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Microwave-assisted synthesis and catalytic processes of Mo,C/carrier systems have been
studied. Catalytic tests were carried out on hydrous hydrazine decomposition reaction. Supported
Mo,C has shown catalytic activity in decomposition reaction. The catalytic activity changes
depending on the carrier's characteristics. The highest catalytic activity is observed in the reaction
with Mo,Cly-Al,O3 system (95.4%). In all cases decomposition of hydrazine was 100% selective with
respect to ammonia and nitrogen.

Figs. 2, table 1, references 18.

Introduction

It is known that transition metal carbides show high catalytic activity in a
number of reactions. For practical purposes, the catalysts are used in
combination with different carriers, giving them different properties. As an
example, alumina-supported molybdenum carbide (Mo,C) was tested as a
catalyst for hydrazine decomposition in a monopropellant thruster [1]. Also
known the high catalytic activity of microwave-synthesized tungsten carbide-
carbon (WC-C) system in hydrazine hydrate (N,H4-H,O) decomposition [2].
The above mentioned metal carbides, in particular molybdenum carbide, were
synthesized by various methods such as temperature-programmed reduction of
molybdenum oxide [3], plasma-assisted synthesis [4], solution combustion
synthesis [5], microwave-assisted synthesis [6].

The present work includes the study of the synthesis and catalytic properties
of Mo,C in a microwave oven in combination with different carriers. For the
studies hydrazine hydrate decomposition was chosen as a model reaction.
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In today's modern chemical industry, time is the most important and
expensive capital. This quote is certainly also true for Science. Particularly a lot
of experimental research is being done to develop, optimize and find new
synthetic routes, which is a time-consuming process. From this point of view,
any new synthesis method that will save time is extremely important to science
as it allows more experiments to be done simultaneously to achieve the desired
result. Microwave chemistry seems to meet this requirement and is an
indispensable rapid synthesis tool in modern synthesis [7, 8, 9]. In the last
decades, microwave chemistry has evolved significantly in different directions.
Such areas are organic [10] and inorganic chemistry, in particular new and more
effective synthesis of materials, analytical chemistry, biochemistry, catalysis
and photochemical processes that have achieved great success in applying
microwave irradiation as a source of heat [11].

Since the 1990s, there has been great interest in conducting heterogeneous
catalytic reactions under the influence of microwave irradiation (MW) [12]. The
results of research show that such speeds of chemical reactions cannot be
achieved at conventional heating under the same conditions and time periods,
which are possible in microwave ovens. The unique interaction between the
catalyst and the microwave irradiation appears to be a means of speeding up the
intermediate chemical reaction, which leads to similar results.

Microwave irradiation is electromagnetic radiation in the frequency range
0.3 to 300 GHz, which corresponds to wavelengths of 1 mm to 1 m. The
frequency used in domestic microwave ovens is 2.45 GHz with a wavelength of
12.25 cm, which is used for the study of catalytic chemical reactions.
Considering the recent experience, the following advantages and features of
microwave heating can be distinguished: rapid heating and cooling of the
system (homogeneous heating), obtaining of nanoparticles with relatively
narrow particle size distribution and extremely short time of processes which
bring to huge energy savings. Given the well-known fact that semiconductors
(they are often heterogeneous catalysts, transition metal carbides, borides) are
good microwave absorbers [13], there is a need to conduct heterogeneous
catalytic processes under microwave irradiation. As was mentioned above, in
the present work have been investigated the catalytic properties of microwave-
synthesized Mo,C (in the presence of different carriers) in the reaction of
hydrazine hydrate decomposition. The choice of the hydrazine decomposition
reaction is due to its high applicability. Depending on the direction of the
hydrazine decomposition reaction, it is used for different purposes. Specifically,
when the catalytic decomposition of hydrazine is accompanied by a large
amount of heat dissipation (reaction 1), it is used as monopropellant for satellite
propulsion [14, 15]. Selective catalytic degradation of hydrazine hydrate leads to
large amounts of pure hydrogen depletion for fuel cell (reaction Il) [16]. In
recent decades there have been numerous studies on the decomposition of
hydrazine hydrate using different catalysts.
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3N,H,=4NH3 + N, (|)
NoHz = Ny + 2Hs» (“)

Although transition metal series carbides as catalysts have been extensively
studied, there are few works in which carbides have been synthesized with a
combination of carriers that may affect the carbide catalytic properties. The
current work is dedicated to the study of the catalytic activity of microwave-
assisted synthesized Mo,C in the presence of different acidic carriers on the
hydrazine hydrate decomposition reaction.

Materials and methods

Microwave-assisted synthesis of Mo,C, Mo,C/C, Mo,C/ZSM12 and
MOzc/}/' A|203.

The following materials were used to obtain molybdenum carbide in
combination with different carriers: MoOjs (high purity), carbon (VulcanXC-
72R, Cabote corp. 250 m%g), zeolite (ZSM 12, 280 m?/g, SiO,/ Al,O; — 25) and
v-Al, 05 (Rhone-poulene, 200 m%/g).

Microwave synthesis of molybdenum carbide is well known in the literature
[6]. In this study, carbide / carrier system synthesis was performed in a similar
manner in the microwave oven. MoO; and carbon in stoichiometric ratio were
taken to obtain pure carbide (Mo,C).

2Mo0;+ 7C = Mo,C + 6 CO {g}

To obtain Mo,C/C, in initial mixture carbon was taken in excess,
according to the following reaction:

2Mo0O3+ 11C =Mo,C/C + 6 CO {g}

For the synthesis of M0,C/ZSM12 and Mo,C/y-Al,O3 systems, MoO; /
zeolite (ZSM12)/C and MoOs y- Al,O3 / C were taken respectively. In all the
mentioned systems the mass ratio of raw materials were calculated so that the
mass fraction of the catalyst (Mo,C) in the finished material was 70 wt.% [6].
Microwave-assisted synthesis of supported molybdenum carbide was performed
in a quartz tube reactor in a nitrogen flow. The precursor was placed in the
reactor, which was then purged with nitrogen for 2 h at room temperature.
Domestic microwave oven (Electrolux EMS 2820) with a frequency of 2.45
GHz and 900 W was used to irradiate the tube for up to 600 s [6].

The crystal structure and phase composition of the products were
determined by X-ray diffraction (XRD) analysis with Ni-filtered CuKo radiation
1, 54018 A° (D8 Advance, Bruker) operated at 40 kV and 40 mA. The average
diameter of molybdenum carbide crystals was determined by the Scherer’s
method, from which the specific surface areas were evaluated. Since the
adsorption method is not known for separately estimating the specific surfaces
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of molybdenum carbides and carriers, the estimation was performed in the
manner described above.

Synthesis temperature was measured from a window opened in the back of
the microwave oven using an infrared pyrometer (Dostmann electronic GmbH
HT 1800). Measurements showed that in all cases the temperature of the
synthesis was 1050-1150°C.

Catalytic experiments

The catalytic activity of supported Mo,C was tested. For that 0.3 g of
catalysts was taken and placed in a Teflon-lined autoclave with a volume of 65
cm? then 5 ml of diluted hydrous hydrazine 1% solution was poured. The closed
autoclave was inserted in a microwave oven and irradiation was carried out at
180 W for 180 sec. After the test, the autoclave was removed from the oven, the
catalyst was separated by filtration, and the hydrazine concentration was
determined by iodometric titration method according to GOST 19503-88 [17].
Separately the catalytic activities of the carriers were tested. For the test 0.09 g
(as the mass fraction of carriers in the outgoing catalyst mass 30% wt.) of
carriers — C, y-Al,O3; and zeolite ZSM 12 and 5 ml of 1% hydrous hydrazine
solution were taken. It has been shown that the selectivity of hydrazine
decomposition is 100% in relation to ammonia and nitrogen formation [6].

Results and discussion

Figure 1 shows the XRD patterns of the final product Mo,C (fig.1). As it is
seen within the sensitivity range of X-ray analysis, the conversion of initial
mixture is 100%. The crystals of molybdenum carbide calculated from the XRD
patterns with Scherrer’s formula, have nano sizes (Table). The specific surface
area of Mo,C in Mo,C/carrier (Mo,C, Mo,C/C, M0,C/ZSM12 and Mo,Cly-
Al,O3) systems from the calculated crystal sizes was also estimated (Table).
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Fig. 1. XRD diffractogram of synthesized molybdenum carbide.
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In Figure 2 the XRD patterns of the initial ZSM 12 and synthesized final
product are presented. The precursor zeolite is characterized by 26 = 7and9 °
angles (Fig. 2a) [18]. After the synthesis, the XRD characteristic lines of the
zeolites have disappeared, suggesting that the outgoing zeolite was subjected to
phase conversion at high temperatures (Fig. 2b).
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Fig. 2. XRD diffractograms of initial ZSM 12 a), and synthesized final product b).

In previous works it has been shown that the Mo,C/C system has
significantly high catalytic activity during hydrazine hydrate decomposition
under the influence of MW [6]. Given this, an attempt has been made to
combine different carriers with molybdenum carbide to increase its catalytic
activity. For this purpose, carriers with different physicochemical properties,
from weakly acidic to strong acidic properties, have been selected for the
synthesis. Studies have shown that the percentage of hydrazine conversion
depends on the carrier used. In our case, molybdenum carbide catalytic activity
on different carriers can be presented in the following order:

Mo,C/Al,O3; > Mo,C/C > Mo,C > Mo,C /ZSM -12.

Since hydrazine is a basic molecule by its nature, it can be assumed that the
first step of its interaction with the catalyst will be with the acid sites, which in
some cases may be the limiting step (reaction 3)

N,H4 + S = NyH,4-S (3),

where S is the surface acidic site. This site can be both on the surface of the
carbide and on the carrier. The carriers have almost no catalytic activity (Table)
therefore the catalytic decomposition of hydrazine has been attributed to
molybdenum carbide. The highest conversion rate was observed during the
Mo,C/y-Al,03+N,H4-H,0 reaction (Table). It is assumed that y-Al,Os, having a
pronounced acidic property, provides a high concentration of basic hydrazine at
the catalyst surface, which in turn provides good microwave absorption at an
appropriate temperature, which results in such a high yield (95% approx.).
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Although literature acknowledges that zeolite systems have strong surface
acidity, but in our case the Mo,C/ZSM 12 + N,H4-H,O reaction shows the
lowest conversion rate (Table ). It is known that the degradation temperature of
low SiO, containing ZSM 12 zeolites is about 700°C [18]. It is assumed that
during the carbide synthesis, as already mentioned, degradation of the zeolite
results in a loss of acidity.

The catalytic activity of individual carriers without the presence of a
catalyst has also been studied. It is found that the carriers y-Al,O; and zeolite
ZSM 12 show absolute catalytic inertia (Table). However, carbon shows some
minor catalytic activity (approx. 8%, Table) which is explained by the formation
of active centers on the surface of the carbon when it interacts with microwave
irradiation.

As has been shown in the previous work [6], Mo,C, Mo,C/C has catalytic
activity due to the presence of surface acid centers. However, our research has
shown that the carriers have a large share in the catalytic process, which results
in 100% selectivity.

Table
Sample Conv., | dwo,c.nm | S, m7g of Conv., %/m°
% Mo,C Mo,C
70%Mo,C /ZSM -12 41 23 28.4 1.44
70%Mo,C/C 61.15 28 23.3 2.62
70%Mo,C/ Al,O4 95.4 21 311 3.07
Mo,C 52.5 30 21.8 2.41
C 8.03 - - -
Al,O3 0 - - -
ZSM -12 0 — — —
Conclusions

Microwave irradiation allows to synthesize Nano scale carrier-supported
Mo,C, which shows high selective catalytic activity in hydrous hydrazine
decomposition reaction. The acidity of carriers plays a vital role on catalyst
activity.

Acknowledgements

This work was supported by the State Committee of Science of Republic
of Armenial8RF-114 (Raman Mnatsakanyan).

424



UbuCOAULPLUSPL EAULUGAL ULPLELE 1LTE MO2C-P UPLEEQL
Gd. 2+ U GUSULPShY UGShINFE-3UL AFUNFU LUURLOFE-3OFLL
NSPELUQP LNAMLUSE LUSLU3U UL A-EUGSPUSAFT

U. U. 11030, (- T ULU3UyUL3UL b - N, HUd.E6-30L

Ppulyustougly & MoyClipps Sunbuljupghpp uffdbyy dfplypmugppuygph bywhulm] b
ll,[uuilg q:.uml.ul[un[ﬂi 4Luml[nL[3JnLilflb[1[1 nl_unuﬁuuuﬁan[JJnLilE J[II[[I”MI[[I#HIJ[IL 1[Luru.uluu—
I l]l.uuuuu‘unﬁl[ l[1nl1&lul1[lnl_lﬁllil1£ ﬁpw[lwilwgl[bl 197 CﬁlHﬂuqﬁiIC[nHuumﬁ #WJ#WJJwb
n.l?l.ul[g[ounLlf.‘ Mozc/llpilz <uufulllul[111_lrl1a 5nL5ulFbl1nl_lf 127 l[l.uuuuu‘un[ﬂl ullllﬂ[ll[nLFJnLil
.gl.l.lJ.gl.llJLfllliI nbwl[g[uu]nuf I lll.u[zu[l.ué' l[ﬁluurululé' 1111[12/1 CLumllnl_ﬁ‘/nLililbpﬁg <Lul.fulllull111_[1
[lw"””lll""ll’l[ llllllﬂ["[nL[;'/nLilE L[1nl[1n[1u[nl_lf k: uJbbwllulp&p l[l.ut.nl.ul[unﬁll l.l.lllln[ll[ﬂLFJnLiIE
ll,[unl{[il 4’ M02C/'Y—AIZO3 /C[n}[uuzl[ﬂl nlﬂullglu.,[lnLlr (95.4%). F'nlnli Tbu[#bantl‘ 4[11}[111111[1—
21[1 @LuJ#luJ”Ll}iI Eilﬁmylil I3 100% EilmnllluliluilnLﬁJuufF Lutl'nil[u.ul[[l I uulnmﬁ Luru.uzulg—
dudp :

KATAJIUTUYECKHUE CBOMCTBA HAHECEHHOI'O MO,C
CHUHTE3UPOBAHHOI'O MUKPOBOJHOBOM PAJTMAIIUEN B PEAKIIAA
PA3SJIOKEHUA THAPASUHTUAPATA

A. M. AT'OSIH, P. A. MHALIAKAHSAH u 1. A. JABTSH
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W3yueHbl MUKPOBOJHOBBIA CHHTE3 M KAaTaJIMTHYECKHE Mporecchl ciucteM Mo,C /
HocuTenb. KaTamuThyeckue HCHBITaHUS OBLIN MpOBEACHLI 10 PCAKIUU PA3JTOKCHUA
TuaApasuHaruvapara. M02C Ha HOCHUTEJIC MOKa3aJl KaTAJIMTUICCKYIO aKTUBHOCTb B PCaK-
MU pas3JIOKCHUA. B 3aBucumoctn ot XapaKTCPUCTUK HOCUTEIIA OHA U3MECHACTCA. Hau-
GoJTbIas KaTaIMTHYECKash aKTHBHOCTh HAOJIFOJaeTCs IPH peakiuu ¢ cuctemoit Mo,Cly-
Al,0; (95.4%). Bo Bcex cayuasx pasnoxenue ruapasuHa 66010 Ha 100% celeKTHBHBIM
10 OTHOILICHHIO K aMMHAaKy U a30Ty.
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