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Abstract— Here we introduce a facile hydrothermal synthesis
for the controllable growth of cobalt oxide (Co;04) nanoparticles
onto graphene nanostructures. The Co;0, particles were
monodispersive with a grain size less than 10 nm and
homogeneously anchored on graphene sheets. The effects of
oxidants, reaction temperatures, and reaction times on the
microstructures of final products were investigated, respectively.
The obtained material was characterized by transmission
electron microscopy (TEM) and high-resolution TEM (HRTEM).
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1. INTRODUCTION

Nanosized Cos;0, has attracted extensive attention due to its
wide potential applications in toxic gas sensors, heterogeneous
catalysts, and Li-ion batteries [1-3]. However, the poor
electrical conductivity of Co;0, limits its practical
performance [4]. One possibility to solve this problem is to
incorporate Co;0O4 nanoparticles in a composite material.
Owing to the superior electrical conductivity, high surface-to-
volume ratio, ultrathin thickness, structural flexibility, and
chemical inertness, graphene is considered a suitable
supporting membrane for nanomaterials [5]. Graphene/ Co304
nanocomposites have been synthesized successfully by using
several different methods, recently. However, the Co04
nanoparticles synthesized by these methods have a wide range
of grain size and/or a uneven distribution on the graphene
sheets. Consequently, the synthesis method need to be further
improved to obtain monodispersed nanoparticles with
controllable size.

II.  EXPERIMENTS AND RESULTS

We herein report a facile strategy to synthesize such
composite of graphene-based Co;04. The structural
characterizations of the samples prepared with different
heating times, heating temperatures and oxidants were carried
out by transmission electron microscopy (TEM).
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Fig. | mechanism of experiment.

A.  Synthesis of Material

The mechanism of this experiment is illustrated at below
(Fig. 1), beginning by preparing graphite oxide (GO). GO is
produced by the oxidative treatment of graphite via Hummers
method using NaNO;, H,SO, and KMnOy [6].

Then, graphite oxide was exfoliated by sonication, with the
precipitation of cobalt by mixing cobalt (0.24 g CoCl,*6H,0),
alkali (0.08 g NaOH) and oxidant for 0.4 h to form the
Co(OH),/GO composite. GO could not be completely
exfoliated during the short sonication, but generally it contain
3-5 layers and is much thinner than graphite.

Finally, the as-prepared Co(OH),/graphene composite was
treated by hydrothermal reaction to obtain the graphene/Co;0,
composite. Rapid heating of GO resulted in its expansion and
delamination caused by rapid evaporation of the intercalated
molecule and evolution of gases produced by thermal
pyrolysis of the oxygen-containing functional groups. In order
to study the effect of the different reaction conditions
(temperature, time, oxidant) on the hydrothermal reaction, a
series of Co(OH),/graphene composite samples with variable
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TABLEI REACTION CONDITIONS WITH DIFFRERNT OXIDANTS

Oxidant Time (h) Temperature (°C)
30% H,0, 15 150

KClO, 15 150

NaNOs 15 150

TABLE II REACTION CONDITIONS WITH DIFFRERNT TEMPERTURES

Oxidant Time (h) Temperature (°C)
30% H,0, 15 90
30% H,0, 15 120
30% H,0, 15 150

TABLE III REACTION CONDITIONS WITH DIFFRERNT TIMES

Oxidant Time (h) Temperature (°C)
30% H,0, 2 150
30% H,0, 5 150
30% H,0, 10 150
30% H,0, 15 150

reaction conditions was prepared. The sample was prepared
with various temperatures, times and oxidants. Firstly, 30%
H,0,, NaNO; and KCIO4 were used as oxidant on the
hydrothermal reaction to study the effect of oxidant (reaction
conditions have been shown in Table I). Then we focused on
the effect of different heating temperatures (as shown in Table
II). Finally the effect of heating time was studied (reaction
conditions have been shown in Table III).

B. Results

Fig. 2 shows the TEM and HRTEM images of the as-
prepared graphene/Co;O, composites with different oxidants.
Three different oxidants including NaNO; (Fig. 2a), KCIO,
(Fig. 2b), and 30% H,O, (Fig. 2c) were used in the
experiments. The reaction time (15 h) and temperature
(150 °C) were maintained in each treatment. It can be seen
from Fig. 1 that the Co;04 nanoparticles prepared with oxidant
of 30% H,0O, are smaller and more uniform than those
prepared with NaNO; and KClO,. From Fig. 2c one may
observe that the Co;0,4 nanoparticles have an average size of 7
nm, and are evenly anchored on the thin graphene layers.

The effect of temperature on the microstructures of Co;04
nanoparticles was investigated and the corresponding results
were shown in Fig. 3. H,O, was used as oxidant for 15 h at
different reaction temperatures (Fig. 3a: 90 °C, Fig. 3b:
120 °C, Fig. 3c:150 °C). The size distributions of Co;04
nanoparticles prepared at different temperatures were counted
in a 100nmx100 nm square area. The average sizes of the
three samples were 5+0.4 nm (90 °C), 6£0.3 nm (120 °C),
7£0.5 nm (150 °C), respectively (As shown in Fig. 4). The

991

Fig. 2: TEM images of the as-prepared graphene/Co;O4 composite with
different oxidants. (a): NaNOj; (b): KClO4; (c): 30% H,0,. (reaction time:

15 h, reaction temperature: 150 °C)

size distributions illustrate that the size of Co;04 nanoparticles
grows bigger with the reaction temperature increasing. As a
consequence, the reaction temperature should be lower in
order to obtain a smaller grain size of Cos;0,. However, the
lower reaction temperature will retard the reduction of
graphene oxide. Therefore, 120 °C was chosen as the reaction
temperature.

Fig. 3 TEM images of the as-prepared graphene/Co;04 composite with
different heating temperatures. (a): 90 °C; (b): 120 °C; (c): 150 °C.
(oxidant: 30% H,0O,, reaction time: 15 h)
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Fig. 4 the average sizes of Co;04 nanoparticles with different reaction
temperatures

Fig. 5 shows the TEM images of the as-prepared
graphene/Cos;0, composites with different reaction times (a: 2
h, b: 5 h, c: 10 h, d: 15 h). It can be seen that there is a drastic
change of size distribution with the reaction time varying from
Sh (Fig. 5b) to 10h (Fig. 5¢). However, no obvious variation
has been observed with the reaction time longer than 10 h (as
shown in Fig. 6). So we deduce that, in the situation of 30%
H,0,; as oxidant and 150 °C as reaction temperature, the 10 h
reaction time is enough to make the reaction complete.

Fig. 5 TEM images of the as-prepared graphene/Co;O, composite with
different reaction times. (a): 2 h; (b): 5 h; (c): 10 h; (d): 15 h. (oxidant:
30% H,0,, reaction temperature: 150 °C))
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Fig. 6 the average sizes of Co304 nanoparticles with different reaction
times
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Fig. 7 is the HRTEM image of the Graphene/Co;0,
nanocomposites using H,O, as oxidant for 10 h at 120 °C. The
interplanar distance measured as 0.20 nm is well coincident
with it of (400) plane of Co;0,,

III. CONCLUSIONS

TEM and HRTEM have been employed to study the
morphology of the obtained materials and the structure of the
nanoparticles. We have demonstrated that Co;O4 nanoparticles
under 10nm can be obtained via the facile synthesis method
we report. And the impact of the reaction time, temperature
and oxidant on the microstructures of Co;04 nanoparticles
were investigated. The Co3;04 nanoparticles have a
monodispersed grain size less than 10 nm. The optimized
reaction condition is using H,O, as oxidant for 10 h at 120 °C.

Fig. 7 HRTEM image of the Graphene/Co;04 nanocomposites
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