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Abstract―The possibility of synthesizing a highly dispersed powder nitride-carbide composition Si3N4–SiC
by combustion of a mixture of sodium azide (NaN3) with elemental powders of silicon (Si) and soot (C) and
an activating addition of ammonium fluoride (NH4F) in a nitrogen atmosphere has been investigated. The
combustion parameters, chemical and phase composition, morphology, and particle sizes of the synthesized
products have been determined. It is shown that, after water washing, the powder combustion product con-
sists of silicon nitride of two modifications (α-Si3N4 and β-Si3N4) with a predominant content of α-Si3N4,
silicon carbide (β-SiC) in an amount from 1.6 to 41.8%, and an insignificant amount of free silicon (Si). In
most cases, the obtained nitride-carbide composition Si3N4–SiC is a mixture of submicron (0.1–0.5 μm)
fibers and equiaxed particles, promising for low-temperature sintering of the corresponding structural com-
posite ceramic materials with enhanced mechanical properties.

Keywords: sodium azide, ammonium fluoride, combustion, synthesis, Si3N4–SiC
DOI: 10.1134/S0036023622020024

INTRODUCTION

Silicon nitride Si3N4 and silicon carbide SiC are
refractory compounds used for the manufacture of the
corresponding non-oxide ceramic materials, both
structural (due to high melting points, hardness, wear
resistance, heat resistance, and chemical stability) and
functional purpose (due to electrical and catalytic
properties) [1–5]. The Si3N4 dielectric is used as an
insulator in microelectronics, as well as a storage
medium in f lash memory devices, whereas the SiC
semiconductor is used in high-power high-tempera-
ture transistor devices and LEDs, as well as electric
heaters. Silicon carbide is used as a catalyst in the oxi-
dation of hydrocarbons, and silicon nitride is used as a
catalyst carrier. However, these ceramic materials dif-
fer markedly in some characteristics. The specific val-
ues of the characteristics strongly depend on the meth-
ods of obtaining ceramics; we use the averaged values
of the characteristics determined mainly at room tem-
perature. For example, Si3N4 ceramics are not as brit-
tle as SiC, they exhibit high fracture toughness (on
average 5.3 MPa m1/2) and good flexural strength (at
the level of 750 MPa), but it is characterized by low
resistance to oxidation at high temperatures (an
increase in the mass of 1.2 mg/cm3 at 1573 K for 100 h)
[1, 4]. SiC ceramics, on the other hand, demonstrates
high resistance to wear, creep, and oxidation at high

temperatures (an increase in mass of 0.02 mg/cm3

under the same conditions), but low values of f lexural
strength (450 MPa) and fracture toughness (2.8 MPa
m1/2). Silicon carbide is the most important compo-
nent (20–65 vol %) of ultrahigh-temperature ceramic
materials to achieve their maximum oxidation resis-
tance [6–9]. The results of a large number of studies
show that the combination of silicon nitride and sili-
con carbide in the Si3N4–SiC composite material
makes it possible to use the advantages of each of these
single-phase ceramics and obtain composite ceramics
with significantly improved properties, primarily for
high-temperature applications [4, 5, 10–15]. The
introduction of only 5 vol % SiC into a Si3N4 matrix
makes it possible to obtain a composite with an
increased fracture toughness of 6.5 MPa m1/2 by spark
plasma sintering [15]. The Si3N4–20 vol % SiC com-
posite made by hot isostatic pressing has a fracture
toughness of 9.5 MPa m1/2 at a temperature of 1673 K
compared to 5.3 MPa m1/2 for single-phase ceramic
Si3N4 and is considered a promising material for gas
turbine engines [13]. This conclusion is confirmed by
the results of later studies, according to which hot-
pressed Si3N4–(20–30 vol %) SiC nanocomposites
have a f lexural strength of up to 1500 MPa instead of
850 MPa for conventional Si3N4 ceramics and retain
high strength up to 1673 K instead of 1473 K for Si3N4
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ceramics [5]. Increasing the SiC content to 40 wt % in
a hot-pressed Si3N4–SiC composite leads to an
increase in fracture toughness to a level of 10.5–
12.5 MPa m1/2 [10]. Composite ceramics Si3N4–SiC
has great potential for its further development and
application by improving the composition, structure,
and properties, developing new methods of obtaining
and reducing the cost of production [16, 17].

It is known that the higher the content of the
α-Si3N4 modification in the initial silicon nitride
powder, the higher the strength properties of Si3N4
ceramics due to the α → β-Si3N4 transition during sin-
tering of materials; however, not all methods of
obtaining silicon nitride powder manage to achieve a
high content of its α-modification [1]. All properties
of composite ceramics, including mechanical ones,
can change quite significantly with an increase in the
dispersion of the composite components, when pass-
ing from micron-sized particles to highly dispersed
submicron (0.1–1 μm) and nanoscale (<0.1 μm =
100 nm) particles. Thus, special attention has been
paid to the development of nanostructured ceramic
composites [5, 12, 16, 17]. Most ceramic composites
are obtained by powder technology, including
mechanical mixing and grinding of the previously
obtained ceramic powders of components, followed by
compaction by various methods, for example, hot
pressing. However, highly dispersed powders, espe-
cially nanopowders, are prone to the formation of
agglomerates during their production, which prevents
homogeneous mixing of powders of various compo-
nents and forces us to solve the problem of deagglom-
eration of nanopowders [18]. Therefore, in the case of
highly dispersed powders, chemical methods of direct
synthesis of ceramic powders from a mixture of initial
reagents are preferable rather than mechanical mixing
methods [5, 16]. Submicron and nanopowder Si3N4–
SiC compositions can be synthesized by various
chemical methods, including coating Si3N4 particles
with highly dispersed carbon as a result of methane
pyrolysis [19], pyrolysis of an organic silicon-contain-
ing precursor [20], carbothermal reduction of silicon
dioxide in the presence of nitrogen gas [21], gas-phase
reactions [22], and plasma-chemical synthesis [23].
The listed chemical methods are characterized by high
energy consumption due to the need for heating to
high temperatures and the use of long exposures, the
use of expensive equipment. The use of the self-prop-
agating high-temperature synthesis (SHS) method,
also known as combustion synthesis, which is charac-
terized by low energy consumption, manufacturabil-
ity, and the ability to obtain various ceramic powders,
including nanopowders, from inexpensive starting
components [24–26] is of undoubted interest.

The purpose of this work is to study the possibility
of using the SHS method using sodium azide NaN3 as
a nitriding reagent and an activating additive of the
NH4F halide salt to obtain a highly dispersed compo-
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sition of Si3N4–SiC powders with different phase
ratios.

ANALYTICAL REVIEW
The first studies on the use of combustion for the

synthesis of powder compositions Si3N4–SiC are
based on the combustion of mixtures of powders of sil-
icon and technical carbon (soot) in gaseous nitrogen
at a pressure from 1 to 10 MPa [27–29]. The use of
gaseous nitrogen as a nitriding reagent first led to the
synthesis of silicon nitride with high heat release,
accompanied by partial decomposition of Si3N4 and
subsequent synthesis of silicon carbide. A mixture of
Si + C powders was burned both in pure form and with
the use of powder additives Si3N4 or f luoroplastic
(C2F4)n, which made it possible to obtain Si3N4–SiC
compositions with different ratios of micron-sized sil-
icon nitride and silicon carbide with a small fraction of
α-Si3N4, sometimes with small impurities of unre-
acted silicon.

The use of the azide SHS method based on the use
of sodium azide NaN3 powder (instead of gaseous
nitrogen) as a nitriding reagent and activating additives
of gasifying halide salts made it possible to noticeably
increase the fraction of α-Si3N4 and reduce the parti-
cle size of the Si3N4–SiC composition [24, 30–33].
The reaction for obtaining Si3N4–SiC is as follows:

(1)

where the content of carbon black was 5 or 15 moles
[32]. The combustion temperature of the reagents of
system (1) reached 1850°C at y = 5 and 1650°C at y =
15. In the case of y = 5, the cooled combustion prod-
uct consisted of β-Si3N4, α-Si3N4, NaF and Si, and in
the case of y = 15, the combustion products included
α-Si3N4, SiC, NaF, and Si. X-ray powder diffraction
showed that at y = 5 the content of β-Si3N4 prevails
over the content of α-Si3N4, silicon carbide was not
detected. At у = 15, on the contrary, silicon carbide is
present, while β-Si3N4 is not found. A noticeable
amount of unreacted silicon remained in the washed
combustion product. Silicon carbide is an equiaxed
particle with an average size of d0.5 = 100 nm, silicon
nitride is a fiber with a diameter of 100–200 nm.

The use of another additive (NH4F halide salt) in a
much larger amount leads to the production of cubic
tantalum nitride nanoparticles by the azide SHS
method according to the reaction:

(2)

where integers k from 0 to 5 are the number of moles
of the NH4F halogen salt [34, 35]. Pure cubic TaN
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with d = 5–10 nm was synthesized at a content of 4
and 5 moles of NH4F and a nitrogen pressure of 2 MPa
in the combustion mode at temperatures from 850 to
950°C. The role of the NH4F halide salt is explained
by a decrease in the combustion temperature and the
formation of active gaseous decomposition products.
Based on the effective use of the NH4F activating
additive, it was concluded that the developed
approach can be the basis for a simple and economical
method for the industrial production of cubic tanta-
lum nitride nanopowder [34].

EXPERIMENTAL
For the synthesis of target compositions Si3N4–

SiC with a molar ratio of phases from 1 : 4 to 4 : 1, the
following equations of chemical reactions were used:

(3)

(4)

(5)

(6)

(7)

In these equations, the composition of the reaction
products is expressed in moles; when passing to wt %,
the following ratios are obtained for the theoretical
composition of the target compositions Si3N4–SiC,
provided that the water-soluble side salt NaF is
removed from the reaction products:

For the experimental study, as the initial raw mate-
rials we used (hereinafter, wt %) silicon powder of the
“Kr0” grade (content of the main substance ≥98.8%,
d0.5 = 5 μm), ammonium fluoride powder of the pure
grade, (≥99.1%, 20 μm), sodium azide powder of the
pure grade (≥98.71%, 100 μm), and technical carbon
of the “P701” grade (≥88.0%, 70 nm in the form of
agglomerates up to 1 μm) (Russian State Standards).
A mixture of dried initial powders, taken in a given
ratio, was manually mixed in a porcelain mortar for 5–
10 min until visually uniform distribution of the com-
ponents. The prepared mixture of powders (charge)

3 4
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Si N SiC NaF 2H ,
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Si N 2SiC NaF 2H ,
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Si N 4SiC NaF 2H ,
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7Si C 2NaN 2NH F
2Si N SiC 2NaF 2H ,

+ + +
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3 4

3 4 2

13Si C 4NaN 4NH F
4Si N SiC 4NaF 2H .

+ + +
= + + +

3 4 3 4(3): Si N SiC 77.8% Si N 22.2% SiC,+ = +

3 4 3 4(4): Si N 2SiC 63.6% Si N 36.4% SiC,+ = +

3 4 3 4(5): Si N 4SiC 46.7% Si N 53.3% SiC,+ = +

3 4 3 4(6): 2Si N SiC 87.5% Si N 12.5% SiC,+ = +

3 4 3 4(7): 4Si N SiC 93.3% Si N 6.7% SiC.+ = +
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was poured into a tracing glass with a diameter of
30 mm and a height of 45 mm, placed in a filter assem-
bly made of carbon cloth, and two tungsten-rhenium
thermocouples were inserted. The bulk relative density
of the powder mixtures averaged 40% of the maximum
possible density of the non-porous mixtures of the
given compositions. The assembled construction was
installed on the object shelf of a constant pressure
SHS-Az laboratory reactor with a working volume of
4.5 L [26]. A nitrogen gas pressure of 4 MPa was cre-
ated in the reactor and combustion was initiated with
an electric tungsten filament.

After synthesis, the sample was removed from the
reactor and manually disintegrated to a free-flowing
powdery state in a porcelain mortar. Then, the pow-
dery combustion product was washed with distilled water
from the residual by-product, sodium fluoride, to
achieve the acid-base balance of the wash water pH 8.

The elemental and phase composition, micro-
structure and particle size of combustion products
were investigated. The phase composition of the syn-
thesized products was determined on an ARL E’trA-
138 powder X-ray diffractometer equipped with an
X-ray tube with a copper anode with a maximum
power of 2200 W. Scanning was performed in the 2θ
range of angles (20°–80°) at a speed of 2 deg/min. The
interpretation of the diffraction patterns and the quan-
titative assessment of the phase composition by the
Rietveld method were performed in the PDXL 1.8
software using the PDF-2009 and COD-2019 crystal-
lographic databases. The morphology and particle size
of the synthesized compositions were studied using
images of the microstructure of combustion products
on a Jeol JSM-6390A scanning electron microscope.

RESULTS

The results of the experimental determination of
the combustion parameters, namely, the maximum
temperature Tc, the rate Uc, the maximum pressure pm,
the theoretical (Mt) and practical (Mpr) yield of con-
densed combustion products of charge compositions
for the synthesis of ceramic nitride-carbide composi-
tions Si3N4–SiC are presented in Table 1.

From the analysis of the data given in Table 1, it
follows that an increase in the amount of silicon in the
charge with the same amount of carbon, i.e. an
increase in the proportion of silicon nitride in the
product leads to an increase in the temperature and
combustion rate, and an increase in the proportion of
silicon carbide in the product with an increase in the
amount of carbon in the charge leads to a decrease in
the temperature and combustion rate. It can be seen
that the practical yield of the product is quite close to
the theoretical one, the difference is from 2.8 to 8.5%,
and it is the greater, the higher the content of NH4F
salt in the charge.
l. 67  No. 2  2022
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Table 1. Combustion parameters of charge compositions for synthesis Si3N4–SiC

Composition of the charge 
compositions in accordance 

with reactions (3)–(7)
Tc, °С Uc, cm/s pm, MPa mcharge, g Mt, g Mpr, g

4Si + C + NaN3 + NH4F 1955 0.80 4.69 23.21 22.80 21.87
5Si + 2C + NaN3 + NH4F 1910 0.79 4.58 23.98 23.63 22.96
7Si + 4C + NaN3 + NH4F 1902 0.76 4.53 25.08 24.79 23.18
7Si + C + 2NaN3 + 2NH4F 2098 0.83 4.81 22.73 22.29 21.34
13Si + C + 4NaN3 + 4NH4F 2225 0.85 5.03 22.46 22.01 20.13

Table 2. Composition of combustion products of charge compositions, wt %
Charge compositions in 

accordance with reactions (3)–(7)
α-Si3N4 β-Si3N4 α-Si3N4 + β-Si3N4 β-SiC Sif

4Si + C + NaN3 + NH4F (3) 70.2 19.4 89.6 9.7 0.7
5Si + 2C + NaN3 + NH4F (4) 50.9 19.5 70.4 23.9 5.7
7Si + 4C + NaN3 + NH4F (5) 38.2 17.6 55.8 41.8 2.4
7Si + C + 2NaN3 + 2NH4F (6) 68.4 27.4 95.8 3.6 0.6
13Si + C + 4NaN3 + 4NH4F (7) 69.3 28.1 97.4 1.6 1.0
Figure 1 and Table 2 shows the X-ray diffraction
patterns and the results of the quantitative X-ray pow-
der diffraction analysis of the composition of the com-
bustion products of the initial mixtures of powders
(charge) according to reactions (3)–(7) after water
washing and removal of NaF.
RUSSIAN JOURNAL O

Fig. 1. X-ray diffraction patterns of combustion products of char
C + NaN3 + NH4F (3); (2) 5Si + 2C + NaN3 + NH4F (4); (3) 
(6); (5) 13Si + C + 4NaN3 + 4NH4F (7).
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The washed combustion products of all the investi-
gated charge compositions consist of four phases: sili-
con nitride of two modifications (α-Si3N4 and
β-Si3N4), silicon carbide (β-SiC), and free silicon
impurities (Sif). Note that the presence of small impu-
rities of unreacted silicon is also typical for other cases
F INORGANIC CHEMISTRY  Vol. 67  No. 2  2022

ge compositions in accordance with reactions (3)–(7): (1) 4Si +
7Si + 4C + NaN3 + NH4F (5); (4) 7Si + C + 2NaN3 + 2NH4F
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of using the combustion process to obtain a composi-
tion of Si3N4–SiC powders [27–29]. Other differences

between the experimentally determined composition
of combustion products from the calculated theoreti-
cal composition (3)–(7) are discussed below together
with the microstructure of combustion products.

The experimental composition of the combustion
products of reaction (3) (89.6% Si3N4 + 9.7% SiC +

0.7% Sif) differs from the theoretical composition (3)

(77.8% Si3N4 + 22.2% SiC) by a significantly higher

content of silicon nitride, almost half the content of
carbide silicon, and the presence of a small impurity
Sif. In this case, silicon nitride consists mainly of the

α-Si3N4 modification, the content of which is four

times higher than the content of β-Si3N4. The micro-

structure of the combustion products present Fig. 2
shows fibers with a diameter of 150–500 nm and a
length of up to 5 μm, typical of α-Si3N4, as well as par-

ticles of an equiaxed form of silicon carbide, which are
in the form of both individual particles and agglomer-
ates.

Thus, combustion of a mixture of the initial pow-
ders of reaction (3) makes it possible to obtain a com-
position of submicron powders close to the composi-
tion Si3N4–10% SiC, with a predominant content of

α-Si3N4 and a small content of free silicon impurities

(0.7%).

In the case of reaction (4), with an increase in the
charge of silicon from 4 to 5 moles and carbon from 1
to 2 moles in comparison with the charge of reaction (3),
in the combustion products of the charge of reaction (4)
(Table 2), a reduced content of α-modification of sil-
icon nitride with an increased content of silicon car-
bide and free silicon phases is observed: α-Si3N4,

50.9%; β-Si3N4, 19.5%; SiC, 23.9%; Sif, 5.7%. Here,

the content of α-Si3N4 fibers should be ~50% of the

volume of the powder mixture, but Fig. 2 shows a sig-
nificantly lower content of single fibers with a diame-
ter of 100–250 nm with a predominant content of equi-
axed particles with a size of 100–500 nm in the form of
individual particles and agglomerates, which indicates
the formation of a significant part of α-Si3N4 (along

with β-Si3N4 and Sif) in the form particles of an equi-

axed shape with an increased carbon content in the
charge. The conclusion about the effect of the
increased carbon content rather than silicon is
explained by the fact that the silicon content in the
charge of reaction (4) increased by only 25% in com-
parison with the charge of reaction (3), and the carbon
content increased by 100%, as well as that with the
same carbon content (1 mol) but an increased silicon
content (7 mol) in the charge of reaction (6) and
13 moles in the charge of reaction (7), α-Si3N4 is

formed mainly in the form of fibers.

In general, the composition of the synthesized
ultradispersed powder composition 70.4% Si3N4 +

23.9% SiC + 5.7% Sif differs from the theoretical com-
RUSSIAN JOURNAL OF INORGANIC CHEMISTRY  Vo
position (4) 63.6% Si3N4 + 36.4% SiC by a smaller dif-

ference in the content of silicon nitride and silicon
carbide, but a significantly higher content of Sif impu-

rity than in the case of reaction (3).

The results of X-ray powder diffraction analysis of
the combustion products of the charge of reaction (5)
7Si + 4C + NaN3 + NH4F presented in Table 2 show

that with an increase in the carbon content by four
times and the silicon content by a factor of two in com-
parison with the charge of reaction (3), the combus-
tion products of the charge (5) contain significantly
lower amount of nitride silicon and higher amount sil-
icon carbide: α-Si3N4, 38.2%; β-Si3N4, 17.6%; SiC,

41.8%; Sif, 2.4%. In addition, this composition differs

from the theoretical composition (5) 46.7% Si3N4 +

53.3% SiC with respect to α-Si3N4 and SiC while

maintaining the content of β-Si3N4. A comparison of

the microstructures shows that the combustion prod-
ucts also consist mainly of particles of an equiaxed
shape, but differ greatly in size. In the case of reaction (5)
with a high content of silicon and carbon in the charge,
they are a mixture of silicon nitride and silicon carbide in
the form of submicron particles 150–500 nm in size and
much larger particles up to 2 μm in size.

It follows from Table 2 that as a result of the com-
bustion of the charge of reaction (6), which contains
twice as much silicon as compared to the charge of
reaction (3) at the same carbon content, approxi-
mately the same amount of α-Si3N4 is formed and

almost 20% more β-Si3N4, almost three times less sil-

icon carbide and almost the same amount of free sili-
con impurity: α-Si3N4, 68.4%; β-Si3N4, 27.4%; SiC,

3.6%; Sif, 0.6%. The composition of the synthesized

composition differs from the theoretical composition (6)
87.5% Si3N4 + 12.5% SiC by a noticeably higher con-

tent of silicon nitride and a significantly lower (almost
four times) content of silicon carbide. According to
Fig. 2, mainly typical for α-Si3N4 fibers with a diame-

ter of 100–250 nm and a length of up to 3 μm and
equiaxed particles with a size of 100–500 nm in the
form of individual particles and agglomerates are
formed.

In the case of the mixture of reaction (7) with a
much higher content of silicon, sodium azide, and
ammonium fluoride as compared to the mixture (3)
with the same carbon content, the following composi-
tion of the synthesized composition was obtained
(Table 2): α-Si3N4, 69.3%, β-Si3N4, 28.1%, SiC,

1.6%, Sif, 1.0%, which differs from the composition

according to reaction (6) only by an even lower silicon
carbide content, which is four times less than the theo-
retical one (7): 93.3% Si3N4 + 6.7% SiC. According to

Fig. 2, as in the previous case, the combustion prod-
ucts are mainly fibers with a diameter of 100–250 nm
and a length of up to 3 μm and equiaxed particles with
a size of 100–500 nm in the form of individual parti-
cles and agglomerates.
l. 67  No. 2  2022
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Fig. 2. Microstructure of the combustion products of the mixture of reactions (3)–(7) at a magnification of (a) ×10000 and (b)
×20000.
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Fig. 3. Dependence of the experimental content of SiCe on
the theoretical SiCt in the composition of powders Si3N4–
SiC and its polynomial approximation, in which y = SiCe,
x = Sit, R

2 is the approximation reliability value.
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DISCUSSION

When implementing the azide SHS process to
obtain a highly dispersed composition of Si3N4–SiC

powders, the experimental composition noticeably
differs from the calculated theoretical composition,
primarily in the significantly lower content of silicon
carbide. Figure 3 shows the dependence of the experi-
mentally found silicon carbide content SiCе on the

theoretical content SiCt plotted from the results of

Table 2 and Eqs. (3)–(7).

Such a difference between the experimental and
theoretical results can be explained by the peculiarities
of the formation of silicon carbide when obtaining a
composition of Si3N4–SiC powders by burning a mix-

ture of silicon and carbon powders in a nitrogen atmo-
sphere [27–29]. The reaction for the synthesis of sili-
con carbide from elemental powders Si + C = SiC has
a small thermal effect (73 kJ/mol) and cannot provide
a self-propagating combustion mode, while the reac-
tion for the synthesis of silicon nitride from silicon
powder in gaseous nitrogen 3Si + 2N2 = Si3N4 is

highly exothermic with a thermal effect of 756 kJ/mol
and can proceed in combustion mode. Therefore,
when the combustion of a mixture of silicon and car-
bon powders is initiated, silicon nitride is first synthe-
sized with an increase in temperature to high values
exceeding 2273 K, at which the synthesized Si3N4 dis-

sociates, and then the resulting silicon reacts with car-
bon, forming SiC, which is more stable at high tem-
peratures. The formation of SiC proceeds until the
complete consumption of carbon, and the remaining
unused silicon turns into Si3N4. In the case of combus-

tion of charge compositions of reactions (3)–(7),
more silicon nitride and less silicon carbide are formed
than should be according to reactions (3)–(7), but free
carbon is not found in the combustion products. The
reason may be that a part of very small particles of
technical carbon (soot) is removed (blown out) from
the burning highly porous charge sample by gases
released during combustion and does not participate
in the conversion of Si3N4 to SiC. As a result, more sil-

icon nitride and less silicon carbide remain in the
combustion products than should be according to
reaction (3)–(7). The lower the carbon content in the
charge in comparison with the silicon content in these
equations, the higher the combustion temperature and
the greater the gas release, the greater the relative car-
bon loss due to gas removal, and the more SiCe differs

from SiCt. It should be noted that the above approxi-

mation dependence SiCe(SiCt) makes it possible to

predict the actual composition of the synthesized
composition of Si3N4–SiC powders using reaction

equations of the type (3)–(7) under the considered
experimental conditions. To approximate the calcu-
lated composition of the synthesized Si3N4–SiC com-

position, it is necessary to carry out further studies
with possible technological changes, namely using an
RUSSIAN JOURNAL OF INORGANIC CHEMISTRY  Vo
excess of carbon powder, changing such parameters as
the pressure of gaseous nitrogen in the reactor, the
density and volume of the charge sample, etc.

CONCLUSIONS

The efficiency of using the activating additive of the
halide salt NH4F for the preparation of a highly dis-

persed composition of Si3N4–SiC powders with dif-

ferent phase ratios in a wide range of silicon carbide
content (from 1.6 to 41.8%) by the azide SHS method
has been confirmed. The synthesized compositions
are distinguished by a high content of α-Si3N4 (2.17–

3.61 times more than β-Si3N4). With a high carbon

content in the charge, leading to the synthesis of 23.9
and 41.8% silicon carbide in the composition, α-Si3N4

is formed mainly in the form of particles of an equi-
axed rather than fibrous form. The impurity content of
free silicon does not exceed 1.0% for composites with
SiC contents up to 10%, but reaches 2.4–5.7% with
SiC contents of 23.9 and 41.8%, which is obviously
due to the high silicon content in the initial charge and
the incomplete reaction of SiC formation. With a SiC
content of 1.6 to 23.9%, the Si3N4–SiC composites are

submicron and consist of fibers 100–500 nm in diam-
eter and up to 5 μm in length, as well as equiaxed par-
ticles 100–500 nm in size in the form of individual
particles and their agglomerates. At a SiC content of
41.8%, the Si3N4–SiC composition is a mixture of

submicron particles 150–500 nm in size with much
larger particles up to 2 μm in size. The obtained com-
posite Si3N4–SiC powders differ from those synthe-

sized earlier using the combustion process both in a
higher dispersion and a higher content of α-Si3N4, and

therefore they are promising for use in the manufac-
ture of composite ceramic materials with improved
properties at lower sintering temperatures. However,
for this, it is necessary to refine the process of azide
SHS of the composition of highly dispersed Si3N4–

SiC powders with respect to technological changes in
order to approximate the calculated composition and
reduce the content of free silicon in it.
l. 67  No. 2  2022
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