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The thermal decomposition of silicon carbide (SiC), with the subsequent formation of graphene, 
can be achieved by heating treatment. Several heating processes have been applied for this purpose 
by using SiC, either in form of powder particles or monocrystalline substrate. In this work, instead of 
using an expensive commercially available SiC wafer, a polycrystalline SiC substrate was obtained, 
based on powder metallurgy process, in order to explore the synthesis of graphene layers on its surface 
by using a CO2 laser beam as heating source. Different levels of energy density (fluence) were applied 
and Raman spectroscopy analyses demonstrated that graphene layers were formed on the polycrystalline 
SiC surface. The ratio of the integrated intensity of the D and G bands, and the crystallite size were 
calculated. The FWHM of the 2D band peaks are in excellent agreement with the range of values 
found in the literature. The samples irradiated with energy density of 138.4 J/cm2 presented lower 
concentration of defects and higher crystallite size, while the lowest FWHM was obtained for energy 
density of 188 J/cm2. The process occurred at room conditions and no gas flow was used. The results 
reveal a simple and cost-effective alternative for synthesis of graphene-based structures on SiC.
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1. Introduction

An allotropic form of the carbon, graphene is basically 
constituted by a monolayer of sp2 carbon atoms arranged in 
a two-dimensional hexagonal lattice1-3. Graphene is a zero-
band gap semiconductor and exhibits exceptional physical 
properties due to its extremely high carrier mobility2-6. As 
a result of its remarkable properties, the graphene has been 
widely studied in last years. Several techniques have been used 
to synthesize the graphene, such as mechanical exfoliation1,7, 
chemical exfoliation8,9, chemical vapor deposition (CVD)10,11, 
chemical reduction of graphite oxide12, growth on transition 
metals13,14, and thermal decomposition of SiC, that allows 
to synthesize an epitaxial graphene15-22.

Several papers report the growth of epitaxial graphene 
on SiC by thermal decomposition in induction furnaces 
operating at vacuum or at atmospheric pressure with an 
inert gas flow. In such methods, the sample should achieve 

temperatures sufficiently high to break the Si-C bands at 
the upper crystalline layers of SiC. Therefore, Si atoms will 
be sublimated and the graphitization will be able to occur, 
where the C atoms on the top of surface are rearranged to 
synthesize the epitaxial graphene4,16-19. In order to create 
alternative processes, some studies have shown that the 
addition of a layer of “catalyst material” (such as Ni or Co) 
promotes the reduction of the temperature required for SiC 
decomposition23-26. Nevertheless, despite SiC dissociation 
is promoted in this case, the Si sublimation does not occur; 
rather a chemical reaction to form a silicide phase between 
the catalyst material and Si happens.

Recently, some works reported the use of lasers as heating 
sources to obtain the epitaxial graphene on SiC. Lee S. et 
al.27 reported the growth of epitaxial graphene on SiC wafer 
through the use of a pulsed UV-laser in a vacuum chamber at 
approximately 10-6Torr. Yannopoulos et al.28 reported the use of 
a CO2 laser with Ar gas flow, with fast heating, followed by a 
high cooling rate. In their process, the C-face of SiC wafer was 
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irradiated, but the graphene grew epitaxially at the opposite face 
(Si-face). It is worth noting that such process did not require 
either vacuum or pre-treatment. These authors suggested that 
graphene did not grow on the C-face (face directly exposed 
to the CO2 laser beam) because the partial pressure of oxygen 
was significantly higher on this face in comparison with Si-
face28. The process of the graphene growth with CO2 laser in 
atmospheric pressure was also performed by Antonelou et 
al.29, aiming to obtain 3D graphene froths from SiC particles. 
These studies show that the use of laser as a heating source for 
the SiC thermal decomposition to produce graphene is viable 
and promising. It is important to highlight that an advantage 
of this technique is the possibility to create tracks or more 
complex shapes of graphene on SiC surface without need of 
a prior lithography. Nevertheless, the investigations of this 
process are in the early stages, thus more studies are desirable 
concerning, for example, the effect of laser energy density 
and morphology of the substrate surface on the formation of 
graphene by thermal decomposition of the SiC.

In this context, this work presents studies about the 
growth and characterization of graphene layers on sintered 
polycrystalline SiC substrate by using heating by CO2 laser 
beam. Such investigation is even more interesting since it can 
bring useful information to achieve our further goal, i.e, to 
induce, by using laser heating, the synthesis of graphene on 
thin films of polycrystalline SiC grown by plasma sputtering 
technique. Besides, it allows to check the applicability of 
this technique to grow graphene on polycrystalline SiC, 
rather than on expensive crystalline SiC wafer. Here, the 
main process parameter was the energy density applied 
for heating the substrate and sublimation of the Si with 
consequent formation of graphene layers. The produced 
graphene was characterized by Raman spectroscopy and 
field emission scanning electron microscopy (FESEM). The 
whole process was performed under a stagnant atmospheric 
environment and heating and cooling occurred at standard 
conditions.

2. Experimental 

2.1. SiC samples preparation

SiC substrates were produced by powder metallurgy 
technique. β-SiC powder GRADE BF-12 type from C. 
Hermann Starck (HCST) was used. For liquid phase sintering, 
different additives were added to the powder mixture: 
YAG (Yttrium Aluminium Garent) - 7.6% by mass, the 
PVA binder (polyvinyl alcohol), manufactured by VETEC 
Química Fina do Brasil, and Bio de flocculant Denvercril 
300 produced by DENVER Resinas. For compression, 
an uniaxial pressing at a load of 40 MPa and an isostatic 
pressing at a load of 300 MPa were applied. The SiC 
samples were sintered at 1900°C in argon atmosphere, as 
described in the literature30.

2.2. Si sublimation by CO2 laser heating

The heating of the samples was performed through the 
use of CO2 laser beam (Synrad Evolution - 125) with 125 
W and beam diameter of 200 µm, which emits infrared laser 
radiation in the 10.6 µm wavelength band. The samples were 
positioned at the focal region of the laser, as illustrated in 
Figure 1. For all samples, 100% of the laser power and a 
beam overlap of 50% were used. Nevertheless, in order to 
change the energy density applied to the samples, different 
scanning velocities of the laser beam were used. Table 1 
shows each scanning velocity used and the correspondent 
energy density.

2.3. Material characterization

Raman spectroscopy measurements were performed 
using a Renishaw system model 2000 equipped with an Ar 
ion laser (514.5 nm). Raman spectra were obtained at room 
temperature in the range of 450 to 2800 cm-1for analyses of 
the SiC substrate and 1200 to 1700 cm-1 and 2400 to 2900 
cm−1 for the graphene. For more accurate results, the baseline 
of each spectrum was subtracted to highlight the areas and 
intensities of the peaks.

Many authors have shown that it is possible to obtain 
from Raman analysis the inherent features of the graphene, 
including structural quality and the number of layers23,31-33.  
Raman spectra obtained by laser excitation at 2.41 eV have 
shown that the G and 2D bands, which appear at approximately 
1582 cm-1 and 2700 cm-1, respectively, are the main features 
of a monolayer graphene31. The G band is associated with 
the E2g phonon mode at the Brillouin zone center, and this 
band originated from the first order Raman Scattering. The 
2D band is originated from second-order, which involves 
the two Brillouin zone boundaries23,31. In some cases, the 
D band at ~1350 cm-1 and the less intensive peaks of the 
D’ band at ~1620 ′also appear. This D and D’-bands comes 
from double-resonant processes and they are related to the 
presence of defects and structural disorder in graphene 31,32. 
Therefore, the relative integrated intensity (area) ratio of 
the D and G bands, A(D)/A(G), in some works presented 
as ID/IG, is used to evaluate the defect concentration of the 
graphene films25. From the A(D)/A(G) ratio, it is possible to 
determine the cristallite size, La, by using Eq.1,
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where E1 is the excitation laser energy of Raman, 
in eV33.

The surface morphology of the SiC substrate, as well 
as of its surface coated with the produced graphene, was 
examined by using Field Emission Scanning Electron 
Microscopy -FESEM (Mira 3 from Tescan).
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Figure 1: Schematic diagram of the laser irradiation process. 
During the process, the samples were positioned at the focal 
distance of 125 mm.

Table 1: Scanning velocities and energy applied at the samples.

Scanning velocities (mm/s) 800 850 900 950 1000 1150 1200

Energy density(J/cm2) 200.0 188.0 177.6 168.0 160.0 138.4 132.8

3. Results

Figure 2 shows the X-Ray Diffraction (XRD) and Raman 
spectra of the sintered polycrystalline SiC. The  XRD spectra, 
Figure 2(a), showed a characteristic spectrum of SiC with 
major peaks at (111), (220), (311) and (200) respectively. For 
the Raman spectra, Figure 2(b), peaks referent to the Si-C 
band appear at ~796 and 970 cm-1. The peaks overlapping 
the C-C band (G and D) and the second order Raman spectra 
of the SiC also appear at regions ~1315-1362 cm-1 and 1524-
1574 cm-1. However, the peaks referent to the C band are 
broad and not well defined. Peaks related to 2D band (2700 
cm-1) were not observed.

Figure 3 presents the Raman spectra of graphene 
synthesized on the polycrystalline SiC for different values 
of energy density. The peaks of the fundamental vibration 
modes of graphene, D and G bands, and 2D band appear 
at ~1355, 1581-1607, and ~2709 cm-1, respectively. Unlike 
reported in some studies where SiC (0001) was used as a 
substrate, the Raman spectra obtained in the present work 
did not show any interference signals from SiC. Possibly this 
is related to the polycrystalline SiC used. Figure 3 clearly 
shows that there is no overlapping of the peaks of SiC and 
C bands in any of the results. The D and G band peaks are 
well defined, showing that, although the process has been 
done at room conditions, the graphene oxide is absent. By 
considering the vapor-emitting surface effect described by 
Schiller et al.34, it is possible to conclude that, in the present 
process, it is unlikely that the graphene suffers oxidation. 
When Si is removed from the system, the Si vapor stream 
drags out the present gas (atmospheric air) surrounding the 
material surface, what prevents the contact of the oxygen 
with the carbon atoms of the SiC surface. Also, for oxidation 
process to occur, it requires the effective collision between 
the sublimed Si and oxygen in the air. Therefore, due to 
the drag and the fact that the process happens in a short 
period of time, the resulting C in surface comes back to 

room temperature and there is not enough energy for the 
carbon oxidation reaction to occur. Also in Figure 3, the D 
band, which is representative of disorder and/or defects, was 
systematically observed. Unlike the graphene obtained by 
micromechanical cleavage from Highly Ordered Pyrolytic 
Graphite (HOPG), the graphene grown from crystalline SiC 
usually has defects (D-band)22,23,35,36. Because polycrystalline 
SiC was used in the present work for graphene growth, the 
presence of defects was expected. The defect concentration, 
A(D)/A(G), and the cristallite sizes, La, are presented in 
Figure 4. Eckmann et al.37 investigated differents types of 
graphene defects by mean of Raman spectroscopy. A relation 
between the ratio of the peaks intensity (peaks height) D 
and D’, I(D)/I(D’), and the type of defects in graphene was 
proposed: I(D)/I(D’) is maximum (~13) for sp3-defects, (~7) 
for vacancy-like defects and, (~3.5) for boundaries defects. In 
our samples we obtained I(D)/I(D’) ratios of ~1.7 and ~3.61, 
for samples irradiated with energy density of 200 J/cm2 and 
138.4 J/cm2, respectively, indicating a high concentrations of 
boundaries defects. Also, as pointed out in Eckmann et al.37, 
when a graphene sample has high concentration of defects, 
the D’ peak is somehow merged with the G peak, which is 
observed in our samples. Therefore, to obtain the correct 
height of both peaks a Lorentzian double peaks function 
was applied to the data.

As shown in Figure 4, only a slight increase in defect 
concentration could be seen when the polycrystalline SiC 
was irradiated from 138.4 J/cm2 to 188.0 J/cm2. Accordingly, 
calculated La decreases from 61,48 nm to 41,5 nm when the 
polycrystalline SiC was irradiated from 138.4 J/cm2 to 188.0 
J/cm2. As previously commented, La represents the crystallite 
size of the graphene regions, which depends on the defect 
concentration. However, for La analysis, it is also important to 
consider the influence of the morphology of the SiC substrate 
surface. The graphene produced appears as small “islands” 
and not as a continuous large layer, as shown in the FESEM 
images, Figure 4. Probably due to the non-uniform structure 
of the uppermost layer of the polycrystalline SiC and to the 
presence of pores, as illustrated in Figure 4(a), the extension 
of the formed graphene layers is limited, producing a non-
continuous coating over the substrate surface.

It is worth mentioning that the heat transfer along and 
across the heterogeneous surface, as in the present case, 
may cause non-uniformity of temperature distribution on 
the surface, which is another factor that may influence the 
thermal dissociation of SiC, so affecting locally the graphene 
formation. Furthermore, the terminations of the SiC grains 
may be another source of defect concentration for the 
graphene islands, influencing the La values. Therefore, the 
laser fluence may not be the only factor responsible for the 
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Figure 2: (a) X-ray diffraction spectra of SiC sintered; (b) Raman spectra of the polycrystalline SiC substrate.

Figure 3: (color online) Raman spectra of graphene grown on SiC 
for different condition of energy density applied at the samples 
during laser irradiation. a) 200.0J/cm2, b) 188.0 J/cm2, c) 177.6 J/
cm2, d) 168.0 J/cm2, e) 160.0J/cm2, f) 138.4 J/cm2, and g) 132.8 J/
cm2. The black line represents the experimental results and the red 
line the 2D band peak fitted by Lorentz function.

Figure 4: Relation between defect concentration, A(D)/A(G), and 
the crystallite sizes, La, with the laser energy density applied for  
synthesis of the graphene.

discrepancy between the conditions with lowest and highest 
concentration of defects, i.e, the polycrystalline structure 
also affects the defect concentration of formed graphene 
and, therefore, the La value.

Figure 5(a) shows the surface of the untreated polycrystalline 
SiC substrate. In Figure 5(b), small graphene islands on 
SiC grains can also be seen. When the FESEM resolution 
was increased, it was possible to see more precisely the 
graphene shape, as shown in Figure 5(c). These FESEM 
images were obtained for the sample that presented the 
highest La (irradiated with energy density of 138.4 J/cm2).  
Is possible to see in Figure 5 (c) that the size of the grains 
is comparable with the La calculated, including errors bars. 

FWHM was obtained from the Lorentz fitting of the 
2D band peak, from which the number of graphene layers 
can be inferred. As reported in literature, for a monolayer 
graphene, obtained by mechanical exfoliation, the FWHM 
was lower than 30 cm-1 31,38. Using a Raman laser of 488 nm, 
Lee D.S et al.38 reported that due to the intrinsic disorder of 
the monolayer epitaxial graphene (grown on a Si terminated 
face of SiC), the FWHM was found at approximately 46 cm-1, 
which is higher than that for exfoliated graphene. Lee D.S. 
et al.38 also reported results for the bi- and tri-layer graphene 
that exhibit a FWHM at approximately 64 cm-1and 74 cm-1, 
respectively. The FWHM of the graphene obtained in our 
process was found in the range between 43.5 cm-1 and 49.5 
cm-1. Although the results are close to those found for the 
monolayer epitaxial graphene, it is not possible to conclude 
that there is only one monolayer, since the FWHM depends 
on several factors such as strain, doping, point defects, 
heterogeneities, grain size, and stacking order39,40,41.

4. Conclusion

Polycrystalline SiC substrate was used for the first time 
to synthesize graphene by means of thermal decomposition 
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Figure 5: (color online) FESEM images: a) polycrystalline SiC substrate; b), and c) graphene synthesized with energy dose of 138.4 J/cm2.

process using CO2 laser beam as heating source. Raman 
spectroscopy proved that graphene was formed on the surface 
of the porous and non-oriented SiC substrate. FESEM images 
confirm these results and show that graphene layers appear 
as small “islands” on top of SiC grains, spread all over the 
substrate surface, and not as a continuous layer as usually 
happens in the case of monocrystalline SiC. Graphene, free 
of oxidation, was synthesized for all tested conditions of laser 
energy density with no significant difference in the obtained 
material features. Such results demonstrate that the CO2 laser 
heating treatment, of low cost sintered SiC, is a handy and 
cost-effective alternative process for coating polycrystalline  
SiC with graphene based nanostructures, which could be 
interesting for applications in different areas as, for example,  
solid lubricants  in the field of nanotribology.
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