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ABSTRACT 
The possibility of self-propagating high-temperature synthesis (SPHTS) application for an immobilization of solid 

high level wastes (HLW) in cermet materials is considered. The schemes of multilayer cermet blocks formation are 
offered. Such blocks consist of a ceramet core with immobilized HLW and a protective сover – ceramet without HLW. 
The influence of the base components form (pure Ti and Si, ferrotitanium and ferrosilicon), metallic components (Ni, 
Cu, Cr, Fe, ferrochromium) and nonmetallic components (SiO2, Al2O3, TiO2) on burning rate and cover ceramet 
structure is investigated in compositions on a basis of Ti+B, Ti+Si, Ti+C systems. Model samples of multilayer cermet 
blocks are manufactured using of HLW simulators. 

INTRODUCTION 
One of directions of reprocessing solid high level 

wastes of nuclear manufactures assumes high-temperature 
immobilization in chemically proof matrixes (glass, 
ceramics etc.) (Ringwood, 1981; Alloy, 1984; Pashkeev, 
1997). In addition to existing high-temperature 
immobilization methods (the solid phase sintering, the 
vitrification, the induction melting) it is offered to use 
self-propagating high temperature synthesis (SPHTS) 
(Patent, 1997). 

METHODS 
SPHTS represents exothermic chemical interaction of 

prime substances or chemical compounds in condensed 
phase proceeding in a mode of level-by-level burning of 
initial substance mix. High temperature (up to 4000 K) is 
created by heat evolution during chemical reactions of 
combustion. SPHTS in initial mix is initiated by thermal 
impulse from incendiary mixture or incandescence 
filamentor. The reaction localized in a narrow zone of 
burning heats further more cold layers by heat transfer and 
raises reaction in them, which results in a self-propagating 
process (fig. 1). 

On simulators the new procedure of chemical 
immobilization is tested providing ceramet matrix 
formation as a result of thermal interaction in an Al-
Fe2O3-Cr2O3-CeO2 system containing CeO2 as the 
simulator of radioactive elements (Pashkeev, 1998). The 
ceramet block forming during SPHTS consists of metallic 
component – corrosion proof iron-chromium alloy and 

ceramic component containing corundum, spinel solutes 
and cerium aluminates.  

FIGURE 1. The scheme of a condensed combustion  
of sample: 1 – incendiary mixture; 2 – combustion 

products; 3 – zone of burning; 4 – initial mix. 

It is supposed that the SPHTS method will allow to 
obtain blocks consisting of a core – matrix, surrounded 
with protective cover. The matrix contains radioactive 
wastes in chemically bounded state, and the protective 
cover does not contain HLW. The process can be carried 
out under several schemes. On one of them (fig. 2.a) the 
pressed briquette containing HLW, located in the metal 
container, is filled by a metal or oxide melt, which 
initiates SPHTS in the briquette. The obtained block 
consists of ceramet core with HLW components and 
hardened melt cover. 

Under an other scheme the cover can be 
manufactured from SPHTS- composition (fig. 2, b, c), that 
allows eliminating the difficulties of operating with 
molten substances. In this case locally initiated SPHTS 
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process in the prior mix, which does not contain wastes, is 
propagated to the mixture with wastes, and therefore the 
sintered-metal block is formed. 

The considered method has several advantages. 
Realization of HLW immobilization by a SPHTS method 
does not require special heating equipment because heat is 
evolved into briquette during condensed combustion. A 
special unit for process realization is not required, both 
the one-time metal container and protective layer between 
briquette and container serving for realization of process. 
The block ready to a burial without additional operations 
forms after ending of the process. The high-temperature 
stage when synthesis products are in liquid state 
accelerates chemical reactions of HLW binding as 
compared with the solid phase sintering. 

The cover formed around matrix, fulfills two functions: 
1) the combustion of cover in a host material 

initiates combustion in composition intended for 
forming the immobilizing matrix; 

2) the formed ceramet cover isolates high-
temperature process of forming the immobilizing 
matrix and, further, serves as protective layer at 
storing of the obtained block in geologic 
formations. 

For realization of these functions the cover material 
should satisfy the following requirements: 

1) the obtained ceramet material should have 
thermodynamic and reagent resistance, sufficient 
mechanical strength and a certain structure in 
section (should have an identical relation 
between metal and ceramic component as well as 
low porosity); 

2) the original cover composition should provide 
the combustion regimes, necessary for formation 
of сover material of required structure; 

3) the combustion should be carried out with such 
rates and temperatures as to ensure: the steady 
combustion of cover composition anticipating 
cover forming, ignition of mixture from which 
matrix is formed, and obtaining cover material 
with given properties and composition. 

RESULTS AND DISCUSSION 
The requirements of SPHTS realization and cermet 

cover materials structure in systems on a base of Ti-B, Ti-Si, 
Ti-C are investigated. After combustion the chemically 
steady borides, silicides and carbides of titanium are 
formed. Linear speed of powder mixtures combustion was 
determined using cylindrical pressed samples (diameter 
12 mm, height 40 mm) by videoshooting, and also with the 
help temperature control. Burning rate is calculated using 
coordinates of breaking points of curves on the dependence 
of combustion temperature upon time obtained with the help 
of two thermocouples. The influence of the such factors as: 

1) the existence form of fuel components (Ti or 
ferrotitanium, Si or ferrosilicon); 

2) the relations of fuel components (Ti, Fe, B) in 
original compositions of the Ti-B system; 

3) the amounts and types of metal (ferrochromium, 
Ni, Cu, Cr, Fe) and nonmetallic (SiO2, TiO2, 
Al2O3) additions on combustion parameters is 
investigated. Some results of investigation of 
influence of these factors on burning rate are 
presented in a fig. 3, 4. 
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FIGURE 3. Influence of the metal components on 
burning rate (compositions based on ferrotitanium) 
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FIGURE 2. The schemes of structural blocks for HLW immobilization:  
1 – metal container; 2 – metal; 3 – matrix – HLW immobilizator; 4 – cermet cover 
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FIGURE 4. Influence of the nonmetallic components on 

burning rate (compositions based on ferrotitanium) 

For Ti-B system compositions the increase of boron 
content (for compositions calculated for formation of TiB 
and TiB2) increases burning rate from 30 up to 
35 mm/seconds. 

The influence of the existence form of titanium (pure, 
or in ferrotitanium) on burning rate is ambiguous. On the 
one hand, introduction of iron (presenting in 
ferrochromium) decreases the burning rate from 30 to 
13 mm/sec for compositions calculated for TiB formation. 
On the other hand, the unexpected increase of burning rate 
from 35 up to 50 mm/sec is obtained at increase of boron 
content in compositions calculated for TiB2 and FeB 
formation. The metal and nonmetal components have 
unequal influence on combustion rate and combustion 
stability. The metal additions decrease burning rate in a 
smaller degree as compared with nonmetallic components. 
Among the surveyed nonmetallic components (SiO2, TiO2, 
Al2O3) only TiO2 influence is similar to influence of the 
metal components on combustion character. The SiO2 
additions decrease rates and stability of combustion. The 
similar tendencies are marked for Ti-Si, Ti-C systems, 
which, however, are characterized by smaller burning 
rates (3…1 mm/sec for Ti+C and 11… 1 for Ti+Si). 

The introduction of the metal and oxide additions in 
thermal mixtures decrease the burning rate, but promotes 
a refinement and more random distribution of phases in 
obtained cermet structure (fig. 5). The cermet consisting 
of titanium borides as ceramic component and nonferrous 

alloys as metal component has the most dense structures. 
The most dense structures are obtained after adding TiO2. 

The compositions of cover mixtures for forming 
cermet blocks according to the schemes (fig. 2) are 
offered. In laboratory conditions model samples 
containing a core with chemically immobilized HLW 
simulator (fig. 6) are manufactured. 

CONCLUSIONS 
The technological efficiency of SPHTS application 

for ceramet materials manufacturing is shown. On the 
basis of research results, mix compositions for block 
formation are offered. The samples containing a core with 
chemically bounded HLW simulators were made in 
laboratory conditions. Core consisted of components of 
Al-Fe2O3-Cr2O3-SiO2-CaO-Na2O-CeO2 system. 
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FIGURE 5. The ceramet microstructure. A ferrotitanium 75 + Si + wt. % TiO2 system  
a) In a light field; b) in a dark field combined with oblique illumination 
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FIGURE 6. Ceramet blocks (longitudinal section) 
1 – sintered-metal cover obtained on a base of ferrotitanium+B+Cu, Ni system  

2 – sintered-metal core with immobilized CeO2 (HLW simulator) 


