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Introduction

Composite materials are developed by integrating two distinct materials physically or 
chemically which gives a desired set of properties which can be modified to accomplish the 
requirement for different applications [1]. In polymer composites (PCs), there is combination 
of continuous and non-continuous reinforcements/filler. Due to versatile processing technique 
and reduced synthesis cost of the polymer composites, they were introduced as a structural 
material with upgraded properties [2]. In the previous two decades, polymer composites 
have attained the spotlight from ordinary composites as a result of their potential differences. 
There is a very wide range of polymer composites and present research is precisely focussed 
on reduced graphene oxide-poly (methyl meth-acrylate) (rGO-PMMA) composites [3]. PMMA 
is a clear polymer having amorphous crystal structure with a glass transition temperature of 
~100 °C. PMMA is used in many applications that demand high optical quality, requires a filler 
to increase strength and toughness without masking its optical properties [4]. When carbon 
atoms are arrayed in the hexagonal lattice after the sp2 hybridization, an individual layer of 
graphene is procured [5]. A strong bonding force between the carbon atoms in graphene 
layer give rise to many eccentric properties like high electron mobility, high strength, 
high surface area, transparency and thermal conductivity [6]. Now-a-days, graphene has 
attracted enormous awareness in the domain of materials research as it provided numerous 
possibilities in emerging sectors of polymer composites. The well-known method of graphene 
production is to reduce Graphite Oxide (GO) to rGO [7]. This method is attractive due to its 
low-cost, high yield, dispersion properties of graphene in various solvents and high scalability 
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Abstract 
Reduced graphene oxide/Poly-methyl methacrylate (rGO-PMMA) based composites are successfully 
synthesized from solution casting technique. Earlier, Graphite Oxide (GO) was also prepared via well-
known Hummers method. The effect of rGO concentration on the functional and morphological properties 
of PMMA is thoroughly investigated. FT-IR spectroscopy confirmed the present of different functional 
groups on the surface of pure and composite material. UV-Vis and XRD helped to confirm the efficacious 
synthesis of GO and rGO samples. The interlayer distance in GO and rGO was calculated to be 8.6535A° 
and 3.54 A° respectively. Raman spectroscopy reveals that GO and rGO has the high intensity of D and G 
band as compared to graphite due to disordering of a few sp2 bonds into the sp3 bonds. PMMA surface 
is comprised of plate like structure embedded with some sharp edges. SEM depicts the distortion of 
PMMA structure with increasing concentration of rGO load. 10% wt. rGO has the maximum effect on the 
structural and morphological properties of PMMA. This functional and morphological study of PMMA and 
rGO-PMMA composites paves the way to functionalize PMMA with other inorganic or organic substances.
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potential. Here, graphite is intercalated using an oxidant which 
lead to adsorption of functional groups containing oxygen on the 
graphene layer. These functional groups allow dispersion and 
increase the stability of GO in water [8]. Oxidation of graphite is 
done by the help of Hummers method which is the commonly used 
process to obtain graphite oxide and also used in current research 
work [9]. After oxidation, sonication of graphite oxide is done in 
water which results graphene oxide sheets which are reduced 
to form rGO layers. There are mainly three techniques which are 
used for diffusion of graphene in polymer matrix: solvent casting, 
melt compounding and in-situ polymerization [10-12]. In current 
research, rGO-PMMA composites are synthesized by solvent casting 
method using Dimethylformamide (DMF) as a solvent. Solution 
casting is a broadly used process for fabrication of graphene-based 
polymer composites. Usually, this method comprises three major 
steps: graphene is immersed in a solvent; polymer is also dispersed 
in the same solvent and mixed together by stirring or shears mixing, 
and in final step solvent is evaporated to obtain the composite 
material. Good dispersion of polymers and fillers depends on their 
compatibilities with the solvent [13]. In line with present work, Zeng 
et al. [14] synthesized rGO embedded PMMA composites through 
easy solution blending method at different wt. % of rGO such as 
0.1, 0.5, 1.0, 2.0 while using Tetrahydrofuran (THF) as a solvent 
[14]. Kee et al. [15] premeditated the effect of preparation method 
on the properties of rGO-PMMA composites [15]. In the same 
field of work, L. Zhang et al. developed a facile route to fabricate 
Polypropylene(PP)/PMMA/graphene nanocomposites through the 
process of biaxial stretching in which graphene was oriented to in- 
plane direction [16]. Researchers prepared PP/PMMA/graphene 
nanocomposites through melt blending with three loadings of 
0.5, 1.5 and 2.5 vol. % rRO. In present work, authors synthesized 
rGO-PMMA composites and thoroughly studied their spectroscopic 
and morphological characteristics with the help of different 
characterization techniques. To the best of author’s knowledge, this 
is the first study which is done to reveal spectroscopic properties 
up to 10% rGO load in rGO-PMMA composites.

Experimental
Chemicals and reagents

Graphite powder with 99.99% purity was used as the source 
of GO. PMMA [(C5 O2 H8)n] with high purity was employed as the 
matrix material in synthesized polymer composites. Sodium nitrate 
(NaNO3,>98%) was utilized to enhance the oxidation rate. N,N-
Dimethylformamide (DMF) and Sulphuric acid (H2SO4) were used as 
solvents. Potassium permanganate (KMNO4,>98%) and Tri-sodium 
citrate (Na3C6H5O7.2H2O,99%) were applied as oxidizing agent and 
reducing agents respectively. Hydrogen peroxide (H2O2, 30%) was 
operated in removal of KMnO4. DI water was used throughout the 
experimental process.

Instruments

Samples were centrifuged with the help of REMI R-24 
centrifuge. Ultraviolet-visible (UV-Vis) spectrum was secured 

Shimadzu (Model: UV-2450) UV-Vis spectrophotometer. Fourier 
Transform-Infrared (FT-IR) Spectrometer of Agilent Technologies 
(Model: L1600312) was used for FT-IR studies. X-Ray Diffraction 
(XRD) spectra was obtained from Powder X-ray Diffractometer 
of Rigaku Corporation (Model: Smart Lab 9kW). Morphological 
studies were done with the help of Quanta FEG 450 Scanning 
Electron Microscope (SEM).

Synthesis of GO

Conventional Hummers method was used for synthesis of GO. 
In this technique, 5gm of graphite powder was mixed with NaNO3. 
115ml H2SO4 was slowly added to the mixture and allowed to stir for 
30mins at room temperature. After complete dissolution of NaNO3, 
15gm of KMNO4 was added to the solution. The product as dense 
paste was obtained after stirring the mixture at room temperature 
for 16 hours. Then 250ml DI water was slowly added to solution 
with continuous stirring. 50ml of H2O2 was drop wise added to 
remove excess oxidant and to stop the reaction. The color of the 
solution changed to light brown upon the addition of hydrogen 
peroxide. Then the solution was poured off and centrifuged with 
the help of DI water the till its pH reached to neutral. Finally, the 
product was dried in a heating mantle at 600 ℃ and powder of GO 
was obtained.

Reduction of GO to rGO

25gm of Na3C6H5O7.2H2O was added to homogeneous GO 
dispersion (5gm GO/250ml DI) and the mixture was stirred at 700 
℃ on a hot plate magnetic stirrer for 6 hours. Prediction of RGO 
synthesis was confirmed by changing the color of the solution (dark 
brown to black). The resulting solution of rGO was centrifuged and 
washed with DI water before drying it at 600 ℃ for 8 hours.

Synthesis of rGO-PMMA composites

Table 1: Different compositions of rGO-PMMA composites.

Composition

Designation
Sample 
Name

PMMA

Mass(g)

rGO

Mass(g)

Mass of

Composites 
(g)

C1 Neat 
PMMA 4 - 4

C2 5.0 wt.% 
rGO 3.8 0.2 4

C3 7.5 wt.% 
rGO 3.7 0.3 4

C4 10.0 wt.% 
rGO 3.6 0.4 4

For the preparation of rGO-PMMA composites, the required 
quantity of rGO was firstly dispersed in DMF and stirred for 8 
hours. The desired amount of PMMA (Table 1) was also dissolved 
in DMF at 600 ℃ under constant stirring. A dispersion of RGO 
was then mixed to the PMMA solution and heated with vigorous 
stirring for 4-5 hours. Finally, the composite films were casted 
inside the petri dish and allowed to dry in a vacuum oven for 24 
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hours at 700 ℃.

Results and Discussion
FT-IR analysis was done to study the different chemical groups 

present in pure and composite material. Spectra was recorded 
in the transmittance mode in the spectral range of 450-4000cm-

1 (Figure 1). Sample preparation was done by mixing the sample 
with Potassium Bromide (KBr) powder and pellets were prepared. 
In IR spectra of PMMA, the band observed at 758 and 1405cm-

1 can be attributed to CH wagging mode and -CH3 asymmetric 
stretching respectively [17]. The sharp peak observed at 1643cm-1 
corresponds to C=O stretching vibrations [18]. The bands present at 
3016 and 3618cm-1 are related to C-H stretching and O- H bending 
vibrations in PMMA molecules [19].

Figure 1: FT-IR spectra of Pure PMMA, 5% Wt. rGO-
PMMA, 7.5%Wt. rGO-PMMA and 10% Wt. rGO-PMMA 

composites.

The peak present at 3016cm-1 is not present in composite 
material due to distortion of C-H bonds during synthesis process. 
Another observation of IR spectrum reveals that synthesized 
composites with 5.0wt. % and 10.0wt. % of rGO have wider and 
strong peak around 3600cm-1 as compared to pure PMMA due to 
the existence of the hydroxyl groups in rGO. Additionally, interface 
of RGO & PMMA might not engage chemical reaction, since new 
functional groups were not evidently noticed by their preparation 
method.

The successful preparation of GO and rGO samples was 
confirmed with the help of their UV- Vis spectra and XRD patterns 
(Figure 2). In UV-Vis spectra, GO shows a broad absorption peak in 
the range of 300-400nm which can be attributed to π-π* transition 
of the atomic C=C bonds. And a shoulder peak in the same region 
was observed in rGO spectra corresponds to n-π* transitions of 
C=O bonds [20]. This confirms the successful synthesis of rGO 
samples. In XRD spectra, GO shows an intense peak at 10.56° that 
corresponds to the (001) plane. After reduction of GO into rGO, 
there is shifting of peak to 25.11° and no evident peak of graphite 

was observed due to the removal of functional groups which were 
added during oxidation process [21]. Interplanar distance was 
calculated with the help of bragg’s equation: λ = 2d sin θ [22]. 
The inter-planar distance between the layers in GO and rGO was 
obtained to be 8.6535 A° and 3.54A° respectively. The inter layer 
distance decreases on successful reduction of GO to rGO.

Figure 2: UV-Vis spectra of GO and rGO samples 
(Inset: XRD pattern of GO and rGO).

Raman spectra of samples was investigated in the spectral 
range of 1000-2000cm-1 while using laser wavelength of 514nm 
(Figure 3). Raman spectroscopy is a well-known tool to characterize 
the carbon-based materials because they have conjugated and C=C 
bonds which lead to high intensity Raman peaks. Some defects are 
generally present in the honeycomb lattice of the carbon-based 
materials so there is high possibility of appearance of D bands. In 
graphite, GO and rGO samples, both D and G bands were present. 
D band peaks arrived due to out-plane vibration of the sp2 atoms 
featured by structural defects [23]. G band was observed in the 
obtained spectra because of the sp2 band in phase vibration of the 
graphite layered network. The fraction of the intensities of the D 
and G bands indicates toward computation of the defects in the 
sample. In Raman spectra of GO and rGO, the peaks of D band and 
G band appeared at 1353cm-1 and 1587cm-1 respectively [24]. It is 
easily observed that GO and rGO has the high intensity of D and G 
band as compared to graphite due to disordering of a few sp2 bonds 
in the sp3 bonds. And this disordering is created due to the presence 
of various functional groups after oxidation of graphite. Higher 
magnitude of the fraction between the intensities of D and G band 
implies that more binding sites are present in the sample. Table 2 
summarizes that ID/IG ratio for GO is greater than the graphite, 
it implies that there are more defects are present in the GO. It is 
investigated that, microstructure is changed from graphite layered 
structure to exfoliated GO because multiple numbers of functional 
groups that contain Oxygen, were added to aromatic rings present 
in the base planes of graphene.
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Figure 3: Raman spectra of Graphite, GO and rGO samples.

Table 2: Intensity ratio (ID/IG) of pristine graphite, GO and rGO samples.

Sample D - band (cm-1) G - band (cm-1) Intensity ratio(ID/IG)

Pristine Graphite 1346 1576 0.26

GO 1350 1583 0.88

rGO 1353 1587 0.91

Figure 4: Raman Spectra of pure PMMA, 5% Wt. rGO-PMMA, 7.5%Wt. rGO-PMMA and 10% Wt. rGO-PMMA 
composites.



Res Dev Material Sci       Copyright ©  Lovepreet Singh

RDMS.000912. 17(3).2022 1965

The Raman spectra of pure PMMA and composite material was 
examined in the spectral range of 450-3200cm-1 (Figure 4). The 
most prominent band of PMMA is present at 2944cm-1 which is 
attributed to C-H stretching vibration [25]. Another band present 
at 1724cm-1 with low Raman intensity arises due to combination 
of ν(C=C) and ν(C-COO) modes [26]. Other Raman peaks present 
at 600, 800 and 1440cm-1 correspond to ν(C-COO), ν(CH2) and 

asymmetric (C-H) of O-CH3 vibrational modes respectively [27].

As the load of rGO increases in PMMA matrix, traditional PMMA 
peaks disappear due to formation of new bonds in the composite 
material. A significant quenching in the Raman peaks was observed 
in the case of composite samples. This justifies a statement that 
concentration of filler materials has a great impact in alteration of 
functional and structural properties of polymer matrix.

Figure 5: SEM images of (A) Graphite powder, (B) GO and (C) rGO at 10µm scale.

Figure 6: SEM images of (A) Pure PMMA and (B) 5% wt. rGO-PMMA, (C) 7.5% wt. rGO- PMMA and (D) 20% wt. 
rGO-PMMA at 20µm scale.
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Morphological studies were done with the help of SEM which 
reveals that Graphite has a plate like structure with some fractured 
surfaces (Figure 5A); [28]. The SEM images of GO shows the 
crumpled and layer-like flakes on its surface (Figure 5B). The flakes 
indicate that graphene layers got completely oxidized to GO. The 
SEM image of rGO thin film demonstrates that the graphene sheets 
were evenly separated with uniform dispersion (Figure 5C). This 
depicts the successful reduction of GO to rGO during synthesis 
process. PMMA surface is comprised of exhibited brittle fractures 
with some sharp edge cracks and ductile cracks (Figure 6A); [29]. 
When rGO was added to the PMMA matrix, a “pull out” effect was 
observed (Figure 6B). A strong interaction between the filler rGO 
and the polymer matrix was observed. The oxygen based functional 
groups remained bonded with the hydrogen in the Carbonyl group 
of PMMA. rGO can easily entangle with PMMA chains as it has 
wrinkled edges. As a result, a better interaction occurs between the 
polymer and the filler, which enhances the properties of composite 
material. The concentration effect of rGO on the PMMA matrix is 
shown in figure (Figure 6B-D). It is evident that the amount of 
fractures and disparity increased with the increment of rGO load in 
the PMMA matrix. At 10% weight of rGO-PMMA composites, there 
is also formation of small clusters of microscopic rods and fibres.

Present work on investigating the effect of rGO load on PMMA 
matrix can be extended to study the mechanical, thermal and 
electrical properties of pure and composite material. Limitation of 
current study is not able to study the effect of rGO concentration 
with increment of small steps (0.5g) on PMMA matrix. This research 
can be executed in the near future by following the same synthesis 
procedure as mentioned in present study.

Conclusion
Current study reports the successful preparation of rGO-PMMA 

composites through solvent casting method. rGO was obtained from 
reduction of GO which was synthesized via Conventional Hummers 
method. Presence of structural defects was determined by studying 
the D and G bands of graphite, GO and rGO. The functional groups 
present on the surface of pure and composite material were 
investigated through FT-IR and Raman spectroscopy. UV-Vis and 
XRD helped to confirm the efficacious devising of GO and rGO. 
The Interplanar distance between the layers in GO and rGO was 
calculated to be 8.6535 A° and 3.54 A° respectively. SEM revealed 
distortion of PMMA structure with increasing concentration of rGO 
load. 10% wt. rGO has the maximum effect on the structural and 
morphological properties of PMMA.
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