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ABSTRACT 

Discharges in liquid can efficiently produce nanoparticles via electrode erosion and (or) liquid 

decomposition. Although in-liquid spark discharges promote the erosion of electrodes, the 

injection of bubbles may enhance plasma-liquid interactions. In this study, we investigate the 

materials produced by sustaining pulsed discharges in liquid hexamethyldisilazane (HMDSN) with 

injected Ar, He, or N2 gas bubbles. The electrical characteristics of the discharges are analyzed, 

and variations are detected between the materials produced using Ar or He gases and using N2. 

The behavior of the liquid medium after synthesis also exhibits differences, depending on the 

nature of the gaseous bubbles. For instance, the particles produced with Ar and He are rapidly 

(within hours) sedimented in the liquid medium, but those produced with N2 remain in suspension 

for several weeks. FTIR, Raman, TEM, and UV-vis analyses show that the synthesized materials 

consist of SiC nanoparticles (~10 nm diameter) embedded in a hydrogenated carbonaceous 

structure with short-range order (~2–4 nm). O and N are detected in the structure, which indicates 

that the composition of the particles’ surface is complex. When the particles are heated at 600°C 

in air for 4 h, crystalline structures with a higher percentage of O and lower percentages of C and 

N are formed.   
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1. INTRODUCTION 

Nanomaterials have revolutionized the field of material science due to their novel and 

unique properties [1-3]. Considering their small size, nanomaterials can be easily integrated into 

other fabrication processes, allowing the design of smart and multifunctional devices [4, 5] that 

can be used in different fields of application, such as biomedicine [6], energy conversion [7], 

microelectronics [8], and photocatalysis [9]. 

The physical, chemical, or biological techniques used to synthesize nanomaterials [10] are 

usually classified as top-down or bottom-up approaches. The former indicates breaking 

macroscopic materials down to nanoparticles [11], whereas the latter means building 

nanomaterials from atomic or molecular levels [12]. Thermal [13] and non-thermal [14] gas-phase 

plasmas are known to have great potential for producing a broad range of nanomaterials. The 

plasmas produced in- or in-contact with a liquid [15] are also promising. According to previous 

reports, these plasmas are characterized by high production rates (~mg/min) [16] and can be used 

to synthesize materials with novel crystallographic phases [17]. Moreover, the nanoparticles 

synthesized by plasmas in- or in-contact with liquid are confined in solution, which minimizes 

potential hazards caused by very small particles [18].  

In plasma-liquid systems, nanoparticles are synthesized via electrode erosion, liquid 

dissociation, or ion reduction. The electrode erosion and the liquid dissociation usually occurred 

with streamer or spark discharges in a dielectric liquid. Considering that plasma-electrode 

interactions are less significant in the case of a streamer than in that of a spark discharge [19], the 

latter is much favorable for nanomaterial synthesis [16]. Depending on the chemical natures of the 

electrodes and the liquid, various types of nanoparticles may be produced. For instance, oxidized 

nanoparticles are normally synthesized in water [20], while nanocomposites (nanoparticles 

embedded in C-matrix) are produced in liquid hydrocarbons [21]. The plasma-induced ion 
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reduction in solution requires the utilization of metal salts (such as gold nitrate, silver nitrate, etc.) 

or electrodes (Au, Ag, etc.) [22, 23] which produce ions in solution. 

Notably, plasma-liquid systems can be used to produce materials with complex 

nanostructures. For instance, discharges generated between chemically different two electrodes 

may produce nanostructures composed of different elements, core-shell nanostructures, or 

nanoalloys. Previously, Kabbara et al. [24] have shown that by sustaining spark discharges 

between Si and Sn electrodes in liquid nitrogen, 10-nm-separated nanocrystals of Si and Sn may 

be produced. Large silicon crystals (~500 nm) decorated with Sn spheroids have also been 

produced under high-current conditions [24]. Similarly, the discharges sustained between Cu and 

Zn electrodes have produced Cu-ZnO core-shell nanoparticles [25], based on a multiple-step 

approach. Using the same approach, spark discharges in liquid nitrogen have also been used to 

produce nanoalloys [26]. Although complex nanostructures have been previously synthesized 

using plasma-liquid systems, the efficient synthesis of nanoalloys and other complex materials is 

not a simple process, as it usually requires the combination of multiple discharges. This 

complicates the application of the synthesis process on an industrial scale.  

In this study, our goal is to produce SiC nanomaterial. This material is highly attractive for 

applications, such as field emission displays, nanosensors, nanoscale electro-devices, light 

emitting devices, and others [27]. Many processes have been used to produce SiC, such as Acheson 

process (it is based on carbothermal reduction), sol-gel, chemical vapor deposition, or self-

propagation high-temperature synthesis techniques [27]. These processes have some advantages 

but also some limitations, such as cost, processing time, collection and purity of products, among 

others. Recently, we have explored the production of SiC nanoparticles using in-liquid nanosecond 

discharges [28], and the obtained results demonstrated that the simultaneous erosion of Si and C 
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from electrodes produced Si particles embedded in a C-matrix rather than SiC nanoparticles. The 

same composite material could be produced when discharges were applied between two Si 

electrodes in liquid hydrocarbon. Indeed, it is not possible to combine the species originating from 

electrode erosion (i.e. Si) and from liquid decomposition (i.e. C) to give SiC. The only 

configuration that leads to SiC nanoparticles is discharge in a liquid that comprises SiC bonds, 

such as tetramethylsilane (TMS) [28]. However, the rate of TMS evaporation is high due to the 

relatively low boiling point (~26°C) of this liquid [29].  

In this study, we aimed to produce SiC nanoparticles by applying nanosecond discharges 

in a liquid that already includes SiC bonds. This liquid was hexamethyldisilazane, 

(CH3)3SiNHSi(CH3)3), and it has a boiling point of ~125°C [29]. To increase the yield of 

production and to test a possibility to alter particle’s properties, gaseous bubbles were added to the 

liquid. This promoted plasma-liquid interactions and minimized electrode erosion (less plasma-

electrode interactions) [30, 31], which enhanced the decomposition of the liquid. 

 

2. EXPERIMENTAL SETUP 

As shown in Figure 1, the experimental setup consisted of a nanosecond positive polarity 

pulsed power supply (NSP 120-20-P-500-TG-H, Eagle Harbor Technologies). The pulsed 

discharges generated by this power supply were produced in gaseous bubbles in liquid 

hexamethyldisilazane (HMDSN), at a voltage amplitude of 12 kV and a pulse width of 500 ns. 

These discharges were maintained for 5 min at the fixed repetition rate of 1 KHz. The upper 

stainless-steel electrode (diameter of 2 cm) was grounded, whereas the lower hollow-needle-like 

electrode (inner and outer diameters of 0.3 and 0.5 mm, respectively) was connected to the positive 

high voltage (i.e. anode). An interelectrode gap distance was fixed at 2 cm, and the electrode 

assembly was mounted in a 10-cm high cylindrical quartz cell with inner and outer diameters of 
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2.0 and 2.2 cm, respectively. The cell was filled with ~10 mL of liquid HMDSN from Sigma 

Aldrich. A mass flow controller was used to inject Ar, He, or N2 (purity of 99.99%) into the liquid 

through the lower hollow needle. The gas flow rate was fixed at 0.2 L/min, resulting in a 

continuous array of bubbles with an average diameter of ~1.0 ± 0.5 mm.  

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

discharges in different dielectric liquids containing gas bubbles. 
 

The electrical characteristics of the discharges were acquired using an oscilloscope 

(MSO54, Tektronix). The voltage (𝑣 ) was measured using a high-voltage probe (P6015A, 

Tektronix), whereas the current (𝑖) was measured using a current monitor (6585, Pearson). The 

injected charge and energy were calculated by integrating the current over time (∫ |𝑖(𝑡)|𝑑𝑡) and 

the power over time (∫ |𝑣(𝑡)𝑖(𝑡)|𝑑𝑡), respectively. The displacement current was not accounted 

for in the calculation. 

The synthesized nanostructures were analyzed using a Transmission Electron Microscope 

(TEM, JEOL, JEM-2100F) operated at 200 kV. Liquid samples containing the synthesized 

nanostructures were collected, sonicated for 5 min, then drop-casted in the TEM Cu-grid coated 
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with a lacey C-film (from Electron Microscopy Science). The data concerning the nanostructures 

were acquired using bright field TEM imaging, Electron Dispersive Spectroscopy (EDS), and 

Selected Area Electron Diffraction (SAED). UV-visible absorption spectroscopy (Cary 5000 UV-

Vis-NIR, Agilent) was also used to identify the as-synthesized particles in suspension. Attenuated 

Total Reflectance Fourier Transform Infra-Red (ATR-FTIR) spectrometry (Vertex 70, Bruker) 

was used to identify the chemical structures of the liquid samples and solid particles (after liquid 

evaporation in ambient air) at the resolution of 2 cm-1. 

The chemical and microstructural stabilities of the synthesized nanomaterial were analyzed 

by thermal annealing of the samples in an oven, using ambient air as gas. One set of samples was 

annealed at 200°C, while the other set was annealed at 600°C. After mounting the samples, the 

oven temperature was increased from room temperature to 200 or 600°C, then the samples were 

annealed at the final temperature for 4 h. 

3. RESULTS 

3.1. Electrical characterization 

The electrical characteristics of the pulsed discharges were determined by processing the 

v-i waveforms. Based on the typical waveforms depicted in Figure 2, the discharges exhibit a 

voltage drop and a current peak, which indicates electrical breakdown of the medium, irrespective 

of the gas (Ar, He, or N2). The breakdown moment may vary within the plateau due to stochastic 

nature of the position and number of bubbles during the application of the pulse. The waveforms 

presented in Figure 2 correspond to discharges of which breakdown moments vary between 100 

and 200 ns. The corresponding peak currents are ~18 A with Ar bubbles, ~20 A with He bubbles, 

and ~10 A with N2 bubbles. Although the injected energy of the discharge is independent of the 

gas (~3 mJ for all discharges), the injected charge corresponding to discharges with N2 (2.69 µC) 
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is relatively smaller than those measured for the discharges in Ar and He (3.12 and 2.99 µC, 

respectively). Significant oscillations in the current and voltage waveforms are also visible in the 

cases of Ar and He bubbles, but they diminish in the case of N2 bubbles. This indicates that, from 

an electrical point of view, the discharges generated in Ar and He bubbles are similar, unlike the 

discharges generated in N2. 

 

Figure 2. Typical electrical characteristics of discharges in liquid HMDSN containing a) Ar, b) He, and 
c) N2 gas bubbles. 

 

3.2. Material characterization 

After plasma processing, samples of the HMDSN liquid were collected and characterized 

by various techniques. The production rate is in the order of mg/min. Although a precise 

measurement has not been conducted, we note that the highest and lowest production rates were 

measured in Ar and He gas, respectively. The FTIR spectra of the liquids processed by discharges 

in Ar, He, and N2 bubbles are shown in Figure 3a, along with the spectrum of the unprocessed 

liquid HMDSN. Although the spectra of the processed liquids are similar each other, they clearly 

show highlighting novel peak at ~1040 cm-1 that corresponds to Si-O-Si as compared to the 

unprocessed HMDSN spectrum. The FTIR spectra shown in Figure 3b correspond to the solid 

particles obtained after evaporating the processed liquid. Compared to the spectrum of the 

unprocessed liquid, these spectra exhibit a novel Si-Hx at ~2100 cm-1 and disappeared N-H peaks 
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at 1179 and 3381 cm-1. Moreover, the peaks between 500 and 1000 cm-1 in the spectra of solid 

particles are broader than those observed in the spectrum of the unprocessed HMDSN [32].  

 

Figure 3. a) FTIR spectra of unprocessed and plasma processed liquid HMDSN containing Ar, He, and 
N2 bubbles. b) FTIR spectra of the solid particles obtained after evaporating the plasma processed liquid; 

spectrum of unprocessed liquid HMDSN is added for comparison. 
 

Figure 4 depicts the Lorentzian fitted spectra in the range of 600–1150 cm-1. In the case of 

the unprocessed HMDSN, multiple spectral peaks, including those corresponding to Si-(CH3)1,2,3, 

Si-N-Si, and Si-O-Si vibrations, are well fitted by the Lorentzian function (Figure 4a). The peaks 
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observed in the solid material spectra are also well fitted, and their positions are not significantly 

shifted compared to the peaks of the unprocessed liquid. However, the sharp peak detected at 618 

cm-1 disappears after the processing, irrespective of the gas used. The broad band between 600 and 

900 cm-1 is well fitted by individual Lorentzian peaks that are similar to those fitting the 

experimental spectral peaks of the unprocessed HMDSN, despite the significant variation in the 

relative intensities and areas. The variation in the fitted peak intensities between the processed and 

the unprocessed samples may be attributed to the modification of the HMDSN structure by 

discharge as well as the formation of a hydrocarbon network in which multiple vibrational modes 

exist (see below). Individual fitted peaks are also observed at ~1033–1040 and ~927 cm-1, and they 

correspond to Si-O-Si and Si-N-Si vibrations, respectively [32]. Overall, the spectra indicate that 

the solid material produced by the plasma processing in HMDSN has a complex structure and is 

composed of Si, C, O, H, and N, regardless of the gas used. To identify the structure of this 

material, further analyses were performed (see below).  
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Figure 4. Lorentzian fitted spectra of a) unprocessed HMDSN and processed liquid HMDSN 
containing b) Ar, c) He, and d) N2 bubbles. 

The Raman spectra shown in Figure 5a are dominated by D and G peaks at ~1336 and 1595 

cm-1, respectively. The D vibration mode is forbidden in a perfect graphite and only appears in the 

presence of disorder. Meanwhile, the G vibration mode describes the in-plane bond-stretching 

motion of sp2 carbon atom pairs. The normalized and the background-corrected spectra presented 

in Figure 5b clearly indicate that the composition of the gaseous bubbles does not influence the 

carbon structure in the synthesized material. Moreover, the ratio of the peak intensity between D 

(ID) and G (IG) allows to estimate a microcrystalline planar size (La) according to the relation 

derived by Tuinstra and Koeing’s [33, 34]: La (nm) = ~4.4 × IG/ID. Considering that IG/ID is ~1, 

the La of the synthesized material is estimated to be ~4.4 nm. If the ratio is calculated using the 

areas of D and G peaks instead of the intensities, the estimated value of La will be relatively smaller 
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(~2.5 nm). However, in both cases, the microcrystalline planar size of the carbonaceous structure 

is in the short-range (2–4 nm) (confirmed by TEM imaging, orange encircled zone in Figure 7a).  

 

Figure 5. a) Raman spectra of processed liquid HMDSN containing Ar, He, and N2 bubbles. b) 
Normalized Raman spectra of the samples in the range of 1150-1700 cm-1. 

Figures 6a, b, and c show TEM images (at intermediate resolution) of the samples 

synthesized by discharges in Ar, He, and N2 bubbles, respectively. The magnified images of some 

regions (yellow square) are also shown. Clearly, the samples do not exhibit significant variation 

in surface structure, as confirmed by the SAED patterns recorded for the imaged zones. As shown 

in Figure 6d, the measured interplanar distances observed in the SAED pattern of the solid sample 

synthesized by discharges in Ar are 2.53, 1.54, and 1.31 Å, which corresponds to the (111), (022), 

and (113) planes, respectively. This agrees well with the structural data reported in the literature 

for SiC [35]. The patterns of the particles synthesized with He and N2 are not shown here, since 

those are very similar to that with Ar. The EDS analyses performed on the regions shown in Figures 

6a–c demonstrate that all three sample are composed of 42–44 wt% C, 34–37 wt% Si, 12–17 wt% 

O, and 5–8 wt% N. 
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Figure 6. Low resolution TEM images of the particles synthesized by discharges in liquid 
HMDSN containing a) Ar, b) He, and c) N2 bubbles. d) SAED pattern performed on a). e) 

Chemical composition deduced from the EDS analysis performed on a), b), and c). 

The high-resolution TEM images shown in Figure 7 demonstrate that the synthesized 

nanomaterials consist of SiC nanocrystals with diameters of 5–10 nm. These nanocrystals are 

embedded in an amorphous carbon film of which microcrystalline planar size is in the short range 

(e.g. orange encircled zone in Figure 7a). The EDS analyses performed on the black-encircled 

regions shows that the samples exhibit small variations in the estimated percentages of elements. 

The weight percentages of C, Si, O, and N vary in the ranges of 50–51, 35–41, 3–6, and 4–6 wt%, 

respectively. These values are similar to those estimated for the relatively large probed zones 

(Figure 6e). 
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Figure 7. High resolution TEM images of the particles synthesized by discharges in liquid 
HMDSN containing a) Ar, b) He, and c) N2 bubbles; the chemical composition deduced from 

EDS analysis (performed on the black-encircled regions in each image) is also shown. 

 

The UV-visible absorbance spectra of as-synthesized particle suspensions are shown in 

Figure 8a. The spectra of particles produced with Ar and He bubbles are very similar, and they 

comprise two peaks at 276 and 283 nm (energies of 4.5 and 4.4 eV, respectively). The spectrum 

of particles synthesized with N2 bubbles is slightly different, as the absorbance is relatively high 

throughout the spectral region, and the intensities of the two-peak are low (inset of Figure 8a). 

Based on the available literature, SiC nanoparticles absorb light in the range of 270–300 nm [36], 

and the exact position of the absorption peak is highly dependent on particle size. However, the 

detection of two peaks in the spectra of the particles synthesized herein does not necessarily mean 

that these particles have two size distributions. The peak in the range of 260–270 nm may be 

attributed to the carbonaceous shell structures around the SiC nanoparticles [37]. Therefore, we 

believe that two peaks correspond to SiC nanoparticles with C-Shell.  

After background subtraction and normalization in the wavelength range of 260–290 nm, 

the two absorption peaks are more clearly visible, as shown Figures 8b and c for the particles 

synthesized with Ar and N2 bubbles, respectively (the normalized spectrum of particles produced 
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with He is not shown, as it is similar to that of the particles produced with Ar). In both cases, the 

peaks are well fitted by Gaussian profiles. The area percentages of the 276 nm peak is ~67, ~ 65, 

and 55% for the material synthesized with Ar, He, and N2, respectively. The Tauc plots presented 

in Figure 8d show similarities between the materials produced with Ar and with He; however, the 

material synthesized by discharges in N2 is different. Although these plots can be used to determine 

the band gap energies of the materials (as performed in [20, 21]), this was not conducted in this 

study due to the inaccuracy of the method. However, the variation observed between the plots 

corresponding to Ar and He and that corresponding to N2 clearly indicates that the surface 

properties of the particles synthesized with the former two gases are different than those of the 

particles synthesized with N2. Such difference is confirmed by the variation in sedimentation 

behavior of the two sets of materials. The materials produced with Ar and He were immediately 

sedimented (within about one hour), whereas those synthesized with N2 required a few weeks. 

Further analyses, such as X-ray photoelectron spectroscopy, are needed to assess the influence of 

the gas on the properties and the structure of the particles synthesized. These analyses will be 

subject of future studies.  
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Figure 8. a) Normalized UV-vis spectra of the particles synthesized by discharges in liquid 
containing Ar, He, and N2 gas bubbles. b) and c) show the background corrected UV-vis spectra 

(of particles with Ar and N2 bubbles) in the region of interest. These spectra are fitted to two 
Gauss profiles. d) Tauc plot profiles deduced from the UV-vis spectra shown in a). 

 
 

Based on the results presented above, nanosecond discharges generated in the liquid 

HMDSN with the gaseous bubbles produced SiC nanoparticles embedded in an amorphous carbon 

shell. The detection of O by EDS and of Si-O-Si vibration by FTIR indicates that the surface of 

the synthesized particles is oxidized. Meanwhile, the detection of N and Si-N-Si vibration (927 

cm-1) suggests that some residues of HMDSN remain on the surface of the particles or are confined 

in the synthesized material (in the structure), even after evaporation of the liquid. To determine 
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whether the unevaporated HMDSN is encapsulated in the material structure or bound to its surface, 

the solid particles were heated in air at 200 and 600°C for 4 h, then they were characterized by 

FTIR and TEM.  

Figure 9a shows the FTIR spectra of the particles heated at 200°C in the range of 500–

1200 cm-1. The spectrum of the as-synthesized solid particles is also shown for comparison. In 

general, heating at 200°C does not significantly modify the character of the particles, as the number 

of spectral peaks does not change. However, the intensity of the Si-O-Si vibration peak (at ~1040 

cm-1) increases after heating, possibly because of further oxidizing the surface due to the heat. The 

level of increase in intensity depends on the gas component, with the highest and lowest increases 

observed for the particles synthesized with He and N2, respectively. Heating the particles at 600°C 

induces significant variation in the FTIR spectra; however, the influence of gas component is not 

visible. As shown in Figure 9b, the peaks observed below 750 cm-1 in the spectrum of particles 

synthesized with N2 disappear after heating at 600°C. The detection of more than one peak 

corresponding to SiC stretching vibrations in the range of 700–900 cm-1 indicates that the structure 

of the material is disordered. According to Rübel et al. [38], the vibrational mode with the lowest 

wavenumber corresponds to structures with one C atom surrounded by four Si atoms. Meanwhile, 

the vibrational mode with the highest wavenumber corresponds to structures with one Si atom 

surrounded by four C atoms. As for the band detected in the region of 1000–1100 cm-1, it is fitted 

by two peaks at 1043 and 1091 cm-1 corresponding to Si-O-Si and Si-O-C vibrations, respectively 

[39]. 
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Figure 9. FTIR spectra of the particles synthesized by discharges in liquid HMDSN containing 
Ar, He, and N2 bubbles and heated at 200°C. b) FTIR spectra of the as synthesized (solid) 

particles and of those heated at 200 and 600°C (only the case of N2 gas is shown). The spectra of 
the latter conditions are fitted by Lorentz profiles. 

 

Figure 10a shows a typical TEM image, electron diffraction pattern, and high-resolution 

image of the particles produced with Ar heated at 200°C. The particles produced with other gases 

exhibit similar characteristics, and thus their data are not shown herein. Based on EDS analysis, 

the relative percentages of different elements (C, Si, O, and N) do not significantly change after 

heating, and the interplanar distances deduced from the SAED pattern well correspond to the SiC 

nanocrystal. The intermediate- and high-resolution TEM images shown in Figures 10b–d 

demonstrate that the particles produced with Ar, He, and N2 are similar, and that their appearance 

is not affected by annealing at 600°C. The interplanar distances of these particles are also similar, 

and they correspond to SiC nanoparticles (size between 5 and 10 nm) embedded in an amorphous 

carbon matrix. Notably, 600°C annealing decreases the percentages of C and N from 44 to ~19 

wt.% and from 6.6 to 0.6–2.2 wt.%, respectively. Meanwhile, the percentage of O increases from 

5 to ~45 wt.% after annealing. The percentage of Si in the material does not significantly change 

(~33–39%). 
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Figure 10. a) Low resolution TEM image, SAED diffraction pattern (performed on a), and high-
resolution TEM image of the particles synthesized by discharges in liquid HMDSN containing Ar 

gas bubbles and heated at 200°C. Low resolution TEM image, SAED pattern, and high-
resolution TEM image of the particles synthesized by discharges in liquid HMDSN containing b) 

Ar, c) He, and d) N2 gas bubbles and heated at 600°C. 

 

Overall, the results showed that pulsed nanosecond discharges generated in liquid HMDSN 

with gaseous bubbles led to the production of SiC nanoparticles (5–10 nm diameter) embedded in 

a hydrogenated carbon matrix with short microcrystalline planar size. The surface of the as-

synthesized material was oxidized (Si-O-Si) and contained some N-bonds (Si-N-Si). Considering 

that the particles exhibited different behaviors in liquid depending on the gas component (rapid 

sedimentation for the case of Ar and He vs. slow sedimentation for the case of N2), their surfaces 
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must comprise different ‘functional groups’. Four-hour heating at 600°C promoted the oxidation 

of the particles’ surfaces, resulting in higher percentages of O and lower percentages of N. 

Additional surface characterizations (e.g. XPS) are needed to address the surface state of the 

particles. 

 

5. Conclusion 

The results obtained in this study showed that SiC nanoparticles could be effectively 

produced by sustaining pulsed discharges in liquid HMDSN with Ar, He, or N2 gaseous bubbles. 

The electrical characteristics of the discharges produced with Ar and He bubbles were very similar; 

however, those corresponding to discharges produced with N2 were somewhat different, and they 

exhibit the lowest current (~10 vs. 20 A). The behaviors of synthesized particles in the processed 

liquid were also different depending on the gas component. Indeed, the particles produced with Ar 

and He were rapidly sedimented (within hours), whereas those produced with N2 remained 

suspended in the solution for several weeks. Using different analytical techniques, it was show that 

the synthesized material consisted of SiC nanoparticles (~10 nm diameter) embedded in a 

hydrogenated carbonaceous structure with the microcrystalline planar size in the short range (2–4 

nm). Chemical analysis revealed that, in addition to Si and C, O and N elements presented in the 

synthesized material, which indicates that its surface is oxidized, and that N-groups are distributed 

on it. Notably, the structure of the particles did not change after heating 200°C for 4 h; however, 

as the annealing temperature was increased to 600°C, the weight percentage of O in the material 

increased, while that of C decreased without affecting the structure of SiC nanoparticles. Further 

characterization of the particles’ surfaces is needed to resolve its composition. The original 
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strategy of nanomaterial synthesis proposed herein has great potential for the effective and 

production of SiC nanoparticles. 
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