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Silicon nitride and its compositions with silicon carbide are used as wear-resistant, heat-resistant, acid-
resistant materials because they have valuable performance characteristics (high thermal conductivity and
heat resistance, hardness, wear resistance, chemical resistance in aggressive media). There are known works
on synthesis of Si3N4 - SiC in SHS mode. The authors [1] use silicon and additives of organic compounds.
SHS-Az technology [2, 3] allows to obtain highly dispersed powder ceramic composition Si3N4 - SiC by
combustion of components in the system Si-C-NaN3 - (NH4)2SiF6 or NH4F. Employees of TSC SB RAS used
shungite for synthesis of Si3N4 - SiC composite. Shungite is a natural composite, in the structure of which
dispersed crystalline silicate particles are evenly distributed in a carbon matrix (SiO 2-C). Since this mineral
contains a significant amount of quartz and carbon, the reactions of reduction of silica to metallic silicon
SiO2+2C→Si + 2CO and formation of silicon carbide SiO2 + 3C → SiC + 2CO are active during heating.
Under certain conditions, intensive heterogeneous reactions can be realized in SHS mode. In case ofaddition
of shungite to ferrosilicon it is possible to obtain a composite of Si 3N4, SiC, Si2N2O, Fe. The aim of the
present  work  is  to  investigate  the  microstructure  of  synthesis  products  and  physicochemical  processes
occurring during the interaction of ferrosilicon and shungite with nitrogen.

The method of differential scanning calorimetry was used for modeling the SHS - nitriding process of
ferrosilicon  -  shungite  mixture  and  fixation  of  chemical  transformations  accompanied  by  exo-  or
endothermic  effects.  A  mixture  of  80% ferrosilicon  -  20% shungite  was  investigated  using  DSC -  TG
analysis. The slight endothermic broadening at 102.8ºC is due to the removal of adsorption water. In the
temperature range 120 - 400ºC, the endothermic peaks are due to the removal of volatile components of
shungite, which corresponds to a decrease in sample mass (TG curve). The endothermic peak at 540.5ºC
corresponds to the polymorphic transition α → β quartz. The exothermic peak at 624.9ºC is associated with
the burnout of shungite carbon. Gradual carbon burnout occurs up to a temperature of ~ 1070ºC. This point
corresponds to a decrease in the mass of the sample. The endothermic effect with a maximum at 1215ºС
refers  to  the  melting  of  FeSi2 -  Si  eutectic,  and  two other  endothermic  effects  at  1334ºС and 1402ºС
correspond to phase transformations in the Fe - Si system in accordance with the diagram of state. The
process of active nitriding begins at temperatures above 1270ºC. The DSC curve shows a rise corresponding
to the exothermic interaction of iron-silicon melt with nitrogen, and the TG curve shows an increase in the
mass of absorbed nitrogen. The endothermic effect at 1434ºC is the polymorphic transformation α - quartz →
α - tridymite.

According to the results of SEM studies, the main mechanism of crystal growth is crystallization from
the melt. The morphology of synthesis products is represented by aggregates of small faceted crystals and
crystals in the form of thin plates of irregular shape. According to the results of elemental microanalysis, the
crystals are nitride, carbide and silicon oxynitride, because their chemical composition is represented by
silicon, nitrogen, carbon and oxygen. Crystals in the form of thin plates - silicon carbide (silicon and carbon
are determined by MRSA data).

REFERENCES
[1] T.V. Barinova, V.Y. Barinov, I.D. Kovalev., “Effect of Iron Oxalate Additions on the Phase Composition of Combustion Products of Silicon–

Carbon Mixtures in Nitrogen, ” Inorganic Materials, no. 1, vol. 55, pp. 37–41, 2019, doi: 10.1134/S0020168519010023.
[2] A.P.  Amosov,  G.S.  Belova,  Y.V.  Titova,  D.A.  Maidan.,  “Synthesis  of  Highly  Dispersed  Powder  Ceramic  Composition  Si3N4–SiC  by

Combustion of Components in the Si–C–NaN3–NH4F System, ” Russian Journal of Inorganic Chemistry, no. 2, vol. 67, pp. 123–130, 2022,
doi: 10.1134/S0036023622020024.

[3] A.P. Amosov, Y.V. Titova, G.S. Belova, D.A. Maidan, A.F. Minehanova., “SHS of highly dispersed powder compositions of nitrides with
silicon carbide. Review, ” Izvestiya Vuzov. Poroshkovaya Metallurgiya i  Funktsional’nye Pokrytiya, no. 4, vol.  16, pp. 34–57, 2022, doi:
10.17073/1997-308X-2022-4-34-57.

EFRE-2024: 6th International Conference on New Materials and High Technologies
Self-propagating high-temperature synthesis and advanced powder technologies

–––––––––––––––––––––––––––––––––––––––––––––– N2-P-004603 ––––––––––––––––––––––––––––––––––––––––––––––

595


