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SCIENTIFIC PROGRAMME

October 6, Monday

Opening ceremony:
930 – 1010
J.-C. Niepce

Why a SHS Group in France?
1010 - 1050
A.G.Merzhanov
SHS in Russia: Historical Sketch

1050 –1100
Coffee break

Morning session: 
Structural Macrokinetics/External Influence 

on the Process
1100 –1125 B. Cochepin1,3, E. M. Heian1, D. Vrel2,3, N. Karnatak1,3, M. F. Beaufort1,3,S. Dubois1,3
Determination of TiC Nucleation Sites during SHS.

1125 - 1150 I.P.Borovinskaya. SHS Materials

Regulation of Physical Properties in the Course of Structure Formation.

1150 – 1215 D. Vrel1,3, N. Karnatak2,3, E. Heian2, S. Dubois2,3, M. F. Beaufort2,3, 
B. Cochepin2,3
High Temperature Thermal Diffusivity of Combustion Synthesized Samples.

1215 – 1240 A.S.Rogachev, S.A.Kirillov, A.S.Kirillov
Nucleation and Growth of Product Grains during SHS: Experiment and Computer Simulation.

1240 – 13.05 D. Vrel1,3, M. F. Beaufort2,3, N. Karnatak2,3, B. Cochepin2,3, E. Heian2,
 S. Dubois2 
Influence of a Metal Surrounding a Reactant Mixture during SHS.
1305 – 1400 Lunch

Afternoon session: 
Structural macrokinetics/external influence on the process

1400 – 1425 V.V.Grachev
Structure Effects in the Theory of Filtration Combustion.

1425 - 1450 J.-C. Gachon
High Temperature Thermodynamics and SHS.

1450 – 1515 J.P. Bonnet1,2, A. Morançais1, D.S. Smith1,2
Activation of an SHS Stage in Partially Reacted Mixtures.

1515 –1540 V.A. Scherbakov
Electro-Thermal Explosion and SHS-Welding.
1540 – 1605 Yu.G. Morozov

Electrochemical Phenomena during SHS

1605 –1630 Yu. M. Maksimov, A.I. Kirdyashkin, V.S. Korogodov.
Non-Heat Regulation of SHS Using Magnetic and Electric Fields.  

1630 – 1655 M. V.Kuznetsov, Yu.G. Morozov, I.P. Parkin, Å. Kvick.
SHS Reactions in External Large Magnetic Fields: TRXRD Experiments, Novel Microstructure and Magnetic Properties in Ferrites.

1700 - 1800 
ISMAN Exibition attendance

1900 – 2000 
Welcome party

October7, Tuesday
Morning session:
 Mechanical allowing/TRXRD
930 – 955 F.Bernard 1,3, E.Gaffet 2,3.

Effective Effects of a Mechanical Activation Step on SHS Reaction in the Case of Intermetallics.

955 – 1020 S.Paris 1,2,3, F.Bernard 1,3, E.Gaffet 2,3, Z.A.Munir 4.  
SHS-Sintering Of Mechanically Activated Mixture Powders, a Versatile Route for Producing Dense Nanostructured Materials.

1020 – 1045 N.Z. Lyakhov. 
Mechanochemical Activation of SHS-Processes.

1045 – 1110 V.V. Chernetsova, K.G. Shkadinsky, V.A.Volpert. 
Mechanically Activated SHS (Mathematical Modeling). 

1110 – 1135 F.Bernard1,6, S.Paris1,2,6, E.Gaffet2,6, D.Vrel3,6, M.Gailhanou4, 
J.C.Gachon5,6. 
TRXRD in France: Results and Prospective.

1135 – 1200  V.I. Ponomarev, D.Yu. Kovalev. 
Method of Dynamic X-Ray Diffraction Analysis in SHS Researches.

1200 – 1225 B.P.Tolochko. 
Study of SHS-Processes Using Synchrotron Radiation.
1225 – 1315 
Lunch

1315 –1900 
Social Programme

1900 – 2000 
Dinner

October 8, Wednesday
Morning Session:
Thin films/Coatings/SHS metallurgy

930 - 955 J.P. Bonnet1,3, B. Haller1,3, A Grimaud2, JC. Labbe2. 
Coatings Prepared by SHS Assisted Plasma Spraying.
955 – 1020 E.N. Eremina, V.V. Kurbatkina, E.A. Levashov. 
Mechanical Activation of Low Exotermic SHS-Mixtures.

1020 – 1045 A.N.Nosyrev, I.G.Kanel, V.I.Khvesyuk, P.A.Tsygankov. 
Obtaining of Super-Multilayer Metal Films by Methods of Ion-Plasma Deposition. 

1045 – 1110 H.E.Grigoryan, A.S.Rogachev, A.N.Nosyrev, P.A.Tsygankov. 
Combustion of the Multiplayer Nanofilms.

1110 – 1135  S.G.Vadchenko, A.G.Merzhanov, I.P.Borovinskaya. 
Formation and Combustion of Thin Films and Coatings.
1135 – 1200 M.C. Record1,2, R.M. Marin-Ayral1,2.  
Contribution of Combustion Synthesis to Metallurgical Joining.

1200 – 1225 Yukhvid V.I. 
Metallothermic SHS.

1225 - 1250 V.N.Sanin, V.A.Gorshkov, V.V.Deev, V.I.Yukhvid, O.G.Ospennikova. 
SHS in the Technology of Gas Turbine Engine.

1250 – 1350  Lunch

Afternoon session:
 Structure evolution during SHS
1350 – 1415 A.M.Stolin, L.S. Stelmakh.

Theory of Deformation in SHS Processes.

1415 – 1440 T. Montesin1,3, F. Baras1,3, S.Paris1,2,3, E.Gaffet2,3, F.Bernard1,3. 


Role of Mechanical Strains in SHS Process: A Numerical Analysis by Finite 


Elements.
1440 – 1505 V.K. Smolyakov. 
Theory of Structure Transformations During SHS.

1505 – 1530  F.Nardou. 
Sinterability of SHS Powders.

1530 – 1555  A.E.Sytschev, O.K.Kamynina, A.S. Rogachev, L.M.Umarov, 
S.G.Vadchenko. 
Experimental Study of Spontaneous Deformation in SHS-Waves.

1555 – 1645   
Discussion and closing ceremony 

1645 – 1815  
Visiting laboratories of ISMAN
1830 – 2030  
Farewell party
Why a SHS Group in France?

Jean-Claude Niepce 1,2.
1. Manager of GFA – GDR 2391 CNRS - Université de Bourgogne – BP47870 21078 Dijon, France.

2. LRRS – UMR 5613 CNRS / Université de Bourgogne – BP47870 21078 Dijon, France.

----------

The SHS French group called « GFA – GDR 2391 CNPS» is composed of 11 French laboratories owning at different scientific domains such as Chemistry, Material Science, Physic and Mathematics. The objectives of this group are to combine abilities of each team for establishing a common scientific program in terms of synthesis, characterization and modelling. So, many subgroups have been formed for enhancing scientific exchanges. A presentation of major results (2001-2002) and prospective (2003-2004) will be illustrated this communication.

----------

About R&D of SHS in Russia

A.G. Merzhanov
The report describes history of appearance and development of works in the area of SHS. Four periods may be picked out.

The first period (1967–1972). Discovery of the phenomenon of solid flame and creation of the SHS method. The work of a small team in Chernogolovka at the Institute of Chemical Physics. Investigation of the direct synthesis from elements in autowave mode. Revealing of distinctive features of combustion mechanism and development of the methodology of the work on synthesis.

The second period (1973–1979). Embranchment of works. Expansion of raw materials base for SHS. Use of different chemical compounds (oxides, hydrides, etc) as initial reagents. Creation of SHS technology base for manufacturing powders, materials, items, coatings, and permanent connection of components. First production success (MoSi2 and high-temperature heaters, TiC and abrasive pastes). Organization of creative collectives in Tomsk, Yerevan, Kiev.

The third period (1980-1992). Governmental support of the SHS problem. Governmental resolutions. Scientific Council on SHS problems in the Committee of science and technologies. Houses building in Chernogolovka. Creation of Interdisciplinary Science and Technology Consortium – MNTK “”TERMOSINTES” and its head organization – Institute of Structural Macrokinetics. Organization of scientific-engineering centers in Kuibyshev (Samara), Alma-Ata, Tbilisi, brunch of ISMAN in Tomsk, scientific-educational Centre on SHS, Moscow Steel and Alloys Institute–ISMAN in Moscow. First results of production activity.

The fourth period (1993– nowdays). Destruction of the system of MNTK. Work under conditions of market economy. Financial difficulties. Activity on direct contacts.

Conclusion. The list of perspective directions in Russia is given. The report is illustrated with “hystorical” photos. 

Determination of TiC nucleation sites during SHS

B. Cochepin1,3, E. M. Heian1, D. Vrel2,3, N. Karnatak1,3, M. F. Beaufort1,3,S. Dubois1,3.

1. Laboratoire de Métallurgie Physique (UMR 6630) - Bât. SP2MI, Bd M. & P. Curie, 

BP 30179 - 86962 Futuroscope-Chasseneuil du Poitou Cedex, France

2. Laboratoire d’Ingénerie des Matériaux et des Hautes Pressions

99 avenue Jean-Baptiste Clément 93430 Villetaneuse, France.

3. GFA - GDR 2391 CNRS - Université de Bourgogne – BP47870 21078 Dijon, France.

----------

In order to obtain some information on the nucleation and growth of TiC during Self-propagating High temperature Synthesis, one can quench the reaction by embedding a part of the reactant mixture in a metal tube.  In such an experiment, heat losses increase with the depth of penetration of the reaction front into the metal tube. Thus, the reaction stops and information on nucleation and growth may be obtained by studying the microstructure of the product with distance from the extinction front. 

From scanning electron microscopy, it is demonstrated that the TiC grain sizes increase from 2 m to 20 m when the distance from the extinction front increases from 900 m up to 1500 m. This result is in qualitative agreement with results obtained by Rogachev et al. [1] and strongly suggests that grain growth appears during “slow” cooling down. From EDX analysis, it is demonstrated that Ti grains are embedded in TiC grains near the extinction front. This result is likely due to the fact that TiC precipitates at Ti(solid)/Ti(liquid) interfaces or inside liquid Ti supersaturated in carbon. Results will be discussed in view of nucleation/growth simulations.

[1] A.S. Rogachev, A.S. Mukas'yan, A.G. Merzhanov, Translated from Doklady Akademii Nauk SSR, vol. 297, No. 6, 1425-28, 1987.

----------

SHS Materials: Regulation of Physical Properties

in the course of Structure Formation

I.P. Borovinskaya

Institute of Structural Macrokinetics and Materials Science

Chernogolovka, Moscow, 142432 Russia

One of the main peculiarities of SHS processes is the possibility to regulate electrophysical, mechanical and chemical properties of materials by “designing” preset structures of combustion products. Such possibility is particularly remarkable in the case of direct synthesis (SHS gas-statting, SHS compaction) of complex multicomponent ceramics consisting of nonmetal and metal nitrides, borides, carbides as well as intermetallics and oxides. Due to our investigations we concluded that depending on initial components and combustion terms the materials based on boron and aluminum nitrides with titanium diboride can be formed either as pseudo homogeneous structures with BN or AlN matrix and high electric resistance or as framework structures with high conductivity. As the result of our experiments and theoretical calculation models of such structures were presented and electroconducting component (TiB2) threshold providing high conductivity was determined. A possibility of obtaining a material of the same composition is shown with the example of Ni3Ti-TiN cermet synthesized by the method of SHS gas-statting under high nitrogen pressures (up to 200 MPa). The material has different chemical characteristics and various heat resistances at 950(C in the air. In one case the cermet was characterized by a framework structure formed by submicron TiN particles and arranged in the intermetallic matrix, in the other case titanium nitride forms spherical particles not connected with each other and surrounded by intermetallics. Chemical and thermal characteristics of the cermet differ greatly.  

The report also gives an example of regulation of SHS oxide properties by substitution of one element by another with preserving the material structure or by obtaining new structures. The problem of synthesizing materials strengthened by fine graining with the example of complex nitride-carbide ceramics is under discussion.

High temperature thermal diffusivity of combustion synthesized samples

D. Vrel1,3, N. Karnatak2,3, E. Heian2, S. Dubois2,3, M. F. Beaufort2,3, B. Cochepin2,3.

1. Laboratoire d’Ingénerie des Matériaux et des Hautes Pressions

99 avenue Jean-Baptiste Clément - 93430 Villetaneuse, France

2. Laboratoire de Métallurgie Physique (UMR 6630) - Bât. SP2MI, Bd M. & P. Curie, 

BP 30179 - 86962 Futuroscope-Chasseneuil du Poitou Cedex, France.

3. GFA - GDR 2391 CNRS - Université de Bourgogne – BP47870 21078 Dijon, France.

----------

In this paper, we will present a simple method to calculate thermal diffusivity in situ after a combustion synthesis reaction. The combustion reaction was analyzed via time-resolved x-ray diffraction analysis and infrared thermography. 

In one of our sample a hot spot was formed due to a minor instability, thus providing an unusual temperature profile and higher maximal temperature. Thermal diffusivity was then estimated. With experimentally obtained temperature profiles, we can calculate temperature profiles one second later, and the best fit with the real temperature profile for the corresponding time will then be give the thermal diffusivity . For a sample of TiC formed from Ti and C, a value of 2.00·10-6 ( 0.20·10-6 m2.s-1 was calculated for temperatures between 1000 and 1900K. This method is rapid and can avoid some problems associated with furnace-based measurements of thermal diffusivity, such as recrystallization and destruction of non-equilibrium phases. 

----------

 Nucleation and growth of product grains during SHS: experiment and computer simulation.

A.S.Rogachev, S.A.Kirillov, A.S.Kirillov 

ISMAN
Microstructure of solids products forms in reaction and post-combustion zone of SHS-wave during very short time, a products happens simultaneously to chemical reaction for very short time, usually from 1 ms up to tens of seconds. Mechanisms of the process of microstructure formation for the most SHS-systems remains unstudied. Method of quenching of gasless combustion was used in the present work in order to obtain sequences of microstructure pictures, which describe evolution of microstructure during SHS. These images were further processed utilizing quantitative metallography and basic parameters, such as number of grains per unit volume, grain size and size distribution were obtained. Basing on this results, mathematical model were proposed and computer algorithm for modeling of structure formation (product grains nucleation and growth) has been developed. Comparison of experimental data to a model has allowed to estimate rate of nucleation of the product grains in the SHS wave. The model can be utilized to predict primary microstructures of the SHS products and to possibility for synthesis of nanostructured materials. 

This work is supported by Grant of the President of Russian Federation for Leading Scientific Schools NSh-1819.2003.03.
Influence of a metal surrounding a reactant mixture during SHS

D. Vrel1,3, M. F. Beaufort2,3, N. Karnatak2,3, B. Cochepin2,3, E. Heian2, S. Dubois2,3 
1. Laboratoire d’Ingénerie des Matériaux et des Hautes Pressions

99 avenue Jean-Baptiste Clément - 93430 Villetaneuse, France

2. Laboratoire de Métallurgie Physique (UMR 6630) - Bât. SP2MI, Bd M. & P. Curie, 

BP 30179 - 86962 Futuroscope-Chasseneuil du Poitou Cedex, France.

3. GFA – GDR 2391 CNRS / Université de Bourgogne – BP47870 21078 Dijon, France.

----------

With the final objective of densifying a sample after its combustion synthesis through the application of hydrostatic pressure, we studied the influence of a metal surrounding a reactant mixture. The experimental studies were conducted with titanium and graphite pressed in a cylinder, 10 mm in diameter, surrounded by a copper tube with variable thickness, from 0 to 2 mm. These studies clearly show that a difficult compromise must be found for the metal not to melt (minimum thickness) and for the reaction not to be quenched.

For a greater heat resistance and to avoid pollution of the surrounding metal to the sample, the use of metallic titanium would seem more appropriate. For that reason, we developed a numerical code which describes the propagation in such conditions. Tentative conclusions will be drawn for the choice of the best system for densification.

----------

STRUCTURAL EFFECTS IN THE THEORY OF FILTRATION COMBUSTION
V. V. Grachev

Institute of Structural Macrokinetics and Materials Science, RAS, Chernogolovka, Moscow Region, 142432 Russia

e-mail: vlad@ism.ac.ru
The different structures of combustion front at natural filtration of an oxidizer, when a pressure difference controlling filtration appears spontaneously due to the oxidizer consumption in the reaction zone, are the subject of theoretical modeling in this work.

 The compacted sample composed of a solid reagent and diluent powders in the atmosphere of gaseous reagent is considered.  The left edge of the sample is ignited by a short-term thermal pulse, which initiates the combustion wave propagation due to the heat released during the exothermic gas - solid reaction yielding a solid product (nitride material).  Depending on initial and boundary conditions the different structures of combustion front (gas pressure, temperature, conversion profiles have different look) are arisen. 

In the absence of heat and gas flow through the sample surface, one-dimensional modeling of process is possible.  In this case the initial gas pressure is assumed sufficiently high and the combustion takes place only due to the gaseous reagent located in the sample pores. Depending on system parameters the combustion front structure may be with or without pressure peak and stationary or quasi-stationary combustion modes are possible.

If lateral surface of sample is gas-permeable, for describing the processes the two–dimensional system of equations is required.  In this case the combustion wave propagation is sustained due to as the gaseous reagent located in the sample pores such as gas supply from outside environment. Depending on system parameters the layer-by-layer, surface or bimodal combustion structures are possible.

Approximate analytical and numerical methods was used for analysis of possible combustion front structures and the criterions of the realization of combustion with different structures are given. 

High temperature thermodynamics and SHS

Jean-Claude Gachon1,2.

1. Laboratoire de Chimie du Solide Minéral, UMR CNRS - UHP 7555

Faculté des Sciences et Techniques, BP 239 - F54506 Vandoeuvre cedex, France.

2. GFA - GDR 2391 CNRS - Université de Bourgogne – BP47870 21078 Dijon, France.

----------

SHS is known as a method of synthesis but it has also been used for a good part of the XXth century, and is still used, as a thermodynamic tool to determine enthalpies of formation of intermetallic compounds and alloys as well as phase equilibriums. It is interesting to consider which the relations between thermodynamics and SHS are. The most obvious is the definition of the adiabatic temperature which, starting from the enthalpy of formation of a compound and of its thermal capacity, gives a criterion for the possibility of the compound to be synthesized or not by SHS. But, there are other intricate relations which concern phase diagrams, possible or impossible reactions, phase transformations. These relations will be examined in view of the thermodynamics of materials and of SHS, in order to emphasize some useful guidelines.

----------

Activation of an SHS stage in partially reacted mixtures

J.P. Bonnet1,2, A. Morançais1, D.S. Smith1,2.

1. GEMH, Ecole Nationale Supérieure de Céramique Industrielle, 

47 à 73 avenue Albert-Thomas, 87065 Limoges cedex, France

2. GFA - GDR 2391 CNRS - Université de Bourgogne – BP47870 21078 Dijon, France.

----------

During heating of reactive mixtures at a constant and moderate heating rate, a partial reaction can occur by a diffusion process and inhibited thermal explosion.

The application of a very small direct electrical current, corresponding to a few joules, through the hot samples, has been used to promote an SHS reaction in Si + C mixtures. The electrical energy dissipated in the sample is too weak to consider that this activation is related to Joule effect.

----------

Electro-thermal explosion and SHS-Welding

V.A.Shcherbakov

Institute of Structural Macrokinetics and Materials Sciences, RAN

142432, Chernogolovka, Moscow Region, Russia 

Self propagating high temperature synthesis stimulated by electrical current has both scientific and practical applications. This process includes fast heating of a starting sample by means of electrical current to ignition temperature. This technique was used for studying behavior of high temperature interaction in heterogeneous condensed systems and welding dissimilar refractory materials. The report presents the results of experimental studying the diagnostics of electro thermal explosion modes and parameters of SHS welding. ETE is unique technique for studying of macrokinetics parameters of high temperature interaction in heterogeneous condensed systems. The modes of electro thermal explosion were studied by experimental technique based on registration of electrical parameters of the process, namely, electrical current, voltage, resistance, as well as temperature and deformation of a sample under load. It was established that stimulation interaction in heterogeneous condensed systems by electrical current occurs in two modes: electro thermal explosion (ETE) and electro thermal disruption (ETD). In the ETE-regime electrical current, temperature and deformation change simultaneously. It points on homogeneous hearting of a starting sample. In the ETD-regime the parameters change in the following consecution: electrical current, temperature and deformation. It demonstrates no homogeneous hearting of a sample. In this case a cylindrical reaction zone formed inside the sample spread in radial direction. 

Second part of report is devoted joining of dissimilar refractory materials by SHS-welding method. This method is based on utilization of exothermic reaction occurred in a mixture of metal and nonmetal placed in the clearance between the test materials. Exothermic interaction is achieved by the self-propagation high temperature synthesis (SHS) or electro thermal explosion (ETE). A melt SHS product formed in the reaction served as a refractory solder. The macrokinetics of SHS welding has been studied. The process is illustrated on examples of the SHS welding of graphite, tungsten, molybdenum and hard alloy. 

Electrochemistry of SHS processes

Y.G.Morozov

Institute of Structural Macrokinetics and Materials Science,

142432 Chernogolovka, Russia

The study of a complex combustion wave structure reveals existence electrically charged particles, which appears via origin of a temporal electrical voltage (up to 2 V). Process of chemical reacting in these conditions are ox-redox reactions happening in basic on an interface of initial powder intermixture components, described by a sub micron meso level, on which one simultaneously exist both lapse rates of temperature, and flows of chemical agents. The key feature of SHS consists in distribution along reactionary system of process of destruction and restoration of chemical bonds, thus as a result of chemical interaction there is an exchange of electrons between atoms of initial components. The part of atoms both initial, and intermediate products, can become like ions, and the quantity of a charge of a diffusing ion is proportional to a rate of oxidation of elements in each of components of the chemical reaction. From a point of view of the electrochemistry, it is possible to imagine the wave front of heterogeneous combustion as a dynamic concentration cell (spatial overlapping of electrodes and electrolytes). The temporal electrical voltage (EMF of combustion) during SHS reactions includes formation of charged particles on interfaces of individual granules of initial builders and depends on the state of reactionary medium (chemical, phase composition, dc conductivity, melting degree, etc.), bound with the basic mechanisms of going chemical reactions. So-called method of dynamic ionography is based on the voltage monitoring. Examples of usage of the method dynamic ionography for study of possible temporal routes of chemical reactions in different systems during SHS are present. The availability of electrically charged particles during SHS processes allows utilize some external fields of the electromagnetic nature for guidance of these processes. 
Non-heat regulation of SHS using magnetic and electric fields.

Yu.M. Maksimov, A.I. Kirdyashkin, V.S. Korogodov

Department of Structural Macrokinetics of Tomsk Research Center,

Siberian Branch of the Russian Academy of Sciences

Tomsk 634021, e-mail: maks@fisman.tomsk.ru

Influence of magnetic and electric fields on SHS processes are defined by heat and non-heat factors. The former is connected with the additional heat flow to the reaction zone due to the field dissipation energy, the latter – with the field effect on the kinetics of heat- and mass-transfer and chemical reactions.


The report studies only kinetic effects resulted from the mutual action of magnetic and electric fields on SHS processes.


It is shown that the action of the constant magnetic field on SHS is connected with the reagent structure transformation in the combustion wave which leads to variation in the parameters of heat conductivity, heterogeneity degree, homogeneity of the reaction component distribution in the combustion wave.


Non-equilibrium electrophysical SHS phenomena play an important role in the mechanism of non-heat action of electric fields. These phenomena include spontaneous origination of constant and impulse electromotive force, generation of electric and acoustic oscillations, emission of “hot” electrons in the reactive system.

The examples of close connection of electrophysical phenomena and non-heat action of electric fields on the SHS process are given.

Non-heat effect of physical fields enhances significantly the potentialities of SHS and can create an effective method for its studying. Possible routes of SHS process investigation by means of non-heat stimulation of combustion by electric fields are shown.

SHS reactions in external large magnetic fields: TRXRD experiments, novel microstructure and magnetic properties in ferrites

Maxim V.Kuznetsov1*, Yuri G. Morozov1, Ivan P. Parkin2 and Åke Kvick3
1 – Institute of Structural Macrokinetics and Materials Science RAS, p/o Chernogolovka, Moscow region 142432 Russia

2 – Department of Chemistry, Christopher Ingold Laboratories, University College London, 20 Gordon Street, London WC1H 0AJ UK

3 – European Synchrotron Radiation Facility (ESRF), BP 220, F-38043 Grenoble Cedex, France

SHS were performed on hard and soft ferrites in powder and pellet form in a range of magnetic field strengths up to 20 T. The use of an external magnetic field during SHS increases the reaction temperature and combustion velocity. Studies of this effect using a 1.1 T Halbach cylinder magnetic and a variable field Bitter coil magnet (0 – 20 T) will be presented. High-resolution time resolved X-ray diffraction experiments for the ferrite systems phase formation investigation were performed by using Materials Science beamline, ID11 at ESRF (Grenoble). Practically all the structural, magnetic and other physico-chemical characteristics of materials prepared in an external field are greatly different to those prepared in zero field. The microstructure of applied field prepared barium hexaferrites was fused and consisted two microscopically distinct parts: “metallic” fused part and matt regions. The fibres of the shiny parts were aligned along the direction of applied field. Superstructure percentage in the lithium ferrite-spinel were increased from 15% in zero field to 85% in 1.1T field. Some other aspects, such as Curie temperatures, crystallite sizes changes, Mössbauer parameters etc. were also discussed. Three hypotheses have been proposed to explain why the magnetic field has an effect on these SHS reaction and products. Detailed inspection of the in-situ experiments data revealed many features reflecting the nature of the combustion process. These ranged from relatively slow changes, such as peak shifts to relatively fast transients, which are most likely evidence of momentary macroscopic restructuring in the samples as the combustion wave front passes. 

Effective effects of a mechanical activation step on SHS reaction in the case of intermetallics

F.Bernard 1,3, E.Gaffet 2,3.

1. LRRS – UMR 5613 CNRS / Université de Bourgogne – BP47870 21078 Dijon, France.

2. NRG – UMR 5060 CNRS / UTBM - 90010 Belfort, France. 

3. GFA – GDR 2391 CNRS - Université de Bourgogne – BP47870 21078 Dijon, France.

----------

In the last ten years, an emerging synthesis route coupling a short duration high-energy ball-milling step with a self-sustaining reaction has been extensively studied [1]. The addition of a mechanical activation step to the SHS process turns out to be a critical improvement, changing the process parameters (e.g. wave velocity) and the nature of the end product. The production of nanostructured aluminides (FeAl, NbAl3) or silicides (MoSi2, FeSi2 and Cu3Si) by mechanically activated self-propagating high temperature synthesis (MASHS) has been reported [2-6]. Although the basic concepts of the MASHS method are relatively easy to apply in principle, there remain a number of basic questions related to the physical and to the chemical natures of this phenomenon, as well as to the phase transformations within the moving combustion front. 

[1] F.Bernard, E.Gaffet. Int. J. of SHS. Vol.10 n°2 (2001) p.109-132

[2] E.Gaffet, F.Bernard, J.C.Niepce, F.Charlot, Ch.Gras, G. Le Caer, J.L. Guichard, P.Delcroix, A. Mocellin, O. Tillement. Journal of Material Chemistry. 9, (1999) p.305-314.
[3] Ch.Gras, D.Vrel, E.Gaffet, F.Bernard. J. All. Comp. 314 (2001) p.240-250.

[4] Ch.Gras, N.Berstein, E.Gaffet, F.Bernard. Intermetallics 10 (2002) p.271-282.

[5] V.Gauthier, F.Bernard, E.Gaffet, D.Vrel, M.Gailhanou, JP.Larpin. Intermetallics 10 (2002) p.377-389.

[6] F.Bernard, H.Souha, E.Gaffet. Mater. Sci. Eng. A A284 (2000) p.301-306.

----------

SHS-Sintering of mechanically activated mixture powders, a versatile route for producing dense nanostructured materials.

S.Paris 1,2,3, F.Bernard 1,3, E.Gaffet 2,3, Z.A.Munir 4.

1. LRRS – UMR 5613 CNRS / Université de Bourgogne – BP47870 21078 Dijon, France.
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3. GFA – GDR 2391 CNRS - Université de Bourgogne – BP47870 21078 Dijon, France.
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The relatively amount of experimental data on mechanical properties of nanomaterials has been attributed to the difficulty in preparing dense bodies. But, regardless of these difficulties, the preparation of dense nanomaterials has been a two-step process involving sequential synthesis and consolidation steps. Four decades ago, high energy ball milling and mechanical alloying of powder mixtures, were reported to be efficient techniques for the preparation of nanocrystalline metals and alloys. However, in such a case, it is necessary to add a consolidation step to obtain a fully dense material. Different processes have been developed to consolidate nanoparticles. One promising technique is the hot-pressing of mechanically activated powder mixture, in which the careful control of processing temperature makes possible the fabrication of fully dense nanostructured samples. Indeed, a few years ago, the simultaneous effect of an electrical field combined with an applied pressure during the combustion, using the so-called Field-Activated Pressure-Assisted Synthesis (FAPAS) process [1] was found to be suitable to produce good quality dense intermetallic compounds in a one step process. Consequently, the application of this previous technique from the mechanically activated powder mixture in order to investigate a new route hereafter called MAFAPAS process [2]. In fact, the feasibility of this new approach combining electric field activation and imposition of pressure from mechanically activated powder mixture is demonstrated as a means to simultaneously synthesize and consolidate nanostructured compounds such as FeAl [3], NbAl3 [4] and MoSi2 [5] intermetallics. A similar process, called Spark Plasma Sintering (SPS) has been also developed for fabricating nanostructured materials and received increased attention [6]. 

[1] Z.A.Munir, I.J.Shon, K.Yamasaki. “Simultanous synthesis and densification by field-activated combustion”. U.S. Pat. No. 5 794 113, Aug. 11, 1998

[2] Z.A. Munir, F. Charlot, E. Gaffet, F. Bernard "One Step Synthesis and Consolidation of Nano - Phase Materials" – US Pat. No. 6 200 515, March 13, 2001.

[3] F. Bernard, F.Charlot, E.Gaffet, Z.A. Munir., J. Am. Ceram. Soc. 84 [5] (2001) 910.

[4] V.Gauthier, F.Bernard, E.Gaffet, Z.A.Munir, J.P.Larpin. Intermetallics 9, (2001) 571.

[5] Ch.Gras, F.Bernard, F.Charlot, E.Gaffet, Z.A.Munir, J. Mater. Res. 73(2) (2002) 542.

[6] M. Tokita. Mater. Sci. Forum. 83-88 (1999) 308.
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Mechanochemical Activation of SHS Processes

N. Lyakhov,  M. Korchagin, A. Barinova, T. Grigorieva
Institute of Solid State Chemistry and Mechanochemistry of Siberian Branch of RAS, Novosibirsk, Russia.

E-mail: lyakhov@solid.nsk.su

Self-propagating high-temperature synthesis (SHS) is perspective method of production of powder materials, which is energy-saving and can be applied to a large-scale production of many intermetallic compounds or complex oxides (nitrides, carbides). Nevertheless, this method includes combustion stage, which requires very high temperatures. As a result, final products can be obtained only in the form of dense sintered or solidified products when SHS goes through the melting of reagents and/or products. To transform such products into commercially interesting powders, one needs to use milling as an unavoidable step. The grinding leads to a contamination again and to additional energy consumption. Another disadvantage of SHS, in many cases, is a non-uniform phase composition of products obtained due to high temperature gradients in a combustion wave resulting in quenching of some non-equilibrium phases.

Nanosized mechanocomposites obtained by mechanical alloying (MA) change the parameters of SHS process and phase composition of SHS products. The lagre contact surface between initial components and particular state of substances on interphase boundaries in tnis composites decreases the temperature of interaction considerably and in the same time increases the rate SHS process. For example, the temperature of SHS process for Ni + 32 wt.% Al system is 1300(1400(C; application of mechanocomposites, obtained by MA of this composition at 2 minute, decrease this temperature before 600(700(C and increases the rate in thirty times. 

The application of mechanocomposites allow to produce the single-phase SHS product, for example, a single phase Ni3AL, NiAl, Ni2Al3 were obtained in Ni-Al system. 
Besides application of mechanocomposites allow to broaden a concentration limits of SHS process up to solid solution region. In NiAl system the limiting solid-state solubility is 10,3 wt.% Al at 1385(C, the minimal concentration at which SHS can be performed by traditional method is 13 wt.% Al, and the minimal Al concentration for SHS mechanocomposites is 7 wt.%. 

The similar results were obtained for Ni-Ti, Ni-Si, Ni-Ge systems.
Mechanically activated SHS (mathematical modeling).

Chernetsova V.V., Shkadinsky K.G. – Institute of Problem of Chemical Physics  RAS, Chernogolovka, Russia,

Volpert V.A. – University Claude Bernard, Lyon 1, France.


The process of mechanical activation of the initial powder medium exerts a   multifactor influence on parameters which determine the SHS synthesis. Features of the SHS processes are studied in this work  with  mathematical models, based on the physics of the process and consistent with the experiments.

 During the ball milling process, particles are repeatedly flattened, fractured and welded, and their chemically active surface increases. The simple scheme of formation of fractal structure of the interaction surface is suggested, and it is shown that the fractal measure of limit structure equals 3 (transfer from the surface heterogeneous interaction to the volume one). The mechanical activation process decreases the characteristic sizes of  the interacting reagents, increases the effective diffusion coefficient, decreases diffusive resistance of films (e.g. oxide), which cover the initial particles of reagents. The structure of the SHS front and its velocity are numerically studied with the model describing heat conduction at the macrolevel
[image: image1.wmf] and the heterogeneous chemical interaction at the microlevel determined by the size of particles.


It is supposed that the size of particles is essentially less then the front thicness,  and the temperature distribution inside one particle can be considered as homogeneous. The equation of heat conservation in heterogeneous medium (one-dimensional approach) is:
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A typical elementary sell with its interior coordinate r is considered for each value of the space coordinate x. Inside the cell, an exothermic chemical reaction is characterized by the average depth of conversion ( and average heat realize Q((((t. The processes in elementary cells are described by the equations of diffusive massexchange between interacting reagents and kinetic laws:
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Here a and f are the concentrations of initial reagents, and p=1-a-f is the concentration of product of the reaction. The cell is identified with two semilayers of interacting reagents which are separated by a thin film with the diffusive resistance. Initially the  reagents are separated in spaces one of them being inside one of two semilayers, and another one inside the other semilayer.


Effects of the initial temperature change and the heat exchange conditions are also investigated. The approximate analysis of two  limit front structures is realized. The first one of them corresponds to the front in a  “homogeneous” media, while the second one is limited by the diffusive transport of reagents in the active chemical interaction zone. The results of the numerical simulations and of the approximate analysis were compared.

TRXRD in France: Results and prospective.

F.Bernard1,6, S.Paris1,2,6, E.Gaffet2,6, D.Vrel3,6, M.Gailhanou4, J.C.Gachon5,6.

1. LRRS - UMR 5613 CNRS / Université de Bourgogne - BP47870 21078 Dijon, France.

2. NRG - UMR 5060 CNRS / UTBM - 90010 Belfort, France.

3. LIMHP - UPR 1311 CNRS / Paris Nord - 93430 Villetaneuse, France.

4. LURE (CNRS/CEA) / Université de Paris-Sud - 91400 Orsay, France.

5. LSM – UMR 7555 CNRS – Université de Nancy - BP 239 F54506 Vandoeuvre cedex, France

6. GFA – GDR 2391 CNRS / Université de Bourgogne – BP47870 21078 Dijon, France.
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SHS reactions have been investigated in-situ using the Time Resolved X-ray Diffraction (TRXRD), with an X-ray synchrotron beam (LURE Orsay) coupled to an infrared thermography to study simultaneously structural transformations and thermal evolutions. From the 1999 experiments, the TRXRD experiment has been transferred from the D43 [1] to the H10 [2] beam lines at LURE, and we took the opportunity to do more than just adapting the existing experiment. Results obtained using this setup seems very encouraging. The versatility of the setup has been proved and could even be enhanced by the design of new sample holders, thus expanding its area of use at low cost. In addition, this work clearly shows that this equipment will allow, on the one hand, to make in progress of the understanding of SHS reaction and, on the other hand, to adjust reaction parameters (mechanical activation and SHS ones) for producing many materials with an expected microstructure.
[1] F. Bernard, E. Gaffet, M. Gramond, M. Gailhanou, J.C. Gachon. Journal of Synchrotron Radiation. 7 (2000) p.27-33

[2] D.Vrel, N.Girodon-Boulandet, S.Paris, JF.Mazue, E.Couqueberg, M.Gailhanou, D.Thiaudiere, E.Gaffet, F.Bernard. Rev. Sci. Instrum. Vol.73 n°2 (2002) p. 422-428.
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Method of dynamic X-ray diffraction analysis in SHS researches

V.I. Ponomarev, D.Yu. Kovalev
Institute of Structural Macrokinetics, Russian Academy of Sciences, Russia

Investigtion of dynamics of structural and chemical transformations taking place in SHS processes requires some special methods, which could allow direct registration of changes in the substance phase composition during the entire process. This problem was in principle solved by means of an X-ray analysis utilizing powerful synchrotron radiation.
Later, a laboratory method of dynamic X-ray diffraction analysis was developed on the base of a linear position-sensitive detector and a standard X-ray tube in ISMAN. Its application to the study of SHS processes provides in situ data on the substance phase composition and dynamics of its changes at resolution time of 50 ms, which is the key information for establishing the regularities and mechanisms of phase in the combustion wave. Application of that method to the study of a range of SHS systems revealed its vast possibilities. The method provides the data not only on the changes in the phase composition and its specific features at the atomic and crystal level but also on the influence of the parameters (dispersivity, density, temperature, phase conversions, admixtures etc.) on the SHS process under controlled conditions.
At present, additional approaches of the dynamic X-ray diffraction analysis are developed. Thus, housing of a special furnace in the reaction chamber will allow the study of phase forming processes during SHS at the variable initial temperature of the sample and in the regime of a thermal explosion 
Thus, the method of dynamic X-ray diffraction analysis can be used in solution of both fundamental and applied problems (at the development of SHS technologies of a desired material production).
Study of SHS-processes using synchrotron radiation

B.P.Tolochko, M.R.Sharafutdinov, V.M.Aulchenko*, M.A.Korchagin, N.Z.Lyakhov, O.V.Evdokov, B.Y.Pirogov

   Institute of solid state chemistry and mechanochemistry, SB RAS, Novosibirsk

* Institute of nuclear physics, SB RAS, Novosibirsk

The synchrotron radiation (SR) methods can be extremely useful for SHS-processes investigation. Advantage - high intensity, high degree of monochromatization, wide spectrum of radiation, high collimated beam.
Synchrotron radiation sources. The main perspectives of SHS-processes investigation are connected with the further development of SR sources: wigglers and undulators. We expect the appearance of a SR beams with peak brightness 1035 phot/(s*mrad2*mm2*0.1% bandw) . In a choice of a SR source for particular SHS-processes it is necessary to optimize SR spectrum - wide or narrow, hard or soft.

X-ray optics. The using of X-ray optics is very important for SHS-processes investigation - it help to improve the parameters of the SR beam and so improve the quality of the experiment.

Detectors. Nowadays there is a wide choice of X-ray detectors, but the particular SHS experiment requires quite particular detector which is optimized for the task. The optimized parameters are energy range, angular resolution, and aperture [1].
Methods. For SHS-processes investigation it is necessary to develop a special X-ray diffraction methods of researches.
Direct methods of reaction investigation. The are lot of methods with using of SR: diffraction phase analysis, X-ray spectroscopy, X-ray resonant dispersion, Laue - diffraction, local probe diffraction, small angle X-ray scattering, anomalous scattering. The developed techniques can bring in the invaluable contribution to research of SHS processes, as with their help it is possible to investigate dynamics of chemical processes [2,3].

Methods of internal probe. This methods are useful for measurements of some SHS-processes parameters: local temperature inside sample, local pressure, local concentration of individual elements.

This work was made under financial support of grants:  INTAS 01-0822, RFBR 01-02-18010-а, 03-03-32376-а
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Coatings prepared by SHS assisted plasma spraying
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The obtention of dense ceramic coatings by thermal spraying still remains a challenge. Compared to metals, ceramics have a lower thermal conductivity and a larger melting enthalpy. These factors limit the heat transfer from the plasma to the particles and consequently do not allow a total melting of the particles.

The problems linked to this heat transfer can be avoided by using a granulate made of a mixture of reactive powders yielding the ceramic material, via an SHS reaction. In this case the reaction ignited by the torch at the surface of a granulate propagates towards the centre during its flight through the plasma. The analysis of the behaviour of Ti + C mixtures during plasma spraying shows the potential of such a process and reveals the main problem which must be solved.

----------

mECHNICAL ACTIVATION OF LOW EXOTERMIC SHS-MIXTURES

E.N. Eremina, V.V. Kurbatkina, E.A. Levashov

The SHS-Center of Moscow State Institute of Steel and Alloys (Technological University) and Institute of Structural Macrokinetics and Materials Science Problems of RAS, Leninsky prospect, 4, Moscow 119049, Russia,Phone:+095-230-4642, Fax:+095-236-5298, E-mail:vkurbat@shs.misis.ru, http://www.shs.misis.ru

Mechanical activation (MA) of initial powder reagents is an effective way to intense chemical reactions and to provide structure homogeneity of charge and accordingly products of SHS. There are two main effects: accumulation of MA energy by initial charge and grinding of powders. The first one determines thermodynamic MA effect of the combustion process and the second one – allows to use more cheap coarse-grained powders.

The aim of this presentation was to analyze an effect of MA on specific surface, heat release and heat release rate during the combustion process, phase composition, structure, and physical-mechanical properties of initial and activated mixture and synthesized products in Ti-BN and Mo-B system.

Preliminary mechanical activation of the charge mixture was carried out in an AIR planetary-motion grinding mill. Specific surface of the activated mixtures was measured by the BET method. The products, which had been formed as a result of mechanical activation process and after combustion, were characterized by XRD. Composite targets for magnetron sputtering were produced using the forced SHS-pressing technology and characterized by optical and scanning electron microscope as well as by hardness and density measurements. 

 It is shown that in the MA process the rise of mixture reactivity takes place, specific surface increases, heat release and heat release rate rise, and the energy activation of the combustion process decreases. When producing TiB2–TiN or MoB composite material by the force SHS- pressing the effect of MA of the mixture consists in improving relative density, hardness, and structural uniformity of the synthesized products.
Obtaining of super multiplayer metal films by methods of ion-plasma deposition.

A.N.Nosyrev, I.G.Kanel, V.I.Khvesyuk, P.A.Tsygankov

Bauman Moscow State Technical University

105005 Moscow, Russia

The basic technological configurations for plasma-vacuum deposition and thin films and foils production are under consideration in this report. 
The equipment for manufacturing of nanoscale super multi layer films must meet to several contradictive requirements. On the one hand high deposition rate is needed but high quality and defect-free surface coating is demanded on the other hand. Kinetic portion of atomic flux provides film adhesion to surface but thermalized atomic flux is needed to avoid an interface layers mixing. Moreover the film structure is in dependence from atomic fluence. 
The detail features of various deposition systems such as DC-magnetron sputtering device, ion-beam deposition equipment and vacuum arc evaporator are described. Thin films coatings and foils obtained by methods mentioned above are presented as examples also.
Atom-ions flux of sputtered material forms at cathode surface of vacuum arc evaporator in the region of microarc spots. This device provides higher deposition rate, but have a restriction due to micro drop emission from hot spots damaging a film surface. Besides discharge performances are ruled by cathode material properties substantially.
The discharge in crossed magnetic and electric fields are base for DC-magnetron sputtering device in which a sputtered atomic flux is generates from cathode surface due to bombarding of working gas ions. This technique combines a high quality of coating with acceptable deposition rates. The high-pressure mode of magnetron’s work provides termalization of atomic flux supplied to the surface under coating. Discharge performances depend on cathode material also and a sputtering of some kinds of materials is problematically sometimes. 
Ion-beam methods are suitable for using with wide variety of sputtered materials with acceptable deposition rate. The performances of these devices are independent from sorts of materials and guarantee high quality of films. An additional low power ion beam is used to relax stressed condition in thin film coating.
It is very important to customize a sputtering system in dependence of technological features of each method and the sputtered materials. The combination of different types of basic technique is advisable for multi layer research equipment. 

Combustion and structure formation of the multilayer nanofilms

H.E. Grigoryan1, A.S.Rogachev1, N.V.Sachkova1, E.V.Illarionova1, D.Yu.Kovalev1,

A.N.Nosyrev2,  P.A.Tsygankov2, J.-C.Gachon3, J.-J.Kuntz3, S.Migot3, M.Legros4

1Institute of Structural Macrokinetics and Materials Science RAS (ISMAN)

142432, Chernogolovka Moscow region, Russia

2Moscow State Technical University, Power engineering institute

107005, Lefortovskaya emb., Bldg.1, P.O.Box 38, Moscow, Russia

3UMR 7556 / INPL, Nancy, France

4CEMES-CNRS, Toulouse, France

We have studied high-temperature reaction waves in the multilayer films composed of alternate layers of different metals, e.g. Ti/Al, Ni/Al, Ta/Al, Cu/Al, etc. These nano-films were obtained by plasma-assisted sputtering technique (specially designed magnetron and plasma accelerator were applied in order to obtain multilayer foils included ferromagnetic layers). Thickness of the alternate layers was varied from 5 to 100 nm, a total number of the layers was 50- 2000, so that total thickness of multilayer films was 10-20 micron. After deposition, films were detached from substrates and high-temperature reaction was initiated locally between components. As a rule, this reaction became self-sustained and propagated along the foil in the form of high-temperature wave. Experimental study was aimed at three general topics: (i) regularities of high-temperature reaction wave propagation in the thin films; (ii) relationships between structure (microstructure, crystal structure) of the initial samples and products of reaction; (iii) mechanism and kinetics of product structure formation. 

Gasless reaction waves were initiated in the samples by short local heat impulse or by means of uniform heating of the film right up to self-ignition in vacuum. Temperature of self-sustained reaction initiating turned out to be about 590-640 K, which is much less than self-ignition temperature of powder mixture (~940 K). Characteristic features of wave propagation have been studied depending on average composition, thickness of nano-layers, initial temperature of the samples. Oscillating and stationary regimes of propagation were recorded by high-speed (500 frames/s) video camera.

Dependence of combustion velocity on thickness of layers and on initial temperature is investigated. Temperature profiles of different combustion modes were obtained.

Detailed mechanism of reaction was studied utilizing DTA, SEM, TEM, XRD methods, as well as controlled heating with simultaneous TEM observation or time-resolved XRD. New effect of “epitaxial combustion” was revealed in the Ti/Al system. Explanation of this effect is given based on comparison of atomic radii and crystal structures.
This work is supported by Russian Foundation of Basic Research (grant 01-03-33017), EGIDE integrated action program (04524QF) and President grant for supporting young Russian scientists (MK – 2270.2003.03).

Solid – flame combustion of films.

S.G.Vadchenko, I.P. Borovinskaya, A.G. Merzhanov

Institut of Structural Macrokinics and Materials Science, RAS

Chernogolovka


Combustion of single and “sandwich” films obtained by Ti+2B mixture rolling was studied. The films were stacked between heated graphite plates. The films were subjected to compression through the plates.


Dependence of combustion rate of the strips on initial temperature was determined. The combustion rate of the films does not depend on variations in their width, compression force and number of the strips in the system.  

Contribution of combustion synthesis to metallurgical joining

M.C. Record1,2, R.M. Marin-Ayral1,2.
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Combustion synthesis is an highly exothermic reaction and the released energy can be successfully used to join materials.

In this contribution, we are focusing on metallurgical joining. Own results will be presented and the advantages of combustion synthesis in welding will be highlighted.

In the reported study, a brazing foil is sandwiched between a Ni+Al compact and a substrate. The joining system is then placed into a furnace and the whole inserted in a high-temperature high-pressure device. The ignition system is the furnace and presence of a thermal gradient inside allows the reaction to propagate all along the sample. The heat released during combustion synthesis leads to the melting of the brazing foil and improves diffusion of the elements. Thus, this joining process guarantees a physical and chemical continuity of the bonding between materials.

----------

Metallothermic SHS

V.I. Yukhvid

Institute of Structural Macrokinetics and Materials Science,Chernogolovka, 


Highly caloric mixtures of metal oxides with reducing agents and nonmetals used in SHS metallurgy can burn at combustion temperatures well above the melting point of end products, which ensures formation of cast products. Because of high combustion temperatures (3000–4000(C) and strong melt splashing during combustion, the process should be carried out under gas pressure or in the field of mass forces. External influences provide means for controlling combustion (chemical reactions) and, hence, the structure and properties of end products. It is possible to select three main stages in the process: 1-combustion of thermite mixture and formation of chemical composition of multiphase melt; 2- phase separation in a high temperature multiphase melt; 3- cooling and formation of cast products.

At the Institute of Structural Macrokinetics and Materials Science, research and development in the field is carried out in the following three directions: 

1-studies on the regularities and mechanism of the SHS processes 

2-synthesis of different refractory inorganic compounds 

3-SHS-production of cast materials, items, and protective coatings

Results of experimental and theoretical studies are considered in the report. 

SHS in the technology of Gas Turbine Engine

V.N.Sanin1, V.A.Gorshkov1, V.I.Yukhvid1, V.V.Deev1, O.G.Ospennikova2
svn@ism.ac.ru
(1)-Institute of Structural Macrokinetics and Materials Science, Russian Academy of Sciences, Chernogolovka, Moscow, 142432 RUSSIA

(2)-Federal State Unitary Enterprise "MMPP  SALUT"

Reduction of costs, treatment cycle duration of blades and progressive increasing of the flue gas temperature are permanent objectives for the aeronautical industry. The solving of the tasks is directly connected with investigations directed on developing new materials and methods of their obtaining, improving of the existing techniques and increasing quality of obtained gas-turbine engine components. 

The work presents the abilities of SHS-metallurgy for solving of the noted above tasks, such as:

(1)-production of new ceramic powders based on polycrystalline Rubin used as filling materials for ceramic suspension needed for investment casting of blades and parts of gas turbine engines. The compositions allow to manufacture ceramic forms with heightened heat condition, that promotes obtaining of more small-sized structure of castings and to extend the life of turbine blades;

(2)-production of new composition for rod ceramics from cast oxides with amorphous structure based on quartz and sialon additives. The rods have high strength and can be removed in alkaline solution without high temperature and pressure that leads to rejects decreasing and technology simplification;

(3) synthesis of Co-base superalloys for protective coats. The coats extend the engine life;

(4)-obtaining of electrodes for sealing of technological holes during manufacture of turbine blades and repairing of fine defects of rejected blades. The approach gives ability to make easy obtaining technology and decrease rejects;

(5)- synthesis of Ni-base superalloys and remelting of reject items with not removed shapeforming ceramic rods.

The work is part of join investigations that was carried during last years in frame of cooperation between ISMAN and Federal State Unitary Enterprise "SALUT". 

 Theory of deformation in SHS processes

A.M. Stolin, L.S.Stelmakh

Institute of Structural Macrokinetics and Materials Science Russian Academy of Sciences

e-mail: amstolin@ism.ac.ru

The study of compaction kinetics of inert materials in the nonisothermal mode was earlier held. However compacting process of chemically reacting media essentially becomes complicated, since in this case depending on a proportion of characteristic times of chemical reaction, hydrodynamic stabilizing, compaction and thermal relaxation there is a major number of miscellaneous compaction modes. The conditions of realizations of these modes depend on formation liquid or solid phase in products of combustion.

The present study is devoted to study of compaction kinetics of chemically reacting powdered materials. The explanation to reasons and mechanisms of kinetic curves of compacting having complicate nature is given.

On the basis of numerical calculations the strong influencing of such factors, as living temperature and melting point of a material, on the process of a material compaction is rotined. The possibility of interchange of monotone decreasing of density distribution by distribution having a maximum inside bulk of a material is installed. To density distribution with a maxima corresponds a kinetic curve of compaction with inflection point. We consider that it is the result of two sequentially acting modes of compacting: thermal and hydrodynamic. The hydrodynamic mechanism is determined by viscous properties of a material and their dependence both temperature and density, and magnitude of external pressure. In essence, deciding in this mechanism is propagation rate of stresses on bulk of a material, but not temperature variation with time. It is necessary to mark, that the density distribution on bulk of a material adjoining to a plunger of press is defined by only hydrodynamic reasons.

This work was supported by RFBR Grant  no. 01-03-33014 a.

Role of mechanical strains in SHS process: 

a numerical analysis by finite elements.
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Until now the macroscopic modelling of Self-propagating High-temperature Synthesis is mainly restricted to the description of thermal and reaction processes. In fact the pressure applied to the sample during the consolidation step may considerably influence the development of the reaction [1]. In this presentation, we will precisely emphasize on the role of material deformation on the observed SHS process.

A numerical code using finite elements method which is usually used in thermo-mechanical problems is modified to treat a thermo-diffusive system [2]. Mass transfer, heat conduction and mechanical strains are included in the numerical treatment. This allows us to understand the propagation of the reactive front for SHS including at least one solid.

We first establish the set of partial differential equations implemented in the simulation. The particularity of our model is to include a law describing the mechanical behaviour of a porous medium. The numerical analysis is then undertaken for a variety of intermetallic systems, as for instance the Fe-Al mixture [3,4]. It is thus possible to analyze how the pressure applied on the boundaries will modify the concentration and the temperature profiles. Numerical results are compared to available experimental data.

[1] E.Y. Gutmanas, I. Gotman. Ceramics International. 26 (2000) p.699-707.

[2] S.W. Chae, C.H. Son, Y.S. Kim. Mater. Sci. Eng. A. 279 (2000) p.111-117.

[3] E.M. Heian, A. Feng, Z.A. Munir. Acta Mater. 50 (2002) p. 3331-3346.
[4] F. Charlot, F.Bernard, E.Gaffet, D.Klein, J.C.Niepce. Acta Mater. 47 (1999) p.619-629 
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Modeling of macrostructural transformation dynamics 

in SHS processes.
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One of the main steps in the technology development implies theoretical study of the product structure formation and mathematical modeling. Macroscopic structure of the reacting powder under SHS is changed due to solid- and liquid-phase sintering, force action of gas (inert or reactive) filtrating in pores, and variation in condensed phase volume after chemical transformation. Structure transformation also depends on the external physical effects: electric and magnetic fields, ultrasound, overloading, pressing shock waves, etc. Such a great number of various factors, which allow governing product structure formation, can both promote synthesizing materials of preset structure and impede mathematical modeling.


SHS systems are divided into low-gas (the extreme case is gasless) and hybrid ones. SHS can be carried out in volume and wave modes (heat explosion and combustion, respectively). The synthesis in the combustion wave can occur in a stationary mode or non-stationary one. A type of the reacting system and a synthesis mode are closely connected with the product macrostructure formation.


The report gives characteristics of the main factors defining dynamics of macrostructural transformations in the case of spontaneous structure formation.

Homogeneous and heterogeneous models of product macrostructure formation are described. Equations, additional ratios, and terms of the model simplification are given. The main results are shown. The aspects of mathematical modeling of structure formation in SHS processes are discussed.

MODIFICATION OF POWDERS’ SINTERABILITY BY USING A COMBUSTION MODE FOR POWDERS PRODUCTION.

Françoise NARDOU, Eric LOURADOUR

SPCTS UMR CNRS 6638/University of Limoges (France)

nardou@unilim.fr
Materials with fine grains have been studied for several years because of their special characteristics after sintering and their ability to improve properties of conventional materials.

Moreover, zirconia is one of the most studied ceramic. Indeed, zirconia has interesting thermal and mechanical properties as high fracture strength and toughness, and also a good resistance to thermal shocks or to high temperature oxidation.

Our goal was “What is to be done to obtain dense zirconia with fine grains”

A way is to use fine powders and sinter at low temperature.

Actually a lot of routes leads to product fine powders of zirconia as chemical methods which are the most used, sol-gel synthesis, precipitation of gel, micro-emulsion and gas condensation on techniques, hydrothermal or chemical vapour synthesis, pyrolysis after atomisation and so on …

All these processes give fine and pure powders but amorphous powders which needs a calcination step before sintering.

We propose a very simple process, which consumes little energy and which is extremely fast: the flash combustion synthesis.

In a first time, the synthesis of magnesia-doped zirconia by combustion will be presented. Then, the behaviour of produced zirconia powders will be described and finally, the sintering of zirconia powders will be examined.

Experimental study on spontaneous deformation in SHS wave

A.E. Sytschev, O.K. Kamynina, A.S. Rogachev, L.M. Umarov, and S.G. Vadchenko

Institute of Structural Macrokinetics and Materials Science

Russian Academy of Sciences

Chernogolovka, Moscow, 142432 Russia

Combustion of gasless systems is known to be accompanied by elongation of samples under the action of evolved gases. In this work, we investigated this process for the Ti5Si3, TiC, TiB2–Fe systems by high-speed video-recording (500 frames/s, spatial resolution about 10 μm) with special emphasis on its rate and driving forces [1]. The zone of deformation was found to occur just behind the combustion front. The width of this zone was found to depend on the particle size of metal. The elongation of samples was found to be due to a sharp increase in the pressure of impurity and inert gases within the combustion wave. Depending on the amount of added blowing agent, the deformation may be expected to either increase or decrease. The strain appearing in the combustion wave and giving rise to sample elongation was determined dilatometrically. Spontaneous deformation was found to proceed within a relatively narrow zone travelling together with the combustion wave. The burning velocity and strain were found to depend on green density. We explored the effect of external load on the burning velocity, duration of deformation, and resultant strain. 

Upon variation in charge composition and process conditions, we managed to obtain foam materials with a various size of pores. 

This work was supported by the Russian Foundation for Basic Research (project nos. 
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