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The results of investigations on synthesis of ceramics in nanometric systems containing molybdenum
compounds, silicon compounds and active carbon have been presented. As precursors ammonium
molybdatetetrahydrate ((NH4)sMo7024 4H>0) and tetraethyl orthosilicate (Si(OC;Hs)4) were used. The
samples for analysis were obtained by sol-gel method. The course of the process was investigated by
thermogravimetric method. The gaseous products were analysed by mass spectrometry. X'ray diffraction
(XRD) method was used for identification of solid phases, and morphology of the samples was studied by
scanning electron microscopy (SEM). The process proceeded in the following way. At temperature
t < 673 K (NH4)sMo7024 4H,0 decomposes into MoOs. Then at temperature range of 1046 < t < 1065 K
MoOs is reduced into MoO, (or also into Mo). Synthesis of Mo,C proceeds at temperature in the order
of 1273 K. Before the carbothermal reduction of SiO, and synthesis of compounds containing molybde-
num and silicon we have the Mo,C-SiO,-active carbon mixtures. In one stage, at temperature of
1523 K in argon, the synthesis of SiC and the synthesis of compounds containing molybdenum and silicon
takes place. In the wide range of initial compositions of the mixtures Mo4gSizCos Was obtained as the
main phase.
© 2014 The Society of Powder Technology Japan. Published by Elsevier B.V. and The Society of Powder
Technology Japan. All rights reserved.
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1. Introduction

In our laboratory the research on synthesis of ceramics contain-
ing transition metals and silicon is carried out [1-5]. The sol-gel
method with precursors is used. It should be added that usually
the precursors, at low temperature, are converted to metal oxides
or SiO; [6,7]. The synthesis of ceramics takes place at high temper-
atures, usually higher than 1273 K. The application of precursors
facilitates preparation of the samples for synthesis of the desired
composition and good homogenization of the reactants.

This work relates to the synthesis of ceramics in the systems
containing molybdenum, silicon and carbon. The materials
obtained in this system have high resistance to oxidation and
corrosion, have high melting point and a relatively low specific
gravity. They are used as structural materials and as protective
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coatings. As the substrates Mo, MoOs, SiO, and activated carbon
were most commonly used. The synthesis of ceramics was usually
carried out by thermal methods. Reactive milling was also used
[8,9].

During the development of synthesis methods and analysis of
the measurement results phase diagrams are of great importance.
Phase diagrams of the investigated systems are given in [10-13]. In
[10] the isotherm for 1827 K, and in [11] the isotherm for 1427 K is
described. These diagrams are discussed in [12]. In [10] pseudo-
two-component MoOs;-C system, and in the work [13] pseudo-
two-component Mo,C-SiC system is also described. It should be
added that considering the synthesis of SiC, also Ti-Si-C phase dia-
gram was used [14].

In the Mo-C system molybdenum carbides Mo,C (stable) and
MoC can occur. In the Mo-Si system molybdenum silicides: MosSi,
MosSis and MoSi,, and in the Mo-Si-C system also a ternary
molybdenum carbosilicidephase Moy gSi;Cos (Novotny phase) can
be formed. For technological applications the synthesis of Mo,C,
Novotny phase and Mo.sSi3C<;-SiC composites, as well as and
MoSi, and MoSi,-SiC composites is essential.
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Fig. 1. XRD diffractograms of (NH,)sMo70,4-4H,0 (a) and activated carbon (b).
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Fig. 2. XRD pattern and SEM image of (NH,)sM070,4-4H,0 sample after decomposition under argon.
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Fig. 3. XRD pattern and SEM image of the sample after carbothermal reduction of the MoOs-activated carbon mixture.

In [15] physical and mechanical properties of MosSizC phase is
described. In [16] microstructure and mechanical properties of thin
films obtained in Mo-Si-C and Zr-Si-C system have been investi-
gated. In [17] the synthesis and properties of composites contain-
ing Mo.sSi3C; is described. In [18] the properties of MosSizC<;
ceramics obtained under high pressure have been studied. The
works [19-21] describe the preparation and properties of
Mo5Si3C.1-SiC composites. In [22] instead, the results of research
on MosSi3C<;-SiC composites are presented. The issues related to
the synthesis and properties of MoSi,-SiC composites are pre-
sented on the examples of [12,23-25].

Pure MoSi; is resistant to oxidation and corrosion and has high
melting temperature (2293 K). However, it has low resistance to
the dynamic load and low strength at elevated temperatures
[12]. This limits its use as a structural material or as a protective
coating.

The worse properties at elevated temperature, are in part
attributed to SiO, admixtures. Therefore, the reduction of oxygen
content in the MoSi, is necessary. A deoxidizer, similarly to the
other processes, may be carbon, provided the atmosphere in this
process is properly controlled. The carbon can also play an impor-
tant role in improving the mechanical properties of MoSi,. As an
auxiliary phase SiC is used. It should be added that MoSi, and SiC
form the pseudo-two-component system. However, the deviations
from stoichiometry are almost always present. As an admixture
Si usually occurs. The presence of free Si in the material is
undesirable.

The issues related to the application of MoSi, in the form of
coatings are also presented on the example of [12]. After applica-
tion of the molybdenum on the metal and siliconization a protec-
tive layer in the form of MoSi,, separated from the metal by
molybdenum, is obtained. From this layer Si gets to the free Mo
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