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a  b  s  t  r  a  c  t

In this  study,  graphene  based  sheets  such  as  graphene  oxide  (GO)  and  graphene  (G) were  produced  via
a facile  preparation  route  involving  graphite  oxidation,  ultrasonic  exfoliation  and  chemical  reduction.
Also,  this  paper  reports  simple  approaches  for deposition  of  manganese  dioxide,  ferric  hydroxide  and
cobalt  nanoparticles  onto  the surface  of  the  graphene  based  sheets.  Chemical  deposition  method  of  metal
salt with  graphene  based  sheets  was  performed  to prepare  nanocomposites.  The  structural,  surface  and
eywords:
raphene
raphene oxide
anocomposite
atrix

characteristics  of  the GO,  G and their  nanocomposites  were  investigated  by  Fourier  transform  infrared
spectroscopy,  Raman  spectroscopy,  powder  X-ray  diffraction,  scanning  electron  microscopy,  energy  dis-
persive  X-ray  spectroscopy,  atomic  force  microscopy  and  X-ray  photoelectron  spectroscopy.  The  results
demonstrated  that  interaction  between  GO as  matrix  and  metal  nanoparticles  were  via hydroxyl,  car-
bonyl and/or  carboxylate  groups.  The  metal  nanoparticles  were  homogeneously  distributed  on  the matrix
of composite.

© 2013 Elsevier Ltd. All rights reserved.
. Introduction

Graphene based sheets (GBS) such as graphene oxide (GO) and
raphene (G) have stimulated great interest due to their promis-
ng electronic, mechanical, and thermal properties (Berger et al.,
004, 2006; Hirata, Gotou, Horiuchi, Fujiwara, & Ohba, 2004; Metin,
ayhan, Özkar, & Schneider, 2012; Novoselov et al., 2004, 2005;
iamaki, Khder, Abdelsayed, El-Shall, & Gupton, 2011; Truong-Huu
t al., 2012; Zhang, Small, Amori, & Kim, 2005; Zhang, Tan, Stormer,

 Kim, 2005).
Graphene is two-dimensional nanomaterial consisting of a sin-

le layer of sp2 network of carbon atoms. While the thickness of
 graphene sheet is on the order of a single atomic unit, its lat-
ral dimension can approach up to tens of microns (Novoselov
t al., 2004). Initially, graphene was prepared at the individ-
al sheet level by mechanical exfoliation from highly ordered
yrolytic graphite (HOPG) crystals the so-called Scotch tape trick
Novoselov et al., 2004). To scale up the production, various syn-
hetic methods were developed. At a slightly larger scale, high
uality graphene thin films have been prepared epitaxial on SiC

urface (Berger et al., 2004) and most recently by chemical vapor
eposition (CVD) on catalytic metal surfaces (Reina et al., 2009). At
n even larger scale, bulk production typically yields GBS in forms of

∗ Corresponding author. Tel.: +98 21 5522 9200; fax: +98 21 5522 9297.
E-mail address: shabnam sheshmani@yahoo.com (S. Sheshmani).

144-8617/$ – see front matter ©  2013 Elsevier Ltd. All rights reserved.
ttp://dx.doi.org/10.1016/j.carbpol.2013.03.008
solvent dispersion, which can then be used by solution processing
techniques. Some recent success includes chemical exfoliation,
solvent assisted ultrasonic exfoliation and solvothermal reduc-
tion (Dikin et al., 2007; Stankovich et al., 2006; Wang et al.,
2008).

One possible technique of preventing aggregation and har-
nessing the unique properties of single-layer graphene would be
to incorporate graphene sheets into composite materials. Many
metal or metal oxide nanoparticles, such as Au, Ag, Pt, Pd, TiO2
and SnO2 have been deposited on graphene sheets. These metal
or metal oxide nanoparticles not only prevent the aggregation of
graphene sheets into graphite but also combine with the special
two-dimensional graphene, giving rise to some unique electronic,
optical and catalytical properties which may  be used in appli-
cations, such as biologic sensing, photocatalysis, optoelectronic
and electrochemical devices (Guo et al., 2011; Singh et al., 2009;
Subrahmanyam, Manna, Pati, & Rao, 2010; Wang et al., 2010). The
manufacturing of such composites requires not only the graphene
sheets which be produced on a sufficient scale but that they also be
incorporated and homogeneously distributed into various matri-
ces.

This work reports a general approach for the preparation
of graphene oxide and graphene sheets. Deposition of man-

ganese dioxide, ferric hydroxide and cobalt nanoparticles onto
surfaces of graphene were also investigated by chemical deposition
method. The structure of the chemically graphene oxide, graphene
and synthesized composites were characterized using Fourier

dx.doi.org/10.1016/j.carbpol.2013.03.008
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
http://crossmark.dyndns.org/dialog/?doi=10.1016/j.carbpol.2013.03.008&domain=pdf
mailto:shabnam_sheshmani@yahoo.com
dx.doi.org/10.1016/j.carbpol.2013.03.008
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acid (18 mL)  and cooled by immersion in an ice bath. The acid mix-
ture was stirred and allowed to cool for 15 min  and graphite (1 g)
was added under vigorous stirring to avoid agglomeration. After the
ig. 1. FT-IR spectra of graphite and graphite oxide. (For interpretation of the refere

ransform infrared spectroscopy, Raman spectroscopy, powder X-
ay diffraction, scanning electron microscopy, energy dispersive
-ray spectroscopy, atomic force microscopy and X-ray photoelec-

ron spectroscopy.

. Experimental

.1. Materials
Graphite flakes was purchased from Sigma–Aldrich with a par-
icle size of 150 �m and purity of 99.9%. All of the other solvents
nd materials were of analytical grade, commercially available and
sed without further purification.

Fig. 2. Raman spectra of (a) graphite oxide and (b) graphene.
o color in this figure legend, the reader is referred to the web version of this article.)

2.2. Synthesis of graphite oxide

Graphite oxide was  prepared according to the Staudenmaier
method (Staudenmaier, 1898) as follow. A reaction flask containing
a magnetic stir bar was charged with nitric acid (9 mL)  and sulfuric
Fig. 3. X-ray diffraction patterns of (a) graphite (b) graphite oxide and (c) graphene.
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Fig. 4. AFM images of exf

raphite powder was well dispersed, potassium chlorate (11 g) was
dded slowly over 2 h to avoid sudden increases in temperature and
llowed to stir for 96 h at room temperature. On completion of the
eaction, the mixture was poured into deionized water (100 mL)
nd filtered. The graphite oxide was re-dispersed and washed in

 5% solution of hydrochloric acid. Then, the product was washed
epeatedly with deionized water until the pH of the filtrate was
eutral and finally vacuum dried.

.3. Synthesis of graphene nanosheets

For the preparation of graphene nanosheets using sodium boro-
ydride (NaBH4) (0.2 g) as reducing agent, graphite oxide (0.1 g)
as dispersed in water (20 mL)  through ultrasonication. The mix-

ure was allowed to stir for 30 min  and then heated at 100 ◦C for 3 h.
he black solid was isolated by centrifugation, washed with water
nd acetone and finally oven-dried.

.4. Synthesis of MnO2/G nanocomposite

In order to prepare MnO2/G nanocomposite, synthesized
raphene powder (0.10 g) was dispersed in water (50 mL)  with the
id of ultrasonication vibration for 30 min. Following the proce-

ure, to this suspension, KMnO4 (0.05 g) was added. The mixture
as stirred for 30 min  and heated for 15 min. Finally, the black solid
as filtered and washed with distilled water and ethanol, dried at

0 ◦C for 10 h in a vacuum oven.
d graphene oxide sheets.

2.5. Synthesis of Fe(OH)3/GO nanocomposite

For the synthesis of Fe(OH)3/GO nanocomposite, graphite oxide
(0.30 g) was dispersed into water (20 mL)  by ultrasonication vibra-
tion for 45 min. Consequently, Fe(NO3)2·9H2O (0.12 g) was added.
The mixture was  stirred for 12 h at room temperature. To this sus-
pension, H2O2 (1 mL)  was added during approximately 1 h. After
24 h, ammonium hydroxide was added until the pH reached 8. The
water in the reaction mixture was evaporated. The black solid was
washed with warm water and dried in a vacuum oven at 85 ◦C for
overnight.

2.6. Synthesis of Co/G nanocomposite

Cobalt/G nanocomposite was prepared from the reaction
between synthesized graphite oxide (0.30 g) in ethylene glycol
(50 mL)  with Co(NO3)2·6H2O (0.10 g) in ethylene glycol (30 mL).
Subsequently, sodium borohydride (1.5 mL)  was added into the
mixed solution. After ultrasonication for 30 min, this mixture was
refluxed for 5 h. The resultant solid products were separated by
centrifugation, washed with distilled water and ethanol, and finally
dried at 50 ◦C for 24 h in a vacuum oven.

2.7. Characterizations
Infrared spectra were recorded as KBr disks on Tensor 27 Bruker
spectrophotometer. Raman spectroscopy investigated using a Sen-
terra Bruker with 785 nm diode laser excitation. The evaluation
of synthesized graphene oxide, graphene and nanocomposites
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Fig. 5. XPS (a) general and (b) cu

uring the processes was monitored by powder X-ray diffraction
hilips PW 1800 diffractometer with Cu K� radiation. Scanning
lectron microscopy measurements and Energy Dispersive X-ray

pectroscopy were performed on a MIRA\\TESCAN at an accel-
rating voltage of 20 kV. Atomic force microscopy was  carried
ut on a Denmark Dualscope/Rasterscope C26, DME  micro-
cope. The surface chemistries of graphene oxide and Fe(OH)3/GO

ig. 6. FT-IR spectra of graphite oxide and graphene. (For interpretation of the references t
 of C1s spectra of graphite oxide.

nanocomposite were characterized on X-ray photoelectron spec-
troscope (XPS, surface analysis EA10 plus). The XPS was equipped
with Al–Mg anode. The vacuum-dried samples was employed to

detect the element compositions. To identify the types and percent-
ages of the functional groups on the surface of the above samples,
the C 1s, O 1s and Fe 2p peaks of the XPS spectra were curve-
fitted.

o color in this figure legend, the reader is referred to the web version of this article.)
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26.4 in natural graphite gradually weakened and finally disap-
peared. Simultaneously, the graphite oxide exhibited only one peak
at 12.2◦. The interlayer distance between neighboring graphene
layers in graphite oxide has increased with oxidation (they are
52 S. Sheshmani, R. Amini / Carboh

. Results and discussion

Recently, graphene as carbonaceous matrix, for preparation of
omposites have been investigated. Therefore, the suitable prepa-
ation is important for the industrialization of its applications. To
ate, monolayer or few-layer graphene has been prepared by some
ifferent methods, including micromechanical cleavage, chemical
apor deposition and epitaxial growth methods. However, some of
hese need harsh reaction conditions and some have tedious step,
hich are unable to meet the requirements of industrial produc-

ion. It should be emphasized that, currently, only the chemical
xfoliation method is considered as a common route toward the
roduction of graphene at low cost and in a large quantity. It
rst involves the oxidation of well-stacked graphite to graphite
xide and is then followed by chemical reduction to obtain reduced
raphene oxide (RGO) or thermal exfoliation of graphite oxide to
roduce graphene. Generally, oxidation results in an increase of
he d-spacing and intercalation between adjacent graphene lay-
rs and thus weakens the interaction between adjacent sheets and
nally leads to the dispersion of graphite oxide in an aqueous solu-
ion. Reduction using chemical compounds such as hydroquinone,
ydrazine hydrate, potassium hydroxide, sodium borohydride or
hermal exfoliation of graphite oxide is commonly performed to
btain graphene from graphite oxide.

There have been a few reports on the deposition of particles such
s manganese dioxide, ferric hydroxide and cobalt on graphene
xide or graphene synthesized by modified hummers method (Ji,
hena, Song, & Zhu, 2011; Yan et al., 2010; Zhang, Dwivedi, Chi,

 Wu,  2010), while in this study, employed graphene oxide was
repared through Staudenmaier method as a facile procedure.

.1. Characterization of graphite oxide

The FT-IR spectra of graphite and graphite oxide are shown
n Fig. 1. Comparison of these spectra clearly shows the charac-
eristic peaks of graphene oxide such as the stretching vibration
f hydroxyl group ( OH), the stretching vibration of C O from
arboxylic group, the vibration of O C O from carboxylate, the
ibration of C O alcohol and C O C of epoxy groups centered at
443, 1735, 1401, 1207 and 1055 cm−1, respectively. Also, the peak
t 1629 cm−1 is attributed to the vibrations of the adsorbed water
olecules and also the vibrations of unoxidized graphitic domains,

n the sample. The presence of various oxygen bearing functional
roups (C O, C O, OH) in the structure of graphene oxide, can
ead to synthesis of various composites with varied properties.

Raman spectroscopy is a powerful nondestructive tool to char-
cterize carbon materials, particularly for distinguishing ordered
nd disordered crystal structures of carbon. The oxidation leads to a
uge reduction in the size of graphite nanosheets in graphite oxide,
ompared to the size of the natural graphite flakes. The Raman spec-
rum of the graphite oxide displays a strong G line at 1592 cm−1

ssigned to the E2g phonon of carbon sp2 atoms, while the D line
t 1332 cm−1 attributed to a breathing mode of phonons of A1g
ymmetry, which is attributed to local defects and disorders. The
vertone of the D line is located at 2622 cm−1 (Fig. 2a).

The oxidation results showed an increase in the interlayer spac-
ng of graphite nanosheets in graphite oxide relative to natural
raphite, which can be attributed to the intercalation of oxygen-
ased groups or ions between its layers. Hence, the interlayer
istance of graphite can be increased from 3.35 Å of the original
raphite to 6–10 Å, depending on water content and the extent of
he intercalation process (Hontoria-Lucas, López-Peinado, López-

onzález, & Martin-Aranda, 1995). As mentioned earlier, a mixture
f nitric acid, sulfuric acid and potassium chlorate was  used to oxi-
ize the natural graphite powders. During this process, epoxy and
ydroxyl groups lie on the surface of each graphene layer, while
e Polymers 95 (2013) 348– 359

the carboxyl groups are located near the edges of basal planes
of the graphite structure. Simultaneously, carbon hydrolyzation
occurred and the sp2 bonds changed to sp3 bonds. At the same
time, H2O, NO3

−, or SO4
2− ions could insert themselves into the

graphene layer, inducing an increase in the interlayer spacing (He,
Klinowski, Foster, & Lerf, 1998; Hontoria-Lucas et al., 1995). The
graphite oxidation process was monitored using powder X-ray
diffraction. Fig. 3a and b shows the XRD pattern of the graphite
and graphite oxide after oxidation for 4 days. As oxidation pro-
ceeds, the intensity of the (0 0 2) diffraction line d-space 3.35 Å at

◦

Fig. 7. SEM micrographs of graphene nanosheets.
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changes during chemical processing from graphite oxide to reduced
graphite oxide. After chemical reduction of graphene oxide, the
conjugated graphene network (sp2 carbon) will be reestablished.
However, the size of the reestablished graphene network is
ig. 8. FT-IR spectra of graphene and MnO2/G. (For interpretation of the references

7.22 Å apart), because of the intercalation by oxygen-containing
roups and moisture. In 4-day of chemical treatment, the graphite
owders were completely oxidized to graphite oxide. Increasing
he reaction time (>96 h) did not show any remarkable effect on
he oxidation reaction (proved by the absence of further changes
n the XRD analysis).

The exfoliation to achieve graphene oxide plates has been
ost typically confirmed by thickness measurements of the single

raphene sheet (∼1.1 nm height) using atomic force microscopy
AFM) (Fig. 4).

The surface information of graphene oxide was collected by XPS.
o identify the functional groups and the respective percentages,
oth the general XPS spectra and the curve-fitted C 1s spectra
re presented in Fig. 5. The functionalities numbered from 1 to

 are specified in Table 1. XPS further illustrates the present of
abon–oxygen bonds. This phenomenon was mainly attributed to
he generation of oxygenated functional groups, such as epoxide,
ydroxyl, carbonyl and carboxyl groups, which broke the carbon
igma bonds and transformed them into single C C or sp3 bonds.
he peaks of O 1s and C 1s can be observed in the survey spec-
rum. These functional groups were further confirmed by the FT-IR
pectroscopy.

.2. Characterization of graphene

The FT-IR spectrum of graphene obtained from sodium boro-
ydride as reducing agent is illustrated in Fig. 6. Interestingly,

onsiderable changes are also observed in the IR spectra of
raphene oxide before and after treatment with sodium borohy-
ride, and giving evidence for the eliminated all vibration bands
ttributed to oxygen-containing groups after the reduction and

able 1
unctional groups obtained from curve fitting of C 1s XPS spectra (%) in graphene
xide.

BE (eV) FWHM (eV) Peak area (cts) Rel (%)

1: COO 289.03 0.75 108.2 6.4
2:  C O 287.56 1.30 528.8 31.4
3:  C O 286.70 0.96 225.1 13.4
4:  C C SP3 285.60 1.71 668.0 39.7
5:  C C SP2 284.36 1.53 103.0 6.1
or in this figure legend, the reader is referred to the web  version of this article.)

thus the graphene oxide was  effectively transformed into graphene
in the syntheses.

Raman spectroscopy was  employed to analyze the structural
Fig. 9. XRD patterns of (a) MnO2/G, (b) Fe(OH)3/GO and (c) Co/G nanocomposites.
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Fig. 10. (a) SEM micrographs and (b) corres

sually smaller than the original graphite layer, which will lead
o the increase of intensity of the D/G consequently. As it can
e seen from Fig. 2b, the Raman spectrum of RGO contains
oth G and D bands which shifted back to 1584 and 1312 cm−1,
espectively.

Fig. 3c shows the XRD pattern of graphene after treatment
ith sodium borohydride. The interlayer distance obtained from

raphene oxide is 7.22 Å (2�  = 12.2◦) with reduction, the interlayer
istance is expected to contract due to the removal of such func-
ional groups. The peak of the large interlayer distance disappeared
ompletely and a peak near 3.356–3.361 Å (2�  = 26.5◦) became visi-
le. This implied that most of the functional groups were removed,
nd it should be noted that XRD pattern were similar to that of
raphite (Fig. 3a).
The microstructure images of graphene are shown in Fig. 7.
raphene from reduction of graphene oxide have wrinkles and

olds of edges and exhibit a typically sheet-like structure (57 nm
n thickness).

ig. 11. FT-IR spectra of graphene oxide and Fe(OH)3/GO. (For interpretation of the refer
rticle.)
ng EDS patterns of MnO2/G nanocomposite.

3.3. Characterization of MnO2/G nanocomposite

MnO2/G nanocomposites were prepared by redox reaction.
In this reaction, graphene substrate serves as a reductant and
converts aqueous permanganate (MnO4

−) to insoluble MnO2,
which deposits on the surfaces of graphene. Result of redox reac-
tion is formation of MnO2, CO3

2− and HCO3
− (Yan et al., 2010).

Then, many oxygen-containing functionalities such as OH,  C O,
O C O, C O and O C O are located on the graphene surface.
Stretching vibrations of OH, C O of carboxylic, O C O of carbox-
ylate, C O and C O C groups centered at 3500–2900, 1800, 1400,
1200 and 1100 cm−1, respectively. Also, the peak at 1600 cm−1

is attributed to the vibrations of the adsorbed water molecules
and also the vibrations of graphene skeletal. Comparison of FT-

IR spectra of graphene and MnO2/G nanocomposite are shown in
Fig. 8.

The XRD patterns of Mn/G nanocomposite are shown in
Fig. 9a. Graphene has a dominant peak centered at 2� = 26.5◦

ences to color in this figure legend, the reader is referred to the web version of this
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Fig. 12. XPS global survey of the 
orresponding to an interlayer spacing of 3.356–3.361 Å. After reac-
ion in presence of MnO4

−, the interlayer spacing of the composite
eached to 4.858 Å. It is slightly larger than d-spacing of graphene.
he increased d-spacing for Mn/G composite can be ascribed

Fig. 13. XPS (a) general and
e of Fe(OH)3/GO nanocomposite.
to the presence of amounts of MnO2 groups on the graphene
surface.

As can be seen from the SEM image (Fig. 10a), the graphene
nanosheets are well decorated with MnO2 nanoparticles. Almost

 (b) curve fit of C 1s.
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Fig. 14. XPS (a) general and (b) curve fit of 2p 3/2 spectroscopic state of iron.
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o free MnO2 nanoparticles are detected outside of the graphene
heets, indicating the perfect combination between nanoparticles
nd graphene nanosheets. The higher magnification SEM images
hich clearly demonstrate the dense and homogeneous distri-

ution of nanoparticles on the surface of graphene sheets. The
DS pattern of MnO2/G shown in Fig. 10b  confirms that the exis-
ence of the elements of Mn  besides C and O, demonstrating the
uccessful deposition of MnO2. The mass ratios of G:MnO2 was
.87.

.4. Characterization of Fe(OH)3/GO nanocomposite

Graphite oxide contained a variety of functional groups includ-
ng COOH, OH and epoxy. Then iron ions coordinated to
he surface of graphite oxide, transformed into ferric hydrox-
de nanoparticles through addition of ammonium hydroxide.
he functionalization of graphene oxide with ferric hydroxide
as further confirmed by the FT-IR (Fig. 11). Some bands that
elated with the oxygen-containing functional groups changed
n the FT-IR spectra of this composite. Furthermore, weak
eak at 607 cm−1 is observed suggesting the presence of
e O.
The XRD patterns of the synthesized composite with Fe(OH)3 are
shown in Fig. 9b. The diffraction peak of graphite oxide appeared
at 2� = 12.2◦ which originated from the diffraction on its (0 0 2)
layer planes with the basal spacing of 0.722 nm.  When graphene
oxide was converted to Fe(OH)3/GO composite, that were dimin-
ished which clearly signified the removal of oxy-functional groups.
The XRD pattern, described the formation of ferric hydroxide on to
the surface of graphene nanosheet as the peaks centered at 2� = 26◦

and basal spacing of 0.803 nm.  The broad nature and low relative
intensity of the peak suggest amorphous nature of Fe(OH)3 phase
in composite and the small size of this particles (Li, Wang, Liu, Liu,
& Yang, 2011).

The surfaces of Fe(OH)3/GO nanocomposite was analyzed by
XPS. The global survey by XPS is presented in Fig. 12.  In this com-
posite, the following peaks appeared: (i) iron (2p signal from 705
to 730 eV); (ii) oxygen (1s signal from 528 to 535 eV); (iii) carbon
(1s signal from 282 to 290 eV). Figs. 13 and 14 present the C 1s and
2p3/2 spectrum of iron, respectively. The characteristics (position,
FWHM and proportion) of the XPS C 1s and Fe 3p peak are reported

in Tables 2 and 3, respectively.

The element mapping images of SEM clearly illustrated the
deposition of nanoparticles in size of 24.5 nm onto the sur-
faces of graphene sheets (Fig. 15a  and b). The added FeOH
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Fig. 15. SEM micrographs and correspond

anoparticles to the surface of graphene oxide appeared as bright
ots that uniformly spread on the surface of the Fe/GO nanocom-
osite (Fig. 15b). It could be attributed to that most of the

mpregnated iron was in a coordination form with oxygen groups
n the graphene oxide rather than in the free ferric hydroxide form.

mages of this composite show formation of ferric oxide particles
mbedded within graphene oxide layers (Fig. 15c). The compo-
ent of prepared composites was confirmed by energy dispersive

able 2
osition, FWHM,  peak area and proportion of the XPS C 1s.

BE (eV) Peak area (cts) FWHM (eV) Proportion (%)

COO 289.03 16.6 1.28 9.3
C  O 287.56 47.8 1.79 26.9
C  O 286.70 19.2 1.19 10.8
SP3 285.60 68.4 1.60 38.4

able 3
osition, FWHM,  peak area and proportion of the XPS Fe 3p.

BE (eV) Peak area (cts) FWHM (eV) Proportion (%)

Satellite Fe+3 717.71 1.22 1.22 3.4
Satellite Fe+3 716.19 1.42 1.42 5.3
Fe2+ 715.11 75.6 1.37 16.1
Fe3+ 713.90 102.3 1.75 21.7
Fe3+ 712.70 136.0 1.72 28.9
Fe3+ 711.50 41.3 1.17 8.8
Fe2+ 710.90 61.4 1.83 13.0
Fe3+ 710.20 12.8 1.10 2.7
S patterns of Fe(OH)3/GO nanocomposite.

X-ray spectroscopy (EDS) (Fig. 15d). The mass ratios of GO:Fe was
2.46.

3.5. Characterization of Co/G nanocomposite

When a graphene oxide sheet solution is mixed with a
Co(NO3)2·6H2O solution, Co2+ is bonded through electrostatic
attraction. Since graphene oxide is homogeneously dispersed and
the Co2+ are excluded each other, all Co2+ ion are uniformly dis-
persed on the surface and interlayer of graphene oxide sheets.
Then in chemical reduction step eliminated all bands attributed
to oxygen-containing groups by NaBH4 and thus the graphene
oxide was effectively transformed into graphene in the syntheses.
Under ultrasonification condition, the interlayer spacing gradually
increases and Co2+ ions could inter-laminate pore easily into the
graphene enlarged layer.

The XRD pattern of Co/G nanocomposite is shown in Fig. 9c.
The peak at 2� = 12.2◦ corresponding to graphene oxide cannot be
detected in this composite, which indicates that graphene oxide
has been completely converted to graphene (peak at 25.1◦). This
peak related to a poorly crystallized compound originating from
the small particle size and an approximately amorphous nature
of the powder. Also, the peak at 2� = 43◦ corresponding to the
(1 0 0) crystal plane of graphene weakened after the deposition of
cobalt, indicating that the surfaces of graphene are fully covered by

nanoparticles cobalt.

Fig. 16a  and b shows the SEM images of this composite. It is
clear that Co nanoparticles (18.78 nm)  are homogeneously coated
on the graphene sheets. The EDS pattern (Fig. 16c) confirms the
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Fig. 16. (a, b) SEM micrographs and (c) corr

xistence of the elements of Co, C and O, demonstrating the suc-
essful decoration of cobalt nanoparticles. The mass ratios of G:Co
as 7.32.

. Conclusions

In summary, graphene oxide and graphene nanosheets have
een prepared in using a soft chemistry approach via Stau-
enmaier method. With the chemical procedure used, graphene
xide was prepared using concentrated sulfuric acid, nitric acid
nd potassium chlorate from raw graphite. The steps of oxida-
ion, ultrasonic treatment and chemical reduction process yielded
raphene nanosheets. The results from each step were inves-
igated in details by FT-IR, Raman, XRD, SEM, EDS, AFM, and
PS. The analysis of structural changes from raw graphite to
raphene oxide and graphene nanosheets in FT-IR, Raman spectra
nd XRD investigated. SEM observations confirmed the crys-
alline nature of graphene nanosheets and also demonstrated that
raphene nanosheets naturally corrugated into ripples, like wavy
ilk.
Also, the present work showed immobilization of MnO2,
e(OH)3 and cobalt nanoparticles on the graphene based
anosheets. All the results demonstrated that interaction between
raphene oxide as matrix and metal nanoparticles were via
ding EDS patterns of Co/G nanocomposite.

hydroxyl, carbonyl and/or carboxylate groups. These nanoparti-
cles were homogeneously distributed on the matrix of graphene
sheets.
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