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Abstract

In this work, the alumina - graphene composites were fabricated by laser ablation of graphite target in deionized
water with alumina nanoparticles suspension using pulsed Nd:YAG laser. The mechanism of the graphene
formation is derived from the insertion of alumina nanoparticles into the interlayer spacing of graphite which
expand during laser heating. The synthesized alumina - graphene composites were characterized by field
emission scanning electron microscope (FESEM), EDX, and UV-visible spectrophotometer.
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1. Introduction

Graphene is a flat monolayer of carbon atoms tightly packed into a two-dimensional (2D) honeycomb
lattice which was discovered in 2004 by Novoselov and Geim [1]. Graphene has many advantageous
characteristics including low sheet resistance, high optical transparency and excellent mechanical properties that
make it an ideal material for essential studies as well as for potential applications. For this reason makes many
researcher interested in the applications of graphene such as an electrode material in transistors [2], light-
emitting diodes [3], solar cells [4] and flexible devices [5]. Several methods have been used to synthesize
graphene such as chemical vapor deposition (CVD) [6], epitaxial growth on electrically insulating surfaces [7],
electric arc discharge [8], solution-based chemical reduction of graphene oxide [9] and laser ablation in liquid
[10]. Among these reported methods, laser ablation in liquid seems to be the most simple preparation and
inexpensive approach to synthesize graphene because it does not require a vacuum system. In this method, the
laser beam is focused the target settled in the liquid. The graphenes are suspended in the liquid medium, instead
of fuming in the air.

In this study, the preliminary results on our work were reported. Graphene — liked sheets were
synthesized via laser ablation of graphite target in alumina nanosol. The morphology and chemical composition
of graphene — liked sheets were investigated by field emission scanning electron microscopy (FESEM) and
EDX technique. The optical property was examined by UV-visible spectroscopy.

2. Experimental
Preparation of aluminium and graphite target

The aluminium and graphite target were obtained from pressing powders under a hydraulic press. The
consolidation pressure was 200 bars. Fig. 1 shows the process of consolidation of graphite powder.

Graphite powders Hydraulic press Graphite target

Figure 1 Consolidation of graphite powder with hydraulic press
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Synthesis of alumina-graphene composites

The experimental procedure is illustrated by Fig. 2. The alumina nanosol was prepared by ablation of
aluminium target using Nd:YAG laser (MIYACHI : ML-2331B), focused by a 5 cm focal-length plano-convex
lens on the surface of graphite target. Laser energy employed in this study was 3.0 J/pulse. Pulse repetition rate
and pulse duration were 2 Hz and 5 ms, respectively. After 5000 pulses of laser ablation, the alumina nanosol
was collected by suction of the suspension. Alumina-graphene composites were synthesized by the similar
method, in which the pulsed laser ablation of graphite target in alumina nanosol. Laser energy employed in this
study was 1.0 J/pulse. Pulse repetition rate and pulse duration were 2 Hz and 5 ms, respectively.

Nd:YAG laser
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Figure 2 The schematic of the irradiation setup based on Nd:YAG laser ablation of
graphite target in alumina nanosol

Characterization

The morphology of the alumina-graphene composites was investigated using field emission scanning
electron microscopy (FESEM, Hitachi-S4700) by droping the suspension onto silicon substrate and drying in air
for about one day. The chemical composition was determined using EDS technique. The UV-visible spectra of
the suspensions were obtained on a Thermoscientific evolution 600.

3. Result and discussion

The morphology of dried sample of alumina-graphene composites was investigated using field
emission scanning electron microscopy. For comparison, the morphology of alumina nanoparticles and graphite
microstructure were also investigated. Fig. 3(a) shows that alumina nanoparticles obtain by this method are in
the range of tens of nanometer. The synthesized graphene — liked sheet has a very smooth surface (Fig. 3(cO-
(d)). We can clearly see the alumina nanoparticles on the surface of graphene — liked sheets. The alumina
nanoparticles adhesion to the surface of graphene — liked sheets help to prevent aggregation of the graphene —
liked sheet. In order to understandmore, Fig. 4 shows the schematic of the alumina nanoparticles adhesion to the
surface of graphene — liked sheets. The thickness of graphene — liked sheets will be further characterization by
AFM.
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Figure 3 SEM images. (2) alumina nanoparticles , (b) graphite microstructure ,
(c) and (d) alumina-graphene composites

graphene sheet

Alumina nanoparticles @ @ @ @
graphene sheet

Figure 4 The schematic of alumina-graphene composites

Moreover, EDS shows the presence of C, O and Al in sample (Fig.5). The elemental composition
shows 14.737, 57.217 and 28.045% wt for C, O and Al, respectively.

cnts
400 —

300 — Al

200

100

[ NS NPT YT e

1 2 3 4 5 6 7 8 kev

Figure 5 EDS spectrum of alumina-graphene composited
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Figure 6 UV-visible spectra of of Alumina nanopowders suspended in distilled water
and graphene — liked sheets suspended in alumina nanosol

The UV-vis spectra of Alumina nanopowders suspended in distilled water and graphene — liked sheets
suspended in alumina nanosol are shown in Fig. 5. The absorption band edges were estimated around 384 and
311 nm (about 3.23 and 3.99 eV).

Conclusion

In summary, a novel fabrication technique is represented for the alumina — graphene composited
synthesized using Nd:YAG laser ablation of the graphite target in the alumina nanosol. The graphene with
28.045% wt of aluminium nanoparticles was achieved, with band gap energy close to 4 eV. The novel graphene
morphology derived from drying aqueous dispersions of alumina nanoparticles adhered to graphene. The
alumina nanoparticles act as spacers resulting in mechanically exfoliated.
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