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Abstract 

Silicon carbide (SiC) has been widely used in many applications, which require high mechanical 

endurance or high electrical resistance. It also serves as a basic material for light emitting diodes. 

Here, we present an in-liquid plasma method to produce SiC nanoparticles. A sustained spark-

discharge in a dielectric liquid, which is energized by a nanosecond pulsed power supply, is 

established for the synthesis. To provide Si and C, we employed graphite and silicon as electrodes 

and cyclohexane (CHX) and tetramethylsilane (TMS) as dielectric liquids. For a reasonable 

comparison, we tested various combinations of electrode and liquid, namely Si-to-C in CHX, Si-

to-Si in CHX, and C-to-C in TMS. We found that discharges in CHX produce Si particles 

encapsulated in C-shell and Si nanoparticles in C-matrix. Meanwhile, discharges in TMS 

consistently produce SiC nanoparticles with an average size of ~10 nm, regardless of the electrode 

material.   
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1. Introduction 

Silicon carbide (SiC) is among the most important member of non-oxide ceramic materials 

family. SiC bulk material exhibits extraordinary properties, such as high temperature hardness, 

high wear resistance, low thermal expansion coefficient, high thermal conductivity, strong 

corrosion resistance, high stability in hostile environment, and chemical inertness. SiC material is 

currently applied in numerous field such as turbine blades, diesel engine parts, and nuclear reactor 

wall [1, 2]. At nanoscale, SiC not only preserves the majority of the above-mentioned properties, 

but it also gains other properties due to quantum confinement and high specific surface area. 

Therefore, SiC nanomaterial is highly attractive for applications such as field emission displays, 

nanosensors, nanoscale electro-devices, light emitting devices, and others [3-5]. 

SiC material is mostly produced by the well-known Acheson process. This process is based 

on carbothermal reduction [6, 7]. Other methods are also utilized to produce SiC particles, such as 

sol-gel, chemical vapor deposition, or self-propagation high-temperature synthesis techniques [8-

10]. These processes have some advantages but also some limitations, such as cost, processing 

time, collection and purity of products, among others. Although most of the previously mentioned 

methods were optimized to synthesize SiC nanoparticles, it is of great interest to find alternative 

techniques that are ecological, cost-effective, and highly selective for pure products.  

Plasma-based processes have high potential in nanomaterial synthesis. SiC nanoparticles 

were successfully synthesized in various plasma sources, such as DC thermal arc [11], inductive 

RF [12] or microwave plasmas at low-pressure [13] and at atmospheric pressure [14]. In DC 

thermal arc plasma, SiC particles of ~100 nm diameter were synthesized by the gas phase reaction 

of silicon tetrachloride with methane. Also, the radial injection of silane, methane, and hydrogen 

into the downstream end of inductively RF coupled plasma was used to produce SiC nanoparticles 

with 10-20 nm diameter. In a low-pressure (~3 Torr) microwave plasma, where a mixture of argon 
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and tetramethylsilane was used, SiC nanoparticles with diameter of 4-6 nm were synthesized. 

However, in atmospheric pressure microwave plasma (argon-tetramethylsilane mixture), the SiC 

nanoparticles size ranged from 7 to 20 nm, depending on the precursor concentration in the plasma. 

Other thermal plasma processes have also been utilized to produce SiC nanoparticles, such as non-

transferred arc [15], plasma torch [16], and others [17-19].  

Recently, a new field of plasma — discharge in liquid — that exhibits a huge potential in 

the field of nanomaterial synthesis has been introduced [20-22]. The advantages of in-liquid 

discharges are numerous, and compared to other types of discharges, they are more simplified and 

ecological [23]. Also, the production rate of nanoparticles is reasonable (~mg/min) [20, 22, 24]. 

Briefly, this process is based on the sustaining of spark discharges in a dielectric liquid between 

two electrodes. Therefore, the chemical composition of both the liquid and electrodes directly 

affects the properties of the synthesized nanoparticles. Indeed, the discharge interacts with the 

electrode’s surface, evaporates materials, and dissociates the liquid [25]. Therefore, the plasma 

zone, a soup of reactive species, is produced in a bubble-like confinement in liquid. The properties 

of the plasma are significantly different than those of gas-phase plasmas: higher density of species 

[26], higher temperature [27], higher pressure [28], and shorter lifetime [29]. In these specific 

conditions, various kind of nanomaterials are produced, including nanocomposites [30, 31], metal 

oxides [32-34], as well as novel phases of some materials [35-36]. Spark discharges in liquid 

usually produce two particle size distributions that are due to two processes: i) local evaporation 

from the electrode surface that leads to the formation of small particles (few nm in size) and ii) 

ejection of liquid volume from electrode surface that leads to micron-sized particles [24, 31]. The 

role of the solution depends on its chemical nature. For instance, oxides are produced in water, 

whereas carbonaceous material are produced in liquid hydrocarbons. Discharges sustained in 
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liquid nitrogen were also conducted, but the incorporation of N-species in the nanomaterial was 

not confirmed [20, 27, 32, 35]. However, by sustaining discharges in liquid nitrogen, Dobrynin et 

al. [36] have recently produced nitrogen-based material that explodes and emits light and sound 

waves after being heated. 

In this study, we aim to produce SiC nanoparticles by sustaining spark discharges in 

dielectric liquids using low frequency (50 Hz) nanosecond high-voltage pulses. The advantages of 

such a discharge regime compared to others (e.g. DC, AC, or RF plasmas) include the simplicity 

of the experimental arrangement and the relatively high production rate. The selectivity of the 

products may be achieved based on the reproducibility of the discharges. This is fairly achievable 

in nanosecond discharges, despite the modification of electrode tips and liquid composition. In 

addition, novel and fast route of synthesis may take place, as discussed in this paper. Three 

experimental configurations are tested. The first one consists of sustained discharges in liquid 

cyclohexane between Si (anode) and C (cathode) electrodes. The second one also consists of 

sustained discharges in liquid cyclohexane between two Si electrodes. The third one consists of 

sustained discharges in liquid tetramethylsilane between two C or two W electrodes. In each case, 

the synthesized particles are characterized mainly by transmission electron microscopy and by 

UV-visible absorption technique. When SiC particles are produced, the influence of discharge 

conditions (voltage amplitude and pulse width) are investigated. 

 

2. Experimental setup 

A schematic of the experimental setup is shown in Figure 1. We used a nanosecond positive 

polarity pulsed power supply (NSP 120-20-P-500-TG-H, Eagle Harbor Technologies) to generate 

spark discharges between two electrodes immersed in a dielectric liquid. The pulsed discharges 

were produced under different conditions of voltage amplitude and pulse width and were 



6 
 

maintained for 10 minutes at a fixed repetition rate of 50 Hz. Silicon, carbon, and tungsten (purity 

of 99.9%) were used as electrode materials in various anode-cathode configurations. Every 

electrode was mechanically polished to have a pin with curvature radius of ~50 µm, and thus, the 

discharges were sustained in pin-to-pin configuration. Cyclohexane (CHX) and tetramethylsilane 

(TMS) were used as dielectric liquids. 

 
Figure 1. Schematic of the experimental setup used to synthesize SiC nanoparticles by pulsed electrical 

discharges in different dielectric liquids. 
 

Electrical characteristics, namely the voltage (𝑣) and current (𝑖), of the discharge were 

measured using a high-voltage probe (P6015A, Tektronix) and a current monitor (6585, Pearson), 

respectively, and acquired using an oscilloscope (MSO54, Tektronix). Injected charge and energy 

were calculated by the integral of the current over time (∫ 𝑖(𝑡)𝑑𝑡) and the integral of the power 

over time (∫ 𝑣(𝑡)𝑖(𝑡)𝑑𝑡 ), respectively; the displacement current was not accounted in the 

calculation. 
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Three electrode combinations in a pin-to-pin geometry are tested: Si-C (anode-cathode) 

and Si-Si in CHX, and C-C and W-W in TMS. In each configuration, the electrodes are vertically 

mounted on a micrometer positioning system, and the tips are distanced by ~20 µm. The electrode 

assembly is mounted in a cylindrical quartz cell with a height of 5 cm and an inner/outer diameter 

of 8/10 mm, respectively. The cell is filled with ~10 mL of dielectric liquid, CHX or TMS, from 

Sigma Aldrich. 

The synthesized nanostructures are analyzed using TEM (Transmission Electron 

Microscopy, JEOL JEM-2100F) operated at 200 kV. Samples of liquid, in which the synthesized 

nanostructures are suspended, are collected, sonicated for 5 minutes, and drop-casted in TEM Cu- 

or Ni-grids coated with a lacey C-film (from Electron Microscopy Science). The sample was not 

subjected to any further processing (heating, purification, etc.). Information on the nanostructures 

were derived via bright field TEM imaging, Electron Dispersive Spectroscopy (EDS), and Selected 

Area Electron Diffraction (SAED). We also used UV-visible absorption spectroscopy (Cary 5000 

UV-Vis-NIR, Agilent), based on the surface plasmon resonance, to identify the as-synthesized 

particles in suspension. 

 

3. Results 

3.1. Electrical characterization 

Electrical characteristics of the pulsed discharges are obtained through the acquisition and 

the processing of the voltage and current waveforms. Four discharge conditions were tested, and 

they are summarized in Table 1.  
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Table 1. Summary of the four discharge conditions, including anode and cathode material, liquid 
composition, and voltage amplitude and pulse width. 

Case Anode Cathode Liquid Voltage amplitude Pulse width 

i Si C CHX 22 kV 500 ns 

ii Si Si CHX 22 kV 500 ns 

iii C C TMS 22 kV 500 ns 

iv C C TMS 8 kV 100 ns 

 

Typical voltage and current waveforms, shown in Figure 2 (a-to-d respectively corresponds 

to i-to-iv case), represent only one discharge event due to a single voltage pulse. The first current 

peak (centered at ~25 ns) is known as displacement current and is induced by the temporal 

variation of the voltage (rising period). The injected charge and energy shown below are corrected 

for the displacement current. The breakdown event (i.e. sudden voltage drops and current peaks) 

may occur anytime within the plateau period. In the case of discharges between Si-C electrodes in 

CHX (case i), the breakdown is characterized by a voltage drop from ~22 to ~11 kV and by a 

current peak of ~12 A. The injected charge and energy are ~1.9 μC and ~20 mJ, respectively. In 

fact, if we consider the changes in the breakdown event, one can obtain more energetic discharges 

(around 50 mJ of energy and 5 μC of charge) when breakdown occurs near the beginning of the 

pulse, and less energetic discharges (around 10 mJ of energy and 1 μC of charge) when breakdown 

occurs late in the pulse. 
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Figure 2. Typical electrical characteristics for discharges under the following conditions: a) case i – Si-
C in CHX at 22 kV / 500 ns, b) case ii – Si-Si in CHX at 22 kV / 500 ns, c) C-C in TMS at 22 kV / 500 ns, 

and d) C-C in TMS at 8 kV / 100 ns. 
 

Discharges between two Si electrodes in CHX (case ii) are characterized by a relatively 

lower drop of voltage (from ~22 to ~17.5 kV) and lower current peak (~4-5 A). Energy and charge 

of a typical discharge are ~21 mJ and ~1.3 μC. The temporal variation of the breakdown event 

induces higher and lower limits of energy and charge; ~ 40 mJ - 3 μC and ~10 mJ - 1 μC, 

respectively. It should be noted that the use of the semiconductor Si electrode material induces a 

supplementary resistance in the electrical circuit. Therefore, the measured energies in cases i and 

ii should be carefully considered, as they are overestimated. To be correctly estimated, equivalent 
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electrical circuit of the discharge needs to be known (beyond the scope of the paper) [37]. 

Therefore, the values of injected charge are only compared on a relative basis among the various 

discharge conditions. 

Electrical characteristics of discharges between two conductive electrodes, as the cases iii 

and iv of two C electrodes, are also investigated under two conditions of voltage amplitude / pulse 

width: 22 kV / 500 ns and 8 kV / 100 ns. In these two cases, when a breakdown occurred, the 

voltage drops (from ~22 kV to ~ -10 kV in case iii and from ~8 kV to ~-5 kV in case iv) are clearly 

visible in the waveforms. Current waveforms also present oscillations, which are characteristic 

with spark discharges in liquids [28, 37], with a current peak of ~60 A in case iii and ~22 A in case 

iv. Energy / charge injected during discharges, in cases iii and iv, are ~7 mJ / ~7.8 μC and ~0.7 mJ 

/ ~0.5 μC, respectively. Considering the temporal variation of the breakdown event, the upper and 

lower limits are twice and half of the reported values, respectively. At this stage and based on the 

charge values, the more to less energetic discharges can be sorted as case iii, case i, case ii, and 

case iv. 

3.2. Nanomaterial synthesized by discharges between Si-C and Si-Si in CHX 

Figure 3a shows a typical TEM image, taken at a low resolution, of particles synthesized 

in case i (Si-C electrodes in CHX at 22 kV / 500 ns). This image clearly shows that various sized 

particles in a range from ~1 μm down to few nm are produced; such size distributions are usually 

produced by in-liquid spark discharges [24, 30]. The various sized particles indicate that there may 

be multiple pathways for the synthesis. For example, atoms evaporation in the plasma core may 

create few nm particles, meanwhile ejected particles from the electrode’s surface after being struck 

by the discharge may contribute larger sized particles [38]. High-resolution image, depicted in 

Figure 3b, shows one typical particle of ~300 nm and small particles around it. Local EDS analyses 
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(the red encircled zone) indicate that the larger (~300 nm) particle is mainly composed of Si (i.e. 

eds1 spectrum) and is crystallized (i.e. SAED pattern). The other region, where eds2 is performed, 

is composed of Si, C, and O. The presence of Si and C indicates that the synthesized material is a 

nanocomposite (i.e. nanoparticles of Si embedded in C matrix), and the presence of O is possibly 

due to the oxygen adsorbed in the material from ambient air or from the TEM grid (the grid can 

contribute even though the probed zone in a hole). Figure 3c is a magnification of the TEM image 

that shows the few nm Si particles in the amorphous carbon matrix, as well as the quarter of 200-

nm-diameter Si particles (a shell can be identified around this particle). 

 
Figure 3. a) Low resolution TEM image providing a global view of the synthesized particles. b) High-

resolution TEM image showing one typical large particle and small particles around it; EDS analysis and 
SAED pattern performed on various zones in the sample are also shown. c) High-resolution TEM image 

showing the few nm Si particles in a carbon matrix, as well as the quarter of a 200-nm-diameter Si 
particle with a shell. The discharge was sustained between Si-C electrodes in CHX at 22 kV / 500 ns 

conditions.  
 

Figure 4 shows the TEM images of particles synthesized in case ii (Si-Si electrodes in CHX 

at 22 kV / 500 ns). As in case i, large particles can be identified, in addition to a film-like structure 

(Figure 4a). Figure 4b shows particles of 200-300 nm that are dispersed on the film like structure. 

Magnified image of a typical particle (Figure 4c) clearly shows the core-shell structure; the EDS 
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analysis (eds1 spectrum) indicates that such a particle is mainly composed of C and Si. As for the 

film-like structure, the high-resolution TEM image (Figure 4d) shows that 10-20 nm nanoparticles 

of Si are embedded in a film of C. The Si nanoparticles are crystallized (see the magnification of 

a typical particle and the measurement of the interplanar distance that corresponds to the Si(111) 

plane), but the carbon film is rather amorphous. We believe that the amorphous nature of the film 

can be related to the low-charge (and low-energy) injected in the discharge upon using Si 

electrodes (additional resistance in the circuit because it is a semiconductor material).  

 
Figure 4. a-b) Low resolution TEM images providing a global view of the synthesized particles. c) High-
resolution TEM image showing one typical large particle of Si with its C shell; EDS analysis performed 
on the particle zone is also shown. d) High resolution TEM image showing crystallized Si nanoparticles 

embedded into amorphous C matrix; EDS analysis performed on the particle zone is also shown. The 
discharge was sustained between Si-Si electrodes in CHX at 22 kV / 500 ns conditions. 

 

The UV-visible absorbance spectra of as-synthesized particles in suspension are shown in 

Figure 5. Interestingly, the two normalized spectra are very similar. Absorbance peaks of Si or SiC 

particles (at 300 and 400-500 nm, respectively) were not detected [39, 40]. However, the peaks 

identified in the spectra are in the range of 200-350 nm, and they are usually reported for 

carbonaceous nanostructures (e.g. graphene, carbon fullerene, C60-70-…, interstellar carbonaceous 

dusts, etc. [41-45]). 
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Figure 5. UV-visible spectra obtained with as-synthesized particles in suspension after 
sustaining discharges in CHX at 22 kV / 500 ns between Si-Si and Si-C electrodes.  

 
3.3. Nanomaterial synthesized by discharges between C-C in TMS 

In this section, we present the characterization of the particles synthesized by discharges 

in TMS between two C electrodes at 22 kV / 500 ns and 8 kV / 100 ns, i.e. cases iii and iv, 

respectively.  

Figure 6a shows a low-resolution TEM image of the synthesized nanoparticles by 

discharge conditions of case iii. When compared with the previous cases (i and ii), no large 

particles were observed but only particles of ~10 nm. EDS analysis on the whole area of Figure 6a 

is shown in Figure 6b. The particles are mainly composed of Si and C; a low intensity peak of O 

is also detected. SAED pattern, performed on the same area of Figure 6a, is presented in Figure 

6c. The measured interplanar distances correspond to those of SiC reported in literature [46], i.e. 

2.53, 1.54, and 1.31 Å for (111), (022), and (113) planes, respectively. 
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Figure 6. a) Low resolution TEM image providing a global view of the synthesized particles. b) 
and c) shows EDS analysis and SAED pattern, respectively, performed on the particles in a). d), 
e), and f) show progressive zoom (i.e. high-resolution TEM image) on the dashed yellow square 
in a), d), and e). The discharge was sustained between C-C electrodes in TMS at 22 kV / 500 ns 

conditions. 
 

Figures 6d, 6e, and 6f are magnified images of the dashed-yellow squares shown in 6a, 6d, 

and 6e, respectively. These figures clearly indicate that the size of the particles is around 10 nm. 

The high-resolution TEM image of one typical particle (Figure 6f) shows arranged atoms 

(interplanar distance and angle correspond to those of SiC crystal [46]) in a carbon shell; this latter 

has a typical interplanar distance of (002) plane of graphite: ~3.5 Å. The shell is only 3-5 

monolayers around the SiC nanoparticles. The results obtained for discharges using two W 

electrodes are very similar to those obtained with two C electrodes (a summary is provided as 
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Supplementary Material). One notes that only very few nanoparticles of W were detected in the 

sample by TEM analysis; this could be explained by the low erosion rate of tungsten (the electrode 

tips were not significantly modified by the discharges). 

Discharge conditions of case iv differentiate from those of case iii by applying the lower 

voltage (8 kV instead of 22 kV) and the shorter pulse width (100 ns instead of 500 ns). Due to the 

lower injected energy (0.7 mJ), as compared to case iii (7 mJ), the synthesis yield was relatively 

small. Figure 7a shows a low-resolution TEM image of the synthesized nanoparticles. Figures 7b 

and 7c respectively show the EDS spectrum and SAED pattern, both obtained from the particles 

shown in Figure 7a. The EDS spectrum clearly shows that the particles are composed of Si, C, and 

O. Although the composition is the same as of the particles synthesized in case iii, the intensity 

ratio of Si/C peaks is very different. Indeed, it is 2.75 in case iii and 0.55 in case iv. Such a result 

indicates that the particles synthesized in case iv (low voltage and short pulse width) are richer in 

carbon than those synthesized in case iii (high voltage and long pulse width). As for the SAED 

pattern, it is very similar to that of case iii and clearly shows the interplanar distances of SiC 

crystal. A high resolution image of the particles (Figure 7d) shows that particles are embedded in 

an amorphous carbon film. A magnification of one single nanoparticle that measures about 30 nm 

exhibits a SiC core and graphitic shell of 6-8 monolayers. This particle seems to be deposited on 

the amorphous carbon film as other particles can be identified behind it. Another magnified image 

of a small particle (~10 nm) shows the arranged atoms of SiC nanoparticle (interplanar distance of 

~2.5 Å) but without a graphitic shell. At this stage, one notes that TEM (including imaging, 

electron diffraction, and EDS analysis) remains a local characterization technique, and the probed 

area is relatively small. Therefore, performing other global analysis, such as Raman spectroscopy, 
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could provide further information on the nature of the synthesized material (such analysis is not 

performed here). 

 

Figure 7. a) Low resolution TEM image providing a global view of the synthesized particles. b) 
and c) shows EDS analysis and SAED pattern, respectively, performed on the particles in a). d) 

is a high-resolution image showing SiC nanoparticles in carbon matrix. e) shows typical SiC 
particle that exhibits C shell. f) shows high resolution image of one typical SiC nanoparticle that 
is embedded in amorphous carbon. The discharge was sustained between C-C electrodes in TMS 

at 8 kV / 100 ns conditions. 
 

The UV-visible absorbance spectra on as-synthesized particles in TMS suspension, in 

discharge conditions of 22 kV / 500 ns and 8 kV / 100 ns (for two electrode configurations, W-W 

and C-C) are shown in Figure 8. For comparison purpose, the spectrum obtained with Si particles, 

synthesized in CHX, is added to the plot. Interestingly, for a given set of discharge conditions of 
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voltage amplitude and pulse width in TMS, the spectra seem to be independent of the electrode 

nature. Moreover, peaks at similar wavelengths that are attributed to carbonaceous nanostructures 

are observed only when discharges at 22 kV / 500 ns are conducted. This is similar to the case for 

Si-Si discharges in CHX. At the condition of 8 kV / 100 ns, a low-intensity peak at ~230 nm is 

observed. Based on the TEM results of case iv, only few particles of SiC with carbon shell are 

observed, but most of the particles were embedded in an amorphous carbon matrix. UV-visible 

spectra seem to be sensitive on the surface composition of the particle, as this technique is based 

on the surface plasmon resonance. In this context, the detected peaks provide information on the 

surface composition of the synthesized particles, which is the carbon shell or the amorphous 

carbon, depending on the discharge conditions.  

 

Figure 8. UV-Visible spectra performed on as-synthesized particles in solution after sustaining 
discharges in TMS at 22 kV / 500 ns and 8 kV / 100 ns between C-C and W-W electrodes. The 

spectrum of particles synthesized by discharge in CHX between Si-Si electrodes at 22 kV / 500 ns 
is added for comparison purpose. 

 
4. Discussion 

The results obtained from the experimental configurations tested herein indicate that: 1) it 

is not possible to produce SiC nanoparticles by combining Si and C species that originate from the 
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electrodes (anode of Si and cathode of C), 2) (results of case ii) it is not possible to produce SiC 

by combining Si and C species that originate from the electrodes and the liquid, respectively. In 

both cases (i and ii), two families of particles were observed: particles of Si with diameter > 10 nm 

that are often encapsulated in a shell of C and nanoparticles of Si with diameter < 10 nm that are 

embedded in a matrix of amorphous carbon. However, the results of cases iii and iv suggest that 

SiC nanoparticles with a typical diameter of ~10 nm may be produced, and that these particles are 

often encapsulated in a C-shell and/or embedded in C-matrix. The results are reproducible under 

same experimental conditions of voltage (magnitude and pulse width), gap distance, repetition 

rate, and discharge duration. This latter should be carefully considered when large scale production 

is needed, because the discharges significantly alter the properties of the liquid. Such changes may 

modify the discharge properties, and thus the mechanism of synthesis. This limitation could be 

avoided by e.g. designing a microfluidic system where the liquid is continuously renewed.  

The production of SiC nanoparticles using different processes, including plasmas, has been 

demonstrated in previous studies [6-14, 47]. In thermal plasmas, the synthesis route is rather 

understood, e.g. [48]. However, in non-thermal plasma, the situation is more complex. For 

instance, Coleman et al. [49] have investigated the in-flight carbonization of Si nanoparticles to 

SiC. Depending on the experimental conditions, two morphologies may be obtained: hollow and 

solid SiC nanoparticles. Although hollow structures are usually related to Kikendall effect, the 

authors claim that this effect cannot explain the process of hollow SiC nanoparticle formation. 

Based on the analysis of the diffusion kinetics, the authors found that the plasma first heats the Si 

nanoparticles (with C-shell) and initiates diffusion of C into Si to achieve nucleation of SiC. Then, 

there is an energy release (highly exothermic reaction) that further heats the particles, which leads 

to complete structural conversion to SiC. At this stage, it should be noted that authors have 
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mentioned a time scale (initiation and conversion) in the order of hundreds of milliseconds. In our 

discharge conditions (pulse width of 100 or 500 ns), the discharge is fast, and the longest period 

of plasma emission (measured using a photomultiplier tube, not shown here) is ~1 µs (in cases i-

iii). Therefore, another synthesis route should be adopted in our conditions. In fact, the 

impossibility of producing SiC by combining species originating from electrode and/or liquid can 

be understood in the light of time scale (~ms) provided by Coleman et al. [49]. Although the spark 

temperature can be relatively high (thousands of Kelvin), the cold liquid (at room temperature) 

quenches the reactions. On the other hand, the use of TMS as liquid has led to the production of 

SiC nanoparticles, even under very short pulse width (100 ns). This indicates that the synthesis of 

SiC in our conditions is very fast (instantaneous). Although we would like to propose synthesis 

kinetics, it is extremely difficult under these unusual experimental conditions. To start with, we 

conducted time-resolved optical emission spectroscopy measurements. The obtained spectra 

(available in Supplementary Material) show that strong continuous radiations dominate during the 

first hundred nanoseconds and later, only two species, C2 (Swan band) and Halpha, are detected; no 

Si species are detected (very similar spectra are observed in the other cases). At this stage, it is 

clear that other characterization techniques such as mass spectrometry coupled with modeling are 

required to unveil the synthesis pathways. 

  

5. Conclusion 

The results obtained here show that pulsed discharges between Si-C and Si-Si electrodes in 

cyclohexane (CHX) produce Si nanoparticles with a C shell, but not SiC nanoparticles. However, 

sustained spark-discharges in tetramethylsilane (TMS) do produce SiC nanoparticles. SiC 

nanoparticles were also found embedded in a few-layer graphite shell or in an amorphous carbon 
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matrix, depending on the discharge conditions. The former was obtained in energetic discharges 

(at 22 kV and 500 ns), while the latter was obtained in relatively low energy discharges (at 8 kV 

and 100 ns). The difference in the produced material may be attributed to the quenching of 

reactions by the cold liquid. Also, we observed that the electrode material does not influence the 

production of SiC nanoparticles as long as discharges are sustained in TMS; however, the use of 

electrodes with low erosion rate is recommended in order not to pollute the products. These results 

demonstrate the feasibility of synthesis of SiC nanoparticles by the sustained spark discharges in 

TMS, which opens the way to effectively produce other type of nanomaterials.  
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