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Summary. The main methods for processing ceramic materials based on reaction-sintered silicon
carbide and molybdenum disilicide are described. The technological conditions of nonmetallic ceramic materials
processing depending on the oxide silicide composition in the powder mixture are studied and analyzed. It is
determined that the increase in the lifetime of ceramic materials based on silicon carbide and molybdenum
disilicide can be achieved by introduction of zirconium oxide, yttrium oxide and hafnium oxide. Based on the
carried out investigations, optimal conditions for selecting the concentration of these additives, which ensure high
saturation speed and improve the operational parameters of the products are proposed. It is also determined that
in order to intensify the processing of ceramic materials based on reaction-sintered ceramic materials, various
compositions of the silicide oxide composition can be introduced into the saturation medium. Diffusion saturation
of ceramic materials with titanium hydride provides high saturation speed and good quality of the surface to be
treated. The study of the kinetics of the interaction of silicoboride phase with the carborundum and disilicide with
molybdenum base showed that, with increasing heating duration, the thickness of the diffusion coating decreases.
The final operation of the process for processing reaction-sintered ceramic materials is to apply silicon-based
surface of carbide-silicate and disilicide molybdenum samples of the suspension layer of silicide oxide composition
containing molybdenum disilicide, zirconium-yttrium ceramics, and sodium aluminate. The proposed method of
processing reaction-sintered ceramic materials increases in 2 and 1.5 times the lifetime of samples based on
silicon carbide and molybdenum disilicide. The results of the carried out research show that the proposed method
can be recommended for the processing of products based on reaction — sintered carbide silicic acid and disilicide
molybdenum materials used for the manufacturing the electric heaters and various types of structural elements of
high-temperature equipment.
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Statement of the problem. The technology of reaction-sintered ceramic materials
processing based on silicon-carbide and molybdenum disilicide does not provide complete
binding of harmful impurities formed in the material when products are obtained [1, 2]. The
availability of harmful impurities results in significant deterioration of the technological and
operational characteristics of silicon carbide and molybdenum disilicide.

Analysis of the available investigations and publications. Products made of reaction-
sintered ceramic materials based on silicon carbide and molybdenum disilicide are widely used
in modern high-temperature engineering. However, the availability of impurities, particularly,
of silicon, introduced into the material in order to reduce the temperature of products sintering,
leads in sintering process to the formation of silicon dioxide (SiO2). The presence of silicon
dioxide increases the electrical resistance and overheating of products made of reaction sintered
silicon carbide and molybdenum disilicide. The sharp change in the temperature mode causes
the destruction of bonds between the ceramics grains and material strength loss. There are
various ways to improve the physical-mechanical and chemical properties of ceramic materials.
The most common is coating of the product working surface [3].
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The method of coating formation on the working surface of heater made of silicon
carbide (US Patent No. 2003592) which contains 80% of silicon carbide and 20% of bentonite
is well known. The protective layer is burned in the air at temperature 1370°C. The disadvantage
of this method is the increase of the heaters specific load at high temperatures (1500°C and
above).

The well-known method for improving the thermal stability of silicon carbide heaters
(Inventor’s Certificate 133960), which involves several successive processing operations. First,
the heater working surface is moistened by bakelite varnish and applied by boron carbide
powder or mixture of boron carbide and 10% silicon with further heat treatment: previously in
the air, and then in hydrogen medium at 2200°C for 1,5-2 hours. The layer of cubic silicon
carbide is deposited on the product surface. The disadvantage of the proposed method of
treatment is a large number of intermediate technological operations and the complexity of
protective coating formation process [4].

The method for increasing the heat resistance of heaters from molybdenum disilicide is
also known, here the quartz glass is applied to the heater working surface, and then boiled at
temperature 1800°C. The disadvantage of this method is high brittleness of protective coating
at room temperature, whereas its electrical resistance sharply changes with temperature
growth [5].

Objective of the paper po6oru is to propose the method of increasing the products
service life on the basis of reaction-sintered silicon carbide and molybdenum disilicide
operating in oxidizing medium at temperature range 1500-1600°C with sharp change in thermal
mode.

Results of the investigations. The developed method of reaction-sintered ceramic
materials processing on the basis of silicon carbide and molybdenum disilicide is referred to
the direct chemical and thermal processing in the field of powder metallurgy and can be
recommended in electronics and electrical engineering industry.

The method of reaction-sintered carbide silicon heaters processing is the most
approximated one to the described technical result (Inventor’s Certificate 1694552), where the
unbound silicon is partially removed from the heaters by means of chemical etching, and then
saturated with boron with subsequent application of silicide oxide composition to the heaters
active part. The disadvantage of this method is the high process complexity and high safety
requirements.

The objective of the processing method proposed by us is to increase the products
service life on the basis of reaction-sintered silicon carbide and molybdenum disilicide
operating in oxidizing medium at temperature range 1500-1600°C with sharp thermal mode
change.

The set objective is achieved first of all by removing silicon dioxide from the products
due to their siliconizing in the powder mixture, and then saturating with boron, followed by the
application of suspension containing (wt.%): molybdenum disilicide (MoSi2) — 70-80;
zirconium-yttrium ceramics (C1S-2) — 15-20 and sodium aluminate (NaAlO>) 5-10.

In order to implement the proposed processing method of reaction-sintered ceramic
materials samples of 8x10 mm in size made of silicon carbide and silylidide molybdenum
electric heaters were used. 12 samples of each type were produced.

To remove silicon dioxide from the materials, the samples were siliconized in the
powder mixture containing (wt.%): silicon (Si) — 60; sodium fluoride (NaF) — 5; titanium
hydride (TiH2) — 10; Aluminum oxide (Al2O3) ( — the rest. The process was carried out in
containers made of heat-resistant alloy using the fused shutter. Containers were placed in the
thermal furnace with heated air temperature up to 1100°C, the duration of the saturation process
did not exceed 8 hours. Upon the completion of siliconizing process, the containers were cooled
together with the oven to the temperature 20°C, and then powder mixture was unpacked and
separated from the samples on the sieve. Siliconized samples after saturation have light gray
colour. The constant activity of the mixture is maintained before each use by introducing
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5 wt.% silicon (Si), 0.5 wt.% sodium fluoride (NaF) and 1 wt.% titanium hydride (TiH.). Such
mixture can be used up to ten times.

The investigations of the technological process of ceramic materials processing on the
basis of silicon carbide and molybdenum disilicide using titanium hydride showed that the
introduction of a mixture of 1 to 10% of TiH> significantly affects the velocity of the saturation
process. Increasing the content of titanium hydride in the powder medium, the saturation
capacity of the mixture increases by 1.5-times compared with the use of fluoride activators.
Saturation of SiC and MoSiz in the mixtures containing 10% or more titanium hydride results
in container depressurization and saturation process disfunction, therefore it is reasonable to
use mixtures containing up to 7% titanium hydride [4].

In order to form the heat-resistant component of the protective coating, the previously
silicized samples are boronized in the powder mixture containing (wt.%): amorphous boron
(B) —40; sodium fluoride (NaF) —5; titanium hydride (TiH2) — 10 and aluminum oxide(Al.O3) —
the rest. The process is carried out in containers made of heat-resistant alloy using the fused
shutter placed in the thermal furnace with heated air up to 1100°C, the duration of boronizing
process does not exceed 12 hours. When the container is heated, fluorides of boron and boron
hybrids are formed, they are boron conveyors to the reaction-sintered ceramics surface. As a
result of the atomic boron interaction, hexaboride of silicon is formed. The thickness of the
coating layer on silicon carbide and molybdenum disilicide reaches, relatively, 120 and 150 um.
Upon boronizing process completion, the container is cooled with the oven to the temperature
20°C, and then it is unpacked and the powder mixture is separated from the samples on the
sieve. The mixture is stored in the sealed containers to prevent contact with moisture.

The investigation of the kinetics of silicoboride phase interaction with carborundum and
disilicide molybdenum base showed that, if the heating duration increases, the thickness of
diffusion coating decreases. After annealing at temperature 1200°C (for 12 hours), the initial
thickness of the protective layer on SiC reduces theefold, and at 1500°C by 40%. The similar
phenomenon is observed on molybdenum disilicide samples. The change in the phase coating
composition on SiC and MoSiz occurs from the vacuum medium side. At the same time, there
is a slow growth of silicon tetraborate, as the evidence of metallographic and microdurmetric
analysis methods results. Since, during heating in vacuum, the surface layer is destroyed and
the significant loss of the sample weight is observed, the investigation of silicon hexaboride
stability for more than 12 hours is reasonable. To slow down undesired processes on the
coating — vacuum surface, the inert medium can be used [2].

As activating additives for diffusion saturation, fluorides of alkaline and alkaline earth
metals are used [3]. In order to intensify the process of non-metallic materials processing, the
activating additives having the following functions can be introduced into the saturated
environment;

- when heated, evaporation or decomposition products of the activator extrude air from
the container;

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

- remove or restore the oxide films;

- form in the reaction volume the gas phase containing saturation element and transfer
it to saturated surface.

Constant activity of the powder mixture before each repeated use is supported by
addition of 5% amorphous boron, 0.5% sodium fluoride (NaF) and 1% titanium hydride (TiH2),
the restored mixture can be used from ten to fifteen times.

The final process operation for reaction-sintered ceramic materials processing is the
application of suspension layer of silicide oxide composition containing molybdenum
disilicide, zirconium-yttrium ceramics and sodium aluminate to silicon-based surface of
carbide-silicate and disilicide molybdenum samples. Molybdenum disilicide (MoSi2 — MRTUG-
09-5701-68) functions as high temperature binding, zirconium-yttrium ceramics (CI1S-2, TY14-
8-86-73) contains (wt.%) zirconium oxide (ZrO.) + hafnium oxide (HfO2) — 72—78, yttrium

ISSN 2522-4433. Bicuux THTY, Ne 2 (94), 2019 https://doi.org/10.33108/visnyk_tntu2019.02 ...........cccoeevceevoeeveeee 11



Method of reaction-sintered products processing based on silicon carbide and molibdenum disilicide

oxide (Y203) — 22-28 and is the refractory filler that increases the heat resistance of silicon
oxide suspension. The introduction of sodium aluminate suspension (NaAlOy) results in the
formation of sodium oxide portion (Na2O), which is expended to create together with silicon
oxide SiO> the glass film and refractory component — aluminum oxide (Al2O3).

Silicide oxide composition is applied on silicon-based samples based on reaction-
sintered silicon carbide and silylidide molybdenum. The composition of silicide oxide
compositions (wt.%) is shown in Table 1.

Table 1

Silicide oxide composition

Composition MoSi; ZrY-2 NaAIO>
I 70 20 10
11 75 17.5 7.5
11T 80 15 5.0

The thickness of the coating layer for the periodic coating mode and the working cycle
duration of 100 hours is approximately 225 um. The tests of coated samples (4 pieces of each
component) were carried out in accordance with the requirements of the State Standard of
Ukraine. The obtained results of the carried out tests of silicon-boronized carbide silicic and
silicidicide molybdenum samples with deposited layer of silicide oxide composition are
presented in Table 2.

Table 2

Test results

Test Surface durability, hrs
Material | temperature Proposed Standard
°C Composition I | Composition IT | Composition IIT
SiC 1500 2000 2500 3000 1500
MoSi> 1600 2200 2600 3500 2000

Conclusions. The obtained results indicate that the proposed method of reaction-
sintered ceramic materials processing increases the service lifetime of samples based on silicon
carbide and molybdenum disilicide by 2 and 1.5 times. The proposed method can be
recommended for the processing of products on the basis of reaction-sintered carbide silicic
and silicidicide molybdenum materials used for production of electric heaters and various types
of structural elements of high-temperature equipment.
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CIOCIB OBPOBKHU PEAKIIMHO-CIIEYEHUX BUPOEBIB HA
OCHOBI KAPBIAY KPEMHIIO TA TUCHJIIOUAY MOJIBAEHY

Bacuib Kosoammun'®; Irop Bouap?

Tepnoninvcokuii nayionanvruii mexuiunuii ynisepcumem imeni lsana Ilynios,
Tepnoninw, Yrpaina
2TepHoninbCcoKull HAYIOHATLHUL Ne0a202iYHULl YHisepcumen
imeni Bonooumupa I'namioka, Tepronine, Ykpaina

Pestome. Onucano ocrnosHi cnocobu 06poOKU KepaMivHUX MAMeEPIanie Ha OCHOGI PeaKyiiiHO-Cne4eH020
Kapbioy KpemHuiro ma oucuniyudy moniooeny. /JocniodceHo ma npoaHanizogaHo MexHopo2iuHi yMosu o6poOKu
HeMemanesux KepamiuHux Mamepianié 3a1eiHCHO 8i0 CKIady CUNIYUOOKCUOHOI KOMNOZUYTT 8 NOPOUWKOBIL CYMILI.
Bemanosneno, wo nidsuwumu pecypc excniyamayii KepamiuHux mamepianié Ha OCHOGI KapOioy KpemHio ma
OUCUNIYUOY MONIOOEHY MONCHA WISIXOM 88€0€HHSL OKCUQY YUPKOHIIO, OKCUOY Impiio ma okcudy eaguito. Ha ocnosi
npoGedeHux O00CHIONCEeHb 3aNPONOHOBAHO ONMUMANbHI YMOGU 8UOOpY KOHYeHmpayii OaHux 000460k, sKi
3a6e3neuyioms GUCOKY WBUOKICMb HACUYEHHS U NOKpAwyloms exchiyamayiini napamempu eupoois. Taxodrc
6CMAHOBNEHO, W0 05 IHmeHcughikayii npoyecy o6poOKuU KepamiyHUX Mamepianié Ha OCHOBI PeaKyiliHO-CNeYeHUX
KepamiyHux mamepianié y HACU4YBAIbHE cepedoguue MONCHA 6600UMU DPI3HI CKAAOU CUNIYUOOKCUOHOT
Komno3zuyii. Jugysitine HacuuenHs Kepamiunux mamepianie i3 GUKOPUCMAHHAM 2iOpudy mumawy 3abesneyye
BUCOKY WBUOKICTNb HACUYEHHST ma 000py aKicmb 06pobiosanoi nogepxui. Jlocniodicenns Kinemuxu 63aEmooii
cunikobopuoHoi gasu 3 KapOoopyHO08010 ma OUCUTIYUOMONIOOEHOB0I0 OCHOBOI NOKA3AN0, WO 3I 30i1bUEHHAM
MpUBANOCmi Haspi8anHsa MosuUHA OUPY3IUHO20 NOKPUMMA 3MEHUYEMbCA. 3a8epulanbHOI0 Onepayicio cnocody
00pOOKU  pearyiuHO-CneueHUx KepamiuHux Mamepianié € HAHeCeHHs HaA CUNIKOOOPOBAHY NOBEPXHIO
KapOiookpemHuiceux i OUCUTIYUOMONIOOEHOBUX 3PA3KIE WaApy CYCNeH3ii CUliyudOKCUOHOI KOMNO3uyii, sAKa
Micmume OUCUNIYUOMONIOOEHY, YUPKOHIEGO-IMPIEBY KepaMiKy i anrominam Hampilo. 3anpononosanuii cnocio
00p0oOKU pearyilino-cneuenux Kkepamivnux mamepianie nioguwye 8 2 i 1,5 paza pecypc pobomu 3paskie Ha 0CHO8I
Kapbioy Kpemuito ma Oucuniyudy Mmoniboeny. Pezymomamu npoeedenux Oocniodicenv nokasanu, o
3anPONoOHOBAHULl CNOCIO Modice Oymu peKxomenoosanutl 01 00pooOKu eupodi8 HA OCHOBI PeaKyiliHO-CneYeHux
KapOiOOKpemHiesux [ OUCUNYUOMONIOOEHOBUX Mamepianie, sKi BUKOPUCIOBYIOMbCA OJisl  8US0MOGIEHHS.
eNeKMPOHASPIBayis i pizHo2o muny KOHCMpPYKYIUHUX eleMeHmie 6UCOKOMEMNEPAMYPHO20 00NAOHAHHSL.

Knrouosi cnosa: kap0io kpemHito, Oucuniyud Morib0eny, Kepamiyi mamepian, 3axXucHe NOKPUMMs.
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