Materials Science-Poland, 32(2), 2014, pp. 243-246
http://'www.materialsscience.pwr.wroc.pl/

DOI: 10.2478/s13536-013-0193-6 VERSITA

CVD synthesis of graphene nanoplates on MgO support
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Synthesis of graphene directly on MgO has been carried out and the structural properties of the obtained material have been
investigated. Few-layered graphene was produced by simple thermal decomposition of methane over MgO powder at 950 °C
in a CVD reactor. The samples were purified by 10 N HNOj3 treatment, and studied by TEM, Raman spectroscopy, EDAX and
SEM. TEM clearly indicated the formation of graphene. EDAX showed that the purified sample contained only carbon and no
traces of MgO. The characteristic Raman features of graphene were also seen as D-band at 1316 cm™!, G-band at 1602 cm ™!,
and a small 2D-band at 2700 cm ™! in the Raman spectra. The strong D-band suggests that the graphene possess large number

of boundary defects. The small 2D-band indicates the formation of few-layered graphene.
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1. Introduction

Graphene has been extensively studied in the
last several years even though it was only isolated
for the first time in 2004 [1]. The fast growth of in-
terest in graphene is due primarily to a number of
exceptional properties that it has been found to pos-
sess. There have been several reviews discussing
the topic of graphene in recent years. Many are
theoretically oriented, with a special emphasis on
electronic properties [2] whereas the other ones are
particularly focused on the review of its electronic
transport properties [3]. Experimental reviews in-
clude detailed discussions of synthesis [4], Ra-
man characterization methods [5], transport mech-
anisms [6, 7], relevant applications of graphene
such as transistors and the related bandgap engi-
neering [8] and optoelectronic technologies [9].

Various methods such as exfoliation [1], ther-
mal decomposition of SiC [10], chemical vapour
deposition (CVD) on nickel [11] and copper [12]
substrates, molecular beam deposition [13], unzip-
ping carbon nanotubes [14], sodium ethanol py-
rolysis [15], electron beam irradiation of PMMA
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nanofibres [16], arc discharge of graphite [17],
thermal fusion of PAHs [18] and conversion
of nanodiamond [19] have been reported and
reviewed.

Among all these methods, chemical vapour de-
position on nickel and copper substrates are the
most common and popular methods of graphene
synthesis. However, CVD-grown graphene on met-
als has the drawback that the graphene needs to be
transferred onto a wafer after synthesis. Routes to
deposit graphene or few-layer graphene on dielec-
tric surfaces are intensively studied. A possible al-
ternative route is the use of dielectric surface itself
to directly form graphene layers via CVD. This is
attractive because most of today’s transistor tech-
nologies use complementary metal-oxide semicon-
ductor (CMOS) technology in which an oxide
layer insulates the transistor gate from the channel.
Hence, the ability to synthesize graphene directly
on an oxide eliminates the need to transfer the
graphene after synthesis and the necessity for large-
area synthesis as required with metal substrates.
Rummeli et al. [20] suggested MgO as the support
material for graphene synthesis. Also, efforts have
been made to synthesize carbon nanotubes on silica
and zirconia support materials [21, 22]. Basing on
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this idea, we have planned to synthesize graphene
on MgO.

2. Experimental

2.1. Apparatus

Graphene synthesis was carried out using a
thermal CVD system (First Nano ET2000, shown
in Fig. 1), under variable conditions of gas flow
rate, reaction time, cooling rate etc. The product
obtained was purified with 10N HNO3 to remove
the support material. The purified graphene sam-
ple was analyzed by Raman spectroscopy, trans-
mission electron microscopy (TEM), high resolu-
tion transmission electron microscopy (HR-TEM)
and scanning electron microscopy (SEM). Elemen-
tal analysis was carried out by energy dispersive
X-ray analysis (EDAX).

Raman spectra were recorded on a Horiba
JY LabRAM HRS800 micro-Raman spectrometer

equipped with 17 mW 632.8 nm laser excitation Step 3:

(He—Ne laser, Ej s, = 1.96 eV) in the backscatter-
ing mode.

TEM studies were carried out using an FEI
Technai F20 electron microscope operating at
200 kV with EDAX facility while HR-TEM studies
were carried out using an FEI Technai F30 electron
microscope operating at 300 kV. SEM micrographs
were obtained using an FEI Quanta 200 3D with
EDAX facility.

2.2. Chemicals

All the chemicals used were of AR grade and
obtained from Sigma-Aldrich and Merck.

2.3. Procedure

100 mg of nanocrystalline MgO was accurately
weighed and transferred to quartz plate. It was
loaded on a substrate holder of the CVD system.
Experimental conditions were as follows:

Step 1: Heating the reactor to attain the reaction
temperature
(argon flow rate: 1000 sccm, time: 14 min,
temperature: RT to 950 °C);

Step 2:

Fig. 1. Process unit of First Nano Easy Tube ET
2000 thermal CVD system (1) heating coils, (2)
quartz tube reactor and (3) substrate loader.

Methane decomposition on the substrate
(methane flow rate: 1000 sccm, time 30 min,
temperature: 950 °C);

Cooling the product to room temperature
(argon flow rate: 2000 sccm, temperature:
950 °C to RT).

In order to remove MgO from the sample, it was
kept stirring in 10 N HNOj3 overnight. The solu-
tion was then diluted 10 times and filtered through
10 micron PTFE membrane filter under suction.
It was dried under IR lamp and preserved in
a desiccator.

3. Results and discussion

3.1. Elemental analysis

The elemental analysis data as obtained by
EDAX is shown in Fig. 2. The sample contains
only carbon and small amount of oxygen. It clearly
shows that the MgO has been completely re-
moved by nitric acid treatment. Carbon is the ma-
jor element, indicating formation of graphene or
graphene-like material.

3.2. Raman spectroscopy

Raman spectrum is shown in Fig. 3. It shows the
D-band at 1316 cm~! and G band at 1602 cm™!.
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Element Wt% At% K-Ratio Z A F

C 95.15 96.32 0.8812 1.0007 0.9254 1.0000
o 4.85 3.68 0.0058 0.9856 0.1204 1.0000

Fig. 2. EDAX spectrum of graphene synthesized on
MgO substrate.
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Fig. 3. Raman spectrum of graphene synthesized on
MgO substrate.

The D-band is attributed to the disorder in the
graphitic carbon. The graphene formed on MgO
nanocrystals is nanographene with large number of
boundary defects. This leads to a strong D band as
reported by Rummeli et al. [20]. Small 2D band
(G-band) around 2700 cm ™! clearly shows the for-
mation of few layered graphene. However, the band
is not distinctly visible due to background noise.

3.3. Transmission electron microscopy
(TEM)

TEM and high resolution TEM images obtained
at different magnifications are shown in Fig. 4.

These images clearly indicate the formation of
graphene or Q-graphene [23]. The high resolution
TEM clearly shows formation of layered graphene.

Fig. 4. TEM images of nanographene synthesized on
MgO support.

3.4. Scanning electron microscopy (SEM)

The SEM images of graphene are shown in
Fig. 5. It shows the bundles of graphene layers

forming a packet-like structure.

Fig. 5. SEM images of nanographene synthesized on
MgO support.

4. Conclusion

It has been found to be possible to synthesize
nanoplates of graphene on MgO as a support mate-
rial. MgO support material can be completely dis-
solved in nitric acid thereby it was possible to ob-
tain the nanomaterial in pure form. TEM images
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have clearly shown that the nanoplates of graphene
formed a layered structure. An important advan-
tage of this method is that the nanographene can be
directly used without post-synthesis transfer from
metal surface onto insulator surface.
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