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In the present project it is intended to study glmmming ability of crystalline alkaling|

earth borates and alkaline-earth titanium boragggss-formation in pseudo-binary and

pseudo-ternary systems on their and alkaline-edttminum borate basis and develop
new multi-purpose glass ceramics on their basis.

The glass ceramics in an electron technology wees basically as isolators for mapy

years, and the main efforts of the scientists quetialists were focused on optimization
their properties such as TEC, resistance, dieteatdnstant and dielectric losses g
improvement of a complex of operating charactasstihis problem is still actual now.

However, the basic directions of development ofeditgics are connected with study (of
phenomena conducted in non centrosymmetricacentric solids (predominantly in

piezoelectric and polar dielectrics), capable tovest different kinds of energy and to ser
information carriers.

It is caused by a lot of circumstances:

— by huge requirements of an electron technology Varous dielectrics with non

centrosymmetric structure (ferro-, pyro-, piezoetries and other);
— by restricted capabilities of synthesis of singlgstals and their seller's price;
— by technological difficulties of obtaining of hogmneous, single-phase and hi
density ceramics on the basis of polar phases;
— by low cost and manufacturability of glass shagres products of their crystallization;

Quantity of non centrosymmetric crystalline phasesvery great, however the very
restricted information is known about their majpriill now. It is also correct for glass
crystalline materials and the moreover for glagstatline materials with oriented structure.

The oriented glass crystallization with formatiohamisotropic glass crystalline structu
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has the greatest scientific and practical intertbst,investigations of well known scientis
(Prof. Ruessel-Fresnoite basis and bio-glass cegrRirof. Sarkisov-Stilvellits basis gla|
ceramics and others) testify it.

The glasses of stoichiometric compositions RGOY-B,O3 on the basis of bariun

strontium and calcium crystalline aluminum borabtes/ing common chemical formu
RAI>B>07 were synthesized for the first time within thenfiework of the ISTC Project A

288, and the new kind of glass ceramics “Rafaélitess discovered by us.

The developed practical compositions of glass cemmn the Rafaelites basis (press
powder glass samples) combined in themselves a leangd valuable physicochemici

properties: low TEC (0—40)-16 K-1, low dielectric constant (4-6) and dielectric lesg7-
11)-104 (at frequency 19Hz at room temperature).

In parallel, the crystalline strontium and calciditanium borates, which together wi
known barium titanium borate have common chemigaimtila RTi (BGy)o, were

synthesized by us for the first time. The glassds stwichiometric composition
RO-TiOy):BoO3 were melted by us for the first time and the ppiled capability of

obtaining glass crystalline materials on their basishown.

The alkaline-earth titanium borates presumably hatreicture identical alkaline-eart
aluminum borates and glass ceramics on their haspossible attribute to "Rafaelite
family also. It can be a major case for revealingrdination environment of aluminum ar
titanium atoms in glasses of stoichiometric comiymss at the presence of thr
coordinated boron atoms in structure of glasses.

Bayer at temperature range 400-5@0 detected by high temperatures X-rays analysis
thermal expansion anisotropy of crystalline bariditanium borate. At the give
temperature range the TEC anisotropy of Rafaetledected dilatometricaly and which
stronger expressed for barium aluminum borate. éripstalline barium meta borate, whi
is the obviously expressed polar phase and hasierpgoperties, also has a dilatomet

anisotropy of thermal expansion at an interval 600°C, and its TEC, for the first tim
determined by us, changes fref85 up to—115 units (at an interval 20-30@). Barium,
strontium and calcium meta borates also have lolwegadielectric characteristies=4-5,

tg(S:(14-16)-104 by our measurements on thermal treated pressed glawder samples

We are sure, that there is a high probability thatabove indicated crystalline compour
and oriented glass ceramics on their basis wilehelectrically active properties.

The process of a directional crystallization issieg both to quality (homogeneity) of initi
glass of stoichiometric or close to it compositioasd to external thermal mechanical g
electrophysical influences. The thorough invesiogatind choice of optimal technologic
processes of glass melting and glass shapes, aul pbcesses of their orients
crystallization is intended.

The essential influencing on efficiency electripdlysical properties of the textured glg
ceramic sample will have residual glass phase, whlwuldn't greatly differ from polal
phase compositions, both selection and the formaifowhich is the relevant stage of t
present researches.

Usage of developed glasses and glass ceramic mlatas more effective fusible glas
bond in widespread today composite materials orb#ses of powders of polar crystals a
glasses is also intended. Depending on a kind lafr poystals the glasses with wide ran
of change of electrophysical and rheological charistics can be developed. Low and ul
low values of a dielectric constant and dieledingses at one group of the developed by
glass ceramics, in a combination to ultrahigh valogdielectric constant and low losses
other group of also developed by us glass cerawiltallow to use them by manufacture

new kinds of technical ceramics with the increadearacteristics, for example LTCC (Lo
Temperature Co-firing Ceramics).
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The relevant direction of the present researchtfeistudy and development the transparent
glass ceramics on the Rafaelites basis. Theirdgatierg properties in the crystalline state and

also their resistance to vapors of alkaline matpldéo 600 € in glass state reached withj

the framework of the ISTC Project A-288, assuresoficapabilities of developing df

transparent glass ceramic of two kinds:

— with zero TEC and low melting temperature up t6A%C;
— with resistance to vapor of alkaline metals atgerature range 800-100C.

n

During activities under the project will be invegtted and selected the optimal techno-
logic compositions of glasses permitting to invgste and to develop glass ceramics

materials with given properties. For achievementtlod purposes of the project the
structural-sensing researches for the control @recesses of formation both crystalline

phase, and residual glass phase will be carried out

We are having a unique case of investigating dyosnaind kinetics of processes
transition from crystalline state in glass statd an the contrary on the basis of alkalir
earth aluminum and titanium borates compounds.

of
e-

The investigated crystalline compounds are in fielf multistage phase separation

accompanying for some compositions incongruentingelvithin decompose on melt arn

crystalline phase, which can itself decompose dudissolution in glass melts at higher
temperatures on a crystalline phase of other coitimes and melt. For others this |s

d

decomposing of a melt on two liquids at temperaturigher than melting points and then

allocation of a crystalline phase from one of glaslt. The investigation of the give

processes at the presence of boron and alkalinle-eagtal atoms will help to reveal

influence of aluminum and titanium atoms on proeessf stable and meta stable phase
separation in glasses of stoichiometric compositibtaving understood the given processes
we can regulate residual glass phase compositiodsveloped glass crystalline materials.

It is the major stage of the present researches.

The investigation of the phase separation procesgkeallow to construct and to regulaf

compositions of residual glass phases in develgfaests crystalline materials and is a major

stage of the present researches.

The aim of the project is as follows:

— Study of glass-forming ability of crystalline alikee-earths borates and titanium

borates, glassforming ability in pseudobinary systeon the basis of alkaline-earths

borates and titanium borates, alkaline-earths alumiborates and titanium borates,| i

pseudoternary systems on the basis of alkalindveadrates, alkaline-earths aluminyim

borates and titanium borates, DTA and physicochanpioperties of glasses.

— Study of crystallization regimes of glasses ofc$tiometric compositions and glasses

of pseudo-binary and pseudoternary systems onfhsis, identification of products ¢

=

their crystallization and the resistive, dielectaiod dilatometric characteristics of the

crystallized glasses.
— Study of liquation processes in glasses of stoiokiric compositions, their influeng

on processes of formation of crystalline structafesesidual glass phase and physical

chemical properties of both glasses, and prodddtsed crystallization.
— Study of structure of glasses of stoichiometrianpositions and a coordinatig
environment of aluminum, titanium and boron atomghiem.
— Study of dynamics and kinetics of processes ohsition of stoichiometrig
compositions from glassy in crystalline state andhe contrary.

— Study of influence of methods and regimes of adfional crystallization of glasses on
formation of the textured structure and electricalttive properties of the crystallized

glasses, realization of frequency spectroscopybtdined samples.

— Study of influence of methods and regimes of prédion crystallized glasses on their

electrically active properties.




The following problems will be solved, as a regilthe project:

— New glass ceramics compositions with a wide ractggnge of reologic and dielectr|
properties, including compositions with low andralltow dielectric constant (3-5) arn
dielectric losses (5-10-15) on the one hand and a ultrahigh dielectric constao-
800) at dielectric losses no more than 20314ith another will be developed.

— New high-tech compositions of electrically activglass crystalline materials,

technology of their directional crystallization apdlarization have been developed.

— New constructional transparent glass ceramics wi#ho TEC and low melting

temperature up to 1,50@ have been developed.
— New constructional transparent glass ceramicsteatito vapors of alkaline metals

temperature range 800-1,000 have been developed.
— Reorientation of highly-skilled scientific staff the solution of peaceful problems.
— Integration of scientists into international commity of scientists.

The SPEMS association of scientists has been deaith the development and producti
of glass ceramics with low TEC and glasses redigtawvapors of alkaline metals whig
have been used as constructional materials forngaiéw kinds of weapons and in nucle
power for a long time.

The scientific and technological potential of thPEBIS scientists and their practig
experience will allow to solution goals of the prdij at a high level.

The authors of the project offer cooperation wittestific associations, research
organizations, as well as private experts fromBé\, countries of EC, Japan, Norway al
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Korea. We suggest conduct of joint scientific reshas and seminars.
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Luminescent Optical Ceramics for X-rays Medical Techniques
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This work aims at development of monolithic polyalline X-ray-luminescent scree
(XS), capable of effective X-to-visible image corsien. The material is planned to obtd
by the recrystallization pressing process that kxsato form polycrystals having densi
approaching the theoretical one (1.5-2 times highan that of powders), and a specifi
degree of transparency. This gives the screen udeeelopment substantial advantag
over powder luminescent screens that are used indagdical diagnostics devices:

- enhanced X-radiation absorption capability;

- enhanced registration effectiveness;

- the possibility to decrease radiation exposuigedmt less than 2 - fold;
- higher resolution and contrast sensitivity;

- higher mechanical strength and radiatiorstasice.

The use of ceramic screens in the existing modelsedical equipment would provid
radiation-safe conditions of patients' examinationd medical staff activities, upgrade t
image quality, make X-ray diagnostics more relisgdid economical.

It is supposed that X-ray source power and diage®squipment energy consumpti
would be cut down at least by half. The above giseinof ceramic screen properties shog
enable to develop novel, more perfect models ofa)X-equipment for medicine ar
technical defectoscopy. It is suggested to contluetdevelopment of X-ray luminesce
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ceramics on the basis of gadolinium oxysulfide.gtalline array of gadolinium oxysulfid
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most closely fits the requirements as regards atisorand conversion efficiency within the

energy range requested by computer tomography (@&mmography, dental and gene
radiography, i.e. at energies starting from 15 laed practically to 100 keV.

To achieve high efficiency and light output of X¢reuminescence, the radiation spectr
and afterglow kinetics required from luminescemnigcgcs, rare earth dopants (like terbiu
praseodymium, cerium, etc.) will be introduced itite oxysulfide array.

ral

m
m’

The X-ray luminescent monolithic polycrystalline teidal to be created under this project

would be used in scintillation detectors for CT awlX-ray screens of digital registrati
systems in mammography, dental diagnostics, fluaimiuy.

The need to produce novel X-ray screens is dicthjethe necessity of furnishing vario
medical institutions, including X-ray examinationoms, dental clinics, cancer resea
centres, with safe and highly effective X-ray diagics equipment featuring lower dose

radition exposure for the patient. This is espécigital for regions with bad ecological
situation, where X-ray examination covering the sna$ population could become the

source of rapid progress of cancer diseases.

The manufacture of novel X-ray screens will tak@lace at experimental producti
facilities of NITIOM VNC "S.1.Vavilov GOI".

It is projected that among the Russian consumetiseoX-ray luminescent optical ceramic|
will be the Vostok works (Novosibirsk), the Instiéuof Nuclear Physics SO RAN

(Novosibirsk), RFIC-VNIITF (Snezhinsk), RentgenmjskLaboratoria (St.Petersburg), the

Science and Technology Center of Medical Radioldggscow), the All-Russia Research
and Testing Institute of Medical Equipment (Moscpand others engaged in the
development of new models of X-ray medical equiptmen
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The objective ofibis work is to develop continuous technology for obitainaluminum
oxide aerogels from gallium-aluminum melt. This heclogy will be created b
developments within the project proposed creatfdalmratory installation with continuou
Al supply to gallium, and selective oxidation ofiadinum until obtaining aerogels.

Principal objectives are as follows.

- develop a principal scheme of continuous prodes$inology for aluminum oxid
aerogels production from gallium - aluminum melts;

- study physic-chemical regularities of the procebselective oxidation of aluminur

%)

1%

from gallium - aluminum melt;
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- study the main properties of materials produaettrostructure, sorption, thermal ar
electrical insulating ones, etc.).

Technical approach and methodology

The main peculiar feature of the laboratory inat&hn for continuous aerogel synthesis
the principle of liquid metal circulation loop. O its bypasses is used for monitor
dissolution of aluminum, and in the other (whichaiseservoir with metallic gallium wit
additional supply of aluminum) the process of silecAl oxidation is effected, aeroge]
being formed at the gas-metal interface. The ilgtah must be fabricated from mater
inert to gallium up to 200°C, tight, equipped wighs-vacuum system, heaters and dev|
for monitoring temperature and composition of gatha inlet and outlet.

In the course of experimental perfection of aeragathesis technology, variations are tr
in temperature parameters of aluminum dissolutoxiglation process, and composition
gaseous oxidizer, the objective being to optimimernodes.

The project proposed is an initial stage of devielgphe technology of continuous synthe
of aerogels from gallium-aluminum melt using latiorg facility.

The project is to result in the fabrication of daobus technological process laboratory
facility, study of Al selective oxidation mechanisand recommendations for the creatior]
of pilot facility. In parallel, research works gsanned on fundamental problems of meta
oxidation and dissolving, defining mechanisms adfroftal reactions, and defining the
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boundary conditions of aerogel formation.
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New Composite Multifunctional Coatings Produced Using SHS-Electro(
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The purpose of the Project is the development iginsific and technological principles {
produce multi-functional composite thin and thidins by methods of d.c. and r.f. reacti
bias magnetron sputtering and thermoreactive esgark alloying. The problem t
produce wear- and corrosion-resistant coatings thi¢hproperties, which are superior th
analogues known from the literature, consists af important aspects: the development
new promising super-hard and corrosion-resistdnt iompositions (aspect of physic
metallurgy); the development of effective methodgtoduce strong adhesion of a coat
to the base (technological aspect). As to the nietifichermoreactive electrospark surfg
strengthening (TRESS), it, by its nature, produtigh adhesive resistance of a coating
the base because of partial fusion penetrationhef hase surface and running of t
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processes similar to micro welding.
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The TRESS method, first proposed by project auttiams the MISIS, is based on th
exothermal and chemical reaction in the interetetd#rspace between electrode compon
under the stimulation by pulse discharge energye Tdmction (synthesis) products &
formed on both the charge electrode tip and thekpiece surface. In this case the ene
evolved as the result of the chemical reactionoimgarable or exceeds the energy of
chemical discharge. Therefore the total energhefftRESS-process is significantly high
than the energy typical for the known electrospahltying process. This makes it possil

to increase the efficiency of the coating formatmnocess 23 times. Electrical discharg
initiates the synthesis reaction which, dependingh@ mix composition, can carry both
the regime of guided burning, and locally only witlspark gap between the consumal
electrode (anode) and the base (cathode).

The Project’s authors carried out a series of exparts to realize the TRESS-process ug
mixture (charge) electrodes of the following comiposs: Ni-Al and Ti-Al. The synthesi
of diamond-containing coatings is found as posdigl@addition of diamond powder direct
into the electrode composition. In spite of highdbtemperatures in the interelectrode g
the transfer of diamond component from the eleertal the base surface (of steel 4
titanium tools) is shown to be possible with forioatof coatings up to 300 um thick whig
consist of ceramic matrix (for example, on the TINBXAIy or TiXAIy based) impregnate

with diamond grains of 8 through 250 pum in sizeriby the fulfillment of this part of the

Project, 12 new coating compositions will be depeld, the regimes of their synthesis
the part surface (dies, mill rollers, etc.) havimyd alloying, wear-resistant including se
lubricating coatings of low friction coefficienthis makes it possible to use the process
surface strengthening and restoration of machirkena@chanism parts, die and press to
farm equipment, choosing the optimal compositiongo every given problem. Americg
collaborators will participate in researching theusture and properties (adhesion)

e
eNnts
Are
rgy
the
er
nle

e
in
ble

ing

]

y
ap,
nd
h
d

Y

on
If-
for
pls,
N
of

TRESS-coatings and promote this process, equiparhimaterials in the US market after

getting the results of industrial tests. Thin fibmatings (less than:8.0 pm thick) produced
by magnetron sputtering of composite targets (cithpare the other objective of search
fundamental and applied researches. Multi-compomeatings in Ti-C-N and Ti-B-N
systems as well as solid solutions containing efgsm@Al, Si) interest because of their hi
mechanical properties, physical and chemical stgbilUsually these properties a
attributed to the crystalline structure, which eracterized by stoichiometric compositid
small grain size, compressive residual stressesngtgrowth orientation and den
microstructure. However some questions on the exist of solid solutions on the basis
phases of AIB2, NaCl, FeB (Ti-B-N, Ti-Si-B-N, Ti-&I-N) types and the solubility limit g
the third component for the middle region of a ghdimgram are discussed by many auth
and remain unsolved. Limited information on Ti-Bt&tnary diagram shows that there ¢
minimum boron solubility in TiN and negligible nigen solubility in titanium boridé
phase.

Besides coatings, which have a lattice of NaCl type&i-B-N, Ti-Si-N, Ti-Si-C-N systems
earlier the authors of the Project have found #ischexagonal state in Ti-B-N and Ti-Si-
N films and the orthorhombic state of Ti-B-N. It svBound that the transition from one ty,
of crystalline lattice to another is defined by BdaN to titanium ratio. In addition, a god
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correlation has been shown between structure, ves@stance, coating microhardness and

their corrosion-resistance in the corrosive envinent.

The composition of magnetron films is mainly definby the composition of sputtere
targets. The SHS-method makes it possible to pedamposite targets of the vario
compositions. Being experts in the field of commrsaind explosion physics, the authors
the Project, jointly with the collaborators frometiColorado School of Mines (USA|
developed a method of SHS-pressing targets, fompka on the titanium carbide arn
borides, titanium and molybdenum silicides, silicand chromium carbides, aluminu
oxide based. Variation of the regimes of reactiis lmagnetron sputtering (temperature
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the base, voltage bias, partial pressure of nittpged the compaosition of sputtered targ

ets
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makes it possible to control the composition, strres and properties of coatings. For

example, a composite SHS-target of FiHigSiz+Si is promising for deposition of Ti-S
B-N coatings with a record high microhardness up@dsPa, that is half as much again t

he

microhardness of diamond polycrystalline films,igear-resistance, and good adhesion to

steel. The structure of these coatings is a mixdfiteexagonal Ti(BN) phase crystallites af
2-4 nm in size and amorphous intergranular ingregier he films in the Ti-Si-C-N system

produced by sputtering of TiC+$iCy+SiC (TiSb) targets are the other example. The f(im

structure is shown to change with the growth ofceil content in the target, and the

crystalline state passes into the nanocrystalline and then into the amorphous ope.
Simultaneously the last coating has high corrosesistance, wear-resistance, and heat-

resistance (up to 1000°C in the air). A group @& tasearchers from the Mine Academy

Colorado (USA) participates in the following phas#sthe second part of the Project:
development and synthesis of new promising comipositof the targets by the SHE-

of

method; study of the magnetron sputtering processsing studies of adhesion propertijes

and mechanical characteristics of the coatings.

The authors of the Project have a large experiehogernational cooperation in
the SHS-field and surface engineering. There arei@6publications in the SHS-field and
surface engineering for the period of 1995 throli§89. During the fulfillment of the
second part of the Project, more than 8 new mégesfaargets, promising for the followin
application in the processes of magnetron and lasApa sputtering, will be developed an
produced. During optimization of the regimes oftfilm coating sputtering, a wide
fundamental and applied research and developmémbis carried out to find an
interrelation between the composition and structdir8HS-cathodes (targets), on the one
hand, and the composition, structure, propertieatings, and sputtering regimes, on th
other hand. It should be noted that the developmatat corresponds to the world level.

New composite coatings with record high serviceatizristics as well as the processes pf

their production are the end result.
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Objective of the project is elaboration of a tedbgy for the fabrication of nanocrystallir
hard metals based on titanium carbides assignethéofabrication of articles with wea
resistant, high temperature strength and refragioyperties: (e.g. skins of space rockets,
engine nozzles, combustion engines, radiationteadiéirst walls of nuclear reactors, met
working tools, production tools, chemical industcatalysts), elaboration of origin
installations for research of hard metals, issueecbmmendations for industrial desig
pilot production of samples and their industriaititeg.

Another objective is elaboration of measures foevpntion of terroristic attacks, i
particular: water-jet cutting nozzle for the nelisaion of explosive assembly through th
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nonexplosive destruction, armor jacket plates andhime armors.
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Novelty of the project:

— New hard metal composition with specific structure

— New technology for the fabrication of nanocrystaltitanium carbide as well as metal-
ceramic hard alloys based on the above materiginat installations for research
studies.

— Security aids for the defense from terroristiacis.

New technology is based on realization of the mashelaborated by our group. Those are:
the first method - preparation of the solutions tisdnium metal-organic or complex
compounds mixed with the salt solutions of bondmgtals (Ni, Mo, W, Nb, Fe), in
compliance with composition of the developing hanétals under development. Aft

er

drying and subsequent pyrolysis in hydrogen floer¢hoccurs selective carbidization and

reduction of bonding material: the resulting pradig a hard alloy charge where all

components are in nanocrystalline (of an orderGif-200 nm) state; the second metho
formation of metal-organic or complex compounds rupoelting of the salts of th

components of the alloy and organic material. Aftgrolysis of the melt there are formed

evenly distributed nanocrystalline particles cdnium carbide and those of bonding met
the third method - formation of nanocrystalline chanetal charge as a result of hi

d —
e

als;
gh

temperature (~ 900 °C) chemical interaction ofniitan hydride and bonding metal salts

with hydrocarbon compounds. All the above mentiomadthods ensure integrity
nanocrystalline structure in the pieces shapedsandred by traditional methods.

Armor jackets of the elaborated materials will bsger and 2-2.5 as light as those m
of standard hard metal materials.

of

ade

Water-jet cutting nozzle of special constructioad®a of the elaborated materials may
successfully be used for the neutralization of berblp destruction of the corps and the

explosives of bombs.

Scientific and practical value of the project:

Will be elaborated compositions of new nanocrystallmetal-ceramic hard alloys
based on titanium carbide with a specific struct(irmccessible to be formed by

traditional methods), where high physical and cloamproperties are successfu
combined with mechanical properties.

— An area of application will be widened and reseust hard metal pieces increased; i
particular, an opportunity to create a new genematf armored materials, metal-
working tools, articles for the application in spawmckets, nuclear reactors, etc. will

occur.

— Original installations for research studies wil designed. Technological process

the manufacturing of the pieces will be developgitht production of the specimens

and their industrial testing will be realized.
— Security aids for the defense from terroristiaclts will be elaborated.

The goals will be achieved on the ground of scienglaborations, experience and

equipment installed at the Technical Universitycaforgia as applied for creating composite

materials, in particular hard alloys and the insteats for their testing.

Support of the project will be of a great sociadmamic significance for Georgia. First,
scientific potential of a group of leading scietgtiwho were basically involved in Defenseg
Institutions of the USSR, will be directed to threation of peaceful production at minima
financial expenditure necessary for the solutiosuath kind of problems. Secondly,
realization of the project will further progressthe field of science and economy of the
country out of the development of a new scientiéichnical direction and industry of the
product competitive at the world market. Perforneatstruggle against international
terrorism will be increased.
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Development of Structure, Chemical Means and Technology of Producing
High Temperature Ceramic Composite of SiC/SiC Type for Civil Aviation
and Automotive Industry
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The Project is aimed at developing high-temperateramic composite of SiC/SiC type fpr
civil aviation and automotive industries.

Structure ceramic composites have been playingrifisiant role in the process of creating
new machines during the last decade. A leadingepéanong these materials is held by a
composite with silicon carbide matrix and silicoarlide coreless or corebased fiber
(SiC/SIiC). Currently when developing this materi@searchers mainly use coreless fiper
and silicone carbide matrix of is Si-C-O type (o&pgcontent up to 10%, free cabon-up) to
3%), where with a temperature increase to 1100-1200 active reaction between
components and oxygen takes place as well as groivBiC crystals which destroys the
homogeneity of the pseudo-amorphous structureefibier. These two phenomena lead to
the loss of strength both of the fiber and the casite in general which limits its long term
operating temperature in oxidation environment@6@1100 °C.

Meanwhile this material is a promising candidate oaly for defense but for civi
industries as well. The analysis of the properf@eduction technology and economic data
leads to the conclusion that the material has éurdignificant reserves. These reserves|can
be implemented by radically improving both the stue of the material and the productipn

technology which is the basic goal of the Projemspnted. After that the material will
compete well with the expensive super-alloys wideted now for civil aviation engings
and in automotive engine industries. The highedciefficy of this material is supposed to pe
reached by the increase of the long term operagingperature in oxidation environment up
to 1500 °C and more. According to scientific forgtsain aviation industry at this
temperature the efficiency of gas turbines willrease by 20-25% and specific thrust|of

engines by two times, which will meet the demanidgwl aviation till the year 2000-20085.
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In automotive, industry CMC parts will compete welith thermo-stable super alloys
gasoline, diesel and gas-turbine engines. Withetheygines the higher thermal stabili

high enough thermal conductivity and low densityl aflow to solve at the industrial level

the problems of creating low friction parts, noreleal adiabatic diesel engines and incre

n
Ly,

ase

of the operating temperature of engine major corapts) i.e. increase of the total thermal

efficiency and fuel consumption reduction. It wile feasible to use this material for

manufacturing reactors for producing semiconductors

The key goals of the Project are the developmentest types of oxygen free cerami

forming components, alloying them with stabilizes§ ceramic structure and creating
multipurpose (protective and "rheological") intexdacoating between the fiber and matrix.

Expected Results:
1. Synthesis of new ceramic forming polymers foodarcing fiber and matrix whic

would exclude oxygen penetration both during spignand curing. Alloying the

polymer with hetero-atoms of refractory metals-8izdrs linked to silicon without
oxygen bridges.
2. .Development of new technology of producing tese SiC fiber with practically
zero,oxygen content, i.e. of Si-C type insteadieL-® type.

3. Development of multi-layer interface coating the reinforcing fiber based on the

composition of dense and porous layers of moderfrac®ry compounds

(molybdenum, germanium, rhenium siliside; silicotignium, tungsten carbides and
borides, etc.). Coating application with combinecttinods of chemical reactign

between components and the surface, polymers ysolgnd chemical vapo
deposition.

4. Development of new matrix composition and thehtelogy of its introduction to th
composite.

5. Production of specimens of high temperature SiC/ceramic composite of mo

[

1)

sophisticated structure with unconventional makensed and comprehensive physic-

chemical and materialogical testing.

The Project will be carried out by scientists angests who were involved in developing

materials for weapons and weapon carriers. Itmdke possible to use their knowledge and

experience as well as earlier created equipmentnagtthodic potential for producing the

material for applications in civil industries - diaviation, automotive industry, machine
industry, semiconductor technology.

It is intended to invite as collaborators sameifprescientists and firms, engaged in R&D

[y

and working out the high technical characteristiegation and automotive engines. Based
on common research work intercourse and persomdhcts of Russian and USA, Japan,

European scientist will enrich the scientific andgtical results.

The results of the Project are expected to be impfged on the commercial basis in
cooperation with Russian and foreign companieis. dupposed that in collaboration with
these firms same commercial production based osdieatific and technical project resul
and intellectual property will be organized.
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Currently Russia has accumulated a great amounti(rds of thousands tons) of munitig
liable to disposal, their main component being@#nitrotoluene (TNT). The work on it
extraction is being in progress now. The objectifehis project is the use of TNT as
cheap raw material for civil products. This appfogaeems most expedient for utilizing t
TNT excess in this country. The project envisapesdevelopment of TNT-based aroma
compounds (benzoid di- and polyamines, includingsulistituted ones, isocyanatg
carbamates, nitroamines, nitro- and aminophenadVakgres, polyatomic phenols, aromat
ethers, fluorine-containing ones among them, aait thioanalogs, and nitrogen-containi
heterocycles) which can be further used as monoaretsemiproducts.

The following materials are planned to be produced on their basis:

1) High molecular polymers: polyimides, polyamideadapolyurethanes (includin
polyurethane foams).

2) New dyes of a broad color spectrum.
3) Plant-protecting and other biologically activéstances.

4) Additives to polymeric compositions (antioxidantross-link agents, etc.).
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Directed synthesis of the above monomers and sethipts is accessible only in case
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following milestone problems in the chemistry ofygtroaromatic compounds are solved:

i) nucleophilic substitution of the aromatic nitrcogp nonactivated either by ortho- or py
para-substituents;

i) selective reduction of nitro groups (by numbadgosition) to ammo groups, reducing
alkylation of nitro groups;

iii) TNT-based heterocyclization. Theoretical (quan chemistry and electron transfer
theories), catalytic, electrochemical and synthetathods with the further productian
of target structures will be employed to solve éhpsoblems.

Polymers, dyes and the other technical productdiored above will be then synthesized.
They will comprise the most promising materials fthre production of which th
elaboration of technologically expedient methodslésned.

The research team for the project effort consistéghly qualified specialists who have
been involved in the development of new explosfeesnass destruction weapons and
other energetic materials.

D
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The main purpose of this project is to transfer shientific and technical expertise of t
Russian Scientific Center "Applied Chemistry" (RSKL) and its achievements ar
considerable experience in the field of solvingrthe explosion problems for highl
energetic propellants, gunpowder and explosivesna#d for space rockets, aircr
missiles, etc., to a solution of thermal safetybbemns for civilian chemical industria
processes.

In particular, this project will:

- involve the Russian specialists who formerly vamtlat creating military technology
Russia, to non-military activities. Through thisojact these specialists will be dray
into the world market economy and be aware of nmatkging forces;

- introduce new fundamental and applied developsgnthe field of safety of chemicg
industry, especially in relation to various demaafleuman health and environment

- protection;

- bring the Russian specialists who formerly worleccreating military technology i
contact to the world scientific community;

- increase the scientific, technological and indakknowledge base of Russia.

Expected Results

The results of this project are the formulation aralidation of necessary theoretig
principles (i.e., new theoretical development fdrabatic and non-isothermal calorimet
methodology of investigation of reaction kinetiog Using adiabatic calorimetry, etc.), t
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elaboration of a new adiabatic calorimeter and gfllsnv heterogeneous fixed bed reac

tor
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prototypes, and the development of original piexfesoftware for solving a wide variety ¢

thermal safety problems. These proposed develogmant achievements are high

appreciated by the leading open the Russian nidldrscientific community towards new

industrial applications and to initiate new econouiévelopment in Russia and abroad.

Scientific and technical significance of the Project

=

ly

The Project will expand considerably the theorétizaunds and methods in thermal safety

of chemical processes by applying new mathemasicaulation methods combined wi
innovative experimental techniques.

It will spur a strong activity in thermal safetyvestigations in Russia, which is of gre
importance both for Russia and the world community.

Commercial significance of the Project

Implementation of the Project will provide a newngeation of software intended for stugdy
of thermal safety of chemical processes. This sa#will be for commercial use in a short

period of time. The estimated volume of sales withiperiod of two years after finishin
the project is in the range of 10-20 software cepiith price ranging US $ 50,000 per o

copy.
In addition, this Project will provide new adialwaticalorimeter and pulse-flo
heterogeneous -catalytic reactor prototypes thatddoe commercialized in a near future.
Scope of Activities technical Approach and methodology

The Project is constructed along four main lineadiivity.

The first activity will focus on the development of a new generatidnsoftware for
chemical reaction kinetics evaluation, and reastomulation customized for Windows-9

and NT that can work both in local and network n®dEehis software will meet curren

international quality control standards.

The second activity will focus on the development of a new method oflging gas phas
heterogeneous catalytic processes with applyingseglow fixed bed reactor.

The third activity will focus on the development of an adiabatic dateter to study thermg

safety of chemical processes with better technataracteristics than those availab

commercially.
The fourth activity will focus on presentation of the project developtrend progress to an
international potential market (i.e. to leading @leal Groups of Europe and the USA,; at
international conferences; by organizing semindgesen "Thermal safety of chemical
processes and technologies" in RSC AC for a widkeage of specialists; and by
publications in leading scientific journals). Serf workshops and training courses give
by RSC AC experts and organized by RP will be satezbito facilitate the technology
transfer from RSC AC to RP specialists. These @suvall provide an opportunity for the
software developers to meet and discuss potentj@iavements of software with RP
engineers.
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In the warehouses of military bases of former Solaion located in the countries of
Transcaucasia, including in territory of Georgiaplanty of ammunition with the expired

working life is saved up. This ammunition represestcial danger to the countries

region distinguished by political and economic afdglity, and will frequently be involved at

fulfillment of acts of terrorism. Shadow businesseaxtraction and delivery on items/poirj

e

on reception of a breakage of metal parts of amtimmihat has resulted in cases of a

traumatism and destruction of people occupiedimthbsiness was generated.

Destruction of ammunition with the expired workilifg in great volumes ecologically i
rather dangerous, as realization of this actiorateree additional sources of environmer
contamination, including heavy metals and theimsamtions.

Meanwhile, ammunition with the expired working lifes the certain value as are ene
carriers. Their recycling enables to find effectways of use of this ammunition to
national economy.

Since 2003 under the program of OSCE «Processinfiglaing materials and shells g
former military bases of Soviet Union in Georgiahaye been developed by the Georg

state military scientific and technical center "@&lways of utilization ballistic and
pyroxylin gunpowder contained in an ammunition. Thasic opportunity of theif

application has been established as explosives. ilN@stigated there was engineeri

ammunition, rocket firm fuel and fighting parts ammunition which application at

utilization in the pure state can result in negatécological consequences. Therefore
problem of utilization of this ammunition and clieaton their basis of new assortment
industrial explosives is represented rather actlahlization of the project will promof
development of the mining industry in the countéé§ ranscaucasia and to growth of th
economic potential. One of deterrents of develogménhe mining industry in Georgia
absence of a factory on manufacture of industsplasives and, the deficiency of effecti
waterproof explosive structures caused by it, ngeduirement) in which is estimated
2.0-2.5 thousand tons one year.

The purpose of the project is creation of new dssmt of industrial explosives on the ba
of a utilized ammunition and development of theeistiment program of construction of t
enterprise on release of these explosives.

In the project tasks will be solved by definition:

— specific energy and full ideal work of explosi@peed of a detonation of a utiliz¢
ammunition and explosives on their basis;

— compoundings of industrial explosives on the bakigilized ammunition (UE);

— structure of products of a detonation of a utdizenmunition and explosives of (UE);

[

tal

rgy
a

ian

ng

the
of
e
eir
S

e
in

5iS
he

ed

— basic technical characteristics of explosives d, Uhcluding efficiency, brisance
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sensitivity external influences, critical diametahility of transfer of a detonatiot,

water resistance;

— seismic influence of explosion of charges UE ogimgering constructions and natu
objects with development of methods of regulatibtheir fluctuations;

— areas of use UE and classes of all assortmenbiditons of storage, transportati
and application.

At definition of explosive characteristics and teclogical properties of a utilize
ammunition and UE explosive chambers of the Insgtitf Mines the Academy of scienc
of Georgia, equipped by the necessary equipmentdag fast proceeding processes, &
measuring techniques for definition of structure prbducts of a detonation will b
involved. Degrees of their ecological influence am environment and seismic effect
explosion will be executed also ground investigaticesearches for an establishment
efficiency of UE.

Expected results and their application.
Realization of the project provides:

— development of assortment of industrial explosiwas the basis of a utilize
ammunition with representation of their hydrodyneahicharacteristics, technologic
properties and degrees of negative influence oneawironment and protecte
constructions;

— development of the computer program on distributé an optimum compounding ¢
these explosives for concrete conditions of detonat

- development of the investment program of constraaif the enterprise on releas

of industrial explosives on the basis of utilizedraunition with commercial estimation of
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PARES/ A A Technology Development for Obtaining of Enhanced Magnetic Properties
Amorphous Alloys (Metal Glasses) by Shock-Wave Compacting Powdeg
Materials for Magnetic Applications
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The proposed Project is devoted to the techniqueldgpment for producing amorpho
alloys (metallic glass) with enhanced magnetic proes by using the procedure
dynamic (shock wave) compaction (DC) at powder nlte

IS
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Amorphous alloys are of unique practical value asdential, scientific interest. Howevg
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in spite of continuously increasing scope of apgilans and investigations of these systems,

a great deal of key physics problems of amorphtate semain unsolved. The interest

metal glass (MG) proceeds from such outstandingniglogical features as high magneti
permeability, low coercive force, high mechanicécesity, yield limit, high corrosion

resistance and temperature-unaffected electricadwttion that underlie its wide practic
application.

Currently, the following procedures for producingh@phous metals are available:

evaporation of metals in vacuum and depositiorheirtvapors onto a cooled substrate;
atomization, with atoms escaping the source dube@ccelerated high-energy atoms of
inert gas; 3) chemical deposition, i.e. the procednvolving deposition of ions, resultin
from the chemical reaction, onto the substrate mtew solution; 4) electrodepositid

n
C

1)
2)
an

involving external electrical potential required o chemical reaction to take place; 5) fast

solidification from the liquid state. A number reflsearches have demonstrated that MG
be produced by employing DC involving high explesyHE). One of the DC challenges
to produce densities similar to those of monoctgsta

The unique expertise of employing HE for powdersynaimic (explosive-driven
compaction, involving shock waves (SW) with theeimtity ranging from 5 to 50 GPa,
available at RFNC-VNIIEF. Under the above conditippamples preserve their integri

and densities approaching those of monocrystals proeluced. With the materials
explosive —driven compaction, favorable conditidos MG synthesis can be created, i

high pressures (5-50 GPa), temperatures approathéngf the melting point (1000-150
K) and extremely short pulses (2-10 s). As the Itedfuthe above conditions, on the o
hand, a high level of material compaction is achieand, on the other hand, SWs enabl
generate a disordered crystal structure since #manpeters of the crystal lattice char
considerably in the shock front.
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Under the project, the alloys will be identifiedathare deemed advisable to produce

employing a DC procedure. MG is subdivided into fodowing two types: metal
metalloid and metal - metal alloys. Proceeding ftbmintended use of a product produd
and the parameters required, Fe-, Ni- or Co - badlegls will be selected with B, Si, C
Mo and Mg admixtures.

For instance, to manufacture an isolation transéorrthe 2605S-2 alloy (Fe-78%, B-13
Si-9%) is employed. This alloy offers high satuatinduction, low losses in the core an
minimal relative cost. At the stage of selectingl gmoducing alloys, having the requirs
chemical composition, experts in material properéied material science will participate.

Specialists in the area of fabricating HE and cimaydnitiators and firing devices will tak
part in the project to pick up the type of HE enyeld, to charge explosive assemblies
to develop the explosive loading techniques.

Once the samples are fabricated, their mechamtdirical and magnetic properties will
tested and X-ray analysis will be carried out. Bhimwestigations will involve the experts
the area of electromagnetics.

The project execution will result in selecting miatks that are advisable to synthes
employing the DC procedure and developing procedioe producing alloy powders arj
their dynamic compaction. During the course of Wk, computer codes, describing t
aspects of procedures developed, and computagmaatheoretical models will be used.
The collaborators’ role under the project is toniify materials and to search for custome
for applying the developed procedures and teclesidor industrial manufacturing of
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Development of Pilot Commercial Technology for Manufacturing of
Products from Submicrocrystalline Aluminum Alloys with Enhanced
Service Properties and Workability
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The project is devoted to the development of bakigechnology for manufacturing bul

k

aluminum alloys products with submicrocrystallirf®C) structure (grain sizes less than
one micron) by use of intense plastic strainingSjilechniques. Applied research will be

deal with examination of the effect of SMC struetun service properties and workabil
of aluminum alloys and optimization of thermomedbahtreatment for processing SM

structure during IPS. Basic research will be cdrrat with threefold aims: to reveal

mechanisms of SMC grain formation during IPS, talgtorigin of SMC structure effect o
properties of aluminum alloys, and to examine maigdms of recrystallization in intens
strained materials. Use of technology developed wilow producing semi-finishe
products of aluminum alloys with enhanced serviogpprties and workability. The ne
level of alloys properties obtained will expandiad of their commercial application an
give advantages to producers.

Nowadays, the laboratory experiments have demdadtthat formation of SMC structuf
resulted in unique service properties and enhangelability of a number of convention:
alloys, aluminum based included. However, threennpaoblems play a role of barriers f
commercial implementation of this technology. Fiddt all, the techniques used allg
producing small sized laboratory samples onlyiveg a limitation to evaluation of materi

properties and microstructures, as the commergiplication of materials with SMC

structure requires the examination of combinatibmechanical properties according
standard procedure. This combination should inckilenain parameters of alloy streng
in proposed service conditions. The lack of an rmfation on mechanical behavior a
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structure stability of bulk SMC materials at eleagttemperature has limited the use
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aluminum alloys with SMC structure too. Secondlgals\g up the known laboratony
techniques, such as equal channel angular extry&iG@AE) and torsion straining under
high pressure (TSHP), is essentially difficult awn impossible in a number of cases. And
it is obvious that new techniques have to be d@ezldor processing the metallic materials
with SMC structure. Thirdly, microstructural evabr during IPS in aluminum alloys was
poorly examined. It restricts feasibility for despment of cost affordable technology for
SMC aluminum products processing. As a result,kiwvn methods of manufacturing of
materials with SMC structure are rather expensiaglp due to non-optimum route of
thermomechanical treatment used.

The main goal of the project is to develop basis coimmercial technology fofr
manufacturing bulk products from aluminum alloyshasMC structure, evaluation of their
service properties and workability. Two novel teigies involving IPS will be examined.
The first one is complex angular extrusion (CAE)nige a unique processing technique,
pioneered and patented at the Institute for MeSalperplasticity Problems. It could be
realized in a specially designed die set to apmtigrisive plastic straining to bulk samples of
different cross-sections. The second one is corsnesinder high pressure (CHP). This
technique was previously used for imparting finailgistructures (grain sizes in the range of
one to ten microns) to aluminum alloys. In contefthe project the CHP technique will be
modified to produce SMC bulk billets. The patentafghis modified technology is planned
under the frame of the project.

To develop cost affordable technology the followimgrks will be carried out. Aluminum
alloys will be deformed with ultra high strains B AE, CAE and CHP techniques. ECAE
technique will be used in laboratory scale to sttltg evolution of microstructure durirlg
IPS. It will allow optimum regimes (temperaturesagt, strain rate) of thermomechanical
treatment to produce SMC structure in aluminumyalltm be developed. Regimes obtained
will be used to process aluminum alloys by CAE &tdP techniques. Investigation of the
effect of deformation scheme (path) on SMC strictiormation will be performed. The
combination of mechanical properties of CAE and QiHé&cessed billets will be examined
on samples of standard size. This combination dejparameters of tensile strength, fatigue
strength, hardness and toughness at ambient tetmpgerand superplasticity. Structure 1{nd
service properties of heat treatable alloys willdbedied in two states: before and after
standard heat treatment. Evaluation the mechatiebhvior of the alloys almost will
include the analysis of their workability and theagibility for cold rolling of thin sheets
from aluminum alloys with SMC structure. These paeters are extremely important fpr
beginning commercial use of developing technolagiése resulting microstructures and
mechanical properties after CAE and CHP will be pared with those from other severe
plastic deformation techniques.

As a result the present work will lead to new kneatge of the effects of phase composition,
grain size and grain boundary structure on mechhpioperties of aluminum alloys. The
mechanisms of microstructural evolution during sevplastic deformation will be alsp
examined. Besides, the work will advance the futcoenmercial applications of SMC
materials because of its focus on novel commeatiahinum alloys containing scandium.

Results of the work will allow evaluating feasibjliof manufacturing of aluminum sheets
with SMC structure and their use for low temperatsuperplastic forming of complex
shaped products. Fulfilment of this project willloav promoting application of IP$
techniques to commercial sized billets. The pettdge@reas of industrial application of
aluminum alloys with SMC structure will be evaluhte

The Sate of the Art in the Field and the Impact of the Proposed Project on the Progress in
the Field.

The proposed ISTC Project is a research and dewelopwork with high commercial
potential for application in civil aircraft, autoniee, railway and construction industry. This
wok is related to the development of novel techgi@s for processing SMC structure |in
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aluminum alloys and aimed on enhancement of sepioperties of these alloys and th
workability.

Recently aluminum alloys with SMC structure haverb@roduced with grain sizes le
than one micron by IPS technique. These material®Bparticular interest because of th
uniqgue physical and mechanical properties. For @k@m materials with SMQ
microstructures have been shown to exhibit sigaifidncreases in static strength at ro
temperature and superplastic behavior at low teatpe¥s or high strain rates. T
development of an SMC structure in relatively inemgpive commercial alloys produced

traditional casting technology is important for awosrcial implementation of thi
technology. The SMC materials could be used foptieeluction of commercially importar
components with improved service properties usild oolling, hot isothermal forging an
superplastic forming. The aluminum industry is espléy interested in the development a
application of bulk SMC billets.

Several techniques, such as TSHP and ECAE, have dmeloped to subject materials
large plastic strains and thus develop SMC micoostire. These techniques have b
applied to a several grade aluminum alloys withndtad as well as non-standg
compositions and positive result was demonstratExlvever, the sample sizes produg
and studied have been small. It restricts the fifeese techniques in a laboratory scale.
commercial implementation of this technology, thegess of severely straining materi
must be scaled up to produce larger sample sizetk Baterial properties must H
established. The Institute for Metals SuperplastiBroblems (IMSP) has developed no
techniques for intense plastic straining. Theséripies allow producing massive billg
with SMC structure, and its main advantageous @esap feasibility. One of theg
techniques is CAE consisting in a combination ofesal deformation schemes in o
deformation pass. Method and die design of CAE wmreered by Russian Federati
patent in 2000. Development and patenting of amdagehnique being compression ung
high pressure (CHP) is in progress.

IMSP team has a great experience in examinationiafostructural evolution during plast
deformation; evaluation of effect of deformationdilced microstructure on servi
properties in numerous metallic materials includigigminum alloys. Examination @
superplastic behavior is a main field of activity fnost of IMSP’s researches. Researcl
and engineers are perfect familiar with forging aolling procedures and most of them &
experienced with different IPS techniques during st 10 years. All facilities requirin
for proposed project are in good working conditions

SRC team has a great experience (more than 30)yeaproducing rocket parts fro
aluminum alloys, evaluation of service properti@sl anicrostructure of aluminum alloy
Weapon specialists are familiar with forging antlimg processing of light alloys. SRC hg
appropriate equipment to attend the goal of thegreproject.

Pioneer works of IMSP were dealt with examinatidnmicrostructural evolution durin
severe plastic deformation and evaluation of senpcoperties in materials with SM
structure. In the same time, the mechanical behawio SMC materials has bee
insufficiently examined. In many cases the evatratif these properties has been limi
by the small sample sizes produced by the ECAET&1HP techniques. Particularly lackir
are studies of fracture toughness and fatigue gtinesf SMC materials — two properties th
are critically required for commercial implementati of these materials. In context

proposing project a number of important serviceapaaters (including crack resistanc

toughness and fatigue) will be evaluated in alummrailoys with SMC structure as well ;
workability. The last is required for manufacturing thin sheets by cold rolling an
processing of parts by low temperature superpldstiming and forging. An effect o
technological processing and final heat treatmenservice properties will be evaluate
The mechanisms of grain formation and evolutionmafchanical properties during seve
plastic deformation are also poorly understood. é&@mmination of the effect of IP

u.

{
=

DN
ler

C
e
f
ners
e

g

=1

UJ

1S

of
€,
hS
d
f
d.
ire
S

conditions on SMC structure formation is importémt development of optimum route

Df




29

thermomechanical treatment.

Knowledge of microstructure development during pssing will permit efficient

procedures to be implemented. It will allow essa@htidecreasing plastic strain evolved for

SMC structure formation and result in a cost desgea

Other poorly known aspect of materials with SMCustuore is effect of following
deformation and final treatment on its structurd @noperties. Analysis of microstructu
evolution during fabrication and heat treatmenes$sential to understand microstruct
changes that will yield final service propertieisTis extremely important for cold rollin
of thin sheets with SMC structure. Work outlined this proposal will be focused g
examination of microstructure evolution during bptimary and secondary processing.

Project Purpose.

The general project objective is to develop theisbad commercial technology fa
manufacturing semi-finished products from aluminaftoys with SMC structure. In th
frame of the project it is planned to analyze smrvproperties and workability of the
materials, examine the physical origin of grainmation during IPS and investigate
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effect of SMC structure on aluminum alloy propesti€he proposed project has six primary

objectives.

1. Manufacturing bulk samples (at least 20 mm tldiok weighing 0.5 kg) with uniform

SMC structure using the CAE and CHP techniques.

2. Evaluation and analysis of IPS effect on micuagtire evolution and the resulting

properties.

3. Evaluation and analysis of post-deformation hesétment effect on microstructu
evolution and the resulting properties.

4. Evaluation and analysis of superplastic behadbraluminum alloys with SMQ
structure.

5. Evaluation and analysis of the cold rolling afrainum alloys with SMC structure.

6. Development of recommendation for commercial i@pfibns of the SMC alloys.

Two aluminum alloys developed in the former Sowdetion (1570 and 1421) and two US

alloys (2219 and 6061M) will be studied in this jexd.

The 1570 alloy is an advance non-heat treatabdy all Al-Mg system and can be used

(e

in

aviation, railway and automotive industries, andeotfields requiring a moderate strength
and corrosion resistant aluminum alloys. The 1424 2219 alloys are heat treatable alloys

and can be used in cryogenic applications as wéle 6061M alloy is a superplastic

modification of 6061 aluminum alloy belonging to-Kg-Si system. The 6061 alloy
widely used in automotive, construction and aviatindustries. It is presumable that t

S
he

6061M alloy will find an application in similar figs. The 1570 and 1421 alloys contain

scandium, which produces fine dispersiods and iswkn to significantly influence

mechanical properties and provide great thermddilgtato the fine grain microstructure.

These fine dispersoids should almost provide SMc&ire stability in these alloys. High
stable SMC structures are especially importanttierheat treatable 1421 alloy, since f
grain microstructures need to be maintained dunieating under quenching to attend h
service properties. The 1421 and 2219 alloys congage amount of reinforcement phas

From one side, such a composition hinders abibtycobld rolling in 1421 alloy and, from
another side, should provide high stability of Siiucture in these two alloys at a lgw

temperature superplastic condition. The IMSP teams hconducted preliminar,
examinations of these materials in small samplesfannd that SMC microstructures c
be developed.

The Project realization will bring to reality thewklopment of basis for commercial sc
technology for manufacturing products (rods ancett)efrom 1570, 1421, 2219 and 6061
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aluminum alloys with SMC structure by CAE and CHfehniques. Service properties a‘nd

workability of these alloys will be evaluated.
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Following partial objectives will be attended iretbontext of the project:

increase in ultimate strength and yield stresslwhinum alloys at room temperature|at

1.2-2 times as much with sufficient resource ofsfitity, fatigue resistance and

toughness;

— optimization of technological route for manufaatgr commercial sized billets from
aluminum alloys with SMC structure;

— optimization of IPS methods, development desigiolihg, manufacturing die sets;

— development of technological basis for manufanturisheets suitable for low
temperature superplastic blow forming from aluminalfoys with SMC structure;

— development of technology for low temperature bfomming of aluminum alloys with
SMC structure;

— analysis of the effect of SMC structure on staticength, toughness and fatigue
resistance of aluminum alloys;

— market evaluation for commercial use of alumindimya with SMC structure.

Applied research will be focused on service prapsrand workability of 1570, 1421, 2219
and 6061M alloys. The effect of heat treatment walwion of SMC structure will be
carried out. It can be expected that coherent mat@#\kSc particles in the 1421 and 150

alloys will stabilize SMC grains at heating up t@aenching temperature. Examination|of
microstructure evolution of aluminum alloys duriti@S and following deformation and
annealing as well as investigation of the effecSMC structure on resulting mechanical

properties will be carried out not only in the aaxitof applied research but almost basic
research. It will allow an outlook on the naturedeformation mechanisms and mechanisms
of SMC grain formation, as grain boundary structaffects on mechanical behavior |of
aluminum alloys to be expanded.

Results obtained in this work could be used by aum industry for manufacturing bulk
billets and sheets with SMC structure exhibitindpamced service properties and improyed
workability from 1570, 1421, 6061M and 2219 alumimalloys and alloys of the same
series. SMC sheets and billets from these alloys loa suitable for low temperatufe
superplastic forming and forging. Feasibility tooguce sheets with improved service
properties, especially from the 1421 alloy, wilbpide market by new products. A growth
in market for these products can be expected.

Scope of activities.
The following activities will be performed in themtext of the submitted Project:

1. Development of technical conception on toolingige for manufacturing commercial
sized billets from the aluminum alloys by the udeGAE and CHP techniques.
Development of design documentation and fabricatibiooling for CAE and CHH
techniques. Evaluation of ability of these techeigtio produce SMC structure in the
1570, 1421, 6061M and 2219 alloys in comparisoh WCAE technique.

2. Development of technological route for producB®IC structure in the 1570, 142
6061M and 2219 alloys by CAE and CHP techniquesAEE@nd small sized CHF
(sample size does not exceed 20 mmx20 mmx80 mrhpevilsed to develop optimu
route of thermomechanical treatment. Commerciaddsibillets will be produced b
CAE and CHP techniques with the use of thermomeachhregimes based on ECA
and small sized CHP experiments.
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3. Development of regimes for SMC sheets processindgeasibility of cold (warm)
rolling of billets with SMC structure produced byAE and CHP techniques will be
evaluated. Parameters of rolling will be develofmdalloys of different nature. Basis
for pilot technology of sheet manufacture of aluamm alloys with SMC structure
(grain size in the range of 0.3-0u8n) will be developed. Pilot lot of thin sheets
150300 mm in dimension will be produced.
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4. Evaluation of room temperature service propertésaluminum alloys with SM(Q
structure including static strength, hardness,tigig crack resistance, toughness 3
fatigue limit.

5. Examination of superplastic behavior of alloyshwSMC structure. Low temperatu
and high strain rate superplasticity will be exagdifn tension and by biaxial test (blg
forming test). Optimum regimes for blow forming Wile developed. An effect g
superplastic blow forming on resulting microstruetuand properties at roo
temperature will be examined.

6. Examination the stability of SMC structure ungest-deformation static annealing
IPS aluminum alloys. Evaluation of an effect of wentional heat treatment Q
structure and resulting properties of the 1421 a@um alloy with initial SMC structure
will be carried out.

While implementing the Project the following actigs will be pursued:

— The tooling design will be performed for CAE antifE techniques to manufactu
commercial sized billets from the aluminum alloy#hawSMC structure (technolog
development).

— Feasibility for SMC sheet processing by cold (wWamwlling will be examined for
billets produced by CAE and CHP techniques (teatmpbevelopment).

— Superplastic parameters will be determined fapyallwith SMC structure at tensid
and biaxial (blow forming) tests (applied researchie origin of low temperatur
superplasticity in aluminum alloys with SMC strugtuwill be examined (basi
research). Optimum regimes for low temperature biosning will be developed fo
alloys with SMC structure (technology development).

— An origin of SMC structure formation during IPSlvie examined (basic research).
this basis the optimum regimes of thermomecharnesgtment will be developed f{
produce uniform SMC structure in bulk billets (teology development).

— Phenomenology and nature of effects of IPS and SdiGcture on mechanical

properties of aluminum alloys will be analyzed (&ggband basic research).

— Phenomenology and origin of evolution of SMC dtuoe and mechanical properti
during post-deformation annealing will be examing@gpplied and basic researcl
Feasibility to use structure hardening effect cduse SMC structure formation will b
evaluated in a heat treatable aluminum alloys toaroe service properties (appli
research and technology development).

— Preparation of annual and final reports and anelcgy implementation plan for
commercial use of technology developed.

Role of foreign collaborator.

Prof. Taku Sakai is a worldwide known expert in tieéd of grain boundary formation and
grain refinement during plastic deformation of nlietanaterials, aluminum alloys
included. His recent activities are focused on A8 analysis of the effect of fine grain
structure on mechanical properties of metals alogslHe and his group will take part in
technical monitoring of the project activities. Tieam will take part in discussions of
current project tasks, joint publications and ptteRrof. Taku Sakai will focus his efforts
on the forecasting of commercial profits from thse wf technology and equipment
developed for producing SMC structure in alumindloya. He will evaluate market in
Japan, USA and EC for this technology. Couplinépoéign collaborator and Russian
institutions efforts for project fulfillment will ssist in acceleration of commercial
implementation of the technology developed for nfacturing aluminum alloys with SMC
structure and enhanced service properties and Wilitia
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A = /A Development of the Detector Production Technology for New Generation of
Positron Emission Tomographs to Be Used in Medicine and Pharmacology
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TrYes MEE Main objective of the Project is development of teehnology of scintillation detectors
based on new scintillation materials with attraetproperties, new types of photo detectors
and new approach for data acquisition and procgsgipplication of these scintillation
detectors in medical imaging will allow increasirsgnsitivity of measurements and
reliability of data, with simultaneous drop of tlpatient dose. This objective will b
achieved by solution of the following tasks:

[0)

— Development of laboratory technology of the luteti perovskite scintillation crystal
for positron emission computed tomography, distisiged by increased conversion and
detection efficiency and speed. Gain in sensitigityt least of factor 10 is expected|as
compared to currently used BGO.

— Development of laboratory technology of detectadmie consisting of the lutetium
based scintillators and new position — sensitiveotphdetectors such as phato
multipliers and avalanche photo diode arrays.

— Search and synthesis of a new generation of paigpdutetium based scintillation
materials for X-ray and gamma-radiation detectigatems for their use in medical
radiology.

During the Project we plan to perform:

— Development of laboratory technology of the lutetiperovskite scintillation material
suitable for industrial assimilation at BTCP, foppéication in positron emission
tomography (PET).

— Theoretical and experimental search of perspectitetium based scintillation
materials of a new generation for X-ray and gamadiation detection systems used
positron emission computed tomography, X-ray comgutomography and single
photon emission computed tomography.

in

— Theoretical and experimental search of advancgdrithms of data acquisition and
processing for a new generation of positron emisgimographs.
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Design optimization and development of laborateghnology of scintillation detectol
for application in positron emission tomography.

Experimental study of the performance of the snaamimal PET detector modu
including scintillation detector and read-out elentcs.

Preparation and presentation to ISTC materialgwutigk Project.

2]
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The objectives of this project are to develop:
The experimental database on the properties d¢f pigity Beryllium and beryllium
coatings on the surface of construction materiatglen comditions typical fof
Thermonuclear Reactors;

The technology for manufacturing of high purityyskum, beryllium coating and foils

The practical recommendations on candidate maseivalthe first wall of Thermonuclear

Reactors.
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Tavxl Development of the Protection Plate Resistant to Unauthorized Effects
Mechanical, Thermal and Chemical Break Means
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The objective of the project "Break protection pfais development of protection for safg

cases, rooms, etc. against break with various meahsmechanical, thermal,

thermomechanical and chemical types.

PS,

or

The topicality of this project is explained by thecessity of protecting the stored
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transported valuable or especially dangerous gdom® unauthorized opening using
various special means or cutters.

Currently, there are rather many developments i dhea, but all of them have specifi
drawbacks. In particular, these are as follows:

Cc

— inability to resist the existing break techniqeesh as cutting with various mills and
cutters, shooting through with small arms followsd drilling out of holes and othe
methods;

— inability to resist fire effects resulting in wealing of the protection facility walls an
easy break with mechanical means;

— inability to resist chemically active media effect

— they require additional application of power suggplin the protection system (gas
cylinders, etc.), the means ensuring their norrpakration (valves, pressure regulators)
and control instruments, which makes operation ndifficult and reduces service
safety.

=

o

The break protection plate is proposed that istast to:

— effects produced by autogenous welder and elemtricutters;
— effects produced by mechanical cutters and drills;

— effects produced by individual small arms;

— effects of chemically active media;

— simultaneous (combined) effects produced by tlwealactors.

This problem solution is achieved due to approprisglection of materials having high
protection properties and their optimum design doation. The surface density of the

break protection plate is no more than 80 l?gtmd it is 40 mm thick.

This development has no analogs in the domestic farglgn practice. The technica
decision has been protected by the Russian Feaerasitent for the invention (pateNg
210659, priority of 31.01.96).

It is our opinion that the project results may lhénterest for institutions of the Ministry fg
Atomic Energy of the Russian Federation and for tf®A Department of Energy. The
may be also of interest for the countries and cangsadealing with dangerous chemical
and other harmful substances as well as with viduaid expensive items.

< -

The partner participation consists in the Projétaricing and in joint application of the
results.

Participation of collaborators in the Project cestssin joint consultations, discussion of the
activities and their results.

Scientific research institutes, private firms andhpanies, experts from the USA, the
European Community, Japan, Norway and South Kaieaffered to participate in the
Project as collaborators.
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a4 Development of Silicon Carbide Semiconducting Material for a new
Generation of Radiation Hardened and High Temperature Sensors and
Electronics
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The purpose of the project is to develop a new iggiom of high temperature and radiatipn

hardened sensors and electronics. Studies and hsarkeys have shown that a need ex
in the commercial sectors around the world for Higimperature and or radiation harder

sensors and electronics which can operate up t6¢®p8a fluence of 146 n/cr?. and a total
dose of several hundred megarad. Applications figh hemperature and/or radiatig
hardened electronics include electronics mountednternal combustion engines and
turbines (automotive and aircraft industries), povedectronics used for all-electr
automobiles and all-electric control of aircrafigth speed power electronics for radar 4
power conditioning, signal processing and powectedmics for geothermal exploration a
oil well logging, monitoring electronics for higkrhperature food processing and chem
processing plants, electronics for environmentadlysis and restoration of nuclear a|
chemical wastes and instrumentation and contrdégsys for commercial reactors and spg
reactors. Currently available commercial electrentan function adequately to 150 °

1014 n/cn?, and up to several Mrad. Initial studies show tkdicon carbide base

ists
ed

n
et
c
ind
nd
cal
nd
hce
C,
d

electronics have the potential to operate at teatpsrs as high as 650 °C and in radiation

environments several orders of magnitude more eethlain silicon based commerc
electronics.

This project will address the ISTC's objectivesfigding SPETU and FTIKKS scientist
engineers, and technicians to produce silicon darbased electronic materials and sen
which can be applied to the commercial and civédwlisted above, he research staff \
be able to carry out both basic and applied rebetiraevelop silicon carbide electron

al
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materials technology which can be applied for phdceurposes in environmentJi

protection, energy production. nuclear reactortgafend other commercial industries such
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as the automotive and aircraft industries. Fundifipis project will allow the research stg
to collaborate and work jointly with private compes interested in developing silicg
carbide based electronics for commercial applicatioSuccessful development a
commercial applications of silicon carbide basedemals, sensors, and electronics W
ensure the development of long term career oppitiganin the civilian sector and wi
strengthen the scientific research and developsgrdcity of the Russian institutions.

Westinghouse and Sandia National Laboratories mage with SPETU and FTIKKS t
discuss future joint activities in research andedegwyment of SiC materials and sensd
Westinghouse, Sandia, SPETU and FTIKKS jointly adréhat Westinghouse and San
would evaluate SiC material and sensors developddrihe ISTC proposal; Westinghoy
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and Sandia would recommend changes to improve Hierial and sensors throughout the

duration of the project. Westinghouse and Sandith &$o seek to implement othg
proposals to develop SiC as an augmentation tadtieities of the ISTC proposal. Perhg
the European and Japanese companies will be tootesimples and would recomme
change characteristic of growing crystals of thgjqut also.

There is interest in development of SiC electromerials in: France — Thomson CS
Merlin Gerin; Germany — Siemens, Daimler-Benz, BosStweden — ABB; Japan —|
Sanyo, Sharp, Nissan, NKK Steal, Sumitomo; USA — ftkighouse, General Electri
NASA, CREE, ATM etc.

The scope of activity will involve developing higfuality and purity silicon carbide wafe
with a minimum of defects and unintentionally irduzed impurities. Studies will alg
concentrate on developing processes to dope thersvefiring growth t create wafers wi
various electrophysical properties. High qualityfeva are the foundation upon whi
transistors and sensors can be fabricated. Thenitedhand methodological approach
achieving the objective is based upon continueddawvgment of the modified sublimatio
technique, an existing silicon carbide wafer growthcess. Silicon carbide sensors wh
can monitor radiation, temperature, and pressultelsb be developed and fabricated.

Expected scientific results will include understagddefect forming mechanisms duri
silicon carbide growth, how the sources of unwaniegurities are included during wafg
growth, and conditions which are necessary to obtliping at desired levels and wi
desired uniformity across and through the waferesehresults will be summarized ag
series of process steps to grow silicon carbidersaf

The development of high quality wafers will havemediate commercial significance.
Silicon carbide sensors, transistors, and intedraiteuits must be grown on high quality
wafers. Development of high quality wafers willeall development of high quality
electronics. These wafers can also be sold to coimpinterested in fabricating silicon
carbide transistors and sensors but who do not theveapability to produce silicon carbid
wafers. The development of high quality sensorfaislo have immediate commercial
significance; sensors which can operate in thersesevironments described above can |
applied to the market place immediately.
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Organic Polymer Light Emitting Devices
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The goal of the proposed Project is investigatibthe mechanism of electroluminescer
in polymeric systems and determination of the optioonditions of its occurrence in ord
to select the most efficient macromolecular lumimaes and the most suitable polyme
layers which will be able to carry significant injed currents at low voltage. Among the
polymers are newly synthesized promising classepatymers - poly (hydroxyaming
esters), aromatic polyimides, vacuum-deposited griline, intercalated carbon material

along with highly efficient low-molecular-weight ptoluminophores: 2-phenyl-4H-3,1
benzoxazinon-4, oxadiazoles and widely used 8-hgdpginoline metal complexes.

Photophysical and electrophysical properties ofkehenaterials make them suitable
usage in organic light-emitting diodes (OLEDs). Waso intend to investigat

electroluminescent layers made of thin films ofwam deposited polyconjugated polyme

such as polythiophene, polypyrrole, PPV and others.

We intend to increase significantly (up to 10%) tuantum efficiency (photon/electron)
the polymer OLEDs and prolong the operation timetld devices. These paramet
depend to a large extent on the physical and cteéraging of the active light-emitting an
transporting polymer layers. Therefore we will isiigate the influence of the physic
chemical state of the polymers, which is determibgdhe polymer specific free volum
Tg value, orientation of the macromolecules, the igtehy of polymer specimen etc., on t

quantum vyield of photoluminescence, the chargearatmansport and hence the efficien
of electroluminescence. In order to develop newedting layers and methods
manufacturing of stable electroluminescent imaghe, processes of photodoping
electroconducting polymers and photochemical foimnabf luminescent elemento-orgari
complexes will be investigated.

Particular attention will be paid to the investigatof charge carrier mobility in polyme
matrices and preparation of the trapless polymgergawith high charge carrier mobilit
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This is important for the protection of the OLEDerh the Joule heating. In this contex
theoretical analysis of charge carrier transpordigordered and locally ordered polyme
matrices will be carried out.

Results of these studies will help us to find dw telationship between the characteris
of the electroluminescence and the transport, physhemical and structure properties
the polymer materials. As a final result of thedstigation, highly efficient thermostab
OLEDs will be produced.

Possible roles of international collaborators are:
(1) Synthesis and chemical modification of new paoty materials for electroluminesce

layers and investigation of the morphology of podyntayers (group of prof. G.W.H.

Milburn)

(2) Investigation of spectral properties and refimxe processes hi electroluminesce

compounds using second harmonic generation met{igoadsp of prof. Rychwalski)

(3) Joint theoretical researches on charge camamsport in disordered organic matrig
(groups of prof. Dunlap, prof. Parris, prof. Aofrof. Soos, prof. Bassler)

(4) Mesurements of charge carrier drift mobilitieselectroactive compounds (group
prof. Bassler)

(5) Investigation of propagation of chemical reactfronts in conductive polymers
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using unique microvisualization technique (groupuaif. Aoki).
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A= The New Technology for Production of Better Quality Perlite Fillers and
Materials on Its Basis

W Ean BB M. MBI O
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a7 M In this project it is planned to develop and reslkea technology for production of better

quality perlite filler with stable and predictaldet of characteristics. This technology is
innovation in perlite production practice, as lbals to classify the starting material, i.e. t

an
he

perlite rock, by its density in order to optimizeetparameters for material refinement and

perlite expansion.

Analysis of scientific- technical literature on praction of lightweight porous filler from

perlite crude, shows that there are significaniea@ments in this area - such as design

perlite expansion furnaces and their developmetdterminationand control of physicor

mechanical and physico-chemical parameters ofdhk, s well as regimes of preheati
and expansion.
However this is not enough for provision of effgetiproduction of expanded perlite a

ing
ng

nd

materials on its basis as the used filler has naranteed and optimal set of characteristjcs,

as it directly depends on the homogeneity of the pertitk.
The complex structure of perlite deposits as welhan-rational technologies used for th
mining, which does not take into consideration dglkelogical particularities of dimension
allocation of perlite rock and their different sfge; causes a low quality and efficiency
the extraction of perlite rock. A characteristiemature that is often observed, is that

perlite flow can be considered as a zonal bodyyagalihve bedding of which different type

of perlite (of different densities), as well as ioligns are met.
The only method of perlite mining used in the wavidie practice has serious disadvanta
— it doesn't ensure the homogeneity of the raw nateThe range of changes of physig
and technical characteristics of perlite is widartigularly the density, which is changir
along the bedding of the volcanic flow, as wellvath its spatial distribution. The densi
ranges from 900 to 2200 kg/m3.

As a result of bore-explosive works and excavationgperlite deposits with complicate
structure, we get raw material with mixed perlifeecies, which have different densiti¢
The narrow grading of primary and secondary crugiaed material, which is provided i
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normative documents, doesn’t solve the problemnsfieng the homogeneity of the perl

te
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for expansion, instead the heterogeneity even &se® during this process.
Getting homogeneous raw material from perlite depds a difficult problem, but it is quit
possible to solve it. With a scientific approachsitpossible to design brand new ways|

perlite rock preparation with stable and improvedchnical and technological

characteristics. We intend to use non-traditionathads of perlite mining by selective-th
grooving of layers in order to prevent the mixirfgperlites with different density.

Preliminary investigations that we have made (Atagperlite), show that there is
dependence between physico-technical and techwalogharacteristics of the rock and

]
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its

density. As a consequence of this, density iseth@s a main criterion for evaluating the

quality of the raw material.

The core of the method is the following classificatof perlite from a given perlite deposit

by its density:

700-1000 kg/m3 — pumice-type

1000-1300 kg/m3 — porous

1300-1600 kg/m3 — slightly porous

1600-1900 kg/m3 — dense

1900kg/m3 and more- massive.
Each density class has its optimal regimes of etum and rational ways of usage.
So it is necessary to make selective mining andhrsg¢p crushing of different types
perlite. This will enhance the efficiency duringetiexpansion process and will allow|
considerable decrease in energy expenses. Théngxistishers are designed for crush
of durable rocks and have a low elective capdeiyling to a significant amount of ov
granulated material.

The usage of a jaw crusher (brand SM-741) will\vallm reduce energy expenditure for

crushing porous species by 55%, and for slightlyops species by 15%. So it

recommended to use either low-powered crusherpdmyus and slightly porous species
use a spare regime for their crushing. If the dgrefithe crushed raw material is constg
the crushed product will have stable charactessand its granule-metric composition w
be dependent on product density.

Our investigations show the dependence of chaiatitsr of the expanded perlite-such
density, water absorption, specific surface, thérooaductivity, from the size of particl
and from the density of bed rock.

Using Aragats perlite deposit raw material, tBat@mogeneous in density and size, we
get 13.8 m3 expanded perlite from 1m3 raw matertais using the traditional technolog
we can get only 9m3. So the new method is 35% highefficiency.

So, the proposed technology allows to produce drigjuality filler with stable guarantee
characteristics and with improved economy in itsduction process.

We have also made a comparative analysis of theisticoand insulation materia
characteristics, using common expanded perliteisfgatg the requirements of GOS
25226-96, brand M75, and also using filler with ighler quality. The usage of high
quality filler will give the opportunity to reduds usage by 10% without changing t
physico-technical characteristics, thus to reduwe dost price, as the filler is the mg
expensive component. Usage of such filler mateasialso very advantageous in terms
ecology — the stone resources are not revivedénntiture, and their rational and care
usage is very important. As ecological aspects wifdimg materials is getting mor
important in all areas of human activities, we mamteliminary measurements for tf
determination of radioactive parameters in varipadite species. We concluded that {
radioactivity decreases with increasing densitgr{fr1000 to 2000 kg/m3) and decreas
size fraction (from 5,0 to 0,14 mm).

Thus, we have all the bases to affirm, that thggsated method of getting higher qual

porous aggregate with guaranteed set of charatitsris economically more effective than

the widely used method.

The goals of the project are:
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- Investigation and establishment of consistentepast of changes of physico-
technical and technological characteristics ofifgerbck and interconnections between
them, as well as the exposure of the most reaseifasic) criterion of its complex
evaluation.

- Development of methods for determination of bagiality evaluation criteria for
the raw material in the quarries, which will enattie operative quality control for the
mining and manufactured raw material.

- Evaluation of dimensional allocation of the perlibck and its species in the perl
deposits according to their depth and expansiors. &¥aluation will allow to specify the
main elaboration characteristics for getting qyaistw material for expansion.

- Development of a rational technology and basdbhetharacteristics of the mining

works especially for mining of raw material foqpansion.

- Investigation of mechanism for changing the chiréstics of the rock, which will
influence the process of expanding during its dngh

- Analysis the influence of characteristics set bytain criteria, on the
characteristics of expanded perlite and its ingesibn by modern physico-technical and
physico-chemical methods.

- Investigation of the possibilities of a controlleldange of characteristics of perlit¢

material, produced by using improved aggregate.
- Synthesis of new compounds, taking into considtanahe structural differences
and physico-technical characteristics of expandetite.

Asaresult of this project the following problems will be solved:

- Development of a new low-resource and low-eneaysaming technology to
produce aggregates with improved and predictatdeacheristics.

- Creation of a new complex evaluation method fotifgefields and a rational
technology for their elaboration.

- Development of recommendations for effective usafgeerlite rock, expanded
aggregate and corrections made in the normativeteal documentation concerning the
classification of the rock by densities.

- Development of the new wood-substitutes compagsiteshe bases of improved
aggregates and fiber components.

- Reorientation of highly qualified scientific stdéfr peaceful problems solution and

for encouragement of investigations and engineesioiks for peaceful purposes.
- Integration of the scientists into the internatibsociety.

The staff of the CIJSC Stone and Silicates” has aarlon the investigation of perlite rog

development of effective technologies and productad expanded perlite and perli
materials for a long period.
The authors of the project invite scientific cotlges, investigation organizations a

companies dealing with extraction and productioexganded perlite, as well as individual

experts and scientists from Europe, USA, Japarkamnda for cooperation.
We also suggest the organization of joint seminadsscientific researches.
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a4 Bases of Perlite Rocks Bloating New Theory and Technology; Productipn of
Light-Weight and Higth-Strength Products from Perlite without Using a
Foreign Binder
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The goal of the Project is the development of ferocks bloating theory and technology

new basis. Utilization of heat-insulation materialsd products on the basis of bloaf
perlite softens to some extent the problem of @rergy and raw materials resourg
saving. The bases of perlite bloating processesatréully studied at present, which resu
in incomplete use of properties hidden in naturaterial. To produce lightweight produg
it is necessary to use binder of organic or noraoigjorigin together with bloated perlite.
both cases energy costs and products cost are bwirgased. Perlite bloating proces
have different and contradictory interpretatiopegsent, such as:

- In one of the work the author considers that mytieating the heat flux front does
pass inside the grain at once, therefore peripHayars bloat first and then deep
ones;

- L.N. Yavits assumes that in case of perlite ganupt heating the surface layer loo
water quickly, increasing therefore the viscositytte layer which serves as an elag
film covering the glass main floating mass;

- According to P.P. Budnikov and A.E. Rohvargergsformation takes place only whg
small grains are placed in high temperature areanaé where they undergo sha
thermal shock. In case of slow heating gradual mates occurs without perlite glag
mass bloating;

- D. Shackley and M. Alien are of similar opiniofhey discovered that small perli
grains bloat while heated at a rate of 9907min;

- N.S. Manujlova has studied the bloating procesdeu microscope and found that
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begins at 600 °C with pore-formation in the cemfeperlite cell from where the
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process is being spread all over perlite full;

- Another approach was presented by E. Saakyanadthed 4.5-9.3 mass % of sodium

oxide (in form of NaOH), that reduced the mixtutiscesity by combining the mags

pyroplastic state with gas component evolutionthis case the production of cellul

material is getting possible by cellular glass testbgy. Consequently, adding of alkali
into the raw material will cause rise in price bétproduced light-weight material and

ar

will reduce material heat resistance from 950° @0°€. We consider this not the best

problem solution.

The following problems will be solved as the resuif Project implementation:
- creation of perlite rocks bloating new theory aachnology;

- designing of new large-scale laboratory productine to produce light-weight

products from perlite without using a foreign finge

- reorientation of highly qualified personnel onapeful problems solution; scientists

integration into the international scientists stgie
- assistance in solving international and natiggrablems in seismostable constructi
and fuel-energy and raw material resources saving.

The following experts participate in Project impkemtation:
Doctor of Technical Sciences: 2 experts
Candidates of Technical Sciences: 4 experts.

Thus, a completed theory, explaining the bloatingcpsses and allowing to fully use t

rock properties, as well as to produce heat registad high-strength light-weight produgts

without using a foreign finder is not availablepatsent.

It is envisaged under the Project to perform sdierdnd research works on revealing t
floating processes mechanism, establishing theegmdine new theory and scheme

production of high-strength light-weight producterh perlite rocks with high operating

temperature at large-scale laboratory installatisithout using a binder and wit

he
for

controllable structure and properties. It will alido widen the raw material basis, to redyce
the cost of light-weight products manufacturing am@xpand their utilization areas, as well

as to open a great perspective of glass rocksibgpstchnology improvement with further

products cost reduction by simplifying and automgthe technological processes.

The Manager of the Project, Varuzhanyan A., defdraléhesis in chemical - Technologigal
Institute after Mendeleyev D.I. in 1967 in Moscow a subject "Investigation of water

vapors influence on perlit rocks viscosity and kileg at softening interval under increas
pressures " which he had been performing underagail of the USSR Academy
sciences member-correspondent USSR A.S. acaderflg@n Petrovich Budnikov.

The Other Scientific workers and engineers arehlftigqualified. They dealt with
investigation of volcanic glassy rocks porizatittusture and conditions.

The activity of the group consists mainly of foimglperlite rocks bloating new theory a
of drawing up new theory bases for obtaining higkrgth lightweight products fron
perlite without a binder.

What refers to foreign collaborators role, in diddi to the foreseen in "Instruction on t
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proposals preparation” from 09.10.1998, particgratis desired in testings of the new

technology and especially when obtaining light-virtifpighstrength products from fine

dispersed powoler (less then 150uJtm), which fatoring perlite rock grains production.

If

desired, they can participate themselves or joimtith others on share bases in the

implementation of the new technology into the pithn of lightweight high-strengt
products from perlite rocks.
The Project conforms completely to the tasks ampgses of 1STC.
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Study of Processes of Destruction of Freshwater Polycrystalline Wede
Range of Temperatures and Strain Rates
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In spite of the fact that ice belongs to numbernmfst ancient natural materials,
properties have been studied far insufficientlycdn be explained by objective reasg
Because of great variety of structures, composstiophysical-mechanical states, i
properties are also rather various at various perans of effects (temperature, intensi
duration and scale of effect, etc.).

Polycrystalline ice is a model material useful imdamental researches in the field
mechanics of a deformable solid. Study of physazad mechanical properties of ice is
traditional and ultimately determining from the pioof view of the subsequent engineerir
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technical applications. Many works are mostly dedotto properties of freshwater
polycrystalline ice under static loading. To thegent time the properties of freshwater |ice
under dynamic loadings and regularities of icetfrecare researched much worse.

A small number of works on study of ice crack-resise have been published.

The concepts existing in fractures mechanics hagenbjust started to be used for
description of ice fracture. There are a few wooks determination of characteristics |of
freshwater ice crack-resistance. Researches ofk-ceststance of sea ices in the

environment of deformation from quasi-static updismamic from 10 up to 18 s1 have
not been performed.

Goal of this project is study of processes of fuieetof freshwater polycrystalline ice in|a

wide range of temperatures (from -60 td’cl) and strain rates (from 19to 10 s‘l). Thus
in the specified range of temperatures, the phisiezhanical characteristics of
polycrystalline ice will be determined.

Within the framework of the Project, it is planea ¢arry out collection, processing and
analysis of data published in Russian Federationplysical-mechanical properties pf
polycrystalline ice.

Itis planned to perform the following efforts umdiee Project frameworks:

— to develop a series of experimental techniquetgakito account peculiarities of
polycrystalline ice;

— to determine the physical-mechanical charactesistif polycrystalline ice in a widg
interval of boundary conditions of loading and opaiof thermodynamic state;

— to study influence of deformation changes of itecture on its physical-mechanical
and strength characteristics, and regularitiessdfacture;

— to study processes of origin, accumulation andramtion of cracks, and fracture of
polycrystalline ice;

— to study interactions of steel cylindrical impastwiith ice slabs;

— to study influence of scale factor at dynamicgest

It should be noted that for the first time, in thethor’s opinion, it is expected to obtdin
experimental data at strain rates of polycrystallges = 10-1¢t 51,

During Project efforts, it is planned to manufaetarportable device designed by one ofthe
Project authors (Penetrometer. I/s USSR1539583 kl. GO1N 3/48. BulNe 4 30.01.90).
This device is intended for collecting data on nastbal properties of ice in the
environment of its natural deposition. It is pladne collect data on particular region.

Result of the Project will be accumulation of data fundamental issues important for
thorough understanding of ice fracture processes.

Except for the contribution to fundamental studit® data obtained in this Project pn
dynamic characteristics, dynamic crack-resistastgly of interaction of steel cylindrical
impactors will be useful for solving of a lot of @jed problems, for example, for struggle
against ice jams, solving of glaciers problems, &tee above-mentioned portable dev|ce
produced during the Project efforts can be usesktimate ice massive state for prevention
of catastrophic situations.

Peculiarity of experimental studies planed withia Project framework will be solving of|a
series of methodical problems, which are taking imtcount specific properties of ice. |In
order to reduce scatter of measured values caugedsitiual stresses and defects in fice
structure, it is planned to develop the technique Mmanufacture of samples of
polycrystalline ice in laboratory environment, aheé methods for estimation of identity pf
initial ice samples intended for mechanical tests.

It is planned to up-date the available experimetatathniques, and to develop the measuring
complex for observations of changes in microstmgctaf polycrystalline ice directly durin
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deformation without need for unloading and micrati®eas production. This method

based on volume probing of a deformed sample bl-figquency acoustic impulses a
recording of amplitude-frequency parameters of Adhals. The method is verified by th
authors by testing ice and other structural mdtedtvarious types of stress-strain states

For keeping the required temperature during tests,plan to use cryochambers. T|
minimum gradient of temperature will be reachecdhvitie help of two thermostatic she
and additional cooling of supporting platforms loé testing machine.

The processes of origin, accumulation and intesactf cracks, as well as fracture
polycrystalline ice of various structure at statitl be carried out with the help of th
acoustic methods.

Studies of initiation and interaction of crackslamge-sized ice slabs during tests by
split-Hopkinson-bar method will be carried out witte help of high-velocity digital vide
camera making 10 thousand frames per second.

Mechanical characteristics of polycrystalline icé aniaxial dynamic tension an
compression during Project efforts will be deteradirby the split-Hopkinson-bar methg
(the Kolsky method).

This method for testing of structural materialssatin ratess = 10-1¢* s1 has correct

calculated and experimental substantiation. Onbtes of the Kolsky method in VNIIEF

more than twenty years ago, the testing facilitieth explosive damping loading we
developed and used. They allow to perform testsh hiat the field and laborator
environment. The explosive loading device allowdaion impulse loadings of trapezoid
shape, and to vary loading amplitude within a wiglege. This enables to perform testing
materials, which are tens times differ in strengipplication of compact cryochambe|

allows to perform dynamic tests at decreased teatypess (up to -66C).

Specified temperature will be also kept at end damemeasuring cores, between whic
tested sample is placed.

Study of process of interaction of rigidly-cylindal impactor with large-scale slabs of i
will be carried out at unique ballistic faciliti®gth use of energy of explosion and press
of compressed gas for formation of impulse loadihggpactor velocity is 350-500 m/s.

The principle of operation of the above-mentionedtgble device, which is planned to
produced during the Project efforts, is based adiss performed by the authors with i

fracture at dynamic insertion of a rigid spherigadlentor equipped with piezoelectr|

accelerometer.

Methodology of the researches fits the world leVels based on works of G. Kolsky,
Klepachko, and scientists from RFNC-VNIIEF. Thicheique allows researching t
dynamic crack-resistance of materials at variongpgratures that is a doubtless advan
before the known Russian and foreign techniquesvallg carrying out tests only at norm
temperature. The proposed technique for researdiiragfmic crack-resistance in applicati
to the problems of research of polycrystalline @ed ices is pioneer, facilitating deej
understanding of complicated regulations of theicture.

The author's team has wide experience in experahshidies of mechanical characterist
of polycrystalline ice and processes of its fraegtdepending on temperature and load
rate, and in experimental studies of dynamic fr&ctf materials in various environments
loading.

From the early ) alongside with the other studies of dynamic gjterof materials
performed for a long time already, the author'amtdaas studied their dynamic crag
resistance.

Competence of the highly skilled participants af Broject in the field of study of physica
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environments of loading does not cause doubt, gl documentary confirmed by larg
number of publications.

It gives reliance that the Project objectives wélreached by efforts of the author's team
This Project meets ISTC goals and objectives:

— Project relates to fundamental researches. Expatah data got in the Proje
frameworks will make large contribution to thoroughderstanding of processes
destruction of polycrystalline ice.

— Project encourages involving of experts producimgnuclear ammunition int
international cooperation.

The suggested Project provides highly skilled weapsrientists and engineers from RFN
VNIIEF with opportunities to redirect their talerits peaceful activities.

Project duration is 2 years. Role of foreign Catlidtors includes discussion of place for
arrangement of experiments aimed to determine nmézddgproperties of ice in

C-

environments of its natural deposition.




