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The interest in silicon carbide (SiC-based) ceramics and composites as matrix material for nuclear waste immobilization is grown up.
Long-term chemical durability and radiation resistance of SiC are important factors for radionuclides immobilization. Advantages of
SiC-based ceramics as structural materials in nuclear applications are the high-temperature properties, high density and reduced
neutron activation. The use of radiation resistant materials is a strong requirement for safe and environmentally beneficial energy
system. The SiC ceramics stability under irradiation for temperatures up to 1273 K is also very important for nuclear power
applications. The SiC matrices doped by additives of Cr, Si were fabricated using High Speed Hot Pressing Method. Additives content
was in the range from 0.5 to 3 wt %. Microstructural characteristics of silicon carbide ceramics were analyzed by X-ray diffraction
(XRD), scanning electron microscopy (SEM), energy-dispersive X-ray spectroscopy (EDX), and infra-red spectroscopy (IR)
methods. The results of microcracking under indentation conditions were revealed the lack of cracks in the SiC ceramics with Cr
additives before and after irradiation process. In addition, it was demonstrated that samples of SiC with alloying additives Cr and Si
possess high mechanical parameters under y-irradiation process. The strength of ceramics increases with the uniform and fine-
grained structure formation. The modification of phase composition and mechanical properties of the SiC ceramics with Cr and Si
additives under y-irradiation were analyzed for further development of radiation resistant and matrix materials for radioactive wastes
immobilization.

KEYWORDS: silicon carbide, irradiation, physical-mechanical properties, nuclear waste immobilization, microstructural
characteristics.

PI3UKO-MEXAHIYHI BJIACTUBOCTI y-ONPOMIHEHHOM SiC KEPAMIKH 111 IMMOBLII3ALLI
PAJIOAKTUBHHUX BIAXOAIB
K.B. Jlo6au4!, C.IO. Caenxo', B.A. llIkyponatenko!, B.M. Boesonin'?, I'.B. 3ukoBal,
O.I1. Bepesnnx!, }0.C. Xoaupena!, C.M. Bukanos?, A.O. Bukos?, JI.JI. ToBaKHsAHCbKHII’
THHI] Xapxiscoxuti ¢isuxo-mexuiunuii incmumym, 61108, Xapxie, Yrpaina
2HTY «Xapxiscokuti nonimexniunuti incmumymy, 61002, Xapxie, Ykpaina
3 Xapxiecoruii nayionarvnuii ynisepcumem imeni B.H. Kapasina, 61022, Xapxis, Ykpaina

IaTepec mo kapOimy KpemHiro, KepaMikd Ta KOMIIO3HTIB Ha OCHOBI SiC K MaTpHYHOTO Marepiany s iMMOOLTI3amii sSaepHuX
BinxoxiB 3poctae. JloBroTpuBana XimMiuHa Ta panianiiiaa crifikicts SiC € BaxxauBUMHU (akTopaMu Ui iMMoOLTizamii pagioHyKIIiniB.
IlepeBarammu kepamiku Ha ocHOBI SiC $K KOHCTPYKIIHHMX MaTepiayliB A 3aCTOCYBaHHS Yy SAEPHOI CHEPreTHIl €
BHCOKOTEMIIEPATYPHI BJIACTHBOCTI, BUCOKAa MLIUJIBHICTh Ta 3MCHINEHA aKTHBALisl HEHTPOHIB. BuKopucTaHHS pamialifHOCTiIHKHX
MarepiajiB € CyBOpOI0 BHMOTOI0 10 (yHKIIOHyBaHHS Oe3leyHOl Ta EKOJOTiYHO YHCTOi eHepreTndHoi cucremu. CTpyKTypHa
CTablIbHICTh KepaMiKy MPU OMpoMiHeHHi 10 Temmeparypu 1273 K Takox myke BaxiuBa IJisl 3aCTOCYBAHHS B sSACPHOI €HEPreTHII.
Marpuui SiC, neroBani nob6aBkamu Cr ta Si, OyJM BHTOTOBICHI METOJOM BHCOKOIIBHIKICHOIO Tapsioro mpecyBaHHs. Bwmict
nob6aBok ckiagaB Big 0,5 mo 3 % mac. MIKpOCTPYKTypHI XapaKTepHUCTHUKH KepaMiKd KapOily KpeMHilo Oysu mpoaHami30BaHi
MeTOoAOM peHTreHiBchbKoi audpakuii (XRD), ckanyBanbpHOI enekTpoHHOI Mikpockorii (SEM), eHepro-ancnepciiHoi peHTreHiBChKOT
cnekrpockorii (EDX) ta meroniB indpauepBonoi cmekrpockomii (I4). Pesynprarn TpimmHOCTIHKOCTI B yMOBaX HaBaHTAKCHHS
BHUSBWIM HE3HAYHY KUTBKICTh TpimuH y kKepawmimi SiC 3 mo6aBkamu Cr jo i micis mporecy ompomineHHs. Kpim toro, Oyio
MIPOJIEMOHCTpOBaHO, 110 3pa3ku SiC 3 jeryrounmu pobaBkamu Cr i Si MalOTh BHCOKI MEXaHi4Hi MapaMeTpu HPH Y-OIPOMiHEHHI.
MinHicTh KepaMiKH 3pocTae 3 yTBOPEHHSM OJHOPIAHOI Ta NpiOHO3epHUCTOl cTpyKTypH. [IpoananizoBaHo Moaudikamiro $a3zoBoro
CKJIQ/ly Ta MEeXaHIYHUX BiactuBocTel kepaMiku SiC 3 no6aBkamu Cr i Si pH y-OnpoMiHEHHI IS OAANBIIOr0 PO3BUTKY MaTepiais,
110 CTiMKi 10 BUIIPOMIHIOBaHHS, Ta MaTPHIIb JUTs iMMOOLTi3aLil paioakTHBHUX BiIXOIIB.

KJIOUYOBI CJIOBA: xap0ix KpemHil0, ONpOMiHEHHs, (i3MKO-MeXaHiuHi BIAaCTHBOCTi, iMMOOINI3allis SAEpPHUX BiAXOIB,
MIKpPOCTPYKTYPHI XapaKTEPUCTHKH.

PU3UKO-MEXAHUYECKHUE CBOMCTBA y-OBJYUYEHHOM SiC KEPAMUAKH 111 UMMOBWIA3ALIUU
PAJIMOAKTHUBHBIX OTXO10B
K.B. Jlo6au4!, C.IO. Caenxko, B.A. llIxkyponarenxo!, B.H. Boesogun'3, A.B. 3pikoBal,
E.IL. Bepesnsx!, F0.C. Xoapipena!, C.M. Boikanos?, A.A. Boikos?, JI.JI. ToBaKHAHCKMIT?
'HHI] Xapvkoeckuii pusuxo-mexnuyeckuti uncmunym, 61108, Xapvkos, Ykpauna
’HTY «Xapuvkoeckuii nonumexnuueckuti uncmumymy, 61002, Xapvkos, Yrpauna
3 Xapvrosckuii nayuonanvuwiii ynusepcumem umenu B.H. Kapasuna, 61022, Xapvkos, Yipauna
HuTepec k kepamuke n3 kapOouaa kpemHus (Ha ocHoBe SiC) M KOMITO3UTaM B Ka4eCTBE MATPUYHOTO MaTeprala sl MMMOOMITH3AINN
SZIGPHBIX OTXOJOB HOBBILIACTCS. J[0NrocpodHas XUMUYeCKas M paJnalMoHHast CTOHKOCTh SiC SABJISAIOTCS BaXXHBIMU (akTOpaMu ISt
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MMMOOMIM3aUMK paauoHykauaoB. [IpenmymectBamu kepamuku Ha ocHOBe SiC B KauecTBE KOHCTPYKLMOHHBIX MaTepHalioB IS
MIPUMEHEHHs B AJEPHON SHEPreTHKe SIBIISTIOTCS BBICOKOTEMIIEpPAaTypHBIE CBOMCTBA, BBICOKAs INIOTHOCTh M yMEHBIIEHHAs! aKTHBALIUs
HEeHWTpoHOB. Mcnonb3oBaHHE pPaJUALMOHHOCTOMKMX MATEpUaoB SBISIETCA CTPOTMM TpeGoBaHMEM K (yHKIMOHHPOBAHHIO
0e30MacHON M SKOJIOTMYECKH YHCTOH JHepreTuueckoil cucrteMel. CTPyKTypHas CTaOMIBHOCTH KEPaMHKH HPH OOTydeHHH [0
Temrepatypsl 1273 K, Taxxke oueHb BakHa U IPUMEHEHH B sAepHOH sHepreTrke. Matpuisl SiC, nerupoBaHnbie 1o6aBkamu Cr u
Si, OBUTH M3TOTOBIICHBI C CHOIB30BaHHEM METOJIa BEICOKOCKOPOCTHOTO Topsidero npeccoBanus. Coneprkanue 100aBOK HaXOJHIOCh
B quanasone ot 0,5 1o 3 mac.%. MHUKPOCTpYKTypHEIE XapaKTePUCTUKH KepaMHUKH U3 KapOuia KpeMHUs ObUTH IIPOaHAIN3HPOBAHEI C
NOMOIIBIO  peHTreHoBckod audpakuun  (XRD), ckanupyromeid anektpoHHoit Mukpockonuu (SEM), sHepromucnepcHoi
pentrenoBckoi criektpockoruu (EDX) u mHdpakpacnoit cnexrpockonuu (MK). PesynpTraThl TPEIIMHOCTONKOCTH B YCIOBHSX
HMHJICHTHPOBAHUS MOKa3aak HeOobIIoe KoiandecTBo TpeumH B kepamuke SiC ¢ nobaBkamu Cr 0 W mocie mporecca 00JIydeHHsI.
Kpome Toro, 06110 mpoeMOHCTpUpoBaHo, uTo obpasipl SiC ¢ aerupyronmmu gobdaBkamu Cr u Si HIMEIOT BBICOKHE MEXaHHYECKUE
rmapaMeTpsl HpH Y-00iaydeHHH. [IpodHOCTH KepaMHKH pacTeT ¢ 00pa30oBaHHMEM OAHOPOJHOM WM MENKO3EPHUCTOH CTPYKTYDHI.
[Ipoananm3upoBana moanpukanms (Ga3oBOro cocraBa W MeXaHHUeCKHX cBOWCTB SiC-kepamuku ¢ gobaBkamu Cr m Si mpu -
oOJTydeHNH U JQJIBHEHINEero pa3BHTHS pPaJHallIOHHO-CTOMKMX MaTepuajoB M MaTPHIl JUIi MMMOOWIM3ALNH pPaJHOaKTUBHBIX
OTXOJIOB.

KJIIOUEBBIE CJIOBA: xapbuji kpemHuus, o0inydeHHe, (pHU3NKO-MEXaHWYECKHEe CBOWMCTBA, MMMOOWIM3ALMS SICPHBIX OTXOJIOB,
MHUKPOCTPYKTYPHBIE XapaKTEPUCTUKH.

SiC-based ceramics and composites possess superior properties, such as high corrosion resistance, excellent
chemical and thermal shock stability, high mechanical strength, thermal expansion and small neutron absorption cross-
section [1-3]. Such properties are very attractive for further operating under extreme environmental conditions, in
particular, as matrix material for water-cooled and fusion power reactors, for the nuclear fuel as a cladding material, and
us protective form for radioactive waste immobilization [4-6].

Advantages of SiC-based ceramics and composites as structural materials in fusion applications are the high-
temperature properties and stability, density and reduced neutron activation. The use of activation materials (LAMs) is a
strong requirement for safe and environmentally beneficial energy system. The SiC ceramics dimensional stability
under irradiation for temperatures up to 1273 K [7] is also very important for fusion power applications.

The interest in SiC matrix material for nuclear waste immobilization is grown up. SiC ceramics and composites
have been proposed as an inert matrix for the burning or transmutation of long-lived fission products and minor
actinides from fuel cycle reprocessing. Nuclear waste is highly radioactive and toxic for hundreds of thousands of years.
The basis of light water reactor (LWRs) fuel cycle is storing of processing fuels into geologically stable repositories in
specially designed canisters, where the radioactive materials can decay for long times, with minimal release to the
environment. [8,9]. In all proposed deep-burn fuel cycle involving tristructural isotropic (TRISO) fuel, where SiC is the
primary barrier to fission product release, high burn up reduces the need for reprocessing, and the high-burn up TRISO
fuel could be placed directly in a geologic repository. TRISO fuels, incorporated in a dense SiC matrix has been
proposed for both transuranic waste destruction and as a potential fuel for light water reactors [9].

The long-term chemical durability and radiation resistance of SiC are important factors for radionuclides
immobilization. Due to the low induced activation, SiC ceramics were proposed as structural components for long-term
geologic disposal of the low-level or intermediate level waste. In operating conditions, energetic particles may alter SiC
retention capability for the fission products, producing atomic displacements. The resulting microstructural changes
may eventually modify the properties of the SiC ceramics [10].

The oxidation behaviour of SiC in water vapour containing environments was examined in details [11]. SiC
exhibits exceptional oxidation resistance in water vapour up to 1700°C. The oxidation of SiC has been studied in a
variety of gaseous environments. Of particular interest for the nuclear industry is oxidation resistance in a water/steam
environment [12]. It has been shown, that radiation significantly affects important material properties [13]. Recent
studies on the corrosion rates of unirradiated and irradiated SiC in different simulated ground waters over a range of
temperatures revealed no significant long-term effect of irradiation on corrosion behaviour [14]. The mechanisms and
rates of corrosion for SiC in different aqueous media under conditions relevant to geologic repositories have also been
reported [15], and indicated that the radiotoxicity of spent TRISO fuel is at least four orders of magnitude lower than
for current spent light water reactor fuel.

Radiation effects induced by neutrons at high temperature were widely studied. Microstructural evolution over a
large range of temperatures and swelling [16] were the main investigated topics. However, the gamma radiation
influence on SiC ceramic is of great interest due to an action of gamma radiation as main source of the effect on the
protective matrices during wastes immobilization process.

At the process of SiC exposure to high-temperature, and extreme radiation environments, microstructural
evolution and micro cracking may occur. During SiC matrix exposure to beta and gamma radiation from fission product
decay irradiation-induced amorphization took place. The critical temperature for amorphization from high flux electron
beams was about 300-340 K depending on SiC structure modification [17-19].

The retention capability of SiC for the typical fission product, particularly when it is submitted to irradiation-
induced structural modifications was studied. The evolution of a disorder with the ion fluence and the cumulative dose
in dpa (‘displacements per atom’) was calculated [20]. It appears that total disorder (i.e., amorphization) is achieved at
0.25 dpa. In previous studies, the structural modifications induced by the implantation of a typical fission product iodine
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(D into silicon carbide were examined. This result is in good agreement with previous investigations using other ion
species [21] and demonstrate that SiC is a very easily amorphizable material by low energy ion implantation at room
temperature while it can hardly be disordered by ion bombardment at elevated temperatures. For inert matrix fuels, SiC
ceramics demonstrate phase compounds with reasonably high radiation stability to high temperatures for different
fissile species [22].

The good corrosion and radiation resistances exhibited by the carbides are due to the unique combination of high
hardness and fracture toughness. The bulk mechanical properties and stability of carbides are strongly affected by their
composition and microstructural parameters [23, 24]. The different additives, such as oxides, Si, B, and transitional
metals of IV-VI subgroups, as sintering activators, were added to improve the mechanical properties of SiC ceramics.
The effect of additives on the ceramic sintering mechanism relates to its content and uniformity. The uniform
distribution of additives is beneficial for improving the densification and microstructure formation during the sintering
procedure [25-28].

The aim of the present study was the studying the influence of y-irradiation on surface and physic-mechanical
properties of the SiC ceramics modified by additives of Cr and Si.

MATERIALS AND METHODS

The highly dispersed powders were used as alloying additives for producing ceramics based on silicon carbide
(SiC): SiC powders of the grade 440 NDP (Superior Graphite Co) with a predominant particle size 0.44 um were
chosen as primary material, and powders of Si, and Cr, with a predominant particle size <3 um as additives. Mixing of
the initial powders was carried out in a planetary mono-mill "Pulverisette 6" (Germany) in isopropyl alcohol medium
with a rotation speed of 300 rpm during 3 hours.

Forming and sintering of the samples were made by the method of high-speed hot pressing in vacuum in a graphite
die. The equipment was developed in NSC KIPT in the framework of joint collaboration project (STCU P-154) with
Argon National Laboratory and Superior Graphite Co (USA). The optimum process parameters were previously
determined and described [29]: sintering temperature 2050 °C, pressure 40 MPa and holding time 30 minutes. The
samples size was 25x25x4 mm. Finishing surface treatment and polishing of SiC ceramics were made by series of
diamond pastes graded from 28/20, 7/5, 5/3, 3/2. As a result of surface polishing with low rates diamond pastes
treatment, 25-75 pm of defect surface layers were removed to a high degree of mechanical tests accuracy. The open
porosity and density of the samples were determined by hydrostatic weighing method.

The diffractometry was carried out using a DRON-4-07 X-ray diffractometer in copper Cu-Ka radiation using a Ni
selectively absorbing B-filter. The diffracted radiation was detected by a scintillation detector.

The absorption spectra in the IR range were recorded by IR spectrophotometer IRS-29 (LOMO) in the KIPT NSU.
The spectra detection was made in the spectral range 4000 — 400 cm™ (mean infra red area).

SiC samples were irradiated by bremsstrahlung obtained in Electron Linear Accelerator (EIA) with beam energy
up to 10 Mev, current 800 mA, dose rate 1.1 kGy / h up to dose 10 kGy. To realize the conditions of external y-
irradiation effect of the SiC specimens, the bremsstrahlung of the ELA was used. Irradiation scheme is shown on Fig.1.

\ 4

Fig. 1. Scheme of y-irradiation in electron accelerator:
e — electrons, 1 — electron accelerator, 2 — Ta-converter,
3 — filter for electrons and neutrons, 4 — SiC specimen

The hardness tests of SiC ceramic samples before and after y-irradiation process were made on a AMH-3
microhardometer by indentation of a four-sided 136-degree Vickers diamond pyramid. The optimal load value was
chosen: 9.8 N. The hardness calculations were carried out according to the standard procedure with the measurement of
the diagonals of the print:
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Hy = P/d? ()

where H is hardness, P is the load on the indenter, d? is the square of the diagonals of the indentor's print.

The measurements of fracture toughness of ceramic carbide are complicated because of high brittleness of these
materials. Estimation of fracture toughness values was made at 9.8 N load conditions. The equations of fracture
toughness of ceramic brittle materials, which are in a good agreement with experimental data were formulated by
Evans, Charles and Wilshaw [30] and by Niihara [31]. Equations for fracture toughness coefficient (Kc) calculation
were obtained by Niihara semi empiric dependence, commonly used for brittle ceramics [31]:

K=(0,035H, a) (E¢/H,)**/ ¢ L3 o

where a is the half-diagonal of the indentor's print, Hv is the hardness of the material, and L is the length of the radial
crack, E is Young modulus, ¢ — is the constraint factor (= 3)

The microstructure and morphology of the samples were studied by JEM-700F scanning electron microscope. The
Energy-dispersive X-ray spectroscopy (EDS) method with a high-energy electron beam was used for determination of
the elements and distribution in the SiC-Si and SiC-Cr samples.

RESULTS AND DISCUSSION
The physical properties and phase composition of SiC ceramic samples with/without alloying additives obtained at
the same technological parameters as previously reported [28] were presented in Table 1.

Table 1.
Properties and crystalline phases of the SiC samples

Ceramic composition SiC SiC + SiC +

0.5%Cr + 0.15%C 1.0%Si + 0.3%C
Open porosity, % 0 0-1 0-1
Density g/cm? 3.19 3.16 3.18
Relative density, p, % 99.4+ 0.75 97.8+0.75 99.7+0.75
Phase composition SiC-6H 99% SiC-6H-95.5% SiC-6H-83.8%

C-1% SiC-4H-2.8% SiC-4H-16.2%
C-17%

Analysis of the data given in Table 1 indicates that a slight decrease in the relative density is observed in SiC
ceramic samples with alloying additives: up to 97.8% (Cr).

X-ray diffraction analysis of the samples revealed the presence of one phase a-SiC of polytype — SiC-6H with
hexagonal lattice, whereas the introduction of the alloying additives leads to structural changes and the formation of a
second a-SiC polytype of silicon carbide — SiC-4H in different weight contents (Table 1, Fig. 2).
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+-C E—
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2000 -
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Fig.2. XRD patterns of the samples:
a—SiC+ 0.5%Cr + 0.15%C, b — SiC + 1.0%Si + 0.3%C

Electron microscope images of the fractured cross-sections of the samples SiC + 1.0% Si + 0.3% C and SiC +
0.5% Cr + 0.15% C were presented (Fig. 3,4). The structure of SiC sample with the Si additives demonstrates a very
dense and uniformly fine-grained structure (99.7% of the theoretical values). The grain sizes were in the range 0.3-2.2
pm with a predominant grain size of 1.5 um.
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10pm NSC_KIPT
X 2,000 20.0kV SEI SEM WD 10.0mm 1 2 3 4 3 g 7 keB

Fig. 3. SEM images (a) and EDX spectra (b) of SiC + 1.0%Si + 0.3%C sample

Analysis of SEM/EDX results for SiC + 0.5%Cr + 0.15%C sample demonstrate that Cr adding leads to inclusions
formation, probably of Cr,Cx chromium carbide types. According to small amount of Cr, the presence of chromium
carbide phase formation was not detected on XRD patterns of the ceramic samples (Fig. 4a).

= pi \?','
P

10pm NSC_KIPT 1 2 a2 q 5 g 7 keB

20.0kV SEI SEM WD 10.0mm

Fig. 4. SEM images (a) and EDX spectra (b) of SiC + 0.5%Cr + 0.15%C sample

The main approach to enhance the mechanical properties and fracture toughness is sintering of materials with
dense and uniform grain microstructure. The strength of ceramics increases with the decrease of grain size and porosity.
The evolution of phase composition and mechanical properties of SiC ceramic under y-irradiation and irradiation-
induced structural modifications was studied.

The hardness tests of SiC ceramic samples were made by indentation under load condition 9.8 N before and after
irradiation process. Cracks appear on all samples, except the sample with the Cr additives before and after dose y-
irradiation (Fig.5 a, b, e). This fact indicates that the crack resistance and fracture toughness coefficient were not
principally changed before and after irradiation process, which is also confirmed by the calculations carried out
according to formula (2).

Table 2 shows the values for hardness and fracture toughness calculations before and after y-irradiation process.
As can be seen from the obtained data, hardness and fracture toughness values are not principally changed for both
samples with additive Cr and Si. SiC samples without additives produced by High-Speed Hot Pressing Method show
high density and microhardness parameters. The fracture toughness parameters demonstrate the values from K. =4.5
MPa'm'”? — 4.2 MPam'? for SiC ceramic samples to K. = 5.6 MPam'? — 5.4 MPa-m'? for SiC samples with Cr
additives, and K. = 4.4 MPa-m'? — 4.2 MPa-m'? for SiC samples with Si additives, before and after y-irradiation
process correspondently.

Previously was reported, that dense and uniform SiC ceramics demonstrate high mechanical parameters: micro
hardness 24 GPa [32, 33] and fracture toughness coefficient Kj. = 5 MPa-m'"*[32]. At present study, SiC ceramic
samples with Si, Cr and without additives also show high mechanical parameters: micro hardness 29.8 GPa and fracture
toughness coefficient Ki. =4.5 MPa-m'?2. Furthermore, a dose y-irradiation process did not significantly change the
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mechanical properties of SiC ceramic with both Si and Cr additives, only slight decrease of fracture toughness
coefficient up to 5.4 MPa-m'? and 4.2 MPa-m'? was detected.

A

Fig. 5. Images of the ceramic surface before(a, ¢) and (b, d) after y-irradiation process and

indentor's print (e, f) after irradiation:
a,b,e-SiC+0.5%Cr+0.15%C;c,d, f—SiC+ 1.0%Si+0.3% C

Hardness and fracture toughness

Table 2.

Ceramic material Load P, Hardness HV, GPa Fracture toughness K, MPa-m '?

N before / after y-irradiation process | before / after y-irradiation process
SiC 9.81 29.8/29.8 45/42
SiC+0.5% Cr+0.15% C 9.81 33.4/322 56/54
SiC+1.0%Si+03%C 9.81 30.9/29.9 44/42

IR spectrum of SiC samples without additives produced by High-Speed Hot Pressing Method demonstrates peaks
of 580, 650, 820, 935 and 990 cm™, related to the Si-C vibrations at the silicon carbide structure with hexagonal crystal
structure. In addition, the intensive absorption bands were detected correlated to stretching and deformation vibrations

of

Si-O in tetrahedral SiO4 quartz structure: 460, 510, 690, 780, 800, 1080 and 1160 cm™ (Fig. 6, curve 1) [34, 35]. The
SiO, formation can occur as a result of sample oxidation during the heat treatment process. The absorbed water band of
3450 cm! also was observed.

After y-irradiation process up to 10* Gy dose any visible changes at the absorbed spectra were not detected. An
intensity of band at the vibration range of O-H (3430 cm') was slightly decreased. Thus, y-irradiation process up to 10*
Gy dose had no effect on the phase composition and crystal structure of SiC ceramic samples.
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An analysis of IR absorption spectra of SiC samples before and after irradiation process demonstrated no principal
distinctions between samples with/without 0.5 % Cr u Si additives.

A T, 00
60—
40
3430
40—
3450
20—
3600 3300 1100 1000 900 300 700 600 500 400V, ot
«-Si0,

Fig. 6. IR absorption spectra of SiC samples after sintering:
curve 1 — initial SiC, curve 2 — SiC after y-irradiation process up to 10* Gy dose

CONCLUSIONS

Sintering process by High-Speed Hot Pressing Method leads to the fine-grained structure formation and increase
of the fracture toughness of ceramics. The hardness and crack resistance of SiC ceramics with Cr and Si additives were
not principally changed under y-irradiation process. The results of microcracking under indentation conditions were
revealed the lack of cracks in the SiC ceramics with Cr additives before and after irradiation process. In addition, it was
demonstrated that samples of SiC with alloying additives Cr and Si possess high mechanical parameters under y-
irradiation process: microhardness — 32.2 — 29.9 GPa, fracture toughness coefficient Kic = 5.4 — 4.2 MPa-m!'?,
respectively. The strength of ceramics increases with the uniform and fine-grained structure formation. The analysis of
IR absorption spectra demonstrates that any phase composition and crystal structure changes were not observed after -
irradiation process. The samples sintered with Cr and Si additives demonstrate good radiance resistance and high
mechanical properties under y-irradiation up to absorption dose of 10* Gy, which confirms the advantages of alloying
additives using. SiC ceramics with Cr and Si additives are promising candidates for further nuclear applications as
radiation resistant materials to manufacture protective matrices for radioactive wastes immobilization.
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