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ABSTRACT

The experimental results on obtaining composites based on the system was wide variation
of the concentration ratios of the components in the initial mixtures and the products of
SH-synthesis of mechanically activated systems. It is shown that the products of exothermic
interaction are refractory compounds of boron carbide and magnesium oxide, which in the
ceramic composite form a dispersed phase and a ceramic binder. The effect of the duration
of the activated mixing on the morphology of the reaction mixture and the formation of the
microstructure of the ceramic composite was studied. The possibility of obtaining boron
carbide-B4C in the B,0;-Mg-MeO-C system is shown.The purpose of this study is to study
the possibility of obtaining composite materials based boron carbide used on borate ore in
the Inder deposit by the SHS method. The SHS products were examined by X-ray diffraction

analysis and a scanning electron microscope.
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1. Introduction

Boron carbide (B,C) has excellent physical and
chemical properties, such as high melting point, high
thermal and chemical stability, and large neutron
absorption cross-section from thermal to fast neutrons,
therefore B,C has been used for neutron absorbers
of control rods for fast breeder reactor (FBR) [1].
However, cracks are induced and propagate in B,C
pellets caused by thermal stress and swelling during
neutron irradiation, and failure of a cladding tube is
also observed due to a mechanical interaction between
the B,C fragments and the cladding tube in a short
period of time [2].

For extension of lifetime of control rods, and then for
the safety of nuclear reactors, it is essential to improve
mechanical and thermal properties of B,C pellets [3].
Self-propagating high-temperature synthesis (SHS)
is an efficient way of producing ceramic and metal-
ceramic composites [4-6].

Due to the unique properties — such as high melting
point, hardness, modulus of elasticity chemical and
corrosion resistance, neutron-capture cross-section,
and low density — boron carbide is exceedingly
valuable for practical implementations. At present,
self-propagating high temperature synthesis (SHS)
allowed to obtain a wide range of such materials.

One of the problems in production of carbon
containing composition systems is the use of
different carbon additives which are able to substitute
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expensive carbon. The use of a cheap available raw
material in production is of great interest. In this study,
refractory boron carbide powder was obtained by the
SHS of a mixture enriched borate ore containing a
boron oxide, carbonized rice husk, magnesium. The
most widespread was SHS-technology of refractory
powders, characterized by simplicity and low energy
intensity [5].

Recently, the SHS method is used along with
mechanochemical activation (MA), the so-called
MA SHS [7]. The mechanical activation (MA) of the
reagents before carrying out the SHS process is a very
important step. With the help of MA, it is possible to
substantially intensify heterogeneous processes, MA
leads to an increase in the chemical activity of the
particles to be treated by increasing their defectiveness
and/or increasing the reaction surface (by reducing the
particle size). Thus, MA prepares particles for active
response.

2. Experimental part

The adiabatic temperatures of SH-synthesis are
calculated, which is 1500-1800 °C. The possibility
of the synthesis of boron carbide in B,0;-Al-MeO-C
systems, where C-carbonized rice husk, graphite, has
been studied, but Al application was established did
not have a significant effect, it was expedient to use as
a reducing agent more active magnesium.
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Table 1

Combustion products of the Mg-C-B,C-B,0; (ore) system in an air atmospher
Composition of the initial charge Products of SHS,%

MgO Mg3(BO3)2 SIOZ Mg(B02)2 B]3C2 Mg2C3

Mg + B,0; + C + B,C (C - CRH) 51.9 - 9.3 - 37.3 1.5
Mg + B,0; + C + B,C (C — graphite) 72.0 7.0 35 - 17.4 -
Mg + B,O; + B+ C + B,C (C— CRH) 71.3 7.8 4.1 - 13.5 33
Mg + B,0; + B + C + B,C (C — graphite) 59.9 11.7 4.4 3.5 10.4 10.0

SH-synthesis B,C was carried out according to the
reaction:

2B,0,+C+6Mg— B,C+6MgO (1)

The SH-synthesis was carried out in an argon
medium at a research facility in a high-pressure
reactor, shown in Fig. 1.

The setup provided argon pressure inside the
reactor to 10 MPa. The temperature of the sample after
the initiation of the combustion process was recorded
using a computer and special software that reads in
real time data from tungsten-rhenium thermocouples
WR5/20 with a junction thickness of 200 pum, for
which an opening of 6 mm in depth and 2 mm in
diameter was drilled in the sample.

The samples are 20 mm in diameter, 16 mm
high and have a relative density of 0.6 MPa. The
initiation was carried out with a tungsten helix. The
microstructure of the ceramic composites was studied
by scanning electron microscopy (QUANTA 3D 2004,
FEI USA) electron.

The phase composition of the obtained composites
was studied using a diffract meter «DRON-4M»
with the use of cobalt Ka radiation in the interval
0 = 10°-70°. To study the microstructure and phase
composition, the surface of the sample was prepared
in the form of pure cleavage and polishing.

2. Results and disscustions

From Tables 1 and 2 it follows that in combustion
products, along with B,C, boron carbide of another
modification of B;;C, is formed. Compound B,;C,
has the same syngony as B,C, but its crystal lattice
parameters are somewhat larger than that of B,C.

It has the same excellent properties as B,C. Unlike
previous results, it was possible to increase the content
of boron carbide in SHS products.

When carrying out the synthesis in a high-pressure
reactor at 10 atm argon, it was possible to increase the
yield of boron carbide to 83.7 mass%.

12

=14

Fig. 1. SHS-reactor of high pressure: 1 — vacuum pump; 2 — transformer; 3 — ammeter; 4 — upper reactor cover; 5 — lower
reactor cover; 6 — tube heating furnace; 7 — thermocouple; 8 — sample; 9 — reactor vessel; 10 — manometer; 11 — inlet and
outlet valves; 12 — argon balloon; 13 — LTR-U-1 data acquisition unit; 14 — computer.
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Table 2
Combustion products of the Mg-C-B,C-B,0; (ore) system in an inert medium (1 MPa.)
Composition of the initial charge =~ Time MA, Products of SHS,%
min MgO  Mg;(BO,), Si0,  Mg(BO,), BiC, B.C
Mg + B,0; + C (C - CRH) - 31.6 10.9 2.2 - 55.1 0.2
(Mg 25%)
Mg + B,O; + C (C — graphite) - - - 3.7 233 73.0 -
(Mg 25%)
Mg + B,O; + B + C (CRH) ; 35.7 112 4.7 - 485 -
(Mg 30%)
Mg + B,O; + B + C (C — graphite) - 29.7 - 0.9 3.8 65.2 0.4
(Mg 30%)
Mg + B,0; + C(C — CRH) 5 41.2 9.5 1.4 - 47.8 0.1
(Mg 35%)
Mg + B,O; + C (C — graphite) 5 - - 13.2 3.1 83.7 -
(Mg 35%)
Mg + B,0; + B+ C (C— CRH) 10 29.7 7.7 0.9 2.6 59.1 -
(Mg 40%)
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Fig. 2. The microstructure and energy-dispersive X-ray spectroscopy analysis of SHS products of the system Mg — B,O; — C

(C — CRH).

It has been established that the greatest amount
of borides in SHS products is formed in an inert
medium (argon). The possibility of obtaining boron
carbide-B,C in the B,0;-Mg-MeO-C system, where
C-carbonized rice husk, graphite, is shown.

Investigation of the microstructure of the
compositions revealed the formation of submicron
refractory powders boron carbide (Fig. 2). It has
been stated that the complex use of MA, SHS and
subsequent processing of the obtained intermediate
of SHS makes it possible to obtain submicron
powders.

Conclusions

The possibility of using borate ore of Inder deposit
of the Republic of Kazakhstan for production of boron
carbide containing nanosized refractory powders by
SHS method is shown.

The influence of MA, the composition of the
charge, the SHS medium on the yield of the target
products was determined It has been stated that the use
of magnesium as a reducing agent in the initial charge
is preferable to the use of aluminum in the synthesis of
refractory boron carbide powders.
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CaMopacnpocTpaHsSIOMUACS BHICOKOTEMIIEPATYP-
HbI/l CHHTE3 KOMIIO3HIIHOHHBIX MATEPHAJIOB HA 0C-
HOBe KapOuaa oopa

P.I. Aonmynkapumona', A.JK. Ceiingyamuesa', K.

Kamynyp?

'Kazaxckuii HallHOHAJIBHBIN YHUBEPCUTET UM. aib-Da-
pabu, Anvartsl, Kazaxcran
*MucTuTyT npodiem ropenus, AnMatel, KazaxcraH,

AHHOTALIMSA

IIpencraBiieHbl SKCHEPUMEHTAIIBLHBIE PE3YJILTATHI
M0 MOJYYCHUIO KOMIIO3UMTOB IPHU IIHMPOKOM BapbH-
POBaHNKU KOHIICHTPAIIMOHHBIX COOTHONIEHHUI KOMIIO-
HEHTOB B UCXOJHBIX CMecsx U NpoaykTel CB-cunTe-
32 MEXaHOAKTHBHPOBAaHHBIX cUcTeM. [lokazaHo, 4TO
MPOJYKTaMH  OK30TEPMHUUYECCKOTO  B3aUMOJICHCTBUS
SIBIISIFOTCS TYTOIUIABKUE COCJMHEHUs KapOuaa Oopa
1 OKCHJa MarHuvsd, KOTOPBIC B KEPAMUUCCKOM KOMIIO-
3UTe 00pa3yloT MUCTIEPCHYIO a3y M KepaMUICCKYIO
CBs3KY. M3ydeHo BIUSIHUE JITUTEIBHOCTH aKTHBHPO-
BAHHOTO CMEIICHUS HAa MOPQOJOTHI0 PEaKIMOHHOM
cMecu 1 GOPMUPOBAHUE MUKPOCTPYKTYPhI KEpaMuye-
CKOT'0 KOMITO3HUTA.

[enblo MaHHOTO WCCIICIOBAHMUS SIBISIETCSl MCCIe-
JIOBaHWE BO3MOXKHOCTH TTOJIYYE€HUS U KOMITO3UIHOH-
HBIX MaTepPHaJIOB HA OCHOBE KOpOUIa 60pa UCTIONB3YSI
pynel Unaepckoro mecropoxxaenust Metogom CBC.

[ponykret CBC ObuM HCCIIEIOBaHBI METOJOM
PEHTreHO(A30BOr0 aHANN3a M CKAHUPYIOIIErO AJICK-
TPOHHOI'O MHUKPOCKOIIA.

Knrouesvle cnosa: xapobum 6opa, caMopacrpocTpaHs-
FOIUIICS BBICOKOTEMIIEPATYpPHBIA CHHTE3 MEXaHHYe-
CKasl aKTUBAIUs, MUHEPAIILHOE CBIPhE.

Bop xapouai Herizinaeri KOMno3uTTi MaTepuiIIap-
ABbIH 63[iriHeH TapaJIFaH KOFapbl TeMIepaTypasibl
CHUHTe3I

P.I'. A6nynkapumosa', A.JK. Celinyanuesa',
K. Kamynyp?

'On-Dapabu ateinaarsl Kasak yITTEIK YHUBEPCHUTET,
Anmartsl, Kazakcran

YKany mnpobiemamapsl HHCTUTYTHI, Aumatel, Ka-
3aKCTaH

AHgaTna

bacrankp! Kocranapaarbl KOMIOHEHTTEPIH KOH-
LEHTPaUUsICUsI MEH MEXaHMKAaJbIK aKTHBTEY >Kylie-
nepaiy OXK-cuHTe3l OHIMICPIHKOMIIO3UTTI MaTepH-
ajjiap anyIarbl TOKUPOETIK HOTHKEIEP KOPCETUITEH.
DOK30TEepMIIIBIK ©3apa opEeKeTTeCy eHIMIepl peTiHae
0op kapOua >kKoHE MarHWKA OKCHIII KOPCETIITEeH JK9-
HeJle oJap KepaMHUKaJIbIK KOMIIO3UTTI JucTepcTi ¢a-
3aHBl JKOHE KEepaMHUKaJIbIK OalIaHbICTBIPFaILTap/IbI
Kypaiabl. bop xapOuni skoHe MarHuii OKCHI1 KBIBIH
OaJIKBINTBIH KOCBUIBICTAp OOJIBIN TaObLIA b, Peakiiu-
SUTBIK KOCTIAaHBIH MOP()OJIOTHSIChIHA MEH KepaMuKa-
JBIK KOMIO3UTTIH MUKPOKYPBUIBIMBIH KAaJIbINTaCybl-
Ha OeJICEHIIPUITeH apaNacThIPYIbIH 9CEPi 3ePTTEIII.
3eprreynin MakcaTsl - MHgep Oopat KeHi KOJJaHbII
0op KapOwu/Ii Heri3iHe KOMIO3HUTTIK MaTepUaIapIbl
OXKC omici apkplIbl almy MyMKiHIITiH 3epTTey. OKC
eHIMJIepl peHTreH(}asanblK Talfay *XKoHe CKaHUpJe-
VI 3JIEKTPOHIBIK MUKPOCKOT apKBIIBI 3EPTTEIII.
Tytiin ce30ep: 00Op KapOwmi, ©3iriHeH TapaiaTblH
JKOFapbl TEMIIEpaTypasibl CHHTE3, MEXHUKAJBIK aKTHB-
Tey, MUHEPaJIbl IIUKi3aT.



