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This review describes a novel approach for the syntheses of
various carbides of silicon, tungsten, and molybdenum at a
relatively low temperature by using the RAPET (Reactions
under Autogenic Pressure at Elevated Temperature) process.
The solvent-, template-free and straightforward RAPET pro-
cess was used to synthesize a range of new carbide materials
with or without the use of catalysts. The thermolysis of pre-
cursor(s) in a closed reactor without using additional reduc-
ing gases and the characterization of the obtained high-sur-
face-area β-SiC nanorods, micro- or nanosized Mo2C spheres

Introduction

Carbides of silicon, tungsten, and molybdenum are at-
tractive materials due to their outstanding physical and
chemical properties, such as high thermal conductivity, re-
sistance towards oxidation, mechanical strength, and chem-
ical inertness.[1] Various carbides have numerous applica-
tions in different fields such as biomaterials,[1] semiconduct-
ing devices,[2] lightweight/high-strength structures,[3] and
high-temperature-resistant materials.[4] It is also found that
the catalytic properties of carbides strongly depend on their
surface structure and composition, which are closely associ-
ated with their preparation methods.[5] Taking into account
the influence of the size, shape, and texture of the SiC nano-
materials on their properties, a few reports on the synthesis
of SiC are highlighted here. The synthesis of SiC nanopar-
ticles[6] is carried out by employing arc-plasma processing,
nanowires[7] are prepared by using the carbothermal re-
duction process, and nanorods[8] are made by ball milling
the precursors followed by heating at 1200 °C under an at-
mosphere of argon gas. Ultrafine SiC with a 150 m2/g sur-
face[9] area, SiC nanotubes,[10] and hollow nanospheres[11]

are also reported. There are several routes for preparing
WC, including the direct carburization of tungsten powder,
solid-state metathesis, reduction carburization, mechanical
milling, and polymeric precursor routes using metal alk-
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and WC nanotubes are the key issues described. The capa-
bility of the RAPET process to fabricate nanoparticles, nano-
rods, and nanotubes of different carbides in a single-step re-
action is also demonstrated. By taking advantage of the
achieved highest surface area (563 m2/g) of SiC, it was pos-
sible to store approximately 2 wt.-% of H2 at room tempera-
ture and 6 MPa.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2009)

oxides.[12,13] WC production generally proceeds as a two-
step process. First, the oxide is reduced to high-purity tung-
sten in an atmosphere of hydrogen. The tungsten metal is
then mixed with the required amount of carbon and reacts
at a temperature of 1400–1600 °C to produce WC.[14,15]

Mo2C is produced by methods such as gas phase reactions
of volatile metal compounds, reaction of gaseous reagents
with solid-state metal compounds, pyrolysis of metal com-
plexes, carbothermal hydrogen reduction,[16] and solution
reactions for the preparation of porous carbides.[17]

Generally, the low, maximum attainable[18] specific sur-
face area has limited the application of carbides as catalyst
carriers or as supports for various chemical reactions. Com-
plicated apparatus, complex process control, and special
conditions (e.g. reducing gases) are required for the re-
ported synthetic approaches. Additionally, a very high
(�1200 °C) temperature is a requirement for the synthesis
of carbides. However, RAPET reactions are carried out un-
der the autogenic pressure [�1000 psi] generated during the
thermolysis of the precursor(s) in a closed reaction vessel,
which induces the fabrication of carbides at much lower
temperatures. In some cases, the autogenic pressure also
stimulates the growth of the carbides into either rods or
tubular shapes. Additionally, instead of an elemental reac-
tion of carbon with W, Mo, or Si, individual chemical pre-
cursor(s) are chosen that contain W, Mo, or Si, carbon,
oxygen, and hydrogen. Since the precursor possesses ad-
ditional hydrocarbons, the reducing gases/agents are not
supplied at high temperature during the carbide synthesis.
More interestingly, carbides are formed as a result of the
thermal dissociation of the precursor(s), which yields nano-
sized carbides.
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This microreview discusses the fascinating synthesis of

various carbides of silicon, tungsten, and molybdenum at a
relatively low temperature by using the RAPET (Reactions
under Autogenic Pressure at Elevated Temperature) ap-
proach. The solvent-, template-free, competent and straight-
forward RAPET process was used to synthesize a range of
new carbide materials with or without the use of catalysts.
Two representative examples for the synthesis of silicon,
tungsten, and molybdenum carbides are presented. The abil-
ity to fabricate nanoparticles, nanorods, and nanotubes of
different carbides in a one-pot reaction is also demonstrated.
The thermolysis of triethylsilane afforded a high-surface
area β-SiC–carbon nanocomposite and β-SiC (6–10 nm),
depending upon the reaction temperatures. As an alternative
to high-cost triethylsilane, a cheap precursor, silicone oil,
dissociated thermally in a closed reactor that yielded nano-
rods of SiC with the highest surface area (563 m2/g), could
store approximately 2 wt.-% H2 at room temperature and
6 MPa. Either micro- or nanosized spheres of Mo2C were
fabricated, depending upon the thermally dissociated start-
ing precursor(s) in a closed reactor in an inert atmosphere
at elevated temperature. The significant synthesis of WC
nanotubes with a 30–60 nm diameter and a length of 1 to
10 µm is also accomplished by the direct pyrolysis of
W(CO)6 in the presence of Mg in a closed reactor at 900 °C.
Nanoplatelets of WC are fabricated by the direct pyrolysis
of a composite hybrid of 12-phosphotungstic acid
(H3PW12O40) and hexadecyltrimethylammonium bromide
[C16H33N(CH3)3Br, CTAB] in a specially designed reactor.
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Experimental System for “RAPET” Reactions

The fundamental instrumentation required for RAPET
reactions includes a reactor made up of stainless steel [SS],
Swagelok union parts, a tubular heating furnace, an inert
glove box system, and a mechanical device for opening and
closing the SS reactor. As the SS parts can corrode after
heating to a temperature greater than 700 °C, a reactor
made up of a Haynes 230 alloy is recommended for the
multiple use of the process reactor. The fabrication of vari-
ous carbide nanostructures is carried out as follows. The
chemical precursor(s) are introduced into a 5 mL closed re-
actor assembled from SS parts. The SS reactor is assembled
by closing one end with a cap, after which the precursors
are introduced into the reactor at room temperature under
a nitrogen-filled glove box to avoid oxygen interference. The
partially filled SS reactor is closed tightly by the cap at the
other end, and then it is placed inside an iron pipe in the
middle of the furnace for optimal heating. The temperature
is raised at a rate of 10–40 °C/min to the desired/required
temperature and maintained for an optimized time. The
chemical dissociation and transformation reaction takes
place under the autogenic pressure of the precursor at a
certain temperature, followed by the gradual cooling of the
reactor to room temperature. Finally, the reactor is opened,
the products are collected, and a systematic compositional,
morphological and structural characterization is carried
out. An overview of the reactor, assembled by using Swage-
lok parts, is demonstrated elsewhere.[19]
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The considerable advantages of the RAPET method for
the synthesis of a variety of fascinating carbide nanomateri-
als [NMs] are: (1) It is a simple, non-aqueous, template-,
surfactant-, and solvent-free method for the production of
pure crystalline products. (2) Due to the closed system, it is
reproducible and has easy cycleability. (3) It is an efficient
and non-firing reaction, and is therefore safe. (4) The RA-
PET method is also applicable to highly reactive, hazard-
ous, or carcinogenic materials (e.g. carbonyls). (5) RAPET
fabricates a wide range of NMs such as metals, oxides, car-
bides, sulfides, phosphides, and carbonaceous materials or
their core-shell morphologies. The enormous advantages
and comparatively negligible limitations of the RAPET
method have earned it a place as a synthetic technique in
the exciting nano field. All these advantages led us to im-
plement this innovative RAPET approach to fabricate vari-
ous carbides at low temperature, in order to understand the
mechanism of their formation and to study their advanced
properties.

Synthesis of SiC, Mo2C, and WC Nanomaterials

This section is divided into three major parts, namely the
synthesis of SiC, Mo2C, and WC nanomaterials. Each part
describes two dissimilar ways to prepare unusual nanostruc-
tures and discusses their fascinating properties.

Synthesis of SiC Nanoparticles and Nanorods

The cracking/dissociation of a triethylsilane precursor in
a 5 cm3 closed reactor, made up of a Haynes 230 alloy at
800 °C for 3 h, yielded a (silicon carbide)–carbon nanoc-
omposite [SCCN]. With the increase in reaction tempera-
ture to 1000 °C, more hydrocarbons were liberated that
yielded SiC nanoparticles within 3 h.[20] Both reactions
took place at the generated autogenic pressure of the pre-
cursor at elevated temperature in a closed reactor. The fol-
lowing reactions were proposed for the fabrication of
SCCN and SiC at 800 °C and 1000 °C, respectively, during
the controlled thermolysis of triethylsilane, without using a
solvent or a catalyst. After dissociating the C6H16Si precur-
sor thermally in a closed reactor, the C and Si segregate to
produce a nanosized, high-surface-area SiC in the reducing
(H2/ CxHy) atmosphere.

The irregular porous structures with 2–4 nm diameter
pores are observed in the TEM of the SCCN (Figure 1a).
HR-TEM analysis revealed the crystalline nature of the
pore walls. The X-ray diffraction pattern of the SCCN
matches the major peaks and their intensities, correspond-
ing to carborundum (β-SiC, PDF No. 75–0254). The SCCN
contains extra carbon in addition to the SiC. The presence
of amorphous carbon is detected by the broad background
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in the XRD pattern and by EDX (energy-dispersive X-ray
spectrometry) and elemental analyses. A similar XRD
pattern was obtained for the activated carbon coated with
silicon carbide.[21] EDX detected 1:3 atomic ratios of Si to
C in the SCCN. This ratio indicates that the carbon percen-
tage is more than sufficient to have a SiC (1:1) stoichiome-
try in the SCCN. The elemental analysis also measured
43% carbon in SCCN. With the increase in the reaction
temperature to 1000 °C/3 h, crystalline SiC with an approxi-
mately 6 nm particle diameter is obtained without excess
carbon (Figure 1b). The measured distance between the
(111) lattice planes is 0.251 nm, which is very close to the
distance between the planes reported in the literature
(0.252 nm) for the face-centered cubic lattice of SiC.

Figure 1. Transmission electron micrographs of (a) SCCN prepared
at 800 °C, (b) SiC prepared at 1000 °C, and N2 adsorption/desorp-
tion isotherms of the (c) SCCN and (d) SiC samples.

Figure 1c shows the N2 adsorption-desorption isotherms
of the SCCN sample that was prepared at 800 °C. The iso-
therm exhibits an abrupt change when the relative pressure
is greater than 0.9, indicating that the sample possesses a
porous[22] structure. The calculated BET surface area is
656 m2/g, and a large pore volume of 0.588 cm3/g is re-
corded. It is worth noting that in addition to silicon carbide
we have bare carbon (ca. 50%), which might cause the high
surface area. Atwater[21] et al. reported a surface area of
1263 m2/g for the activated carbon coated with silicon car-
bide. The measured surface area of the SiC sample prepared
at 1000 °C is 149 m2/g (Figure 1d), and the sample has a
larger pore volume of 0.683 cm3/g. This sudden drop/re-
duction in the surface area, as compared with SCCN, is due
to the consumption of bare carbon to form hydrocarbons
that are released as gases. However, this value is higher than
that previously reported.[23] The BJH (Barrett–Joyner–
Halenda) method[24] was employed to calculate the pore
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size distribution of the SiC and SCCN samples. Pore size
distributions for SCCN and SiC samples covered pore dia-
meters ranging between 40 and 380 Å. The distribution of
pore sizes in both the SCCN and SiC samples shows that
the percentage of the large pore diameters is more than
70%.

Here, at a relatively low temperature, we synthesized
high-surface-area, nanosized SiC or SCCN by using a sin-
gle triethylsilane precursor with the efficient RAPET tech-
nique. Although we could achieve SiC from the thermolysis
of triethylsilane, the precursor is highly expensive and not
environmentally friendly. We continued our efforts to pro-
duce SiC by employing the RAPET technique by using
other precursors. The vinyltrimethylsilane also produced
analogous silicon carbides. Considering the high cost of or-
ganosilanes for the fabrication of high-surface-area SiC
nanorods, we have discovered an alternative, environmen-
tally friendly, and cheaper precursor, silicone oil. The ther-
molysis of commercial silicone oil at a relatively low tem-
perature, (800 °C)/3 h, in a closed reactor yielded high-sur-
face-area (563 m2/g) β-SiC nanorods.[25] The XRD diffrac-
tion pattern of the SiC nanorods is in agreement with the
diffraction peaks, peak intensities, and cell parameters of
crystalline fcc β-SiC (PDF No. 73–1665.)

The commercial silicone oil is composed of the elements
C, H, O, and Si. The carbon, hydrogen, and sulfur contents
in the reactant (commercial silicone oil) and the formed
product (SiC nanorods) were measured by elemental analy-
sis (Eager 200). The elemental analysis of the commercial
silicone oil showed the presence of only carbon and hydro-
gen. The analysis measured 32.8% carbon and 8.2% hydro-
gen in the commercial silicone oil. This confirms the purity
of silicone oil and the absence of a sulfur impurity. The
carbon content in the product (SiC nanorods) is 24.9%,
which matches well with that of the SiC powder (26%) re-
ceived from Alfa-Aesar. The measured amount of hydrogen
in SiC nanorods is 0.6%. The energy-dispersive X-ray
analysis showed a 1:1 molar ratio of Si to C. EDS (energy-
dispersive spectrometry) also detected a small amount of
oxygen (�1%) in the product. The oxygen contamination
in SiC nanorods was also measured by an oxygen analyzer
(Eager 200) and was found to be 0.6 atom.-%. For compari-
son, we used Alfa-Aesar SiC material that showed 0 atom.-
% of oxygen. Thermogravimetric analysis of SiC nanorods
was carried out under a flow of air in the temperature range
25–900 °C in order to study the weight loss/gain with an
increase in temperature. It is observed from the TGA curve
that there is almost no drastic gain or loss of weight in the
SiC nanorod sample in the temperature range 25–800 °C. A
slight (ca. 4%) weight loss was observed above 800 °C. The
analogous TGA curve is obtained for the Alfa-Aesar SiC
sample. This confirms the purity of the formed SiC nano-
rods. By taking advantage of the achieved higher surface
area of SiC nanorods, the possibility of hydrogen storage is
tested for the first time. Interestingly, the β-SiC nanorods
with a diameter of approximately 50 nm and lengths of
more than micrometers can adsorb approximately 2 wt.-%
H2 at room temperature and 6 MPa.
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Figure 2a shows a SEM image of SiC nanorods, prepared
by the thermal decomposition of silicone oil, having a dia-
meter of approximately 50 nm and a length of more than
1 µm. The inserted SEM image of a single straight SiC
nanorod shown at high resolution presents a diameter of
approximately 75 nm and a length of 1 µm with a smooth
surface. The as-grown SiC nanorods are crystalline fcc β-
SiC, as confirmed by XRD. Further processing is therefore
not required. The EDX analysis (attached to a JEOL-JSM
840 scanning electron microscope) also revealed a 1:1 molar
ratio of Si to C. The HR-TEM on the edge of a single
nanorod is depicted in Figure 2b, which provides further
evidence for the identification of the product as SiC. It illus-
trates the perfect arrangement of the atomic layers with
minimum defects. The measured distance between these
(111) lattice planes is 0.253 nm, which is very close to the
literature value (0.2516 nm) for the face-centered cubic lat-
tice of SiC (PDF: 73–1665). The stability of the SiC nano-
rods was studied by employing thermogravimetric analysis
under a flow of air, which does not show any drastic weight
gain or loss in a temperature range of 25 to 800 °C.

Figure 2. The (a) SEM and (b) HR-TEM of SiC nanorods. (c)
Room temperature H2 storage in SiC nanorods.

The probable reactions involved in the formation of the
SiC nanorods from poly(dimethylsiloxane)/silicone oil are
as follows. Within one hour, SiO and carbon are the
multiproducts obtained. Thus, we continued the reaction up
to 3 h, obtaining SiC nanorods as the sole product. In an-
other control experiment where the polymeric precursor
was directly heated in a furnace in an inert atmosphere,
most of the hydrocarbons from the silicone oil were released
and favored the fabrication of submicron sized amorphous
silica. However, the RAPET reaction in a closed system in
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an inert environment favors the fabrication of SiC nano-
rods. This means that the isolated hydrocarbons act as a
continuous reducing environment at high temperature to
favor the fabrication of crystalline SiC instead of silica. This
confirms that an autogenic pressure in the RAPET reaction
plays an important role and facilitates the fabrication of
SiC nanorods, even at 800 °C.

A similar type of reaction is also reported by Rao[26] et
al. for the formation of SiC nanowires by heating silica gel
with activated carbon at 1360 °C under a H2 or NH3 atmo-
sphere.[26] The SiC nanorods appear to be straight or wire-
like, and they seem to grow out of the carbon–silica com-
posite particles. Our present reaction occurred at a rela-
tively low temperature (800 °C) as it was carried out under
the autogenic pressure created during the thermolysis of the
precursor.

The BET surface area is 563 m2/g, and a pore volume of
0.0132 cm3/g is measured for the SiC nanorods. Indeed, this
is a very high surface area for the carbide material. There-
fore, the hydrogen take-up by these high-surface-area SiC
nanorods is measured. The measurement was performed on
a commercial pressure-composition (P-C) isotherm unit
(Advanced Materials), as described previously.[27] The sili-
con carbide nanorods with a diameter of approxi-
mately 50 nm and lengths of more than micrometers can
adsorb 2.5 wt.-% H2 at room temperature and 6 MPa (Fig-
ure 2c). However, the adsorption and desorption curves do
not meet when the pressure is lowered to an ambient level.
Only approximately 1.5wt.-% H2 can be reversibly absorbed
and released. This suggests some chemisorption of H2 on
SiC nanorods, which may be responsible for the irreversible
nature of the room-temperature adsorption. Furthermore,
we continued to implement the RAPET approach to fabri-
cate Mo2C, either in micro or nano size.

Synthesis of Mo2C Micro- and Nanospheres

To fabricate micron-sized Mo2C, mesitylene (C9H12) was
treated with Mo(CO)6 at 700 °C under inert atmosphere in
a closed reactor, which led to the fabrication of approxi-
mately 2 µm spherical bodies.[28] These bodies are identified
as hexagonal (space groups: P63/mmc) α-Mo2C by XRD
measurement (Figure 3a). To fabricate nanosized Mo2C,
the thermal decomposition of molybdenum 2-ethylhex-
anoate at 700 °C under an inert atmosphere, which yielded
30 nm particles of α-Mo2C, was confirmed by XRD mea-
surements (Figure 3b).

The TEM of Mo2C (Figure 3c) shows approxi-
mately 2 µm spherical bodies with very smooth surfaces. If
we mix a precursor without metal (hydrocarbons such as
C9H12) and an organometallic precursor, Mo(CO)6, we still
get microspheres in the product. On the contrary, the for-
mation of nanosized carbides is obtained by the decomposi-
tion of only an organometallic precursor. Thus, the precur-
sor requires the presence of the metal as a self-catalyzing
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Figure 3. XRD patterns of α-Mo2C obtained after the thermal de-
composition of: (a) the product obtained after thermolysis of a
mixture of Mo(CO)6 with mesitylene (C9H12); (b) molybdenum 2-
ethylhexanoate. TEM of (c) the product obtained after thermolysis
of a mixture of Mo(CO)6 and mesitylene and (d) the decomposed
product of molybdenum 2-ethylhexanoate.

element to yield a nanosized product. The thermal decom-
position of molybdenum 2-ethylhexanoate produced ap-
proximately 50 nm spherical particles of α-Mo2C. The in-
sert in Figure 3d shows that the Mo2C particles are 30–
50 nm in diameter. The possible explanation for the micron
size of the noncatalytic static process (vs. the catalytic one
or the higher temperature flow process) relates to nucleation
rates. If nucleation is rapid (catalyst or high temperaure),
then one obtains many small spheres. If nucleation is slow
(relative to growth), then one gets larger spheres. The pro-
duction of distinct, non-agglomerated spheres suggests a
gas-to-particle (or gas-to-droplet) conversion process. If this
were an all-condensed-phase process, one would typically
obtain a monolithic product, not the separate spheres. A
detailed explanation on micro vs. nano formation of Mo2C
is presented elsewhere.[28] Apart from the synthesis and
morphology of traditional carbides, we chose to synthesize
WC in the tubular or rod-shaped morphology. Before our
report on WC nanotubes, the tubular morphology for WC
was unknown in the literature. To the best of our knowl-
edge, this is the first report where the nanotubes of WC
have been fabricated by employing RAPET techniques.

Synthesis and Electrochemical Properties of WC Nanotubes

In a typical synthesis of WC nanotubes, 820 mg of
W(CO)6 and 410 mg of pure Mg powder were used. At a
relatively low temperature (900 °C), the thermal decomposi-
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tion of W(CO)6 in the presence of low melting- and boiling
point Mg powder is carried out under its autogenic pressure
in a closed reactor to fabricate the nanotubes of WC and
MgO nanoparticles,[29] as shown in Figure 4a. The magne-
sia contamination was dissolved in a 30% dilute HCl solu-
tion, washed three times with anhydrous ethanol, centri-
fuged at 9000 rpm, and vacuum dried for 12 h. The dried
product indexed to the hexagonal phase (space group
P6m2) with lattice constants a = 2.90 Å and c = 2.83 Å of
WC (peak intensities and positions match with PDF No.
51–939). The thermal decomposition of bare W(CO)6 yields
a mixture of WO2, WC, W2C and C, exhibiting the growth
tendency.[29] In an attempt to remove the O from WO2, we
performed several control experiments at different tempera-
tures in the 800 to 950 °C range. WO2 is the predominant
product at 800 °C, 900 °C, and even at 950 °C when the
reactants were H2WO4 + Mg and WO3 + Mg + C. In ad-
dition, the morphology of the product remains a mixture
of particles and short wires. With a longer reaction time
(8 h) at 900 °C, the length of the wires could increase up to
1 µm, maintaining analogous reaction products such as
WO2, WC, W2C, and C. In the present W(CO)6 system [re-
action (1)], the reason for the addition of Mg is to use its
reactivity with oxygen, thereby avoiding the formation of
WO2. Indeed, the reaction products are WC + MgO + W2C
+ C [reaction (3)]. On the basis of previous findings and
the control reactions; we suggest a mechanism for the for-
mation of WC given by reactions (1) to (5).

Figure 4. (a) SEM of as-prepared WC nanotubes; (b) TEM of washed WC nanotubes; (c) cyclic voltammogram of WC nanotubes in
0.5  of sulfuric acid (scan rate: 25 mV/S), and (d) HRTEM image of WC showing grain boundary (001)/(100) planes marked with dotted
lines. The lattice fringes correspond to the (001) and (100) planes of WC.
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W(CO)6 � W + 6CO (1)

W + 2CO � WO2 + 2C (2)

WO2 + 2Mg � W + 2MgO (3)

2CO � C + CO2 (Boudard reaction) (4)

W + C � C + W2C (5)

The final products, WC and W2C, are obtained in reac-
tion (5), and carbon is obtained in reactions (2) and (4).
Whether MgO catalyzes reaction (5) is not yet clear. The
present reaction is complex because CO might undergo dis-
proportionation (Boudard reaction) to produce CO2 and
carbon (reaction 4). It is likely that Mg promotes the CO
dissociation reaction in a similar manner, as in the case of
the alkali-promoted Fischer–Tropsch catalysis.[30] Finally
the directed growth of hexagonal WC unit cells in a very
specific direction[29] in the presence of MgO yields WC
tubes.

The WC nanotubes obtained after HCl treatment possess
diameters ranging from 30 to 70 nm and lengths varying
from 1 to 10 µm. EDX analysis carried out on the bulk WC
nanotubes shows a 1:1.07 molar ratio for W/C. The WC
nanotubes are free of MgO particles, as shown in the TEM
in Figure 4b. The insert image shows a typical WC nano-
tube coil having a diameter of 70 nm and a length of more
than a micrometer.
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The electrochemical stability of WC nanotubes was mea-
sured in 0.5  H2SO4 by using a WC-coated glassy carbon
electrode employed as a working electrode. Figure 4c shows
the cyclic voltammogram of WC nanotubes after the
steady-state condition. The voltammogram showed a large
current increase above 0.6 V, indicating the oxidation of
WC. In the reverse scan, there was a cathode current due
to the reduction of the oxidized species during the anodic
scan. Similar electrochemical stability for WC nanorods is
reported by Shan et al. They produced WC nanorods and
nanoplatelets by the direct pyrolysis of a composite hybrid
of 12-phosphotungstic acid (H3PW12O40) and hexadecyltri-
methylammonium bromide [C16H33N(CH3)3Br, CTAB] in
a specially designed RAPET reactor.[31] The diameters of
the WC rods are 30–50 nm with varying lengths of 600–
1000 nm, and the sizes of the platelets are around 55 nm.
The high-resolution TEM micrographs clearly indicate that
the rod is highly crystalline in nature (Figure 4d). The HR-
TEM illustrates that the platelet consists of surface features
such as steps, kinks, and terraces. It shows the lattice fringes
with a spacing of d = 0.252 nm, which closely matches the
(100) plane of hexagonal WC.

With our understanding of the low-temperature carbide
synthesis by the RAPET technique, it is anticipated that a
facile RAPET synthesis approach can be extended to the
preparation of other carbides, such as vanadium carbide
(V8C7), titanium carbide (TiC), iron carbide, ZrC, Al4C3,
etc. Additionally, these carbides can find application as a
catalyst support or even in hydrogen storage.

Summary

The solvent-, template-free, competent, straightforward,
and scalable RAPET process was used to synthesize novel
nanoparticles, nanorods, or nanotubes of carbides. The ex-
perimental results showed that β-SiC nanoparticles (6–
10 nm) with approximately 150 m2/g were produced by the
single-step thermolysis of triethylsilane at 1000 °C in a
closed reactor. Silicone oil is proposed as the alternative to
high-cost triethylsilane. Thermally dissociated silicone oil,
which yielded nanorods of SiC with highest surface area
(563 m2/g), could store approximately 2 wt.-% of H2 at
room temperature and 6 MPa. Depending on the thermally
dissociated starting precursor(s), either micro- or nanosized
Mo2C spheres are fabricated in a closed reactor in an inert
atmosphere at elevated temperature. The 30–60 nm dia-
meter WC nanotubes with a length of more than a few mi-
crometers are prepared by the direct pyrolysis of W(CO)6

in the presence of Mg powder in a closed reactor at 900 °C.
The fabrication of various carbides at much lower tempera-
tures is accomplished in RAPET reactions as a result of
the autogenic pressure created during the thermolysis of the
precursor(s). In the RAPET process, the reducing gases/
agents are not additionally supplied during the synthesis of
nanosized silicon, tungsten, and molybdenum carbides.
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