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Summary. Basic directions of the diffusive boride coating formation on reaction-sintered silicon carbide
and molybdenum disilicide are described. Technological conditions of non-metal ceramic materials boriding
depending on the consideration of the amorphous boron concentration in the powder mixture are investigated and
analyzed. It is determined that it is possible to speed up the rate of saturation process of the silicon carbide and
molybdenum disilicide with boron by introducing sodium and aluminum fluorides as activating agents. Based on
the carried out researches, optimal conditions for choosing the concentration of activating agents providing high
saturation speed and improve operational parameters of the products are offered. It is also defined that to
stimulate the process of boriding reaction-sintered ceramic materials, titanium hydride should be introduced into
the saturated environment as the activating agent. Diffusion saturation of metals and alloys in hydrogen
environment provides high saturation rate and good quality of the treated surface. The results of the carried out
investigations prove that the saturation ability of the boride mixture increases significantly by introducing sodium
fluoride and titanium hydride into it.
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Statement of the problem. The technological process of diffusion siliconazing of
reaction-sintered silicon carbide and molybdenum disilicide does not provide complete binding
of the harmful impurities formed in the material while producing the products [1, 2]. The
availability of harmful impurities, particularly, silicon dioxide, results in significant degradation
of technological and operational parameters of SiC and MoSio.

Analysis of the available investigations and publications. One of the promising trends
for improving the physical-chemical properties of reaction-sintered ceramic materials is
diffusion saturation with boron resulting in the formation of silicon borides and other
impurities. It is known that borides possess high oxidation resistance, which combines with the
large thermal-shock resistance. They are chemically passive and have good radiating power and
good thermoelectric parameters [3, 4]. Relatively, the physical-chemical properties of reaction-
sintered ceramic materials should be improved. In our opinion, the technology of powder
boriding method of silicon carbide and molybdenum disilicide for binding silicon and other
harmful impurities is advanced. Hence, the process of diffusion saturation of SiC and MoSi:
with boron is investigated.

The objective of the paper is to investigate the technological conditions for the
formation of the diffusion boride coating on silicon carbide and molybdenum disilicide.

Results of the investigation. The technological process of silicon carbide and
molybdenum disilicide boriding was carried out in containers with fuse gate in the powder
mixture containing amorphous boron, fluoride agent and aluminium oxide. The concentration
of amorphous boron was changed from 5 to 40 %, and the saturation process was carried out at
temperature of 1000 — 1200°C for 2 — 12 hours.
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Investigation of the technology of non-metallic reaction-sintered materials boriding,
depending on the concentration of amorphous boron in a powder mixture, proved that the
saturation capacity of such mixture increases with the content of diffusant in the environment
up to 20%. Further increase in the amount of amorphous boron does not significantly affect the
rate of boriding of SiC and MoSiy, as is evidenced by the values of the samples specific mass
gain. According to the X-ray diffraction analysis, the thin layer with the thickness up to 50pm,
formed on the surface of silicon carbide and molybdenum disilicide, is the chemical
compound — silicon hexaboride (SiBs). With boron concentration growth (more than 20 %), the
thickness of SiBe layer increases very slowly, and boron concentration growth (30 % and more)
does not sufficiently influence the change of samples mass. Probably, SiBe the phase formation
slows down the saturation process, and especially the barrier properties of silicon hexaboride
become obvious on silicon carbide. Increase of amorphous boron in the content significantly
deteriorate the samples quality and results in mixture sintering, consequently preventing their
removal from the container. Thus, diffusion boring of silicon carbide and molybdenum should
be reasonably carried out in the mixture containing not more than 20 % of amorphous boron.

As the process temperature rises, the saturation capacity of the mixture increases,
resulting in the sample specific weight growth. Saturation of reaction-sintered ceramic
nonmetallic materials at temperatures above 1100°C results in the powder mixture baking on
the samples surface and its sintering, therefore the boriding temperature of SiC and MoSi>
should not exceed 1100°C.

Fluorides of alkaline and alkaline-earth metals are used as activating agents for diffusion
saturation [5]. Intensification of non-metallic materials boriding process can be achieved by
introducing activating agents into the saturated environment, which perform the following
functions:

- when heated, the products of evaporation or decomposition of the agent drive the air
from the container;

- interact with the surface of the treated material and the saturating component;

- remove or restore oxide films;

- form the gas phase containing saturating element in the reaction medium and carry it to
saturating surface.

The structure, chemical composition and growth rate of diffusion coatings, as well as
their quality, are determined considerably by chemical composition, amount and method of
activator introduction. In this regard, the possibility to use for boriding the reaction-sintered
ceramic materials of sodium fluoride and aluminium fluoride, which concentration varied from
1 to 10 % for reaction- sintered, is investigated. At the content of activators up to 3 %, the
saturation rate of silicon carbide and molybdenum disilicide is approximately the same, which
is confirmed by the values of the sample specific mass gain (Table 1).

Table 1

Results of the sample specific mass gain dependence of mass (mg/cm?) on the content
of the fluoride activator in the boride mixture

Base Activator Activator concentration, mas. %
1 3 5 7 10
. NaF 2,19 2,32 2,58 2,84
SIC AlF; 143 | 148 | 1,52 1,6 1,08
MoSi; NaF 0,46 2,79 3,65 4,72 5,31
AlF3 1,37 1,92 2,81 4,05 5,96
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Further increases of NaF and AlFz concentrations (over 3 %) provide the fast sample
weight gain, particularly it is evident on molybdenum disilicide, but a slight increase in the
weight gain of silicon carbide samples. The rise of activators (NaF and AlF3) content in the
boride environment results in its saturation ability increase, but baking of the mixture to the
samples surface and its sintering occurs. The use of saturated media containing more than 3 %
of fluoride activators is not reasonable, as it is almost impossible to remove samples from the
container. Thus, SiC and MoSiz boriding is recommended in mixtures containing no more than
3 % of fluoride activator.

The investigation of the kinetics of the boriding process of ceramic materials samples
for 12 hours showed that with an increase in duration there is in the specific weight gain rise in
boride samples, resulting in the increase in the coating layer thickness. The results of X-ray
diffraction analysis proves that there is no silicon dioxide. Thus, the faster is the specific weight
gain growth, the greater is the thickness of the boride coating on the ceramics.

The growth of the layer thickness of boride phase on samples of silicon-carbide and of
molybdenum disilicide ceramics is described by the parabolic law. Thus, we can come to the
conclusion that the sample specific weight gain growth significantly affects the thickness of the
layer of the boride phase SiBs. The study of the regularities of the boride layer formation on the
samples gives an opportunity to offer the most probable mechanism for the silicon hexaboride
layer formation.

The qualitative evaluation of the rate of the boride phase formation on the reaction-
sintered ceramics depends on the activity of boron on the phase boundary. The thermodynamic
boron activity at saturation temperatures is high providing the high rate of ceramic sample
boriding and the formation of silicon hexaboride thick layer on the material surface. It can be
assumed that the part of boron (20 — 30 %) is spent on silicon dioxide recovery remained in
ceramics.

It is known [6] that diffusion saturation of metals and alloys in hydrogen media provides
the high saturation rate and good quality of the treated surface. Hence, it is interesting to
investigate the possibility to use metals hydrides of IV-th group as activating agents. We
investigated the possibility of using titanium hydride as an activating agentt, which at the
saturation temperature decomposes with forming atomic hydrogen.

Investigation of the technological process of ceramic materials boriding on the basis of
silicon carbide and molybdenum disilicide using titanium hydride proved that the introduction
of the mixture from 1 to 10 % of TiH- significantly affects the saturation process rate. As the
content of the titanium hydride in the powder medium increases, the saturation capacity of the
mixture increases in 1.5 time compared with the use of fluoride activators. Saturation of SiC
and MoSi> in mixtures containing 10 % or more of titanium hydride results in container
depressurization and saturation process failure. Therefore, it is reasonable to use mixtures
containing up to 7 % of titanium hydride.

Analysis of the obtained results gives grounds to conclude that in order to intensify the
boriding process of reaction-sintered ceramic materials in saturated environment, it is necessary
to introduce fluoride activator and titanium hydride as the activating agent. To determine the
effectiveness of the joint action of fluoride activator and TiH>, the saturation of SiC and MoSi>
in mixtures containing 20 % of amorphous boron and 1, 3 and 5 % of fluoride activator is
studied and the the amount of titanium hydride in all experiments is constant (7 %). It is defined
that the best saturation power of the boride mixture is achieved with 3 % NaF and 7% TiH>, as
is evidenced by the values of the samples specific mass gain of reaction-sintered silicon carbide
and molybdenum disilicide (Table 2).

Comparison of the values of the sample specific mass gain of reaction-sintered silicon
carbide and molybdenum disilicide indicates that boriding of mixtures containing fluoride
sodium and titanium hydride are the most effective. The samples specific mass gain increases
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twice as compared to saturation in the mixture containing only NaF. Investigation of the
boriding samples of MoSi, showed that the introduction into the powder mixture of sodium
fluoride and titanium hydride provides the production of silicon hexaboride on the sample layer
with thickness 100 um, twice as much as the thickness of boride layer obtained by using only
NaF. The use of mixtures containing 5 % or more of fluoride activator results in saturation
process deterioration. Hence, the use of boron mixtures containing sodium fluoride and titanium
hydride is most appropriate.

Table 2

Influence of titanium hydride and fluoride activator on the change of the sample specific mass gain, mg/sm?

Activator Content, % SiC Mosiz
NaF 1 2,26 5,35
NaF 3 4,05 7,28
AlF; 1 2,84 5,43
AlF; 3 3,09 6,45

The investigation of the influence of time on the speed of the boriding process of
reaction-sintered ceramic materials showed that, with the increase of the saturation time from
2 to 12 hours, the samples specific mass gain increases approximately with the same rate.
Boriding of SiC and MoSi2 over 12 hours results in mixture sintering preventing the samples
removal from the container.

On the basis of in-depth study of the agents influence on the saturation process of the
reaction-sintered silicon carbide and silicon disilicide with amorphous boron, it is determined
that the saturation capacity of the boride mixture increases significantly with the introduction
of sodium fluoride and titanium hydride. They provide the mass transfer of the diffusing
element from the powder mixture to the surface of the material as the result of saturated element
formation, followed by disproportionation and the formation of boron diffusing into the sample
depth and interacting with the impurities, resulting in silicon hexaboride formation.

Conclusions. Boriding of reaction-sintered ceramic materials make it possible to bind
impurities, particularly silicon, forming silicon hexaboride, which has high stability and heat
resistance. The offered technological process provides an opportunity to increase the oxidation
resistance of ceramic materials based on SiC and MoSi> at high temperatures and improves the
products operational parameters.
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TEXHOJIOTTYHI YMOBHM ®OPMYBAHHS TU®Y3IHHOIO
BOPHHOTO MMOKPUTTS HA KAPBIII KPEMHIIO TA
JUCUIIIMII MOJIBAEHY
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Pe3tome. Onucano ocnogui Hanpamu opmyeanHs OuQy3itiHoco 60pUOHO20 NOKPUMMSL HA PeaKYiliHO-
cneuenomy Kap6ioi kpemuito ma oucuniyuoi moaiooery. Jocniodxceno ma npoananizo8aHo mexHon02iuHi ymosu
O0OpYBaHHs HeMemanegux KepamiuHux Mamepianie 3a1edcHo 8i0 KOHyeHmpayii amopgrozo 6opy 6 nopoukosii
cymiwi. Bcmanosneno, wo nioguwumu weuOKicms npoyecy HacudenHs Kapoioy KpemHilo ma OUCULIYUoy
MONIOOeHy 6OPOM MOICHA WLIAXOM B8EOEHHS AKMUBYIOYUX 000a80K hmopudie nampiio U amominito. Ha ocnosi
npPoBedeHUX 00CAI0IICEHb 3aNPONOHOBAHO ONMUMATILHI YMOBU BUOOPY KOoHYenmpayii akmugyiouux 006aeox, Ki
3a6e3neuyroms 8UCOKY WBUOKICMb HACUYEHHS U NOKpawjyroms eKxcniyamayitni napamempu eupobis. Takoc
6CMAHO0BNEHO, WO 015 IHmeHcugikayii npoyecy O6OPYBaHHs pPeaKyillHO-CHeYeHux KepamiyHux mamepianie y
HacuuysaivHe cepedosuuje HeoOXIOHO 6600UmMU AKMUEYIYy 000agKy 2iopud mumany. SKicHe OYIHIOBAHHS
weuoKocmi ymeopentst 60pudnoi (hazu Ha peaxyilHo-cnevenii Kepamiyi 3anexicums 8I0 akmugHocmi 6opy Ha
gaszosiii mexci. Tepmoounamiuna akmusHicmes 60py nPu MmemMnepamypi HACUYEHHs! 8eIUKA, W0 3aDe3Neyye GUCOKY
weuoKicms OOPYBAHHS 3PA3KI6 KEPAMIKU MA YMEOPEHHs. MOGCMO20 wapy 2ekcadbopudy KpeMmHilo HA NOBepXHI
mamepiany. /fughysitine HacuuenHs mMemanie i CNIAGI8 Y B00HEBUX cepedosuuax 3abe3neuye sUcoKy weuoKicmo
HacuuenHss ma 0obpy sKicmb 06pobmoeanoi nosepxmi. Pezyiemamu npogedeHux O00CHiONCeHb NOKA3AU, U0
HACUYY8ANbHA 30aMHICMb OOPUOHOT CyMiWi ICIMOMHO 3POCMAE NpuU 88e0eHHl 6 Hei pmopucmozo nampio ma
2iopudy mumany. Bemanosneno, wo naiikpawa nacuuyeanviua 30amuicms O0PUOHOL cymiwti 0ocsaeacmvbcs npu
suxopucmanni 3 % ¢mopucmozo mampito i 7% 2iopudy mumany, npo wo ci0uamev GeIUYUHU RUMOMO20
npUpoOCmy Macu 3pasKie peaxyitino-cneuenoco Kapoioy KpemHito ma oucuiiyudy moaiboeny.

Kniouogi cnosa: xap6io kpemmuiio, oucuniyud mMoniooeny, Kepamiuni mamepianu, 3axXucie NOKpUmmsi.
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