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Abstract: Producing powder compositions using conventional processing technology can lead to the formation of large
agglomerates and, therefore, makes it difficult to obtain a uniform microstructure. The production of composites by self-
propagating high-temperature synthesis can reduce costs and the number of technological stages, as well as lead to obtain-
ing composites that are more homogeneous. Synthesis by the combustion of mixtures of powder reagents of sodium azide
(NaNj), fluoroplastic (C,F,), aluminum and titanium with different ratios of reagents in a nitrogen gas atmosphere at
a pressure of 4 MPa was used for the production of a highly dispersed powder ceramic AIN-TiC composition. Thermody-
namic calculations have confirmed the possibility of synthesis of AIN-TiC compositions of different formulations in com-
bustion mode. The dependences of temperature and combustion rate on the composition of the initial mixtures of reagents
were experimentally determined for all stoichiometric reaction equations. The study have shown that the experimentally
found dependences of combustion parameters on the ratio of the initial components correspond to the theoretical results
of thermodynamic calculations. The formulation of the synthesized composition differs from the theoretical composition
by a lower content of target phases and the formation of Al,Os, Na;AlF4 and TiO, side phases. The powder composition
consists of aluminum nitride fibers with a diameter of 100-250 nm and ultradisperse particles of predominantly equiaxed
and lamellar shapes with a particle size of 200-600 nm. As the combustion temperature increases to produce the largest
amount of titanium carbide phase, the particle size increases to the micron level.
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INTRODUCTION

Currently, materials with low weight, high strength,
corrosion resistance and wear resistance are top request-
ed by the automotive and aerospace industries [1; 2].
Although aluminium alloys satisfy the requirements for
light weight (low density), they have low strength and
hardness. Aluminium alloys are characterised by excel-

and physical properties, are especially attractive for use in
the aerospace, automotive, defense and construction indus-
tries [4; 5]. In view of the above, TiC is attracting growing
interest among researchers due to its high hardness, elastic
modulus, low density, relatively high temperature stability,
and good wettability with aluminium [5].

The compressive strength of the nanocomposite posi-

lent formability in addition to high thermal conductivity
and good corrosion resistance [3].

Numerous studies on aluminium-based metal-matrix
composites (MMCs) have found that Al-based MMCs rein-
forced with TiC particles, due to their excellent mechanical

tively correlates to the content of the reinforcing compo-
nent. The maximum compressive strength of the highly
reinforced nanocomposite is 233 MPa, which is much higher
than that of unreinforced aluminium alloy. Nanocomposite
containing up to 0.5 wt. % of TiC has a lower relative

Frontier Materials & Technologies. 2024. No. 3


https://orcid.org/0000-0002-6430-9408
https://rscf.ru/project/23-29-00680/

Belova G.S., Titova Yu.V., Maidan D.A. et al. “Self-propagating high-temperature synthesis of AIN-TiC powder composition...”

density due to the predominance of hardening during
processing. Using a finer powder will increase the rela-
tive density. The highly hardened nanocomposite exhi-
bited a hardness of 1.18 GPa after sintering at a tempera-
ture of 873 K. This value is three times higher than that
of the unreinforced microcrystalline sample, and two
times higher than that of the wunreinforced nano-
crystalline sample [6].

When synthesizing the AIN-TiC composition, in addi-
tion to the target phases of aluminium nitride (AIN) and
titanium carbide (TiC), a certain amount of ternary alumi-
nium carbonitride, including AlsCsN and AlC;N,, is
formed in the AI-C—-N system. These materials are usually
produced at a relatively high sintering temperature. In [7], it
is indicated that AlsC;N is formed only when samples are
subjected to hot pressing at ~2073 K.

Compared to other methods for producing ceramic
compositions, combustion synthesis, or high-temperature
sintering with self-propagation of a combustion wave, is of
interest due to obvious advantages, such as short process
duration, low energy consumption and high yield of pure
products. Combustion synthesis has been used to synthesize
many materials [8], including aluminium nitride (AIN) and
carbide (TiC).

The possibility of producing a Ti,AlCy 5Ny 5 solid solu-
tion from powder mixtures consisting of Ti, Al,C; and Al
or AIN was studied by self-propagating, high-temperature
synthesis (SHS) in gaseous nitrogen. The molar ratio
of the three powder reagents was Ti : Al,C; : Al (AIN) =
=2 : 1/6 : 1/3. For both types of samples, increasing
the nitrogen pressure from 0.45 to 1.82 MPa increases
the combustion temperature and thus accelerates the reac-
tion front propagation. Compared to inert AIN, Al parti-
cles reacted vigorously with Ti and N, during the SHS
process, resulting in higher reaction exothermicity for
the Al-containing sample than for the AIN-containing
sample. The Ti,AlC(sNg s solid solution was the main
phase in the final products from Ti—Al4;Cs—Al powder
compacts. However, increasing the nitrogen pressure
had a negative effect on the release of Ti,AlC( 5Ny,
since Ti was excessively nitride, and Al reacted with
nitrogen. When AIN was used to replace Al, the for-
mation of Ti,AlC, 5N, s was deteriorated, due to weak
exothermicity and TiAl deficiency. Moreover, Ti(C,N)
titanium carbonitride predominated in the products syn-
thesized from Ti—Al,;C;—AIN samples at nitrogen pres-
sures of 1.48 and 1.82 MPa. This means that the use of
aluminium nitride instead of aluminium is undesirable
for producing Ti,AlC Ny s by synthesis using gaseous
nitrogen [9; 10].

The SHS process is attractive, because of its simplici-
ty and economic efficiency; it is one of the promising in
situ methods for the direct synthesis of ceramic powders
within the desired composition from a mixture of initial
cheap reagents. SHS using sodium azide and gasifying
halide salts has such distinctive features as relatively low
combustion temperatures, the formation of a large
amount of intermediate vapour and gaseous reaction
products, as well as final condensed and gaseous by-
products separating the particles of the target powders,

which allows synthesizing highly dispersed (<l pm)
AIN-TiC powder composition [11; 12].

Synthesis of both target phases directly in the bulk of
a composite powder (in situ) from inexpensive reagents,
and not in advance with subsequent mechanical mixing
(ex situ) of expensive nanopowders, makes it possible to
achieve high homogeneity of the mixture of synthesized
inexpensive highly dispersed nitride-carbide compositions.

The purpose of this study is to use a fluoroplastic acti-
vating additive (C,F,) to produce a highly dispersed com-
position of AIN-TiC powders with different phase ratios,
using the method of azide self-propagating high-
temperature synthesis.

METHODS

To synthesize target AIN-TiC compositions with a mo-
lar phase ratio from 1:4 to 4:1, the following chemical reac-
tion equations were used:

2A+2Ti+4NaN;+C,F,=2 AIN+2TiC+4NaF+5N,; (1)
Al+2Ti+4NaN3+C,F,=AIN+2TiC+4NaF+5.5N,;  (2)
Al+4Ti+8NaN;+2C,F,=AIN+4TiC+8NaF+11.5N,; (3)
4AI+2Ti+4NaN;+C,F,=4 AIN+2TiC+4NaF+4N,;  (4)
8AI+2Ti+4NaN;+C,F,=8 AIN+2TiC+4NaF+0.5N,. (5)

If we move from the formulation of AIN-TiC composi-
tions expected, according to these stoichiometric equations
in moles to the formulation in wt. %, taking into account
the molar weights of the phases, the following ratios of the
expected theoretical formulation of the synthesized AIN-
TiC compositions after removal of the NaF water-soluble
by-salt are obtained:

(1): AIN+TiC=40.6 % AIN+59.4 % TiC;
(2): AIN+2TiC=25.5 % AIN+74.5 % TiC;
(3): AIN+4TiC=14.6 % AIN+85.4 % TiC;
(4): 2AIN+TiC=57.8 % AIN+42.2 % TiC;
(5): 4AIN+TiC=73.3 % AIN+26.7 % TiC.

To predict the possibility of reactions occurring in
the combustion mode by determining thermal effects (en-
thalpy), adiabatic temperatures and compositions of synthe-
sis products, corresponding thermodynamic calculations
were carried out using the Thermo computer program.

In the experimental study, the following raw materials
were used: ASD-4 grade aluminium powder (main sub-
stance content is >98.8 wt. %, average particle size is
5 um), PTM grade titanium (=99.7 wt. %, 5 um), classifica-
tion “Ch” fluoroplastic powder (=99.1 wt. %, 20 um), clas-
sification “Ch” sodium azide powder (=98.71 wt. %,
100 um). The combustion of a mixture of initial reagents
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(charge) with a bulk relative density of 0.4 was carried out
in a tracing paper cup with a diameter of 30 mm, and
a height of 45 mm wrapped in carbon fabric using a SHS-Az
laboratory reactor with a volume of 4.5 1, with two thermo-
couples at a nitrogen pressure of 4 MPa.

Using thermocouples (thermocouple wire of VR5-20
type, TU 48-1941-73, Moscow Electric Lamp Plant OJSC,
Moscow, Russia), combustion temperatures were mea-
sured, and combustion rates were calculated. Using a pres-
sure gauge (MP4-U, 1.5 kgf/cm®, JSC Manotom, included
in the general installation of a constant pressure SHS reac-
tor with a fume hood (armored cabin)), the change in
pressure in the reactor during the combustion process was
determined.

The resulting synthesis product was weighed and com-
pared with the theoretical yield from reactions (1)—(5).
The combustion product was washed with distilled water
to remove water-soluble impurities, and the acid-base ba-
lance of the washing water was determined, to identify
the presence of free sodium in the combustion product,
and the completeness of the chemical reaction. Washing
consisted of diluting the powders with distilled water in
a ratio of 1:10 at room temperature, stirring the resulting
suspension, and then filtering the target products in a va-
cuum funnel for 5-10 min. The pH=7 value indicates
the absence of free fluorine/sodium, which indirectly con-
firms the completeness of the conversion of the starting
components into reaction products.

An experimental study of the combustion process was
carried out using thermocouple measurements of tempera-
tures and combustion rates. The study of combustion
products using scanning electron microscopy and X-ray
phase analysis showed that the application of azide self-
propagating high-temperature synthesis with the addition
of C,F, to the initial charge as a carbon source, allows
synthesizing AIN-TiC powder composition of various
formulations.

The phase composition of the synthesized combustion
products was determined using an ARL X’tra automated
X-ray diffractometer (Thermo Scientific). Cu radiation
was used with continuous scanning in the 260 angle range

from 20 to 80° at a speed of 2 degrees/min. The obtained
spectra were processed using the WinXRD application
package. Quantitative phase analysis was carried out
using the full-profile analysis method (Rietveld method)
with the help of the PDXL 1.8.1.0 program using the
PDF-2009 and COD-2019 crystallographic databases.
The essence of the method is to use profile intensities
instead of integral ones, which allows extracting
the maximum amount of information contained in step-
by-step experiments of scanning powder diffraction pat-
terns. The study of the morphology of powder particles
was carried out on a Jeol JSM-6390A scanning electron
microscope with a JeolJED-2200 attachment.

RESULTS

Thermodynamic analysis of the possibility of form-
ing compositions

Table 1 presents the results of thermodynamic calcula-
tions of combustion reactions (1)—(5) using the Thermo
program.

From the presented data, it is clear that all reactions
have high adiabatic temperatures, sufficient both for
the implementation of the SHS process in the combustion
mode, and for the formation of the target phases of alumi-
nium nitride and titanium carbide. The reaction enthalpy
increases and strongly depends on the ratio of the nitride
and carbide phases in the reaction products. The minimum
enthalpy value corresponds to equation (1), the maximum
reaction enthalpy value is calculated for equation (5).
The equilibrium concentrations of reaction products corre-
spond to the right-hand sides of equations (1)—(5), i.e.,
the target phases of aluminium nitride (AIN) and titanium
carbide (TiC).

Experiment results

The results of the experimental determination of
the temperature (7¢) and rate (Uc) of combustion of SHS-Az
charges for the synthesis of AIN-TiC ceramic nitride-
carbide compositions are presented in Table 2.

Table 1. Results of thermodynamic analysis of reactions (1)—(5)

Taonuya 1. Pezynomamul mepmoounamuuecko2o ananuza peaxyuil (1)—(5)

Composition of the initial mixture Enthalpy, Adiabatic temperature, Quantity, mole
of powders in reactions kJ K AIN TiC NaF N,
2A1+2Ti+4NaN;+C,F, —2139 2768 1.00 4.00 4.00 5.50
Al+2Ti+4NaN;+C,F, —2298 2798 1.00 2.00 4.00 5.50
Al+4Ti+8NaN;+2C,F, -2616 2920 2.00 2.00 4.00 5.00
4Al+2Ti+4NaN;+C,F, —3252 3120 4.00 2.00 4.00 4.00
8 Al+2Ti+4NaN;+C,F, —4524 3278 8.00 2.00 4.00 2.00
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From the data presented in Table 2, it can be seen that
the experimental maximum combustion temperatures corre-
spond to the calculated values of adiabatic temperatures in
Table 1, but are slightly lower than the latter due to heat
loss in the combustion zone. The minimum values of tem-
perature and rate of combustion are observed in equation
(1), which corresponds to the phase ratio AIN : TiC=1: 1.

Fig. 1 presents the results of microstructural analysis of
the combustion products of the initial mixtures of powders
(charges), represented by reaction equations (1)—(5), after
water washing from the by-product water-soluble NaF salt.
Fig. 1 a shows that the combustion products of the reaction
charge (1), consist predominantly of aluminium nitride fi-
bres with a diameter of 100-250 nm, and ultrafine plate-
shaped particles of titanium carbide with a size of 200—
600 nm. When the aluminium content in the initial mixture
is reduced by 2 times (equation 2, Fig. 1 b), the combustion
product is represented mainly by plate-shaped titanium car-
bide particles, with a size of 200-600 nm, and a small
amount of aluminium nitride fibres with a diameter of 100—
200 nm. When the aluminium content is reduced by half
with a simultaneous increase in the titanium content by two
times, compared to the initial mixture (equation (3), Fig. 1 ¢),
the combustion products are titanium carbide particles of
equiaxial and plate shapes with a size of 200-600 nm.
In Fig. 1 d and 1 e, aluminium nitride fibres with diameters of
100-300 and 100400 nm, respectively, are clearly visible.

The results of qualitative and quantitative X-ray phase
analysis of the combustion products of the initial mixtures
of powders (charges), represented by reaction equations
(1)—(5), after the water washing operation are summarised
in Table 3.

The results of X-ray phase analysis (Table 3) show
the formation of five phases: target phases of aluminium
nitride (AIN) and titanium carbide (TiC), side phases of
sodium aluminium hexafluoride (Na3;AlFg), as well as tita-
nium and aluminium oxides (TiO,, Al,0s). Thus, the reac-
tion products (1) consist of 32.5 % of AIN, 47.4 % of TiC,
6.5 % of Na3AlFs, 12.8 % of TiO,, and 0.8 % of Al,0;.
Therefore, the synthesized composition differs from
the expected theoretical 40.6 % AIN — 59.4 % TiC compo-
sition (1) in the lower content of target phases, while their

ratio is maintained, and the presence of reaction by-
products, the total amount of which is 20.1 %.

When the aluminium content is reduced by half com-
pared to the charge (1), the combustion products of
the charge (2) also consist of five phases: AIN — 20.6 %,
TiC — 61.2 %, TiO, — 13.1 %, ALO; — 0.3 %, and Na;AlFs —
4.8 %. In general, the formulation of the synthesized com-
position differs from the expected theoretical 25.5 % AIN —
74.5 % TiC composition (2) by an insufficient content of
target phases, while their ratio is maintained, and
the total amount of reaction by-products is slightly less than
for the charge (1) — 18.2 %.

When the aluminium content is reduced by half, with
a simultaneous increase in the titanium content by two
times compared to the charge (1), the combustion products
of the charge (3) contain only three phases: AIN — 14.4 %,
TiC — 71.5 %, TiO, — 14 .5 %, with the largest amount of
titanium carbide. This composition differs from the ex-
pected 14.6 % AIN — 854 % TiC composition (3) by
the presence of titanium oxide.

As a result of combustion of the charge (4) with the ad-
dition of four moles of aluminium compared to the charge
(1) and the same titanium content, four phases are formed:
AIN - 53.2 %, TiC — 31.4 %, TiO, — 11.6 %, and Al,O; —
3.8 %. The formulation of the synthesized composition dif-
fers from the theoretical 57.8 % AIN —42.2 % TiC compo-
sition (4) by the presence of titanium and aluminium oxides
in an amount of 15.4 %.

With an increase in aluminium content four times com-
pared to the charge (1), and the same titanium content,
the combustion products are phases similar to the charge (4):
AIN - 66.4 %, TiC — 15.6 %, TiO, — 11.9 %, and ALO; —
6.1 %. This composition also differs from the theoreti-
cal 73.3 % AIN - 26.7% TiC composition (5) by
the presence of by-product titanium and aluminium
oxides in an amount of 18 %.

DISCUSSION

The presented experimental results of the synthesis of
a composition of highly dispersed AIN-TiC ceramic powders
were obtained using fluoroplastic (C,F,), with specified

Table 2. Combustion parameters of initial powder mixtures of reactions (1)—(5)
Tabnuya 2. [Tapamempul 2operust UCx0OHbIX ROPOWKO8bIX cmecell peakyutl (1)—(5)

Composition of the initial mixture Combustion Combustion Maximum pH Practical yield
of powders in reactions temperature, rate, Uc, cm/s pressure, of combustion
Tc, °C MPa products, g

2Al+2Ti+4NaN;+C,F, 2420 0.72 7.2 8 20.3
Al+2Ti+4NaN;+C,F, 2520 0.77 7.8 8 17.0
Al+4Ti+8NaN;+2C,F, 2670 0.81 7.0 8 16.2
4A1+2Ti+4NaN;+C,F, 2700 0.75 7.3 8 18.3
8 Al+2Ti+4NaN;+C,F, 2940 0.87 6.5 8 20.5

12

Frontier Materials & Technologies. 2024. No. 3



Belova G.S., Titova Yu.V., Maidan D.A. et al. “Self-propagating high-temperature synthesis of AIN-TiC powder composition...”

20kV  X20,000 1pm

20kV  X20,000

1um

e

20kV  X20,000 1pm

20kV  X20,000 1pm

Fig. 1. Morphology of particles of combustion products of the AI-Ti—NaN;—C,F ;system:
a — 241+ 2Ti+4NaN;+CyF;; b — Al+2Ti+4NaN;+CyF,; ¢ — Al+4Ti+8NaN;+2C,F,;
d — 441+ 2Ti+4NaN;+C,F,; e — 8AI+2Ti+4NaN;+C,F,
Puc. 1. Mopgonozus uacmuy npooykmoe copenusi cucmemvi Al-Ti—NaN;—C,F;:
a — 241+ 2Ti+4NaN;+CyF;; b — Al+2Ti+4NaN;+CyF,,; ¢ — Al+4Ti+8NaN;+2C,F,;
d — 441+ 2Ti+4NaN;+C,F,; e — 8AI+2Ti+4NaN;+C,F,

molar ratios of nitride and carbide phases: 1:1, 1:2, 1:4, 2:1,
4:1. The experimental compositions of synthesis products,
upon combustion of the initial powder mixtures of reagents
with fluoroplastic, were found according to the stoichio-
metric equations of azide self-propagating high-temperature
synthesis (1)—(5). It is shown that experimental composi-
tions can differ significantly from theoretical phase compo-
sitions according to the original stoichiometric equations
and the results of thermodynamic calculations. These dif-

ferences are the lower actual content of the target phases
of aluminium nitride, and titanium carbide in the composi-
tion of all combustion products synthesized experimentally,
as well as the presence of side phases of titanium and
aluminium oxides, and sodium aluminium hexafluoride
(TiO,, Al,Os, NajAlF), which should not exist according
to theoretical calculations. It should be noted that our pre-
vious studies showed that aluminium nitride produced by
the azide SHS method always contains a sparingly soluble

Frontier Materials & Technologies. 2024. No. 3
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Table 3. Results of qualitative and quantitative X-ray phase analysis of reactions (1)—(5)
Tabnuya 3. Pe3ynomamul KauecmeeHH020 U KOIUYECMEEHHO20 penmeenopazoeo2o ananusa peaxyuti (1)—(5)

Theoretical composition, % Ratio Experimental composition, %
AIN TiC AIN:TiC AIN TiC Na;AIF, TiO, ALO;
40.6 59.4 1:1 325 47.4 6.5 12.8 0.8
25.5 74.5 1:2 20.6 61.2 4.8 13.1 0.3
14.6 85.4 1:4 14.4 71.5 - 14.5 -
57.8 422 2:1 532 314 - 11.6 3.8
73.3 26.7 4:1 66.4 15.6 - 11.9 6.1

impurity — sodium aluminium hexafluoride [12; 13]. How-
ever, in this work, sodium aluminium hexafluoride was
formed only during the combustion of charges (1) and (2).

Despite the fact that the reaction products contain sig-
nificant amounts of side oxide phases, the use of
fluoroplastic as a carbon source allowed, increasing the
yield of the target carbide, which could not be achieved
when using soot (carbon black) in earlier studies [14—17].

Thus, in the case of practical application of the SHS-Az
process (azide self-propagating high-temperature synthesis)
to obtain a highly dispersed nitride-carbide composition
AIN-TiC, it is recommended to use fluoroplastic for syn-
thesis, while further research is required to prevent the for-
mation and/or removal of oxides from the synthesized
powder compositions.

CONCLUSIONS

The compositions of the initial mixtures of reagents
were substantiated and the corresponding stoichiometric
equations for the reactions of azide SHS of AIN-TiC pow-
der compositions, with given molar nitride, and carbide
phases were compiled: 1:1, 1:2, 1:4, 2:1, 4:1.

It is shown that in the case of all the reaction equations
compiled, thermal effects and adiabatic temperatures are
high enough for reactions to occur in the combustion mode,
and the formation of target products in full accordance with
the stoichiometric equations, and the given molar ratios of
the nitride and carbide phases.

Studying the morphology of combustion products showed
that in most cases, the use of the azide self-propagating high-
temperature synthesis with selected compositions of the initial
mixtures of reagents, leads to the production of highly dis-
persed compositions of powders in the form of fibres with
a diameter of 100-250 nm, and particles of equiaxial and plate
shapes with a size of 200—600 nm.

It has been found, that the experimental phase composition
differs significantly from the theoretical phase composition, by
the presence in the compositions of side phases of titanium and
aluminium oxides, and in some cases, of sodium aluminium
hexafluoride. When the combustion temperature is increased
to obtain the largest amount of titanium carbide phase, an en-
largement of the particle size to the micron level is observed.

Thus, by burning powder mixtures of sodium azide,
fluoroplastic (C,F,), aluminium and titanium in a nitrogen
atmosphere, it is possible to synthesize a highly dispersed
composition of AIN-TiC ceramic powders of various com-
positions. However, the formulation of the synthesized
compositions, along with the target phases, includes side
oxides (TiO,, Al,O;) and sodium aluminium hexafluoride
(NazAlF¢). Further research will be aimed at preventing
the formation and/or removal of oxides and sub-fluorides
from the synthesized powder compositions.
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Annomayusa: IlonydeHne TOPOIIKOBEIX KOMITO3UIMH C TOMOIIBIO OOBIYHON TEXHOJIOTHH 00pabOTKH MOXKET MPUBECTH
K 00pa30BaHMIO KPYMHBIX arJoMepaToB U, CIEJOBATENIFHO, OCIOXKHACT MOyUYeHHE OJHOPOJHON MHUKPOCTPYKTYpHI. IIpo-
W3BOJICTBO KOMITO3UTOB METOAOM CaMOPACIPOCTPAHSIONIETOCS BRICOKOTEMIIEPATYPHOTO CHHTE3a MOXET CHU3UTH 3aTPaThl
Y KOJIMYECTBO TEXHOJIOTHYECKUX CTaHil, a TAaKXKe MIPUBECTH K MOIY4YEHHUIO O0siee OJHOPOIHBIX KOMIIO3UTOB. [ moyye-
HHSL BBICOKOJIMCIIEPCHOM MOPOMIKOBOM Kepamuueckoi koMno3uiiu AIN-TiC npruMeHeH CHHTE3 METO/IOM T'OpEeHus cMecei
MOPOILIKOBBIX peareHToB a3una Hatpus (NaNs), dropomnacra (C,F,), anmtoMuHKs U TUTaHA IPH Pa3HOM COOTHOILICHUH pea-
TeHTOB B aTMocgepe razoodpa3Horo a3ora npu aasieHun 4 MIla. TepmoauHamMuieckue pacueTsl MOATBEPANIN BO3MOXK-
HOCTh cuHTe3a kommno3unuu AIN-TiC pa3zHoro cocraBa B pekMMe ropeHHs. DKCIIEPUMEHTAIBHO OIPE/IEICHbI 3aBUCHMO-
CTH TEMIIEPATYphl U CKOPOCTH TOPEHHsI OT COCTaBa MCXOAHBIX CMECEH PearcHTOB 0 BCEM CTEXHOMETPUYECKHM ypaBHeE-
HUSAM peakiuid. [lokazaHo, 94TO SKCHEPUMEHTAIFHO HalJeHHbIC 3aBUCHMOCTH IapaMETPOB TOPEHUSI OT COOTHOLICHHMS
HCXOJHBIX KOMIOHEHTOB COOTBETCTBYIOT TEOPETHUECKHM pe3yJIbTaTaM TePMOJMHAMHYECKHX pacueToB. COCTaB CHHTE3H-
POBaHHON KOMITO3UIMH OTJINYACTCS OT TEOPETUUECKOTO COCTaBA MEHBIINM COJIEp)KaHUEM IeNeBbIX (a3 u oOpa3oBaHneM
nobounbix ¢a3 Al,O3;, Na;AlFg u TiO,. IlopomikoBas KOMIO3UIMS HPEACTABIIET COO0il BOJIOKHA HUTPHIA ATFOMHHUS
nuamerpoM 100-250 HM W yabTpaMCIepPCHBIE YaCTHIBI PEMMYIIECTBEHHO PABHOOCHOW M IIacTUHYATON (hopM C pa3me-
pom gactury 200—-600 aM. Ilpn yBenmuueHHH TeMIIepaTypsl TOPEHUS U TOTy9IeHUs] HanOOJbIero KonndecTna (has3sl Kap-
Ouna TuTana HaOIIOAeTCA YKPYITHEHUE pa3Mepa YacTHIL 10 MUKPOHHOTO YPOBHSI.

Knrwouesvie cnosa: ropeHne; caMopacpOCTPaHSIIOMINIACS BRICOKOTEMIIEPAaTypPHBIH CHHTE3; KePaMHYSCKHH IOPOIIOK;
HHUTPHUAHO-KAapOUTHAS KOMITO3ULNS; a3K] HAaTpHst; PTopoIuiacT (MOoIMTeTpad TOPITHIICH); HUTPH/ aJTFOMUHUS; KapOW/l THTaHA.
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