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ABSTRACT. Carbon-based nanocomposite materials have attracted the attention of researchers in the last 

decade due to their unique properties applicable in wide applications. This study aims to synthesize and study 

the characteristics of the carbon-based nanocomposite material produced using the chemical vapor 

deposition (CVD) method with SiC and SiO2. The CVD process was carried out at 900 ℃ in a vacuum with 

flowing argon, hydrogen, and acetylene gases. The CVD process produced nanocomposites with more sp3 

hybridized carbon atoms, as indicated by the D peak in the Raman spectra. The diffraction pattern analyses 

show that the resulting carbon powder nanocomposite growth with SiC powder (CSiC) reveals a carbon 

diffraction peak C(002) and has an elongated form confirmed by an electron microscope. In comparison, the 

resulting carbon powder nanocomposite growth with SiO2 powder (CSiO2) has a spherical form and presents 

a carbon diffraction peak C(002). CSiC nanocomposites showed both symmetric and asymmetric C‒H 

stretching. In FTIR data, CSiO2 nanocomposites show more intense O‒H group peaks but lower-intensity C‒

H group vibrations.  

 

INTRODUCTION 

Carbon is an element that is easily obtained and abundant in nature. Carbon materials, one of the most 

abundant materials on earth, can be found in nature, such as graphite, diamonds, and coal (Maduraiveeran and Jin, 

2021). Carbon is found in several different hybridization states, each with unique properties. Carbon allotropes' 

electrical, thermal, mechanical, and chemical properties are directly correlated with their hybridization state and 

structure. Carbon allotropes in nanometers, i.e., called carbon nanomaterials, have various sizes and dimensions. 

Carbon generally has allotropes, which can be classified based on their dimensional structure. Carbon allotropes 

with zero dimensions (0D) include carbon dots, carbon onions, fullerenes, and nanodiamonds; one-dimensional 

(1D) carbon allotropes include carbon nanofibers, carbon nanohorns, and carbon nanotubes (CNT); two-

dimensional (2D) carbon allotropes include graphene; and three-dimensional (3D) carbon allotrope include multi-

layered graphitic nanosheets and diamond (Giraud et al., 2021). Carbon materials can be referred to as carbon 

nanomaterials when the diameter size of the particle or fiber ranges from about 1 nm to 100 nm. Carbon 

nanomaterials, with their excellent properties, are ideal candidates for advanced applications in the fields of 

electronics, membranes, wastewater treatment, batteries, capacitors, heterogeneous catalysis, as well as biological 

and medical sciences  (Manawi et al., 2018; Cai et al., 2019).  

Various techniques have been reported in the literature for synthesizing 0D, 1D, 2D, and 3D carbon 

nanomaterials. The most common techniques for preparing carbon nanomaterials are laser ablation (Wang et al., 

2022), arc discharge (Zhang et al., 2019), and chemical vapor deposition (CVD) (He et al., 2009; Manawi et al., 

2018; Saraswati et al., 2020b). CVD is the most common technique to prepare thin film deposition technique. This 

technology mainly uses one or more compounds or gas phase elements containing target product elements to carry 

out chemical reactions on the substrate surface to produce products (Saputri et al., 2020; Garg et al., 2024; Ivanov 
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et al., 2024; Nánai et al., 2024). CVD has been widely used to develop crystals and deposit various single crystals, 

polycrystallines, or inorganic thin films such as glass (Lee et al., 2021). Moreover, as a valuable research industry 

and industrial production method, CVD technology has become one of the most classic methods for preparing 

various carbon nanomaterials (Saraswati et al., 2017; Saraswati et al., 2020a; Prasiwi et al., 2021; Priyanti and 

Saraswati, 2021; Muchlisha et al., 2023). In this process, gas components react on the surface of the wafer and 

form a thin layer. The economically friendly and easy experimental setup is one of the reasons for choosing CVD 

as a method to synthesize carbon nanomaterials. Many hydrocarbons can be used as precursors in various 

compound states, namely gas, liquid, or solid. The energy used for the breakdown and excitation of molecules 

includes heat, plasma, radiation, metal-organic high energy species via thermal CVD, plasma-enhanced CVD 

(PECVD), radiation-enhanced CVD, and metal-organic vapor deposition (MOCVD), respectively. The reactions 

that occur in the CVD method are thermal decomposition reactions, reduction reactions, disproportionation 

reactions, and couple reactions (Cahay et al., 2014).  

CVD can also be used as a technique to modify the surface properties of components by engineering layers 

of components with layers of other metals or other compounds through chemical reactions in the vapor phase at 

high temperatures. CVD is widely applied in material manufacturing technology. The majority of these 

applications involve coating or coating solids on the surface. Another application of CVD is to produce high-purity 

bulk material and powder (Brindhadevi et al., 2023). The CVD technique is used to manufacture thin films, which 

are used in the microelectronics industry as dielectrics, conductors, passivation layers, oxidation barriers, and 

epitaxy layers. Fiber optic production is resistant to corrosion and heat resistant. The other applications of the CVD 

technique are for manufacturing high-temperature materials, such as tungsten and ceramics, manufacturing 

materials used in solar cells, manufacturing superconductor materials, and manufacturing high-temperature-

resistant carbon nanocomposites (Anggoro et al., 2022).  

Carbon nanocomposites have received much attention in various fields due to their extraordinary properties 

(Speranza, 2021; Javed et al., 2024; Lei et al., 2024; Luo et al., 2024). The desired elements in carbon 

nanocomposites can be designed by choosing the appropriate powder substrate used in CVD as a place for carbon 

growth, e.g., ceramic (Jagani et al., 2024), silicates (zeolite, montmorillonite, kaolinite) (Kadlečíková et al., 2024), 

Al2O3, MgO (Mohana et al., 2024), resulting in carbon nanocomposite materials. The common powder substrate 

material selected in CVD generally has a high surface area and provides catalytic activity supporting the chemical 

reaction during the CVD process. However. to the best of the authors' knowledge, the growth of carbon 

nanocomposites using SiO2 and SiC has not been widely explored in CVD, nor has the characterization of their 

products. Therefore, this study reports the synthesis of carbon/silica nanocomposite using the CVD method and 

their characterization. The results reported might give necessary information to other researchers that will benefit 

the development of carbon-based nanomaterials. 

 

MATERIALS AND METHODS 

The materials used are SiC powder (technical grade), SiO2 powder (technical grade), distilled water, ethanol 

(99%, Merck), argon gas, acetylene gas, and hydrogen gas (PT. Samator gas industry, UHP grade). Instruments 

used are X-ray diffractometer (XRD) (Bruker D8 Advance; Cu 1.54 nm; 40 V), scanning electron microscope 

(SEM) with energy dispersive x-ray spectroscopy (EDX) (Hitachi SU 3500 brand), Fourier-transform infrared 

(FTIR) (Shimadzu IR Prestige-21), and Raman spectroscopy (Modular Raman Type iHR 320; laser 532 nm). 

 

Synthesis of carbon nanocomposites using the CVD method 

This CVD method was carried out using acetylene, hydrogen, and argon gas sources in a flow gas ratio 

(L/min) of 1:2:1. The powder substrate used was SiO2 powder and SiC powder put in a separate alumina boat and 

placed in an OTF quarts furnace with a balanced position. The CVD equipment consisted of a quartz tube with a 

horizontal furnace connected to the gas inlet and outlet hoses. The inlet gas hose was connected to the gas source, 

and the outlet gas hose was attached to the vacuum pump. Argon gas was supplied when the furnace temperature 

reached 350 ℃ to remove the remaining water vapor in the furnace. The other gases flowed to the chamber at a 

temperature-increasing rate of 200 ℃/40 min. The temperature chamber was set to 900 ℃ for 10 min. The resulting 

material is labeled CSiC nanocomposite and CSiO2 nanocomposite. 

The synthesized nanocomposites were characterized using XRD. The surface morphology of the 

nanocomposite solids was analyzed using SEM-EDX. The data obtained by imaging mode from the SEM test 
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results in images of the nanoparticle surface at a certain magnification resolution. The constituent elements of the 

nanoparticles formed were analyzed using energy-dispersive X-ray spectroscopy (EDX) to determine the 

constituent elements. The data obtained are elemental mapping and peak intensity data, which show the percentage 

(%) of the elements that comprise the synthesized nanoparticles. Other instruments used for analysis are FTIR and 

Raman spectroscopy to the molecular vibrational spectra.  

 

RESULTS AND DISCUSSION 

Carbon nanocomposites/Si compounds have been successfully synthesized using the CVD method with two 

powder substrates, SiO2 and SiC. This CVD process was carried out in a closed system with gas flow, and the 

CVD equipment circuit is shown in Figure 1.  

 

Figure 1. CVD experimental setup. 

 

Synthesis of carbon nanocomposites/Si compounds using the CVD method resulted in growth in quarts boats 

containing white SiO2 powder and SiC in the form of greenish powder (see Figure 2(a)), which turned into black 

powder as in Figure 2(b). In the CVD process, all atmospheric gases in the chamber are initially removed to avoid 

oxidation processes caused by oxygen-containing gases in the atmosphere. Carbon precursor gas (especially 

hydrocarbons) flows into the reaction chamber with inert gases such as helium or argon. When the furnace was 

turned on, the gases evaporated and decomposed, resulting in a reaction between the reactive species derived from 

the gas and the catalyst, yielding carbon deposition on the powder substrate. Gas decomposition occurs in the 

temperature range of 600 ‒ 1200 °C. The hydrocarbon decomposed to be species, i.e., hydrogen and carbon, further 

interacts with the metal catalyst. Carbon will dissolve into the metal, while hydrogen gas will be evaporated out, 

leaving the chamber pumped out by the vacuum pump.  

 

Figure 2. SiC and SiO2 powder substrates in alumina boat (a) before the CVD process and (b) after the CVD 

process. 

 

The XRD peak identification is carried out by comparing the 2θ values of the synthesized diffractogram 

peaks to the 2θ values of the Joint Committee on Powder Diffraction Standard (JCPDS) reference data. The 

diffractogram results of CSiC nanocomposites and CSiO2 nanocomposites resulting from CVD synthesis can be seen 

in Figure 3 (A and B). Figure 3(A) shows the XRD spectrum of the CSiC nanocomposite presenting a carbon peak 

C (002) at 2θ 26.603ο in accordance with JCPDS standard number Carbon 26-1076. Carbon peaks also appear at 

2θ 42.717ο, 43.450ο, and 46.308ο in accordance with the carbon diffraction database in JCPDS 26-1076 as peaks 

of C (101), (102), (104), respectively. Apart from the carbon peak, the CSiC nanocomposite diffraction spectrum 

also reveals a Si peak at 2θ 30.102ο as SiO2 (110) in accordance with JCPDS number 88-2486. The SiO2 peak was 
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also identified at 2θ 39.957ο, 43.091ο, 45.609ο, and 60.181ο as peaks of SiO2 (101), (200), (111), and (211). Figure 

3(A) shows that Si compound carbon nanocomposites can be formed in the CVD process with a SiC powder 

substrate, indicated by the presence of carbon peaks and Si compounds in the XRD spectra after synthesis. Si 

compound carbon nanocomposites were also formed with SiO2 powder substrate. The XRD spectra of CSiO2 

nanocomposites are shown in Figure 3(B). The CSiO2 nanocomposite shows a carbon peak at 2θ 26.228ο C (002) 

and a peak at 2θ 44.363ο C (101). 

 

Figure 3. XRD spectra of SiC (A1); CSiC nanocomposite (A2); SiO2 subsrate (B1); and CSiO2 nanocomposite (B2). 

 

CSiC nanocomposites and CSiO2 nanocomposites were further analyzed using a scanning electron microscope 

(SEM) with energy-dispersive X-ray spectroscopy (EDX) to support XRD analysis data and determine surface 

morphology and element content. SEM analysis is equipped with the EDX feature to determine the composition 

of the constituent elements of the nanocomposites resulting from the CVD method. The results of the SEM analysis 

are images shown in Figure 4. The morphology of the initial SiC powder substrate structure is in the form of large 

irregular chunks, as observed on the material's surface, as shown in Figure 4(a). However, after the CVD process, 

the resulting CSiC nanocomposite produces a different surface morphology resembling an irregular with various 

sizes overlapping each other, as shown in Figure 4(b). Meanwhile, the CSiO2 nanocomposite shows no significant 

differences. Figure 4(c and d) shows that the observed morphology shows a spherical form as the initial SiO2 

powder substrate. However, the CSiO2 nanocomposite has additional carbon element content, as analyzed in the 

following EDX spectra data. 

 

Figure 4. SEM images of (a) SiC; (b) CSiC nanocomposite; (c) SiO2; (d) CSiO2 nanocomposite. 
 

The EDX spectra, as presented in Figure 5, show that the elemental analysis of CVD carbon products using 

SiC powder significantly reveals different compositions before and after the synthesis process. Before the CVD 

process, the initial SiC powder contained 74.75% element C and 25.25% element Si. However, after the CVD 

process, the carbon product has the dominant C element of almost 100%. In contrast, the Si element was not 

significantly detected, possibly due to the shallow content of Si. Similarly, the CVD carbon product using SiO2 
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initially did not contain a C element; however, after the synthesis process, the C element was detected as 32.86%, 

indicating that the carbon growth successfully occurred during CVD process. 

 

Figure 5. EDX spectra of (a) SiC, (b) CSiC nanocomposite, (c) SiO2, and (d) CSiO2 nanocomposite. 

 

Figure 6 (a and b) shows the FTIR profiles of SiC and SiO2 before and after the CVD process. Both figures 

show that a broadband absorption at a wavenumber of ~3440 cm-1 in the CSiC nanocomposite (Figure 6a) represents 

an O‒H vibration. This group vibration intensity increased significantly after the CVD process, as observable in 

the FTIR profile of the CSiC nanocomposite. In addition, the strong band at wavenumber ~1100 cm-1 represents the 

absorption of the Si‒O‒Si group, which is significantly observable in the initial SiO2 powder substrate and was 

indeed not present in the initial SiC powder substrate. However, after the CVD process, the peak intensity of the 

Si‒O‒Si group significantly decreased in CSiO2 and increased in CSiC nanocomposite. Moreover, the carbon 

nanocomposite/Si compound shows several other group absorptions, including symmetric and asymmetric 

stretching of C‒H (~2900 cm-1) and (~2800 cm-1).  

Compared to the resulting CSiC nanocomposite, the CSiO2 nanocomposite has slightly shifted wavenumber for 

O‒H and O‒H groups. The broad O‒H absorption band is observed at ~3453 cm-1 for CSiO2 nanocomposite while 

at 3447.3 cm-1 for CSiC. Besides being observable at ~800 cm-1, the wide band for Si‒O‒Si is also observable at 

~1111 cm-1 for CSiO2 and 1019 cm-1 for CSiC nanocomposite. Moreover, besides having O‒H and Si‒O‒Si group 

absorption, the CSiO2 nanocomposite also has C‒H group absorption with low intensity at ~2923 cm-1 and ~2856 

cm-1, which are close to those peaks in CSiC nanocomposite. 

 

Gambar 6. FTIR spectra of (a) SiC and CSiC nanocomposite, (b) SiO2 and CSiO2 nanocomposite; (c) Raman spectra 

of CSiC nanocomposites and CSiO2 nanocomposites. 
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The Raman spectra of CSiC nanocomposites and CSiO2 nanocomposites are shown in Figure 6(c) and Table 1. 

CSiC nanocomposites in Figure 6(c) show peak D at a Raman shift of 1347.21 cm-1, G band at a Raman shift of 

1587.60 cm-1, and G' band at a Raman shift of ~2700 cm-1. The CSiO2 nanocomposite in Figure 6(c) shows peak D 

at Raman shift 1343.01 cm-1 and G band at 1595.24 cm-1. Both Raman spectra of nanocomposites CSiO2 and CSiC 

reveal a higher D band intensity than the G band intensity. This phenomenon indicates that the synthesized product 

has dominant sp3 bonds compared to sp2 bonds. The Raman intensity in Figure 6(c) and Table 1 shows that the 

CSiC nanocomposite has a higher intensity compared to the CSiO2 nanocomposite; this indicates that the CSiC 

nanocomposite has the highest graphite. The irregularity in the material is shown by the results of the highest ID/IG 

value being the CSiC nanocomposite, followed by the CSiO2 ID/IG value nanocomposite, as shown in Table 1. The 

higher the ID/IG value, the higher the defect structure formed. The appearance of the G' band indicates structural 

modifications that represent the existence of other structures of carbon allotropes. The presence of the D band, G 

band, and G' band in the carbon/Si compound nanocomposite with SiC powder substrate indicates the presence of 

metals such as Si in the nanocomposite; this is confirmed according to the XRD results. The carbon 

nanocomposite/Si compound with SiO2 powder substrate does not show any G' band peak, which indicates that 

there are no compounds other than carbon allotropes so that the D band and G band have almost the same optimal 

intensity. 

Table 1. Intensity of D band (ID), G band (IG), G' band (IG'), and ID/I ratio. 

Nanocomposites ID IG IG' ID/IG 

CSiC 1347.21 1587.60 2691.61 0.848 

CSiO2 1342.01 1595.24 - 0.841 

  

CONCLUSION 

The CVD process produces more carbon nanocomposites, producing a sp3 carbon structure, as shown by the 

Raman shift results. The results of the diffraction pattern analysis show that the synthesis results with the SiC 

powder substrate show a carbon diffraction peak C (006), and the synthesis results with the SiO2 powder substrate 

show a carbon diffraction peak C (002). Carbon nanocomposites with SiC powder substrates show symmetric and 

asymmetric C‒H stretching. Carbon nanocomposites with SiO2 powder substrates absorb O‒H groups. Apart from 

that, it also has low-intensity C‒H group absorption. The results of the morphological analysis of the Si compound 

nanocomposites show that the carbon nanocomposites with SiC powder substrates are elongated fibers, and the 

carbon nanocomposites with SiO2 powder substrates are round. 
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