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Abstract 

The research findings on the mechanical properties of styrene-butadiene rubber (SBR) composites, particularly the impact of 

aging temperatures, have practical implications. To evaluate this effect, the study used a thermal aging test at various 

temperatures. The work developed SBR filled with several fillers, including kaolin, metakaolinite, zeolite Na-A, Al2O3, and 

synthetic zeolite Na-A/Al2O3 nanoparticles. A hybridization of SBR-filled synthetic zeolite Na-A/ Al2O3 composite was also 

created. The rubber mixer of two-roll mill was used to compound the material, with a filler loading of 1-5 phr. The 

mechanical properties of the elastomeric composites were determined before and after thermal-oxidative aging using an air-

circulating oven. The respective composites were tested at varied aging times. A thermogravimetric analyzer (TGA) was used 

to measure thermal stability. The surface morphology of broken rubber composites was examined using a scanning electron 

microscope (SEM). Here, a comparative there is a comparative study of the Cross-link density estimations of cured SBR 

utilizing swelling and Mooney-Rivlin methods. The data from different comparison approaches yielded similar results, giving 

us considerable confidence in our research. Aging studies revealed that zeolite Na-A/Al2O3/SBR composite showed superior 

anti-aging properties in comparison to the other composite. The most effective, straightforward, and environmentally friendly 

technique for determining the Cross-link density of cured rubber was found to be the Mooney-Rivlin equation. Our research 

methods are more trustworthy because this process is based on mathematics and doesn't involve any hazardous chemicals or 

solvents. This study recommends using zeolite Na-A/Al2O3 as a cost-saving filler in SBR composites, which has practical 

implications for the industry. 

Keywords: Thermal Aging; Thermogravimetric analysis; Treated filler; SBR composites; Tensile Properties.  

1. Introduction 

Rubber is now widely used in automobiles, 

food packaging, medicine, and aerospace [1]. Some 

examples of industrial elastomers utilized in the 

industries as mentioned above include natural rubber 

(NR), butadiene rubber (BR), styrene-butadiene 

rubber (SBR), silicon rubber (SR), and nitrile rubber 

(NBR). Tire manufacturing is one of the most well-

known applications for rubber in the automotive 

industry, and it is critical to human well-being. Tires 

are complex items composed of numerous rubbery 

portions, such as crowns, gum, beads, tread, inner 

layers, and side walls, typically of SBR, BR, NR, etc. 

Rubber accounts for around 40-50% of a tire [2,3]. 

SBR and BR rubbers usually account for 60-70 

percent of a tire's rubbery components [4]. This is due 

to its advantageous qualities, including hardness and 

chemical and water resistance.  SBR tires are 

commonly used in construction machines and 

underground mining because of their rigidity and 

minimal hysteresis, resulting in superior puncture and 

cut resistance [5–7].  
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Rubber aging is a protracted and ongoing 

process. The primary technique used in rubber-aging 

research is called the "accelerated rubber-aging test" 

in a controlled which is done in a controlled 

environment to examine how rubber properties 

change as it ages. The closest aging technique to real 

natural aging is believed to be oven-The closest aging 

technique to real natural aging is believed to be oven-

accelerated aging. Rubber is exposed to various 

environmental conditions during use and storage, 

which affects the rubber product's service life and 

degrades its performance. Rubber aging is complex 

since different usage settings have varying needs for 

rubber features.  

 

Accelerated aging at high temperatures is 

one of the primary methods used in testing to imitate 

a rubber-aging environment. The most frequent 

strategy for improving the thermal characteristics of 

rubber is to add antioxidants or inorganic fillers [8,9]. 

Indeed, rubber degradation is quite sluggish in a real-

world working environment; therefore, obtaining 

rubber with degradation behaviors takes a long time. 

Accelerated aging tests are often used to evaluate the 

degradation of rubbers in a relatively short time [10].  

Inorganic fillers were primarily utilized due to their 

lower cost and ability to achieve the white colour of 

rubber products.  

 

      The presence of inorganic nanoparticles in the 

composite media improves the thermal diffusivity of 

the tire compound, allowing for optimal heat transfer 

within the tire. Furthermore, heat transfer avoids tire 

explosion while driving by increasing the internal air 

temperature of the tire, especially in hot weather 

[1,11]. Accelerated aging tests are commonly 

performed to measure vulcanizate oxidation 

resistance. Most research on elastomer aging has 

focused on changes in the elastomer's chemical 

composition caused by prolonged exposure to heat, 

oxygen, ozone, and other conditions. Thermal aging 

can cause main-chain scission, Cross-link creation, 

and Cross-link breakage, resulting in severe changes 

in the mechanical characteristics of elastomers [12–

14]. The most crucial issue with using high-

temperature rubber is oxidative deterioration. 

Thermal aging clarifies the most desired features 

required in the rubber sector, such as tension, 

compression, and hardness. Hence, various 

investigators have studied the effect of fillers on these 

properties.  

 

     Shaojian He et al. [8] investigated the effects of 

carbon black filler loading on SBR's microstructure 

and mechanical properties. The effect of thermal 

aging in the air over time on the mechanical 

characteristics of SBR composites was also 

examined. At 100% strain, the SBR/CB composite 

exhibited the highest aging coefficient and the 

slowest change in tensile strength and stress. A. 

Mostafa et al. [15] built on the work of Shaojian He 

et al. [8] by investigating the influence of CB loading 

on the ability of filled SBR to tolerate the effect of 

thermal aging at various aging temperatures on the 

tension, compression, and hardness properties of SBR 

elastomer. Many studies have extensively researched 

the thermal aging behavior of filled rubber. However, 

the effect of hybrid filler loading on the aging 

resistance of SBR compounds is rarely addressed 

[15–17]. When cross-linking occurs in rubber-like 

flexible materials, the elastic modulus increases 

noticeably, the hardness increases, and final 

elongation and permanent set decrease most of the 

time. The physical characteristics of a vulcanizate are 

significantly influenced by its cross-link density [18]. 

  

The main objective of this research is to 

investigate how hybrid and different fillers affect the 

ability of filled elastomers to endure thermal aging at 

various temperatures. The study also aims to compare 

SBR composites' Cross-link densities as measured 

by: Tensile strength results, the Mooney–Rivlin 

Method, and the Flory- Rehner equation. Fillers 

ranging from 1 to 5 phr were added to the SBR 

compound. The variation of compound and 

vulcanizate characteristics with filler content was 

examined.  

2. Experimental 

2.1. Materials 

The composites were made of SBR, fillers (kaolin, 

metakaolinite, synthetic zeolite Na-A, Al2O3 

nanoparticles, and hybrid filler synthetic zeolite Na-

A/Al2O3), cure activators (stearic acid and zinc oxide 

(ZnO)), CBS was used as an accelerator; TMQ was 

used as an antioxidant. Egyptian Kaolin was supplied 

from El-Nile Co., Egypt. Ball milling was used to 

prepare micron-sized Al2O3 powders (120-320 nm). 

The silane 3-aminopropyltriethoxysilane (APTES) 

supplied by Sigma-Aldrich Company was used as 

received. Other standard rubber compounding 

ingredients, such as process oil and sulfur, were used 

at commercial grades. Synthesis of metakaolinite and 

zeolite Na-A from Kaolinite was revisited, and the 

method of surface treatment of filler was described in 

our previous article [19].  

2.2. Preparation of rubber composites 

The samples tested in this investigation consisted of 

SBR compounded with different amounts of fillers of 
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fillers, as shown in Table 1. Ingredients of the rubber 

compounds were mixed on a laboratory two-roll mill 

with an outer diameter of 470 mm, 300 mm length, 

the speed of slow roll being 24 rpm, and the gear 

ratio of 1.4. Then, stearic acid and ZnO were added. 

The investigated fillers were then introduced and 

mixed for sufficient time to disseminate the filler into 

the SBR rubber. The mixing procedure was resumed 

after adding the CBS, TMQ, and sulfur to the SBR 

rubber. Compression molding was used to vulcanize 

each type of rubber compound using a hot hydraulic 

press at 162 ± 1 °C and a pressure of about 4 MPa. 

                                                                                 

 
Table 1: Formulations of treated fillers/SBR compounds (phr) 

 
Sample No. 

 

Materials 

Quantities (phr) 

S1 S2 S3 S4 S5 S6 

SBR 100 100 100 100 100 100 

Stearic acid 2 2 2 2 2 2 

ZnO 5 5 5 5 5 5 

CBS 1 1 1 1 1 1 

TMQ 1 1 1 1 1 1 

Sulfur 2 2 2 2 2 2 

Treated fillers 0 1 2 3 4 5 

Processing Oil 1 1 1 1 1 1 

 
  

  Notes: phr (part per hundred of rubber); SBR1502, styrene-butadiene rubber with 23.5 wt% of styrene content; N-cyclohexyl-2-

benzothiazole sulfenamide (CBS); polymerized 2,2,4-trimethyl-1,2-dihydroquinoline (TMQ); treated filler (Al2O3, zeolite Na-A, zeolite Na-
A/Al2O3, kaolin and metakaolinite)  

2.3. Tests performed on rubber composites 

2.3.1. Aging Characteristics of fillers/SBR 

composites 

       The tensile properties of the cured filler/SBR 

vulcanizates were determined using a Zwick 1425 

universal testing machine according to ASTM D 412-

16 [20]. The tensile characteristics of composites 

were calculated using an average of five distinct 

samples for each formulation. The tensile test was 

performed at ambient temperature and 500 mm/min 

speed to determine the tensile parameters of the cured 

samples, including tensile strength, elongation at 

break, and tensile modulus.  

 

The filler-reinforced composites based on SBR 

rubber were thermally aged for 2, 4, 6, and 7 days in 

an air circulation oven at 90 
0
C, following ASTM 

D573 - 04 [21]. The specimens were cooled and 

maintained at room temperature for at least 24 hours 

until the tensile characteristics of the old specimens 

matched those of the non-aged specimens. The 

maintained percentage values for tensile strength and 

elongation at break were calculated. Tensile 

characteristics (tensile strength and elongation at 

break) were tested before and following aging tests. 

 

 

2.3.2. Swelling Properties 

 
Rubber vulcanizate equilibrium swelling studies 

were conducted in toluene at room temperature 

(25°C) according to ASTM D471-12a [22]. 

Approximately 0.5 g of each cured specimen was 

immersed in toluene for 48 hours to achieve 

equilibrium swelling. The swelled samples were 

weighed and then oven-dried to a consistent weight. 

After drying, the rubber sample's weight was 

determined to be free of dissolved materials. The 

swelling percentage (Q%) of the rubber samples was 

assessed using Eq. 1: 

Q % =  
W� −  W�

W�

 ×  100 Eq. 1 

Where, W2 and W1 represent the swollen weight and 

dried weight of the samples, respectively. 

The rubber–filler interaction was evaluated using the 

Lorenz and Park Eq. 2 [23]: 

 

Q�����

Q���

= ae�� + b Eq. 2 

Qfiller is the filler's swelling value, and Qgum is the 

swelling value of the gum. Z is the filler weight ratio 

in the vulcanizate, whereas a and b are constants. The 
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swelling ratio (Qfiller/Qgum) is lower when the filler 

and rubber matrix interact correctly.  

The degree of reinforcement was measured by 

the Cunneen and Russell [24]equation as follows Eq. 

3: 

v��

v��

= ae�� + b Eq. 3 

 

Where Vr0 is the volume fraction of the gum 

rubber vulcanizates, and Vrf is the volume fraction of 

the rubber network in the swollen phase; z, a, and b 

are the same as defined earlier. 

 

2.3.3. Mooney-Rivlin Method for Analyzing Cross-

Link Densities Based on Tensile Strength 

Results 

The Mooney-Rivlin method can be used to 

calculate cross-link density (�e) using tensile strength 

test data [25]. Eq. 4was utilized to compute the linear 

regression graphs and network parameters [26]. 
�

2!" − "��#
= $� +

$�

"
 Eq. 4 

Where σ is the true stress; λ is the extension rate; 

C1 is the contribution of Cross-linking units; C2 is the 

Mooney–Rivlin elastic constant, representing the 

contribution of fixed entanglements. The material 

constant C1 can be used to calculate cross-link 

densities using Eq. 5 [27]. 

ν& =
$�

'(
 Eq. 5 

Where η is the cross-linking density (mol cm
-3

); 

R is the universal gas constant (8.314 J.mole
-1

.K
-1

); 

and T is the absolute temperature (K). 

 

2.3.4. Thermogravimetric analyzer (TGA) 
The thermal degradation properties of samples 

were measured using a thermogravimetric analyzer 

(TA Instruments, TGA Q5000, USA). The mass loss 

during heating from ambient temperature to 600 °C at 

a rate of 10 °C/min was measured. Approximately 5 

mg of test samples were evaluated in a nitrogen 

environment with a 40 ml/min gas flow rate. 

 

2.3.5. Scanning Electron Microscopy (SEM) 
SEM micrographs of the tensile fracture surface 

of rubber vulcanizates were collected to examine the 

influence of filler dispersion in the rubber matrix. 

The microstructure and morphological properties of 

the samples were analyzed with a JEOL JSM 

6360LA, Tokyo, Japan.  

 

3. Results and Discussions 

3.1. Aging Characteristics of filler/SBR composites 

      Thermal stability is defined as the exact 

temperature and duration at which a material can be 

used without suffering significant property loss 

[8,28]. Several ways have been devised to track the 

aging of rubbers. Tensile strength and elongation at 

break testing are frequently recognized as the most 

immediate and valuable indications of the remaining 

mechanical qualities. Cross-linking operations were 

carried out in an air-circulating oven at 90 
0
C for 2, 4, 

6, and 7 days to study the effect of thermal aging on 

the mechanical properties of rubber composite 

materials. Fig. 1 and Fig. 2 display the tensile 

strength and strain at rupture after age, respectively. 

The results demonstrate that aged fillers/ SBR 

composites have lower tensile strength and 

elongation at break. However, the aged unfilled 

SBR's tensile strength and strain at rupture improved 

as compared to their mechanical attributes before 

aging. The effect of air aging on the mechanical 

characteristics of a fillers/ SBR composite with the 

same filler content (3phr) was investigated. After 7 

days of aging, the zeolite Na-A/Al2O3/ SBR 

composite tensile strength was 3.11 MPa, 

significantly greater than that of the zeolite Na-

A/SBR and Al2O3/SBR, respectively.  

 

     Zeolite Na-A/Al2O3/SBR composite had superior 

anti-aging properties than Zeolite Na-A/SBR and 

Al2O3/SBR composite. The good anti-aging 

characteristics of filler/rubber composites have been 

attributed to the fine dispersion of filler in the rubber 

matrix and the strong interfacial adhesion between 

filler and rubber chains [8]. Tensile strength 

decreases with prolonged aging time, primarily due to 

inhomogeneous Cross-linking during the thermal 

aging process [8,29]. As indicated in Fig. 2, 

decreasing elongation at break was seen with 

increasing aging time. Such occurrences can be 

explained as follows: during thermal aging in air, 

SBR macromolecular chains Cross-link. Higher 

Cross-linking degrees result in harsher limitation of 

chain extension and a more significant drop in chain 

length between Cross-linking locations, making SBR 

stiffer and more brittle [8,30,31]. 

 

     Plotting the property aging coefficients of SBR 

composites against fillers/SBR composites was done 

in order to measure the impact of thermal aging on 

the different mechanical qualities that were 

investigated. The results are displayed in Fig. 3. The 

graph indicates that, as the filler % grows, the value 

of the property aging coefficients gradually declines. 

As was previously mentioned, fillers and SBR 

composites with more unusual filler compositions age 

less well. Moreover, as seen in Fig. 3, the conserved 

values of the assessed qualities first increased, 

presumably as a result of improved cross-linking with 

aging that slowed down the early stages of 
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degradation. However, as aging time increased due to 

deterioration, these values decreased [32]. The 

conserved stress values and strain at rupture are 

shown to decrease with age, according to these 

statistics. On the other hand, the aging coefficients of 

SBR composites are displayed in Figure 3. In general, 

as aging time increases, the aging coefficient of all 

SBR composites decreases, as Fig. 3 shows. Greater 

anti-aging efficacy is indicated by an increased aging 

coefficient (AC) [33]. Of all the composite samples, 

Figure 3 demonstrates that the AC of 1 phr of Al2O3 

is the highest. Since Al2O3/ silane 3-

aminopropyltriethoxysilane (APTES) seem to 

promote firm rubber contact, the aging coefficient 

indicates that samples loaded with Al2O3 have a 

better thermal resistance. This increase in thermal 

aging could be explained by the presence of silanol 

groups, which appear to facilitate firm rubber contact. 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

Figure 1: The tensile strength of SBR composites loaded various fillers both before and after aging. 
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Figure 2: The elongation at break (%) for SBR loaded different filler both before and after aging. 
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Figure 3: Dependence of the aging coefficient on the aging time for SBR loaded with different filler concentrations. 

3.2. Swelling analysis 
           Polymeric materials can swell when exposed 

to diverse solvents during service applications, 

posing intellectual and technological challenges. 

Equilibrium swelling is extensively used to assess the 

average molecular weight, MC, of Cross-links, which 

is directly proportional to Cross-link density [34]. 

Rubber-filler interaction was investigated better to 

understand the reinforcing process in filler rubber 

composites. Rubber-filler interactions were examined 

by calculating the volume fraction (Vrf) of rubber in 

swollen composites as a measure of Cross-link 

density. Fig. 4(a) compares the volume fraction of the 

rubber network in the swelling phase (Vrf) to the filler 

content in the filler rubber composites. The Fig. 

shows that when filler loading increases, the 

composite's solvent absorption diminishes, leading to 

a rise in Vrf. The high amount of contact between 

rubber and filler in the presence of metakaolinite 

results in developing a chemical link between SBR's 

pendent ethoxy groups and metakaolinite's hydroxyl 

functional groups, increasing the value of Vrf.  

Furthermore, Fig. 4 (b) demonstrates that the degree 

of swelling in filler rubber composites reduces as the 

filler quantity increases. Lower levels of edema with 

filler ingestion imply a stronger rubber-filler 

interaction. Fig. 4 (c) shows a straight line with a 

positive slope when plotting Vr0/Vrf versus e
−z

 using 

the Cunneen and Russell equation. This indicates the 

filler's ability to reinforce. The high value of a and 

the low value of b imply rubber-filler attachment, 

while Vr0/Vrf represents reinforcement. Thus, the 

Cunneen Russel plot confirms the filler's ability to 

reinforce SBR composites. Furthermore, as the filler 

content increases, the Cross-link density of the filler 

rubber composites increases as more Cross-link 

bonds form in the vicinity of the fillers, increasing the 

filler-rubber interaction. 

Table 2: Slope parameters for Cunneen and Russel equation 
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Figure 4: Effect of filler content on (a) the content volume fraction (Vrf), (b) the degree of swelling and (c) The change in Vro/Vrf with e-Z for 

SBR composites 

 

3.3. Cross-link densities of fillers/SBR composites 

obtained using the Mooney–Rivlin method 
C1, the linear coefficient of the equation, 

describes the bonds created in the composites and is 

directly connected to the density of Cross-links. It has 

been observed that increasing fillers is associated 

with increasing C1 and, as a result, increasing the 

density of cross-links. Furthermore, the value C2, 

which reflects the slope coefficient and is connected 

to the polymer chain's intermolecular forces, 

increases. These results reveal the intensive 

interaction between the filler and the matrix, 

suggesting the reinforcement supplied by the filler 

and the cross-links [35,36]. 

 
Table 3: The value of constant C1 and C2 for Al2O3/SBR 

composites 

 

Composites C1 

(MPa) 

C2 

(MPa) 

S1 0.126 0.284 

S2 0.184 0.210 

S3 0.197 0.236 

S4 0.203 0.284 

S5 0.222 0.189 

S6 0.190 0.255 

 
Table 4: The value of constant C1 and C2 for zeolite Na-A /SBR 

composites 

Composites C1 

(MPa) 

C2 

(MPa) 

S1 0.126 0.284 

S2 0.216 0.168 

S3 0.249 0.184 

S4 0.223 0.272 

S5 0.228 0.124 

S6 0.229 0.223 

 
Table 5: The value of constant C1 and C2 for synthetic zeolite Na-

A/Al2O3 /SBR composites 

 
Composites C1 

(MPa) 

C2 

(MPa) 

S1 0.126 0.284 

S2 0.248 0.171 

S3 0.222 0.215 

S4 0.297 0.156 

S5 0.264 0.183 

S6 0.177 0.277 
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Table 6: The value of constant C1 and C2 for Kaoline/SBR                      Table 7: The value of constant C1 and C2 for     MetaKaoline/SBR           

            composites                                                                                                   composites 

                                                                                                                          
     

 

 

                                                                                                                 

 

 

 

 

 

 
 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: The Mooney-Rivlin plots for SBR composites filled with (a) Al2O3, (b) Zeolite Na-A, (c) (synthetic zeolite Na-A/Al2O3), (d) 

Kaolin, and (e)  Metakaolinite. 

 

Composites C1 

(MPa) 

C2 

(MPa) 

S1 0.126 0.284 

S2 0.208 0.216 

S3 0.207 0.179 

S4 0.259 0.271 

S5 0.229 0.196 

S6 0.185 0.218 

Composites C1 

(MPa) 

C2 

(MPa) 

S1 0.126 0.284 

S2 0.237 0.189 

S3 0.252 0.204 

S4 0.190 0.259 

S5 0.353 0.228 

S6 0.190 0.293 
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Table 8 and Table 9 demonstrate the Cross-link 

densities of filler/SBR composites created using the 

two approaches. The Cross-link densities produced 

from the two distinct approaches are quite different, 

with the value obtained from the Mooney-Rilvin 

equation being significantly lower than that obtained 

from the Flory-Rehner equation. The gap in the 

results between the two methodologies discovered in 

this investigation was suggested to be driven by two 

possible explanations, which are [27]: 

Mode of deformation: The deviance of the 

results is determined by the amplitude of the Cross-

link fluctuations, which influences how loosely the 

Cross-links are embedded in the network structure. 

The stress-strain method (Mooney-Rilvin) caused the 

polymer chains to fully swell and stretch out, whereas 

the Flory-Rehner method did not. Errors in Flory-

Rehner equation calculations: Because all of the 

parameters (X, f, and Vr) utilized were derived using 

different independent methods, an error in the 

calculations would occur. 

Where χ is the Flory-Huggins interaction 

parameter for toluene and rubber, f is the filler ratio 

and Vr is the volume fraction of swollen rubber. 
 

Table 8: Cross-link density (mol/m3) of SBR composites from the Mooney-Rivlin Method 

 
 

Table 9: Cross-link density (mol/m3) of SBR composites from the Equilibrium swelling 

 
 

3.4. Thermogravimetric analysis (TGA) 
 

     The thermal stability of composites was assessed 

using TGA. The starting decomposition temperature 

(Ti) is followed by T25, T50, and T75, representing 

weight losses of 25, 50, and 75 percent, respectively 

(Table 10).  

 

    According to Table 10, weight loss temperatures 

for all fillers except metakaolinite/SBR composites 

are higher than those for pure SBR rubber, which 

could be attributed to a maximized interaction 

between the filler particle and the SBR rubber due to 

the availability of a larger surface area of the particle 

in the case of SBR/filler composite. The beginning 

degradation temperature of these composites follows 

the order of metakaolinite /SBR < Al2O3/SBR < 

Kaolin / SBR < Zeolite Na-A /SBR < zeolite Na-

A/Al2O3/SBR (Table 10).  

Moreover, during the temperature range between 500 

°C and 600 °C, the mass residue of metakaolinite 

/SBR composites is always the lowest at any given 

temperature, while that of Zeolite Na-A /SBR is 

always the highest (Fig. 6). These results suggest that 

introducing Zeolite Na-A could improve the thermal 

stability of SBR composites. 
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Figure 6: TGA curves of (a) weight (%) for tested samples 

Table 10:  Temperature degradation statistics for SBR loaded with various fillers (SBR/filler composites) 

 

 

 

 

 

 

 

 

 

 

3.5. Scanning electron microscopy (SEM) 

SEM Fig. 7 was used to analyze the 

morphologies of tensile fracture surfaces to confirm 

the various filler-rubber interfacial interactions in 

SBR composites. Fig. 7 (a) illustrates that pure SBR 

appears to have a reasonably smooth surface. In 

contrast, composites have a much more convoluted 

and rougher morphology with filler, indicating that 

much energy was absorbed during tensile, and the 

tensile properties are significantly enhanced. 

Compared to the fracture surfaces of samples with the 

same filler contents, the cured sample containing 

zeolite Na-A/Al2O3 produced a high tear cracked 

surface of the rubber compounds, as shown in Fig. 7 

(d). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: SEM images of SBR rubber composites (a) control sample, (b) 4 phr of treated Al2O3, (c) 3 phr of treated Zeolite Na-A, (d) 3 phr of 
treated zeolite Na-A/Al2O3, (e) 4 phr of treated Kaolin, and (f) 4 phr of treated Metakaolinite
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4. Conclusion 

Thermal stability is an essential feature of any 

elastomer for its potential applications. Thermal 

aging of SBR composites reduces elongation and 

tensile strength at break. This can be explained by the 

rapid oxidative disintegration that produced a 

substantial drop. SBR vulcanizates' mechanical 

properties deteriorate with longer age durations. This 

has to do with the formation of a high-oxidation 

process that results in chain scission. Synthetic 

zeolite Na-A/Al2O3 /SBR composite outperformed 

other fillers for anti-aging effects. 
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