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Nanosized powder of manganese diboride (MnB,) was synthesized by the microwave heating
method for the first time. A stoichiometric mixture of manganese dioxide (MnO,) and magnesium
dodecaboride (MgBi,) was used as raw material, where magnesium dodecaboride served as the
reducing agent and a source of boron. A domestic microwave oven was used to generate microwave
radiation. Phase composition of the initial mixture and the obtained product were examined by XRD
studies, of the initial mixture and formation of a single-phase final product, MnB,. Average particle
size of synthesized manganese diboride (40 nm) was calculated on the basis of Scherer’s formula.

Figs. 2, references 24.

Many of metal borides have been synthesized because of their excellent
characteristics, such as high heat and wear resistance, high hardness, etc. For
example, rhenium diboride (ReB;) is among the hardest materials with metallic
behavior [1], MgB; is a superconductor with T,=39 K [2].

Manganese borides are considered as potential promising materials due to their
several high physicochemical characteristics (hardness, wear and corrosion
resistance, etc.) and incompressibility related to the high valence electron densities
of the transition metals [3]. A large variety of manganese borides, such as Mn4B,
Mn,B, MnB, Mn3B4, MnB,, MnB,, MnB1,, MnB,3, etc. are registered in the Mn-B
system. Among these compounds manganese diboride (MnB,) is considered as a
perspective one due to its relatively high melting temperature, hardness and
magnetism [4-7]. Aydin and Simsek [8] have predicted a superhard phase of MnB,
with ReB,-type structure, which is the ground state of MnB, at ambient conditions.
However, to date only AIB,-type (space group P6/mmm) MnB, has been
successfully synthesized by arc melting [7].

There are many methods to synthesize metal borides. One of prominent

methods is self-propagating high-temperature synthesis (SHS). Many transition
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metal borides were synthesized by SHS [9]. Mechanical alloying and heat treatment
were used to synthesize borides in the Cr-B and Mo-B systems [10] and arc melting
technique for the Mn-B system [11].

It should be noted that existing methods allow to synthesize MnB; at very high
temperatures, high pressures and long durations of the process [12].

In recent years, microwave (MW) radiation has been widely used for the
synthesis of organic and inorganic compounds [13-15]. Microwave radiation is also
used to synthesize carbides, borides, nitrides, halides of transition metals from
precursors that included powdered metals and or metal oxides [16-21]. In these
studies domestic microwave ovens with an operating frequency of 2.45 GHz and
power up to 1-1.5 kW were mainly used as heaters. In most of these studies
microwave preparations reported have been made on the laboratory scale of only a
few grams.

In this study all experiments have been conducted using approximately the
same quantities of initial powder mixtures by the use of a domestic microwave oven
operating at 2.45 GHz and with a maximum output power of 900 W. Thus, for the
first time microwave heating method was applied for the synthesis of manganese
diboride, enabling to elaborate a fast and efficient approach for preparing
nanocrystalline MnB,.

Experimental

Manganese (V) oxide, MnO, (analytical grade), magnesium dodecaboride,
MgB,, (analytical grade) were used as raw materials for preparation of Mn-B
compounds. It is a matter of general experience that to apply microwave heating, it
is necessary that the substance has a high value of the dielectric constant [22-23].
Among manganese oxides the used MnO, oxide exhibits the strongest MW
absorption [24].

In experiments manganese (IV) oxide and magnesium dodecaboride powders
have been weighed and carefully mixed in stoichiometric ratio in a quartz cup for
two hours using a magnetic stirrer. After mixing, the initial mixture was placed into
a quartz tube that was equipped with a pure nitrogen (99.9%) purging device and the
mixture was kept under laminar flow at least two hours. The reaction mixture was
subjected to microwave radiation for 10 min by a modified domestic microwave
oven with power 900 W under constant flow of nitrogen (flow rate of 20 ml/min).

The stoichiometric ratio of the initial mixture was calculated taking into account
that manganese (1V) oxide has to be reduced by magnesium and boron together, and
the residual boron should be enough to form manganese diboride. The following
overall reaction describes the mentioned conversions:

19MnO, + 5MgBy, = 19MnB, + 5MgO + 11B,0; 1)
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After cooling, the obtained product was washed by 5% sodium hydroxide, then
with 5% hydrochloric acid, cleaned with deionized water. These procedures ensure
practically complete removing of undesirable compounds (MgO and B,O3) from the
obtained end product. Then the remained residue was filtered and dried in an oven at
105 + 0.5°C and left for about 12 hrs.

Results and discussion

The washed and dried end product was characterized by XRD analysis using
diffractometer DRON-3.0 (Burevestnik, Russia) with Cu Ka radiation. XRD pattern
is shown in Fig.. Identification of XRD patterns by PCPDFWIN data (#350788)
base shows peaks at 29.7°, 34.4°, 45.95°, 61.1°, 61.7°, 69.8° compatible with MnB,
database degrees.

By the use of Empirean,PANalitycal, diffractometer with Cu Ka radiation XRD
examination of the raw mixture has been also done (Fig. 2). From the obtained XRD
patterns it is obvious that the initial mixture contains two compounds: MnO, and
MgB1, The comparison of the raw mixture and final product XRD patterns shows
that there are no any coincidence of exist pattern. Based on comparison one can
conclude that the raw materials are converted completely.

8 18 28 38 20 48 58 68

Fig. 1. XRD pattern of the washed pruduct.
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Fig. 2. XRD pattern of the raw mixture.

Particle size of manganese diboride (MnB,) was calculated using Scherrer’s
formula:
K-A

>~ 2
[ -Ccos @ ?

where d is the average size of particles, K is the shape factor (in this case K=0.9), 4
is the X-ray wavelength, g is the line broadening at the half of maximum intensity,
after subtracting the instrumental line broadening (in radians), @ is the Bragg angle
(in degrees).

Based on XRD analysis results (Fig. 1) and using the known magnitudes for 2,
B and @ the average particle size for the formed MnB, powders was calculated by
equation (2) to be approximately 40 nm.

Conclusions

Nanopowders of MnB, were synthesized by the microwave heating method for
the first time. The results of XRD examinations point to practically 100%
conversion of the initial mixture. Average particle size of synthesized manganese
diboride is 40 nm.
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MHUKPOBOJTHOBBIII CHHTE3 JUBOPHJA MAPTAHIIA

II. A. TABTSIH

BrepBblie MEeTOAOM MUKPOBOAHOBOI'O HarpeBa CHUHTE3WPOBAHBI HAHOIIO-
poiiku ambopuaa mapraHila (MnB,). B KauecTBe MCXOAHBIX BeIlleCTB ObIAa
HUCIIOAB30BaHa CTEXMOMETPHUUYECKAs CMeCh AMOKCHAA Maprasia (MnOj) u
Aopekabopupa marHus (MgBjg). ITocaepHNM CAY’KHMA KaK BOCCTAHOBUTEABL U
OAHOBPEMEHHO MCTOYHHMK Oopa. Harpes pearupyrolneri cMecu OCYIIe CTBASA-
csl B OBITOBOM MMKPOBOAHOBOM meuu. [TpoAOAKUTEABHOCTE MUKPOBOAHOBOI'O
cuHTe3a cocTaBAagra 10 mun. PeHTTeHO()a30BEIM aHAAM30M YCTAHOBAEHO IIOA-
HOe IIpeBpallleHre HCXOAHBIX BelllecTB. CpepHmnit pasmep uactull (40 wwm)
CHUHTE3UPOBAHHOIO AMOOpPHAA MapraHila OIleHEeH II0 U3BeCTHOU (OpMyAe
Tepepa.
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