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244, Molodogvardeyskaya S t. 443100,Samara, Russia

Phone /Fax 007 (8462) 42-28-89.

E-mail :mvm@samgtu.ru, shs@samgtu.ru 

Director

 Prof. Alexander P. Amosov 

Profile

SHS Engineering Center was organized at SamSTU in 1989 by the order of Ministry for Higher Education of Russia and since then its activity has been directed on the research and development of new technologies based on the SHS phenomenon discovered in Russia in 1967 by Prof. A.G. Merhaniov and coworkers. 


SHS is a new resource saving technology for making high-melting compounds (carbides, borides, nitrides, etc.) through the burning of powders. Contrary to the powder technology, SHS uses the burning instead of the external heating that allows to save a lot of electroenergy and carry out a process in simple and small reactors instead of large furnaces. The high self-heating of a reaction mass as a result of  chemical reactions, which allows to synthesize and form materials at temperature of 1800 to 3500(C only owing to the internal resources of system without external heating. The SHS technology allows making many promising materials for metallurgy, machine-building, electronics, chemical industry.

At present in  the SHS Center scientific and applied researches are carried out in six main directions.

1. The azide SHS technology is based on the use of a solid substance of sodium azide utilizing as a nitriding reagent instead of gaseous nitrogen. This allows avoiding filtration difficulties by making nitrides and carbonitrides, and brings  higher quality. 
2. The second line of SHS is the filtration SHS technology in which a phenomenon of filtration of gaseous reagents or products through a porous medium is used. This substantially reduces pressure of gases in SHS, increases the safety of the process, allows using scrap and slimes and produces high-porous materials which can be easily ground. 

3. The third line of SHS development is the forced SHS densification for manufacturing hard alloys through compacting hot flowable products of SHS reactions. We have developed a model of densification of SHS products by pressing, a technique of improvement on dimensional accuracy of SHS blanks by making cutting tips.

4. The fourth  line of SHS is the  manufacture of SHS master alloys for aluminum alloys. We have created a new method for manufacturing alloying additions on the base Al-Ti, Al-Zr, Al-Ti-B through SHS process, when a special powder mixture is introduced into liquid aluminum. The SHS master alloy microstructure consists of the intermetallic particles of 3 to 30 (m in size and provides some advantages in comparison with conventional master alloys.

The fifth line of the SHS Center activity  is the introduction of SHS abrasive powders for manufacturing high-grade and inexpensive grinding tool for various purposes.

6. The sixth line is research and development of new pyrotechnic compositions, modes and devices for obtaining low-temperature gases, colored decorative effects and thermit welding.

        The results of scientific activity of the Center  are regularly published and reported  on international SHS symposia.

        At present on these lines in Center more than 20 competent experts, including 3 doctors and 5 candidates of sciences, are working. There are five equipped laboratories and experimental manufacture (total  area is more than 1000 m2 ) in the Center.

        The experts of the Center  have made close contacts with Russian and foreign  partners. The  scientific relations are established with academic institutes such as  Institute of Structural Macrokinetic and Physical Institute of Russian Academy of Science.  The developments of the Centre are introduced into  large metallurgical ( SAMECO, Samara), automobile ( AvtoVAZ, Toglliatty ), aircraft ( AVIACOR, Samara) enterprises, Russian Bearing plants, etc.. The foreign partners of the Center are International Advanced Research Center for Powder Metallurgy and New Materials, Hyderabad (India) and  Solvay Fluor Und Derivate GmbH, Hannover (Germany) and others .

Research Fields and Contacts 

Group of the SHS Azide Technology
Research, development and optimization of SHS processes of making high-pure powders of refractory boron, silicon, aluminum and titanium nitrides, titanium carbonitride, composite powders of silicon nitride- silicon carbide, silicon nitride- boron nitride, silicon nitride- aluminum nitride and others  with the use of sodium azide.

Dr. Georgy V. Bichurov

Phone: +007 (846-2) 37-09-50

Group of the SHS Filtration Technology
Research, development and optimization of SHS processes with the directed filtration of gases for the production of titanium carbide, titanium nitride, binary titanium- chromium carbide, composite powder of these compounds with nickel.

Dr. Alexander G. Makarenko

Phone: +007 (846-2) 42-28-89

Group of SHS Pressing

Research of process and development of mathematical models of a heat exchange and plastic deformation and compacting in SHS pressing. The modeling of the process of compacting of a porous  medium consisting of macroareas with various regularities of plastic flow. The calculation and optimization of technological parameters on thermal and mechanical models of SHS pressing. Development of the technology solutions, improving

temperature and force mode and sizing accuracy of SHS pressing pieces. Research of cutting properties and manufacture of  cutting tools on the base of tungsten-free hard alloys made through SHS pressing.

Dr. Alexander F. Fedotov

Phone: +007 (846-2) 32-42-33

Dr. Matvey A. Aranzon

Phone: +007 (846-2) 42-28-89

Group of SHS Master Alloys

Research and development of the SHS technology of the production of aluminum master alloys, Al-Ti, Al-Zr, Al-Ti-B, as well as casting composite wear resistant alloys with aluminum matrix and fine hardening inclusions on the base of high-melting compounds.

Prof. Vladimir S. Muratov

Phone: +007 (846-2) 42-28-89
Group of SHS Abrasives and Grinding

Research of abrasive properties of SHS powders. Development of technological processes of manufacture of abrasive tools such as grinding wheels and heads, cutting and abrasive wheels, bars and pastes based on SHS abrasive powders. Organization of areas on the production of new abrasive tools in SHS EC and firms interested in that. Arrangement of an area on the manufacture of classified micropowders.

Prof. Nikolay V. Nosov

Phone: +007 (846-2) 32-10-90

Group of SHS Pyrotechnics

Development of various-purpose devices: gas generators for filling dry powder fire extinguishers, recovery aids in water, air bags for cars, development and production of colored decorative fireworks and fire signal devices; development of independent rods of thermit welding  for domestic use.

Dr. Anatoly R. Samboruk

Phone: +007 (846-2) 57-71-82

Special Equipment

· Experimental  reactors  of constant pressure with volume of 4 and 5 liters (working pressure is up to16 MPa ), with measurement system of temperature and speed of combustion for study of Azide SHS processes. 

· Pilot reactor of azide SHS with volume of 20 liters‚ (SHS- Az -20) and maximum pressure of up to 20 MPa.

· Experimental tubular reactors with various diameters for research of processes of filtration SHS with measurement system of temperature, speed of combustion, pressure in various parts of reactor.

· Pilot reactors of filtration combustion with volume of 8, 16 and 20litres.

· Crushing and bearing equipment  are rotary crusher, cone inertial breaker, . tumbling ball mills.

· The equipment for classification of powders are sieve classifier , air-centrifugal classifier. 

· The specialized hydraulic press, Д1932, for realization of process of SHS-pressing with force of 1600 kN with original accessories.

· Specialized grinding machine tools and accessories for making cutting plates from blanks made through SHS - pressing.

· The equipment and accessories for test of cutting properties of compact SHS -materials.

· Melting induction and resistance furnaces for producing SHS master alloys and composite aluminum alloys.

· The equipment for manufacturing classified  micropowders , making and testing abrasive tools: grinding wheels and heads, abrasive cutting wheels, bars and pastes based on SHS abrasive powders.

· Mixing mills  for preparing abrasive mixture.

· Hydraulic presses of various capacities for compacting  abrasive  briquettes. 

· Middle- and high-temperature thermal equipment: furnaces for polymerization and sintering abrasive tools.

· Equipment for machining  abrasive tools.

· Equipment for dynamic tests of abrasive tools.

· Experimental equipment  for studying combustion of pyrotechnic compositions with measurement system of temperature, speed of combustion and specific gas release.

· Equipment for testing and optimization of working modes of various-purpose gas generators.
Access 
By car: from Moscow on the road M5 to the entrance «Samara»;  then, following the indexes < Centre >, to  Kuibyshev Square

By train : from Moscow by trains № 9,13..to.Samara station , then take   tram №1, 16 or 23 to  stop < Kuibyshev Square >.

By air : from Moscow  to  airport <Kurumoch >, then take bus № 137  to Central bus station, then take bus № 42. 44, 31, 23, 47  to  stop < Kuibyshev Square >.

PROPOSALS OF SHS ENGINEERING CENTER  ON COOPERATION

1.  SHS EC offers to buy the following developments:

· technology of the azide SHS production of silicon nitride powders and composite material of silicon nitride-silicon carbide with fibrous structure of Si3N4 particles, technology of the azide SHS production of titanium nitride and carbonitride powders. The realization of these technologies is possible if a customer pays for the transfer of a technology and establishes the pilot manufacture on a turnkey basis;
· filtration technology of the SHS production of titanium nitride and carbide powders including the use of wastes of the machining of titanium and its alloys; the realization of these developments is possible if a customer pays for technology transfer and establishes the pilot manufacture on a turnkey basis;
· SHS technology of the production of Al-Ti, Al-Zr, Al-TI-B master alloys if a customer pays for technology transfer and establishes the pilot manufacture on a turnkey basis.
2.  SHS Engineering Center of SamSTU offers the following services:

· feasibility study of the processing of customer’s wastes of metal treatment of titanium and its alloys into high-effective abrasive powders;

· feasibility study of the processing of other wastes through SHS method;

· feasibility study of the production of various materials through SHS;

· production of the above prototypes and materials with the use of SHS technology.

3.  SHS Engineering Center of SamSTU offers cooperation

with interested scientific and industrial companies in Western Europe on the following directions:

3.1. Scientific and research work

on azide and filtration SHS technologies

· study of the structure, chemical composition and morphology of ceramic SHS powders;

· investigation of the phase interaction in composite powders made through the SHS method;

· investigation of the structure formation mechanism in SHS processes;

· study of the structure, gas permeability and mechanical properties of porous materials made through the filtration SHS method ;

· composition analysis of gases releasing in SH synthesis;

· composition analysis of gases releasing in operation of  an SHS gas generator;

on SHS pressing

· simulation of  reological models for hot SHS products such as a porous nonlinear viscous body and liquid phase;

· determination of the plasticity conditions for a free-flowing brittle medium as a result of the failure of a solid phase;

· analysis of the effect of densification degree on mechanical properties of a compacted material;

· simulation of new schemes of the deformation in SHS pressing;

on SHS aluminum-based master alloys and composites

· theoretical selection of high-melting reinforced particles that can be made through SHS;

· theoretical selection of the initial charge for making SHS composites;

· experiments on the production of aluminum SHS composites;

· experiments on the definition of caloric effects, temperature distribution and formation mechanism of SHS compounds in an aluminum melt, mutual dissolution of  components in a composite and their homogeneity;

· analysis of the structure and mechanical properties of the composites, optimization of their structure;

· development of the SHS technology for the production of aluminum-based SHS composites;

on SHS pyrotechnic compositions

· study of the combustion processes of nonporous low-exothemal charges for the generation of gases with a low temperature;

· determination of the real composition of gases evolving in SHS gas generator operation;

· investigation of the thermit welding, study of the structure and mechanical properties of a weld.

Specialists of the SHS EC offers a cooperation in the research of SHS processes and materials. A great number of materials, mainly high-melting powders, are synthesized in the center. There is experience and possibilities of thermodynamic calculations as well as equipment and techniques of the synthesis of materials. However, the effective equipment for material analysis, for the study of  high-temperature processes, for computer simulation of the SHS processes is lacking. Thus, there is a wide area for the joint activity on the development of new materials and technologies of their production.

3.2. Joint Manufacture

3.2.1.  Manufacture of classified grinding micropowders

Most of companies producing various-purpose micropowders (high-melting powders for the application of coatings, abrasive high-hard powders, powders for ceramic manufacture, etc.; the size of particles is of 1 to 63 (m) are presently grouped in the Ukraine, including all manufactures of classified grinding micropowders (the size is of 1 to 10 (m). Because of the Ukrainian customs barriers, severe difficulties with payment, etc., Russian machine-builders are in the crisis. 

At present, there are needs of the Samara Region enterprises in the following types of micropowders:

Powders for the application of protective gas thermal coatings. They are powders on the base of high-melting compounds of titanium with nickel or intermetallic (nickel-aluminum) binder (titanium-nickel carbide, titanium-nickel carbonitride, titanium-chromium carbide-nickel) and intermetallic nickel-based powders. The minimal total demand of customers interested in powders for ??? is 3 to 5 tons a year. The comparatively small demand in this type of micropowders is due to a small quantity of enterprises possessing technologies and equipment for the gas thermal application of coatings (Joint Stock Company Ecran, Samara Thermal Electric Power Center, Scientific Research Association «Kuznetsov’s Engines»).

Ceramic micropowders  on the base of high-melting carbides for the production of tungsten-free hard alloys. The demand is 4 to 5 tons a year. Customers are Joint Stock Company VolgaBurMash, tool shops of machine-building plants with work bays of hard alloys.

Abrasive grinding micropowders of titanium carbide and nitride, titanium and boron carbide, composites with aluminum oxide (corundum). This type of powders has more enterprises-customers and is in greater demand that is about 80 tons a year.

In this connection it is promptly necessary to arrange a manufacture of classified various-purpose micropowders that will be the only one in Russia. This profitable manufacture of small tonnage (30 to 100 tons of classified grinding micropowders a year) can be established in cooperation with the SHS EC of SamSTU.

The following scheme of this joint manufacture can be proposed:

· the SHS EC of SamSTU gives the equipment and technology of making non-classified abrasive SHS materials, produces semi-finished materials for making powders, organizes the production of grinding micropowders with the use of its own commercial powders, deals with sale problems of the classified micropowders to Russian customers.

· a company-partner delivers the equipment for making classified micropowders such as crushes and vibromills for dispersing non-classified micropowders to 1 (m, classifiers for the separation of the produced micropowders into standard fractions of 63 to 1 (m with the suitable capacity (30 to 100 tons of micropowders a year), arranges product sale to customers in Western Europe.

The mutual payment is made with a final product, barter or money obtained from the product sale and will be regulated in making corresponding contracts.

3.2.2.  Manufacture of high-quality abrasive tools.

(grinding and cutting wheels, honing and superfinishing bars, abrasive papers, finishing and polishing pastes) to the FEPA standards.

The SHS EC produces SHS abrasive materials, makes abrasive tool on the base of high hard SHS products and delivers it to the interested companies in Western Europe.

Customers carry out tests and certification of the product to the FEPA standards and solve problems of abrasive tool sale in the Western market.

A share holding of the sides and profit distribution are agreed in the corresponding contracts.

3.2.3. Manufacture of high-quality cutting blades and tools on their base.

The SHS EC produces blanks of hard alloy cutting blades through the SHS pressing technology, carries out preliminary steps of surface working of the blades. Customers establish blade dimensions, grade, physical and mechanical properties of machined materials required by European customers.

The SHS EC finishes the blades to size, makes their final grinding.

Customers carry out tests for the cutting property of SHS hard alloys, makes product certification to the European standards and solve problems of the sale of SHS cutting tools in the Western  market.

A share holding of the sides and profit distribution are agreed in the corresponding contracts.

3.2.4.  Manufacture of SHS master alloys for aluminum alloys.

The SHS EC produces piglets of Al-Ti, Al-Zr, Al-Ti-B SHS master alloys and, if necessary, deforms piglets into rod or strip and delivers them to interested Western  companies.

Customers run tests for grain refining performance of SHS master alloys on the standard aluminum alloys, make product certification to the European standards and solve problems of the sale of SHS master alloys in the Western market.

A share holding of the sides and profit distribution are agreed in the corresponding contracts.

3.2.5.  Manufacture of decorative color fireworks and various-purpose gas generating devices.

The SHS EC gives the equipment and technology of making color fireworks and gas generators, sets up their production on its own base and (or) on a customer’s base as an option.
A customer-partner makes product certification to the standards and organizes product sale in the Western market.

The mutual payment is made with a final product, barter or money obtained from the product realization and will be regulated in making corresponding contracts.

