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Micro-and nanopowders AIN and SiC are very promising for creating new composite materials AIN-
SiC, giving them a set of unique properties, such as high strength, thermal stability, and chemical resistance
[1]. There are several different methods for obtaining the AIN-SiC composition: mechanical mixing of
commercially available SiC and AIN powders, thermal reduction of synthetic silicon dioxide and aluminum
oxide, mixing SisN4 and AlsC powders to form a solid solution of SizAlsN4Cs, hot pressing of a mixture of
SiC and AIN powders [2]. Much attention is drawn to the use of a simple energy-saving method of self-
propagating high-temperature synthesis (SHS) in various ways of organizing the combustion process of a
powder mixture: SisNs+4AI+3C=3SiC+4AIN under an electric field or on microwave heating,
SisN4+8AI+3C in air, Al+Si+C in low-pressure nitrogen gas, 2.3 Al+SiC in high-pressure nitrogen gas [3].
Each of these options has its own advantages and disadvantages. In this paper, we investigate the use of
another variant that is azide SHS, in which the nitriding reagent is not nitrogen gas, but sodium azide (NaNs)
powder, as well as halide salts [4]. The process of azide SHS provides great opportunities for regulating the
dispersion and structure of synthesized ceramic powders, bringing them to the nanoscale level. A successful
experience have been accumulated in using the azide SHS process to produce nanopowders of nitride
compositions TiN-BN, AIN-BN, SizN4-TiN [5].

The compositions of initial reagent mixtures for obtaining single-phase powders AIN and SiC using the
SHS azide technology are known [4]. On this basis, the following chemical reaction equations are used for
the synthesis of the AIN-SiC composition:

Si + 20Al + 6NaN3 + (NH4).SiFs + 2C = 2SiC + 20AIN + 6NaF + 4H, Q)
4Si + 20Al + 6NaN; + (NH.):SiFs + 5C = 5SiC + 20AIN + 6NaF + 4H,, 2
6Si + 20Al + 6NaN3; + (NH.).SiFs + 7C = 7SiC + 20AIN + 6NaF + 4H,, 3)
8Si + 20Al + 6NaN3; + (NH.),:SiFs + 9C = 9SiC + 20AIN + 6NaF + 4H,, 4)
10Si + 20Al + 6NaN3 + (NH4)2SiFs + 11C = 11SiC + 20AIN + 6NaF + 4H, (5)

The results of thermodynamic calculations of these reactions are presented, according to which,
adiabatic temperatures are sufficient for the combustion regime, and the condensed reaction products are the
target phases of AIN and SiC with an admixture of a water-soluble side salt NaF. The experimental study
showed that in combustion of mixtures (1)-(5) it is possible to synthesize the target composition AIN-SiC in
the form of equiaxed particles of size from 100 to 600 nm, but the condensed reaction products, along with
AIN, SiC and an impurity of NaF, easily removed by water washing, also includes a water-insoluble impurity
of cryolite NasAlFs in noticeable quantities from 7.7 to 15.5 wt.%. The washed product of azide SHS of this
composition can be used for liquid-phase hybrid reinforcement of aluminum-matrix composites with
ultrafine AIN and SiC powders, in which the impurity of cryolite plays a positive role of flux and is not
included in the final composition of the composite, without contaminating it [6].

REFERENCES

[1] P. Gao, C. Jia, W. Cao, Wang C.,Liang D., Xu G.-I., “Dielectric properties of spark plasma sintered AIN/SiC composite ceramics”, Int. J.
Miner., Metallur., Mater., vol. 21, no. 6, pp. 589-594, 2014.

[2]  w.-ChJ. Wei, R.-R. Lee” Pressureless sintering of AIN-SiC composites”, J. Mater. Sci., vol. 26, pp. 2930-2936, 1991.

[3] 1.P. Borovinskaya, T.G. Akopdzhanyan, E.A. Chemagina, and N.V. Sachkova, “Solid solution (AIN),(SiC)ix (x=0.7) by SHS under high
pressure of nitrogen gas”, Int. J. Self-Prop. High-Temp. Synth., vol. 27, no. 1, pp. 33-36, 2018.

[4] G.Vv. Bichurov, “Halides in SHS azide technology of nitrides obtaining”, in “Nitride Ceramics: Combustion synthesis, properties, and
applications”, Eds. A.A. Gromov, L.N. Chukhlomina, Weinheim: Wiley-VCH Verlag GmbH & Co. KGaA, pp. 229-263, 2015.

[5] A.P. Amosov, G.V. Bichurov, L.A. Kondrat’eva, and I.A. Kerson, “Nitride nanopowders by azide SHS technology”, Int. J. Self-Prop. High-
Temp. Synth., vol. 26, no. 1, pp. 11-21, 2017.

[6] Y.V. Titova, A.V. Sholomova, A.A. Kuzina et al.,”Azide SHS of aluminum nitride nanopowder and its application for obtaining Al-Cu-AIN
cast nanocomposite”, IOP Conf. Series: Mater. Sci. Eng., vol. 156, Article Number 012037, 2016.

" The reported study was funded by RFBR, project number 20-08-00298.



