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Abstract
Nanocomposites of natural rubber (NR) with reduced graphene oxide (rGO) 
were prepared by varying their ratios intending to improve the electrical 
and mechanical properties of natural rubber. rGO was prepared through 
oxidation and subsequent reduction of high purity Sri Lankan vein graphite. 
The prepared nanocomposites were characterized using Fourier transform 
infrared spectroscopy (FTIR), scanning electron microscopy (SEM), and 
X-ray diffraction (XRD) techniques. The SEM images viewed a uniform 
homogeneous surface of the nanocomposite while FTIR and XRD spectral 
signatures substantiated its chemical functionalities and structural traits 
respectively. Mechanical properties such as tensile stress & strain, elongation 
at break, hardness, Young's modulus, and strain of the nanocomposite, were 
also investigated. Here the electrical conductivity was measured using the 
two-probe method. The nanocomposite started conducting at 2% rGO in 
rubber and increased conducting with increasing rGO. The hardness of the 
composites continuously increased with increasing rGO in rubber. Despite 
the tensile strength and elongation at break, Young's modulus also increased 
with increasing the rGO percentage up to 1.5 % and was optimized at the 
particular ratio. The highest strength of 15.91MPa was obtained at 1.5% of 
rGO. A detailed property investigation of rGO/NR nanocomposite has not 
been reported previously for the best of our knowledge. Hence, the study 
expected to be well supportive for future industrial developments including 
electronics, electrical devices, batteries, capacitors, as well as in heavy 
equipment including aerospace and automobiles.
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Introduction
Rubber is a widely recognized polymer that 
possesses exceptional properties such as superior 
abrasion resistance, tear resistance, elongation, 
flexibility, and resilience. Natural rubber products 
are typically categorized as dry rubber and latex 
based products.1 Besides, NR has excellent dynamic 
properties, significant building track, and low-heat 
building-up.2 Techniques such as coating, casting, 
extrusion, foaming, molding, and dipping are 
commonly used for manufacturing industrial and 
consumer products from NR latex. Due to these 
remarkable properties, NR based productions are 
utilized in many industries such as automobile, 
mechanical engineering, sport, apparel, medical, 
household, and consumer applications.1, 3 Most of 
the world's rubber production is used to manufacture 
tires and related products such as tubes, tire 
flaps, pneumatic tires, solid tires, retread material, 
puncture repair kits, etc. NR is further used to 
manufacture seals and various forms of padding 
for many automobile parts, such as brake pads, 
windows/ windshield seals, airbags, etc. In addition, 
they are used to manufacture gaskets, nozzles, 
conveyer belts, "O" – rings, vibrations, soundproof 
materials, etc.

Fillers are extensively useful in industries such as 
rubber and thermoplastic industries to enhance the 
tensile strength, modulus, tear resistance, abrasion 
resistance, and dynamic mechanical properties. 
Usually, these fillers contribute to the variation in the 
dynamic and mechanical properties of the product. 
Furthermore, these fillers change the production 
volume and mass, reducing the cost of production. 
As a result, fillers are economically crucial in NR-
related production. However, the properties such 
as low modulus and strength restrict the rubber 
applications in significant applications.4 Therefore, 
it is essential to choose appropriate fillers to achieve 
essential properties in each industrial application.  

Graphene is a special material which consist of 
a higher amount of extraordinary qualities, such 
as greater flexibility, strength, lightweight, and 
electrical/ thermal conductivity. Reduced graphene 
oxide (rGO) and graphene oxide (rGO) are the 
main cost-effective graphene materials broadly 
applicable in many fields.4 Due to the molecular 
similarity to graphene and lower cost than graphene, 
rGO is receiving a significant attention among the 

scientific community.5 The integration of rGO with 
conventional materials to create composite materials 
is extensively utilized in various industries owing 
to its straightforward implementation and notable 
efficacy. The development of composite materials 
including graphene improves performance and 
expands the potential uses of regular materials. The 
incorporation of a minor quantity of rGO within the 
polymer matrix has been observed to substantially 
enhance the electrical and thermal conductivity 
of the polymer.6-8 Consequently, the utilization of 
rGO-rubber nanocomposites can yield superior 
mechanical and dynamic properties compared to 
conventional rubber-based materials.9

Although there are considerable number of 
publications on rGO/polymer composites limited 
work has been done on, graphene-based rubber 
composites. Moreover, these studies are limited to 
primary characterization and not explored detailed 
property investigation. The present study focuses on 
detailed investigation of mechanical and electrical 
properties of rGO/rubber nanocomposite in which 
rGO has been prepared using high purity vein 
graphite.

Materials and Methods
Materials
Natural graphite with 99% carbon was supplied by 
the Ragedera mine. Rubber Latex (NR) compounded 
natural rubber (CNR), coagulants, dispersing agents, 
and vulcanized agents obtained from the local rubber 
industry were used as received. H2SO4, KMnO4, 
H2O2, HCl, BaCl2 and acetic acid are in analytical 
grade.

Synthesis of Reduced Graphene Oxide
Graphene oxide was synthesized using natural 
graphi te through the modif ied Hummer ’s  
method.10, 11 1.0g of graphite was added to 20cm3 
of conc. H2SO4 at 0ºC and 3.0 g of KMnO4 was 
gradually added to the mixture while stirring. The 
mixture was stirred at room temperature for 30 
min and 50 cm3 of water was added slowly. Over 
again, 150 cm3 of distilled water followed by 10 
cm3 of 30% H2O2 solution were added. The solids 
were separated by centrifuging and repeatedly 
washing with 5% HCl until sulfate was not detected 
with BaCl2.The product was washed with acetone 
and dried in an oven at 60°C overnight to obtain 
graphite oxide (GO). The resulting GO was reduced 
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by heating at 250°C in air for 5–10 min to obtain 
reduced graphene oxide, rGO.12, 10

Preparation of Reduced Graphene Oxide/Rubber 
Nanocomposite
At first, rGO dispersion was prepared by well mixing 
rGO in water. While stirring the mixture NR latex 
and polymeric dispersant agent is added to form a 
nanocomposite.13 The mixture was coagulated using 
acetic acid. The excess moisture in the mixture 
was removed by drying in an oven at 105ºC. Dry 
sheets were subsequently vulcanized with sulfur 
to obtain the final rGO-NR rubber nanocomposite 
for characterization. A series of rGO-rubber 
nanocomposites were prepared by changing the 
rGO percentage according to the DRC of the NR 
latex. 

Material Characterization
To identify the crystalline phase composition of the 
rGO-rubber composite, X-ray powder diffraction 
(XRD) analysis was performed. For this analysis, 
the Regaku Ultima IV X-ray diffractometer equipped 
with Cu Kα radiation (λ = 1.5406 Å) was employed. 
The instrument operated at a voltage of 40kV 
and a current of 40mA. A LEO 1420vp scanning 
electron microscope (SEM) was utilized to examine 
the morphology of the composite material. To 
confirm the formation of rGO, natural rubber, 
and rGO-rubber composites, Fourier Transform 
Infrared Spectroscopy (FTIR) characterization 
was carried out using a BRUKER Tenor 27 FTIR-
ATR spectrometer. The electrical resistivity of the 
composite was measured using a two-point probe 
method. The hardness and the tensile properties 
of the composite were measured according to ISO 
standards.

Results and Discussion
X-Ray Diffraction (XRD) Analysis
In Figure 1, the XRD spectra of graphite oxide (GO) 
and reduced graphene oxide (rGO) derived from 
natural graphite are depicted. The presence of a 
highly intense and sharp peak at approximately 2θ = 
11° in Figure 1(a) confirms the successful formation 
of GO from natural graphite.11, 12 Subsequently, a 
thermal treatment was followed to reduce GO and 
formation of rGO.13, 14  The disappearance of the peak 
at 2θ = 11° in GO and the appearance of a new broad 
peak at approximately 2θ = 26° in Figure 1(b) provide 

further evidence for the complete transformation of 
GO into rGO.14

Fig.1: XRD spectrum of (a) graphite oxide(GO) 
and (b) reduced graphene oxide (rGO)

The reduction process of GO to produce rGO resulted 
in the removal of a significant portion of oxygen-
containing functional groups. The effectiveness 
of this reduction process was confirmed by the 
reduction in the d-spacing of GO from 0.97 nm to 
0.36 nm, which corresponds to the d-spacing of 
rGO.15 Additionally, the presence of broad peaks at 
the 002 reflection for rGO indicates that the crystal 
phase of rGO was randomly arranged in comparison 
to the highly crystalline structure of natural graphite. 
The presence of a border peak in the spectrum at 
approximately 2θ = 26°, resembling that of graphite, 
provides further confirmation that the π-conjugated 
graphene structure was notably restored during the 
preparation process of rGO.16

The main XRD peak of graphite for 002 plane 
generally appears at 2θ ~ 26° and the corresponding 
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d-spacing is ~0.33 nm17. Another peak with less 
intensity is observed at 2θ = 42.60° with 001 
orientation. This peak was formed due to the 
turbostratic band of disordered carbon materials.18

Figure 2 illustrates the XRD spectrum of rGO 
-rubber nanocomposites at 1%, 2%, and 3% rGO 
in rubber. All patterns exhibit the characteristics 
peak of natural rubber at about 2θ = 19°.19 However, 
the characteristic peak of rGO is not prominent, 
presumably due to overlapping of the graphite peak 
by the broad peak corresponding to rubber.

Scanning Electron Microscopy (SEM)
Figure 3 presents scanning electron microscope 
(SEM) images of the rGO rubber nanocomposite 
captured at various magnifications. Figures 3 (a) and 
(b) reveal the presence of rGO particles embedded 
within the surface of the compounded natural rubber 
(CNR). However, it was noted that the dispersion 
of rGO particles within the polymer matrix was not 
uniform. This observation was particularly evident in 
the cross-section of the rGO/rubber nanocomposite 
as shown in Figure 4.

In Figure 4 (a), it can be observed that most of the 
rGO particles are embedded within the polymer 
matrix as a result of the heating process. On top 
of the nanocomposite sheet, a thin layer of CNR is 
visible. This occurrence can be attributed to the high-

Fig.2: XRD Spectrums of rGO-CNR 
nanocomposites at 1% rGO 2% rGO  

and 3% rGO

water content in the rGO dispersion. The presence of 
water reduces the density of CNR in the rGO/rubber 
nanocomposite, leading to the precipitation of rGO 
particles at the bottom due to the force of gravity. 
Consequently, non-homogeneity is observed in the 
composite. The precipitation of rGO becomes more 
prominent at lower percentages of rGO in rubber, 
while the homogeneity of the composite improves 
with an increase in the amount of rGO in rubber.

Fig.3: SEM image of rGO/rubber nanocomposite at (a) x250 and (b) x10k

Fourier Transform Infrared Spectroscopy (FTIR)
FTIR spectroscopy, utilizing the ATR (Attenuated 
Total Reflectance) technique, was employed to 
identify and confirm the functional groups present in 
the samples. Figure 5 illustrates the FTIR spectrum 

of rGO and dispersed rGO. The peak observed at 
1556 cm-1 corresponds to the C-C skeleton vibration 
of rGO, which remains even after the dispersion of 
rGO and indicates the chemical inertness of the 
bulk rGO. Additionally, a highly intense band at 3155 
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cm-1 is attributed to the O-H stretching vibration, 
confirming the presence of O–H functional groups 
within the structure.20 The FTIR analysis of rGO 
before and after dispersion confirmed the absence 

of significant functional groups or changes in the 
rGO structure upon dispersion. This suggests that 
the structure of rGO remains mostly unchanged after 
the dispersion process.

Fig.4: SEM image of the cross-section of rGO/rubber nanocomposite at (a)x500 and (b)x1k

Fig. 5: FTIR Spectrum of rGO & rGO dispersion Fig. 6: FTIR Spectrum of rGO, CNR & 3.0% 
rGO/NR Nanocomposite

Figure 6 presents the FTIR spectra of rGO, CNR, 
and a 3.0% rGO/rubber nanocomposite. Upon 
comparison with the FTIR spectrum of CNR, identical 
peaks corresponding to CNR can be observed in 
the 3.0% rGO/rubber nanocomposite. Notably, the 
peak at approximately 3330 cm-1, corresponding to 
the stretching vibration of the N-H group present 
in the amide group, is present. Additionally, peaks 
corresponding to the asymmetrical stretching of the 
methyl group (-CH3) at 2960 cm-1, the scissoring 
vibration of the –CH3 band at around 2917 cm-1, 
and the out-of-plane bending of the C=C bond 
(cis -1,4 unit) at 832.2 cm-1 are also observed in 
the nanocomposite without significant changes.21 

These characteristic peaks confirmed that the 
functionalities of CNR remain unchanged in the 
0.5% rGO/rubber nanocomposite. Additionally, 
slight visibility of identical peaks for rGO in the FTIR 
spectrum of the 3.0% rGO/rubber nanocomposite 
indicates that the functionalities of rGO also remain 
unchanged in the final composite.

Figure 7 depicts the FTIR spectra of rGO-CNR 
nanocomposites with varying rGO ratios ranging 
from 0.5% to 3.0%. The spectrums show clear 
and identical peaks for both compounded natural 
rubber and reduced graphene oxide. However, the 
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intensities of these identical peaks corresponding 
to CNR gradually decrease as the rGO ratio in the 
nanocomposite increases. This suggests that the 
presence of rGO influences the intensities of these 
peaks, indicating the influence of rGO on the CNR 
component of the nanocomposite.

2%, 2.5%, and 3% rGO in the composite results in 
a homogeneous distribution of rGO in the polymer 
matrix and sufficiently occupied throughout the 
rubber matrix resulting in a higher conductivity in 
the overall composite sheet.

Fig. 7: FTIR Spectrum of rGO/NR 
nanocomposites varies with the rGO 

percentage

Electrical Conductivity
The electrical conductivity of the rGO/rubber 
nanocomposite was measured using two probe 
methods. Table 1 indicates the measured resistance 
and the calculated conductivity of the rGO/rubber 
nanocomposites at different rGO content. The 
conductivity of the nanocomposite was significantly 
increased with increasing rGO in the rubber. The 
electrical conductivity is shown only at the bottom 
surface of the nanocomposite sheet at 1.0% and 
1.5% rGO due to precipitation of rGO in the bottom 
at lower density of rGO. The top surface of the 
composite sheet is covered with a low-density CNR 
layer, acting as an electrical insulator. However, at 

Table 1: Resistance and Conductivity of rGO/
rubber Nanocomposite

Sample	 Resistance (Ω)	 Conductivity (Sm-1)

0.5	 ∞	 0
1.0	 500k	 0.04
1.5	 100k	 0.20
2.0	 50k	 0.40
2.5	 32k	 0.62
3.0	 26k	 0.77

Fig. 8: Variation in conductivity of rGO/rubber 
nanocomposite with rGO ratio

Figure 8 illustrates the conductivity variation with 
respect to the rGO ratios. The electrical conductivity 
of the nanocomposite was observed to be directly 
related to the rGO percentage. According to 
the regression line of the graph in Figure 8, the 
regression equation for the electrical conductivity of 
the resultant composite was ŷ = 0.33143X - 0.241. 
Therefore, the electrical conductivity of the rGO/
rubber nanocomposite exhibits "ŷ = bX + a" model 
variation with the rGO percentage. Particles of rGO 
in the nanocomposite begin to contact each other 
with increasing rGO, creating conductive paths 
throughout the sheet.
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Mechanical Property Analysis
Strength, Elongation at break, Strain, Young's 
Modulus, and hardness of the rGO/rubber 
nanocomposite were measured to analyze 
the mechanical properties of the NR/Rubber 
nanocomposite. Figures 9 to 13 illustrate the 
changes in mechanical properties as a function of 
the rGO percentage in the nanocomposite. These 
figures demonstrate the relationship between the 
rGO content and various mechanical properties, 
providing valuable insights into the impact of rGO 
on the overall performance of the nanocomposite.
The overall strength of the nanocomposite was 

Fig. 9: Variation of the strength of rGO/rubber 
nanocomposite with rGO percentage

gradually increased by increasing the rGO ratio up 
to 1.5% , as displayed in Figure 9. The maximum 
tensile strength was observed at 1.5% rGO 
as 15.91 MPa. Thereafter, the strength rapidly 
decreased even below the original strength of the 
CNR. The nanocomposite with 1.5% rGO is better 
reinforced compared with other samples, and higher 
strength than the control sample was observed for 
composites containing 0.5%, 1.0% and 1.5% rGO. 
The deformation degree of the molecular rubber 
chains under stress was restricted by the rGO 
particles in the composite. The tensile strength 
was highly dependent on the energy that required 

Fig. 10: Variation of Elongation at break 
of rGO/rubber nanocomposite with rGO 

percentage

Fig. 11: Variation of the strain of rGO/rubber 
nanocomposite with rGO percentage

Fig. 12: Variation of Young's modulus of rGO/
rubber nanocomposite with rGO percentage
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for the deformation and fracturing of the polymer 
chains. The addition of rGO to the rubber matrix 
increases the polymer–filler interactions and leads 
to an increase in the effective cross-link density of 
the resulting composite. As a result, the strength of 
the composite was increased. However, the strength 
of the composite started to decrease subsequently 
due to the lack of pure latex content compared to 
rGO content.

The variation of elongation at break (%) with rGO 
percentage (%) for rGO/rubber nanocomposite 
was shown in Figure 10. According to the results, 
elongation at the break of the composite was 
increased with the rGO percentage until 1.5% of 
rGO and decreased again with the rGO percentage. 
The maximum elongation at break was reported for 
1.5% of rGO/rubber nanocomposite as 1622. The 
nanocomposite with 1.5% rGO was the only sample 
that exhibited higher elongation at break than the 
control sample.

The graph of the strain of rGO/rubber nanocomposite 
vs rGO percentage is illustrated in Figure 11. The 
strain of the nanocomposite was rapidly decreased 
until 1.5% of rGO in the composite. After that strain 
of the composite was gradually increased below the 
reference sample. Therefore, the addition of rGO to 
the rubber matrix caused a reduction in strain of the 
resultant composite. The interactions between rGO 
particles and the rubber matrix caused a restriction 
in the movement of the polymer chains in the 
composite. The lowest strain value was reported for 
the 1.5% of rGO in nanocomposite.

The variation of Young’s modulus of rGO/rubber 
nanocomposite with the rGO percentage is shown 
in Figure 12. Young’s modulus of the composite was 
gradually decreased until 1% of rGO and rapidly 
increased up to the highest reported value in this 
experiment, that is 0.96 MPa at 1.5%. After that, 
Young’s modulus of the composite decreased again 
gradually, but 3% of rGO in rubber composite shows 
a significant increase in Young’s modulus. 1.5 % 
and 3.0% of rGO in rubber were the only ratios that 
exhibited higher Young’s modulus than that of the 
control CNR sample.

The variation of the hardness of rGO/ rubber 
nanocomposite with the rGO percentage was 
illustrated in Figure 13. Compared to the other 

properties, the hardness of the nanocomposite 
exhibited significantly different variations. According 
to the test results, the hardness of the composite 
was continuously increased with an increasing rGO 
percentage, and the highest value was reported with 
a 3% rGO. Therefore, further addition of rGO to the 
rubber matrix causes an increase in the hardness 
of the final composite. 

Fig. 13: Variation of the hardness of rGO/
rubber nanocomposite with rGO percentage

Conclusions
The investigation of optimal electrical and mechanical 
properties in rGO-rubber nanocomposites has 
yielded significant findings with direct practical 
applications. The successful preparation of varying 
nanocomposites demonstrated effective and 
uniform dispersion of reduced graphene oxide 
(rGO) within the natural rubber matrix, ensuring 
minimal loss or wastage. The nanocomposites 
exhibited their highest tensile strength, Young's 
modulus, elongation at break, and lowest strain at 
an rGO content of 1.5% in natural rubber. Moreover, 
increasing the rGO percentage led to improved 
hardness, while the addition of rGO resulted in a 
remarkable enhancement of electrical conductivity. 
This research represents a noteworthy advancement 
by independently optimizing the mechanical and 
electrical properties, making a valuable contribution 
to the field. The use of pure Sri Lankan graphite for 
rGO synthesis adds more value to the local graphite 
industry and enables direct industrial applicability 
of rGO-rubber nanocomposites. Nonetheless, the 
established optimum rGO percentages for individual 
properties have significant practical implications 
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for future product development, differentiating this 
research from prior studies. These findings offer 
valuable insights for informed decision-making in 
material design and development, particularly for 
industries seeking to capitalize on the benefits of 
rGO-rubber nanocomposites. The key contributions 
of this research lie in the application of an industrially 
feasible synthesis method at optimized conditions. 
Despite the interchanges between properties, 
these findings offer practical insights for product 
development and propel advancements in the field of 
rGO-based nanocomposites, fostering opportunities 
for innovative applications.
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