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At the present time, silicon carbide is interesting in many spheres of human ac-
tivity. Ceramic materials based on silicon carbide are widely used due to their high
physical and chemical properties, such as melting point, thermal conductivity, oxida-
tion resistance and mechanical strength [1].

It is established that the properties of ceramics based on nanoscale particles and
powders are significantly different from those similar coarse-grained ceramics. Na-
nosized silicon carbide products are characterized by a lower sintering temperature.
Nanoscale SiC powders are used for the production of composites with a metal ma-
trix, ceramic foams.

As a component of high-strength ceramics, nanopowder should have the fol-
lowing characteristics: fine particles, about 40-100 nm, relatively uniform shape and
high purity [2]. Now, there are various methods for obtaining nanopowders, including
silicon carbide, which have their advantages and disadvantages [2,3].

The preparation of nanodisperse silicon carbide based on plasmodynamic syn-
thesis of silicon and carbon. The formation of a nanosized powder is shaped in a hy-
pervelocity jet of a carbon-silicon plasma generated by a coaxial magnetoplasma ac-
celerator (CMPA) with graphite electrodes [4]. CMPA is powered by a capacitive en-
ergy storage (C =6 mF, U = 3 kV).

The precursors in experiments were carbon black (soot) and silicon powder,
which were mixed. Then mixture with a mass of 0.5 g, was placed (in a ratio Si : C —
3:1) into the plasma formation zone at the beginning of the accelerating channel.
Hypervelocity plasma flowing was carried out in the hermetic reactor chamber's at-
mosphere, which was filled with argon at variate pressures (p = 0.5, 1.5, 3.0, 5.0
atm.). The synthesized powder was gray. The product was collected after complete
precipitation of the suspended particles on the bottom-wall and the reactor chamber.

The powder was investigated by the following methods: X-ray diffractometry
(Shimadzu XRD 6000 (CuKa - radiation)); TEM-transmission electron microscopy
(Philips CM 12).

Fig.1 shows powder's X-ray diffraction which were obtained with a significant
difference in pressure. The summation of reflexes of different intensity indicates the
presence of several components in the products. The structure-phase analysis of XRD
was complete using PowderCell 2.4 software and a PDF4+ structure database. Using
them, we can conclude that in all cases the reflex with the highest intensity corre-
sponds to cubic silicon carbide B-SiC (in the fig. 1 - A 111).
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Fig. 1. X-ray diffractions of synthesized powders.

According to the summary table of the experiments (Tab. 1), the mass content
of cubic silicon carbide predominates in powders of all experiments. Also, coherent-
scattering region (CSR) values shows that the product of synthesis is nanodispersed.
But Fig.2 shows that SiC content decreases, when atmospheric pressure in the reactor
chamber increases. This dependence is determined by the concentration of the gas
atmosphere which resists to movement of the plasma jet entering to the reactor cham-
ber. Silicon carbide has no time to be formed sufficiently, so the content of additional

phases (cubic silicon Si and graphite C) increase.
Tab. 1. Basic data of structural and phase analysis.

Phase SiC Si C
p, atm Mass. % | CSR,nm | Mass.% | CSR,nm | Mass. % | CSR, nm
0.5 90.9 60 6.4 52.4 2.7 40
1.5 96.8 50 0.9 17 2.3 35
3.0 88.3 38 2.0 24 9.7 20
5.0 67.8 27 19.9 74 12.3 14
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Fig. 2. Dependence of the SiC content on the atmospheric pressure of the reactor

chamber.
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TEM pictures (typical micrographs are shown in Fig.3-4) confirm that the in-
crease in pressure adversely affects the purity of the product. Fig. 4 clearly shows all
phase components of the synthesized product: silicon carbide, as polygons with con-
jugate vertices, as well as finely dispersed silicon and carbon.
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Fig. 3. A microphotograph of the product obtained at a pressure p = 1.5 atm.
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Fig. 4. TEM images of cubic silicon carbide.

The experimental data proves that nanodispersed cubic silicon carbide B-SiC
was obtained in all experiments. It is empirically established that the content of sili-
con carbide decreases when reactor chamber's atmospheric pressure rises. The char-
acteristics required for high-strength ceramics: a high content of cubic silicon carbide
(96.8%) and a nanodispersed composition are reached at p = 1.5 atm.
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CHUHTE3 KAPBUJIA KPEMHUA KOMBUHUPOBAHHBIM METOJ1OM
C UCITIOJIb3OBAHUEM HAHOBOJIOKHHUCTOI'O YIVIEPOJA

T.C. KBamuna, B./. YynieHkoB
HoBocubupckuii rocy1apcTBEHHbIN TEXHUYECKUM YHUBEPCUTET

HeMmeraminueckue TYroruiaBKue COEIUHEHHUs 00JIa/laloT TaKUMU CBOMCTBaMH,
KaK BBICOKasi TeMIlepaTypa IUIaBJICHHUs, TBEPIOCTh, XUMUUECKasi HHEPTHOCTh, Ojaro-
Japsi 4eMy OHU IIHUPOKO MPUMEHSIOTCS B KAU€CTBE OCHOBBI KOHCTPYKIIMOHHBIX, IO-
JTyTIPOBOJIHUKOBBIX, KAPOMPOUYHBIX U aOpa3suBHBIX MaTepuaaoB. OIHUM U3 HauboJiee
BAXKHBIX MIPEACTABUTENICH COCIMHEHUIN JaHHOTO KJlacca sIBISETCS KapOu KpEeMHHUS.

OCHOBHBIMH CITIOCOOAMU TIOTYUEHHUsI KapOua KPEMHUS CUMTAIOTCS KapOoTep-
MHUYECKOE BOCCTAHOBJICHUE, MTPOXO/IAIIEE C MOTJIONIEHUEM TEIUIOTHI MPU TEMIIepaTy-
pax cseie 2000 °C, 1 cuHTE3 U3 3JIEMEHTOB, KOTOPBIA MOXHO OXapaKTE€pU30BaTh
KaK caMOpacrpoCTpaHsonuiicss Beicokotemneparypubiii cunte3 (CBC). B mannoi
paboTte uccaemayeTcs BO3MOKHOCTh OOBEAMHEHUS ABYX ATHUX TEXHOJIOTHM C IEIBIO
MOJIyYeHHUS] BBICOKOTEMIIEpaTypHOU Mojudukanuu kapOuga KpemMHus npu Oosee
HU3KHX 3aTpaTax SHEpPTUHU.

[[InxTa roTOBUIACh B COOTBETCTBHUU CO CTEXHMOMETpHEH 00enX peakiui u aa-
Jiee CMEIMBAJIaCh B COOTHOIICHUSIX KapOOTEPMUYECKOE BOCCTAHOBJICHUE | CUHTE3 U3
sanemeHToB 1:1. CyMmapHOe ypaBHEHHE XMUMHYECKOW peakiuu KOMOMHUPOBAHHOTO
METOJIa CUHTE3a KapOuia KpeMHUs B OOIIEM BUJE:

Si02 +Si+4-C=2-SiC +2-:CO

B kauecTBe yriiepoaHOro Marepuaia Jyisi CUHTe3a KapOujga KpeMHHUs ObLT BbI-
OpaH HaHOBOJIOKHUCTBIH YTJEpPOJ, XapaKTepU3YIOUIUNCS BBICOKUM 3HAYEHUEM
yAeIbHOM nmoBepxHOCTH (~150 MZ/F) [1]. Panee HAaHOBOJOKHUCTBIN yriepoa ISl CHH-
Te3a KapOu1a KpEeMHHUSI HE HCTIOIh30BAJICS.

[Iponecc cruHTE3a NPOBOUIICA B UHAYKIIMOHHOM €YU TUTEILHOTO TUIA B Cpe-
JIe aproHa. bb10 pelieHo NPOBECTH SKCIEPUMEHTHI C pa3HbIMU TeMIEpaTypaMH CHUH-
te3a: 1600 °C (obpazer SiC-16) u 1800 °C (o6pazern SiC-18). [IpomonKUTEIEHOCTE
KaXXJI0ro cuHTe3a coctaBmwia okono 20 muHyT. [loHOTAa MpPOXOKIEHUS TMpoIliecca,
MPOTEKAIOIIETO ¢ YYaCTHEM Ta30BbIX KOMIIOHEHTOB, OMPEACIISIIACH 1O YOBIIT MACCHI.
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