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Abstract
Graphene oxide (GO) characterized by high electrical conductivity and thermal stability can be considered as a single
monomolecular graphite layer, containing numerous functional oxygen groups such as epoxide, carbonyl, carboxyl and
hydroxyl groups. Therefore, in this work, we have come to produce high quantities of GO sheets by innovative, simple
and hydrazine-free methods based on rice straw, using catalytic acid spray method (CAS) in the presence of cobalt silicate
nanoparticle as a catalyst. The structure of graphene oxide was characterized by FTIR, Raman, HR-TEM and DLS. FTIR
shows that GO comprises some efficient hydroxyl (OH), epoxy (cyclic ether), carboxyl and carbonyl groups. XRD shows
that the interlayer spacing of GO prepared by our techniques is higher to some extent than the interlayer spacing of other
GO produced by another processes. We can say that, GO sheets can be produced for various applications, in large quantities,
high efficiency and low cost, by adjusting the parameters such as acid strength or catalytic doses used in the CAS method.
Thereby, we can overcome the weak inter-bond between the GO sheets without cracking them.
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1 Introduction

Graphene that consisted of single thin carbon sheet with a
hexagonally packed lattice structure has attracted the atten-
tion of researchers in both basic and applied science fields
[1,2]. Important of graphene oxide is attributed to the low
cost of its production, its accessibility and the possibility
of transferring it to graphene on a large scale. GO attracted
the physicists due to its electronic behavior under magnetic
field and at low temperature. GO’s transform properties from
microscopic-to-molecular scales have attracted considerable
attention to current research effort [3].

In these days, GO can be produce on a large scale via
graphene exfoliation using strong oxidizing agents. GO is
often synthesized by chemical oxidation of natural graphene,
although it can be prepared with electrochemical oxidation
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as an alternative route [4]. Fortunately there are many syn-
thetic strategies to produce good quality in huge amounts of
graphene oxide at actual cost [5].

Nevertheless, the isolated graphene oxide monolayer has
received double attention, and within a few years the scien-
tists will be able to verify on the properties of this new yet
ancient two-dimensional material [6]. At present, Hummers’
methodwaswidely adopted to produce GO, but it still suffers
from several flaw, such as toxic gas generation (NO2, N2O4),
residual nitrate and low yield. Graphene oxides exhibit sig-
nificant differences of its characteristics depending on the
synthesis method and on the oxidation degree [7–9].

As an example, we found that the temperature point of
explosive exfoliation of graphene oxide prepared by Brodie
method is very higher compared to such point of graphene
oxide produced by Hummers method by difference up to
100

◦
with the same heating rates [1]. Also, it is noted a

large difference in the hydration and solvation properties of
graphene oxides prepared by Brodie and Hummers, respec-
tively [1]. Recently, using of amixture ofH2SO4 andKMnO4

to cut long-standing carbon nanotubes leads to produce a
microscopic flat strips of graphene oxides and a few wide
carbon atoms that have edges “capped” by oxygen atoms
(=O) or hydroxyl groups (−OH) [1].
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Bottom-up or (Tang-Lau method) is another method for
preparing graphene oxide, at which the sole source is glu-
cose, and characterized by its safer, simpler controlling on
the layerwideness, varying frommonolayer tomultilayers by
regulating the growth factors, finally it is more environmen-
tally friendly compared to the conventionally “top-down”
method, which is prepared in the presence of very strong
oxidizers [10–12].

Because the exact structure ofGO is complicated to define,
the previous studies indicated that GO is communicable aro-
matic lattice of graphene hindering by epoxides, alcohols,
ketones and n carboxylic groups. Such hindering of the lattice
is indicated by increasing the interlayer spacing to 0.335nm
and0.625nm for graphene andGO, respectively.On the other
hand, naturally flake graphene is amineral purified by remov-
ing of heteroatom contaminate andwhen oxidizedwe can get
GO. Therefore, there is strong economic demand for the pro-
duction of graphene oxide by an effective method and on a
huge scale. The synthesis of GO has become necessary, and
the chemical methods needed to be reconsidered with a new
challenge and with the possibility to return the reduction of
GO sp3 to graphene by low cost as possible [13].

In this paper, we applied the catalytic acid spray method
to produce graphene oxide from cellulose as a natural source.
The new graphene oxide sheets were described by Raman,
XRD and TEM analysis. We see that the simplicity of oper-
ation method and the precision of our techniques might give
us a chance to produce GO in a large scale.

2 Material andMethods

2.1 Materials

The commercially available rice straw was utilized as a
source to synthesize of cellulose. In addition, the chemi-
cals delivered from the local suppliers such as sulfuric acid
(H2SO4) 98%, cobalt nitrate (Co (NO3)2), sodiumhydroxide
(NaOH) and silica were used as they are without purifying.

2.2 Preparation of Silica Cobalt Nanocomposites
Catalysis

Direct precipitation method was used typically by dissolved
16.2g of cetyltrimethylammonium bromide (CTAB) in solu-
tion containing 145ml of deionized water at 30 ◦C ( [14].
After that, 8.21ml of tetraethyl orthosilicate (TEOS) as sil-
icon source and 32ml of 30% NH3 were then added drop
wise and stirred vigorously for 12h to hydrolyze TEOS with
0.5g cobalt nitrate. The product obtained was filtered and
dehydrated under vacuum at 40 ◦C overnight. To remove sur-
factant, the samples were annealed at 550 ◦C in air for 4h,

after that theMCM-41 (MobilComposition ofMatterNo. 41)
were then obtained [15].

2.3 Extraction of Amorphous Microcrystalline
Cellulose

Hemicellulose fraction in rice strawwas hydrolyzed with 1%
(wt/wt) H2SO4 at 120 ◦C for 60 min to get into hydrolysate
fraction as monomeric sugars. Then the resulted residue
(amorphous microcrystalline cellulose) was exposed to the
delignification process using mixture of 1.5% (wt/wt) NaOH
and 0.5% (wt/wt) H2O2 at 120 ◦C for 60min. During alkaline
peroxide delignification process, lignin and silica present in
the pretreated rice straw were moved into the black liquor
[3].

2.4 Preparation of GO Nano-Sheets using CAS
Method

0.1g silica was putted in 100-ml round-bottom flask and 5g
amorphous microcrystalline cellulose then added and dosed
by 5ml concentrated H2SO4, then left for 10min, after that,
it was filtrated, washed with boiling water till pH 7 and kept
in oven at 40 ◦C for 6h as seen the preparation and mecha-
nism of reaction in Fig. 1. The prepared carbon material was
decanted in a flask with 0.01g cobalt silicate nanoparticle
and heated to 40 ◦C for 30 min to obtain agglomerated GO
sheet. Then the agglomerated GO sheet was left to cool for
1h, and GO sheets were dehydrated at 50− 70 ◦C for 24h to
obtain exfoliated single-layer GO [16].

3 Result and Discussion

3.1 Infrared Spectra

FIIR of cellulose in Fig. 2 shows absorbance’s at 34161 band
that attributed to stretching of the O–H bond (hydroxyl
groups) of cellulose. Furthermore, an increase is observed
for the bands around 2900 cm−1assigned to the C–H stretch-
ing, due to the presence of the CH− and CH2 -groups of
the cellulose and CH3− of the cellulose. 1638, 1417, 1323,
1161, 1046, and 895 cm−1 attributed to C–H stretching of
CH2 and CH3 groups.

The absorption band of secondary CH–OH and primary
CH2-OHhas beenmoved from3407 to 3423cm−1 after basic
treatment, this indicates on broken of hydrogen bonds in cel-
lulose [27]. Furthermore, CH2- bending peak was shifted
from 1431 to 1419 cm−1, which indicated on the splitting of
hydrogen bonds of cellulose. The stretching’s of methylene
and −C−H groups are located at 2800– 3000cm−1 [17].

The FTIR of GO (Fig. 2) exhibits three characteristic
peaks at 1300, 1710 and 3450 cm−1 for carboxylic acids
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Fig. 1 The exfoliation of GO (200nm) from microcrystalline cellulose by CAS method
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Fig. 2 FTIR of cellulose and prepared graphene oxide by CAS method

(COOH), carbonyl(CO) groups and hydroxyl groups(OH),
respectively [18]. The bands at 1249 and 1134 cm−1 can be
ascribed by asymmetric and symmetric S=O, respectively.
This means that we successfully prepared GO having modi-
fied functional surface [19,20].

3.2 Analysis using XRD

Powder XRD analysis was applied to visualize the struc-
tural features ofCo/silica catalysts and the prepared graphene
sheets produced from cellulose by CAS method, and the
results are displayed in Fig. 3. As shown from the XRD
pattern of GO, the presence of inset distance between the
layers has a significant consideration for describing the struc-
tural aspects of graphene. However, the (002) peak has been
shifted to 13.05 ◦ for GOwith a d-spacing value of 1.7997 nm
[21] and that far from that appeared in otherwork (100)which
is related to the (002) crystalline plane. Increasing of spacing
between layers is indicated on the insertion of water moieties
with oxygen functionalities of GO [22,23]. The considerable
change of peak location is indicating on the great expansion
of d-spacing due to the introducing of oxygen functional-
ities (such as C_OH, C_O_C, C_OOH) of graphite oxide.
In reflection mode, the XRD pattern shows a strong (001)
peak, indicatingpreferredorientationof grapheneoxidebasal
planes parallel to the sample plane. The (001) d-spacing is
10 Å. Based on the (001) peak width, the crystallite size was
determined using the Scherrer’s technique and was found to
be 60 Å in the [00l]-direction. Based on the obtained results,
it is observed that the peaks are broader than that appear in
other work results [24]. It may be due to the presence of car-
bon atom with higher surface area along with the composite
materials [21].

Fig. 3 XRDof cobalt silicate catalyst and graphene oxide that produced
from cellulose by CAS method

We found also in Fig. 3 that Co/silica catalystswith ametal
loading of 1 wt% were synthesized by Co (NO3)2 incipient
wetness impregnation on silica to get catalysts with certain
cobalt particle sizes. The XRD of hybrid Co/silica catalyst
in Fig. 3 displays a characteristic reflection peak at 2 θ of
19 ◦, 31.3 ◦, 36.9 ◦, 44.8 ◦, 59.4 ◦ and 65.2 ◦,which indicate
the plane (111), (220), (311), (222), (440), (422), (511) and
(440), respectively [25], and this is indicated on the presence
of Co3O4 in crystalline phase inside the catalyst sample, our
suggestion is conceded with the studies done by [8,25,26].

In regular silica-supported catalysts, the Co3O4 particle
sizewas decreased from13.2 to 7.5 nm [27], taking in consid-
eration that the particle size of hybrid catalystswas calculated
using X-ray broadening method as described by Scherrer’s
equation, where the crystallite size of hybrid catalyst is pro-
moted by 50nm. These values were confirmed by HR-TEM
measurementswhich also indicated particle size distributions
[28].

As we seen from XRD pattern of Co/silica catalysts, the
three intensive peaks are observed at 21, 29 and 600, corre-
sponding to 002, 100, 101 and 004 reactions, respectively.
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Fig. 4 The size distribution of
graphene oxide by dynamic
light scattering (DLS)

GO shows maximum broadband and sharp peak measured at
22.25 and 24.27, respectively [29].

We can suggested that the broadband appeared in XRD
pattern of GOmay be due to combination of graphene sheets
with another layers produced as a result of different intercala-
tion and de-intercalation stages of silicate content of catalyst
or the cellulosic precursor materials. Also we found that the
d-spacing values are ranging between 1.23 and 0.85nm cal-
culated using Bragg’s equation [30].

3.3 Dynamic Light Scattering (DLS) Method

The size of new GO in an aqueous solution was measured
using dynamic light scattering (DLS) method; DLS results
displayed that the size of GO lays between 50 and 100nm as
presented in Fig. 4. Also it is shown that the hydrodynamic
diameter of GO sheets is about 551.8nm in the existence
of water, which means that the GO particles produced from
cellulose by CAS method and their dimension are somewhat
higher than that of ordinaryGOparticles that are produced by
another method because of the aggregation of GO fragments.

It is observable that the modification in the distribution
size of GO sheets shows that CAS method not only repre-
sented as a strong oxidizing to synthesis graphene, but it was
also functionalized the resulted surfaces ofGO, leading to the
increase in the Brownian motion rate afterward the reduction
by chemical process [31,32].

3.4 Raman Spectroscopy

Raman spectroscopy was used to detect the quality of
prepared graphene sheets and that is powerful candidate
for quick and nondestructive inspection of many layers of
graphene [33,34]. Raman spectroscopy of GO was used to
verify the presence of graphene [35].

The spectrum of GO in Fig. 5 shows the intense peaks
at 1348 cm−1 (D) and 1558 cm−1 (G). The G band that
is existing in all sp2-hybridized carbon materials is due to
stretching of the C–C bond; meanwhile, the D and D′ bands
resulted from the disorder in the graphene flakes. The 2D

band is slightly broader, between 2650 and 2700 cm−1 and
very small that indicates very far sheets of GO [36]. The out-
come results recommend that the prepared graphene sheets
of graphene could be single sheet. Previous studies recom-
mended that the graphene obtained by the reducing chemical
method displays two distinguishing main peaks: G band at
1575 cm−1 and the D band at 1350cm−1. Here we detected
that GO displays G band at 1558cm−1 and D band at 1348
cm−1 separately (Fig. 5). The G band of GO showed a red
shift from 1557 to 1558cm−1,and that known as regaining
of carbon atoms in a hexagonal system. The intensity ratio
IG/ID is used to assess the amount of defects in graphene and
the in-plane crystallite. The intensity ratio (IG/ID) of pre-
pared GO is 4 indicating on the appearance of disorder and
some low defects in prepared GO comparing with (IG/ID)
that of GOs produced by the other methods. This modifica-
tion indicates that during the production process more SP2

domains in graphene sheets were changed [37,38].

3.5 Electronic Absorption Spectra of Graphene
Oxide

UV–vis absorption spectra of suspended GO in Fig. 6 show
two bands at 270nm which are assigned to p–p* of aromatic
C–C bonds, and a shoulder at about 350nm, can be recog-
nized ton-π* transitions of C=O bonds [2,39,40].

The peaks are shifted to lower and higher wavelengths
beside a decrease or disappearance of the peak due to n–p*
transition which confirm the coordination catalyst with the
carboxylic andOHgroups onGO surface. Also, the spectrum
obtained is in covenant with the previously reported results
[38,41].

3.6 Thermal Analysis

Thermogravimetric curves of cellulose and GO in Fig. 7
show small initial brake near 100 ◦C may be to evaporate
of retained moisture. The decomposition temperature of cel-
lulose and GO started at 228 ◦C and 410 ◦C, respectively,
our resulted agreement with that obtained by, who stated
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Fig. 5 Raman spectroscopy of graphene oxide that produced from cellulose

Fig. 6 UV–vis Spectrum of Graphene Oxide

that 50% of weight loss occurs at decomposition tempera-
ture of 300 ◦C and 450 ◦C for cellulose and GO, respectively
[42,43].

Thedecomposition temperature decreasing trends inferred
that the thermal stability of cellulose was lower than that of
GO, which was probably due to partial hydrolysis and degra-
dation ofmacromolecular cellulose during pretreatment. The
higher degradation residues of GO proposed that some impu-
rities from silica and the catalyst are involved in synthesis
process and may be contributed to produce yield over 100%
of some samples [33].

3.7 The Structure Analysis

As we discussed in this section, the structure of Co-silicate
catalysis and GO sheets was illustrated by HR-TEM, SAED
and EDX analyses. As seen from Fig. 8, the HR-TEM image
of Co-silicate NPs indicated that the lattice spacing ranging
is of∼50 nm and are distributed randomly anchored agglom-
erated onto each other.

The irregular spherical surface morphology observed
might be due to the impregnation of the Co oxide into the
silicate catalyst. The top right image of Fig. 8 indicates a lat-

Fig. 7 TGA of cellulose and GO nanoparticles

Fig. 8 HR-TEM of Co-silicate catalyst with lattices spacing image

tice spacing of 0.691nm,which could be ascribed to the (100)
planes of magnetite (CoO). So we can say that through the
production reaction, cobalt atoms migrate to the silica parti-
cle surface, creating a cobalt oxide epitaxial film [44]. In the
future, such atomic information provides an important refer-
ence point for designing and engineering better Co-silicate
catalyst [45].

HR-TEM images of the graphene oxide nanoparticles
sheets in Fig. 9 show that the distance between graphene
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Fig. 9 HR-TEM and SAED of
graphene oxide sheets

Fig. 10 EDX of graphene oxide
sheets

oxide layers was about 1nm which is more than the inter-
layer distance of graphite, suggesting the growth of the few
layers of GO on the surface of the Co-silicate nanoparticles.

Also, as seen in Fig. 9, graphene oxide flakes are sepa-
rated from each others and indicating on the formation of
single order of the GO sheets, also, the well-ordered hexago-
nal graphite lattices ofmono-layeredGOflakes are obviously
indicating on the succeeding preparation of GO by CVD
method. Moreover, there were nearly no silica nanoparticles
separately from theGO, due to the strong interaction between
the silica and GO [1,46,47].

The SAED analysis in the upper left image in Fig. 9
shows that NPs have hexagonal crystal structure and its lat-
tice parameter is 3.45 Å and are higher than observed in
other synthesis methods [48]. Taking into consideration, that
the typical precision n of HR-TEM analysis is generally not
exceeded than a few percent; therefore, the notable lattice
margins can be attributed to the catalyst and the flat surface
of GO, respectively .

EDX of GO sheets in Fig. 10 exhibited the existence of
C, O, and Co elements, which means that the majority ele-
ments in GO are 80.59 wt% C and 19.98 wt% O, also, this
confirmed that silica nanoparticels were homogeneously dis-
tributed in the GO, also, it is a further proof to the absence
of any impurities in the sample [49].

3.8 Understanding the Chemical Structure of
Graphene OxideMonolayers

From one of the proposed graphene models that are shown in
Fig. 11, we can see that the graphene sheet remains attained
as a flat surface with a coronene armchair structure. Such
structural was conformed previously by Martínez et al [29]
and demonstrated experimentally by You et al [29]. As we
know that the Raman spectroscopy is a possible and practical
technique helping to identify the edge chirality of graphene
and determine its crystal orientation, thereby, in Fig. 11, the
presence of a regular array of epoxy groups (C–O–C) spread
across on the graphene surface with a net molecular formula
ofC2Ogives angood experimental indication on the presence
of hydrogen in graphite oxide. Accordingly, an important
aspect of thismodel is that each graphene layer is distorted by
the presence of functional groups and carbon atoms interact
through sp3 bonds. Thereby, we can assume that the pre-
pared graphene oxide consisted of multiple graphene sheets
bonding by oxygen above and below the individual graphene
sheet. The FTIR and Raman spectra evidence on the trapping
of water molecules between graphene layers, and conse-
quently, the proposed model emphasized on the presence
of interaction between the hydroxyl and carbonyl functional
groups trapping in the distorted graphene sheets [50]. Also,
they argued that the experimentally observed changes in the
interlayer spacing in graphene oxide with humidity can be
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Fig. 11 Chemical structure of graphene oxide sheet with arbitrarily
dispersed epoxy andhydroxyl groups, aswell as, carboxyl groups along-
side the edges

directly related to the ratio of hydroxyl-to-carbonyl groups,
ranging from a completely dehydrated structure, C8O2, to
a structure dominated by hydroxyl groups, C8(OH)4. While
this model provides a possible range of structures based on
water content, it is important to note that it still relies on a
crystalline vision of prepared graphene oxide with a periodic
arrangement of functional groups [50].

4 Conclusion

We presented a development simple chemical treatment
technique at room temperature to synthesize water-soluble
graphene by aqueous acid exfoliation of cellulose with Co-
silicate as a catalyst. All the Raman spectroscopy, DLS and
XRD confirmed the foundation of individual GO sheets hav-
ing large interspacing. HR-TEM and EDX analyses revealed
that GO has good regular structure, and little percentage of
impurities is appeared during the production process. Our
current findings offer an environmentally friendly and a prof-
itable method for producing stable GO; this method can be
adjusted for bulk production. According to our experience,
this is the first example for CAS method to produce GO.
Finally, we can announce that the CASmethod is an efficient
and simple method for producing high-yield and low-cost
graphene suspensions.
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