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The effect of silane coupling agent, bis(triethoxysilyl propyl) tetrasulphide, Si69 on 

cure characteristics and mechanical properties of rice husk powder, RHP filled 

natural rubber, NR compounds were studied. Scorch time t2 and cure time t90 of the 

compounds decrease with increasing filler loading and with presence of a silane 

coupling agent, Si69. However, minimum torque increases with increasing filler 

loading but at a similar filler loading shows lower value with the presence of Si69. 

The mechanical properties of compounds viz tensile strength, tensile modulus and 

hardness were also increased while resilience decreases with additional of Si69. 

 

Introduction 

 

These days various polymers combined with various fillers from different sources are 

being prepared so as to enhance material properties and or to save cost. Recently, 

utilization of agricultural waste as fillers has been the subject of various studies (Dai, 

2003 and Ismail, Rosnah & Rozman, 1997). These natural fillers are especially being 

sought since the production of composites using natural substance as reinforcing filler 

is not only inexpensive but is also able to minimize the environmental pollution 

caused by their characteristic biodegradability (Joseph et al., 2002).  

The need for biodegradable and compostable products, especially those made 

from the disposable lignocellulocis materials is necessary due to lack of resources 

(crude oil) and increasing level of environmental pollution. The most important 

aspect of lignocellulocis reinforced composites is to attainment of good adhesion 

between the fibres and matrix. Several attempts have been made to overcome these 

problems. These include grafting surface modifying groups onto the fibres, adding 

various coupling agent or bonding agents or pretreatment of the fibres with suitable 

chemicals (Geethamma, Joseph & Thomas, 1995 and Ismail, Edyham & 

Wirjosentono, 2002).  

In the present study, a new type of composite material viz. rice husk powder 

(RHP) reinforced natural rubber compounds was developed. RHP was used as the 

reinforcement because rice husk is an abundantly available in Asia including 

Malaysia (IRRI, 2004). The effect of filler loading and silane coupling agents on the 

curing characteristics, and mechanical properties of RHP filled natural rubber 

composites will be reported. Scanning electron microscopy (SEM) studies were 

carried out to determine the failure mechanism of the composites. 

 

Experimental 

 

The formulation used in this study is shown in Table 1. Natural rubber (Standard 

Malaysian Rubber, Light, SMR L) was obtained from the Rubber Research Institute 

of Malaysia (RRIM). The rice husk powder (RHP) used in this work was supplied by 

Bernas Perdana Sdn. Bhd. Penang, Malaysia. RHP was dried in an air oven at 100 °C 

for 18 hours to expel moisture prior to blending. In this study, the particle size of 

RHP was in the range of 60 – 90 μm. Table 2 shows the chemical composition of the 

RHP fibre used in this study. Other chemicals such as zinc oxide, sulphur, stearic 



 

acid, N-cyclohexyl-2-benzothiazole sulfenamide, 2,2-methylene-bis(4-methyl-6-

tertbutylphenol) and silane coupling agent, bis(triethoxysilyl propyl) tetrasulphide, 

Si69 were all purchased from Bayer (M) Ltd. 

Cure characteristics were studied using a Monsanto Moving Die Rheometer 

(MDR 2000) according to ASTM D 224. Compounds were compression moulded 

using hot press with a pressure of 10 MPa into 3 mm thick sheets at 150 °C, 

according to respective cure time t90 determined with MDR 2000. 

Dumbbell shaped samples were cut from the moulded sheets according to 

ASTM D 3182. Tensile tests were performed at a crosshead speed of 500 mm/min 

using Testometric Tensometer M500 according to ASTM D 412. Hardness 

measurements of samples were done according to ASTM D 1415 using a Wallace 

dead load, with hardness ranging from 30 to 85 IRHD (International Rubber Hardness 

Degree). Resilience was studied by using a Wallace Dunlop Tripsometer according to 

ASTM D 1054.  

The fracture surface of respective compounds was investigated with a Leica 

Cambridge S-360 scanning electron microscope. The objectives are to get some 

information regarding the quality of filler-matrix adhesion and to detect the presence 

of any microdefect. 

 

 

Table 1 Formulation for rice husk powder reinforced natural rubber compounds 

 

Ingredients Phr 

Natural Rubber 100 100 100 100 100 100 100 100 100 

Rice husk powder 0 10 20 30 50 10 20 30 50 

Silane coupling agent Si69 - - - - - 2.5 2.5 2.5 2.5 

Zinc Oxide = 5.0 phr; Stearic Acid = 2.5 phr; Sulphur = 1.5phr; 2,2–methylene–bis-

(4-methyl-6-tert-butylphenol)=2.0 phr; N-cyclohexyl-2-benzothiazole sulfenamide = 

2.0 phr. 

 

Table 2 Chemical composition of rice husk powder 

 

Chemical composition % 

Moisture 9.0 

Cellulose 32.0 

Hemicellulose  19.0 

Lignin 16.0 

Silica 13.0 

Ash 11.0 

 

Results and Discussion 

 

Cure Characteristics 

 

Table 3 show the effects of RHP loading and silane coupling agent, Si69 on scorch 

time, t2 and cure time, t90 of NR compounds obtained from Monsanto MDR 2000 at 

150 °C. It can be seen that both properties decreased with increasing RHP loading. 

The reduction of both properties was attributed to the longer mixing time of the 

compounds on the mill during processing. Furthermore, longer mixing time at higher 

filler loading generated more heat in the compounds (Geethamma, Joseph & Thomas, 

1995). However at similar filler loading, NR compounds with a silane coupling agent, 



 

Si69 had a shorter t2, and t90 than compounds without a Si69 (control). Debasish et al 

reported (2004) that, the cure time and scorch time enhancement is due to 

improvement in filler dispersion in a rubber matrix by silane coupling agent. Wagner 

(1976) reported that, the mercaptosilane generally reduced the cure and scorch time to 

a certain degree depending on the types of accelerator system and elastomer. This 

effect is due to the presence of a thiol group in silane (γ-mercaptopropyltrimethyoxl) 

which is known to exert a catalytic effect on accelerating the curing process of NR 

compounds (Pot & Ng, 1998). 

The effect of filler loading and a silane coupling agent on minimum torque, ML 

is shown in Table 3. It can be seen that, the ML of both NR compounds with or 

without silane coupling agent increases with increasing filler loading. This indicates 

that the presence of filler in the rubber matrix has reduced the mobility of the 

macromolecular chains of the rubber. However at a similar filler loading, compounds 

with a silane coupling agent Si69 have lower ML than the similar compounds without 

Si69. Debasish et al (2004) also reported, the reduction of ML is due to improvement 

in filler dispersion in a rubber matrix by silane coupling agent. According to Wolff et 

al (1993), in presence of silane coupling agent, the compounds Mooney viscosity and 

minimum torque of silica containing compounds were reduced. 

The effect of RHP loading on torque difference (maximum torque – minimum 

torque), MH – ML of NR compounds with and without silane coupling agent are 

shown in Table 3. It can be seen that torque difference of NR compounds with or 

without silane coupling agent increase with increasing RHP loading. This could be 

due to appreciable improvement in crosslink density. At a similar filler loading, 

however, NR compounds with silane coupling agent exhibit higher torque difference 

than NR compounds without silane coupling agent. This is consistent with the finding 

by Krysztafkiewicz and Domka (1986) who reported that the incorporation of silane 

coupling agent increases the amount of sulphur linked to rubber through the 

formation of polysulphidic link during the vulcanization process and consequently, 

increases the crosslinking density. 

 

Mechanical Properties 

 

Table 4 shows the effects of RHP loading and a silane coupling agent, Si69 on tensile 

strength of NR compounds. It can be seen that, for both compounds, the tensile 

strength increases up to 20 phr of filler loading and then decreases with further 

increase of filler loading. It is thought that, below 20 phr of filler loading, smaller 

particle size and uniform dispersion of RHP in NR compounds contribute to better 

tensile strength. The deterioration of tensile strength at higher filler loading was due 

to weak filler-rubber interaction as a result of increasing agglomeration. RHP has a 

number of oxygen groups on its surface, which results in strong filler-filler interaction 

and absorption of polar materials by hydrogen bond. Since the intermolecular 

hydrogen bond between oxygen groups are very strong, it can aggregate tightly and 

results in a poor dispersion in non-polar rubber compounds (Ismail & Nordin, 2004). 

Furthermore, the particles of RHP are neither of irregular shape nor size (Fig. 1). 

These structures can decrease the vulcanizates strength due to the inability of the 

filler to support stress transferred from polymer matrix (Poh & Wong, 1998). 

However, at the same filler loading, incorporation of silane coupling agent Si69 in 

RHP filled NR compounds appear to increase tensile strength values as compared to 

NR compounds without silane coupling agent. This is due to the increase in adhesion 

of between the RHP and rubber matrix. According to Krysztafkiewicz and Domka 

(1986), by modification with silane coupling agent, the hydrophilic nature of filler 

surface can be transformed into a hydrophobic nature with ability to bind active group 



 

of the polymer. Fig. 2 shows the proposed mechanism occurred between NR 

compounds and RHP with the presence of Si69. 

 

Table 3 Cure characteristics of RHP filled NR compounds 

 

NR 100 100 100 100 100 100 100 100 100 

RHP 0 10 20 30 50 10 20 30 50 

Si69 - - - - - 2.5 2.5 2.5 2.5 

Cure time, t90 (min) 11.15 8.42 7.14 6.42 6.20 7.17 5.52 5.26 4.40 

Scorch time, ts2 

(min) 

6.20 4.72 4.04 3.50 3.12 3.88 3.28 3.11 2.93 

ML (dNm) 0.06 0.09 0.11 0.14 0.16 0.08 0.11 0.13 0.14 

MH – ML (dNm) 6.60 6.90 7.43 7.97 8.98 7.49 7.97 8.17 9.38 

 

Table 4 Mechanical properties of Rice Husk Powder/Natural Rubber compounds 

 

NR  100 100 100 100 100 100 100 100 100 

RHP 0 10 20 30 50 10 20 30 50 

Si69 - - - - - 2.5 2.5 2.5 2.5 

Tensile strength 

(MPa) 

19.60 21.81 23.00 18.06 12.18 22.92 25.00 20.73 15.00 

M100 (MPa) 0.93 1.24 1.54 1.91 2.24 1.33 1.79 2.10 2.80 

M300 (MPa) 3.27 3.33 5.02 6.14 6.79 5.42 7.04 8.23 9.09 

Eb (%) 595 537 519 485 428 486 443 415 345 

Hardness (IRHD) 40.50 42.50 45.00 47.50 50.00 44.00 47.70 49.10 52.74 

Resilience (%) 85.73 82.78 79.88 78.93 72.38 80.30 77.20 77.03 67.90 
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       Figure 1 SEM of rice husk powder 

              (magnification x500) 

Figure 2 The proposed interface 

interaction between RHP and NR with 

the presence of Si69 

 

Table 4 show the results for tensile modulus i.e. modulus at 100% elongation 

(M100) and modulus at 300% elongation (M300) and hardness of the NR 

compounds. It can be seen that the tensile modulus and hardness of the compounds 

increase with increasing RHP loading. Other researchers (Ismail et al., 1997, Joseph 

et al., 2002, Geethamma et al., 1995 and Ismail et al., 2002) also reported that the 

modulus and hardness increase when the natural filler were incorporated in rubber 

compounds. However at a similar filler loading, NR compounds with Si69 exhibit 



 

higher tensile modulus and hardness than the similar compounds but without a Si69. 

Hence incorporation of Si69 results in an increase in rubber-bound sulphur and gives 

the vulcanizates increased strength (Pot & Ng, 1998). 

The effect of RHP on elongation at break, Eb and resilience of NR compounds 

with and without Si69 is shown in Table 4. It can be seen that both properties, 

decreases with increasing filler loading for both compounds. As filler loading 

increases, eventually, a reduction of the deformability of a rigid interface between 

filler and rubber matrix is expected. In other words, the addition of more RHP tends 

to impose extra resistance to flow and lead to lower value of Eb and resilience. 

However, it is observed that the Eb and resilience for NR compounds without Si69 is 

higher than NR compounds with Si69. As discussed before, Si69 is able to improve 

the functionality of RHP and subsequently enables RHP to bond chemically to the 

rubber matrix.  

 

 

 

 
Figure 3 SEM tensile fracture of RHP 

filled NR compounds at 20 phr of filler 

and without a Si69 at magnification x300. 

 Figure 4 SEM tensile fracture of RHP 

filled NR compounds at 50 phr of filler 

and without a Si69 at magnification x300. 

 

 

  

 

 

 
Figure 5 SEM tensile fracture of RHP 

filled NR compounds at 20 phr of filler 

and with a Si69 at magnification x300 

 Figure 6 SEM tensile fracture of RHP 

filled NR compounds at 50 phr of filler 

and with a Si69 at magnification x300. 

 

 

The comparison of SEM tensile fracture of RHP filled NR compounds at 20 and 

50 phr with or without Si69 are shown in Fig. 3 – 6, respectively. Figs. 3 and 4 show 

tensile fracture of RHP filled NR compounds at 20 and 50 phr of filler loading 



 

respectively. It can be seen that from both figures that there are many holes formation 

after RHP were pulled out from the rubber matrix and unwetted filler on the surface 

particularly Fig. 4. However, for a similar compounds but with the presence of Si69 

(Figs. 5 and 6), a better adhesion between RHP and rubber matrix can be seen. RHP 

well wetted by the rubber matrix and the pulled out of filler from rubber matrix is 

minimum. Figs. 5 and 6 also show that the surface has many tear lines with 

branching. This type of failure indicates strong adhesion between filler and rubber 

matrix. 

 

Conclusions 

 

Based on the above studies, the following conclusion can be drawn 

1. Incorporation of silane coupling agent has improved the cure rate and minimum 

torque of RHP filled NR compounds. At a similar filler loading, NR compounds 

with silane coupling agent exhibited shorter cure time and scorch time; and lower 

minimum torque than NR compounds without silane coupling agent. 

2. The mechanical properties viz. tensile strength, tensile modulus and hardness, 

were enhanced by incorporation the silane coupling agent. This improvement in 

properties was due to the ability of silane coupling agent in enhancing the 

crosslink density, and improving RHP dispersion and rubber-filler interaction in 

NR compounds. 
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