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A B S T R A C T

The combination of lightweight, durable, and flexible elastomer nanocomposites presents a unique set of features 
that make them highly promising for a range of several engineering applications. Present work investigates the 
performance of the mechanical and electrical characteristics of a nanocomposite produced by combining silicon 
rubber (SR) with nano-Graphene, copper oxide (CuO). Two roll mixing followed by compression moulding is 
used to manufacture different configurations of Graphene/CuO/SR nano composite. Nano composites specimens 
are fabricated with 1, 2, 4, and 8 wt % of graphene with fixed 1 % CuO. There has been a discernible 
improvement of 146.52 % in the mechanical properties and 18.1 % in electrical performance. This improvement 
is supported by the FESEM morphological analysis of fractured surfaces. It has been observed that the optimized 
loading of 8 wt % of Graphene gives the best performance. The strong interfacial interaction between the 
Graphene/CuO and SR is responsible for the performance gain.

1. Introduction

Silicone rubber, (SR) a versatile elastomer, finds applications across 
various industries due to its unique properties, including flexibility, heat 
resistance, chemical stability, and biocompatibility. The common ap
plications of silicone rubber are as a sealants and gaskets, du tot its 
ability to withstand extreme temperatures, weathering, and UV radia
tion It is also popular in automotive, construction, and aerospace in
dustries. Silicone rubber is widely used in medical devices and 
equipment such as tubing, implants, prosthetics, and catheters due to its 
biocompatibility, flexibility, and resistance to sterilization methods.

Ahmed Thabet and Fahad A. Al Mufadi [1] explores advancements in 
the optical characterization of nanostructures composed of 
single-walled (SR) and multi-walled carbon nanotubes (MWCNTs). 
These nanostructures hold promise for use in emerging piezoelectric 

sensors. The author emphasizes potential applications of SR/MWCNTs 
in the development of highly sensitive piezoelectric sensors. While 
Guangzhi Jin et al. [2], presents a technique for producing fluorescent 
silicon rubber. The method involves melt-compounding silicon rubber 
with a crude fluid containing carbon dots. The resulting fluorescent 
silicon rubber holds potential for various applications due to its unique 
optical properties. The feasibility of using silicon rubber membrane 
extraction to recover o-toluidine and p-toluidine from wastewater 
investigated by Chao Zhu et al. [3]. Liangqing Lai et al. [4] provides a 
concise overview of recent developments in flame retardant rubber 
composites. The short review discusses advancements in enhancing the 
flame retardancy of rubber composites through various approaches, 
such as incorporating flame retardant additives, nanomaterials, and 
synergistic combinations. Atefeh Heidarian et al., [5,7] investigates 
nickel-coated graphite/silicone rubber composites for their potential 
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application as electromagnetic interference (EMI) shielding gaskets. The 
study explores the fabrication process and characterizes the electro
magnetic interference shielding effectiveness of the composites for 
various engineering application. The manufacturing and characteriza
tion of hydrophobic surface, including water contact angle and dura
bility and its applications in various fields, such as self-cleaning coatings 
and water-repellent materials is also studied [6,22].

One of the study explores the effects of boron nitride nanosheets on 
improving the thermal conductivity and electrical insulation properties 
of silicone rubber nanocomposite, highlighting their potential applica
tions in various industries, including electronics and automotive, 
wearable electronics and biomedical devices, flexible capacitive sensor 
[8–10]. The impact of graphite and polyetherimide (PEI)-coated silicon 
rubber for enhancing the rheological, morphological, and thermo
mechanical properties of composites comprising polyetherimide and 
liquid crystalline polymer is studied [11]. Pei Huang et al. [12,13,17], 
explores the 3D printing of carbon fiber-filled conductive silicon rubber 
for electrical and mechanical performance. Thermal conductivity of 
silicone rubber composites, which is crucial for applications requiring 
efficient heat dissipation, such as electronic devices, and frozen foods 
packaging is studied [14,15]. The effect [16,18,20] of ultrafine Al2O3 
nanospheres, aluminium nitride (AlN) using Polysilazane and the 
amorphous silicon oxycarbide on ceramic composite for improvement in 
mechanical and thermal conductivity is studies [16,18–20]. Through 
various characterization techniques, including surface morphology and 
chemical composition analysis, the effects of plasma treatment on the 
surface properties of silicon rubber are elucidated, providing valuable 
insights into surface modification techniques for enhancing material 
performance. The study [21] investigates the effects of graphene dosage 
on the friction and wear performance of a graphene-reinforced silicone 
rubber nanocomposite, The author [23,24] presents a novel aging 
characterization method for silicone rubber using terahertz absorption 
spectroscopy. The Jingchao Li et al. [25] demonstrates the effectiveness 
of the foams in providing EMI shielding and high thermal conductivity, 
offering potential applications in electronics and thermal management 
systems [26].

Plentiful literature is available on the silicon rubber composite. To 
best of authors knowledge no work explores the mechanical and elec
trical performance of silicon rubber reinforced with graphene nano
fillers and copper oxide. Considering the versatility of silicon rubber, the 
study is beneficial for the research community in the field of rubber 
nanocomposite.

2. Materials and methods

2.1. Material

In this research, the silicon rubber (SR) grade SH5060U a major 
constituent is supplied by Krupa Chemicals, Pune, India along with the 
peroxide-based accelerator Dicup-40 (DCP). 99% pure graphene has a 
length of 10 nm is supplied by Shimoga (Ad-Nano Technologies Private 
Limited), Bangalore, India. Copper Oxide (CuO), with a purity of 99% is 
supplied by Shimoga, Bangalore, India with an average size of particle 
<100 nm. The molecular weight of CuO is 101.96 g/mol having melting 
point of 1326 ◦C and the surface area as 60–80 m2/g, bulk density 0.9 g/ 
cm3. Table 1 presents the basic properties of SR and two different fillers.

2.2. Composite manufacturing

Table 2 presents the compositions of nano filler and curing agent 
used with Silicon Rubber in composite manufacturing. Nano-Graphene 
of weight percentage ranging from 1 to 8% is mixed with SR to form 
targeted composites. CuO wt. % is maintained as 1 in all the nano
composite manufacturing. Di-Cup 40 (Dicumyl peroxide – DCP OF 2%) 
used as a curing (cross-linking) agent compound. The blend of each 
composite with these three constituents and Di-Cup 40 is fed to two roll 
milling unit for comprehensive blending for 20 min followed by the hot 
compression [29,30,33]. The blend is pressed for 50 Bar for 5 min at 
180 ◦C. A hot-air oven was used for curing during at the end at 200 ◦C for 
4 h. Fig. 1 illustrate the complete process of manufacturing.

2.3. Characterisations

2.3.1. Mechanical studies of composites
Various techniques are utilized to investigate how filler and hy

bridization affect the fundamental mechanical characteristics of the 
composites that are created. Uniaxial tensile properties are examined 
following the guidelines of ASTM D412. Experiments were carried out 
using a 450 mm/min strain rate. The ASTM D2240 guidelines were 
followed in measuring the shore hardness. The experiments were con
ducted at the standard temperature. Examining the fractured surface of 
the composite samples involved utilizing an FEI Nova NanoSEM 450 
device for ultra-high resolution (FEI, Hillsboro, OR USA). Additionally, 
the SR and hybrid composites were analyzed using an XRD instrument 
(Rigaku Miniflex 600 XRD) Using Cu K radiations (=0.154 nm) in X-rays 
and a dispersion angle theta ranging from 20o to 80o. Fig. 2 shows the 
sized and fractured samples after various examinations.

2.3.2. Electrical conductivity measurements
Fig. 3 illustrates the experimental procedure of the measuring the 

electrical conductivity of the fabricated composites. Specimen were 
prepared by sizing the fabricated composites into 150 mm × 150 mm 
size samples. The insulation testers’ application of the insulation- 
resistance measurement principle. By measuring the current, I that 
flows to the target when the voltage V is applied and dividing the 
applied voltage V by the resultant current I, one can determine the 
insulation resistance Rx of the measurement target.

3. Result and discussion

3.1. Mechanical characteristics

3.1.1. Variation in hardness
In accordance with ASTM D2240 shore A inspection, each and every 

produced SR and nano-hybrid composite is given a thorough examina
tion. In Fig. 4, we see an illustration of the variation in shore A hardness 
that occurs as a function of filler loading on the SR matrix. The increase 
in packing density and load bearing capability of the base material will 
be resulted due to the significant rise in the hardness of the material. 
When compared to the other composites that were investigated, the neat 
SR had the lowest hardness (68 shore A). With the addition of graphene 

Table 1 
Materials Description.

Type/Grade Silicon Rubber (SR) Graphene Copper Oxide

Hardness, shore 50 (A) 70 HRC 4 (Mohs Scale)
Elongation (%) 500 5 1
Tensile strength Ultimate 5.5 MPa 132 GPa 200 MPa
Specific Gravity (g/cc) 1.16 1.6 5.5

Table 2 
Weight Percentage of nano Filler and curing Agent.

Sample 
No

Silicon 
Rubber 
(gms)

% of 
Graphene

Graphene 
Qty (in gms)

% of 
CuO

CuO 
Qty (in 
gms)

DCP 
(%)

SR1 1000 0 0 0 0 2
SR2 1000 0 0 1 10 2
SR3 1000 1 10 1 10 2
SR4 1000 2 20 1 10 2
SR5 1000 4 40 1 10 2
SR6 1000 8 80 1 10 2
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and CuO at a concentration of 1% into the SR base, there was a 
noticeable increase in hardness of around 2%. In addition, a linear in
crease is observed in conjunction with the additional increase in the 
hybridization of the SR base component. When contrasted with the other 
composites, the 8% hybrid SR composite exhibits a substantially higher 
increase in hardness than the other composites [31].

To be more specific, the dispersion strengthening of the SR that oc
curs as a result of the hybrid fillers attributing the first increase in 
hardness that occurs because of the inclusion of fillers. In the course of 

their interactions with the SR at the molecular level, the fillers brought 
about considerable alterations in the intermolecular packing density. 
When the hybridization was increased even further, the SR base became 
even more harder to uphold the mechanical loading. On the other hand, 
the density of the neat and hybrid SR composites linearly rises with the 
increase in the filler loading on the SR foundation.

3.1.2. Tensile strength
Adding the nanofillers into silicone rubber matrix significantly 

Fig. 1. Schematic process of Silicon rubber (SR) nanocomposite manufacturing.

Fig. 2. Images of fabricated and tested samples.
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enhances its tensile strength by altering the load transfer, crack bridging 
and deflection, interfacial interactions, filler hierarchal network for
mation, and achieving uniform dispersion (Fig. 5) and improved stress 
transfer ability [27]. These mechanisms work together to create a ma
terial with the ability to endure greater tensile stresses and enhance its 
overall mechanical performance. The neat form of cured rubber matrix 
possesses 3.59 MPa tensile strength. Nanofillers serve as strengthening 
agents that limit the movement of the silicone rubber chains. This lim
itation results in a higher modulus and tensile strength. By creating a 
network within the rubber matrix, the fillers assist in evenly distributing 
the applied load across the material. A linear correlation found between 
the weight of fillers added and tensile strength of the rubber composites. 
However, the increment is not significant until SR5. The tensile strength 
of 1% dosed nanocomposite (SR2) rose to 3.65 MPa. Comparably, the 
measurements for SR3 and SR4 were 3.82 MPa and 3.92 MPa, respec
tively. With a strength of 5.29 MPa, the composition of SR5 is 146.52% 
stronger than pure SR. The addition of rigid inorganic filler improves the 
tensile strength. Another reason for improvement in the strength is the 
surface area. Graphene nanopartilces having high surface area supports 
the efficient stress transfer mechanism [28]. When 5% fillers dosed sil
icone rubber nanocomposite is subjected to tensile loading, cracks 

would form; the addition of nanofillers can help to bridge these cracks 
and stop them from spreading. In addition, the nanofillers could deflect 
and blunt the cracks, which results in a higher energy requirement for 
crack propagation. This mechanism improves the tensile strength of the 
silicone rubber. Nevertheless, further dosing of nanofillers result-in 
clustering and rolling effects inside the matrix. Hence the nano
composite with larger nanofillers incorporates weaker the material 
system. Poor interfacial adhesion also significantly affects the strength 
of particulate composite, although the filler wt. % is increased [28].

3.1.3. Tear strength
Overall, the incorporation of nanographene and CuO fillers into sil

icone rubber enhances its tear strength by improving stress transfer and 
load distribution, reinforcing, and toughening the material, bridging, 
and deflecting cracks, promoting strong interfacial interactions, forming 
a hybrid network, facilitating energy dissipation mechanisms, and 
achieving improved dispersion and distribution. These mechanisms 
work together to create a material that has excellent resistance to 
tearing, leading to better overall mechanical performance. In its pure 
form the cured silicon rubber holds 19.63 MPa tear strength (Fig. 5). 
Incorporation of 1% filler into the rubber significantly enhances the tear 
strength of the rubber composite. Due to the high aspect ratios and large 
surface areas, both the nanographene and CuO nanofillers enable 
effective stress transfer from the silicone matrix to the fillers. By 
distributing the applied loads more evenly throughout the material, the 
stress concentration at any point is reduced, resulting in improved tear 
resistance. In turn, the tear strength of the SR2 to SR5 composites 
recorded 20.05, 20.73 and 23.22 MPa respectively. Like tensile strength, 
the SR5 Nano-hybrid composites holds highest tear strength. Chemical 
groups nanofillers surface have strongly interact with the silicone chains 
can enhance the adhesion between the fillers and the matrix. The strong 
bonding at the interface enhances stress transfer and leads to enhanced 
mechanical characteristics, including increased tear resistance. Mean
while, as its density rises, a greater increase in filler inclusion leads to 
the agglomeration of graphene and CuO. Consequently, as the mixture’s 
graphene/CuO proportion increases, the adhesion between the compo
nents becomes unstable, hastening the SR nanocomposite’s breakdown.

3.1.4. Elongation at break, peak load, Braking load
This shows how the concentration of Graphen/CuO affects the peak 

load and breaking load in Fig. 6. Among all the compositions, it is found 
that the SR5 composition has the maximum load-carrying capacity. 
Comparing the peak load to pure silicon rubber (SR1), there is a per
centage improve of 162.19%, and the breaking load also shows an in
crease of SR3 Composition increases 128.9% of the same compare with 

Fig. 3. Electrical Conductivity Line diagram of Silicon Rubber Composite.

Fig. 4. Function of filler concentration on the hardness and density.

Fig. 5. Tensile Strength and tear strength of Silicon Rubber/Graphene/CuO 
Nanocomposite with weight % of nano fillers (Table 2).
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pure SR (SR1). On the other hand, a decrease in the peak load and a 
7.52% breaking load are noted with an additional concentration in
crease. These tendencies are caused by the SR and Graphene/CuO 
microstructure and interfacial bonding.

The % elongation at break [32] of the SR-Graphene/CuO nano
composites for various compositions is displayed in Fig. 6. Up to a 
specific proportion, the percentage elongation at break rises as the 
Graphene/CuO concentration climbs. When comparing the SR5 
composition to the SR1 composition, there is a 74.32% increase in 
elongation at break. The higher % elongation was a consequence of 
improved interlayer bonding for the SR5 composition. However, a 
further increase in the Graphene/CuO concentration results in a drop of 
28.95%, which is explained by the Graphene/CuO particles aggregating 
in the matrix.

3.2. X-ray diffraction (XRD) studies

The X-ray diffraction graphs for the SR1, SR2, SR3, SR4, SR5, and 
SR6 samples are displayed in Fig. 7. The prominent peak values along 
with Intensity that appears of given specimen from SR1 to SR6 
mentioned in Table 3. The peak at 28.6860, however, indicates that the 

peak’s intensity is reduced to 2 theta angles of 26.7840, 26.5680, 
26.5490 when the data is analyzed using the SR4, SR5, SR6 composition 
respectively over intensity of 2285, 3819, 9775. The imposition of SR 
polymer molecules results in the development of a polymer composite 
reinforced with graphene/CuO, although it has no influence whatsoever 
on the crystalline structure of graphene/CuO.

A higher intensity of peaks often corresponds to a higher degree of 
crystallinity. This means that more of the material is organized into well- 
defined crystal structures, rather than being disordered. Whereas the 
crystallinity and structural properties of the material can also be inferred 
from the peak shapes. Broader peaks imply disorder or the existence of 
faults, whereas sharper peaks of SR3 to SR6 often indicate higher crys
tallinity and stronger organization.

3.3. Fracture surface field Emission Scanning electron microscopy (FE- 
SEM) analysis

After the specimens are first subjected to tensile testing, a FESEM 
analysis is performed to provide a rough understanding of the bonding 
between the graphene/CuO and the Silicon Rubber (SR). Fig. 8 displays 
a FESEM images of samples SR1–SR6’s of failure surfaces of samples.

To give it a uniform appearance, The SR1 specimen is a smooth- 
polished piece of silicon rubber. The growing CuO and graphene/CuO 
density that has been found is clearly depicted in Fig. 8. This is 
demonstrated in Fig. 8. As the FESEM image demonstrates, a rise in 
graphene/CuO concentration causes the tensile and tear strengths of the 
SR3 composition to improve significantly. The increasing concentration 
of graphene/CuO is responsible for this improvement. If the FESEM 
image’s uniform distribution and higher graphene/CuO content can 
justify further feature increases for the SR5 composition, then these 
same increases can also be supported by the composition itself. The 
FESEM picture shows that voids in the material caused cracks to emerge 
in the SR4. The observed decrease in the compositional properties of SR6 
may be the result of these fissures.

This also alludes to the onset of graphene/CuO agglomeration, which 
happens when concentration increases The main cause of the appre
ciable improvement in the tensile characteristics that the nano
composites exhibit is the enhanced adhesion between the matrix and the 
filler.

3.4. FTIR analysis

Fig. 9 displays the FTIR spectra for each potential combination of 
CuO/graphene and SR. These spectra demonstrate the distribution of 
silicone-containing groups. At wavenumbers between 500 and 1300 
cm− 1, the fundamental functional group of SR can be seen in all data. 
The greatest values of Si–O–Si stretching, Si–O of O–Si(CH3)2–O, and 
Si–CH3 symmetry bending are 1,010, 789, and 1257 cm− 1, respectively. 
The presence of graphene causes a modest attenuation of the reported 
FTIR peak intensities [34]. The graphene barrier preventing the detec
tion of Si chemical bonding in SR may account for this outcome. In 
addition to the Si bonds, it was found that every sample had a carboxyl 
group in the graphene molecule at wavenumber 1100 to 1500 cm− 1. 
Moreover, CuO exhibits peaks between 430 and 500 cm− 1.

3.5. EDS analysis

The EDS spectra displayed in Fig. 10 reveal the chemical composition 
of the fractured surface. In dry circumstances, silica, carbon, oxygen, 

Fig. 6. Peak load, break load and % elongation at break for Silicon Rubber (SR) 
- Graphene/CuO Nano-composite.

Fig. 7. XRD pattern of pure Silicon Rubber SR1, and Graphene/CuO matrix of 
SR2 to SR6 composition.

Table 3 
XRD peak values (2ѲѲ) with respective intensity of specimen from SR1 to SR6.

Specimen SR1 SR2 SR3 SR4 SR5 SR6

Angle 2ѲѲ (peak) 28.686 28.529 26.4710 26.784 26.568 26.549
Intensity 353 1687 1832 2285 3819 9775
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and copper are found on the fracture surface. Additionally, the weight 
percentages of O and C components in the SR5 composition are 31.76 
and 28.79, respectively, whereas they are 32.73 and 27.89 in the SR6 
composition.

More heat depolymerisation is evident in the SR6 compared to the 
SR5 composition, as seen by the higher count of the O element and lower 
count of the C element. However, specimens SR5 and SR6 had weight 
percentages of Cu elements of 0.9 and 0.94, respectively. Since the pure 
silicon rubber contains similar ingredients, it may be concluded that no 
chemical reaction occurred because of the specimen’s breakage.

3.6. Electrical properties of SR composition

Electrical insulating applications are best suited for the high re
sistivity composite materials. As a result, (Tested under ASTM D 257) as 
illustrated in Table 4, the electrical resistivity of SR composite with 
various % wt filler were measured. Table 4 presents the exceptional 
electrical insulating qualities of pure SR composition, with resistivity up 
to >200GΩ. Nevertheless, after adding 1% weight percent Graphene, 
the composite film’s volume electrical resistivity and clearly dropped. It 

Fig. 8. Fracture Surface Morphology for SR1 to SR6 composition.

Fig. 9. FTIR spectrums of Silicon Rubber nanocomposite samples.
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is appropriate to credit the notable reduction in the electrical resistivity 
of the SR composition with 4% & 8% Graphene filler and 1% of constant 
CuO filler to the high conductivity of filler content. The SEM images 
show the uniform distribution of graphene, and this leads to formation 
of a conductive network due to increased concentration of graphene. 
Secondly the high aspect ratio of the graphene also contributes to the 
development of conductive network. Additionally, the free charge car
riers cause the Maxwell Wagner-Sillar effect (MSW) which leads to 
interfacial and electronic polarisation. This helps the easier transfer of 
electrons which results in the enhanced conductivity as the graphene wt. 
% is increased.

4. Conclusion

A novel nanocomposite of silicon rubber with graphene/CuO was 
successfully created. The Graphene/CuO-SR nanocomposite demon
strated exceptional qualities when tested for mechanical and electrical 
performance, making it suitable for a variety of uses in the various en
gineering and other industries. Mechanical Properties such as load, 
hardness, tear, tensile strength and additionally, a FESEM and XRD 
study of the fractured surfaces was carried out.

The nanocomposite of silicon rubber (SR)-graphene/CuO with 4% 

weight percentage graphene along with constant rate of CuO at 1% has 
the greatest values for tensile and tear strengths (SR5). Comparing the 
tear and tensile strengths to the pure SR1 composition, they both rise by 
more than 146.52 and 119.77%, respectively. Similarly, Hardness 
demonstrated consistent improvement as the Graphene/CuO % rose. 
Whereas the FE-SEM Fracture surface morphology of various configu
rations supports the findings from the mechanical investigations. For the 
SR5 composition, the Graphene/CuO distribution is more even and 
smoother. The development of fundamental analysis of the nano
composite, which has a wide variety of safe uses, including the tech
nology sector, is supported by the results of the primary study.
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