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At the present, to prepare composite systems of different phase compositions with high
mechanical characteristics and chemical resistance. technological combustion is widely used
when, during exothermic reactions between powder components, the formation of the necessary
products occurs in the mode of directional self-propagating high-temperature synthesis (SHS)
[1.2]. At the same time, much attention is paid to the process controllability and reproducibility
of the final results according to the properties of the material obtained. Preliminary
mechanochemical treatment (MCT) of the initial reagents used in charge mixtures for the SH-
synthesis of various composites [3. 4] proved to be the most effective in terms of controlling
the combustion process. Due to MCT of inorganic powder materials. not only their
dispersiveness. but also the defect structure changes. mass transfer and mobility of the atomic
structure get accelerated, there takes place disordering and rupture of interatomic bonds and a
free-radical structure is formed. All this changes the reactivity of the materials being processed
and expands the possibilities of obtaining composites in the SHS mode. By varying the
pretreatment conditions, it is possible to purposefully regulate the phase and structure formation
of materials during the SH-synthesis process. In this case, both individual components of the
mixture. and mixtures of components are subjected to MCT. Initially, more attention was paid
to the MCT of oxide systems. and then to the metal ones, which play the role of fuel in the SHS
mixture [5].

In this report, several options for preparation of initial reagents (quartz and aluminum) in the
MCT mode for their subsequent use as part of the SHS-charge mixture are considered. The
change in the thermo-kinetic characteristics of the technological combustion and the formation
of the phase composition of the synthesis products depending on the conditions of preparation
of the initial reagents in the MCT were stated. We used aluminum powder of the PA-4 grade
and quartz from the Kuskuduk deposit with a quartz content of 81.3 and 18.7% of microcline
K(Si3Al)Os. The MCT was carried out in the presence of various organic modifying additives:
carbon (graphite), butyl alcohol. polyvinyl alcohol, and stearic acid. During grinding. the
amount of modifying additives introduced varied (3-20%). the grinding time was 20 min,
according to the results of previous studies [4].

It is on quartz that all structural and radical transformations in the process of
mechanochemical action are rather consistently studied. When an organic additive is introduced
into dispersible quartz, the particle structure undergoes significant changes. The surface layer
of a quartz particle is a multilayer formation with carbon structures of varying density with a
thickness from 10 to 40 nm (Fig. 1). Carbonization of the quartz particle during MCT with
butanol is due to destruction of the alcohol additive during processing.

The particles of the original aluminum powder are spherical in shape, with an average size
of about 50 pm (Fig. 2a). After MCT of aluminum with graphite and polyvinyl alcohol, the
particles have a lamellar (scaly) shape of various thickness (Figs. 2b. 2¢). Aluminum particles

Z. A. Mansurov et al. 259



XV International Symposium on Self-Propagating High-Temperature Synthesis

treated in the presence of stearic acid. partially retain a spherical shape, they are encapsulated
in a dense organic film (Fig. 2d) and are more dispersed than after treatment with graphite and
polyvinyl alcohol.

=

(a) (b) (©)
Fig. 1. Electron microscopic images of quartz in the original (a) and in modified with
graphite (b) and butanol (c) state.

Fig. 2. Electron microscopic images of aluminum in the initial state (a) and after MCT with
various modifying additives (b—d). (a) Al: (b) AI/C: (¢) Al/(C2H;0H)q: (d) Al
C17H3sCOOH.

According to the results of the energy dispersive spectroscopy of the investigated aluminum
powders, after MCT of aluminum with modifiers. the elemental composition of the surface
layer changed. The amount of oxygen decreases. and the presence of carbon is registered, the
content of which depends on the type of the modifying additive. The decrease in the content of
oxygen is the result of reduction of aluminum in the surface oxide layer of the particles during
the MCT process. The results of thermogravimetry. IR and EPR spectroscopy of activated and
modified aluminum powder showed that during MCT there take place changes in the main
spectra (new lines, frequency and strain bands are observed) and intensification of interaction
processes with various components of the system. The surface of the particles is saturated with
solid solutions of carbon-containing compounds. All this together should affect the activity of
the processed powder. The use of such powder materials is effective. in particular. in the
preparation of SHS composites with enhanced chemical and mechanical stability. So, MCT of
quartz leads to the change of its maximum burning temperature with aluminum, i.e. (SiO2 +
37.5% Al), induction ignition period, level and rate of temperature change at the post-process
stage, when the phase composition of the synthesized material is actually formed (Fig. 3).
Processing in a quartz mill in the presence of graphite and butyl alcohol results in a more
pronounced time dependence of the maximum burning temperature.

MCT of aluminum also leads to a significant change in the thermokinetic characteristics of
the combustion process (Fig. 4). The role of the modifying additive in this case is even more
significant. There is a decrease in the induction period of ignition, an increase in speed and
temperature at all stages of the combustion process. A distinctive feature of the combustion of
such systems is a more stable. long-lasting and extensively developed combustion of the
system, especially at the post-process stage.

260 Z. A. Mansurov et al.



85Hs 2019 Moscow, Russia

1400
1300
1200

1600 i
. . —a=3
e i 5 S —e— 4

B
(&3
(=1

<
<

Temperature. °C
=
=
Temperature. °C
st o oo
8

900 00
800 +- ©00
700} 800
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60
Time. s Time. s
Fig. 3. Combustion thermograms for the Fig. 4. Thermograms of combustion systems
system (SiOz + 37.5% Al) with non (SiO2 + Al) with Al in the initial state (1)

activated quartz (1) and after MCT withouta and after 20 minutes of MCT with graphite
modifier (2) and with graphite (3) and butyl ~ (2), polyvinyl alcohol (3) and stearin (4).
alcohol (4) for 20 min.

The change in the reactivity of the system as a result of MCT affects not only the
thermokinetic characteristics of the combustion process. but also the composition of the final
synthesis product. Table 1 presents the data on the phase composition of SH-synthesis products
of the system (SiO» + 37.5% Al), depending on the state of the charge components after MCT
of aluminum with modifying additives. Modification of the system contributes to the formation
of aluminum nitride. iron and silicon disilicide, and the complex compound FeAl;Siy. The
strength of the synthesized samples varies from 6.27 to 45.98 MPa. The high strength of the
material is due to both the phase composition and the density of the samples. Modification of
aluminum during MCT with stearic acid leads to formation of a finely porous structure due to
burning out of its degradation products during MCT and in the process of SHS.

Table 1. Results of X-ray analysis of SHS samples depending on the conditions of
mechanochemical treatment of aluminum with modifiers.
Phase content.%

Phases Samples

1 2 3 4 5 6 7
AlLOs 43.6 67.9 72 65.8 61.5 65.3 S1
v-AlLOs 31 10.5
Si 14.9 15.8 9.8 25.8 253 17.5 21.9
Al 10.2 2.0 15 5.0 i3 B
SiO-quartz 29.9 4.1 1.2 2.8 2.9 8.0 4.2
FeA[;Si: 1.2
AIN 1,9 1.0 1.6 6.0
FeSi, 0,6 12 0.7 0.5
SiC- Moissanite 3C 2;1 5
SiC-Moissanite 2H 2.8
Aly 59Si1 4100 7 3.4 1.8 4.6

1 —(SiO2 +Al), 2 - [SiO; + (Al + 5%Chwvcr]: 3 —[SiO2+ (Al + 20 % C)verl;
4 —[SiOz + (Al +3% (C:H3OH)w)wier]: 5 - [SiO>+ (Al +20% (C2H30H )o)aer]s
6 —[SiO2 + (Al + 3%C17H3sCOOH )ic1 ]: 7 - [SiOx+ (Al + 10 % C17H3sCOOH)nict]

Thus. from the presented data it follows that by modifying the components of the mixture.
one can purposefully influence the combustion process and the formation of a dense or porous
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structure with ultradispersed phases that strengthen the material (the sample being synthesized).
The presence of the modifier leads to a decrease in the induction period of the system ignition
and an increase in the combustion rate. At the same time, in the composition of the charge. the
amount of aluminum was lower than according to stoichiometry (37.5%). since the organic
modifier is also present in the composites. The presence of carbon in the modifier during the
synthesis process creates an inert atmosphere resulting in the interaction of aluminum with air
nitrogen. The reactions of both carbide and nitrido formations are exothermic. this providing
an increase in the combustion temperature.

1. A.G. Merzhanov. Self-propagating high-temperature synthesis, Physical chemistry: Modern
problems. Ed. Y.M. Kolotyrkina, M.: Chemistry. 1983. pp. 5-44.

2. AE. Levashov, A.S. Rogachev. V.I. Yukhvid. L.P. Borovinskaya, Physico-chemical and
technological bases of self-propagating high-temperature synthesis. M.: BINOM. 1999.
176 p.

3. N.Z. Lyakhov, T.L. Talako, T.F. Grigorieva, The influence of mechanical activation on the
phase and structure formation processes during self-propagating high-temperature synthesis.
Novosibirsk: Parallel, 2008, 168 p.

4. Z.A. Mansurov, N.N. Mofa, Mechanochemical synthesis of composite materials, Almaty:
Kazakh University. 2016. 376 p.

5. N.N. Mofa, B.S. Sadykov. A.Ye. Bakkara, Z.A. Mansurov. Features of the combustion of
energy condensed systems with mechanically activated metallized composites. 7th Int. Conf.
The space challenge of the XXI century. Sevastopol. 2015, pp. 61-63.

262 Z. A. Mansurov et al.



