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PREPARATION MAGNESIUM DIBORIDE BY MAGNIATHERMAL BORON OXIDE
BASED ON SUPERCONDUCTING PROPERTIES
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(*Almaty Technological University, Almaty, Kazakhstan)
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Results of receiving a diborid of magnesium are given in work by magniathermal oxidation of

boron composite compounds at different argon pressures and temperatures. The relevance of a
research is proved by superconducting properties of magnesium diboride. Synthesis of magnesium
diboride itself accelerates, due to wall burning and thermal explosion of exothermic mixture of the
reaction products of magniathermal. It is shown that the use of SHS method at high argon pressure
and temperature allows to obtain magnesium diboride of high purity.

Key words: magnesium diboride, self-propagating high-temperature synthesis (SHS), boron
oxide, thermal explosion, high pressure.

HOJIYYEHUE JUBOPUJIA MATHUA CO CBEPXITPOBOJAIIIUMU CBOMCTBAMU
13 OKCHUJIA BOPA METOJIOM MATHUMTEPMUA

A.H. AJTMIIFAEB*, M.III. CYJIEUMEHOBA, C. BOJIOCXAAH"

(*AnMaTHHCKHIE TEXHOJIOTHYECKUIi yHUBEPCUTET, I. AnmMathbl, Kazaxcran)
E-mail: amanbol-87 @mail.ru

B pabome npusedenvt pe3ynvmamvl nOyueHUA OUOOPUOA MAZHUA MAZHUHMEPMUYECKUM
OKUCIEHUEeM KOMNO3UMHBIX COCOUHEHUIL Dopa NPU PA3TUYHBIX 0AGJIEHUAX APZOHA U MeMRepamypbol.
AKmyanpHOCIMb UCC1€008ANHUA 00OCHOBAHA CEEPXNPOBOOAWUMU CEOUCHEAMU OUOOPUOA MACHUA.
Cunme3 oubopudoa MazHus camoycKopaemcs, 3a Cuem CMEH06020 20PEHUs U MENi08020 63Pbléd
IK3OMEPMUUHOU cMecU nPOoOyKmoe peakyuu macnuimepmuu. Ilokazano, umo ucnonv3osanue me-
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mooa CBC npu evicokux 0aeieHUsAX apzoHa u memMnepamypsvl HO360.14€m NOAYYUMb OUOOPUO

MAZHUA 8bICOKOU YUCHOMDbL.

KaroueBbie ciioBa: Au0OpU] MArHus, cCaMoOpPacHpPOCTPAHSIONIHIICA BbICOKOTEMIEPATYPHBII
cunte3 CBC, okcua 6opa, TeNJI0BOii B3pbIB, BLICOKOE JaBJICHHE.

BOP OKCHUJITHIH MATHUATEPMUS DIICIMEH ACA OTKI3IIII KACUETTEPI
BAP MATHMI1 JUBOPU/IIH AJTY

A.H. AJTUTIBAEB®, M.11I. CYJIEUMEHOBAY, C. BOJIOCXAAH*

(*AMATBI TEXHOJIOTHSUIBLIK YHHBEPCHTET, AaMaThl K., Kazakcran)
E-mail: amanbol-87 @mail.ru

byn sicymvicma maznuil OuGopuodin apzoHHbIH IPMYPJIL KbICLIMOAPBLIHOA JHCIHE meMnepamypa-
CblHOA OOPObIH KOMRO3ZUMMIK KOCHLIbICHAPLIHBIY MACHUIMEPMUAIBIK MOMBIZYbIMEH Aly HIMU-
Jcenepi Kenmipineen. 3epmmeyoiy, 03eKminizi MacHuii OubOpudiniy aca emkizziut Kacuemmepimen
Hezi30enzen. Maznuii OuGOpuUdiniy cunmesi KAOLIPAIBIK HCAHY HCIHE MAZHUIMEPMUS PEAKUUACH
OHIMOEPIHIH IK3OMEPMUANBIK KOCHACLIHBIH HCHLTY HCAPBLILICHL ecedineH 030i2iHeH Jcotiblnaovl. O/KC
J0ICIH apP2OHHBIH HCO2APbl KbICHIMbBL MEH MEMNEPAmypansvly Kezinoe nauoanany xHcoapvl masza
MazHuil Oubopudin any2a MymkiHoik depemini KopceminzeH.

Herisri ce3aep: maruuii 1u6opuai, O/KC- e31irineH TYTaHATBIH KOFapbl TeMIIEPATyPAJIbIK
CHHTe3, 00p OKCUAI, KbLIYJBIK KAPbLIbIC, 3KOFAPbI KbICHIM.

Intrduction

Boron is widely used as fuel in jet engines
and solid fuel engines due to its specific
combustion characteristics [1-8]. Superconducti-
vity of magnesium diboride was discovered
recently in 2001 by Japanese scientists. A number
of magnesium diboride synthesis pathways are
known nowadays. For instance, synthesis under
high pressure or thermal explosion synthesis,
ultra-high-pressure  synthesis, synthesis via
mechanical activation, etc. Metal borides are
inorganic substances with basic characteristics,
exists in various states of matter, has metallic
appearance. This substance can be identified by its
exceptional electron structure, thermal
conductivity, magnetic properties and ability to
melt without decomposing due to high thermal
stability. Recycling of magnesium diborideis
restrained due to lack of research in synthesis and
characterization of former compound. Synthesis
of magnesium diborideis carried out in solid
polycrystalline phase. One of the perspective
methods is oxidation of boron anhydride by
magnesium-thermic method. Elemental magne-
sium is quite reactive and volatile substance with
low boiling point, therefore oxidation | carried out
in sealed reactor under the high pressure of inert
atmosphere. On the other hand, self-propagating
high-temperature synthesis (SHS) and
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mechanochemical activation methods are drawing
attention in recent years.

Object and methods of research

The experiments were conducted in an
experimental setup providing pressurization up
to 10 MPa with inert gas. Synthesis temperatures
were determined by thermocouples with
recording of the data in PC. To increase the
concentration limits of SHS-synthesis, a tube
heating furnace was placed inside the reactor,
thus allowing pre-heating the sample under study
up to 1000°C. SHS products were characterized
by the method of X-ray phase analysis.

Results and analysis

The literary review showed that magnesium
diboride can be received magniathermal oxidation
of boron-containing connections.

The experiment shows that magnesium
diboridecan be synthesized from boron oxide (111):

4Mg + B,0O3 = MgB; + 3MgO (1)

As shown in thermodynamic calculations
reaction (1) results in formation of magnesium
diboride. Based on calculations, standard Gibbs
energy is equal to - 562.9 kJ/mole, i.e. reaction
(1) is exothermic.

AG(1) = (AG(MgB2) + 3AG(MgO) —
(4AG(Mg) + AG(B203)) = - 562.9 kJ/mole

Magnesium and boron oxide (IlI) were
mixed in stoichiometric ratio and grinded in
API'O-2 planetary ball mill. After that, in
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accordance with TE method, cylindrical samples
with 1.5 cm diameter and 2 cm height were
prepared from powder. These samples were heated
in reactor at 750-800°C, and under 20-35 atm
pressure. During heating, when reached to 750-

800°C, samples underwent either heat explosion or
SHS synthesis. Figure 1 shows gradual lowering of
argon atmosphere pressure when combustion
temperature is between 950-1200°C.

T,C 1200
1150
1100
1050
1000
950

a00
10 15
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Figure 1 - Dependence of combustion temperature and argon pressure in Mg-B,03 system

Mekting point of magnesium lies in this
range, more precisely at 1007°C. Intense melting
at this temperature increases temperature of
burning and a zone of reaction of magnesium and
leads to increased yield of magnesium diboride.

Dependence between combustion tempera-
ture and argon pressure is shown in figure 1. By
extrapolating this curve, theroetical values for
combustion temperature and argon pressure can
be estimated. For instance, at pressure levels 10
atm, combustion temperature is 1200°C.

According to thermodynamic equations,
Gibbs free energy change in reaction (1) is -
562.9 kJ/mole, that is, reaction is exothermic,
however in practice reaction is not spontaneous.
Therefore, highly reactive compounds can be

dalo-]
dt

g}

used to initiate the reaction. These include
potassium chlorate.

Following are main reactions of magne-
sium diboride synthesis using potassium
chlorate:

3Mg + KCIO; =3MgO + KCI + Q
B.Os + 3Mg = 2B + 3MgO
Mg + 2B = MgB:
4Mg + B>03 = MgB: + 3MgO

Net reaction: KCIO; = KCI + O,

Thermodynamic initiation steps:

1)02 =0-+0-

2)O- + MgB,= MgO +B-

3)B: + MgO = MgB,+ O-

4)0-+0- =0,

= 2ki[O2] — ko[O-][MgBg] + ks[B-][MgO] — ka[O-]?

— = ko[O-][MgB:] - k3[B-][MgO]
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X-ray phase analysis results show content of magnesium diboride in final product to be as high as

25% when synthesized in the presence of KCIOs.

Table 1 - X-ray phase analysis results for combustion products of Mg-B203 system

Mg and B,03 Mass percentage of Products of synthesis, %
mixture components
mechanical
activation time
vation Mg | B.Os | KCIO; MgO | Mg | MgB, | KCIOs | KCI | Mgs(BOa),
30 47 44 9 57.5 7.8 22.5 1.9 3.2 7.1
90 49 42 9 55.9 7.5 24.7 1.1 4 6.8

The composition of synthesis products
implies efficiency of synthesizing magnesium
diboride via magnesium-thermal process in
presence of potassium chlorate. X-ray phase
analysis results show presence of magnesium
diboride as well as magnesium borate. Along
with that 25% magnesium diboride content in the
product is reached when mass ratio of
Mg:B203:KCIOs is 47:44:9, while theoretical
yield is equal to 91%.

The synthesis products did not provide the
optimal success of the magnesium diboride mass

fractionation by mixing a small amount of acid
for the removal of the oxygen layer from the
magnesium oxide on the phase.

Superconductive  properties can  be
obtained by dissolving magnesium oxide in the
final product and lowering the content of
magnesium borate in the product via forming
amorphous substance from latter.

In addition, it was shown that the density of
the currents (J¢) was calculated by the formula of
the viney, while the second account was charac-
terized by the conductivity of Mg: B2O3: KCIOs.

Table 2 - Comparison of superconductivity parameters for different systems

Names Critical Critical current density Jc, A/cm?
temperature Without an internal | From the 2T effect | From the 4T effect
T, K pole of the inner pole of the inner pole
Mg + B system 39.07 2-108 1.2-10° 0.8-10*
Mg + B,Ossystem 36.01 0.9-10° 0.3-102 0.08-102

Superconductivity of product occurs at
36.01 K as a result of critical temperature, while
current density under magnetic field is equal to
0.08:10> A/cm?. As shown in table 2, Mg + B
system has more prominent superconductive
properties. The aim of this study is synthesizing
magnesium diboride via SHS. Content of products
were verified using X-ray phase analysis. Super-
conductive properties magnesium diboride synthe-
sized by two different methods were compared.

Conclusion

On result of the X-ray phase analysis it is
proved that purity of magnesium diboridevery
high.At the same time, magnesium thermal
method of synthesizing magnesium boride from
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magnesium and boron oxide via mechanical
activation resulted in high yield of magnesium
diboride. As rate of magnesium diboride
formation strongly depends on primary or
secondary reaction, reaction was rapid and
formation of magnesium oxide layer on the
surface of magnesium was proven by X-ray
phase analysis. Composite materials from boron-
containing components are received by the SHS
method with high pressures of argon.Obtained
products exhibit superconductive properties.
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AHHOHHUT APKBUIbI BAHUWINHAI COPBIUAJIAY AbBI 3EPTTEY

M.K. K¥PMAHAJIUEBY, ¥. )K¥MATAEBA*

(*AMAaTBI TEXHOJIOTHSUIBIK YyHHBEpcHTeTi, Kazakeran, Ajmarn)
E-mail: mkk@mail.ru

byn maxanaoa scozapvr necizoi anuonum Cybber AX-400 apxwinet eanunundi copouyusanay

3epmmenizcen. 3epmmey 0apvicblHOA COPOUUANAYOBIH, MUIMOi napamempinepi, azHu opmauvly pH
MIHI, ePIMmiHOIHIH KOHUEHMPAYUACDHL HCIHE copoyuanay yakvimol anvikmanzan. Copoyusa uzomepma-
Cbl anviHzan xeane o Jlenemiop menoeyine caii kenemini kopceminzen. Kywmi necizoi anuonummin
GAHUNIUHOI COpOYUANAY MEXAHUIMI MYPAIbl MYHCLIPbIM YCblHBLAAH. Kymbicma xncypeizineen
3epmmey HImMuHcecinoe AHUOHUMMIY, CYJibl epimindioeH 6aHUTUHOI 6Oy0e MUIMOI copOeHm eKeHiH
Kepceminzen.

Herisri ce3nep: MoH anmacy, BaHWwiuH, aHHOHUT Cybber AX-400, cTaTHKaJBIK PpeKHM,
AUHAMHUKAJBIK PeKUM, 3epTTey.

NCCIEJOBAHUE COPBLIMU BAHUJIMHA AHUOHUTOM
M.K. KYPMAHAJIMEBY, V. )KYMATAEBA*

(*AnmaruHcKHii TeXHOJIOrMYecKuii yauBepeuTer, Kazaxcran, Aimarb)
E-mail: mkk@mail.ru

B oannoit pabome npueooamces pezyiomamol u3yuyenus cOpOYUOHHBLIX OAGHHBIX U KUHEmUYec-
Kue c6olicmea H06020 CUNbHOOCHO8HO020 anuonuma Cybber AX-400 no omuoutenuio K 6aHUIUHY.
Onpedenenvt onmumanvhsvie yciosus copouyuu - pH cpeovi, konyenmpayus pacmeopa u npooo.-
scumensvHocmov copoyuu. Ilonyuena uzomepma copéyuu u OHA COOMEEMCHIEYEM YPAGHEHUIO
Jenzmiopa. Ilpeonoscen mexanuzm copoyuu 6aHUIUNA HA CUTbHOOCHO8HOM anuonume. IIposeden-
Hble 6 padome uccile008anus NOKA3bIEAIOM IPPeKmusHoCms NPUMEHEeHUsT AHUOHUMA 8 Kauecmee
copbenma npu u3eneueHun 6aHUIUHA U3 6OOHBIX PACHIBOPOB.
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