatibility makes its obtaining reasonable.

Next we’d like to consider a way of energy obtaining which has not existed yet. But we believe that it is
very promising. It will serve as the replacement of existing nuclear power stations. Modern nuclear power is
based on the splitting of atomic nuclei into two lighter ones, releasing energy in proportion to weight loss.
Source of energy and the decay products are radioactive elements. The basic environmental problems of nuclear
industry are connected with them.

A grater amount of energy is released in the process of nuclear fusion in which two nuclei collide into one
heavier nucleus, but also with the loss of mass and energy release. The initial element for the synthesis is
hydrogen, the final is helium. We refer this way of energy obtaining to renewable because the products of
reactions (hydrogen) are almost inexhaustible. But this way of obtaining the energy has one essential minus: it is
the most ecologically dangerous way of obtaining the energy.

The result of nuclear fusion is the energy of the sun. This process is simulated by a man at explosions of
hydrogen bombs. It is a problem to make the nuclear fusion controlled and to use its energy properly. The main
difficulty consists in that nuclear fusion can occur at very high pressures and temperatures of about 100 million
°C. There are no materials used to make reactors for performing superhigh-temperature (thermonuclear)
reactions. Any material at the same time melts and evaporates. Scientists went by the way of search of reactions
performing possibilities in the environment unable to evaporate. For this purpose two ways are now being tested.
One of them is based on the retention of hydrogen in a strong magnetic field. Installation of this type is called
tokamak (toroidal chamber in magnetic field). Such chamber is developed at the Institute of Kurchatov. The
second way provides the use of laser rays in order to obtain the necessary temperature and to deliver hydrogen to
the places of their concentration.

Despite some positive results of the realization of controlled nuclear fusion, there are opinions according
to which in immediate prospects it will be hardly used to solve power and environmental problems. It is
connected with pendency of many questions and with necessity of enormous expenses on further experimental,
and furthermore industrial designing.

Next we’d like to consider the energy that is produced by the waves. There are several projects on the use
of wave energy. In the UK, Dr. Art. Salter from Edinburgh University invented the most advanced wave energy
converter. This is a machine with blades longer than 18 m, diverging at an angle from a general axis and shaking
together with waves. St. Solter s device is a unique one, using energy of both horizontal and vertical movement
of waves. Thanks to this its EFFICIENCY comes nearer to 85 %. As calculations showed, a 1-metre section of a
wave "bears" from 40 to 100 kw of energy, suitable for practical use.

Wave energy on a small scale is already used in Japan. There are more than 300 buoys and beacons are

fed by the electric power produced by generators, driven by sea waves. In the port of Madras in India, a floating
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beacon on which the electricity generator is driven by energy of sea waves is successfully operating. Nowadays
wave generators are used more often for energy supply of navigating buoys and radio beacons. Japan started
their operation in 1965 and later built an experimental wave ES with capacity of 125 kW, with a perspective to
1250 kW. Works on creation of stations of this kind are guided in Russia, Sweden, the USA, England and other
countries. In Norway, in 1985 the first station of this type with capacity of 200 kW was built near Bergen, where
in the future it is expected to install a series of such units and to significantly increase the capacity. Difficulties
on creation of wave power stations are connected with non-uniformity of their work, biological and other
pollution of working parts and water throughput channels (accretion seaweed, cockleshells, salts), destruction
owing to rust, etc. Their advantage is full ecological purity and operation possibility in an automatic mode.

111 CONCLUSION

At the end we’d like to represent a table of power supplies considered in the given article, their condition,

development prospects:

Power supply Prospects for the use

Hydro energy Resources of 890 min. t. of oil equivalent
Geothermal energy Inexhaustible, promising

Solar energy Almost inexhaustible, promising

Wave energy Practically inexhaustible

Nuclear fission energy Physically inexhaustible

Table 1. development prospects of power supplies

In the conclusion we’d like to highlight the reasons for the reluctance to use renewable energy sources:

1) financing - perhaps, the most important problem.

2) many renewable energy sources are little-studied

3) low efficiency factor

4) different administrative barriers

As for our country, Russia ranks almost the last in all types of renewable energy sources. There is no
industry that brings together all the disparate development of a unified strategic plan. In the concept of Fuel and
Energy Ministry the renewable energy sources play the secondary and supporting role. In the concepts of
Russian Academy of Sciences, of leading institutions, as reflected in the "Clean Energy" (1993), there are
practically no any strategies for the full transition to alternative energy and it still relies on small, independent
power in the very distant future. This certainly affects the economic backlog of the country, and also the
environmental situation both in the country and all over the world.
1. Antropov, P.Y. The fuel and energy potential of Earth. (Moscow, 1994)
2. http://www.science-award.siemens.ru
3. Technology development of renewable energy sources, as well as secondary energy. 1998, RINKCE
4. http://solar-battery.narod.ru/

5. Controlled thermonuclear fusion in plants with a dense plasma, G.I. Budker, "Nature», Ne 5, 1974.
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Abstract.

In the given article the method of energy transfer by one wire is considered. The work contains
experiments and calculation some characteristics of the facility.

.

We cannot imagine modern technocratic society without numerous electronic devices. Also, for
production of electric energy a lot of recourses are consumed. Efficiency coefficient of modern lines of
electricity transfer equals 90-95 percent. With all newest technologies total looses equal 5-10 percent. Evidently,
the problem of decrease of electric energy transfer losses is very important and it is necessary to look for some
ways to solve it. Nowadays, the problem of conservation of resources has leading positions in world.

.

The objective of our work is realization of transferring electric energy by a single wire with high
coefficient of efficiency and explanation of processes taking place at transmission.

In his well-known experiment the Russian researcher S.V. Avramenko transferred power equal to
approximately 1,3 kilowatts. He used a car generator with frequency equal to 8 kilo-Hertz as power supplier. The
length of the wolfram wire is 2,75 m. with a diameter of 15 micrometers. The resistance of such a wire is much
more then the one of a cuprum wire with the same length. It means that this wire must radiate heat and have big
losses. But the researcher claimed that the wire was cold. That is why transfer line «didn’t have resistance» likes
a «superconductor» under standard conditions. But in this work there are no results of such research. [1]

For test operation we made two experimental assemblies. The first assembly (Figure 1) consists of a
generator and a wire diagram, which is the convertor of direct-current voltage to alternating voltage. Transformer
T is fed by convertor. Transformer has the following characteristics: a bobbin with 1-6 coils of cuprum wires
with diameter equal to 0,15 millimeters, a bobbin with 2- 20 coils of cuprum wires with diameter equal to 0,2

millimeters, bobbin with 3- 1800 coils of cuprum wires with diameter equal to 0,12 millimeters.

[y
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Fig. 1. Measuring wire diagram of first facility
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We use cuprum wire with diameter equal to 0,12 millimeters as transfer line. In rags of lines we fixed diode
plugs, as a load. We fixed the resistance of 75 Ohms in every plug. The length of transfer lines was changed
from 1 meter to 40 meters. The voltage measured by oscillograph in accordance with figure 1. Simultaneously
we measured a time delay of voltage relatively to one an other. We directed a voltage equal to 5 Volts with

current strength equal to 500 milliamps to the input of transformers. Current strength is measured in millimeter.

In figure 2 there is a voltage-length diagram.

u,v
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2 —_N,
15 T == ~ -
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1
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Lm

1 3 5 7 9 11131517 1921 23 25 27 29 31 33 3537 39 41

Fig. 2. Voltage-length diagram.
Uq is the voltage in plug at the start of the line.
U, is the voltage in plug at the end of the line.

When the length of the wire was equal to 10 meters, we registered a decrease of voltage in the first plug. This is

why we calculated average voltage and average capacity in the first plug.
Wiaverage=Uo*/Ro=2.056°/75=0.0564 Vats
After it, we calculated the capacity in the second plug by length I L=20 meters and L=40 meters.
W\ =»0=0.027Vats Coefficient of efficiency=47.9%
W\ -40= 0.021 Vats Coefficient of efficiency=37.2%

Previously scientists gave theoretic assumptions about these results. For example, this effect accounts for bias
current and resonance phenomena’s- coincidence of frequency voltage of power source and inherent frequency
of ripple and atomic lattice (if it’s possible). In 1830-th years Faraday wrote about instantaneous current in a
single line in compliance with Maxwell’s electrodynamics. Polarization current occurs without emission of Joule

heating; it means that the conductor offers no resistance. [2]

The second experimental facility consists of a high-frequency generator with the following characteristics:

output voltage equal to 15 kilowatts, capacity equal to 1,5 Vats; decrease transformer without slog, with
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coefficient of transformation equal to 166; double-half period rectifier composed of diodes 1N4007; resistors
equal to 910 Ohm and 4,7 kilo Ohm; and capacity of 0,5 microfarad. The scheme of this facility is presented in
figure 3.

HFG T .

L e
R2

Fig. 3. Wire diagram of second facility
We used two wires. The length of first wires equals 27 meters with a diameter of 0,15 millimeters. The
length of the second wire equals 35 meters with diameter equal 2,7 millimeters. For measurement we used an
oscillograph connected to resistance of 910 Ohm.
In course of our experiment we obtained the following results: 1) in measurement without transfer line
(generator to measurement scheme) the voltage was equal to 6 Volts; 2) in measurement with transfer line with a
length of 35 meters the voltage was equal to 0,9 Volts; 3) in measurement with transfer line with a length of 27

meters the voltage was equal to 4 Volts.
Calculating capacity formula: P= (U*K)?/ R, + U?/ R,. K is ratio of resistors, is equal to 5,2.
For the first case: P= (6*5,2)? / 4700 + 6°/910= 0,25 Vats
For the second case: P= (0,9*5,2)%/ 4700 + 0,9%/910 = 0,0055 Vats
For the third case: P= (4*5,2)?/ 4700 + 4%/ 910= 0,1095 Vats

It is seen, that with increasing wire diameter, voltage and capacity decrease. Voltage is not impulse,
consequently, resulting capacity is active. During measurement, we fixed two frequencies 100 kilohertz (10
microseconds) and 25 kilohertz (40 microseconds). Registered frequencies near few centimeters equal 133

kilohertz (7,5 microseconds) and 25 kilohertz (40 microseconds).

Few advantages of single-wire transfer of energy in the future: the amount of metal used for producing
of wires will decrease several times; short circuit will be excluded; the risk of fire will be excluded. In our future
work we plan to set up to resonance our high-frequency generator with receiver. It will allow to increase the

coefficient of efficiency of our device.

Zaev N. Technique to youth N1, 1995

«Electro and resonance generators»: http://www.skif.biz

N. Tesla «Tesla about electricity», autobiography, Minsk, 1970
R.V. Pol’ «Doctrine about electricity», PolScience, Warsaw, 1975.

Innovations in electricity/ 06.1995, scientific magazine «Electricity», Moscow.

© g b~ wDdPE

Wireless transfer of electricity/ 4(31)/2009, scientific magazine «PRO electricity», Moscow.
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Abstract.

This work deals with plasma current control-oriented modeling for KTM tokamak — the essential stage
of plasma current control loop design.

As a practical result, two different linear models based on a state space methodology were designed. It
was shown that accuracy of a linear model made in Matlab/Simulink is enough for further feedback control loop
with matrix controller adjustment. It was revealed that the model parameters are significantly different from the
one operating point to another. It means that choosing different operating points leads to different matrix
coefficients of the linearized object, but it is sufficient to conduct one linearization procedure at a
point corresponding to the middle of the main discharge phase for an adequate control object description in the
main discharge phase when the plasma current’s plateau is maintained.

This article is intended for students who study physics, automation, control theory. It would be
useful for those who are interested in modern innovations in the thermonuclear field of industry.

Keywords: Tokamak, plasma, linear model, control system, diverter, limiter.

I. INTRODUCTION

Coordination of the Kazakhstan Tokamak for Material testing studies (KTM) supports ITER project in
plasma material interaction investigations [1]. It can give an important investment to the elongated plasma
confinement database. Thus KTM software support becomes extremely urgent. In particular, the development of
a control-oriented linear model for the control of plasma current as a part of KTM Automated Research System

(ARS) software support becomes vitally essential task.

Base
scenario

Picture. 1. KTM ARS system
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Moreover, linear control theory as the most developed control theory will help to select and adjust a
linear matrix controller applied to multi-input and multi-output (MIMO) object [2, 3].

Il. OBJECTIVE

The objective of this work is to design a linear computer model of plasma that adequately describes a
control object (plasma current) behavior during a discharge. A computer model should be constructed using
terms of state space methodology.

A state space-model methodology allows to present a mathematical model of a physical system as a set
of input 0U, output Jdg and state o7 variables represented as a system of differential equations (1) according to
the Kirchhoff’s second law.

C Y i ra- @
dt )
&=Cd

where,

oU = U-U,y— control coils voltage variation, [7x1]-matrix-vector;

00 = g-go— plasma shape parameters variation, [5x1]-matrix-vector;

ol = I-l,— control coils currents variation, [7x1]-matrix-vector;

L* = L+M —a numerical [7x7]-matrix of inductance.

L — a diagonal [7x7]-matrix of coils self-inductance.

M — mutual coil-to-coil inductance [7x7]-matrix.

R — coils’ resistance diagonal [7x7]-matrix.

C — a numerical “observation” [7x7]-matrix.

Inputs oU, outputs dg and states ol are expressed as vectors. Additionally, as far as the dynamical
system is linear, the differential and algebraic equations may be written in matrix form. Operator block-diagram
of a state space-model in a canonical form is show in the picture 2.

x(0)

-

ult)

X(t
5 Lk

Xt (t)
[_L C Y

o | =

Picture. 2. The operator block-diagram of a state space-model

Conversion of model parameters to the canonical form leads to the following expressions:
A=-LU"R
B=-L"
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[1l. SYSTEM IDENTIFICATION

Standard procedure of system identification includes two stages:
- linearization;
- factorial experiment.

The first step is to derive linear form of a control object mathematically. Linearization procedure is
conducted in the particular operating point — a set of initial inputs .

The second step connected with generating informative data for full factorial experiment. A full
factorial experiment allows to obtain elements of the “observation” matrix C independently from each other with
a minimal error for any operating point I,.

It is shown in [4] that the control of plasma current and shape calls for a MIMO approach because of the
strong output coupling between the controlled parameters. The “observation” matrix (C) reflects plasma
parameters response to coils currents changing. This matrix described in the Figure 3 where multivariable input

(1) and multivariable output (G) are matrix-vectors.

— C —>

~ €

Fig. 3. «Observationy matrix C as a MIMO object

IV. FACTORIAL EXPERIMENT

In order to provide independent calculation of each element C;; a full factorial design with seven factors
was organized. An application designed in MS Visual C++ 2005 automates the data processing arranged in
«Yates order» (named for scientist Frank Yates, who formalized factorial design analysis). Table 2 shows an

arrangement of the experimental data.

Factors - | Response - g
Exp Ne Xo

X1 X2 Xm Y1 Yo Yn

1 +1 +1 +1 +1 Y11 Y12 Yin

2 +1 -1 +1 +1 Vo1 Yoo Yon

3 +1 +1 -1 +1 Ya1 Y32 Yan

4 +1 -1 -1 +1 Va1 Va2 Yan
N=2" +1 -1 -1 -1 YN YNz YNn

Table 1. Experiment data arranged in «Yates ordery

Elements C;; can be evaluated using the following formula:

N_l
ij N u=1

™M=z

Yy X i € [Lm],j e [1n]
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where,

Xyi— coded factors value:

Variation Al was chosen to be 0,5 kA for each factor. Initial levels lo; depend on the type of magnetic
configuration.

V. MODEL VALIDATION

The linear model with the parameters calculated above was implemented in two development

environments: Matlab/Simulink and Mathematica 5.2.

disturbanoce —

Manusl Switch MATLAG

P >
" Function
Vyber g

lzmenenis_toks_plszmy Uit a2l m
ct| gl MATLRB Scope
Basic-U-Sosnaric G-Limiter{t) Function
Switch-Ust2 Vybor_stal_g

Switch-KTM-Madel

ust Eid Uit)
Switcn-Ust Switch-MatrixFID-Centraller

Fig. 4 Block-diagram of a linear model in Matlab/Simulink

VI. RESULTS

Figure 5 compares simulation results made with two models:

- Controlled parameters value obtained
with the linear model (Matlab/Simulink)

-1/ (Mathematica 5.2)

- Reference values (nonlinear model, basic

._)*_7_4____———_—“
Ag4.z<1,5cMm ki

Agir<lcm

Controlled parametersvalue during the discharge, m

Figure 5 — Simulation results comparison with nonlinear reference values

(diverter magnetic configuration, basic scenario)

7-9 MKOHA 2012 r. Tomck, Poccus 160

TRADITIONAL AND ALTERNATIVE POWER



MEXAYHAPOAHAA MONOAEXKHAA HAYHHAA LLKOMA « METO0/10TMA NPOEKTUPOBAHUA MONOAEXKHOIO
HAYYHO-MHHOBALMOHHOIO MPOCTPAHCTBA A/19 POCCUMCKOM SHEPTETUKM»

CEKUMA Ne2 « TPAANLIMOHHAA U AJIbTEPHATUBHAA SHEPTETUKA»

Model adequacy was checked using the term of adequacy dispersion:

1 _ 2
G =27 7)

where,

y; —observed value (nonlinear);

9, — predicted value (linear);

The adequacy checking results are shown in table 2. It can be argued static linear model gives acceptable

accuracy for diverter magnetic configuration only.

Magnetic configuration type
Parameter Divertor Limiter
configuration configuration
og1 0,52 sm 1,9sm
Og2 0,27 sm 20,65 sm
Og3 2,7sm 9,8 sm
Ogs 5,7sm -
Ogs 1,3sm -
Ok — 0,05 r.u.
0z7¢ - 4,1 sm

Table 2. Model adequacy checking results

From the table 2 it can be concluded that the linear model more accurately describes the behavior of the

control object in the divertor magnetic configuration.

VII. CONCLUSION

A special application for static linear model parameters calculation was designed using described
statistical and control theory methods. It was revealed that the model parameters are significantly different from
the one operating point to another. It means that choosing different operating points leads to different matrix
coefficients of the linearized object, but it is sufficient to conduct one linearization procedure at a
point corresponding to the middle of the main discharge phase for an adequate control object behavior
description in the main discharge phase when the plasma current’s plateau is maintained.

Further work will focus on the implementing the designed model in a control loop for adjusting the

multivariable matrix-controller.

7-9 UKOHA 2012 r. Tomck, Poccus 161

TRADITIONAL AND ALTERNATIVE POWER



MEXAYHAPOAHAA MONOAEXKHAA HAYHHAA LLKOMA « METO0/10TMA NPOEKTUPOBAHUA MONOAEXKHOIO
HAYYHO-MHHOBALMOHHOIO MPOCTPAHCTBA A/19 POCCUMCKOM SHEPTETUKM»

1
2
3.
4
5

CEKUMA Ne2 « TPAANLIMOHHAA U AJIbTEPHATUBHAA SHEPTETUKA»

Azizov E.A. KTM project (Kazakhstan Tokamak for Material Testing), (Moscow, 2000).

Gasparyan O.N. (2008). Linear and Nonlinear Multivariable Feedback Control — A Classical Approach.
Fairman F.W. (1998). Linear control theory.

Ariola M., Pironti A. (2008). Magnetic Control of Tokamak Plasmas, Springer.

Garrido A.J. Linear models for plasma current control in tokamak reactors, Control Automation Robotics &

Vision (ICARCV) 11th International Conference, Dec. 2010.

6. Megretski A. (2004). Multivariable Control Systems, MIT OpenCourseWare.

7. Atherton D. Control Engineering — An introduction with the use of MATLAB, Ventus Publishing ApS,

2009.

8. Jinping Q. Equilibrium Reconstruction in EAST Tokamak, Plasma Science and Technology, Vol.11, No.2,
Apr. 2009.

9.  Zwingmann W. (2003). Equilibrium analysis of steady state tokamak discharges, Nucl. Fusion 43 842.

10. Barana O. Real-time determination of internal inductance and magnetic axis radial position in JET, Plasma

Phys. Control. Fusion 44, 2002

11.

Zabeo L. A versatile method for the real time determination of the safety factor and density profiles in JET,

Plasma Phys. Control. Fusion 44, 2002

7-9 UKOHA 2012 r. Tomck, Poccus 162

TRADITIONAL AND ALTERNATIVE POWER



MEXAYHAPOAHAA MONOAEXKHAA HAYHHAA LLKOMA « METO0/10TMA NPOEKTUPOBAHUA MONOAEXKHOIO
HAYYHO-MHHOBALMOHHOIO MPOCTPAHCTBA A/19 POCCUMCKOM SHEPTETUKM»

CEKUMNA Ne2 « TPAANLIMOHHAA U AJIbTEPHATUBHAA SHEPTETUKA»
PLASMA HEAT GENERATOR BASED ON HIGH-FREQUENCY JET PLASMATRON

R.S.Korotkov
Scientific Supervisor: PhD, Associate Professor A.G. Karengin
Linguistic Advisor: Teacher A.V. Tsepilova
Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050

E-mail: rskorotkov@gmail.com

Abstract..

There are the results of experimental researches of plasma module operating modes based on high-frequency jet
plasmatron, which is designed for plasma utilization of combustible compositions on the basis of oil sludge in terms of non-
equilibrium high-frequency jet discharge air plasma in this article. Also it is suggested to use it for industrial
production of heat energy from combustible wastes. For the calculations software package ANSYS FLUENT 6.3
was used, which has an extensive database of gaseous, liquid and solid fuel materials, and enable to calculate of
multiphase laminar and turbulent flows, heat transfer and chemical reactions.

l.

In Russia, the volume of accumulated combustible industrial wastes (oil and coal sludge, oily liquid,
bituminized residues, waste oils) reaches the millions of tons, and the payments for their location and storage are
billions of rubles per year [1,2,6]. Existing traditional technologies (mainly thermal) do not solve the problem of
recycling and disposal of such wastes, and lead to the formation of various hazardous and toxic compounds
[3,4]. It should also be noted that these wastes have a significant heating value and can be used as fuel for
industrial production of low-cost heat and even electricity [2,5].

.

At the department "Technical Physics" of the National Research Tomsk Polytechnic University a
plasma module was created, which is based on high-frequency jet plasmatron, designed for testing of
environmentally safe oil [7] and other combustible industrial waste recycling technology in a non-equilibrium air

plasma high-frequency jet discharge. Picture 1 shows the plasma module (a) and its scheme (b).

to atmosphere

Fig.1 Plasma module based on high-frequency jet plasmatron.
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The plasma module consists of a power source with a high-frequency generator (1) of the vibrational
power about 60 kW and an operating frequency of 13.56 MHz, high-frequency jet plasmatron (2) for generating
of high-enthalpy non-equilibrium air plasma flows, plasma-catalytic reactor 3, the impeller reactor (4) with a
variable inlet area of Simp = 165 ... 1155 cm? in increments of 165 cm?, the host of "wet" cleaning for exhaust
gases from the reactor (5), high-pressure exhaust fan (6) BP 240-26 (Ne 4), also site of preparation and filing in
the reactor fuel compositions on the basis of oil sludge.

In the first phase of research were carried out the calculations of burning indicators for fuel
compositions on the basis of oil sludge for the wide range of concentrations of oil, solids and water. Figure 1
shows the dependence of the adiabatic combustion temperature t,4 on the contents of combustible composition,

which allows to determine the optimum compositions of > 1200 ° t,4 to ensure environmentally safe incineration.

Il = 4000
Il - 4000
I < 3000
[ = 2000
[ < 1000

Fig. 2. Influence of oil content and impurities in the adiabatic combustion temperature of flammable compounds

on the basis of oil sludge.

For example, the optimum fuel-air composition on the basis of oil sludge with the initial 10% solids
content should consist of at least 40% of the oil, the rest — water

For assessing the capacities for rapid pre-heating of the reactor were investigated modes of jet plasma
generator, providing (without feeding into the reactor of waste oil) increase in temperature of exhaust gases from
the reactor than the flash point of these wastes. In pic. 3 it’s shown the influence of the generator anode current

(power of jet discharge) and the reactor impeller inlet area on the temperature of the reactor off-gases.
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M - 260
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I < 180
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Fig.3. The influence of the generator anode current and the input area of the reactor impeller on the exhaust gas
temperature.

From this graphic dependence it follows that the rapid heating of the reactor and the increase in
temperature of the exhaust gases from the reactor more than the flash point of combustible compositions and can
be achieved only when the generator anode current I, > 5 A and the reactor impeller inlet area of is not more than
330 cm?

According to this, for improving of the plasma unit efficiency its work should be started at the "Warm-
Up" mode (I, > 5A). It means the fast heating of the reactor and the increase in temperature of the reactor off-
gases to the flash point of combustible waste. And after the reactor was prepared for submission to the fuel
composition and ignition of a plasma reactor module must be translated into the "Work™ mode (I, < 3,0 A) for
the efficient operation of the plasma unit on a given technological regime.

The initial parameters for the calculation of the reactor are presented in table 1.

Table 1. Metrics for PFB reactor valuation

Parameter Values range Sampling increment
Air flow rate at reactor inlet, Vaf 30...100 m/s 10 m/s
Air flow swirl angle at the reactor inlet, ¢ 30...60° 15°
Air plasma jet rate at the reactor inlet, Vpj 5...20 m/s 5m/s

Temperature of the air plasma jet at the

; . 2000...4000 K 500 K
reactor inlet, Tpj
CWEC droplets size at the reactor inlet, Vewee | 10°...10°m 2:10°m
CWEFC droplets rate, Vewrc 1...10 m/s 1m/s
_CWFC droplets temperature at the reactor 300,600 K 100 K
|n|et, Tewre
CWEFC flowrate at the reactor inlet, Wewec 500...1500 I/h 500 I/h

For PFB reactor valuation a software package ANSYS FLUENT 6.3 was used, which has a large
database of gaseous, liquid and solid fuels and allows to estimate multi-phase laminar and turbulent flows, heat
transfers, chemical reactions.

For PFB reactor valuation non-premixed combustion model was chosen.

DCC droplets motion inside the reactor was estimated using discrete phase model.
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Exchange of momentum, heat and mass between the gas and droplets included in the calculation,
alternating with the valuation of droplets trajectories and the continuity equation of the gas phase.

The initial conditions of the input into the PFB reactor were set by the disperser surface with uniformly
distributed on its finite number of point sources.

Picture 4 shows the typical trajectory of dispersed combustible compositions droplets of different sizes
from disperser surface (a) and shows the influence of dispersed combustible compositions droplets size during

their stay in the reactor (b).

a) b)
Fig 4. Modes of disperser work for dispersing of combustible compositions.

The analysis of the results shows that in the whole range of input parameters for the calculation of the
reactor (Table 1) the size of generated droplets (10 ... 10®° m) has little effect on the size of the atomization jet
for the dispersed fuel compositions on the basis of oil sludge and the staying time of drops in the reactor.

Picture 5 shows a characteristic distribution in the reactor longitudinal section of the molar
concentration of CO (a) and CO, (b) in plasma burning of oil sludge in the form of dispersed combustible

compositions of optimal compound.

Fig.5. The content of CO and CO, in the combustion products of dispersed combustible compaositions of optimal

compound.
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Analysis of the results shows that in the whole range of input parameters for the calculation of the
reactor (Table 1) in plasma combustion of oil sludge in the form of dispersed combustible compositions of the
optimal compound the formation of CO occurs only in a limited area at the entrance of the reactor during the
interaction of the plasma air jet and dispersed combustible compositions droplets, and then CO completely
transformed into CO,. This confirms the environmentally safe recycling of oil sludge in the form of dispersed
combustible compositions of optimal compound.

Picture 6 shows the typical temperature distribution in the reactor longitudinal section during plasma

burning of oil sludge in the form of dispersed combustible compositions of optimal compound.

[ FLUENT [0] Fluent Inc

2.11e+03
2.01e+03
1.92e+03
1.83e+03
1.74e+03
1.65e+03
1.56e+03
1.47e+03
1.38e+03
1.20e+03
1.20e+03
1.11e+03
1.02e+03
9.32e+02
8.42e+02
7.51e+02
6.61e+02
5.71e+02
4.81e+02
3.90e+02
3.00e+02

Contours of Static Temperature (k)

FLUENT 6.3 (3d, pbns, pdf13, ske)

Fig.6. The temperature distribution in the reactor longitudinal section of dispersed combustible compositions of
optimal compound.

According to the results of the spent valuations and the analysis of the received results are defined and
can be recommended for practical realization following reactor operation rates for environmental-friendly used
oil combustion as DCC of an optimal composition (22% used oil BM4 : 78% water):

e Tp;=3000 K

e Vp;=20m/s

e Va=80m/s

e Tpee=600K

e Wpcc=1000 I/h
e  Vpec=3mls

. 0= 30°
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Abstract.

The paper considers the main ways to store hydrogen using metal hydrides and carbon-metal systems.
To study the sorption properties of of materials used the transformed equation Polanyi-Wigner and developed a
program for its solution.

Hydrogen, hydrogen storage, hydrogen adsorption, the adsorption energy, sorption capacity, chemical
adsorption, physical adsorption, diffusion of hydrogen, hydrides, nanotubes, nanomaterials, nanostructures,
physics, kinetics, alternative energy, hydrogen energy.

I

Hydrogen as a highly efficient and environmentally friendly source of energy has great potential for
widespread use in the energy sector especially as a fuel for vehicles. [1] One of the main barriers is the lack of

effective methods of storage and transportation.

Il.

The urgency and insufficient development of the above-mentioned areas have led to the choice of the
topic, definition of the purpose and the objectives of the given work.

Accumulation of hydrogen, based on the reversible adsorption of hydrogen, is one of the most
perspective and widely studied methods. Most commonly \ hydride metals and intermetallic compounds are
considered as a hydrogen-accumulating matrix and prepared various varieties of activated carbon. In recent
years, nanofibers and nanotubes have been studied from the point of view of the possibility to use them as
sorbents. Mesoporous compounds have very large pores and channels, which is a disadvantage for the sorption
of relatively small size of gas molecules. At the same time, mesoporous compounds have a very developed
surface with a huge area, which puts them in line with other porous materials to attractiveness for the sorption of
gases.

In [2,3,4] there is an overview of the current state of research in sorption properties of carbon nanotubes
(CNT), considering the structural features of CNTs determining their sorption properties and mechanisms of
sorption of gaseous and condensed substances by such structures.

Estimates of sorption ability of the nanotubes relative to hydrogen are based on the idea of the physical
sorption of molecules of the surface of carbon nanostructures. Table 1 shows the sorption capacity of the wiring

harness nanotubes depending on their diameter.

7-9 MKOHA 2012 r. Tomck, Poccus 169

TRADITIONAL AND ALTERNATIVE POWER


mailto:valerija_kud@mail.ru

MEXAYHAPOAHAA MONOAEXKHAA HAYHHAA LLKOMA « METO0/10TMA NPOEKTUPOBAHUA MONOAEXKHOIO
HAYYHO-MHHOBALMOHHOIO MPOCTPAHCTBA A/19 POCCUMCKOM SHEPTETUKM»

CEKUMA Ne2 « TPAANLIMOHHAA U AJIbTEPHATUBHAA SHEPTETUKA»

D, nm 0.4 0.6 0.8 1 15 2

Mn, % 33 | 356 | 39 | 44 | 54 | 65
D, nm 3 4 5 6 8 10
Mn, %0 86 | 10.6 | 11.2 | 145 | 18 | 213

Table 1. The maximum concentration of hydrogen in the bundle nanotubes of different diameters. The distance

between the surfaces of neighboring nanotubes is equal to d = 0,335 nm.

A noticeable increase of the sorption capacity of graphite nanostructures relative to molecular hydrogen
can be expected in two cases: when filling the hollow graphite containers with a minimum diameter of 2-3 nm
and more, using the effect of chemical rather than physical adsorption molecules of hydrogen with graphite
surfaces.

In [5] considered diffusion of hydrogen in disordered metals and alloys is considered. Using the
generalized Gaussian distribution, an explicit expression for the diffusion coefficient of hydrogen in amorphous
metals and alloys up to the quadratic terms of its concentration is obtained in the work. The dependence of the

diffusion coefficient of hydrogen in nanocrystalline palladium on its concentration is shown in Figure 1.
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Fig. 1. The dependence of the diffusion coefficient D of hydrogen in nanocrystalline palladium (light circles)
from its concentration C. Dark circles show the experimental data for single-crystal sample of palladium with
hydrogen.

Droping of D for C> 0,03 H/Me due to the mutual repulsion of protons was also confirmed in [6,7].

The study of hydrogen adsorption on low index surfaces of B2 - titanium alloys depending from the end
of surface and position of adsorbent is carried out in [8,9]. Energy of adsorption and binding energy calculated in
this work, equilibrium positions of hydrogen on the surface ending with titanium or other metal, are shown in
Table 2.
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Position -Eaq, &V -Ep, eV hg, A
H-Ti/TiFe(001) 0,52(0,75) 2,90(3,12) 0,38(0,48)
H-Fe/TiFe(001) 0,50(0,73) 2,88(3,09) 0,56(0,76)
FM H-Fe/TiFe(001) 0,43(0,56) 2,81(2,94) 0,45(0,74)

H-Ti/TiCo(001) 0,64 3,02 0,41
H-Co/TiCo(001) 0,24 2,60 0,64
H-Ti/TiNi(001) 0,72 3,09 0,30
H-Ni/TiNi(001) 0,28 2,66 0,60

H-Ti/TiPd(001) 0,53(0,34) 2,91(2,72) 0,39(0,52)

H-Pd/TiPd(001) 0,10(0,28) 2,48(2,66) 0,53(0,52)

H-Ti/TiPt(001) 0,30 2,68 0,68

H-Pt/TiPt(001) -0,20 2,18 0,59
Table 2. Adsorption energy Eag and binding energy Ey, the height of the adsorbate over the surface layer hg, for
patching H-position calculated by the pseudopotential method.

After analyzing the works considered above and studying the techniques they used to process the results
of adsorption of hydrogen, we chose a method based on solving the transformed equation of Polanyi-Wigner:
o o)

J J

where E is energy of activation;

Tj is temperature corresponding to the value of the function at the points of different heights of the
peak;
k is Boltzmann constant;
i is the order of reaction;
Y is «characteristic time»;
s the rate of heating of samples
ng is number of particles involved in the reaction at the initial moment of time;
s is the coefficient of proportionality;
g(E/KTj) is incomplete gamma function of the second kind.
The solution of the equation is complicated by the fact that the form of the function describing the
dependence of the concentration of the gases released on the time or temperature is frequently unknown.
For this reason, a program which allows to solve this problem was developed.

The program allows you to perform the following tasks:

11. to construct a graph of the concentration of the gases released from the sample temperature;

12. to search for peaks and their identification, that is, to determine the form of the equation to describe
them;

13. to determine the temperature corresponding to the maximum concentration of the gases released;

14. to determine the order of the reaction and calculate the basic kinetic parameters (activation energy,

frequency factor) for each peak.
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With this program, were calculated the kinetic parameters of the process of carbon monoxide from the
surface of dispersed iron (Fig.2): desorption occurs on the first order with an activation energy of 83,356 J/mol,

the desorption peak is observed at a temperature of 859,3 ° C.

LT

i

Peak

Fig. 2. Graph analysis of the measured peak of thermal desorption carbon oxide

The works considere show that hydrogen is adsorbed on carbon nanomaterials both chemically and
physically. More hydrogen is absorbed in chemical adsorption, but desorption negatively affects carbon
nanomaterials due to thermal loads. At physical sorption, amount of adsorbed hydrogen is less, but the
conditions of sorption and desorption are close to normal, which facilitates the creation of technological
installations.

The diffusion of hydrogen into the metal and increase of the hydrogen content in the metal also
increases the brittleness of the metal, which can lead to its destruction, so the most perspective hydrogen storage

devices seem to be metals «hardened» structures based on carbon.

11. V.P. Semenov, N.F. Dubovkin, L.N. Smirnova, ed. D.U. Hamburg, N.F. Dubovkina, «Hydrogen.
Properties, production, storage, transportation, usage»: Ref. ed., Moscow: Khimiya, 1989, 672;

12. A. Eletskii «Sorption properties of carbon nanostructures» UFN Volume 174, Ne 11, 2004.

13. A.V. Gapontsev, V.V Kondrat'ev «Hydrogen diffusion in disordered metals and alloys», UFN, 173, Ne 10
(2003);
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15. S.S. Bags, S.V. Eremeev, S.E. Kulkova: Hydrogen adsorption on low index surfaces of B2 - titanium alloys;

16. Shapovalova O., Babenko, E.P., «The influence of carbon on the hydrogen content of titanium powders»,
Theory and practice of metallurgy 5-6, 2010;

17. D.M. Newns, Phys. Rev. 178, 1123 (1969);

18. Davydov, S., S. Troshin, «Adsorption on metals and semiconductors: Anderson model - Newns and Haldane
- Andersony Solid State Physics, 2007, vol 49, no. 8;;

19. F.D.M. Haldane, P.W. Anderson, Phys. Rev. 13, 2553 (1976);

10. Aart A. van Gorkum. A new method for analyzing 1st and 2nd order desorption spectra and glow curves.

J. Appl. Phys., Vol. 51, No. 5, p. 2594-2601 May 1980.
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Abstract.

Worldwide demand for electricity is growing in scale and speed never imagined before. For various
reasons we are seeing a strong push for renewable energy sources (RES) with power generation is becoming
more widespread and more and more generations, far from the center of the load. At the same time,
demanding economic goals, as well as commitments to reduce greenhouse gas emissions must be
implemented. During the joint work was to obtain new samples of materials for photovoltaic cells. Data are
shown for reference only, basic materials, technology, the scheme will not be available. Since most of the
experiments take place in a laboratory at the University of Berlin, and is paid by the German Government.
How it works is that the operating panel absorbs almost the entire spectrum of radiation from ultraviolet to
infrared.

I. INTRODUCTION.

Transportation received energy should flow to consumers with low losses. It is known that the
transition from position about 800 km using a high voltage direct current (HVDC) cost than a conventional
three-phase transmission. First, generate hydroelectric generators, of course, the three voltages of the system.
As the figure shows a simplified, using transformers, high voltage is generated, which then uses a rectifier to a
high DC voltage, typically + 500 kV. Results of operations: From 1 m2 panel we get 800 - 1000 watts of
power! At a temperature of 20-40 OC.

Fig. 1. Results of tests of inverters.
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Fig. 2. schedule of transient of the inverter
Technology in Russia:
The advantage of cascading nanogeterostrukturnyh photovoltaic cells (solar cells) are: - increased
efficiency (more than 37%) of cascade solar cells based on semiconductor nanoheterostructures GalnP /
GalnAs / Ge. - The possibility of converting the 1000-fold concentrated solar radiation. - Decline in 1000

semiconductor materials consumption is proportional to the degree of concentration of solar radiation.

Contact layer

Tunnel Junction
Tunnel Junction

GalnAs-n Buffer
GalnP-n

Fig.3 The structure and image of GalnP / GaAs / Ge ensuring efficiency> 35%

Nanotechnology component in the cascade phototransformator (FEP): Nano-sized (20-30 nm)
AlGalnP wide-front "window" to ensure that the photosensitivity to the ultraviolet. Nano-sized (10-50 nm)
layers of the tunnel p + - n + transitions connecting the photoactive area of the various stages in the
heterostructures. Built in the heterostructure Bragg mirror (on the basis of periodic structures formed by layers
with thicknesses of 50-70 nm), providing a reflection in the photoactive region "subzone" of photons. The
basic technology used in the production of cascade nanoheterostructures is the method of vapor-phase epitaxy

from organometallic compounds (MOCVD).
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[11. CONCLUSION.

We may add that the future of renewable energy comes on the heels of the traditional sources.
Already the next 20-40 years, we can enjoy the cars, planes that use a large-scale production of
environmentally clean and free energy. Also, get a cheaper and technically simpler energy.

IV In this article, available data are the results of experiments Masters gr. 5am14 Kuneeva J., Tomsk
Polytechnic University (Tomsk), and Master Bekboeva M. Beuth Hochschule fiir Technik University (Berlin).
Scientific Supervisors: Prof. Boris Lukutin and Professor Mathias Kipke (Kipke, Matthias, Prof. Dipl.-Ing).

1. A. Laboratory work on the FEP.

2. Lukutin BV "Renewable energy in a decentralized electricity supply."”

3. Professor Lectures: Kipke, Matthias, Prof. Dipl.-Ing «Wechselrichter fiir Photovoltaikanlagen»
4. http://pvlab.ioffe.ru/Technology/fep.html
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Abstract.

The perspective of using alcaline metal tetrafluorobromates (MeBrF,) as BrF; carrier agent in
fluorinating processes was described. An analytical method of KBrF, solubility determination in bromine
trifluoride (BrF;) at moderate temperature of 25-70 °C was offered. The diagram of solubility was
introduced. The received data can be used for creating corresponding fields of phase diagram systems of
BrFs-KF. KBrF4 was prepared using alcaline metal chloride (KCI) and BrFs;. The synthesized solution
KBrF, in BrF; was analysed for KF quantity.

Key words: potassium tetrafluorobromate, bromine trifluoride, phase diagram, solubility, uranium.

I. INTRODUCTION.

One of the most widely applied method of technical ores in nuclear industry is oxidative fluorinating.
There are many types of fluorinating agent such as F,, BrFs;, CIF;, XeF,. Bromine trifluoride is the most
convenient for using because it is a liquid under ordinary conditions. This fact explains wide application of BrF;
in uranium industry for uranium and rare-earth elements fluorinating [1]:

UOs(sotic) + 2BIF(iiq) — UFs(gas) + Bragas) + Oz(gas)

But in practice one of the most disadvantage of bromine trifluoride is mixture compounds formation
that difficult to separate.

.

Potassium tetrafluorobromate (KBrF,) is a complex compound of BrF; with KF, which was recently
proposed for the use as alternative to BrFs. At room temperature KBrF, is a stable powder and has much lower
chemical and corrosive activity therefore it is much more convenient for the work and storage and is much safer
to handle compared to liquid BrF3[2,3].

Metals with tetrafluorobromates are forming soluble complex compounds during fluorination [4,5].
Potassium tetrafluorobromate is an effective fluorinating agent which has relatively high fusing point (330 °C),
but hereby rather low BrF; vapor pressure above fusion (90 mmHg at a temperature of 356 °C ) [6,7]. These
physicochemical properties allow to fluorinate elements in a liquid phase at relatively high temperatures. Thus,
tetrafluorobromates are convenient for this application and, moreover, fail-safe during storage and transportation
[8,9].

Alcaline metal tetrafluorobromates are the special case of BrF;-MeF system [10]. Different solutions
and mixtures of potassium tetrafluorobromate in bromine trifluoride can be used in fluorination processes, thus

the information about equilibrium composition of this system is of both theoretical and practical interest.
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I1l. METHODOLOGY.

KBrF, saturated solutions were prepared according to method [4] which was modified for more
convenient application. Potassium chloride powder was added by small portions into fluoroplastic vial with
certain amount of BrF;. This chemical reaction passes in the received solution:

6KCI + 8BrF; — KBrF, + Br, + 3Cl,

Some amount of the released gases were dissolved in the mixture, therefore, after large KBrF,
precipitation the vial was vacuumed for bromine and chlorine stripping. Later the mixture was kept in a
thermostat at a constant temperature and being agitated (0,1 °C) during 2 hours. Saturated solution was
sampled from the middle of the vial. Sample was hydrolyzed by distilled water. Hydrolysate comprised KF, HF,
Br, as well as BrO5~, BrO™ ions. The potassium amount was analyzed by the following techniques [10]:

K*+ ClO; — KClO,]
The mixture was heated up to 250 °C and all highly volatile acids and water were evaporated. After
the ignition solid substance represents pure potassium perchlorate.

IV. RESULTS.

By this moment trustworthy analytical data about potassium tetrafluorobromate after series of
experiments (table 1) have been received by the research team. Graphic diagram of the solubility in terms of KF

depending on temperature is shown in figure 1.

Table 1. KF solubility in BrF;

Temperature, °C KF concentration, g KF/100 g solution
25 4,73
26 4,731
39 4,734
46 4578
57 5,065
69 5,392
70 5,38
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Figure 1. Dependence of solubility KF in BrF;
V. CONCLUSION
In the near future it is planned to make similar research of sodium, rubidium and cesium tetrafluorobromates
solubility and then compare received dependences, construct a graph phase diagram which have great practical
importance in getting different BrF3;-KF system conditions in noble metal sample preparation for their further

analytical determination.
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Abstract.

Ammonium tetrachloridocobaltate(I) (ATC) synthesis, identification and thermal analyses have been
implemented. ATC decomposition temperature and enthalpy of decomposition to cobalt(ll) chloride have been
determined.

Key words: nickel, cobalt, nickel ore, ammonium, chloride, tetrachloridocobaltate, thermal
sustainability, thermal analyses.

I. INTRODUCTION

Ammonium chloridometalates are forming as intermediates during oxidized nickel ore (ONO)
processing with the use of ammonium chloride as an opening agent [1, 2]. Content of cobalt(l1) chloride in ONO
exceeds 0.1%, therefore it’s segregation is considered to be advantageous [3, 4]. Ammonium
tetrachloridocobaltate is an intermediate of ONO reprocessing technology currently being developed [5].
(NH4),CoCl,; decomposition temperature and enthalpy of decomposition to cobalt(ll) chloride values are
required to calculate the ore chlorination energy.

Il. OBJECTIVES

There is no appropriate data about ATC thermal characteristics in reference sources, thus the objective
of this research is:

1. Ammonium tetrachloridocobaltate(ll) (ATC) decomposition temperature determination;

2. Enthalpy of ATC to CoCl, decomposition determination.

Next operations were performed to achieve the purpose:

1.  ATC synthesis;

2. Reaction products identification;

3. ATC thermal analyses.

I1l. DEVELOPMENT

ATC synthesis.
Ammonium chloride and cobalt(1l) chloride hexahydrat were dissolved in pure alcohol in stoichiometric
ratio:
CoCl,6H,0 + 2NH,Cl — (NH,),CoCl,6H,0

Synthesis were performed in a rotary evaporator Hei-Vap Precision under pressure 25 kPa, temperature
67 °C and evaporator chamber rotation frequency 40 rpm with simultaneous solvent removal. As a result violet

powder was obtained.
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Chemical reaction products identification.

To prove the synthesis of coordination complex the IR spectroscopy and powder diffraction methods
were applied (fig. 1).

L% A
n A (NH4)2COCI4'2H20
100 = [ ]
o NHJCI
80 -
L 4
60 -
A
40 —

Fig. 1. ATC powder diffraction roentgenogram.

The methods data indexing revealed that the powder 99% consists of ammonium tetrachloridocobaltate
dehydrate (table 1).

Table 1. ATC powder diffraction data index.

Powder A -
(2NH,Cl+CoCl, 6H,0) W -NH,Cl (NH,),CoCl,-2H,0
20 I, 20 | 20 1%
% %
2 9
32 10 | 657 9
674 0 33.28
1 99

ATC thermal analyses.

To determine the temperature and enthalpy of (NH,),CoCl, to CoCl, decomposition a differential
thermal analysis (DTA) and differential scanning calorimetry (DSC) on the combined TGA / DSC / DTA

analyzer SDT Q600 with software data processing TA instruments Universal \V4.2E were carried out.
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Fig. 2. Differential thermal analysis of (NH,4),CoCl,-2H,0.

To implement DTA/DSC analysis 30.8 mg of (NH,4),CoCl4-2H,0 were used. The chamber heating was

accomplished from 20 to 850 °C at a speed of 5 °C per minute under a stream of argon.

According to the data obtained crystalline water molecules removal into the gas phase starts at a
temperature of 53 °C. By increasing the temperature to 140 °C NH; and HCI are removed. In the temperature

range 260-307 °C removes the remainder of the ammonia and hydrogen chloride (fig. 2, fig. 3).

-1
120 1.0

o op
100 1 612.89°C 732.71

701.87°C

189.3J/g ros
311.43°C

80

=
:\; 250.11°C 706.04°C =
- 1533J/
£ 60 g F00 3
Z e
= i
T
40
F-0.5
20 g3.08°C 299.43°C
0 . . T T -1.0
0 200 400 600 800 1000
Exo Up Temperature (°C) Universal V4.2

Fig. 3. DTA/DSC analysis of (NH,),CoCl,2H,0.

The process of (NH,4),CoCl;2H,0 to CoCl, decomposition passes through three stages (each stage
proceeds with the absorption of heat), corresponding to removal of water and consistent removal of ammonium
chloride in the form of ammonia and hydrogen chloride. Enthalpy of ammonium tetrachloridocobaltate to cobalt

chloride decomposition is 1533 kJ/kg:

53°C
1. (NH4)2COCI42H20 _)(NH4)2COCI4+ 2H20T, Ah = 616,5 kJ/kg,
140 °C
2. (NH,),CoCl, — NH,CoCls + NHs

+H
} Ahge. = 1533 kJ/kg;
3. NH4COC|3 — CoCl, + NH; + HCI.
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IV. RESULTS.

1. Ammonium tetrachloridocobaltate(ll) (ATC) decomposition temperature:
tgec = 140 °C;

2. Enthalpy of ATC to CoCl, decomposition:
Ahgec = 1533 k/kg.

The values can be considered as correct for ATC obtained both as a result of laboratory synthesis and as
a result of ONO opening, because there are no allotropic modifications for ATC [6].

V. CONCLUSION.

ATC decomposition temperature and enthalpy of ATC to CoCl, decomposition were determined. These
values allow calculating the ore chlorination energy and conditions, which in turn allows us to refine the process
flow chart [7].

ATC decomposition temperature ty. = 140 °C suggests that the use of standard facilities is possible
(there is no need to use special apparatus, which is expensive). It is another advantage of ONO reprocessing

technology currently being developed [5].
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Abstract.

With increasing concerns over waste and the need for saving energy, it is necessary to carry out LCAs
of products and this will help manufacturers take the first steps towards energy savings and designs by assessing
their product’s life cycle.

Life Cycle Assessment (LCA) is a process to evaluate the environmental burdens associated with a
product, process or activity by identifying and quantifying energy and materials used and wastes released to the
environment, and to assess the impact of those energy and material used and released to the environment. This
assessment includes the entire life cycle of the PET bottle, processes encompassing materials and energy
acquisition, manufacturing, use and waste management. In the inventory analysis component of a LCA, data on
inputs and outputs to and from the system under study were compiled and presented. The following four major
components of an LCA study as described in the International Organization for Standardization (ISO) 14040/44
were used: Goal definition and scoping; Life-cycle inventory (LCI), Life-cycle impact assessment (LCIA), and
Interpretation of results. Developing and providing sound environmental data using a life-cycle assessment
approach will assist those and the targeted audience to pursue environmentally preferable alternatives.
Identification of impacts from the life-cycle of PET (Polyethylene terephthalate) can encourage industry to
implement pollution prevention options, such as development and demonstration projects, and technical
assistance and training. Industry can use the tools and data in this study to evaluate the health, environmental,
and energy implications of the PET bottle.

Keywords: LCA, Environment, PET, Waste

I. INTRODUCTION

I. I. Overview

Nowadays, world population has been increasing rapidly. The rapid growth of a population in a country
can contribute to high production of waste. Municipal waste and industrial waste can bring unhealthy and
unpleasant environment or even diseases to human beings if the wastes are not managed properly.

As a government, it is unreasonable to limit the number of children for a family just in order to control
the high production of waste. Therefore, one of the methods to reduce the production of waste is by
understanding the Life Cycle Assessment of the products itself. Basically, Life Cycle Assessment is not a tool to
reduce the production of waste. Instead, by conducting a Life Cycle Assessment, the researcher can comprehend
the environmental attributes of a product from raw materials to landfill disposal or recycle as a new product,
across its entire life.

Life Cycle Assessment (LCA) is a process to evaluate the environmental burdens associated with a
product, process or activity by identifying and quantifying energy and materials used and wastes released to the

environment, and to assess the impact of those energy and material used and released to the environment (Allen
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et. al., 1993). The assessment should include the entire life cycle of the product, process or activity
encompassing materials and energy acquisition, manufacturing, use and waste management. In the inventory
analysis component of a LCA, data on inputs and outputs to and from the system under study are compiled and
presented. Solid waste may be treated by different processes; land filling and incineration are the most common.
Through Life Cycle Assessment, researcher will be able to know which things contribute to pollution and how
the pollution occurs and thus finally take an appropriate way to solve the problem.

In this case, bottles from PET will be thoroughly investigated because bottle waste is one of the major
problem components in municipal solid waste management in Tomsk. There has been least past research that
discusses on the subject of Life Cycle Assessment (LCA) of PET bottles in Tomsk, Siberia. In addition, PET
bottles are predominantly employed in packaging of beverages such as beer and water. The first commercial
plastics were developed over one hundred years ago. Now plastics have not only replaced many wood, leather,
paper, metal, glass and natural fiber products in many applications, but also have facilitated the development of
entirely new types of products. The plastic fraction in municipal solid waste consists mainly of polyethylene
(PE), polyethylene terephthalate (PET), polyvinyl chloride (PVC) and polypropylene (PP) and polystyrene (PS).
Different types of plastics will perform differently in the environment, e.g. Polyethylene terephthalate (PET) has
caused concern because of its potential to cause environmental harms.

Plastic products like PET bottles are durable, although having functional benefits, can cause problems
at the end of their products’ lives. As PET bottles have found more markets worldwide, the amount of PET
bottles produced increases as well. This phenomenal growth was caused by the desirable properties of PET
bottles and their adaptability to low-cost manufacturing techniques. The life cycle of PET includes production,
transportation, use and disposal which have contributed to the release of waste emissions. This results in toxins
exiting in the water, air and food chain, bringing the people around the polluted area severe health problems.
Recently, environmental groups are voicing serious concern about the possible damaging impacts of PET on the
environment. PET bottles end products and materials eventually contribute to the solid waste stream.

Since reliable scientific data has been lacking on the study of PET bottles in the Tomsk region, an

experimental investigation is therefore required upon which this study will be based.
By improving either products or end-of-life schemes of PET bottles, impacts and risks could thus be mitigated
and investigated. Life cycle assessment (LCA) intends to aid decision-makers in this respect, provided that the
scientific underpinning is available. Strategic incentives for product development and life cycle management can
then be developed.

I. I1. Problem Statement

In the last decades, with the increment of the world population and the society of consumption, the
amount of waste generated has exponentially increased. Waste collection centers have been created culminating
with the generation of epidemics and rodents, besides increasing the environmental contamination level. These
facts generate the necessity of developing and using more rational methods for final waste disposal and energy
saving.

Over the past 20 years, environmental issues have gained greater public recognition. Production, use
and disposal of virtually all goods present potential health and environmental impacts. The general public has

become more aware that consumption of manufacturing products and marketed services, as well as daily
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activities of our society, adversely affects supplies of natural resources and the quality of the environment. These
effects occur at all stages of the Life Cycle of a product, beginning with raw material acquisition and continuing
through material manufacture and product fabrication. They also occur during product consumption and a variety
of waste management options such as composting, biogasification, incineration, burning, landfilling and
recycling. At each of these steps, pollutants may be released into the environment with ecological consequences.
Ecological consequences among other things also include the effects on the environment. The impacts on the
environment due to waste and emission release can occur during the life cycle stages, particularly manufacturing
and disposal, for all consumer and commercial products. As public concern has increased, both government and
industry have intensified the development and application methods to identify and reduce the adverse
environmental effects through LCA.

. 111. Objective of the Study

The aim of the study is to evaluate the environmental performance through energy savings of
polyethylene terephthalate (PET),

The specific objectives are:

a) To evaluate environmental burdens associated with PET bottle product, process or activity by
quantifying energy and wastes released to the environment.

b) To determine the main environmental burdens of PET.

c) To expand the analysis on the improvement areas of the PET bottle “end of life” for the purpose of
lowering the environmental burdens focusing on recycling and disposal.

I. IV. Scope of the Study

Scope of the study should cover the entire life cycle of the PET bottle encompassing raw material
processing, manufacturing, transportation, use, recycling and disposal. This study will concentrate only on air
emissions released within the life cycle of PET bottle which contributes to the impact of global warming.
Therefore, this paper will focus on the bottle from the LCA perspective. PET bottle was chosen because of lack
of scientific data on the life cycle flow of the PET bottle in the Tomsk region of Siberia. Life Cycle Assessment
(LCA) is going to be used as a tool to evaluate the impacts associated with all stages of a product’s life cycle
from cradle to grave both downstream and upstream. The basis of an LCA study is an inventory of all the inputs
and outputs of industrial processes that occur during the life cycle of a product. This includes the production
phase and the life cycle processes including the distribution, use and final disposal of PET bottle product. In each
phase the LCA inventories the inputs and outputs and assesses their impacts. Once the inventory has been
completed, a LCA considers the impacts. This phase of the LCA is called the impact assessment: LCAs can be
very large scale studies quantifying the level of inputs and outputs but due to limited funding and financing this
study will aim to focus on a small scale case study of the Tomsk city and the data obtained may therefore be
used to make predictions and analysis in general. This LCA therefore will be limited in scope to a basic
inventory whose results will be used to evaluate the environmental impacts of the PET bottle in the Tomsk
region of Siberia, Russia.

I.V. Significance of the Study

An LCA will help decision makers select the product or process that result in the least impact to the

environment and more energy savings. This information can be used with other factors, such as cost and
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performance data to select the best product or process. LCA data identifies the transfer of environmental
impacts from one media to another and from one life cycle stage to another. If an LCA is not performed on PET
bottles, the transfer might not be recognized and properly included in the analysis because it is outside of the
typical scope or focus of product selection processes.

The ability to track and document shifts in environmental impacts can help decision makers and
managers to fully characterize the environmental trade-offs associated with product or process alternatives. LCA
also allows the plastic companies to identify effective ways of designing and manufacturing the products
themselves. LCA helps companies to keep a step ahead of rapidly changing regulatory requirements on solid
waste, persistent toxic chemicals, emissions and effluent discharges. In addition, life cycle strategies for
pollution prevention and minimizing energy costs are beginning to reveal economic benefits in terms of more
efficient production, improved product quality and minimization of the environmental risks.

1. METHODOLOGY

I1. 1. Introduction

An analysis of the flow of energy involved in the production of a product is one aspect of a life cycle
assessment, an objective process of analysis that attempts to evaluate the environmental burdens associated with
a product, process, or activity by:

. Quantifying the quantities of energies and materials used and the quantities of waste emissions

released into the environment.

. Assessing the impact of energy and emissions releases on the environment.

o Evaluating opportunities to effect improvements in the final disposal of the product.

The assessment, if at all possible, should consider all the activities related to the manufacture of a
product or operation of a process; this includes activities such as processing of raw materials, manufacturing,
transportation and distribution, use/reuse, recycling, and final disposal.

I1. I1. Life Cycle Inventory

In the inventory stage, the study was conducted to define all aspects of the materials and manufacturing
process. Steps in the manufacturing process were followed, and individual processes are evaluated to determine
the materials used and emissions released to the atmosphere.

The environmental profile of manufacturing processes, use of product, recycling and disposal have been
collected from various sources, and the following Life Cycle Stages were being considered.

1. Manufacturing stage

Plastic molding processes

2. Use stage

The environmental impact of the plastic product has been analyzed considering a 10 year period.

3. Recycling / Waste management stage

Disposal to landfill and energy recovery through 100% waste incineration of PET bottle product were

calculated.
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I1. 1. Life Cycle Impact Assessment

Once the inventory has been completed, a LCA considers the impacts. This phase of the LCA is called
the impact assessment: LCAs can be very large-scale studies quantifying the level of inputs and outputs. This
LCA is limited in scope to a basic small scale inventory. Based on the inventory information, the required
environmental impacts are assessed. Additionally, the effect and extent of recycling is determined. The energy
demands for the process are then added.

I1.1V. Life Cycle Interpretation

Assessments of all impacts are made for each material or process. The alternative that provides some
proper waste disposal improvements over other alternatives is selected. Improvement is defined as compliance
with saving of energy required while increasing performance and quality in terms of lesser production of
emissions.

I1. V. Assumptions

The following assumptions were made:

e All calculations have been made on a 1kg weight of PET bottle.

e All PET bottles that were distributed by road required 0.001 MJ/kg/km.
e The PET hottle will have the product life of 10 years.

I1. VI. Life Cycle Assessment Boundaries and limitations

The Life Cycle Assessment (LCA) approach is widely accepted in industries as a method to evaluate the
environmental impacts of a product, and to identify the resource and emission-intensive processes within a
product’s life cycle. The method is defined in the ISO standards 14040 and 14044 (ISO, 2006). The main
strengths of LCA lie in its ability to provide a holistic assessment of production processes, in terms of resource
use and environmental impacts, as well as to consider multiple parameters (ISO, 2006).

The methodology also provides a framework to broadly identify effective approaches to reduce
environmental burdens. Further, the approach is recognized for its capacity to evaluate the effect that changes
within a production process may have on the overall life-cycle balance of environmental burdens. This enables
the identification and exclusion of measures that simply shift environmental problems from one phase of the life
cycle to another.

However, LCA also presents significant challenges. First, the data intensive nature of the method places
limitations on the comprehensive assessment of complex, interconnected networks. Limited data availability can
force the researcher to make simplifications, which can lead to losses of accuracy. A second difficulty lies in the
fact that methodological choices and assumptions - such as system boundary delineation, functional units, and
allocation techniques - may be subjective and affect the results. These complications call for a thorough
sensitivity analysis.

I1. VIl Methods

To carry out a life cycle analysis requires that, the boundaries of the global system e.g. a set of
subsystems must be defined precisely. The energy requirements for the hierarchy of alternatives are based upon
the following global boundaries (Bisio and Xantos, 1994):

Input: One (1) kg of PET fraction in a waste stream that can be either source separated, sorted, landfilled or

combusted. Additional energy as required for each option considered.
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Output: Identical finish plastic parts.
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Figure 2.1. The simplified processing and manufacturing of PET

The amount of water and energy consumption which are used to calculate PET bottle production

mass balance and raw materials required for producing PET bottles are as follows;

v/ 800 L production water is required for the production of 1 L crude oil. This production water
is not calculated in the consumption of natural spring because of the fact that the production
water is deep injected to underground again after the treatment (Nagy, 2002).

v Between 0.075 — 0.15 kWh electricity are consumed to desalting 1 tonne of crude oil. The
water which is used in the crude oil desalting is the untreated water of other refinery processes
or partly treated. Between 3-10% washing water is needed according to density of crude oil
(European Commission, 2003).

v In the distillation of 1 tonne desalting crude oil 2-6 kWh electricity, 4 m® cooling water, 112-190 kWh
energy are used (European Commission, 2003).

v In the refinery, approximately 8% light naphtha is produced, 8% heavy naphtha with desalting and
distillation of 1 tonne crude oil. These product amounts are taken as approximate amounts because of

the fact that these amounts change according to the quality of the oil and process (Tiipras,2001).
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In the process where naphtha is used as a raw material in the production of 1 tonne ethylene,
approximately 3.2-3.4 tonnes of light naphtha, 44-54 kWh electricity, 370-470 m® cooling water are
used.

Approximately 0.6 tonnes ethylene, 0.6 tonnes oxygen, 468 kWh electricity, 314 m® cooling water are
used for production of 1 tone ethylene glycol (DPT, 2001).

4.3 tonnes heavy naphtha, 31 kWh electricity, 258 m*® water are used for production of 1 tonne p-
xylene.

0.665 tonne p-xylene, 450 kWh electricity, 213 m3 cooling water are used for production of 1 tonne
pure terephthalic acid (DPT, 2001).

0.32-0.355 tonnes ethylene glycol, 0.825-0.87 tonnes terephthalic acid, 5138 kWh electricity, 0.4-10 m?
cooling water are used for production of 1 tonne PET.

251-264 kWh electricity, 0.2-15 m* water is used for solidification process of 1 tonne PET (Shyam
Plastic, 2008).

28-30g PET granules to produce a pre-form needed to produce 1L PET bottle (European Commission,
2007).

I1l. LIFE CYCLE INVENTORY

I11. 1. Plastic Production

This section gives an overview of the complex and varied processes involved in making the PET bottle

plastic. We also look at ‘additives’, which enhance the performance of plastic bottle or aid its processing. These

chemicals often have a greater potential impact on the environment than the polymer itself. Finally, we consider

information on the impact of making plastics on the environment and human health.

I11.11 Production Stage — Emissions and Energy Requirements for producing a 1L PET bottle

The production of different kinds of polymers has totally different energy requirements and the amount

of emissions released. In this section, PET plastic bottle will be discussed in order to provide a clear result during

the production stage.
Table 3.1. Environmental Profile for PET — PET Production Stage

Raw material

Oil & natural gas

Main Product

1kg PET is produced

Energy

83.8 Mi/kg

Solid waste

0.045130 kg/kg

Transport

0.2 M/kg

Emissions

C0, 2330 g/kg
SO, 25 g/kg
NO, 20.2 g/kg
CO 18 g/kg
HCs 40 g/kg

I11. 111. Use of PET bottle

This section looks at the main sector that uses PET plastic bottle: packaging. During this stage, there are

no energy and emissions released involved. Therefore, no data can be used to indicate the effect of PET plastic

bottle during the use stage to the entire life cycle of plastic bottle.
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I11. IV. Transport of PET bottle

In this section, the produced PET bottle will be transported to consumers and eventually to recycling
centers and disposal sites once it reaches the end of life of its services. Meaning to say, consumers dump the
bottles into their dustbins after the plastic product becomes useless. We assumed the maximum of transport
distance to consumers, recycling centers and disposal sites to be 200 km. The energy required for transportation
was 0.01 MJ/kg/km according to (Albu,1997). We assumed no emissions released during transportation stage
because the emissions released are most like to be insignificant.

I11. IV. I. Transportation Stage — Emissions and Energy Requirements for a 1Kg PET bottle
Environmental Profile — Transportation Stage of PET
Transport=0.01*200=2MJ/Kg

I11. V. Disposal of PET plastic bottle Waste
Plastic waste can be disposed-off using different kinds of methods. Recycling was also one of the improvement
methods to be considered in this study. The idea being that recycling activities will reduce the waste generated to
the earth and eventually lessens the risks of environmental burdens caused by the PET bottle.

I11. V. I. PET Waste Recycle — Emissions and Energy Requirements

Where reuse is not the most environmentally sound way of extracting value from plastic bottle wastes,
an alternative is to recycle them into feedstock or into energy recovery so that their intrinsic value is not lost.
These two technological methods of plastic waste recovery have been developed in the industrialized countries
on a large scale, mechanical recycling and incineration with energy recovery. Once the recyclates have been
cleaned and shredded, the process is much the same as for the production of the PET plastic bottles from
feedstock. Most plastics are recycled mechanically, but chemical recycling is at a developmental stage. Plastic
bottles are the main type of plastics collected and recycled from household waste. During the process of
recycling, energy is required and emissions are released to environment.

I1. V. I. 1. Waste Recycled — Emissions and Energy Requirements for a 1 Kg PET bottle
Table 3.2. Environmental Profile for PET — Waste Recycled

Raw material - Main Product 1 kg new PET bottle
is produced

Energy 27.07 MJ/kg Solid waste -

Transport 0.2 MJ/kg Emissions CO2 163 g/kg
SO 0 g/kg

NO  0.081 g/kg

CO 0.205g/kg
HCs 0.016 g/kg
VOCs 6.95 g/kg
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I11. V. I. Il. Waste to Landfill — Emissions and Energy Requirements for a 1Kg PET bottle
Table 3.3. Environmental Profile for PET — Waste to Landfill

Energy 60.007 MJ/kg Solid waste -
Transport 0.2 MJ/kg Emissions CO2 94.597 g/kg
SO 0.848 g/kg
NO 1.728 g/kg
HCs 2080.609 g/kg
I11. V. L. 11l. Waste Incinerated — Emissions and Energy Requirements for a 1Kg PET bottle
Table 3.4. Environmental Profile for PET — Waste Incinerated
Energy 32.5MJ/kg Solid waste -
Transport 0.2 MJ/kg Emissions 002 2016 g/kg
SO 0.609 g/kg
NO 2.436 g/kg
CO 0.609 g/kg

I11. VI. Summary — Emissions and Energy Requirements for a 1Kg PET bottle

In this section, we summed up and summarized the emissions released and energy requirements during

the entire life cycle of a PET bottle. Table 4.14 summarizes the total energy required in MJ and total emissions

released for the entire life cycle of 1 kg of the PET bottle for the different methods of waste disposal.

Table 3.5. Energy consumed and emissions released for entire life cycle of 1kg PET bottle

Waste Recycled

Waste to Landfill

Waste Incinerated

Total Energy (MJ)

113.27

144.2

118.7

Total Emissions (g)

2603.45

4610.98

4452.85

IV. LIFE CYCLE IMPACT ASSESSMENT

IV. 1. Introduction

In this section we used the results from the life cycle inventory to assess the potential impacts of PET
bottle treated with different disposal methods. The best way of making a comparison of the PET bottle waste
disposal method from an environmental point of view was to compare and analyze the energy involved and
waste emissions released in the entire life cycle of the PET bottle. Next step was to assign the air emissions to

the impact of global warming.
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IV. 1. Energy Use

Results for the total energy used are shown in Table 3.5 for PET with different treatment methods of
disposal. The energy required to recycle 1Kg PET bottle is relatively lower than the energy consumed by the
other two options. This is because it takes less energy to make recycled products due to its greatest
environmental benefit provided that the recycled product is used to substitute virgin polymers. Besides, recycling
is advantageous because every time that the material is reused, it is not produced again and, therefore, only half
the waste remains in the soil than if virgin resin is used. The more times a material is recycled, the less the
amount that remains in the soil and this will subsequently reduce the environmental load in the waste stream.
According to Table 3.5, landfilling option required much more energy for the whole cycle of a kg PET bottle
maybe due to vehicle fuel consumption on transportation, maintenance and the continuous monitoring on the
landfill area. On the other hand, incineration is also one of the options to manage the PET bottle waste.
Incinerator will burn all waste in ovens and the energy recovered is equivalent in amount to the heat of
combustion of the different components.

IV. 111. Global Warming

Table 4.1 presents the environmental impact for a 1kg PET bottle treated with different waste disposal
methods. Global warming is the rising of the global temperature due to emissions of greenhouse gases. The only
greenhouse gas emissions of any significance in the manufacture and disposal stages of the PET bottle are
carbon dioxide and methane. Based on the results in Table 4.1, the order of preference is that recycling is better
than incineration and landfilling in terms of energy and emissions. The emissions contributing to global
warming for incineration of PET bottle is rather similar to the emission for landfilling. This is because all the
fossil carbon is released during incineration, as well as during landfilling.

PET can also be co-incinerated with other combustible products from the waste stream which will give
even greater contributions to the reduction of greenhouse gases by the prevention of the emission of methane gas
from landfills. Methane has a global warming potential of 30 times that of CO, (McDougall et. al., 2001). This is
why the prevention of waste going to landfill is a key measure to reduce the greenhouse gas emissions.

Table 4.1. Environmental impact for different treatment methods of the PET bottle

Environmental Impact Waste Recycled Waste to Landfill Waste Incinerated
Global Warming 3.33 47 4.3
(kg COZ-eq)

IV. 111. 1. Example of Calculation for Global Warming Value

Process X releases 2.495 kg CO;and 0.040016 kg CH,

The equivalency factors are the 100-year Global Warming Potentials (GWPs):

Q global warming-CO,= GWPCO,=1 g CO,

Q global warming-CH, = GWPCH, = 21 g CO,/ g CH,4 The potential contribution to global warming of
methane is:

Q global warming-CH,x gCH, =21 g CO,/ g CH,;x 40 g =840 g CO,-Eq.

The total contribution of Process X to global warming is:

Total global warming = (2,495 + 840) g CO,= 3, 33 g CO,-Eq.
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V. LIFE CYCLE INTERPRETATION

V. I. Introduction

The use of plastics can make a significant contribution to conserving natural resources, reducing energy
consumption and minimizing the generation of wastes. Many applications of plastics have long useful lives and
end-of-life plastics can often be recycled into second life applications. Nevertheless, the production, processing
and use of plastics do generate wastes. It is essential that these wastes are properly and safely managed to protect
human health and the environment.

The final disposal of PET bottle plastic wastes is a matter of concern in Tomsk, as it is for any waste. If
plastic wastes cannot be recycled, they can be disposed of as landfill or incinerated under certain conditions. The
incineration of plastics, with or without energy recovery, at high temperatures and with appropriate scrubbing
techniques for flue-gases, can be carried out under environmentally sound conditions. Incineration under
environmentally sound conditions with energy recovery should be the preferred option as opposed to disposal
into landfill or incineration without energy recovery.

Since the landfill method has created a great adverse impact to the environment, the continual growth of
PET plastic bottle waste buried in landfill is unacceptable in the long term. The environmental effects of plastic
waste, as well as the global warming due to landfill’s emissions as a means of disposal, are leading to an
increased need to designing processes with minimal environmental impact.

V. Il. Process Improvement

Process improvement include the minimization of treating the PET plastic bottle wastes with landfilling
method for reducing the amount of carbon dioxide and methane gases released to the atmosphere. The
incineration of plastics, with or without energy recovery, at high temperatures and with appropriate scrubbing
techniques for flue-gases, can be carried out under environmentally sound conditions. Incineration under
environmentally sound conditions with energy recovery should be the preferred option as opposed to dispose
into landfill or incineration without energy recovery. Another efficient method is recovering the energy required
to process the new origin PET plastic by recycling method.

V. 1I. I. Recycling

Blown, empty
PET bottles

Recycling

Nowadays, people often wonder why we need to recycle. Some may feel that it’s not their job to do so,
and some may feel that it’s a waste of time and money. Often people never realize about the advantages of
recycling. So, it is suggested that the level of awareness among citizens in Tomsk, has not reached the level that
we can be proud of. There are still plenty of loop holes here and there and it is important to educate the citizens

of the advantages of recycling practices.
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Rare materials, such as gold and silver, are recycled because acquiring new supplies is expensive. Other
materials may not be as expensive to replace e.g. PET bottles, but they are recycled to conserve energy, reduce
pollution, conserve land, and to save money. Several advantages of recycling can be highlighted here. This
includes resource conservation, energy conservation, pollution reduction, land conservation and economic
savings.

Recycling conserves natural resources by reducing the need for new material. Some natural resources
are renewable, meaning they can be replaced, and some are not. Plastic products come from nonrenewable oil
and natural gas. This oil can be conserved once raw material for making plastic is not required when new plastic
can be produced from used plastic.

Recycling saves energy by reducing the need to process new material, which usually requires more
energy than the recycling process. Recycling reduces pollution because recycling a product creates less pollution
than producing a new one.

Recycling saves valuable landfill space, land that must be set aside for dumping trash, construction
debris, and yard waste. Landfills fill up quickly and acceptable sites for new ones are difficult to find because of
objections from neighbors to noise and smells, and the hazard of leaks into underground water supplies. The two
major ways to reduce the need for new landfills are to generate less initial waste and to recycle products that
would normally be considered waste.

Recycling in the short term is not always economically profitable or a break-even financial operation.
Most experts contend, however, that the economic consequences of recycling are positive in the long term.
Recycling will save money if potential landfill sites are used for more productive purposes and by reducing the
number of pollution-related illnesses.

If we recycled all our recyclable waste materials, think of what a difference we could make in our lives,
environment, and our natural resources. In practice though, recycling can be troublesome and expensive. If a
company takes the time to think carefully and plan accordingly, then over time, the process and efficiency of
recycling will improve and the payback will be enormous.

V. II. 1. 1. Emission Reduction

The recycling method proved to release lesser emissions into the atmosphere. From the studies that we
had conducted, it showed that the emissions discharged were the least in comparison to other PET waste disposal
methods. In addition to energy recovery, there is also a corresponding saving relevant to CO, and CH, emissions
released into the atmosphere, since waste replaces other fossil fuels producing greater CO, and CH, levels.

Besides, PET bottle plastics can also be co-incinerated with other combustible products from the waste
stream which will give even greater contributions to the reduction of greenhouse gases by the prevention of the
emission of methane gas from landfills. Methane has a global warming potential of 30 times that of CO,. This is
why the prevention of waste going to landfill is a key measure to reduce the greenhouse gas emissions.

V. 1. 1. 11. Energy Potential for Plastic Waste

Energy recovery from plastic waste can make a major contribution to energy production. If all of
Europe's plastic waste which is not feasible to recycle were turned to energy, it would be equivalent to at least 17

million tons of coal. Energy from waste directly saves fossil fuels and makes an important contribution to the
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reduction of a country’s dependency on fossil fuels. Such a contribution is crucial, particularly with the growing
dependency on oil and gas, estimated to reach 65 per cent by 2015 in a business-as-usual scenario.

V. II. I. lll. Reduction of Global Warming Potential and Improvement of Energy Efficiency from
Energy from Waste

Energy from plastic waste reduces overall greenhouse gas emissions by more than 20% when compared
with the use of coal which it can replace.

Last but not least, in order to tackle the volume of plastic bottle waste that requires disposal, close
attention must be paid to reduce waste at every stage in a product's life; from cradle to grave. The waste
management hierarchy prioritizes different measures and techniques for dealing with waste according to their
environmental impact.

VI. CONCLUSIONS AND RECOMMENDATIONS

VI. I. Conclusions

The aim of the study was to use a life cycle assessment approach to determine which waste disposal
options that will substantially reduce the energy consumption posed by the PET bottle. Several important
observations can now be made.

1) Recycling of PET bottle waste can significantly reduce the energy required across the life cycle because the
high energy inputs needed to process the requisite virgin materials greatly exceeds the energy needs of the
recycling process steps.

2) Greenhouse gases can be reduced by opting for recycling instead of landfilling and incineration.

3) Quantity of waste emissions released from different disposal options was identified.

4) Recycling is the environmentally preferable disposal method for the PET bottle.

VI. 1. Recommendations

PET bottle plastics make a valuable contribution to the way we live, but as a society we need to find
ways of using these plastics more wisely. The way we make, use and dispose of PET plastic bottles should have
a minimal impact on the environment. Some of the methods to reduce the impacts on the environment are:

1) A greener plastics industry

The manufacture of plastic materials is one of the major industries with potential for serious pollution to
the surrounding environment. Different types of plastics manufacturing processes and disposal methods will
contribute to different effects on the environment. Therefore, government agency must ensure that industry
operates in a way that minimises adverse effects on people and the environment, and contributes to the
achievement of sustainable development.

2) The potential impact of chemicals leaching from PET plastic bottles on human health and the environment

The use of PET plastic bottles in beverages and packaging increases the risk of exposure. Risk
assessments have been carried out for some, but not all chemicals used in plastics. Where information exists, it
suggests that the quantities released during the manufacture and disposal stages of the life cycle of plastics are
much greater than those lost during the use phase, when humans are likely to be most exposed. This information
gap needs to be addressed.

3) Reducing the waste generation
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As a society, we are generating an increasing amount of waste. As with other materials, more must be
done to reduce the amount of PET plastic bottle waste we produce. There has been a shift towards a ‘disposable’
culture, and the lower cost of plastics may have contributed to this and the associated growth in waste.

4) Practicing recycling habit

The attitude of the public in recycling practices should be improved. The public should be well
informed of the importance to recycle. Environmental influences appear particularly effective among members
of the public who have a “strong belief in personal responsibility and influence, as well as the power of self-
determination”. The public would recycle more if they had a greater understanding of the environmental benefits
of recycling.

5) Charging for waste

Although this practice is still not common in most countries, but several recycling centers in Russia are
already implementing this concept, as a way to encourage more people to recycle. This concept is mainly
targeting specifically at those who don’t recycle, and in turn supports those who do. By charging for the waste
sent to the recycling centers, this can help to encourage more recycling practices among the public.

6) Introducing more recyclable products

By replacing the PET plastic bottles for packaging beverages, with recyclable and biodegradable ones;
this can initially encourage more people to recycle. By displaying the international standard ‘Recycling Logo’ on
recyclable products, the consumer will be fully informed whether the items can be recycled or not. When the
consumer is aware that the items can be recycled, they will automatically categorize the items as recyclable
products and will not dump them together with non-recyclable wastes. With such measures, it is hoped that the

public will be more aware of the recyclable items available in the market.
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Abstract.

Positron annihilation spectroscopy techniques are sensitive laboratory methods of in-depth study of the
material structure and processes occurring in it. The digital spectrometric system described in this paper is
designed to study the defect structure of materials by positron annihilation spectroscopy techniques. This system
combines the methods of positron annihilation lifetime spectroscopy and Dopler broadening spectroscopy. These
two techniques can be implemented either in one complex or individually. Application of these experimental
techniques simultaneously provides a temporal and energy distribution of annihilation gamma-quanta, i.e. the
most comprehensive qualitative and quantitative information of the electronic structure of the substance can be
obtained. Using the coincidence y-y measurements in the Dopler broadening spectroscopy technique also allows
observing the high-momentum part of the spectrum of the annihilation of positrons with deep shell electrons. The
analysis of this part of spectrum enables to obtain the information about the chemical composition of the
material. In comparison with the traditional analog systems, this system is being developed using modern digital
components to ensure the ease of setup and operation of the equipment, as well as enabling the development of
the system in order to improve its characteristics.

Keywords-positron; annihilation; lifetime; spectrometer; Doppler broadening.

I. INTRODUCTION

Nowadays the construction materials are demanded to be more reliable and durable. Whether it be
materials of reactor vessels, plate solar panels of spacecraft or aircraft engine blades, they all operate in extreme
conditions, corrosive environments at high temperatures. Therefore, in order to improve the performance of
structural materials, it is necessary to carry out laboratory tests to study changes in the structure and properties of
these materials under the influence of factors similar to the real operating conditions. Methods of positron
annihilation spectroscopy (PAS) are sensitive laboratory techniques for the in-depth study of the material structure
and research of the processes occurring in it.

Positron annihilation spectroscopy techniques are based on the effect of the positron interaction with the
investigated material — positron annihilation. Annihilation photons which are born as a result of annihilation of
positrons with electrons carry information about the electron structure of the material, i.e. the electron structure of
the outer electron shells of atoms in a solid, which defines its basic properties, or the type of defects and their
concentration in the crystal.

I1. POSITRON ANNIHILATION SPECTROSCOPY TECHNIQUES

In the process of studying the materials by PAS techniques, the radioactive materials are often used as a

positrons source. It is placed directly into the investigated material. The emitted positrons penetrate into the
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material, thermalize and then annihilate with surrounding electrons, as a result forming two gamma-quanta, the
study of the characteristics of which provides information on the electron structure of the material.
Depending on the purpose of the research, three main methods of positron annihilation techniques are
used [1]:
1. positron annihilation lifetime spectroscopy (PALS);
2. Doppler broadening spectroscopy (DBS);
3. angular correlation of annihilation radiation (ACAR).

The principles of these techniques are illustrated in Figure 1.

Nucl -
ucleary - quanta (Start) Annihilated y - quanta 0,511
At MeV (Stop)

1) Positron lifetime AO

3) Angular correlations

Positron source > Material

termalization /AE

2) Dopler broadening

Fig. 2 Principles of three main techniques in positron annhilation spectroscopy: 1) Positron annihilation

lifetime spectroscopy, 2) Doppler broadening spectrscopy and 3) Angular correlations measurements.

PALS technology is measuring the time interval between the nuclear gamma-quantum produced by the
radioactive source almost simultaneously with the birth of a positron and one of the annihilation gamma-quanta.
The collected time spectrum consists of contributions from components with different lifetime and
corresponding intensities. When analyzed, the resulting spectrum can be approximated mathematically by
several Gaussians corresponding to different lifetimes. The analysis of these components and their intensities
carries information about the volume defects in solids and their concentrations [2, 3, 4].

ACAR and DBS methods are used to obtain the momentum or energy distribution of annihilation
photons. In DBS measurements the precise measurements of the energy shift (Doppler broadening) of the
annihilation gamma-quanta relative to the nominal value of 0,511 MeV are performed. This shift is produced as
a result of nonzero momentum of the annihilating electron-positron pair and used to study the pulse and energy
distribution of the electron structure of the investigated material [5].

Also, in addition to the energy shift due to the nonzero momentum of the annihilating pair, the deviation
of the annihilation gamma-quanta opening angle from the angle of 180° is observed. This deviation can be
explored with the y-y coincidence ACAR measurements in one or two dimensions. However, to obtain the
required resolution in such experiments the detectors should be located at a distance of several meters from each

other, which is not always acceptable [1].
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The DBS and ACAR techniques provide additional information when interpreting the results of the
temporal distribution of annihilation photons.

The application of the coincidence Doppler broadening spectroscopy (CDBS) with two detectors can
significantly reduce the background by approximately three orders of magnitude [6]. It also allows watching the
high-pulse part of the spectrum from the annihilation of positrons with the electrons of deep shells. The analysis
of high-pulsed part of the spectrum allows determining the chemical composition of the elements around the
location of positron annihilation [7].

Therefore, the coincidence Doppler broadening spectroscopy is widely used to identify defects in a
variety of alloys, as well as to characterize a small number of inclusions [8, 9].

Thus, the association in one system of the CDBS and PALS techniques allows obtaining the most
comprehensive qualitative and quantitative information on the electron structure of the materials. However,
creating such a system, using analog spectrometric modules is difficult because of the complexity of adjustment,
operation and the limited capabilities of such system.

I11. DIGITAL POSITRON ANNHILATION SPECTROMETRIC SYSTEM

The digital spectrometric system combines the methods of coincidence Doppler broadening spectroscopy
and positron lifetime spectroscopy. These methods can be implemented simultaneously, in a single experiment, on
one sample, as well as separately.

The radioactive isotope “Ti (8+,) is used as a positron source. Radioisotope source based on *Ti is well
suitable both for studies by DBS and for the PALS measurements, as almost simultaneously with the positron a
nuclear gamma-quantum with energy of 1,157 MeV, which is the starting signal, is emitted. The source of
positrons is located between two samples of material, forming the so-called "sandwich geometry". The main
advantage of this geometry is that the positrons emitted by the source directly penetrate into the sample, which
allows measurements in air.

The developed spectrometric system differs from the traditional ones by the presence of advanced
digital components to ensure the ease of the setup process and operation of the equipment, as well as the increase

in the productivity and accuracy of the experiments. The scheme of this system is shown in Fig. 2.

o B Nl o

—{Fo sl

Figure 1. Developing spectrometric system for positron annihilation spectroscopy: 1 — High-momentum
power supplies for scintillation detectors, 2 — High-momentum power supplies for Ge detectors, 3 —
Scintillation detectors with photomultipliers (PMT), 4 — Ge detectors, 5 — Low-background vertical cryostat, 6
- High-speed digitizer for PALS measurements, 7 — High-speed digitizer for CDBS measurements, 8 — Personal

computer with high computing power.
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The system consists of two functional modules that implement two different techniques of positron
annihilation spectroscopy.

Within the lifetime module, the scheme of delayed coincidences is used. The registration of gamma-
quanta is implemented by the detectors, based on scintillators and photomultipliers (PMT).

As a scintillator crystals barium fluoride BaF, cylinders with a diameter of @30 mm and thickness 25
mm are used. Scintillators are combined with Hamamatsu, model H3378-50 fast photomultiplier tubes. The main
advantage of BaF, is that this relatively heavy crystal can provide the same temporal resolution as a plastic
scintillator, or even better. Therefore, to date, barium fluoride is the main scintillation material used in the positron
annihilation lifetime spectroscopy due to the optimal balance of features such as temporal and energy resolutions
[10]. PMT H3378-50 has a built-in divider and aluminum case with magnetic protection. The power to the
detectors is provided by two high-voltage power supplies.

The signal from the detector is sent directly to the high-speed multichannel data conversion system, the
main component of which is the high speed digitizer.

The detection unit for CDBS module is a system combining a semiconductor detector (Ge) and a charge-
sensitive preamplifier. The efficiency of such a detection unit is 30%, and the resolution of the peaks 122 and
1332 keV is 0,8 and 1,8 keV, respectively. The power for the detectors is provided by two high-voltage power
supplies 3106D by Canberra Industries, Inc.

The system consisting of two Ge detectors is used to implement the coincidence Doppler broadening
spectroscopy modes. The cooling of the detectors is carried out with liquid nitrogen from two low-background
vertical cryostats.

In other respects the system components are identical to those used in the data collection system for the
analysis of temporal distribution of positron annihilation.

The software for managing this research system and data processing is developed in the Charles
University in Prague, and in the Positron Annihilation laboratory at Martin-Luther-University Halle in the context
of the EPOS Project and is distributed free of charge [11].

The developed system makes it possible to implement the following modes of materials research by
positron annihilation techniques:

positron annihilation lifetime spectroscopy (PALS);
Doppler broadening spectroscopy (DBS);

coincidence Doppler broadening spectroscopy (CDBS);
combined PALS+DBC;

combined PALS+CDBS;

age momentum correlation (AMOC) measurements.

V. CONCLUSION

The digital spectrometric system developed in this work is intended for the study of materials by methods
of PAS and allows obtaining qualitative and quantitative information about the electron structure of the material.

The system is developed on the basis of the following papers [9, 12].
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The construction of the spectrometer on the basis of advanced digital components enables the

development of this system in order to improve its characteristics, which distinguishes it from the previously

established analog systems.

The system implements two powerful PAS methods allowing a comprehensive approach to the

investigation of materials and providing information about the concentration and type of defects and the chemical

composition of the material.

The developed system can be widely used in laboratories and research centers engaged in research of

material structure and requiring precision studies.

10.

11.
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Abstract

Today humanity is satisfies its energy needs, mostly by burning oil, gas and coal. It is easy to available
and cheap but their stocks limited to: taking into account the growth in energy consumption can be largely
exhausted in the foreseeable future. but of oil and gas - is not only fuel, but also a valuable raw material for
some chemical products Comrade, the production of protein and other vital substances. Search for alternative
sources of energy scientists are engaged in many industrialized countries. The international ITER project is an
important step in solving energy problems of mankind. And this article talks about the importance, development
and prospects of the project.

I. INTRODUCTION

As the population of the Earth and improve quality of life in its various regions, growing energy
consumption. According to forecasts, it is expected that the population Earth by the middle of the XXI century
will increase from the current 6 billion to 9-10 billion. Estimates show that by this time the world energy
consumption will increase by several times. This increase in energy consumption in the world need to provide
sources of energy commodities, and the solution of this problem, start now, since the widespread introduction of
new technologies in energy production takes more than one decade. Therefore humanity must discover
alternative sources of energy that will be very effective and at the same time be safe.

.

What to replace fossil fuels? Solar, wind and hydro power is not can provide basic human needs of
energy and play only auxiliary role. Solar energy is too "dissipated" and not all available. Hydroenergetics
almost fully engaged in the world and also have an adverse impact on the environment. Today, only the energy
from nuclear reactions can be considered as long-term vision of humanity. Energy from nuclear fission of heavy
elements (uranium) already provides about 20% of electricity generation
in the world, and its role will grow. The problem for nuclear power are based on the division of recycling and
disposal of radioactive waste that may affect the economic and environmental performance of energy. Nature
has given to humanity, and other potential - nuclear fusion (fusion) of light elements
with the release of enormous energy. Fusion reactions are a source of solar energy, which gives life to all living
things on Earth. In the depths of the solar fusion reactions occur at temperature of about 20 million
degrees. More than half a century ago, scientists have put task to implement the nuclear fusion reaction in
terrestrial conditions, the release of energy for practical use. In unmanaged form, this process has been
implemented in the mid-twentieth century, the explosion of water hydrogen bombs. The problem of mastering
the nuclear fusion energy for peaceful purposes is called controlled thermonuclear fusion (CTF). [1]

The most affordable (feasible) is the reaction of nuclear fusion of hydrogen isotopes - deuterium (D)
and tritium (T). Energetically favorable for the fusion reaction D-T mixture in the laboratory should be heated up

to 100 million degrees (five times larger less than in the solar interior). In this case D-T-gas becomes fully
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ionized plasma consisting of positively charged nuclei and electrons. At this temperature, the rate of deuterium
and tritium is that it is sufficient to overcome the Coulomb force repulsion and merge to form a neutron and
helium nuclei (a-particles) with energy release at 17.6 MeV per reaction event.

The energy in the 17.6 MeV is realized in the form of kinetic energy of the neutron (80%) and a-
particles (20%). The neutron, leaving the plasma falls into the coolant, the surrounding plasma, and its kinetic
energy is converted into heat and energy of the nuclei of the helium atom (a-particles) can be used to maintain
the temperature of the plasma in the required range. Deuterium contained in ordinary water, and the technology
to get out of the water is well established. Tritium is virtually non-existent on earth, but his can be obtained if the
neutron interacts with the lithium (Li), introduced into the coolant blanket (special shell surrounding the
plasma).Thus, the fuel for fusion reactors are deuterium and lithium.

Therefore we can say that fusion energy is a very promising solution to the problem of power supply.
Its advantages are:

* An abundance of fuel: supplies of deuterium in the water of the oceans are inexhaustible, the lithium
content in the earth's crust is 200 times more than uranium.

* Radiation biohazard fusion reactor by about a thousand times lower than fission reactors.

* Lack of CO2 makes it possible to place the reactor in any

* The absence of "heavy" of radioactive waste that could be used to make "dirty" bombs.

* The physical impossibility of acceleration (the "explosion™) of the reactor.

Energetically favorable flow conditions for the thermonuclear reaction

* Temperature of fuel (plasma of deuterium and tritium), about 100 million degrees.

* The density and the "lifetime" of hot plasma must be sufficiently large that the collision had happened
deuterium and tritium nuclei and their merger.

There is a problem how to keep the matter in this extreme condition. In 1950, academics, AD Sakharov
and IE Tamm suggested the use of a magnetic field for plasma confinement. The general idea of magnetic
confinement has generated a lot of concrete solutions. Outstanding Russian scientists under the leadership of L.
Artsimovich developed and implemented the concept of Tokamak fusion (toroidal magnetic chamber coil).

In 1968 at the International Conference on Plasma Physics, scientists from IAE. I. Kurchatov reported
getting on the "Tokamak-3" consistently confined plasma with a temperature of about 5 million degrees. This is
far superior to anything that has been achieved in the world in other areas of research. The world was built about
300 units of type tokamak. The largest of them were built in Europe, Japan, USA and Russia.

In the last generation plants tokamaks (TFTR, JET, JT-60) achieved a plasma temperature and density
close to the required for a fusion reactor, and performed pulse-controlled thermonuclear reaction with respect to
low power. Completed a fundamental stage in the development of new energy - carried out a scientific
demonstration of controlled thermonuclear fusion reaction in the laboratory.

Next was the need to demonstrate a controlled thermonuclear fusion reaction with a few hundred
megawatts of capacity and development of technology of its practical use. To implement this step, Russia,
Europe, USA and Japan have decided to combine their scientific, technical and financial efforts to jointly
develop the technical design world's first experimental fusion reactor, called ITER - International Thermonuclear

Experimental Reactor. Work on the project sketch of the reactor began in 1988, and in 1992 signed an
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international agreement to develop the technical design of the ITER reactor, and an international team of experts
went to work. Chairman of the governing body of the International project - the ITER Council, was elected
Academician EP Velikhov. As a result of participation in the project, Russia has a complete documentation of
the ITER project.[2]

The main objectives of the ITER project are:

e Demonstrate the scientific and technical feasibility of fusion energy for peaceful industrial scale

e The achievement of controlled thermonuclear ignition of the reaction with a tenfold excess of fusion

power on the power expended in the creation and heating of the plasma

e Demonstration of long-term mode of burning plasma

e Development of systems and technologies needed to power nuclear fusion reactor, and tested in an

integrated way

Engineering design of the ITER reactor completed in 2001. As part of the federal target program
"International Thermonuclear Experimental Reactor ITER," Russia took part in the development, manufacture
prototypes and test key elements of the reactor.

The scheme of the ITER basically repeats the classic Russian tokamak, created in the 60 years of the
twentieth century. Significant technical differences from the first divertor tokamak is the introduction - a device
to clean the plasma from the "impurity"”, an elongated vertical cross-section of the plasma and the use of
superconductors to create magnetic fields in the reactor. The last principle, as a future power reactor is futile to
do with the agents of copper.

Provision of two-stage reactor ITER. In the first stage reactor will operate in a pulsed mode at a power
of 400-500 MW of fusion reactions, and a pulse duration of ~ 400 s.

The second stage will be practiced continuous operation of the reactor, as well as the tritium breeding
system. In continuous operation of the reactor for one year from the fusion power of 500 MW, the consumption
of tritium from external sources is 20 pounds.

construction Preparation of the site in Cadarache in southern France began in January 2007. This is an
important first step in a long ten-year construction process, which is divided into two main phases: Preparation
of the physical space subsequent construction of buildings ITER. [edit] Preparing the site ITER construction will
house a total of 180 hectares of land of the commune of Saint-Paul-les-Durance (Provence-Alpes-Cote d'Azur,
the region of southern France), which has become home to the French nuclear research center CEA
(Commissariat a I'énergie atomique, the Commissariat of Atomic energy). The most important part of ITER - the
tokamak itself and all the office space - will be located at the site of a kilometer long and 400 meters wide.
Construction is expected to last until 2017. The main work in this step is performed under the direction of the
French Agency of ITER, and the essence of CEA. In general, building ITER will be a 60-foot colossus weighing
23 tons. [3]

Very important to say about the security of the development. ITER is much safer nuclear reactor
radiation on. First of all, the amount present in the body of radioactive material is relatively small. The energy
that can be released as a result of an accident, too small, and can not lead to the destruction of the reactor. At the
same time, the reactor design has few natural barriers to the spread of radioactive substances. For example, a

vacuum chamber and cryostat shell must be sealed, otherwise the reactor will simply be unable to work.
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Nevertheless, the design of ITER has been paid much attention to radiation safety, as in normal operation and
during a possible accident. In order to prevent the spread of tritium and dust when they come out of the vacuum
chamber and the cryostat, a special ventilation system will support the building of the reactor pressure is
reduced. Therefore, the building will not leak air, except through the filter ventilation. During the construction of
the reactor, where possible, materials will be used, already tested in the nuclear power industry. Because of this,
the induced radioactivity is relatively small. In particular, even in the event of failure of cooling systems, natural
convection will be enough to cool the vacuum chamber, and other design elements. ITER project meets the
following requirements security of any accident level of environmental impact does not require evacuation. [4]

I1l. RESULTS

This project will be the first large scale attempt to use for electricity generation fusion reaction that
takes place in the sun - hydrogen fusion reaction, which, if successful, will humanity truly inexhaustible source
of energy. The main advantage of nuclear fusion reactor in comparison with nuclear - its considerable safety in
terms of radiation. And, of course, the amount of electricity produced from nuclear fusion reactor must be many
times more than its nuclear reactors. It is planned that nuclear fusion will be carried out in the ITER reactor in
2026, and the first experiments in this direction will be conducted as early as 2019. The experimental part will
end in 2037, and after 2040 the reactor will produce electricity.

Summing up the report on this project, we can say that this design is a grand step in the development of
modern power engineering. People need a new powerful and safe energy sources due to the growing problem of
energy supply. Other sources of energy are irreplaceable or ecologically dangerous resources. And the a
thermonuclear reactor is an effective solution to these problems. Other sources of energy are irreplaceable
resources or ecologically dangerous. And a thermonuclear reactor is an effective solution to these problems.
Starting the reactor will give humanity an inexhaustible, environmental and economically-effective energy

source.
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Abstract.

This scientific work is about a new method of titanium diagnosis: «Eddy current method for the analysis
of layered hydrogen content in titaniumy. This work was designed for the AVISMA concern — one of the largest
producers of titanium. This method is cheaper than traditional. And it is more mobile. In addition, with the help
of this method, we can analyze hydrogen content in certain layer of titanium sample. Our method can be used in
oil, chemical, atomic and other branches of industry where titanium is used a lot.

I. INTRODUCTION

Metals. It is the main constructive material. But there is a real menace of hydrogen corrosion.

In a hydrogen atmosphere metal can absorb hydrogen molecules, which may lead to the destruction of
metal structure[1]. It is an important fact, which can make huge damage in oil, chemical, atomic industry. To
prevent it we should diagnosed our materials in time[2-4].

In this science work I want to present you new method of titanium diagnostic: “Eddy current method for
the analysis of layered hydrogen content in titanium”, which is more chipper and mobile than traditional.

ILANALYTIC SECTION

Studies of hydrogen has long history and it is actually today. Our problem solved with the help of the
layered model. We should divided our sample into many layers which of them has it’s personal value of
conductivity, resistance and current.

When we pass eddy current through our sample it penetrates on some depth. To calculate this depth we
should recall Maxwell’s equations (1,2)[5-9]:

rotH =j @)

rotE = — L, dd—T )

Some others equations, which can helped us in calculating (3-5).
j=0E@®)

div H =0()

divE =0(5)

After calculating we can get this equation (1-5), which we can used in determinations of depth (6):

\ 7 fup,o

How we can see, value of conductivity is unknown, to calculate it we should:
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1) Measure resistance on our frequency

2) Calculate conductivity with known values of size of our sample.

R=—
oab
I
o=—
Rab
After combining of this equations, we get final equations (7-9):
A bR @
7 If
1
f= ——(8)
7 i, o
12z, f
o= e O

I1l. EXPERIMENTAL SECTION AND RESULTS

In practice we should have some references samples of titanium (to compare our samples with it). This

problem can be solved by this model:

R1 (a1)

R: (a)

. LI,

Pic.1. «Layered modely»

We absorbed each layer of titanium sample, than we should measure current of it with the help of our

device, cut of this layer, melt it and collect hydrogen, which stands out from titanium. All of this values and

value of the depth which we calculated in past we should get into table, which followed next.

Sample Nel13 "Pure" Sample Nel1 "With hydrogen"

F Re(l) Im(1) [ a f Re(l) Im(1) 1] a

2,5 | -0,006 0,013 0,014318 6,52 2,5 | -0,006 0,013 0,014318 6,52
5 -0,006 0,014 0,015232 4,61 5 -0,006 0,014 0,015232 4,61
10 -0,006 0,016 0,017088 3,26 10 -0,006 0,015 0,016155 3,26
20 -0,017 0,022 0,027803 2,3 20 -0,015 0,02 0,025 2,3
40 -0,051 -0,002 0,051039 1,63 40 -0,043 0,003 0,043105 1,63
50 -0,063 -0,023 0,067067 1,46 50 -0,056 -0,015 0,057974 1,46
60 -0,072 -0,05 0,087658 1,33 60 -0,065 -0,038 0,075293 1,33
70 -0,075 -0,082 0,111126 1,23 70 -0,07 -0,066 0,096208 1,23
80 -0,097 -0,129 0,1614 1,153 80 -0,068 -0,1 0,12093 1,153
82 -0,095 -0,138 0,167538 1,139 82 -0,088 -0,112 0,142436 1,139
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85 |-0,091 |-0151 |0,176301 112 85 |-0,085 |-0124 |0,150336 112
90 |-0,083 [-0,172 |0,190979 1,087 |90 [-0079 |[-0143 |0,163371 1,087
100 |-0,041 | -0,186 | 0,190465 1,03 100 | -0,06 -0,182 | 0,191635 1,03

120 |0 -0,209 | 0,209 0,94
130 | 0,046 -0,267 | 0,270934 0904 |130 |[0,032 -0,235 | 0,237169 0,904
140 | 0,087 -0,283 | 0,296071 0872 | 140 | 0,069 -0,251 | 0,260311 0,872
150 | 0,129 -0,294 | 0,321056 0842 |150 |0,106 -0,262 | 0,282631 0,842

_ 160 | 0,144 -0,266 | 0,302476 0,815
170 | 0,215 -0,296 | 0,365843 0,79 170 | 0,183 -0,266 | 0,32287 0,79
180 | 0,258 -0,288 | 0,386663 0,769 |180 |0,221 -0,26 0,341235 0,769
190 [ 0,3 -0,274 | 0,406295 0,748 | 190 | 0,259 -0,25 0,359974 0,748
200 | 0,34 -0,255 | 0,425 0729 |200 |0,303 -0,226 | 0,378001 0,729
210 | 0,378 -0,23 0,442475 0,712 | 210 [0,329 -0,215 | 0,393022 0,712
220 | 0,413 -0,201 | 0,459315 0695 |220 |0,361 -0,19 0,407947 0,695
230 | 0,444 -0,167 | 0,474368 0,68 230 | 0,39 -0,163 | 0,422693 0,68
240 | 0,471 -0,129 | 0,488346 0,666 |240 |0,416 -0,132 | 0,43644 0,666
250 | 0,494 -0,088 | 0,501777 0652 |250 |0,439 -0,099 | 0,450024 0,652
260 | 0,513 -0,046 | 0,515058 0,64 260 | 0,458 -0,064 | 0,46245 0,64
270 | 0,528 -0,003 | 0,528009 0628 | 270 |0,474 -0,026 | 0,474713 0,628
280 | 0,539 0,04 0,540482 0616 |280 |0,486 0,012 0,486148 0,616
290 | 0,547 0,083 0,553261 0,605 |290 |0,495 0,052 0,497724 0,605
300 | 0,552 0,125 0,565976 0595 |300 |0,501 0,091 0,509197 0,595
310 | 0,554 0,167 0,578623 0585 | 310 | 0,504 0,131 0,520747 0,585
320 | 0,553 0,207 0,590473 0576 | 320 | 0,504 0,169 0,53158 0,576
330 | 0548 0,247 0,601093 0,568 | 330 |0,502 0,206 0,542623 0,568
340 | 0,541 0,285 0,611479 0,559 | 340 | 0,496 0,242 0,551888 0,559
350 | 0,531 0,322 0,621003 0551 |350 |0,488 0,277 0,561135 0,551
360 | 0,518 0,358 0,629673 0543 | 360 |0,478 0,311 0,570267 0,543

Table 1-1. «Some measured values of different titanium samples»
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Sample Ne4 "With hydrogen" Sample Ne2 "With hydrogen"
F Re(l) Im(1) 1] a f Re(l) Im(1) [ a
2,5 | -0,006 0,013 0,014318 6,52 2,5 | -0,006 0,013 0,014318 6,52
5 -0,006 0,014 0,015232 4,61 5 -0,006 0,013 0,014318 4,61
10 -0,006 0,015 0,016155 3,26 10 -0,006 0,015 0,016155 3,26
20 |-0,011 0,022 0,024597 2,3 20 |-0,011 0,021 0,023707 2,3
40 | -0,052 0,015 0,05412 1,63 40 | -0,048 0,013 0,049729 1,63
50 | -0,075 -0,007 0,075326 1,46 50 | -0,068 -0,007 0,068359 1,46
60 -0,09 -0,04 0,098489 1,33 60 -0,082 -0,037 0,089961 1,33
70 -0,097 -0,079 0,1251 1,23
80 -0,093 -0,121 0,152611 1,153 80 -0,085 -0,11 0,139014 1,153
82 |-0,091 -0,136 0,163637 1,139 82 |-0,083 -0,118 0,144267 1,139
85 | -0,088 -0,142 0,167057 1,12 85 |-0,08 -0,13 0,152643 1,12
90 | -0,08 -0,163 0,181574 1,087 90 | -0,073 -0,148 0,165024 1,087
100 | -0,057 -0,202 0,209888 1,03 100 | -0,052 -0,184 0,191207 1,03
120 | O -0,258 0,258 0,94 120 | O -0,234 0,234 0,94
130 | 0,04 -0,286 0,288784 0,904 130 | 0,036 -0,262 0,264462 0,904
140 | 0,084 -0,303 0,314428 0,872 140 | 0,077 -0,277 0,287503 0,872
150 | 0,128 -0,313 0,338161 0,842 150 | 0,118 -0,287 0,310311 0,842
160 | 0,173 -0,317 0,361134 0,815 160 | 0,16 -0,29 0,33121 0,815
170 | 0,219 -0,315 0,383648 0,79 170 | 0,201 -0,288 0,351205 0,79
180 | 0,263 -0,306 0,403491 0,769 180 | 0,242 -0,28 0,370086 0,769
190 | 0,307 -0,291 0,423001 0,748 190 | 0,282 -0,268 0,389035 0,748
200 | 0,347 -0,272 0,4409 0,729 200 | 0,32 -0,249 0,405464 0,729
210 | 0,386 -0,246 0,457725 0,712 210 | 0,356 -0,227 0,422214 0,712
220 | 0,422 -0,216 0,474068 0,695 220 | 0,389 -0,199 0,436946 0,695
230 | 0,454 -0,181 0,48875 0,68
240 | 0,483 -0,147 0,504874 0,666 240 | 0,446 -0,134 0,465695 0,666
250 | 0,508 -0,106 0,518941 0,652 250 | 0,468 -0,096 0,477745 0,652
260 | 0,529 -0,063 0,532738 0,64 260 | 0,488 -0,057 0,491318 0,64
270 | 0,546 -0,019 0,54633 0,628 270 | 0,503 -0,016 0,503254 0,628
280 | 0,561 0,022 0,561431 0,616 280 | 0,515 0,026 0,515656 0,616
290 | 0,571 0,066 0,574802 0,605 290 | 0,524 0,067 0,528266 0,605
300 | 0,578 0,111 0,588562 0,595 300 | 0,529 0,108 0,539912 0,595
310 | 0,581 0,154 0,601063 0,585 310 | 0,532 0,148 0,552203 0,585
320 | 0,581 0,197 0,61349 0,576 320 | 0,531 0,187 0,562965 0,576
330 | 0,579 0,238 0,626007 0,568 330 | 0,528 0,225 0,573942 0,568
340 | 0,573 0,278 0,636878 0,559 340 | 0,521 0,262 0,583168 0,559
| | | 350 | 0,512 0,297 0,591906 0,551
360 | 0,5 0,332 0,600187 0,543

Table 1-2. «Some measured values of different titanium samples»

Next we build diagrams, which show dependence current of frequency:

7-9 MKOHA 2012 r. Tomck, Poccus 209



MEXAYHAPOAHAA MONOAEXKHAA HAYHHAA LLKOMA « METO0/10TMA NPOEKTUPOBAHUA MONOAEXKHOIO
HAYYHO-MHHOBALMOHHOIO MPOCTPAHCTBA /19 POCCUMCKOM SHEPTETUKM»

CEKLIMA No3 «OBLUYME MPOB/IEMbI COBPEMEHHOU ®U3NKU U IHEPTETUKU»

Ne4 (0,143%)

== No2 (0,040%)

Fig 2. «Comparative diagramsy
Now we can measure value of current and resistance of investigated sample on some frequency, compare it’s
with this diagram and make a conclusion about hydrogen content of our investigated sample.

IV. CONCLUSION

If we increased level of hydrogen in titanium sample, we can observe formation of hydrogen
connections [10]. This process followed by increasing of resistance on 50 — 10 MHz frequency and 0.2 — 0.24
concentration. After that we can see decreasing of resistance and increasing of current.

We show that our method can be used in practice; in addition with the help of this method we can

measure hydrogen content in different layers of titanium sample. It is very useful in all industry .
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Abstract.

This article is devoted to researching of production process of aluminum fluoride. The literature review
includes description of existing methods of aluminum fluoride manufacture. The experimental part of this
research work consists of a description of experimental device, experimental technique and results.

I. INTRODUCTION.

Aluminum fluoride (chemical formula AlF3) is an inorganic binary compound of aluminum and fluorine.

The largest consumer of aluminum fluoride is the aluminum industry. Aluminum fluoride is used as an
electrolyte element in electrolysis aluminum production process. For 1 ton aluminum about 30 kg aluminum
fluoride is necessary [1]. The annual volume of output of aluminum in Russia makes about 4 million ton, for
these purposes more than 100 thousand ton aluminum fluoride is required.

Besides, fluoride of aluminum is a part of gumboils, enamels, glasses, glazes, ceramics, coverings of
welding electrodes; and also is the catalyst in organic synthesis.

The world volume of consumption of fluoride of aluminum makes about 1,3 million tons a year. World
requirement for aluminum as a metal increases every year, that’s why also demand for aluminum fluoride will
inevitably lead to an increase in volume of its consumption.

There is a deficiency of fluoric salts in Russia. According statistics | can say that fluoride of the aluminum
blocked by the Russian sources only on 60 %. The rest of fluoride of aluminum necessary for manufacturing
aluminum, is bought from foreign suppliers, mainly China.

The current situation can lead to dependence of the Russian manufactures of aluminum on importers,
which undermines the whole economics of the aluminum industry of Russia.

There are two basic methods of obtaining aluminum fluoride, based on the use of gaseous fluoric
hydrogen or hydrofluoric acid. Both methods have found the application in the industry and are used for
manufacture of fluoride of aluminum at the domestic and foreign enterprises.

Il. THE MAIN PART
I1.1. The process of aluminum fluoride production from gaseous fluoric hydrogen.

The process of aluminum fluoride production from gaseous fluoric hydrogen is the worldwide
dominating process, counting for approximately 65% of total AIF3 production. The main raw materials are
fluorspar (CaF,), aluminum hydroxide (Al(OH)s) and Sulfuric acid (H,SO,4). The two main steps of the process
are:

1) the generation of gaseous HF from fluorspar and sulfuric acid
2) the production of AIF3 from gaseous HF and Al(OH)3

7-9 UKOHA 2012 r. Tomck, Poccus 211

GENERAL ISSUES OF CONTEMPORARY PHYSICS AND POWER INDUSTRY



MEXAYHAPOAHAA MONOAEXKHAA HAYHHAA LLKOMA « METO0/10TMA NPOEKTUPOBAHUA MONOAEXKHOIO
HAYYHO-MHHOBALMOHHOIO MPOCTPAHCTBA /19 POCCUMCKOM SHEPTETUKM»

CEKLIMA No3 «OBLLME MPOBJIEMbl COBPEMEHHOU ®U3NKN N IHEPTETUKN»

Dried fluorspar and Sulfuric acid are preheated to 120-150°C and fed into a rotary kiln reactor, the pre-
conversion is usually 30-50%. The reaction is completed in a directly or indirectly heated kiln where the
temperature of the reactants is raised to 200-300°C at the outlet end of the kiln. The overall reaction can be

described by the following equation:

CaF; + H,SO, = CaSO,4 + 2 HF

Gypsum (synthetic anhydrite) is removed from the rotary kiln outlet end as a by- product and either
transported to a landfill as waste or reused as construction material. The anhydrite is then cooled down and traces
of Sulfuric acid are neutralized with lime before the product is ground to the required size for commercial
purposes. Synthetic anhydrite from AIF3 plants is used mainly for the construction of self-leveling floors, as an
additive to cement production and in the fertilizer industry.

The effluent gas from the rotary kiln after separation/concentration contains 40-100% HF and it is
passed through scrubbers to remove dust, elemental sulfur and the impurities before it is used in the AIF3
manufacture step.

Al(OH); is transformed to Al,Os; by heating it up to approximately 400°C, and Al,Os3 is fed into a
fluidized bed reactor where the reaction with gaseous HF takes place according to the following overall
equation:

Al,O3 + 6 HF =2 AlF; + 3 H,0

This reaction takes place in a single or multi- fluidized bed reactor. Depending on the HF recovery
system, a yield of 94-98% based on HF entering the aluminum fluoride reactor is achieved.

Gaseous effluent from the production of AlF; is cleaned by passing the gas through one or several wet
scrubbers for the removal of HF, sulfur compounds and dust before being emitted to the atmosphere [2].

I1.11 The process of aluminum fluoride production from hydrofluoric acid.

The process of aluminum fluoride production from hydrofluoric acid comprises mixing and reacting
hydrated aluminum oxide and aqueous hydrofluoric acid. The concentration of hydrofluoric acid is maintained
in the reaction mixture of at least 50 percent. The reaction product is solidified on a moving bed of solid granules
of aluminum fluoride having a particle size between 10 and 30 mm. The temperature is maintained at a greater
than about 50° C. The moving bed containing sufficient granules of aluminum fluoride to prevent incrustation on
the walls of the reactor[3].

This invention pertains to the manufacture of aluminum fluoride from hydrated aluminum oxides and
hydrofluoric acid. The aluminum fluoride may be readily produced on a continuous basis and in a hydrate form
where in it may be either dehydrated or mixed with sodium fluoride for reaction to form cryolite.

In processes known to the articles for manufacture of aluminum fluoride from aluminum hydroxide a
number of disadvantages have become apparent. For example, it is known that reaction between the aqueous
hydrogen fluoride and hydrated aluminum oxides starting materials at a somewhat elevated temperature on a
batch basis, the components reacting with formation of a liquid product which, after a relatively long period,
hardens to a solid aluminum fluoride hydrate. Such a process is often carried out in flat caldrons or rotating
reaction drums. When flat caldrons are used, the hot liquid mass is discharged, after the reaction, into flat
containers in which it is allowed to solidify[4]. To be removed from the containers the product uses drastic

mechanical means, for example, drilling with a compressed-air hammer.

7-9 UKOHA 2012 r. Tomck, Poccus 212

GENERAL ISSUES OF CONTEMPORARY PHYSICS AND POWER INDUSTRY



MEXAYHAPOAHAA MONOAEXKHAA HAYHHAA LLKOMA « METO0/10TMA NPOEKTUPOBAHUA MONOAEXKHOIO
HAYYHO-MHHOBALMOHHOIO MPOCTPAHCTBA /19 POCCUMCKOM SHEPTETUKM»

CEKLIMA No3 «OBLLME MPOBJIEMbl COBPEMEHHOU ®U3NKN N IHEPTETUKN»

When the procedure is carried out in a rotating reaction drum, slurry of hydrated aluminum oxides and
aqueous hydrofluoric acid of average concentration are run into the rotating drum and, upon completing the
reaction, the liquid mass is allowed to remain in the drum, which continues to rotate, until it hardens. This
second procedure, although it avoids blasting out the solidified masses from within the containers, also has the
disadvantage that the walls of the reaction drums must be mechanically cleansed of baked-on aluminum fluoride.

To avoid the production of a hardened end product, it has been proposed to prepare aluminum fluoride
by treating hydrated aluminum oxides in a fluidized bed with gaseous hydrogen fluoride. Such a process requires
the use of anhydrous hydrogen fluoride, a much more expensive reagent than the aqueous fluoride solutions used
in other processes. Also, the resulting aluminum fluoride has a higher alumina content than desirable and is in
the form of fine powder which leads to a dust problem. Also, the anhydrous aluminum fluoride obtained cannot
be converted to cryolite by simple addition of sodium fluoride[5].

In this invention, hydrated aluminum oxides and aqueous hydrogen fluoride are reacted and the liquid
reaction mixture is contacted with a moving bed of warm solid aluminum fluoride granules. The granules may
comprise aluminum fluoride and/or aluminum fluoride hydrate. These granules are usually maintained at a tem-
perature of at least about 50° C, preferably about 100-150° C, and generally are provided in the amount of about
50-300% by weight of the liquid reaction mixture.

A suitable procedure is to continuously react, in a mixing device, aqueous hydrofluoric acid having a
concentration of about 50-80%, preferably about 60-65%, with a hydrate of aluminum oxide in a molar ratio of
about 1:3, plus a slight excess of HF of about 1-20%, preferably of about 1-10%, based on the stoichiometric
amount necessary for the formation of A1Fs.

The term hydrated aluminum oxide comprises aluminum trihydrate [Al(OH);] as well as lower hydrated
forms of aluminum oxides, such as AIO(OH) in its various and reactive modifications. Those hydrated aluminum
oxides are preferred which react very promptly with HF. Therefore, for example A1,0; corundum or the crystal
modification of diaspore which do not react with water to form aluminum trihydrate, are not suitable as starting
materials per se. Generally spoken, all aluminum oxides and lower hydroxides can be used, which react in a
short time with water to form AI(OH),. Preferably the trihydrate itself in the dry form is employed. It is,
however, not necessary to apply the anhydrous form, as the reaction medium contains an appreciable amount of
water by the hydrofluoric acid used. Therefore, also A10(OH).nH,0, AI(OH)3s.nH,0 and mixtures can be used. It
is also possible to start with aqueous slurries of hydrated aluminum oxides. In this case, however, higher
concentrated hydrofluoric acids must be applied to maintain a HF-concentration of at least 50% in the reaction
medium. However, the diluted hydrofluoric acids of a concentration of about 60-65% are preferred, together
with dry AI(OH)s, as this performance of the process avoids the liberation of heat of dilution in the reaction
apparatus thereby preventing the evaporation of gaseous HF.

The contact of the liquid reaction mixture with solid aluminum fluoride granules advantageously may
take place in a heated rotating drum, partially filled with the solid product granules. The granules are present in
an amount sufficient to prevent incrustation of the drum walls. The size of the granules may be controlled within
certain limits by the temperature prevailing inside the reaction drum and the solidification time, as well as by the

quantity of products admitted and withdrawn in a given unit of time. The alumina fluoride hydrate that has
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hardened may be continuously withdrawn from the rotating drum, for example, through an overflow connection.
The solid product, which still contains some water of hydration, may then be calcined in a drying oven.

The solid aluminum fluoride granules used during the reaction have a diameter of about between 10 and
30 mm. Generally the feed rate of the aluminum fluoride granules and of the starting materials is so adjusted that
the granules diameter of the resulting end product is of the same value as given above. It is, however, possible to
produce also larger granules.

The hydrated aluminum oxide and the hydrogen fluoride may be reacted previous to contact with the
solid granules or may be continuously fed individually to the moving bed of granules for reaction and
solidification in situ. The hydrated aluminum oxide and hydrofluoric acid, in a molar ratio of about 1:3 may be
continuously fed into a mixing vessel wherein they react with formation of a viscous mass. This viscous mass is
then transferred, for example, by means of a conveyor, into the heated rotating drum[6].

The process of this invention also may be performed by continuously introducing the hydrofluoric acid
and hydrated aluminum oxide separately into the rotating g drum and allowing the reaction to proceed along with
almost instantaneous solidification onto the aluminum fluoride granules present therein. Also, in this case, no
incrustation of the walls of the drum takes place. This modification of the process has the advantage that the Q
heat given off during the exothermic reaction between the hydrofluoric acid and the hydrated aluminum oxide, is
exploited during the granulation which takes place simultaneously, so that the external heat which needs to be
applied to the rotating drum can be substantially lower. In carrying out this continuous process, it is recom-
mended to operate with a slightly higher mixing proportion of liquid phase reactants to solid reaction product.
This proportion depends on the size of the device serving as a reaction and mixing drum.

It is also possible to have the reaction product solidified by causing the liquid reaction mass to fall in
drops onto a large quantity of cold aluminum fluoride. However, this procedure is less economical since it
requires, on the one hand, the use of a considerable excess of previously formed reaction product, and therefore
correspondingly larger dimensions of the mixing devices and, on the other hand, the use of much longer
solidification periods.

The process which has been described above has the following advantages over known processes of this
type.

The resulting material can be reacted with sodium fluoride to form cryolite. The aluminum fluoride
hydrate prepared according to this invention is practically free of alumina so as to furnish, by a subsequent
calcination, a 95-97% aluminum fluoride [7].

I1.111. The process of aluminum fluoride production from hexafluorosilicic acid.

In a typical process for producing AlF; from FSA, hydrated alumina from a feed bin is weighted into a
set of batch reaction tanks[8]. The hexafluorosilicic acid solution is pumped from storage tanks through a heat
exchanger to the batch reaction tanks. In the reaction tanks, hexafluorosilicic acid reacts with hydrated alumina
to form a metastable, soluble form of aluminum fluoride trihydrate (alpha-form) and silica according to the
following reaction :

Al,05 (s) + H,SiFg (aq) + 5 H,0 = 2 AlF;*3H,0 (aq) + SiO, (s)
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In conventional processes, the moist aluminum fluoride trihydrate filter cake is then fed to a flash dryer
which removes free moisture and water of hydration resulting in converting at least a portion of the aluminum
fluoride trihydrate to aluminum fluoride hemihydrate according to the following sequence:

AlF;*3H,0(s) heat = AlIF;*0. 5 H,0 (5)

AlF;*0.5H,0(s) heat = AlF; (5)

The flash dryer operation may, in some applications, utilize waste heat from the calcining operation.
The flash dryer product is then conveyed to a calciner and cooler where the mixture of aluminum fluoride further
dehydrated by calcination to anhydrous aluminum fluoride per sequence above, and then cooled. The cooled
AlF; product is then conveyed to an AlF; storage bin. From here it is loaded out by gravity to rail cars or
trucks[9].

I11. CONCLUSION
In summary, in the foregoing commercial process, aluminum fluoride is produced by the reaction of

hexafluorosilicic acid and hydrated alumina; aluminum fluoride trihydrate is crystallized from the solution; and,
following separation from spent liquor, aluminum fluoride trihydrate crystals are dried and calcined to yield
anhydrous aluminum fluoride. It has been found in practice, however, that the aluminum fluoride trihydrate
crystals have a tendency to breakdown during drying, calcination and handling. The final aluminum fluoride
product thus contains a relatively high concentration of dust and fines of less than 325 mesh material that is

considered an expensive nuisance during handling and processing of the material [10].
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Abstract.

The carbon nanotubes can be used as reservoirs for hydrogen storage. Hydrogen concentration in the
sample of carbon material grows with cycles of sorption. Hydrogen concentration at room temperature is more
than four times less than at low temperature. The maximum hydrogen sorption capacity of carbon materials is 4
wt% more at high pressure and low temperature.

I. INTRODUCTION

As a result of energy resources depletion and problems of environmental pollution, hydrogen has been
recognized as an ideal fuel because it has specific properties. As high-performance and ecological energy carrier it
has big perspectives for general using in power engineering, particularly as fuel for transports. The using of
hydrogen economy is based on three important aspects of using hydrogen as a fuel for our energy needs, namely
production, storage and transportation. One of the general problems is the lack of effective methods of storage and
transportation of hydrogen. At this time no one method of storage meets the demands of the storage system [1].
Recently carbon materials, in particular, carbon nanotubes, have been regarded as reservoirs for hydrogen storage.
In the recent decade these materials have been very popular and different laboratories have published
experimental results about sorption capacity [2, 3, and 4]. The studying of all peculiarities of sorption and
desorption of hydrogen by carbon nanotubes is important for science.

Il. EXPERIMENTAL PROCEDURES

The superfine carbon material synthesis method was created in the Institute of Physics and Technology
of Tomsk Polytechnic University [5]. The peculiarity of this method is combination of metal catalysts and the
influence of microwave field on the catalysts and methane. Scientists used the flow reactor of the waveguide type.
Metals Ni, Fe, Mo, Ti are used as catalysts. The flow reactor consists of a catalytic chamber and an arc chamber.
The first chamber is a metal cylinder with a catalyst-filled quartz tube. The microwave charge is formed in the arc
chamber. The agglomerator and a system of filters are used for reaction product collection. Figure 1 shows the
flow reactor of the waveguide type.

The material produced by conversion of natural gas has different modifications of carbon as nanotubes,
nanofibers, onion-particles, microcrystals of graphite and amorphous carbon. The content of nanotubes in the final
product is not more than 70%. The received material was chemically treated against impurities (other
modifications of carbon such as nanofibers, onion-particles, microcrystals of graphite and amorphous carbon) and

metallic catalysts.
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SHF-radiation source

Cathon

Figure 1. The flow reactor of waveguide type

The samples of carbon material were researched with the help of scanning electron microscopy and
transmission electron microscopy. Scanning electron microscopy is a powerful tool for the investigation of
surfaces. The major feature of this technique is the ability to resolve electronic and structural features with
nanometer spatial resolution. Scanning electron microscopy guarantees the spatial resolution necessary to measure
the structural modifications of the carbon nanotubes after the functionalization process [6-7]. Figure 2 shows the
micrographs of carbon material which contains a large quantity of carbon nanotubes with different diameters. The
diameters reach 150 nm.

o BN

15kV. | 1X4,500 - 5pl 000 09 50 SE 15KV X45,000°00.5.m 0000 09 39 SEI

Figure 2. Micrographs of carbon material: 1- general view, 2 — diameters of carbon
nanotubes.

The transmission electron microscope is realized on the electron microscopes which examine the thin-
film object with the accelerated beam with energy 50 — 200 keV.

For making the microscopic investigations the sample of the superfine carbon material was mixed with
acetone and dispersed in the ultrasonic bath. The resulting suspension was applied on the electron microscope
copper mesh with carbon film. The microstructure of nanocomposites was investigated with a transmission
electron microscope with high resolution [7-8].

Figure 3 b shows a micrograph of the carbon material, which clearly distinguishes single-walled carbon

nanotubes with an inner diameter of 20 nm and wall thickness of about 20 nm.
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The Gas Reaction Controller automatic system by Advanced Materials Corporation [9] was used for
measuring the sorption of hydrogen by carbon materials [10].

The Gas Reaction Controller Low Pressure 100 automated complex (Figure 4) has a computer with
special software, control system, oven and chambers for samples. Gas sorption or desorption can be studied with
the help of this complex. And samples can be saturated with hydrogen in this equipment. The data about hydrogen
sorption in the sample are automatically saved by the computer.

The theory of operation of the Gas Reaction Controller is based on the measuring and comparing the
amount of gas before and after the reaction. First the unit’s control system admits the reaction gas to the chamber
of known volume (reservoir). From precise measurement of temperature and pressure, it determines the amount of
gas. It then sends the gas into the reaction chamber, where the gas gets absorbed by the sample. The temperature,
pressure and reaction speed may be controlled and measured. At any given point of reaction, the unit keeps track
of the amount of gas. Any missing amount is attributed to absorption. By this method, the unit is also capable of
measuring desorption characteristics because any desorption from the sample results as an additional amount of

gas.

Figure 3. Micrographs of carbon material: a - general view,b — a single-wall carbon

nanotube.
Large |
chamber |
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-D<— —— ( —w ) |
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Figure 4. Scheme of the Gas Reaction Controller automated complex
There are two methods of hydrogen saturation in the Gas Reaction Controller. The first method is
«soak». In this method the process of absorption runs in one step and the amount of hydrogen (which was sorbed
by the sample) is determined as a difference between the initial and final pressure in the chamber. The process is

stopped when the specified time period passes. The second method is «PCI absorption». In this method the
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process of absorption runs in many steps and each step ends when the pressure equilibrium is reached. The
process is stopped when the specified value of the settled pressure exceeds.

The samples were used in the compressed state. The samples were hydrogen saturated at the temperatures
of 243K and 300 K at the «Soak» method and the pressure of the hydrogen 0-8 atm using the «PCI absorption»
method.

High purity hydrogen (99,9999%) was used for the investigation of the sorption capacity of carbon
material. The hydrogen was produced by HyGen 200 generator by Claind. It allows evading of anomalously high
sorption capacity and problems of results reproducibility.

I1l. RESULTS AND DISCUSSIONS

In Figure 5 a concentration-time sorption diagram at room temperature is presented. In this experiment
the sample was saturated with hydrogen with the help of «soak» method in three steps, one following one another.
In the Figure 5 the first step is 1, the second step is 2 and the third step is 3. With increasing the number of
saturation cycles, the hydrogen concentration increases and the maximum concentration is 0.9 mass percent. The

graph shows that the sample absorbs more hydrogen in the first seconds any of the saturation cycles.
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Figure 5. Concentration-time sorption Figure 6. Concentration-time sorption

diagram at room temperature diagram at low temperature

Figure 6 shows a concentration-time sorption diagram at a low temperature. In this experiment the
sample also was saturated with hydrogen with the help of the «soak» method in three cycles, one following one
another. With increasing the number of saturation cycles, the hydrogen concentration increases and the maximum
concentration is 4.2 mass percent. It is 4.6 times more than the hydrogen concentration which was achieved at
room temperature. The diagram shows that the time of each cycle can be shortened, because the amount of
adsorbed hydrogen does not change with increasing the sorption time.

Figure 7 shows a concentration-pressure sorption diagram at a room temperature. In this experiment the
sample was saturated with hydrogen with the help of «PCI absorptiony.

Figure 8 shows a concentration-pressure sorption diagram at a low temperature. In this experiment
sample was saturated with hydrogen with the help of «PCI absorption». The difference between the diagrams at a
room temperature and low temperature is that hydrogen molecules don’t have enough energy for leaving the
carbon nanotubes at a room temperature. The diagram at the low temperature shows the equilibrium state of
system.

The big advantages of the physisorption for hydrogen storage are the low operating pressure, the

relatively low cost of the materials involved, and the simple design of the storage system [11].
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Figure 7. Concentration-pressure sorption

diagram at room temperature Figure 8. Concentration-pressure sorption diagram

at low temperature

IV. CONCLUSIONS

Hydrogen concentration grows with cycles of sorption. Hydrogen concentration at room temperature is

more than four times less than at low temperature. The maximum hydrogen sorption capacity of carbon materials

is 4 wt% more at high pressure and low temperature. All these results prove the high efficiency of using the

carbon material produced by conversion of natural gas as hydrogen sorbent.
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Abstract.

Methods of hydrogen saturation (electrochemical saturation and saturation from gas atmosphere) are
described in this work. The results of the study of hydrogen accumulation and distribution in commercially pure
titanium are shown.

I. INTRODUCTION

Titanium and its alloys are materials of great technological interest due to the combination of the two
mechanical properties of resistance to corrosion and hardness. Hydrogen in metals and alloys is known to cause
embrittlement. For titanium and titanium alloys the presence of hydrogen and titanium hydride enhances the
fracture by localized plastic deformation and brittle fracture respectively [1].

Il.

There is significant problem of hydrogen embrittlement for structural materials in aggressive
environments such as blades of aircraft engines. Also, at the rolling of titanium sheets (in the factories that
manufacture components for aircraft) hydrogen penetrates into them and reduces the quality of finished products.
It is important to study hydrogen effect on the properties of materials to develop methods of protecting structural
materials from the harmful effects of hydrogen and to develop methods for removing hydrogen from materials.

Sample preparation is an important step in studying the influence of hydrogen on the properties of metals.
At the preparation of the samples it is important to know how hydrogen is distributed in the samples because it
influences the accuracy of the experiments very much.

The aim of the study is the investigation of the hydrogen accumulation and distribution in the technically
pure titanium after electrochemical saturation and saturation from gas atmosphere at high pressures and
temperatures.

111. EXPERIMENTAL PROCEDURE

Rectangular plates (24 x 80 x 1 mm) of technically pure titanium (Table 1) were prepared for studying of

hydrogen distribution on the sample surface. The plates were previously mechanically polished and annealed.

Table 1. Chemical compound of technically pure titanium in mass percent.

Fe C Si N Ti O H Impurities

0,18 0,07 0,1 0,04 98,61-99,7 0,18 0,12 0,3

The saturation of the first plate was carried out by electrolytic method for 72 hours at current density 0,05
Alcm?. Aqueous solution of sulfuric acid was used in the electrolysis. The plate (cathode) was placed in the

center of the beaker and platinum (anode) was fixed at circle at the top of the beaker.
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Hydrogen penetrates into the metal in atomic form during electrolysis. Then it associates to form
molecules in the pores and in the defect structures. Hydrogen enters chemical reactions with titanium,
nonmetallic inclusions and impurities and forms hydrides and other chemical compounds. Part of hydrogen
remains in the free state in the range of solubility [1]. The formation of the hydride layer on the titanium surface
is a result of electrochemical saturation [2-3].

The saturation of the second plate was carried out in Gas Reaction Controller automated complex by
Advanced Materials Corporation [4]. Its principle of working is based on the Sieverts method when hydrogen
saturation runs from gas atmosphere at high pressures and temperatures [5]. The complex consists of a computer
with special software, a controller to manage the experiment, a horizontal furnace for heating the sample and the
sample chambers. There is a cooling fan between the furnace and the controller to prevent damaging of
connecting wires from heating.

The scheme of the Gas Reaction Controller automated complex is shown in the Picture 1.

Large
chamber

— )|
=]

Fan [ ]

Connection volume

Oven
Small Samples

Hydrogen cylinder Connection volume

Control volume
Vacuum pump

Figl. The scheme of the Gas Reaction Controller automated complex.

The principle of operation of the Gas Reaction Controller is as follows: the connection volume (Picture 1)
is filled with hydrogen and system determines its molar volume Ny by using its pressure and temperature. Then
the system opens the valve between the reservoir and the reaction chamber and the necessary amount of gas is
supplied from the reservoir into the reaction chamber. After the finishing of hydrogen absorption by the sample
the reaction is stopped and the system automatically calculates the total molar volume of gas N in the chamber.
The molar volume of hydrogen which was absorbed by the sample Ny is calculated as follows:

Ny =No — N,

During the experiment the plates were placed in the reaction chamber which was evacuated to a pressure
of 10°® atm. Then the sample heating was carried out to a temperature 650 °C. After the evacuation of the gases
that are desorbed from the sample during heating the reaction chamber was quickly filled with hydrogen to a
predetermined pressure. The initial hydrogen pressure was 0,7 atm., the time of exposure of the sample in the
hydrogen atmosphere was 30 minutes. The dependence of the pressure in the reaction chamber on the time and
the temperature was automatically recorded on the computer.

The hydrogen concentration in samples was measured within an hour after the end of hydrogen saturation
with the help of hydrogen analyzer RHEN602 by LECO [6]. Distribution profiles of hydrogen in the bulk of the
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samples were obtained with the help of a GD-Profiler glow discharge optical emission spectrometer 2 by Horiba
[7]. The depth of the craters was measured with the help of a Hommel-Etamic profilometer by Jenoptik
Germany.

IV. RESULTS AND DISCUSSIONS

Figure 2 shows a diagram of the distribution of hydrogen concentration on the sample surface after the
electrochemical saturation. With increasing of the depth in the electrolyte, the hydrogen concentration in the

sample increases. This is due to the fact that the bottom corners of the sample were isolated and, therefore, the

area of interaction between the electrolyte
so and the plate was greater at the bottom than
of the top. The upper corners of the sample
© have not contributed to the hydrogen
saturation because the electrolyte level was

? below their locations.
The hydrogen distribution across the
° width of the sample is nonuniform, the
' hydrogen concentration at the edges is more
" ‘ than hydrogen concentration in the center.

4 6 8 10 12 14 16 18 20

This is due to the penetration of hydrogen

Picture 2. The hydrogen distribution on the through the side faces of the sample. A larger

sample surface after electrochemical saturation amount of hydrogen is concentrated on the
right side of the sample, it happened because in the electrolysis there was nonuniform distribution of the current
density over the entire volume of electrolytic glass due to the geometrical shape of the anode.

Thus, after the electrochemical saturation hydrogen is distributed nonuniformly on the surface of the
rectangular plate. Hydrogen concentration depends on the geometric characteristics of the plate (the presence of
edges and corners), the location of the plate in the beaker during electrolysis and the location of the anode.

Figure 3 shows a diagram of the hydrogen concentration distribution on the sample surface after the

saturation from gas atmosphere. At the

saturation from gas atmosphere the hydrogen
concentration in the sample is one order of
magnitude greater than the hydrogen
concentration in the sample obtained during
the electrochemical saturation. The hydrogen
distribution along the length of the sample is
nonuniform, the highest concentration of
hydrogen is at the bottom of the sample and
the lowest is at the top. This is due to the
4 6 8 10 12 14 16 18 20

location of the sample in the reaction

Picture 3. The hydrogen distribution on the
chamber.

mpl rf fter saturation from tmospher .
sample surface atter saturation from gas atmospnere As well as for the electrochemical

7-9 MKOHA 2012 r. Tomck, Poccus 223

GENERAL ISSUES OF CONTEMPORARY PHYSICS AND POWER INDUSTRY



MEXAYHAPOAHAA MONOAEXKHAA HAYHHAA LLKOMA « METO0/10TMA NPOEKTUPOBAHUA MONOAEXKHOIO
HAYYHO-MHHOBALMOHHOIO MPOCTPAHCTBA /19 POCCUMCKOM SHEPTETUKM»

CEKLIMA No3 «OBLLME MPOBJIEMbl COBPEMEHHOU ®U3NKN N IHEPTETUKN»

saturation, the hydrogen distribution across the width of the sample is nonuniform: hydrogen concentration at the
edges is more than in the center.

Thus, after hydrogen saturation from gas atmosphere at high temperature and high pressure the hydrogen
concentration is distributed nonuniformly on the surface. Hydrogen concentration, as well as after the
electrochemical saturation, depends on the geometric characteristics of the plate (the presence of edges and
corners) and sample location in the reaction chamber during the saturation. The highest hydrogen concentration
is in the part of plate which was located at the most remote place from the cooling system in the reaction
chamber. Also there is more hydrogen concentration at the edges than in the center of the plate.

Figure 4 shows the distribution profiles of hydrogen concentration in the samples after the

' j ' ' ' ' ' j electrochemical saturation and after saturation from
gas atmosphere at high temperature and high pressure.
] During the  electrochemical  saturation
hydrogen penetrates and is accumulated on the sample
surface. Due to a low coefficient of hydrogen
diffusion at room temperature hydrogen does not enter
the bulk of the sample. As a result, a hydride layer is
T B formed in the near-surface layer [8-9]. This hydride

layer prevents further hydrogen penetration into the

0,0 01 0.2 0.2 0.4 0.5 sample. This explains the low hydrogen concentration

Picture 4. Distribution profiles of hydrogen in the samples which were saturated with the help of

in the depth of samples: 1 — electrochemical the electrochemical method. The hydride layer is

saturation: 2 — saturation from gas atmosphere expressed as the peak intensity in the graph of
hydrogen distribution in the depth of the sample. Next is a decrease in the hydrogen concentration in the sample.

During the hydrogen saturation from gas atmosphere at high temperatures and high pressures hydrogen
penetrates into the metal in atomic form and diffuses into the sample bulk the depth which is more than depth of
hydrogen penetration during electrolysis. As a result, hydrogen concentration in such samples is more than
hydrogen concentration in samples after the electrochemical hydrogen saturation. The intensity peak of hydrogen
which belongs to the hydride layer is not expressed as clearly as after electrochemical saturation. This is due to
the fact that hydrogen has a very high speed of diffusion at the temperature at which the saturation takes place
(550 °C). And hydrogen penetrates very fast to the bulk of the sample without forming the hydride layer. During
cooling the samples after hydrogen saturation the hydride layer is formed (a + y phase) [10], but less expressed
than after the electrochemical saturation.

V. CONCLUSIONS

As a result of the performed work of studying the distribution of hydrogen in technically pure titanium
after electrochemical saturation and saturation from gas atmosphere, the following conclusions has made:

1. Hydrogen distribution along the width of the plates is uniform. The hydrogen concentration at the edges

is more than in the center due to the hydrogen penetration through the side faces of the plates. After the
electrochemical saturation the hydrogen concentration is higher on the right side of the plate due to the

nonuniform distribution of current density over the entire volume of the electrolyte glass, which happens because
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of the shape of the anode. After hydrogen saturation from gas atmosphere the hydrogen concentration is one
order of magnitude greater than hydrogen concentration achieves during electrochemical saturation. Hydrogen
distribution along the length of the plate occurs uniformly, the highest hydrogen concentration at the bottom of
the plate, the lowest — on the top. This is due to the nonuniform temperature distribution along the length of the
chamber.

2. During the electrolysis, hydrogen, while penetrating, is accumulated on the surface of the metal. Due to
the low coefficient of hydrogen diffusion at room temperature, it does not penetrate into the sample bulk. As a
consequence, the hydrogen forms a hydride phase of titanium in the surface layer, and further penetration of
hydrogen into the samples is complicated by the need to overcome the hydride layer. At the saturation from gas
atmosphere by Sieverts method hydrogen penetrates into the sample in atomic form and diffuses into the depth,
which exceeds the depth of hydrogen penetration in the electrochemical saturation. As a consequence, the
absolute amount of hydrogen in these samples is higher than in the electrochemical saturated samples.

Thus, after the hydrogen saturation of technically pure titanium hydrogen is distributed nonuniformly, the
concentration depends on the geometric characteristics (the presence of edges and corners) and the location of
the samples during the saturation. The highest concentration of hydrogen is at the bottom of the sample and on
the side which is located near the anode during the electrochemical saturation and in that part of the sample
which is located in the chamber away from the cooling system during the saturation from gas atmosphere. Also,
the hydrogen concentration is higher in the edges compared to the center of the plates. The absolute amount of
hydrogen is one order of magnitude higher in the samples which are saturated from gas atmosphere than in the
samples which are saturated with the help of electrochemical saturation.

The results of this work are used in the preparation of the samples for the development of methods of
protecting construction materials from destructive hydrogen effects and in studying hydrogen influence on the

properties of metals and alloys.
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Abstract

Nowadays betatrons are widespread and used in many branches of technics and engineering. They can
be applied to build systems of material inspection. Screening systems with betatrons are cheaper than detectors
with He-3 and allow quickly inspect wide objects, such as cars. To construct efficient and effective systems
betatron must be well configured. Measurements of electronic beam are taken place mostly during injection or
after ejection.
Deep analysis of measuring methods was made. Calorimetric, acoustic, collector and emission methods can not
be applied because of their nontrasparency. Radiation methods are not effective enough because of their low
sensibility. lonization method was considered to be the most efficient. It is transparent and can be applied to
measure not only current, but coordinates of electronic beam gravity center. The residual gas is ionized by the
circulated electronic beam. The number of appeared secondary electrons grows proportionally with current.
Signal electrodes are placed over and under beam direct in vacuum camera, the difference of potential is about
2 kV. Because of the electric field electrons move along the lines of magnetic field to collector and than through
resistors go to the ground. Voltage on resistors goes in direct proportion with beam current. The principal idea
and scheme of measurement tool is created. Applied to betatrons, it can help increase the efficiency of inspecting
complexes.

Keywords-betatrons; electronic beams; parameters measurements, optical methods, ionisation methods.

I. INTRODUCTION

To set betatron up and in process of its exploitation it is necessary to have maximum data about beam
behavior inside acceleration camera. The most interesting is to get information about the location of a beam. For
circular accelerators this information is required to demand the location of an orbit and to provide the effective
ejection of particles. One of the most important parameters is line profile of beam, which is current density-
distribution function in a cross section. The maximal value of integral of this function is in proportion to beam
current. Characteristics of density-distribution of current make it possible to identify beam fluctuation type and
find out ways to stabilize it. The measurement of a beam charge is not a simple task, because there is no way to
set direct measures of this value. A lot of methods using electrostatic electrodes, magnetic-induction measurers
and hall-effects sensors that are widely used for synchrotrons can not be applied for betatrons: First of all, the
beam in acceleration camera is not bunched, azimuth continuous during the whole acceleration time, there is no
spaces, where no magnetic field is; second, the measuring process is affected by background noise made by
injection schemes and bias circuits. Shielding of elements is impossible, because presence of ferromagnetic
materials in acceleration camera will affect control magnetic field.

Il. REQUIREMENTS

There are some very important requirements to measuring systems:
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The impact of measurer has to be minimal (transparency).

The ability to get information about beam parameters constantly.
High immunity, exploitation reliability.

Radioresistance

According to the requirements next conclusions can be made:

Collector, emission, calorimetric and acoustic measurers are inappropriate, because of their non-
transparency. Radiational methods are also inapplicable because of their low sensibility for betatrons. From all
the rest, the most interesting are ionization and optical methods.

I11. IONIZATION METHODS

lonization method is transparent and can be applied to find the center of balance of a beam. It is based
on phenomena of ionization of residual gas by electrons. Although there is vacuum in camera, number of gas
molecules is enough. The ionizing ability of electrons is quite low, much lower than ability of protons, but still,
it’s enough to set measures for betatrons, because circulated current is much bigger, than in proton accelerators.
This method can be applied to measure both current value and beam profile. The suggested system includes
sensors of intensity, location and density-diversity. The principal scheme of measures is showed on picture 1.

Fig. 1: Construction of ionization

detector

The number of gas ions and secondary electrons is in direct proportion to current. When the current of
circulated beam is 5A, the number of secondary electrons is about 10* for each cm. The electrodes 1 and 4 are
places above and under the beam 3 direct in acceleration camera. The negative electrode is under voltage U
created by high-voltage generator. The positive collector-electrode 4 is divided into 10 parts, each part is ground
through resistance R,,, where n is the number of collector section. Secondary electrons are moving along the
magnetic lines(2) of control field and through the resistances flow to the ground. VVoltage on each resistance is in
proportion to current of accelerated electrons above each section. The sum of currents is in proportion to the
whole beam current. As a guard electrode the conductive coating inside the acceleration camera is used.

The basic characteristic of this method is its sensibility, which can be defined as ionization current I;,

taken from collector divided through circuit current I, of the whole beam.

51 =3 = kipB(E) )
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Where k — coefficient of secondary electrons collection, | — length of a section of collector, p — residual gas
pressure,  B(E) — possibility of ionization, that is defined as the number of pairs of ions, created on 1 cm of

path under the pressure 1 Mpa by 1 proton or electron.

&y,
_ dx mon
B(E) = = )

dE
Where po — atmosphere pressure, € — average energy needed to create 1 pair of ions, (E)ion — ionization loss

— average quantity of energy lost by particle on ionizationon 1 cm path.
The dependence of sensibility on accelerated particles energy is defined by B(E), and the behavior is defined

with ionization loss. For electrons this loss can be defined as

dE In(mv?/21)
_(d_x)ion = 47T64Naza\/ e/2 % 3)
and for relativistic particle

dE E3/2mc?1%)+1/8
_(a)ion = 27Te4NaZa ln[%] (4)

where Na - number of atoms in 1 cm?, Z, - atomic number of a substance, | — average ionization potential.

According to (3) and (4) ionization loss and sensibility of described method are in proportion to 1/ in
area of low energies (p<<1, where p is relative speed of electrons). The minimum of function is when energy is
2,5mqc?, than sensibility growth with InE. Protons and electrons of the same velocity have quite similar losses of
energy on ionization.

To measure the position of balance center, collector electrode is divided into 2 parts diagonally.
Differential signal is measured. It is in proportion to radial displacement of a beam, but it also depends on the
intensity of a beam. To avoid this dependence the total signal, that also depends on intensity of a beam is

measured. Differential signal is divided through total.
Ie = QlBc/2mry ©®)

where Q — total circulated charge, ¢ — speed of sound, ro — radius beam orbit. Than
AU = (I, — I,)R = RQIBckpArB(E)/2nrym (6)
U = (I; + I,)R = RQIBckpArB(E) /nrom @)
As we can see from (6) and (7) AU/ZU does not depend on Q or B(E).

IV.OPTICAL METHODS

The possibility of applying optical methods exist because of 2 reasons:

e Synchrtron emission;

e  Glowing of residual gas.
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Synchrotron emission was studied particular in 1950s as a probable disturbance for accelerators
work[4]. Now it is applied in many spheres of technic, where strong monochromatic gamma-rays are requiered,
for example in medicine to cure cancer.

Direct method of measuring then number of accelerated electrons N is based on measuring the absolute
intensity of electromagnetic radiation. Estimation of N can be made by measures of the whole specter. To do this
nonselective detector of energy i.e. absolute black body has to be applied.

This method is inconvenient for many reasons. First of all, absolute black body is a model and it is
impossible to provide full absorption of the whole specter, especially in areas of wide ultraviolet and soft x-ray,
that leads to hardly estimating inaccuracy. Another problem is that detector has to be placed direct in
acceleration camera, because it is impossible to eject the whole specter through the glass or plastic. Strong
control magnetic field will affect the results of measurements. To estimate the number of electrons i.e. current
the method, based of absolute measurement of intensity in small area of wavelength A is applied. A\ is typically
chosen in visible part of specter in area of the biggest sensibility of the installation. If AA is narrow enough, than
N can be defined as

N = P, /P, (42) 8

where P,(A) — capability of emission ofl electron along unit interval of wavelenght; P, — experimentally
estimated capability of all the electrons.

ﬁ Fig. 3. Scheme of number of electrons measures
’/ 4 56 7

74 V4 IS

u

74

»

.

é
7
g
10

-]
71
< 12

[Tr~ 7

Light emission throug the window 5 is ejected from vacuum camera 1. Than emission through the

mirror 8 and lens 12 comes to the electron multiplier phototube 13, which is placed in cover 10. Diaphragm 6 is
required to change depth of focus and avoid defocussing. In intervals between measurements of light given by
cyllindrical finite volume 2 window 5 is closed by curtain 4. Also the beams of electromagnetic radiation comes

through the polarisation unit 7. Than the number N can be defined as:

N = (I~ Lyn) (2) () /e ©
where |, — intensity of emission, which comes to electron multiplier phototube , pg and p’g — coefficients of
reflection of the mirror 8 for horizontal compotents of line polarized light, 7. and 1y, are coefficients of
transparency for synchrotpon emission and lamp light, t: — coefficient of transparency for neutral filters, Iy, -

estimated intensity of 1 electron emission.
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Optical methods are very effective at studying fast moving processes in electrons accelerators. The
presence of electromagnetic emission of electrons, strong enough in visible part of specter makes it possible to
study density diversity in cross-section of a beam during the acceleration process using different methods:

e high-speed camera shooting,

e electro-optical transformation,
e mechanical scan and

e space and time transformation.

Optical methods are also applicable, when particles doesn’t emit themselves, but cause glowing of residual gas.

We'll consider photographic method more particular.

Fig. 2. Optical scheme of installation for high-

speed shooting.

The high-speed photo shooting was applied as a method of studying synchrotron emission in 1948.
Authors made shooting at speed 3000 shots/sec and showed possibility of deriving data. At present high-speed
shooting is widely used to get information about beams profile and fluctuations of particles.

Principle of method is easy:

Electromagnetic rays emitted by accelerated electrons goes out of acceleration camera 1 through the
glass of optical window 5 tangentially to beam 2. Using the condenser 7 light comes to the dot 9 on main optical
axis, making transitory image. This image is taken by camera with lens 10. To shoot monochromatic light, filter
8 should be placed. Diaphragm 6 makes it possible to change depth of field. So that if the diaphragm is close
enough the picture of a small cylindrical volume 3 will be taken.

Pictures of a bunch taken by high-speed camera are images of electrons diversity in a cross section
average in time of exposition of one photograph. The diversity is explained by the facts, that beam is not
collimated in acceleration camera and that during the exposition tome electrons can have lots of fluctuations. The
taken picture will be reprocessed later on.

The highest resolution available depends on accelerator type and properties of synchrotron radiation.

For single electron, that gyrates along an orbit with radius R, the angle of emission v can be defined as

v=2° [ = 1,24i/Z (10)
4TR Ry

If theres no chromatic aberrations in optical system on the output resolution will be characterized by

value

A
20 = — =
v

0,253/22/R, (11)
Expression 9 defines marginally recognizable size in both radial and axial directions. However, the

finite size of observed space applies additional restrictions on radial recognizable size. For optimal angular size
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Vopt = 0,153/A2R, (12)
of the diaphragm in plane of orbit
20,04 = 2V20 (13)
This results do not take into account the defocusing, which also appears because of finite size of
observed zone. However the estimation of this factor showed, that effect of defocusing is negligible even when
the size of input lens is big.

Identifying v/v" as k, define breaking azimuth resolution as

20,4, = Rov(1 + k) = 1,25(1 + k)Y Ry21 (14)
For optimal value v':

204, = 0,253/A2/R, (15)

2040 = 0,353/2%/R, (16)

204, = 1,431 /Ry? (17)

V. CONCLUSION

lonization and optical methods were considered to be the most convenient and efficient to be applied on
betatrons. They both are transparent i.e. do not change the state and properties of electronic beam. Further
research will be made to provide the biggest possible sensibility so that methods will be applicable not only for
high-current betatrons, but for small mobile installations.
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Abstract

In the research the possibility of using the GafChromic EBT film to define the parameters of the
accelerated electron beam in the betatron, such as the spatial distribution of dose fields, necessary for planning
intraoperative radiation therapy, is considered.

In the introduction the actuality of the research is discussed.

In the main part the bases of the intraoperative radiation therapy, the main parameters of radiochromic
films are described. General principles of the GafChromic EBT film calibration are given. The calibration
procedure of the GafChromic EBT film and the results of calibration on the X-ray beam, monochromatic
gamma-radiation of radioactive Co® tracer and bremsstrahlung radiation electron accelerator of 6 MeV energy
are demonstrated. The results of measuring the electron beam distribution in a betatron accelerator chamber
are presented.

In conclusion the main results are given. The prospects of research are considered as well.

Keywords: intraoperative radiation therapy, radiochromic film, optical density, calibration procedure,
field distribution of irradiation.

Research field: nuclear physics, material-radiation interaction, dosimetry.

Related sciences: medical physics.

I. INTRODUCTION

Modern advances in the development of radiotherapy methods obtained in experimental and clinical
radiobiology and oncology have increased the role and efficiency of radiotherapy. With this in mind, it is
necessary to create a modern technical base at research institutions and clinics.

In carrying out diagnosis and radiation therapy special attention is given to the control of the parameters
of ionizing radiation source. Therefore, today medical physicists focus on the creation of new methodologies,
techniques and devices to control these parameters with the necessary accuracy.

The GafChromic EBT film has a higher sensitivity as compared to radiographic films and allows
clinically relevant doses to be accurately determined, measures absolute doses with a low spectral sensitivity,
provides an excellent image resolution, does not require chemical processing, and can be handled and prepared
at room light. For these reasons, the GafChromic EBT film seems to be a promising candidate for high-quality
dosimetry.

Research objective is development of nuclear radiation beam dosimetry method with the help of the
GafChromic EBT film.

Research tasks:

° calibration of the film;
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. approval of the film on the electron beam.

Il. INTRAOPERATIVE RADIATION THERAPY

The technique of intraoperative radiotherapy (IORT) allows carrying out direct visualization of the
region to be irradiated after the removal of the lesion as well as to protect healthy tissue. The IORT technique
consists in the delivering of a single high dose of radiation to the target volume by shielding the healthy tissue,
during the operation. [1]

Intraoperative radiation therapy can deliver an extra dose directly to the surgically exposed unresectable
tumour or to the turnoutbed. The combination of IORT and external beam irradiation can increase the dose
absorbed by the target area while sparing the surrounding normal tissue. [2]

For produce better treatment results in patients it is necessary to obtain the main radiation characteristics
and three-dimensional dose information for each treatment plan. Consider the availability of the GafChromic
EBT film for this purpose.

l1l. FILM DOSIMETRY

I11.I. The GafChromic EBT film

The GafChromic EBT is a new model of sensitive radiochromic films.

The main advantage of the GafChromic EBT film:

e sensitivity to doses ranging from 0.1 Gy to 8 Gy;

o the energy of detected radiation is from 15 keV to 15 MeV;

o the film is suitable for use in water phantoms. [3, 4].

The EBT film consists of two active layers (total thickness 34 um) separated by a surface layer (6 um)
coated onto a polyester base (194 um).

The material composition of the film is 42,3%C, 39,7%H, 16,2%0, 1,1%N, 0,3%Li and 0,3%CI. The

effective atomic number Zeﬁc of the film material ranges from 6,0 to 7,0 that is close to the Z £ of biological

ef
tissues (7,64 for muscle, 6,46 for fat), therefore providing an important advantage when performing
measurements in water or water-alike phantoms. [5, 6]

I11.11. Image formation of the GafChromic EBT films

A double-substituted diacetylene, organized into crystals, is used for film dosimeters. Upon exposure to
irradiation, solid-state polymerization of the monomers occurs, resulting in the film adopting a progressively
blue color.

The dose that films have received can be correlated to their change in optical density (OD).

Prior to irradiation, the dosimetric film presents an OD called fog density, OD fog depending on its

material and initial colour. The OD of a film originating from radiation exposure is defined as the net optical

density ODpgt : ODpet = OD - ODfog' [5]

Digital image of the film is a data set consisting of the values of color intensity. The red color channel is
the most suitable for dosimetric purposes.
The EBT model presents a versatile high-quality dosimetric tool appropriate for the dose range of

interest in intraoperative radiation therapy.
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IV. CALIBRATION PHASE

IV.1. The calibration procedure of the GafChromic EBT film

Irradiation of films was produced by the X-ray generator and by the gamma therapy unit «Teratron —
Equinox».

Calibration on the X-ray beam is performed within the range from 0,1 Gy to 3 Gy. The dose received by
the film during irradiation was fixed by the therapeutic dosimeter UNIDOS E [7] complete with a soft X-ray

ionization chamber (volume 0,02 cm? ) Ne 23 342. [8]
Calibration on the gamma-ray beam is performed within the range from 0,57 Gy to 8 Gy. The dose

received by the film during irradiation was fixed by the therapeutic dosimeter UNIDOS E [7] complete with a

waterproof PTW farmer ionization chamber (volume 0,6 cm3 ) Ne 30013. [9]
Picture 1 shows the calibration curve, the equation of the regression line expressed by the exponent.
Accuracy of measurement results is presented in picture 1 and the standard deviation is: horizontal 2%
(the error of the scanner), vertical 5% (ion chamber).

10 -

8

Dose, Gy

0 10000 20000 30000 40000

Readings of scanning
Fig. 1. The calibration curve of the GafChromic EBT film: M - the experimental results were obtained

on the X-ray beam; @ - the experimental results were obtained on the gamma-ray beam.
The measurements of bremsstrahlung were performed on the microtron. Picture 2 shows a plot of the

absorbed dose rate of bremsstrahlung at the distance. [10]

Dose, Gy

Distan.<.:'e, mm
Fig. 2. Field distribution of the microtron bremsstrahlung:
® @& # - the experimental results were obtained by the therapeutic dosimeter UNIDOS E;
I _ the experimental results were obtained by the GafChromic EBT film.
The measurements performed on the microtron show that the qualitative results obtained with the help

of the GafChromic EBT film and the therapeutic dosimeter UNIDOS E are in good agreement (better than 5%).
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IV.lIl. MEASUREMENT OF THE ELECTRON BEAM DISTRIBUTION IN A BETATRON
ACCELERATOR CHAMBER

Parameters of exposure:

. The exposure time 1 sec, 2 sec, 10 sec.

o Mode of operation of the betatron: without the reset of accelerated electrons on the target of
generating bremsstrahlung, with the reset of accelerated electrons on the target of generating bremsstrahlung.

The films irradiated at the different parameters and the 3D distribution of the electron beam in a

betatron accelerator chamber are shown in pictures 3 and 4.

Fig. 3. An irradiated film (left) and 3D distribution of the electron beam in a betatron accelerator
chamber (right): X-axis, Y-axis - the size of the film (mm); Z-axis - absorbed dose (Gy).
Parameters of exposure: the exposure time - 2 sec; mode of operation of the betatron - with the reset of

accelerated electrons on the target of generating bremsstrahlung.
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Fig .4. An irradiated film (left) and 3D distribution of the electron beam in a betatron accelerator
chamber X-axis, Y-axis - the size of the film (mm); Z-axis - absorbed dose (Gy).
Parameters of exposure: the exposure time - 2 sec; mode of operation of the betatron - without the
reset of accelerated electrons on the target of generating bremsstrahlung.

According to the fashioned 3D distributions of the electron beam in a betatron accelerator chamber can
be concluded that this method is highly informative for providing experimental data which were obtained by the
help of scanning device witch digitized the films. And the film illustrates the distribution of the electron beam in
a betatron accelerator chamber to the best advantage. In this case, the prospect of the research is calibration of
the GafChromic EBT film at the betatron extracted beam.
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V. CONCLUSION

The results of the research suggest that the measurement technique of the radiation dose distribution of
electron beam with the help of the GafChromic EBT film allows to meet the requirements for X-ray diagnostics
and radiotherapy.

The prospects of the research are calibration of the GafChromic EBT film on the betatron extracted
beam and on the photon beam.

Currently, there are some technological problems aligned with calibration on the betatron extracted
beam:

. there is no stable beam extracted from the betatron at present;

. it is possible to calibrate at other electron accelerators. But this calibration can result in errors
because of different electron energies and, consequently the cross sections of accelerated electrons interacting
with the film are different as well. At this moment there are no works that would confirm or refute the linear /
nonlinear dependence of the optical density change of the film by the energy of accelerated electrons, which are

also invited to explore.

1. Lamanna E., Gallo A., Russo F., Brancaccio R., Soriani A., Strigari L. Intra-Operative Radiotherapy

with Electron Beam, from http://cdn.intechopen.com/pdfs/34246/InTech-

Intra_operative radiotherapy with_electron _beam.pdf
2. Matsutani M., Nakamura O., Nagashima T., Asai A., Fujimaki T., Tanaka H., Nakamura M., Ueki K.,

Tanaka Y., & Matsuda T. (1994) Intra-operative radiation therapy for malignant brain turnouts: rationale,

method, and treatment results of cerebral glioblastomas, from
http://www.springerlink.com/content/w2160108v7020000/
3. Muench P.J, Meigooni A.S., Nath R., & McLaughlin W.L. Photon energy dependence of the sensitivity

of radiochromic film and comparison with silver halide film and LiF TLDs used for brachytherapy dosimetry.
Medical Physics, 1991 — 18 — 4 —P. 769-775.

4. Schumer W., Fernando W., Carolan M., Wong T., Wallace S., Quong G., & Geso M. Verification of
brachytherapy dosimetry with radiochromic film. Medical Dosimetry, 1999 — 24 — 3 — P. 197-203.

5. GafChromic EBT film (2007, August), from
http://onlinel.ispcorp.com/_layouts/Gafchromic/content/products/ebt/pdfs/EBTwhitepaper.pdf

6. Fuss M., Sturtewagen E., De Wagterand C., Georg D. Dosimetric characterization of GafChromic EBT
film and its implication on film dosimetry quality assurance. Phys. Med. Biol.- 2007 - 52-P. 4211-4225.

7. UNIDOS E Universal Dosemeter, from http://www.ptw.de/unidos_e dosemeter_ad0.html

8. Soft X-Ray lonization Chambers 34013, 23342, 23344, from http://www.ptw.de/soft x-
ray_chambers0.html?&cld=7049

9. Waterproof PTW Farmer® Chamber, from

http://www.ptw.de/waterproof farmer chamber0.html?&cld=7049

10. A.P. Baruep, E.C. Kynukosa, I0.A. IlomoB, MeTroanka AMArHOCTUKA HCTOYHHKOB H3JIYYCHHUS C

MOMOIIBIO THICHOYHBIX I03UMETPOB. M3BecTuns BhIcIINX yueOHbIX 3aBeieHui — Puzuka — 2010

7-9 KOHA 2012 r. Tomck, Poccus 237

GENERAL ISSUES OF CONTEMPORARY PHYSICS AND POWER INDUSTRY


http://cdn.intechopen.com/pdfs/34246/InTech-Intra_operative_radiotherapy_with_electron_beam.pdf
http://cdn.intechopen.com/pdfs/34246/InTech-Intra_operative_radiotherapy_with_electron_beam.pdf
http://www.springerlink.com/content/w2160l08v7020000/
http://online1.ispcorp.com/_layouts/Gafchromic/content/products/ebt/pdfs/EBTwhitepaper.pdf
http://www.ptw.de/unidos_e_dosemeter_ad0.html
http://www.ptw.de/soft_x-ray_chambers0.html?&cId=7049
http://www.ptw.de/soft_x-ray_chambers0.html?&cId=7049
http://www.ptw.de/waterproof_farmer_chamber0.html?&cId=7049

MEXAYHAPOAHAA MONOAEXKHAA HAYHHAA LLKOMA « METO0/10TMA NPOEKTUPOBAHUA MONOAEXKHOIO
HAYYHO-MHHOBALMOHHOIO MPOCTPAHCTBA /19 POCCUMCKOM SHEPTETUKM»

CEKLIMA No3 «OBLLME MPOBJIEMbl COBPEMEHHOU ®U3NKN N IHEPTETUKN»

CALCULATION OF CHARACTERISTICS OF RADIO-FREQUENCY FLARE PLASMATRON
I.A. Miskun
Scientific Supervisor: PhD. Associate Professor, Yu.Yu. Lutsenko
Linguistic Advisor: Teacher S.S. Budkova
Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050
E-mail: ivanmiskun@gmail.com

Abstract

This article provides an example of radio-frequency flare plasmatrons calculation. It focuses on
determination formulas for the power of the Joule loss, the power, dissipating in the discharge channel of flare
plasmatron, the wave resistance of a plasmatron. Moreover, some important conclusions of the optimal
conditions of radio-frequency flare plasmatrons operation were made. The calculations were made for the kind
of plasmatron that uses a metal vessel as a load-carrying part of the construction. This work was made by taking
into account the presence of the reflected electromagnetic wave in a high-frequency flare discharge channel. The
results of this work can be used for projecting of industrial plasmatrons, for subsequent works, for optimization
and determination of flare plasmatrons characteristic.

I. INTRODUCTION

A high-frequency flare discharge (HFFD), burning under the atmospheric pressure, can be used in
practice first of all as a source of dense plasma jets. For this purpose there have been made a number of
constructions of radio-frequency (RF) flare plasmatrons with rather high efficiency and great resource of work.

One little requirement to the construction of RF flare plasmatron is its mechanical strength. Therefore,
the majority of plasmatrons have a metal vessel, which is used as a load-carrying part of the construction.

Sometimes, the vessel of the plasmatron is used as a discharge chamber.

In this case the plasmatron is a metal chamber in the form of cylinder, inside of which the central
electrode is installed (Fig.1) [1].

Y
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Fig.1.Scheme of flare plasmatron

In our research we shall calculate some characteristics of the plasmatron taking into account the

presence of the reflected electromagnetic wave in the HFFD channel.
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Il. METHODS
To simplify the analysis, we shall assume that the length of the current-carrying part of the discharge
coincides with the length of the discharge chamber of the plasmatron. In this case we believe that the reflection

of the current wave at the end of the plasmatron is of cophased character.[2]

We shall notice that the cylindrical metal chamber, which is placed in alignment with the channel of the
burning discharge, is a coaxial line, where the inner conductor is a discharge channel, and the outer conductor is

a discharge chamber of the plasmatron.

Spatial field distribution for the coaxial line with the inner conductor of the radius a; and the outer

cylinder of the radius a,, and also taking into account the reflection at the end of the line will be as follows [3]:

2
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Here Ej,, Ei,, Hi, are the radial and the longitudinal components of electric field and the axial component
of magnetic field, respectively (indexes i = 1, 2, 3 refer to the range r<a;, a; <r<a r > ap); o is the angular

frequency of the field; o is the conductivity in these ranges;
1 1 .
\]O(ﬂir), No(ﬂir), N([_))(Aﬂ-) Jl(iir)’ Nl(ﬂir)’ Np(/lir) are zero- and first-order Bessel and Neumann
functions and Hankel functions of the first kind.
Next step of our work was to determine the Joule loss in the walls of the chamber and therefore their

contribution in the total energy balance of the plasmatron.

We can see clearly from above expressions that |Es| « |E,s|. In this case the Joule loss in the walls of the

discharge chamber of the plasmatron is determined in the following way:

2 L %A o
Wok =\£ O—\Ezg\ dv = Zﬁ(j)dz 430 ‘EB‘ rdr
where A is the thickness of the wall of discharge chamber.[4]

After some operations, we obtain the following expression for the Joule loss in the walls of the

discharge chamber:

12 }3
2 aBiogay, S P

7-9 MKOHA 2012 r. Tomck, Poccus 239

GENERAL ISSUES OF CONTEMPORARY PHYSICS AND POWER INDUSTRY



MEXAYHAPOAHAA MONOAEXKHAA HAYHHAA LLKOMA « METO0/10TMA NPOEKTUPOBAHUA MONOAEXKHOIO
HAYYHO-MHHOBALMOHHOIO MPOCTPAHCTBA /19 POCCUMCKOM SHEPTETUKM»

CEKLIMA No3 «OBLLME MPOBJIEMbl COBPEMEHHOU ®U3NKN N IHEPTETUKN»

‘é{%/’sm}% A
x|1l—e

sh2pl 1 .. L
el L I
><|: Zﬂ +4asma Cosal 5

The power of the Joule loss in the discharge is determined in the following way:

L & 2 12 L L
Wy =27 [dz Jal‘Ezl‘ rdr = 5 j(chZ,Bz—sm azjdz
0 0 7m0, 0

After summarizing all above-mentioned we determine the relation of the Joule loss in the wall of the

discharge chamber to the power, dissipating in the discharge channel:

03;13@]% A

— 2
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We shall notice that the value of Wy /W, increases greatly at the increase of the conductivity of the
discharge channel and the frequency of electromagnetic field. Due to this, the Joule loss in the discharge
chamber becomes comparable to the discharge power if the conductivity of the discharge channel corresponds to
the temperature in the discharge channel T > (4,5...5) - 10% K and the frequency of electromagnetic field is in the

UHF or the microwave band.

Now we shall determine the wave resistance of a radio-frequency flare plasmatron. The wave resistance
of the plasmatron will be determined by the ratio of the voltage between the wall of the discharge chamber and

the discharge channel to the total current in the discharge:

2
U pa; a a,

2
26 = T = A . a2a ﬂ In 8.72
47217)0'1 27zwgo al

j -
4723%01 2moE 8y

The curve of dependence of the reactance on the frequency of electromagnetic field of the laboratory

flare plasmatron in power 1-1,5 kW is shown in Fig. 2.
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Fig.2. Dependence of the reactance on the frequency of electromagnetic field

I1l. RESULTS

As Fig.2 shows, the value of the reactance module does not exceed 2 kO at frequencies more than 12
MHz. We shall notice that for the HFFD burning this frequency is close to a threshold frequency. At the same
time, the frequency is 22 MHz, which corresponds to the optimal plasmatron operation, is also comparatively
close to the threshold frequency, which proves the data of previous works on greater efficiency of the HFFD
burning at the frequencies close to the threshold one.

These results are very important for future researches. In our work we obtained main characteristics of
the plasmatron. That’s why different applications of radio-frequency (RF) flare plasmatrons will be of high
efficiency. For example, one of the well-known applications is eco-friendly utilization of oil sludge. With the
help of results of our work we can optimize not only this process but many others.

IV. CONCLUSION

Let’s take a brief look at the results of our research work. In present research work the formulas for the
power of the Joule loss and the power, dissipating in the discharge channel of flare plasmatron were obtained,
the fact that the Joule loss in the discharge chamber is not significant was found and the wave resistance of a
plasmatron was determined. After that the curve of dependence of the reactance on the frequency of
electromagnetic field was built. It helps to make some important conclusions about optimal conditions of work
of radio-frequency flare plasmatrons. All objectives were reached and the results of our work are adequate for
subsequent application.
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Abstract

The article is about plasma technologies. A review of problems of deposition process of dual magnetron
sputtering is given. The special parameters such as current-voltage characteristics, hysteresis phenomena and
deposition rate are discussed. As the main result, the optimal characteristics of deposition thin films are
determined.

Keywords: dual magnetron sputtering; deposition; thin films; current-voltage characteristic;
hysteresis; deposition rate.

I. INTRODUCTION

At present, Al,O5; and TiO, coatings are widely used in optical, semiconductor and medical branches of
industry. Modern requirements to quality of these coatings generate the development and modification of various
technologies of getting thin films. The Al,O5; and TiO, films are deposited using different chemical and physical
methods. At the moment, magnetron sputtering system (MSS) is one of the most promising and widely used
technologies of deposition. Magnetron sputtering has several advantages: a relatively high purity, a high
deposition rate, a high adhesion. In addition, one of the main characteristics of magnetron sputtering is the ability
to change and control parameters of the discharge plasma during in the process of deposition. However,
magnetron sputtering has some technological problems, when oxide is deposited. The solution of this problem is
to use a dual magnetron sputtering system (DMSS) [1,2]. In this regard, the purpose of this work is the
development of technology of Al,Osand TiO, thin film deposition with DMSS, which provides a high deposition
rate, stability and reproducibility of electrical parameters.

For this purpose the following tasks are: to investigate the electrical characteristics of the discharge,
hysteresis and to determine the deposition rate depending on the parameters of the system; to analyze the
experimental data and to determine the modes of stable deposition of thin oxide films with maximum rates for
the given experimental equipment.

Il. THE EXPERIMENTAL EQUIPMENT

The deposition Al,O; is occurred in the «<PVR—1», TiO; — «YASHMA-5». The DMSS is alternately set
in both plasma setups. The investigation deposition rate is conducted with the quartz thickness measuring
instrument «KMICRON-5%.

Ill. THE OPTIMUM OPERATING PARAMETERS OF THE DEPOSITION OF OXIDES OF
ALUMINUM AND TITANIUM

The investigation of sputtering modes is important to identify the effective technological characteristics. The
most important characteristics of deposition are a current-voltage characteristic, hysteresis and deposition rate.

The analysis of these parameters will determine processes in the discharge and identify the most appropriate
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characteristics of magnetron sputtering for the given conditions [3,4].

I11.1. The current-voltage characteristic (CVC)

The current-voltage characteristic is a function of current on voltage discharge, when the gas flow is a
constant. The shape of current-voltage characteristic is determined by different processes in discharge, which
define properties of the films [5-7]. The experiments are conducted for Al,O; for three cases: the sputtering in
pure argon, the sputtering in pure oxygen, the sputtering in the mixture of argon and oxygen (20% — oxygen,
80% — argon at a constant total flow of gas — 40 cm®/min). The maximum discharge power is limited at 5 kW.

The current-voltage characteristics in pure

104 oxygen (a) and pure argon (c) have a classic monotonic
g dependence (fig. 1). However, the curve «a» is shifted to
the higher currents. This fact is explained by the

< ® sputtering in the mode of oxidated target. The coefficient
B 4 of electron emission from Al,Os is higher than from Al.

So, the current of «a» rises, when level of oxidation of
the target increases. The dependence «b» is non-linear.

This CVC is N-shaped and it can be divided into three

T T T T T T
200 400 600 800 1000 1200

Fig. 1. The CVC of deposftion Alin oxygen (a), modes of reactive sputtering. The first one is the area of

] high voltage (700-1200V), where the partial pressure of
the gas mixture (b) and argon (c): 1 — the ] ) o
reactive gas is not enough to oxidation of the target.

spraying pure metal, 2 - the sputtering oxide, 3 - Thus, the metal sputtering is occurred. The second one is
the transition area. the area of low voltage (200-400V). The target surface
mostly covers chemical compound. The discharge power
is low, also the deposition rate is low. The transition of
target from metal to oxide is described in the third area.
The high power discharge and high deposition rate are
reached. Also the possibility of changing level of target

oxidation allows to control the mode of sputtering.

Finally, the third is the optimal area.

The experiments are conducted for TiO, for

400 600 £00 1000 1200 three cases: the sputtering in pure argon, the sputtering in

Fig. 2. The CVC of deposition Ti in oxygen (a), pure oxygen, the sputtering in the mixture of argon and

the gas mixture (b) and argon (c).

oxygen (20% — oxygen, 80% — argon at a constant total
flow of gas — 52 cm*min). The maximum discharge power is limited at 5 kW. All of the obtained current-
voltage characteristics have a classic monotonic dependence (fig. 2). However, curves «a» and «b» are shifted to
higher currents comparatively with the curve «c». This is explained by the fact that the reactive gas (O,) is easier
to ionize than the inert gas (Ar). Therefore, the degree of ionization rises with increasing partial pressure in the
vacuum chamber. So, there is relation between currents in different cases: I, >I, >I.. Consequently, the optimal

area of deposition of TiO, is high currents (7.5-10A).
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I11.11. The Hysteresis

The stability is one of the main parameter of technological process of thin film deposition. The reactive
sputtering has some negative features, one of which is forming the chemical compound on the surfaces of the
target, anode, walls of vacuum chamber. As a result, the deposition rate is reduced and the electrical breakdown
at the surface occurs. Subsequently, changes in discharge plasma lead to its instability. So, the aim of the
investigation of hysteresis is to determine the working parameters, which process of sputtering is stable [8,9].

The experiments of hysteresis phenomena are conducted for Al,O; under the following conditions: the
maximum of discharge power is equal to 3 kW, the maximum voltage is 800V, the total constant flow of gas into
the chamber is 40 cm®min, the range of changing concentration is 0...45%. The view of the hysteresis loops for
a planar and the DMSS is significantly different (fig. 3). The square of the hysteresis loop «a» is large. It is
explained by the instability of sputtering process. When the modes are transformed (metal to oxide and back),
the sharp of the curves changes. These phenomena are observed at 5% and 30% oxygen concentration in the

flow. The impossibility of using a planar magnetron for oxide deposition can be explained by the hysteresis.
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Fig. 3. The hysteresis of voltage in the planar magnetron (a) and the dual magnetron (b)
for Altarget.

The sputtering by means of the dual magnetron is stable. It is confirmed by the fewer square of the
hysteresis loop («b») than for the planar magnetron. The change of mode occurs at equal values of concentration
(about 20%). But, in case of the DMSS, the sputtering can be controlled by the composition of the total gas flow.
The discharge power has a maximum in the transition area (15-25%).
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Fig. 4. The hysteresis of current (a) and voltage (b) in reactive magnetron sputtering of Ti

target: | - the pure target, Il —the transition area, Il —the partly oxidized target.
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The experiments of hysteresis phenomena are conducted for TiO, under the following conditions (fig.
4): the maximum of discharge power is equal to 5 kW, the maximum voltage is 1200V, the total constant flow of
gas into the chamber is 52 cm®/min, the range of changing concentration is 0...80%. The first area is described
by the slight oxidation target. The film grows and so absorbs oxygen. It leads to decreasing the partial pressure
of oxygen in the vacuum chamber. As a result, the falling current is observed. The change modes of sputtering
the target is occurred in the second area (metal to oxide). The area between the second and third is described by
the achievement of special operating point, where the deposition is occurred with the excess oxygen. The third
area is characterized by rising current and falling voltage of the discharge. It can be interpreted by the complete
oxidation of the target (the coefficient of electron emission from TiO, is less than from pure Ti). So, the
preferable working parameters for sputtering are in 2 and 3 ranges. Totally, the optimal area is the range between
the second and third areas, when conditions of sputtering satisfy to the requirements of the stoichiometry and

maximum of the power.

11111, The Deposition Rate
Owj - The maximum deposition rate is
0,18 - required for technological process of deposition
< 0.”_" of thin films in the given conditions. The
a ] discharge power and the composition of gas
= o16- b mixture have a significant impact on the
0.15: " deposition rate. The dependence of the
- deposition rate on the discharge power is linear
0.14 0 15 20 25 a0 [10]. So, the main interest of investigation of the
n(0z). % deposition rate concerns the different ratio

Fig. 5. The dependence of the deposition rate of n(Ar)/n(Oy,) in the total gas flow.

Al,Os films on the concentration of O, in the total gas The  dependence  between  the
concentration of oxygen in the gas mixture and

0244 o deposition rate of Al,O; is investigated, when
0_21_' \ oxide aluminum is deposited. Duration of

1 " deposition is 5 minutes, the maximum discharge

” 0.18-1 power is 6.5 kW. Modes of deposition are stable.
E_ 0,154 And the total gas flow is a constant. The
. 0_12: deposition rate is defined as the ratio of film
1 thickness to the duration of deposition. The

0'09-‘ dependence between the deposition rate of Al,O;
0,06 S A . films and the concentration of O, in the total gas
n(Oy), % flow is non-linear (fig. 5). The oxidation of the

Fig. 6. The dependence of the deposition the rate of  target occurs at the initial stage (10-15%). So,
TiO, films on the concentration of O,. The total pressure the gas mixture is consumed to the formation

in the vacuum chamber is: 1 — 0.12 Pa, 2 —0.17 Pa, 3~ film on the surface of target and the deposition

0.3 Pa. rate falls. Then, the dependence has a maximum,
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which is described by changing the emission coefficient (it also increases). This maximum is equal to 0.189
nm/s, when the concentration of oxygen is 20%. This result is concluded in section 2.2. The slight fall of the
deposition rate is described by the deposition of atoms on the walls of the vacuum chamber. When the oxygen
concentration is 30% and more, the deposition rate is almost constant. That is caused by the hysteresis loop for
the DMSS (section 2.2, fig. 3).

The dependence of the deposition the rate of TiO, films on the concentration of O, in the gas mixture is
investigated. The technological process of deposition includes 20 passes into magnetron discharge (one pass lasts
20 second). The maximum discharge power is 5 kW. The process of obtain thin films occurs at the stable modes
and at constant total gas flow into the chamber (52 cm*/min). The deposition rate is defined as the dependence of
film thickness on the duration of deposition. The dependence between the rate of TiO, deposition and the
fraction O, in the total gas flow is non-linear (fig. 6). The level of target oxidation is small at low concentrations,
so the metallic phase is predominantly sputtered. The increasing concentration of oxygen results in decreasing
the deposition rate for n(O,) of 10-40%. This fact is explained by the fewer coefficient of electron emission from
the oxidated surface than from a pure target. The minimum of deposition rate is observed in the area of 25-40%
concentration reactive gas in the total flow. The increase in deposition rate after 40% concentration oxygen in
gas flow is described by rising partial pressure of reactive gas in the vacuum chamber. The rate of deposition of
TiO, increases, when the fraction O, is equal to 45-70%. It is caused by changing mode of sputtering. The
partial pressure of oxygen in the vacuum chamber is enough to deposition with excess O..

The requirement of experiment is deposition of thin film with the stoichiometry of dioxide. So, the
optimal conditions for TiO, deposition are observed at 45-70%. This conclusion is agreed with results of section
2.2.

IV. CONCLUSION

The technological parameters for deposition of Al,O; and TiO, are identified. These characteristics
provide a high deposition rate, stability of electrical parameters and reproducibility of the films. The optimal
range of the electrical characteristics is in the transition area of the discharge in case deposition Al,O3, where
deposition process can be controlled. The dependence current from voltage on the discharge is linear in the case
of TiO,. So the optimal range is the area of high currents (about 7.5-10 A).

The research of hysteresis phenomena has shown that the processes of deposition of Al,Ozand TiO, are
stable. The fluctuations electrical characteristics is caused by the changing modes of deposition (metal to oxide).
So, in case of Al,O3, sharp of CVC changes, when the concentration of oxygen in flow is equal to 20%. The
hysteresis loop has a complicated form for the TiO,. The changes of deposition parameters of discharge occur,
when the oxygen fraction in total gas flow is equal to 45-60%. The stability of deposition oxides of Al and Ti
causes the good reproducibility of the process and the quality of the films.

The dependence of deposition rates on the concentration oxygen is non-linear. The maximum of
deposition rate of thin films aluminum oxide is 0.189 nm/s, when the proportion oxygen in the flow is equal to
20%. The highest deposition rate of thin films TiO, is equal to 0.1-0.155 nm/s, when the concentration O, is 45—

70%. The thin films have a high stoichiometry in this case.
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Abstract

Now the great value is given to manufacturing of high power magnets in which the Nd with Fe alloy is
widely used. The basic method of reception metallic Nd is metallothermy and electrolysis of salts liquid. Both
methods are carried out at high temperature that leads to the big power inputs. [1]

I. INTRODUCTION

The purpose of the given work is studying of possibility of reception of Nd — Fe alloy by method of
electrolysis of water solutions at low temperatures. Introduction of this method in manufacture will allow us
considerably lower the product cost price.[2]

Il. DETERMINATION OF OPTIMUM OF VOLTAGE VALUE.

For determination of optimum value of voltage the current-voltage characteristic of the solution is

received, which is presented in figure 1.

15

15

Fig. 1. The current-voltage characteristic of a solution
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Given results show that process begins at voltage of 1,7 volts that corresponds to potential of emission
of iron. And after voltage increase above 4,5 volt sharp growth of a current strength is observed that is
accompanied by emission of hydrogen and output decrease of current. Hence optimum value of voltage for
process carrying out makes 4,5 volts.

I11. AN ELECTRODE CHOICE.

It is necessary to study influence of cathode material on alloy structure. Results of the conducted
researches are showed in table 1.

Material Graphite | Fe Al Zr | Cu
C (Nd, % of

_ 12 25 | 17 | 15 | 13
weights)

Table 1. An electrode choice

According to the data resulted in the table follows that the greatest content of Nd has been received by

the iron cathode use.

IV.STUDYING OF ELEMENTAL COMPOSITION, BY METHOD OF THE ROENTGEN
FLUORESCENT ANALYSIS.

The analysis of an alloy is conducted by RFla method or the purpose of detection of metals relation
between Nd and iron. The analysis is conducted of K — series for iron and L - series for neodymium, since K —

series of Nd requires analysis carrying out at big energies.[3]
Lines of characteristic radiation for iron and Nd:
Fe,,— 6.40 keV,
Fe ., — 7.05 keV,
Nd; , — 5.24 keV,
Ndy ;- 5.73 keV.
According to results of the analysis the alloy contains 25 % Nd and 75 % of iron.

The spectrum of the received alloy is shown in figure 2.
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Fig. 2. Roentgen fluorescent alloy spectrum.

The given analysis has allowed to make sure of Nd and Fe in alloy and to give qualitative evaluation of
their structure.[4]

Also at studying of phase composition of the alloy, the analysis has shown that the alloy has amorphous

structure.
V. THE PROOF OF PRESENCE OF A METAL PHASE.

For the proof of presence of a metal phase a number of experiments on dissolution of a ready product in
hydrochloric acid and measurement of volume of hydrogen received at reaction.[5] Experiments are conducted
on laboratory installation which is intended for detection of a part of a metallic phase in a product by means of

measurement of volume of the emitted gas.[6] The given laboratory installation is shown in figure 3.
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N 1

Fig. 3. The scheme of laboratory installation
1 — separating funnel, 2 — Vurz flask, 3 — gas clock.

Results of experiments are presented in table 2.

Msp Vi Vp C met
(9) (mh) | (ml) (%)

1 0,112 67,0 64,0 94,3

Ne

2 0,113 67,8 65,0 96,1

3 0,112 67,0 63,0 94,0

Table 2. Alloy dissolution in hydrochloric acid

According to the received results the presence of a metal phase has made from 94 to 96 percent. [7]

VI. PROCESS OF AN ALLOY RECEPTION.

During the work the technological sequence of reception of the alloy, has been offered including the
following stages:

1. Dissolution of iron and neodymium oxide, in sulfuric acid.[8]

2. Electrolysis of the received solution (at temperature of 25 degrees of Celsius and pH=4).
Electrolyzer represents the device of periodic action, which soldered from vinyl plastic. In it two graphite anodes

are used and one cathode made of steel of st. 2 kp. mark.
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3. A filtration of the mechanical impurities formed as a result of dissolution of graphite electrodes, with

return of a filtrate to a storage capacity.[9]
VII. THE CONCLUSION

The received results allow to judge possibility of reception of alloys, by method of electrolysis of water
solutions. Rough economic calculation allows to say that the cost price of a ready product is equal 900 rubles for
1 kg, and the payback period has made less than 2 years.
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