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Preparation, characterization and thermal stability of reduced graphene oxide/ silicate
nanocomposite
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Reduced graphene oxide-silicate (RGO/SiO,) hanocomposites were prepared by a sol-gel method by mixing 10 wt%
and 20 wt% of RGO with tetraethyl orthosilicate (TEOS). RGO sheets were prepared by chemical exfoliation of
purified natural graphite powder. The phase formation and the structural transformations of the samples are verified by
X-ray diffraction analysis. Thermal behavior was studied using differential thermal analysis (DTA) in air atmosphere.
FTIR spectrophotometry was used to determine the short range order of the obtained nanocomposites. Scanning
electron microscopy (SEM) with EDS was also used to determine the structure and morphology of the samples in
addition to elemental analysis of constituents. The analysis showed that the carbon phases start firing after heating at
400°C to completely disappear between 550 to 600°C. Cristobalite phase appeared at 800°C in the sample containing 20
wt % RGO, while the amorphous silica structure was dominant in the sample containing 10 wt% RGO at the same

temperature.
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INTRODUCTION

Since Andre Geim & Kostya Novoselov isolated
graphene in 2004 and received the Nobel Prize in
2010, an explosion in the investigation of graphene
and composites based on graphene in terms of
synthesis, characterization, properties, as well as
specifically potential applications were reported.
Graphene  has  wonderful  physicochemical
properties such as high values of its Yong’s
modulus, fracture strength, thermal conductivity,
specific surface area, and electrical conductivity [1,
2]. These features have made graphene and
graphene derivatives ideal for diverse applications.
Reduced Graphene Oxide (RGO) is known as
chemically modified graphene, functionalized
graphene, chemically converted graphene, or
simply graphene [3]. RGO is like the pristine
graphene but has some oxygen functional groups
remained after the incomplete reduction of the
graphene oxide sheets during its production by
chemical methods [4, 5]. During the last half
decade, RGO has been studied in the context of
many applications, such as polymer composites,
energy-related materials, sensors, field-effect
transistors and biomedical applications, due to its
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excellent electrical, mechanical, and thermal
properties. One of the methods considered as an
effective route to synthesize RGO sheets due to its
simplicity, reliability, ability for large-scale
production and exceptionally low price is the
isolation of graphene sheets from graphite by
chemical treatments which are suitable for large-
scale production [6].

In the past few years, significant efforts have
been directed toward the preparation of
nanocomposites based on graphene such as
graphene/Bi,0s [71, graphene/SnO; [8].
graphene/gold [9]. graphene/silver [10],
graphene/Mnz0. [11], AgsVO4/TiOJ/graphene [12],
TiO2/graphene [13, 14], ZnO/graphene [15, 16] and
graphene/cobalt [17]. The unique properties of these
materials have been demonstrated for a variety of
catalysts, super capacitors and fuel cell batteries.
One of the future challenges is to preserve the
excellent physical properties of graphene in the
process of synthesizing nanocomposites [18].

Silica is a very appropriate compound due to its
high chemical and thermal stability. It has been
known since ancient times. Silica is most
commonly found in nature as quartz, as well as in
various living organisms [19]. It is one of the most
complex and most abundant families of materials,
existing as several minerals and produced
synthetically. Notable examples include fused
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quartz, crystal, fumed silica, silica gel, and
aerogels. Applications range from structural
materials for microelectronics to components used
in the food industry. The graphene fabricated on
silica depicts interesting properties due to the local
atomic configuration, and the binding sites of
graphene with SiO,. It can find applications in the
development of super capacitor devices, devices for
drug delivery, heavy metal removal, biosensors and
electrochemical sensors [20-22]. Moreover, by the
sol-gel method it is easier to prepare a homogenous
composite with random distribution of RGO sheets
in the volume of the materials. There are a few
works which presented the methods for synthesis of
RGO/SiO, composite by using graphite oxide and
TEOS as precursors with or without surfactant [23-
25]. In this study, we prepared a nanocomposite
from silica with reduced graphene oxide, which
may find possible applications in the development
of super capacitor devices, devices for drug
delivery, biosensors and electrochemical sensors
[26].

EXPERIMENTAL
Preparation of reduced graphene oxide (RGO)

RGO was successfully prepared by chemical
exfoliation of purified natural graphite powder
(99.9 %, Alfa Aesar Co.) typically as mentioned in
our previous study [28] with complete
characterization to confirm that we obtained RGO
as mentioned in the literature. Briefly, we can
summarize it in three steps.

1- Firstly, graphite was oxidized by a strong acid to
obtain graphite oxide using the Hummers and
Offeman method [29].

2- Graphite oxide was ultrasonicated for 2 h to
exfoliate the compact sheets to produce a dispersion
solution of the graphene oxide nanosheets.

3- Finally, the dispersion solution of graphene
oxide was reduced using the strong reducing agent
sodium borohydride (98%, Alfa Aesar) to obtain
the reduced graphene oxide nanosheets.

Preparation of reduced graphene oxide / silicate
(RGOI/SiOy)

The RGO/SiO; nanocomposite was prepared by
the sol-gel technique using tetraethyl orthosilicate
(TEOS) (98%, Aldrich Co.) and freshly prepared
RGO as precursors. In order to avoid the
aggregation process in RGO sheets and to solve the
problems related to the exfoliation and distribution
of the sheets inside the composites we selected
definite amounts of RGO (10 wt% and 20 wt%)
not less than the detectable amounts inside the

silica matrix. Mixture of the target amounts of RGO
dispersed in deionized water using ultrasonication
was added to the solution of TEOS and ethanol
under stirring at 110°C for 1 h in order to obtain a
gel following the scheme shown in Figure (1).
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Fig. 1. Scheme of preparation of RGO/SiO;
composite by the sol-gel method.

Samples characterization

The phase formation and  structural
transformation were detected by X-ray phase
analysis (Bruker D8 Advance, Cu Ka radiation).
The micro-nano structure and the morphology of
the crystalline products were studied by scanning
electron microscopy (SEM) (Jeol-357) with energy-
dispersive X-ray spectroscopy (EDS) for elemental
analysis of the constituents. Differential thermal
analysis (DTA) in air atmosphere was carried out
on STA PT1600 TG-DTA/DSC Simultaneous
Thermal Analysis, (LINSEIS Messgerdte GmbH,
Germany). The main short range orders of the
nanocomposites were determined on a Channel
FTIR spectrophotometer VARIAN series 600, with
a wide wavelength range (4000-400 cm™) and
spectral resolution not worse than 0.07 cm* at room
temperature using a standard KBr pellet technique.

RESULTS AND DISCUSSION

XRD analysis of the samples containing 10 wt%
and 20 wt% of RGO showed that the crystal phases
appeared at different temperatures. In the beginning
of heating up to 200°C it was found that the
composites contain amorphous silica and RGO
sheets. Lignite was identified at 400°C (Ref. Code
00-005-0625). All carbon phases disappeared
between 550°C and 600°C. The samples which
contain 10 wt% RGO at 800°C became completely
amorphous, the so called silica gel glass, while
cristobalite crystal phase appeared in the samples
which contain 20 wt% RGO at the same
temperature, as shown in Figure (2). This means
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that with increasing the amount of RGO the
formation of cristobalite was accelerated.
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Fig. 2. X-ray diffraction pattern of the samples
containing 0 wt%, 10 wt% and 20 wt% of RGO treated
at a) 200°C, b) 400°C, and c) 800°C.

According to the results of the DTA/TG analysis
the samples showed significant weight loss with an
onset temperature above 100°C, which was
attributed to the elimination of the water, followed
by removal of the weak oxygen-containing
functional groups as CO, CO, and H,O vapors. As
shown in Figure (3a), the mass loss for the samples
containing 20 wt% RGO is higher than that for the
other samples, especially above 400°C.

Figure (3b) presents the differential thermal
analysis results for the target samples. It was found
that the strong exothermic effect observed near to
600°C for samples which contain 20 wt% RGO is
due to firing of the carbon content.
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Fig. 3. Thermal analysis for the samples containing 0
wt%, 10 wt% and 20 wt% of RGO (a) Mass loss (b)
DTA signal.

Table 1. Elemental analysis in weight percent at
different positions inside the samples containing RGO
(10 wt% & 20 wt%).

Samples C% O% Si% Total
Al 3748 515 11.02 100

0
13&/0 A2 2991 5481 1528 100
A3 7116 2454 431 100
Bl 2013 39.29 4057 100

0
Zgév(t)/o B2 775 2115 134 100

B3 76.73 21 2.27 100

The IR spectra of samples treated at 200, 400
and 800°C are presented in Figure (4a, b, ¢). It was
established that between room temperature and
400°C transformation of silica gel to silica gel glass
takes place because the band at 950 cm™* decreased
to a small shoulder. This can be connected with
replacement of the Si-OH group with Si-O-Si
bridge bond [30]. The bands corresponding to
vibration of the water molecules around (3450,
1635 cm™) were drastically reduced on increasing
the temperature. The dominant band at 1090 cm*
(800°C) was connected with the stretching vibration
of Si-O-Si bonds between SiO, tetrahedra [30]. The
band with small intensity at 660 cm™ in the spectra
of the samples containing 20% RGO can be
attributed to the formation of cristobalite [27].
These results are in good agreement with the XRD
analysis data.
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From the SEM images (Figure (5) it is seen that
randomly distributed aggregates of stack small
sheets are imbedded in the amorphous matrix. The
EDS analyses of the samples are presented in Table
(1). According to these results we can confirm that
the samples display random distribution of RGO
which is presented as carbon (C).
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Fig. 4. IR-Spectra pattern of the samples containing
0 wt%, 10 wt% and 20 wt% of RGO treated at a) 200°C,
b) 400°C, and c) 800°C.
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Fig. 5. SEM images of samples heated at 200°C
containing (A) RGO 10 wt% (B) RGO 20 wt% at
different positions. The arrows inside the SEM pictures
point to the exact positions of performed elemental
analysis.

CONCLUSIONS

In this study, it was established that by direct
mixing of RGO and TEOS by the sol-gel technique,
it is possible to obtain composite materials. Inside
the matrix RGO interacts with the silica glass to
form lignite which is detected at 400°C. Under
continuous heating all of carbon contents burned
and the carbon phases completely disappeared at
about 600°C. Cristobalite phase was detected at
800°C in the composite containing 20 wt% RGO,
while amorphous silica structure was dominant at
the same temperature for the composite containing
10 wt% RGO. This means that the increase in the
amount of RGO inside the silica matrix enhances
the crystallization of silica at low temperature. We
believe that this information will be useful for
further understanding of the complex nature of this
composite, and it will be taken into account for
possible applications according to its unigque
properties.
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I[MPUT'OTBAHE, OXAPAKTEPU3UPAHE U TEPMWNYHA CTABUJIHOCT HA PEAYLIMPAH
I'PA®EHOB OKCUJI/CUJIMKAT HAHO-KOMITO3UTU
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Tloctbrnuna Ha 11 HoemBpu, 2014 r., kopurupana Ha 3 asrycrt, 2015 .
(Pesrome)

IpuroTBeHn ca HaHO-KOMIIO3UTH OT peayipad rpadeHos okucua-cunukar (RGO/SiO;) mo 3071-renm MeToma 4pes
cmecBade Ha 10 % u 20 % tern. ot RGO ¢ rerpaerun-oprocunukar (TEOS). JlucroBe or RGO ca npurotBeHu upes
XHMHYECKO pa3CTHIaHe Ha MPEYUCTEH eCTECTBEeH rpaduTeH npax. Pa3o00pa3yBaHETO U CTPYKTypHaTa TpaHchopMarms
Ha TpOOUTE ca MOTBBPACHH 4Ype3 PEHTICHO-CTPYKTYpeH aHanu3. TepMUYHHTE OTHACSHHS ca M3CICIBAHU 4pe3
midepennmaner repmuuer ananus (DTA) B atmocdepa ot Be3ayx. M3mnon3Bana e nHdppauepBeHa crekTpohoToMeTpus
(FTIR) 3a onpenesnsHeTo Ha KpaThK 00XBaT HAaHO-KOMIIO3UTH. M3M0JI3BaHa € U CKaHUpalla eJIeKTPOHHA MHUKPOCKOIIHS
(SEM) ¢ EDS 3a ompezensiHeTo Ha CTpyKTypaTa 1 MOp(HOJIOTrusaTa HAa MPOOUTE B JOMBIHEHNE HA CIIEMEHTHUS aHAJIH3.
AHanu3bT NOKa3Ba, ue BbIVIepoaHara (as3a 3arnousa Ja ropu ciej Harpsisane npu 400°C 10 mbiHO H3ue3BaHE MEXIY
550 u 600°C. KpucrobanutHa asa ce nossssa npu 800°C B mpoburte, chabpxkamu 20 % tern. RGO, mokaro amophen
CUITMILINEB TUOKCH] TOMUHUpA B ipobure, chabpikaiy 10 % tern. RGO npwu chiiara temneparypa.
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