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_________________________________________________________________________________ 

ABSTRACT— Mechanical properties, heat  and ozone resistances of vulcanized natural rubber thin pale crepee 

types can be improved by addition of 3-aminopropyltriethoxysilane (APTS). Addition of APTS improves interaction 

between polymer filler in rubber and  vulcanized. Vulcanized that have been added  2, 6 and 10 phr APTS 

characterized by Fourier-Transform Infrared Spectroscopy (FTIR), and Scanning Electron Microscopy / Energy 

Dispersive X-Ray Spectroscopy (SEM-EDS), while mechanical properties were tested by using a Universal Testing 

Machine. Ozone testing was performed by using Ozone Aging Tester. The results showed that  APTS addition on 

vulcanized rubber can increase value bound, aging resistance and ozone resistance, and also mechanical properties 

such as tensile strength, elongation at break and 100% modulus.  
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_________________________________________________________________________________ 

 

1. INTRODUCTION 

Silanes as coupling agents were first discovered in the 1940s and then used for developing of composites to improve 

bond between matrixes and filler, also to prevent decrease of strength because of time. 

Several studies have been conducted on polymeric materials and rubber. Some results showed that addition of 3-

aminopropyltriethoxysilane and formamide in carbon black is  decrease resistivity of polymers made [1]. On the other 

hand some other studies showed that reaction between styrene butadiene rubber (SBR) and  3-

aminopropyltriethoxysilane increased thermal stability properties [2]. Other studies also showed that carbon nanotubes 

that were treated with 3-aminopropyltriethoxysilane in acidic conditions have changed crystal structure of carbon 

nanotubes and improved modulus and tensile strength properties of the vulcanized rubber product [3]. 

Mixing of silane type of bis-(3-(triethoxysilyl)-propyl)-tetrasulfide (TESPT) with SBR rubber type and NR-SBR 

blend have changed mechanical properties of vulcanized rubber[4]. In addition, use of silanes have  also led to better 

filler dispersion [5, 6], and increase adhesion between carbon and polymer [7] as well as increased in tensile strength, 

modulus and ductility of carbon fiber cement-matrix composites [8]. This paper shows effect of 3-

aminopropyltriethoxyxilane (APTS) addition on properties of vulcanized natural rubber such as aging resistance and 

ozone resistance, and also mechanical property and bound rubber. 
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2. MATERIALS AND METHODS 

Materials used were TPC type natural rubber (Indonesian Plantation Company) with mooney viscosity value of 83.59, 

101 Type Stearic Acid (Cisadane Raya Chem Company, Indonesia), ZnO (Red Seal Banana Brand, China), CBS (N-

Cyclohexyl-2-benzothiazyl Sulphenamide) of Flexy Chem granules (China) and sulfur of Ground Sulfur type 325 mesh. 

Carbon black N-660 is from Cabot-Starling Company (Indonesia). 3-Aminopropyltriethoxysilane (APTS) was obtained 

from Sigma-Aldrich. 

APTS was added as 0, 2, 6, and 10 phr (henceforth coded T0, T2, T6 and T10). Mixing process between APTS and 

carbon black has been performed using a mixer for 5 minutes, and then added to the mixture in accordance with the 

formula as shown in Table 1 below. 

Table 1. Sample formulation with variation of phr APTS 

 

Materials 
Phr 

T0 T2 T6 T10 

TPC 100.0    

Stearic Acid 2.0    

 ZnO-Red Seal 5.0    

Carbon black 40.0    

APTS 0 2 6 10 

CBS 1.4    

Sulfur  2.5    

 

Bound Rubber 

Percentage of bound rubber was obtained by soaking 1.0 g of sample into 100 ml of toluene at room temperature for 48 

hours. The solvent was then filtered, and the remaining samples were dried at 40oC for 24 hours in a vacuum until 

constant weight. Percentage of bound rubber can be calculated using the equation: 

     (1) 

where Mo is  initial weight of container and sample, Mb is  weight of  container, CPD is phr of used carbon black, and Me 

is  final weight of container and sample. 

Fourier-Transform Infrared Spectroscopy (FTIR-ATR) 

FTIR-ATR Spectroscopy was used to determine nature of functional groups presented in APTS on vulcanizates surfaces. 

Measurements were performed using FTIR Microscope Hyperion 3000. Spectra were made up of 32 scans with a 

resolution of 4 cm-1. 

Scanning Electron Microscopy/Energy Dispersive X-Ray Spectroscopy (SEM-EDS) 

SEM-EDS - A JSM-6510 Jeol, Tokyo, Japan was utilized to observe morphologies of fracture surface of composite. 

Specimens with a thickness of 2 mm were cryogenically fractured in liquid nitrogen and then sputter coated with gold 

before observation under an accelerating voltage of 20 kV. 

Mechanical Properties 

U-CAN-UT2800 Universal Testing Machine was used for testing of tensile strength, elongation and modulus 100%, with 

crosshead speed of 5 ~ 600 mm/min for 250 kgf and crosshead speed accuracy of +1,5%. Testing of tensile strength, 

elongation and modulus of 300% has been conducted in accordance with ASTM D 412.  

Ozone Aging Tester 

Ozone resistance testing was performed using an ozone aging tester with reference to ASTM D-1149. Ozone 

concentration used was 25 pphm with temperature of 40oC 
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3. RESULTS AND DISCUSSION 

Bound Rubber 

Bound rubber measurements indicate that carbon black particles interact physically with polymer chains of polyisoprene. 

Consequently, percent bound rubber will be directly proportional to the surface activity of carbon black used. Addition of 

APTS increases bound rubber values in the ranges from 13.16% to 71.90% as shown in Table 2 and Figure 1. These 

results confirm formation of bonding between carbon black with the polymer [9]. 

Table 2. Bound rubber content (%). 

Bound Rubber T0 T2 T6 T10 

Value 45.510 51.497 72.076 78.231 

% compare T0  13.16% 58.37% 71.90% 

  

 

Figure 1. The effect of APTS amount (phr) on bound rubber values 

Ozone Exposure 

Ozone exposure has been carried out using ozone aging equipment tester. Samples were exposed to 25 PPHM ozone at 

40°C for 21 days. Figure 2 shows crack in the sample. Addition of APTS with greater phr causes samples to be more 

resistant to ozone, which is indicated by small crack in the sample. Increased ozone resistance was caused by the 

formation of a bond between rubber and APTS in samples. Number of double bond C = C decreased as shown in FTIR 

results in Figure 3, where peak at 1597 cm-1 showing C = C group is much reduced. 

 

 

Fig.2. Morphology of the samples after ozone process. 
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Fourier-Transform Infrared Spectroscopy 

Figure 3 shows FTIR spectrum of sample without addition of APTS and samples with addition of 10 phr APTS, 

before and after ozone exposure. The figure shows that after ozone process there are changes of peaks around the wave 

number 824 cm-1, 1600 cm-1 and 3000-3600 cm-1. Peak at a wavelength of 3437 cm-1 indicates NH stretching of 

aminosilane on the surface of carbon black. This result is supported by appearance of peaks at 2926 cm-1 and 2856 cm-1, 

which indicate >CH2 group asymmetric and symmetric stretching [3]. 

Peak at 824 cm-1indicates the C= CH bending of isoprene, and at 1597 cm-1 shows group C = C stretching vibration 

of isoprene units at natural rubber, were reduced after ozone process. This indicates that  double bond in the carbon 

atoms oxidized by the presence of ozone, and lead to a new peak at wave number of 1095 cm-1, which indicates the 

oxidation process of C-O-C. The wave numbers at 3000-3600 cm-1 are also observed, which indicates the OH group, 

which is derived from the ozonisation process and caused the termination of the rubber polymer chains. 

Addition of APTS on ozone mixture is able to improve robustness of resulting vulcanized, as indicated by  low value 

of transmittance at wave number of 1095 cm-1 and 3000-3600 cm-1. 

 

 
Figure 3. FTIR spectrum of natural rubber without APTS and natural rubber with 10 phr APTS,  

before and after ozonisation 

 

Scanning Electron Microscopy/Energy Dispersive X-Ray Spectroscopy (SEM-EDS) 

SEM-EDS characterization has been performed to observe distribution of carbon black and APTS before and after  

ozone process. The results as shown in Figure 2 show that crack in sample was formed after   ozone process because of  

polymer chain termination process by ozone (marked area). This result is consistent with the FTIR results which showed 

an increase in the content of the C-O-C functional groups related to the process of oxidation caused by exposure to 

ozone. 

 

Effect of Aging to Mechanical Properties 

Aging process refers to the ASTM D-572 in which the sample was heated at temperature of 70 °C for 24 hours, and 

then tested for mechanical properties. Test results showed a decrease in mechanical properties of sample (retention), as 

shown in Table 3 and Figure 4. 

After aging process, tensile strength of sample without addition of APTS (T0) decreased by 26.31%. Meanwhile, for 

sample with addition of APTS, it is found that the tensile strength decreased by 22.43% (T2), 14.05% (T6) and 6.80% 

(T10). Improvement of these properties is due to modification of filler surface due to presence of APTS [10, 11]. 
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Elongation at break of samples T0, T2, T6 and T10 was changed by 16.15%, 37.16%, 34.97%, and 28.33% 

respectively; while 100% modulus of samples were changed by -195.52%, - 43.57%, -33.17% and -1.83%, respectively. 

Test results indicate that samples with addition of APTS showed larger stiffness properties due to presence of more 

polysulfide bonds in the mixture [13]. 

 

 

 

 

 

 

 

 

T0 before ozone process T10 before ozone process 

 

 

 

 

 

 

 

 

 

T0 after ozone process T10 after ozone process 

Figure 2. SEM-EDS images of fracture surfaces of T0 and T10  

before and after ozone processes 

 

Table 3. Mechanical properties before and after aging process 

 

Testing 
T0 T2 T6 T10 

F A F A F A F A 

Tensile 

strength(Kg/Cm2) 
167.3 123.3 196.9 152.7 217.7 187.1 211.8 197.4 

Elongation at 

Break(%) 
351.8 295.0 412.2 259.0 474.7 308.7 410.6 294.3 

Modulus 100% 

(%) 
30.3 89.6 27.6 39.6 27.4 36.4 36.0 36.7 

F : Fresh ; A : After aging 
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Figure 4. Mechanical Properties before and after Aging Process 

 

4. CONCLUSION 

Addition of APTS  on TPC type natural rubber mixture resulted better bonding between rubber and carbon black, 

which is indicated by  an increase in value of bound rubber. The bonding is proportional to amount of APTS phr, at 

13.16%, 58.37%, 71.90%. Increasing bound rubber values were correlated with aging and ozone resistance of vulcanized. 

Samples with addition of APTS showed smaller percentage change of mechanical properties after experiencing aging 

process. Addition of APTS was also able to increase endurance properties of ozone, which is indicated by the small crack 

that occurs in vulcanized after ozone process 
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