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In the present paper the results of studies on obtaining silicon carbide via chemical gas phase, plasma-chemical
and sublimation methods are described. The thermodynamic analysis of chemical reactions of silicon carbide in the
presence of hydrogen and without was provided. Was found that, without free hydrogen reaction of silicon carbide
formation can’t proceed. Established depending on ratio between the various active components of the gas phase
SiCl,:C;Hg, entering the reactor, morphology of SiC layer. Was shown that, with increasing temperature of the
substrate deposition rate increases, reaching a maximum temperature about ~ 1800 K with a steep decreasing at
higher temperatures ranges, which is typical of a homogeneous reaction. From source (NbTa)SiC, received via
chemical CVD, obtained films of SiC with sublimation method.

PACS: 50.34.50.Lf. 81.15.Fg
INTRODUCTION

Ceramics, based on silicon carbide, have next
properties: considerable mechanical strength at high
temperatures, wear resistance, low coefficient of
thermal expansion, a substantial resistance to oxidation
at temperatures up to 1700 K; chemical inertness,
corrosion resistance, resistance to radiation, high
hardness and thermal conductivity [1].

With its unique combination of physical and
chemical properties of SiC-ceramics has a great
application in the nuclear industry, the defense
enterprises, metallurgical industries, as well as in the
design of the first wall and blanket of fusion reactors.
Questions in obtaining and studying of the SiC-ceramics
are in the focus of researchers and engineers, both in
Ukraine and abroad [2].

Low volatility of the components or high desorption
energy is the main problem in the obtaining of SiC-
condensates, both C and Si[3]. Method of vapor
deposition is considered as more promising from the
existing methods for producing silicon carbide such as
hot pressing, molecular beam epitaxy, magnetron
sputtering.

Compaction is achieved mainly by moving particles
and low plastic deformation in hot pressing. It is known
that at pressures up to 60 MPa and temperatures below
2500 K pure silicon carbide ceramics can be obtained
with a density above 2700 kg / m*® and a porosity of at
least 16 %, which does not satisfy the requirements for
structural ceramics [4].

The method of molecular-beam epitaxy is carried out
from two independent sources of silicon and carbon,
and produces a crystalline thin film of the high purity.
The deposition rate of the substance on the substrate is
generally one monatomic layer per second [5], which
limits its mass production.

Fused polycrystalline Si and C is commonly used on
direct current in magnetron sputtering as sputtering-
target. In general, literature data indicate that at
temperatures below 800 K, the structure of SiC films is
amorphous. Annealing in an inert or chemically reactive
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medium is suggested to enhance its crystallinity and
improve electrical properties [6].

The selection of precursors plays a big role in gas-
phase methods. Thus, silane SiH,, SiH,, methane CHy,,
propane C3;Hg and hydrogen H, are used in scientific
works [7, 8]. The disadvantage of the use of silane is its
pyrophoricity  (the  possibility of  spontaneous
combustion in the air and blast). This leads to the need
to dilute the silane by argon to safe concentrations in the
vessel. Furthermore, if the gas phase decomposition of
silane is occurred, the reactor having no water cooling
"overgrows" and tend to form defects in the growing
layers [9].

EXPERIMENTAL PART

In this paper, the research on obtaining of silicon
carbide by chemical gas phase plasma-chemical
methods were carried out in the facility of the flow-type,
scheme is shown in Fig. 1. The source of silicon was
selected silicon tetrachloride SiCl,, carbon — toluene
C;Hg, the activating gas — is hydrogen H,, the
substrates — were Mo, Zr1%Nb, NbTa.
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Fig. 1. The gas-phase-assembly scheme: 1 — reaction
chamber; 2 — prechamber; 3 — generator;
4 — substrate; 5 — inductor; 6 — nitrogen trap;
7 — prepump; 8 — power supply for heater;
9 — viewing window
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Calculations of thermodynamic reactions:
7S|C|4+C7H8=7S|C+8HCI+1OC|2
78|C|4+C7H8+10H2=7S|C+28HCI
7SiCl4+C;Hg+20H=7SiC+28HCI

showed that without the formation of free hydrogen,
silicon carbide reaction is carried out at temperatures
above 2000 K. The gas-phase deposition reaction takes
place at temperatures below 1500 K in the presence of
free hydrogen. In the presence of atomic hydrogen in
the plasma-chemical deposition, the reaction proceeds at
relatively low temperatures, Fig. 2.
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Fig. 2. The dependence of the isobaric-isothermal
potential reaction on temperature

The ratio between the active components of the gas
phase SiCl,:C;Hg, which feeds the reactor, is one of the
main parameters that have a significant effect on the
crystalline structure and morphology of the growing
layer for any of the gas-phase systems with independent
sources. Studies have shown that the ratio of
SiCl,;:C;Hg=3.5 irrelevant of the temperature obtaining
almost all of the samples were low-strength precipitate
with gray to black and flake-structured. Condensates
consisting of silicon carbide and pyrolytic graphite are
formed with the ratio of SiCl,:C;Hg=7.4. Concentration
of silicon carbide particles in pyrocarbon increases with
the temperature increasing from 1600 to 1800 K.
Coatings obtained with the ratio of SiCl;:C;Hg=11
temperatures in the range of 1600 to 1800 K are dense,
solid metal-like deposits having a smooth surface with
bright luster and fine-grained structure, Fig. 3.

Fig. 3. Surface off silicon carbide
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Studying of the kinetics of SiC deposition process
showed that with the increase of substrate temperature
from 1600 to 1800 K, a rapid increasing of the
deposition rate. Subsequent reduction of the deposition
rate caused due to mutual diffusion of gaseous reactants
and products. In the range of the higher temperatures
with high-level of supersaturation and reacting gases are
superheated, nucleation occurs homogeneously with
precipitation of solid reaction product, thereby reducing
the deposition rate and thus the thickness of the coating
on the substrate. Temperature dependence of deposition
rate on the silicon carbide substrate is presented in
Fig. 4.
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Fig. 4. The dependence of the deposition rate of silicon
carbide on the temperature

Discharge  excitation in the gas mixture
SiCl,:C;Hg:H, was carried out by means of inductor of
the high-frequency generator VCHI-63/0.44 at
frequency of 440 kHz, power 63 kW. Electronic
components of the plasma parameters were determined
from the current-voltage characteristics of the dual
probe. Electron temperature T, was determined by the
method of equivalent resistance by means of the
current-voltage characteristics of the dual-probe. Next,
electron density was estimated on the resulting T, and
the saturation current i, of the dual-probe. It can be seen
that the average values of the electron-parameters are
equals to T, = 4.5 eV, N, = 10*...10" cm™,

Obtaining SiC by plasma method reduces the
substrate temperature to 500 K and an increase SiC
deposition rate, due to the stimulation of the process by
means of excited and charged particles of the plasma.

Micro-X-ray-structural analysis showed that the
obtained SiC condensates characterized by uniform
distribution of silicon over depth of the samples, Fig. 5.
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Fig. 5. The distribution of elements over
the sample depth
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XRD analysis indicated the presence of condensate
SiC cubic structure FCC with the period a = 4.361 A
(known structure with a = 4.358 A), a polycrystalline
state having a particle size of > 1um and
microdistortions 0.1 %; a combination of textures (111)
and (220).

The elemental composition of SiC coating was
determined by nuclear-physical methods. As used
analytical  characteristic ~ X-ray lines K-series:
K,1=9885 eV, K,,=9885, K=10980 eV, Kz,=11099 eV:
Si—67.20 and C — 30.97 wt. %, which corresponds to
stoichiometry Si/C=1.

Resistance to the obtained coating microshock
loading determined at the stand, in which cavitation
zone is created in the water ultrasonic emitte. Stand
options presented in the paper [10]. The magnitude of
erosion measured sample weight loss after a certain time
of exposure cavitation, Fig. 6.
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Sublimation source, which is a SiC coating of about
100 microns thickness on a substrate NbTa size of
60x10%0.3 was obtained by chemical vapor. From the
obtained source (NbTa)SiC the thin SiC films were
precipitated by sublimation method with resistive
heating of the (NbTa)SiC at high vacuum assembly.
Source temperature (NbTa)SiC was 2400 K, the
substrate temperature was varied in the range of
500...700 K, the pressure in the chamber 2:10° mmHg.
Surface morphology has no defects, Fig. 7.

10pm NSC_KIPT

—
X 1,500 10.0kV SEI SEM

Fig. 7. Surface off silicon carbide

CONCLUSIONS

Coating of silicon carbide on substrates of Mo,
Zr1%Nb, NbTa obtained with a cubic structure,
regardless of the substrate and at the same temperatures.
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With chemical gas phase and plasma-chemical
methods, sources of silicon carbide on substrates of Mo
and NbTa, were obtained. Morphology of SiC surface
was studied, depending on the ratio of the starting
reactants SiCl,:C;Hgand substrate temperature.

Determined the composition and distribution of
elements on the depth of the coating. On the high-
vacuum facility obtained SiC film via sublimation
method.
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IOJTYYEHUE KAPBUJA KPEMHUSA XUMHWYECKUM I'A30®A3HbIM,
MNJIABSMOXUMHNYECKHUM U CYBJIMMAIIMOHHBIM METOJJAMH

A.1O. JKypaenés, H.A. Xosanckuii, /].A. Xuxncnuak, b.M. Illupokos, H.A. Ceménos, A.B. Illuan,
C.B. Cmpuzynosckuii, A.1. Eectokos, A.b. Illesyos, E.A. Hazapenko, H.H. Ilununeuxo

[IpencraBneHsl pe3ysbTaThl UCCIECAOBAHUI IO IMOJYYEHHIO KapOHIa KPEeMHHUS XUMHYECKHM ra3odasHbIM,
TUIa3MOXUMHYECKUM M CYOJIMMalMOHHBIM MeToJaMu. [IpoBeieH TepMOIMHAMHMYECKUI aHalIn3 XHUMHYECKHX
peakLuii noyyeHus: kKapOuaa KpeMHHUSI B IPUCYTCTBUM BOJIOPO/a M 0e3 Hero. YCTaHOBJIEHO, YTO Oe3 CBOOOIHOTO
BOJIOpPO/Ia peakuyusi o0pa3oBaHMsl KapOWIa KpeMHHs IpOTEKaTh HE MOXET. B 3aBHCHMOCTH OT pa3jM4HOTrO
COOTHOIIIEHHST MEK/Ty aKTHBHBIMH KOMITOHeHTaMu ra30Boi ¢assr SiCly:C;Hg, mocTymaromumu B peaktop, u3yveHa
mopdororus SiC-crosi. UccnmemoBana kuHeTwka mporecca ocaxaerust SiC. [lokazaHo, WTo ¢ yBeIMYIEHHEM
TEMIepaTyphbl MOUIOKKHA CKOPOCTh OCAXKICHHUS BO3pAcTacT, MOCTUTas MakcuMmyma npu temmepatype ~ 1800 K ¢
PE3KUM CHIDKCHHEM B o0nacTH 0ojee BBICOKMX TeMIepaTyp, YTO XapaKTEpHO M1 TOMOTeHHOW peakuuu. U3
TIOJTy9IEHHOTO XUMUYECKAM Ta3o(a3HsiM MetomoM uctournka (NbTa)SiC cyOGmuMannoHHEIM METOIOM TIOIYYCHBI
wiénku SiC.

OTPUMAHHSA KAPBIAY KPEMHIIO XIMIMHUM I'A30®A3HUM, IVIASMOXIMIYHUM
I CYBJIIMAIOIMHUM METOJAMHU

O.10. Kypasnvos, M.O. Xosancovkuii, /1.0. Xuxcnax, b.M. Illupoxoe, M.O. Cemenos, O.B. Illuan,
C.B. Cmpuczyniscokuii, O.1. €ectoxos, A.b. Illesyos, €.0. Hazapenko, M.M. Ilununenxo

[IpeacraBneHo pe3ynbTaTd JOCHIIPKEHb IO OTPUMAHHIO KapOidy KpeMHil0 XIMIYHUM ra3oga3HuMm,
TUTa3MOXIMIYHIM 1 cyOmiMariitauM MeTogamu. [IpoBeneHO TepMOIUHAMIYHHNA aHAI3 XIMIYHHUX PEaKIiif OTPUMaHHS
KapOiqy KpeMHiI0 B MPHUCYTHOCTI BOTHIO i Oe3 HhOro. BeTaHOBIEHO, M0 0€3 BUTBFHOTO BOAHIO PEaKIlis YTBOPSHHS
KapOiy KpeMHil0 MPOTIKATH HE MOXKe. 3aJeKHO Bifl PI3HOTO CIIBBiTHOIICHHS MK aKTHBHUMH KOMIOHEHTaMH
razoBoi ¢asu SiCly:C;Hg, sxi Hamxomste B peakTop, BuB4YeHa Mopdororis SiC-mapy. JocmiKeHo KiHETHKY
nponecy ocamkerHs SiC. [TokazaHo, o 31 30UIBIICHHSIM TEMIEPATyPH IiKIAIKH MIBHAKICTh OCAHKECHHS 3pOCTAE,
Jocsraroud Makcumymy mpu temreparypi ~ 1800 K 3 pi3kum 3HMKCHHSM B 00JIaCTi OUTBII BUCOKHX TEMIIEPaTyp,
IO XapaKTepPHO ISl TOMOTEHHOI peakiii. 3 OTpHMaHOro XiMiuHMM ra3odasHuM Mmerogom mkepena (NbTa)SiC
cybmimManiitHuM MetomoM oTpuMano ke SiC.
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