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Abstract
Objective: The present study looked at the abrasion characteristics of two-part matrix nanocomposites 
made of styrene butadiene rubber (SBR) and nano aluminium oxide. The wear characteristics of various 
forms of polymeric matrix have been sporadically studied. In the present investigation, our main aim 
was to synthesize rubber/nano aluminium oxide nanocomposites as possible materials in industrial 
applications and to evaluate environmental, thermal and mechanical properties of the composite.

Methods: The formulations of the styrene-butadiene rubber compounds were reinforced with aluminum 
oxide nanoparticles. Mixing was performed at room temperature using two-roll mixing mill with a rotor 
friction ratio of 1:1.25. After the coagulation of rubber composites, rubber matrix was washed with water 
and dried at 70°C. SBR-nanocomposite was synthesized by emulsion polymerization method.

Results: Elemental analysis results were in good agreement with the calculated values. The increased 
crosslink density, which resulted in increased hardness and modulus ultimately, produced the 
enhancement of abrasion resistance. The abrasion resistance is an essential property for the application 
of tire and belt. The properties were enhanced because of the higher polymer filler interactions than 
filler-filler interactions. The functional groups were incorporated into the polymer, and the stress is much 
more efficiently transferred from the polymer matrix to the inorganic filler, resulting in an increase in 
tensile properties. The enhanced degree of filler-polymer interaction is known for its ability to restrict 
the swelling ratio. The order of activation energies for SBR-nano aluminum oxide nanocomposites was 
parallel to the order of their thermal stability. The order of reaction (n) of SBR-nano aluminum oxide 
composite was 0.40.

Conclusion: All the nanocomposites are potential candidates to prepare SBR rubber hybrid composites. 
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SBR rubber nanocomposites are promising materials given their excellent mechanical, ozone resistance, 
flame resistance, and good thermal properties.
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properties
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1 INTRODUCTION 
Polymer materials possess a wide range of appli- 

cations, especially when utilized as a matrix for 
reinforced composites[1-7]. The intense application of 
composite forms has been driven by the commercial 
value of polymers in various industries. There are 
different types of these composites in these materials 
depending on the size of the additives. Nanocomposites 
refer to composites whose additives are less than 100nm 
in size and are fabricated based on polymeric materials. 
Recently, interest in polymeric-based nanocomposites 
materials has grown[8-12]. Nanostructured materials have 
become increasingly important in the last decade due 
to their numerous potential uses in various fields. An 
alternative to macroscopically packed polymers is a 
polymer nanocomposite.

Nanocomposites exhibit significantly better properties 
compared to pure polymers or conventional composites 
because of their particle size[13,14]. This include improved 
strength and modulus, reduced gas permeability, and 
reinforced solvent and heat resistance[15,16]. Polymer-
based nanocomposites are special ideal arrangements 
to analyze the dynamics and structure of polymers 
in constrained settings in addition to their potential 
applications[17-19]. One of the areas that have drawn 
attention in recent years is the blending of rubber through 
polymeric and non-polymeric materials. The two-part 
matrix that makes up thermoplastic or thermoset has 
been frequently described literature. Due to their unique 
qualities, combined rubber and resin matrices  have 
been produced in several works. Nano clay was used by 
Bonnia and his colleagues to manufacture the natural 
rubber/polyester nanocomposite materials[20].

Boukerrou and his colleagues worked with organo 
clay and rubbery epoxy resin[21]. The morphological, 
mechanical, and viscoelastic characteristics of this 
ternary nanocomposite were reported, and it was 
demonstrated that the rubbery epoxy resin matrix 
effectively dispersed the nanoclay. Additionally, it has 
been shown that addition of nanoclay could improve 
their mechanical characteristics. Zhao et al.[22] conducted 
research on the acrylonitrile butadiene and phenol-
hindered rubber compounds and found that this mixture 
was available to create a high-performance dampening 

material. Elasticity in rubber materials draws attention, 
and resin materials provide excellent mechanical and 
thermal characteristics. To enhance the wear qualities 
of epoxy resin, Yu et al.[23] synthesised nano-rubber 
particles. The activated carbon powder (PAC)/iron (Fe)/
silicon (Si)/zinc (Zn) nanocomposite was successfully 
synthesized using a co-precipitation method, in which 
Fe, Si and Zn were loaded on the PAC. The sulfonated 
covalent organic frameworks prepared with melamine 
and terephthalaldehyde, followed by sulfonation, were 
used as acidic porous catalysts. A simple and efficient 
method for the synthesis of pyrazolopyranopyrimidines 
under solvent-free has been developed[24-26].

As part of this work, we looked at the abrasion 
characteristics of two-part matrix nanocomposites made 
of styrene butadiene rubber (SBR) and nano aluminum 
oxide. The wear characteristics of various forms of 
the polymeric matrix have been marginally studied. 
To this end, the current research looked into how SBR 
compounds behave when exposed to nanoparticles of 
aluminium oxide. 

2 MATERIALS AND METHODS 
2.1 Materials

We bought nanocomposites from the Center Scientific 
Company in Nagpur, India. We procured tetramethyl 
thiuram disulfide, 2,2’-dithiobis, stearic acid, and 
N,N’-diphenyl P-phenylene diamine from the Central 
Scientific Company in Nagpur, India, zinc and sulphur 
oxides (from Post Graduate Department of chemistry 
Kamla Nehru Mahavidyalaya, Nagpur, India) from 
Shree Radha, with SBR latex as the polymer.

2.2 Preparation of SBR-nanocomposite
Initially, the nano-alumina was vigorously rotated 

in toluene to form a suspension of nano-alumina. SBR 
latex was added to the suspension of nano aluminum 
oxide for thorough mixing. At room temperature, the 
mixture began to coagulate and was repeatedly cleaned 
in water and dried for 12h at 70°C to produce the SBR-
nanocompound.

2.3 Compounding of Rubber
SBR-nano compound was combined with substances 

listed in Table 1. At 150°C, the SBR-nanocompound was 
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vulcanised. After mixing the SBR-nanocompound 
mixture for 15min on a two-roll mill, all other materials, 
which are specified in Table 1, were added and mixed 
for 10min.

2.4 Characterizations
2.4.1 Elemental Analysis

The study was carried out at the Sophisticated 
Analytical Instrumentation Facility (SAIF), Cochin, 
using standard tools. The percentage of different 
elements, such as carbon (C), hydrogen (H), nitrogen (N), 
sulphur (S), and oxygen (O), contained in the rubber 
nanocomposite was calculated using elemental analysis.

2.4.2 Fourier-transform Infrared Spectroscopy (FTIR)
An IR-affinity spectrophotometer from Shimadzu 

was used to determine the FTIR spectra of SBR-
nanocomposites (from the Department of Chemistry 
Kamla Nehru Mahavidyalaya, Nagpur, India).

2.4.3 Raman Spectroscopy
A Jobin-Yvon T 64000 spectrometer was used for the 

Raman scattering tests. SBR and SBR with filler were 
illuminated with an argon-krypton ion laser (Coherent 
model Innova 70C) at the 647.1nm wavelength to 
reduce the fluorescence impact (red line). A confocal 
microscope (Olympus BX40) with 100× magnification 
objectives was utilized to concentrate the laser beam 
(from National Chemical Laboratory Pune, India). To 
eliminate electronic peaks, each spectrum was recorded 
over 60s with 10 accumulations in the frequency of 400-
3,500cm-1.

2.5 Mechanical Tests
To evaluate the tensile strength, elongation at break, 

and tear resistance properties of the material, a tensile 
Monsanto T10 Tensometer conforming to ASTM D412 
was used. It has two jaws, one of which is stationary and 
the other moves rapidly at a rate of 500mm per minute 
(from Mumbai University).

2.5.1 Abrasion Resistance
The test was carried out using the HZ50 Wallace 

Test Equipment in accordance with ASTM D2228. The 
equipment was powered at 250 watts, and the sample was 
rotated 500 times in 5min (from University of Mumbai) 
after which the weight difference before and after the test 
was calculated.

2.5.2 Swelling Study
With toluene as the solvent, the equilibrium swelling 

method was utilized to estimate the crosslinking density 
of all the vulcanized samples. The weight change 
between before and after the test was then estimated. 
The conserved samples with known weights were given 
seven days at room temperature to swell in fresh toluene. 

Fresh toluene was used as the solvent replacement after 
every 24h. After 7 days, the samples were removed, 
the adhering liquid was quickly wiped with a paper 
towel, and then the samples were immediately weighed. 
Vacuum drying was done at 80°C until a consistent 
weight was achieved. Flory-equation Rehner’s was 
used to calculate the crosslinking density Ve, which is 
expressed as the number of elastically active chains per 
unit volume (1):

Where,
Vr is the volume percentage of rubber in the swollen 

network,
Ve is the network chain density,
V1 is the molar volume of toluene (106.3cm3mol-1),
X1 is the Flory-Huggins rubber-solvent interaction 

parameter.

2.5.3 Thermal Studies
The non-isothermal thermogravimetric analysis 

was performed in an air atmosphere with a heating 
rate of 10°C min-1 from a temperature range of RT to 
700°C using Perkin Elmer thermogravimetric analysis 
(TGA) analyzer. The thermograms were recorded at 
SAIF, Sophisticated Test and Instrumentation Centre 
(STIC), Cochin University, Cochin. The thermal 
stability of rubber nanocomposites, based on the initial 
decomposition temperature, was used to define their 
relative thermal stability, irrespective of the degree of 
decomposition. A brief account of thermal behavior 
of these rubber nanocomposites was given in results 
and discussion. Thermal stability of the SBR-nano 
aluminum oxide nanocomposites was determined by 
TGA. To obtain the relative thermal stability of the 
rubber nanocomposites, the method described by Sharp-
Wentworth(SW) and Freeman-Carroll(FC) was adopted. 
The thermoanalytical data and the decomposition 
temperatures were determined for different stages.

3 RESULTS AND DISCUSSION
3.1 Elemental Analysis

All four rubber nanocomposites were tested at the 
SAIF, STIC, Cochin University, Cochin, for C, H, N, 
and S. Using messenger approach, empirical formulas 
were calculated for each of the four SBR- aluminum 
oxide (2phr), SBR-aluminum oxide (10phr), and SBR-
aluminum oxide (12phr). A good agreement was 
observed between the estimated values and the observed 
results. The empirical formula was used to calculate the 
empirical weight of a single repeating unit[27]. Analytical 
details for each of the four SBR-Al2O3 nanocomposite 
materials are provided in Table 2. Table 2 contains 
information on the styrene-butadiene rubber and nano 
aluminum oxide composites’ elemental analyses.
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Table 1. Formulation of Rubber Compound

Ingredients
Phr

1 2 3 4

SBR 100 100 100 100

Aluminum oxide 0 2 10 12

Stearic acid 2 2 2 2

Zinc oxide 5 5 5 5

2,2’-dithiobis 0.5 0.5 0.5 0.5

Tetramethyl thiuram disulfide (TMTD) 0.2 0.2 0.2 0.2

N,N’-Diphenyl P-phenylene diamine 1 1 1 1

Sulphur 2 2 2

3.2 FTIR Spectroscopy for SBR-nano Aluminum Oxide 
Composites

Figure 1 displays the FTIR spectra of various 
nano aluminium oxide loading levels. The large peak 
at 3,400cm-1 in each of these spectra is attributed to 
stretching vibrations of the -OH group in addition to 
the adsorbed water. Peaks at 1,040cm-1 and 600cm-1 
are caused by the transitional phase of alumina’s Al-O 
stretching vibration. Both asymmetric and symmetric 
stretching accounts for the peak at 1,100cm-1 and 470cm-1.

In addition to the absorption bands that correspond 
to the vibration of specific functional groups, all SBR-
filler spectra show two distinct peaks at 2,930cm-1 and 
2,840cm-1, as well as one peak at around 1,450cm-1. 
These two tiny peaks, measuring around 2,930cm-1 and 
2,840cm-1, are the distinguishing bands of the symmetric 
and antisymmetric stretching vibrations of the -CH2 
group, respectively. The bending vibration frequency 
of the -CH2 group is 1,450cm-1. The spectra of SBR-
nanocomposites exhibit each of these peaks in Figure 1,  
which is supported by the band peculiar to the alkene 
group at 1,080cm-1. The peak at 1,600cm-1 is related 
to the free -OH group’s existence. Al2O3 nanoparticle 
variations in surface chemistry are attributed to the peak 
at 1,550cm-1. The existence of characteristic signals of 

Table 2. Information on the Styrene-Butadiene Rubber and Nano aluminum Oxide Composites’ 
Elemental Analyses

Rubber Samples
% of C 

Observed
(Cal.)

% of H 
Observed 

(Cal.)

% of N 
Observed 

(Cal.)

% of O 
Observed 

(Cal.)

% of S Observed 
(Cal.)

Empirical 
Formula

Empirical 
Weight

SBR 83.44 8.11 2.56 5.85 2.34 C38H44 N1O2S 546.993

(81.44) (8.05) (2.31) (5.08) (1.39)

SBR-aluminum 
oxide (2phr)

83.44 8.11 0.26 5.85 2.34 C38H44 NO2S 546.993

(82.42) (8.10) (0.20) (4.80) (2.30)

SBR-aluminum 
oxide (10phr)

83.90 9.15 0.24 5.59 1.12 C40H52NO2S 572.667

(82.90) (8.15) (0.20) (4.59) (1.10)

SBR-aluminum 
oxide (12phr)

80.88 9.16 1.20 6.70 2.30 C40H54N1O4S1 644.935

(79.78) (8.15) (0.20) (6.20) (1.88)

C-N stretching is the cause of the peaks at 1,310cm-1  

and 1,180cm-1. Al-O stretching vibrations are 566cm-1  
and 828cm-1, while the Al-O-Al stretching vibration 
is 756cm-1. The C-C bond’s stretching vibration 
falls between 1,040 and 1,020cm-1. Asymmetrical 
deformation of CH3 and scissoring deformation of CH2 
both correspond to 1,462cm-1[28].

Figure 1. Fourier-transform infrared spectroscopy (FTIR) 
spectra of SBR-nanocomposite. a: Unfilled composites; b: 
2phr aluminum oxide in SBR; c: 10phr aluminum oxide in SBR; 
d: 12phr aluminum oxide in SBR.
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3.3 Raman Spectroscopy for SBR-Nano Aluminum 
Oxide Nanocomposites

The presence of impurities and the addition of 
crosslinking agents, fillers, and other rubber ingredients 
are the primary causes of fluorescence parasite signals 
in the Raman scattering spectrum, particularly with 
the laser excitation lines in the visible region. Due to 
the markedly higher quantum yield of the fluorescence 
process than that of the Raman process, the primary 
spectroscopic information is overlapped. To clearly 
identify the different bands of SBR and SBR-
nanocomposites, Raman spectroscopy was used on the 
coagulated rubber without nano aluminium oxide. As 
shown in Figure 2, the spectra of SBR and SBR-nano 
aluminium oxide composites were examined, and band 
assignments were conducted in accordance with the 
comparison to the spectra of published works. In the 
literature only some of the Raman peaks of SBR have 
been assigned. The Raman analysis of polystyrene and 
butadiene rubber in the current study provides thorough 
attribution. Stretching vibrations of -CH2 and -CH3 that 
are both symmetric and asymmetric were frequently 
observed between 2,800 and 3,000cm-1. At 1,666 and 
1,668cm-1, C=C stretching vibrations of SBR were seen. 
Moreover, differentiation between the contributions 
of SBR and SBR-nano aluminium oxide composites 
was considered challenging due to the overlapped 
signals. Hence, only the distinguishing peaks were 
emphasized. There are examples of Raman spectra of 
unfilled SBR samples at different mix ratios in Figure 
2. The findings demonstrated that the blend mix affects 
the strength of Raman peaks. As the nano aluminium 
oxide concentration of the SBR rubber increased, 
the intensities of the isolated characteristic bands of 
SBR at 1,371, 1,128, and 496cm-1 tended to diminish, 
while the intensities of the distinctive signals at 1,002, 
1,302, 1,602 and 3,058cm-1 tended to increase. The 
internal standard was the peak at 1666cm-1, which was 
independent of the SBR ratio. By graphing the intensity 
ratio of the distinctive signals of each rubber against the 
mix ratio, it is feasible to determine the composition in 
the blends from this association. It should be mentioned 
that a calibration curve was built using the typical 
signals for SBR at 1,371 and 1,302cm-1, respectively, 
for -CH3 asymmetric deformation and =C-H in-plane 
deformation. Owing to its best resolution among the 
selected peaks, the characteristic peak at 1,371cm-1, 
which is not overlapped, could be observed. The Raman 
characteristic signals of SBR showed no significant 
alterations following the addition of nano aluminum 
oxide. This observation is most likely the outcome of 
the interplay between the poor Raman intensity of the 
amorphous nanosized aluminium oxide particles and the 
low quantum efficiency with a frequency of 647.1nm. 
The characteristic bands of nano aluminum oxide are 
surprisingly feeble when the material is stimulated at 

647.1nm. Furthermore, these signals are not improved 
by increasing the scan count or accumulation duration. 
When the excitation wavelength was adjusted to 
514.5nm, the nano aluminium oxide sample displayed 
a Raman spectrum with substantial signals at 456, 
796, and 994cm-1 corresponding to Al-O-Al and Al-
OH stretching vibration. Unfortunately, the SBR’s peak 
frequencies at 496 and 1,000cm-1, which correspond to 
=CC2 rocking and -CH2 stretching, respectively, were 
in the same frequency range. As a result, differentiation 
between the SBR and nano aluminium oxide Raman 
signals was considered challenging.

Figure 2. Raman spectra of SBR-nanocomposite. a: 
unfilled composites; b: 2phr aluminum oxide in SBR; c:10phr 
aluminum oxide in SBR; d: 12phr aluminum oxide in SBR.

3.4 Mechanical Testing
3.4.1 Tensile Strength

Alumina nanoparticle addition (Figure 3A) demon- 
strated an increase in tensile strength. Tensile strength 
increased with concentration. Such behavior may be 
ascribed to the presence of nanoparticles in the gaps 
among rubber chains, which resulted in a stiff structure 
with increased tensile strength (13.2MPa). Table 3 
displays the tensile strength values. Rubber chains 
intercalated into the layers increased the tensile strength. 
Higher filler-polymer interactions than filler-filler 
interactions provided the improved characteristics. As 
a result of the incorporation of the functional groups, 
the stress was transferred from the polymer matrix to 
the inorganic filler considerably more effectively, which 
enhanced the tensile characteristics. Strong hydrogen 
bonds served as the intercalation’s driving force. The 
tensile strength of nano aluminum oxide and SBR rubber 
has increased.

3.4.2 Elongation Property
The elongation properties increase through the 

accumulation of alumina nanoparticles, as in Figure 
3B. This is due to the diffusion of extremely small 
alumina nanoparticles into the rubber chains, allowing 
for increased stretching and thus elongation. The 
extreme elongation at break values is listed in Table 3. 
The elongation at break (%) curves of nanocomposites 
with varied percentages of nano aluminium oxide is 
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Table 3. Mechanical Properties of SBR Unfilled and Filled Nano Aluminum Oxide Composites

Compounds 1 2 3 4

σ100% (MPa) 2.3 2.6 2.8 2.9

σ200% (MPa) 2.5 2.9 3.2 3.2

σ300% (MPa) 2.8 3.0 3.4 3.5

Tensile strength, Mpa 12.1 12.4 12.8 13.2

Elongation at break, % 460 510 515 520

Tear resistance, MPa 4.7 5.2 5.6 6

Abrasion resistance, % 20 20 15 10

Cross-link density v×10-4 2.63 3.05 3.31 3.33

Figure 3. The effects of nano alumina. A: The effect of nano alumina on tensile strength; B:  The effect of nano alumina 
on elongation property; C: The effect of nano alumina on tear resistance property; D: The effect of nano alumina on 
abrasion resistance property.

A B

C D

shown in Figure 3B. As the weight percentage of filler 
increases, all systems’ elongation at break increases. The 
rise at higher loads is caused by an increase in material 
stiffness, probably associated with a decrease in tensile 
crystallization. All systems displayed a similar trend. 
The utmost uses require a huge early strengthening, and 
the vital straining is not practically critical[29,30].

3.4.3 Tear Resistance Property
The particles will fill the crevices between rubber 

chains and strengthen the mechanical bond between 
them for the same reason  described in the case of the 
tensile property, which will improve tear resistance. This 
feature is linked to the tensile property, and as shown 
in Figure 3C, tear resistance improves with increasing 

amounts of nano aluminium oxide, reaching a maximum 
of 6MPa at 12pphr. The system’s tear strength curves 
are displayed in relation to the weight percentage of the 
concentration of nano aluminum oxide in Figure 3C. 
SBR rubber loaded with nano aluminium oxide offers 
improved tear strength, a sign of the resistance provided 
by SBR rubber to facilitate the spread of cracks and 
the super reinforcing of nano aluminium oxide. Most 
importantly, the thin rubber layers change the route of 
the rip, which gives nanocomposites a high tear strength.

3.4.4 Abrasion Resistance Property
Figure 3D demonstrates that the weight loss of rubber 

is constant by the adding nano aluminium oxide to the 
SBR matrix at 2pphr, but drops at 10pphr because the 
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nano aluminium oxide functions as a filler and is not 
exposed to the abrasion load. Due to the restriction 
of weight loss by nanoparticles, rubber weight loss in 
12pphr again falls till it reaches 10%. Abrasion loss, 
a measure of reinforcing, decreases as the hardness 
increases,as in Figure 3D. The improvement in abrasion 
resistance was the result of the high crosslink density, 
which also leads to enhanced hardness and modulus. 
There also existed a decrease in abrasion loss. The 
increased rubber-filler interaction also accounted for 
the improved abrasion resistance in the SBR-nano 
aluminium oxide filled composites. The intercalation and 
exfoliation of the modified silicate increased the surface 
area of the filler, resulting in more contact between the 
filler and the matrix[31].

3.5 Thermal Degradation Studies
The thermal stability of the SBR-nano aluminum 

oxide nanocomposites was determined by TGA. 
The thermograms of the rubber nanocomposites are 
shown in Figure 4, and their percentage of weight 
loss at various temperatures is observed. To obtain the 
relative thermal stability of the rubber nanocomposites, 
the method described by SW and FC was adopted. 
The thermoanalytical data and the decomposition 
temperatures were determined for different stages[32-37]. 
The ‘average Ea’ calculated by FC and ‘average Ea’ by 
SW is nearly same.

Thermogravimetric analysis was performed to 
evaluate the thermal stability of the composites. The 
amount of aluminum oxide content in the rubber 
composites is determined from the residual weight 
percentage of particular composites. The differential 
thermogravimetric curves of samples showed three 
peaks. The first weight loss observed at the temperature 
range 350°C to 450°C was ascribed to the degradation 
of rubber component. The second weight loss appeared 
at the temperature range of 500°C to 560°C. The next 

Figure 4. Thermogravimetric curves of SBR-nanocomposite. a: Unfilled composites; b: 2phr aluminum oxide in SBR; c: 10phr 
aluminum oxide in SBR; d: 12phr aluminum oxide in SBR.

weight loss seen at the temperature range of 600°C to 
680°C was due to the decomposition of carbonaceous 
residue. Temperature at maximum weight loss is given 
by the peak of derivative thermogravimetric curve. All 
the composites showed similar thermal stability, and the 
Tmax was found to be 400°C and 460°C, respectively, 
for all composites. With the help of thermogravimetric 
data, the thermal activation energies were 3.45 by FC 
and 4.43 by SW methods, and the order of reaction was 
found to be 0.40 (Figure 5).

From the knowledge of activation energy using FC 
method, it is possible to calculate the values of various 
kinetic parameters. The Ea values calculated by SW and 
FC methods were in good agreement with each other. 
The order of activation energies for SBR-nano aluminum 
oxide nanocomposites were parallel to the order of their 
thermal stability. The order of reaction (n) of SBR-
nano aluminum oxide composite was 0.40[38-49]. From 
the above results, it is quite clear that the decomposition 
reaction does not obey the exact first order kinetics.

4 CONCLUSION
SBR compositions were successfully prepared 

both with and without nanoscale aluminium oxide 
particles. Abrasion results were obtained by fabricating 
rubber nanocomposites using two mills for mechanical 
mixing and ASTM D2228 equipment for enhanced 
spectral properties. The abrasion data showed the SBR 
sample’s volumetric mass loss content. The rubber base 
compound comprised of styrene butadiene has a high 
abrasion content, which proves that SBR contains more 
abrasive properties. With the addition of nano aluminium 
oxide to the SBR sample, the samples’ abrasion content 
also decreased, which may be attributed to the beneficial 
effects of nano aluminium oxide on the mechanical and 
physical properties of SBR.
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Figure 5. SW plot (A), thermal activation energy plot (B) and FC plot (C) of SBR-aluminum oxide nanocomposites.
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