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Summary: Silicon carbide nanowires were efficiently produced a combustion synthesis
route using SI/PTFE and ferrocene-doped Si/PTFHFtirgga mixtures. The products were
characterized using various techniques (SEM, THiEl).eThe SiC nanowires were chemically
purified and the mass balance of the process wesrped. Optical emission spectroscopy
(OES) was used to estimate the mean combustioretartope.
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I ntroduction

The combustion synthesis is a versatile and effici@ute to produce high-melting
nanomaterials. It has been successfully used taupe semi-conducting silicon carbide
nanowires (SICNWSs) [1]. The metallic propertiesNfdoped wires were also shown [2] and
their cathodoluminescence was studied [3]. Here,pnesent the study on optimization of
SICNWs synthesis from SI/PTFE (teflon) and Si/PTEEOcene mixtures. The study has been
carried out in the modified calorimetric bomb showirig. 1.

Fig. 1: Modified calorimetric bomb as a high-pressteactor used for combustion synthesis.

Results

Several tests with stoichiometric Si/PTFE mixtune=re carried out under air atmosphere
(10 atm). After the reaction the product were clualy purified. Fig. 2 presents respective SEM
images.
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Fig. 2: SEM images of SiC nanowires grown from avger mixture Si/PTFE (left — raw product,

Right — purified product).

Purification process was carried out for the thragous fractions of products separately,
significantly, which were different in physical chateristics: (i) spongy material filling the
bomb (main product), (ii) crucible residue and) (fine powder from the bottom of the reactor.
The material balance of the whole process was pedd, including both the synthesis and
purification protocol. The overall degree of corsien of starting silicon was found equal to
approximately 93% for the spongy material, 95% tfog crucible residue and 88% for a fine
powder from the bottom of the reactor. The totahvasion of silicon into SICNWs was ca.
20%. A total of approximately 7.6 g of pure SiC ofiiores were produced, which is the amount
sufficient for further study of various exploratagplications.

The runs were also carried out with the additio@ (&%) of ferrocene to the starting
reactants (SI/PTFE). The aim was twofold: (i) irencapsulation in silica and/or (ii) iron
promotion of carbon nanotube growth. The combustbtnosphere was £N, mixture, with
oxygen content within 0-100 vol. %. With the ingsed oxygen content both the content of
unreacted silicon and formed carbon decreased ronically. The total conversion of starting
silicon close to 100% was achieved. SEM image$s@froducts showed mostly the presence of
SICNWs and silica nanopatrticles, with the contehthe latter ones dominating for oxygen
content above 50 vol. %. Thus, the combustion m®agefinitly involves participation of
gaseous intermediates.
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Fig. 3: TEM images of product obtained at 50%(®, B) and in pure &(C, D).

The inclusion of oxygen to the buffer gas in thact®n system Si/PTFE/ferrocene
drastically changes the product morphology (TEM eobations — Fig. 3). The product
synthesized at 50% oxygen content (Fig. 3 A,B) amst primarily well crystallized onion-like
hollow carbon nanopatrticles with the diameters leetw20 nm and 150 nm. SiC nanowires with
relatively with thin amorphous coating, amorphouarbon particles and spherical Fe
micropartilces (1-5 um in diameter) are also presethis sample. The product obtained under
pure oxygen atmosphere has totally different moligaho(Fig. 3. C,D). The SiC nanowires are
coated with very thick amorphous coating (10-30.n@3rbon phase exists mainly as disordered
hollow nanoparticles. Moreover this sample contanplenty of silica particles having very
uniform spherical shape. This preliminary resuiliggest that oxygen participates in the course
of reaction. The oxygen partially oxidizes Si-bagedducts and etches the as-formed carbon
particles.

The preliminary measurements were performed toycaut the spectral diagnostics of the
reaction zone. Using the registered light signalittech during the process, its average
temperature was estimated. Calculations were baseal well-known Planck equation and the
Hartmann formula. Qualitative effects as emissiomlosorption band in the system depend on
the reaction atmosphere. Some of results, for ivg@liar experiments in air, are presented in
Figure 4. Data obtained for a process carried adeuan argon atmosphere are presented as a
reference.
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Fig. 4: Estimated process temperatures for fix@€dafin) initial pressures of air (1700-1734 K; defive
experiments) and argon (1694 K); Planck curvesditb experimental data.
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