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Abstract 

The main focus of this research is on the organic-inorganic membranes. In this study, the effects of zeolite on natural rubber 

(NR)/epoxidized natural rubber (ENR) membranes properties were investigated. NR/ENR blends were combined with zeolite in 

various contents at 0-50 phr by the two-roll mill. The rubber compounds were produced by compression molding at 150 ºC to 

form membranes with thickness of not more than 0.4 mm. NR/ENR blends with zeolite were characterized according to cure 

characteristics, mechanical properties, swelling properties and scanning electron microscope (SEM). It was found that the 

mechanical properties of the blends increased with the addition of zeolite for 10 phr while the cure time (tc90) increased with 

increasing zeolite content. Membranes swelling increased with increasing amount of zeolite (zeolite at 30 phr produced the best 

results). Meanwhile, the micrograph showed a surface filled with pores-like small holes with the addition of zeolite in the 

NR/ENR membranes.  
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Abstrak 

Membran organik-bukan organik hibrid merupakan fokus utama dalam kajian ini. Kesan zeolit ke atas sifat-sifat getah asli 

(NR)/getah asli terepoksida(ENR) telah dikaji di dalam eksperimen ini. Campuran NR/ENR dengan zeolit dalam pelbagai 

kandungan pada 0-50 phr telah dijalankan oleh pengisar dua gulung. Sebatian getah asli tersebut telah dihasilkan melalui  

pengacuan mampatan pada 150 ºC untuk membentuk membran pada ketebalan tidak melebihi 0.4 mm. Campuran NR/ENR dan 

zeolit ini telah dikaji berdasarkan beberapa aspek iaitu sifat-sifat perawatan, mekanikal, pembengkakan dan pengimbasan 

mikroskop elektron (SEM). Kajian ini mendapati bahawa sifat mekanikal campuran ini meningkat dengan pertambahan zeolit 

pada 10 phr manakala masa rawatan (tc90) juga meningkat dengan peningkatan kandungan zeolit. Pembengkakan membran juga 

meningkat dengan peningkatan jumlah zeolit (zeolit pada 30 phr adalah yang terbaik). Mikrograf menunjukkan permukaan yang 

dipenuhi dengan lubang kecil seperti liang dengan pertambahan zeolit dalam NR/ENR membran. 
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Introduction 

Membrane technologies have developed as a workable and cost effective treatment alternative to wastewater, treat 

water, and air pollution. Membrane process is favored over conventional techniques because process less, consumes 

low energy and very effective and selective [1]. In addition, membrane can also be made from organic (natural 

rubber and polymer) and inorganic (ceramic, carbon, silica, zeolite and other) can be classified into 2 main groups 

based on its structure: porous and dense (non-porous) inorganic membranes. Nowadays, hybrid organic-inorganic 

membranes have been growing rapidly. Compared to certain inorganic membranes, polymeric membranes have 

relatively low separation performance. However, the processing flexibility and low cost of polymers still makes 

them highly attractive for many applications [2].  

 

Natural rubber (NR) has been applied for a long time in several industrial and medicinal segments. More recently, 

NR compounds and membranes have attracted attention due to their great potential for biological and technological 

applications [3]. The NR can employ to produce transdermal drug delivery systems where it is the controlling layer 

membrane. Epoxidized natural rubber (ENR) is a unique elastomeric polymer derived from the chemical 

modification of natural rubber with epoxidized group randomly with 25% and 50% (ENR-25 and ENR-50). ENR is 

miscible with more polar rubber, good oil resistance, highly damping and low gas permeability [4]. Zeolites are very 

potential membrane materials because of their resulting pore sizes with zeolite mixed into natural rubber, effect to 

mechanical properties and vulcanizates of natural rubber [5]. 

 

In this study, the NR/ENR/Zeolite membrane was prepared by two-roll mill and the influence of zeolite as filler on 

the cure characteristics of the vulcanizates, mechanical properties, swelling properties and scanning electron 

microscope (SEM) and compared. 

 

Materials and Methods 

Materials 

The natural rubber used in this study was STR 5L and ENR-50 were manufactured by Union Rubber Product 

Corporation Co., Ltd. and Muang Mai Guthrie Public Co., Ltd. Thailand., respectively. Zinc oxide (ZnO), stearic 

acid, wingstay L, sulphur and 2-mercaptobenzothiazole (MBT) were obtained from Kij Paiboon Chemical Ltd., 

Thailand. Zeolite type Sodium alumosilicate has a structural formula (Na12 [Al12Si12O48] ⋅27H2O) was purchased 

from Sigma-Aldrich Co., Ltd.  

 

Preparation of membranes  

The membrane compound composition used in the present study is given in Table 1. The compound was prepared 

by mixing NR/ENR blends loaded with zeolite as filler using two-roll mill for 13 minutes and then the mixes were 

kept at room temperature for 24 hours before testing. Thereafter, the membrane compound was compressed and 

vulcanized at 150 ˚C to formed sheet with thickness approximately not over than 0.4 mm. The cure time determined 

using a moving die rheometer (Alpha, MDR-2000).  

 

Characterization of membranes 

The mechanical properties of membranes were carried out using a LLOYD instrument tensile tester. The test was 

done according to ASTM D412. Across head speed of 500 mm/min with load cell of 100 N. The swelling test was 

carried out according to ISO 1817. The cured specimens, with dimensions of 30 mm x 5 mm x 2 mm, followed by 

immersion in a deionized water for 72 hours at room temperature (25 ˚C) and the phase morphology of the 

membranes was studied using scanning electron microscopy (SEM, JEOL JSM-5800 LV). 
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Table 1.  The compounds composition of NR/ENR blends with zeolite 

Ingredients 
phr (part per hundred of rubber) 

1 2 3 4 5 

STR 5L 50 50 50 50 50 

ENR-50 50 50 50 50 50 

ZnO 2.5 2.5 2.5 2.5 2.5 

Stearic acid 1 1 1 1 1 

MBT 1.5 1.5 1.5 1.5 1.5 

Wingstay L 1 1 1 1 1 

Sulphur 2 2 2 2 2 

Zeolite vary  (0, 5, 10, 20, 30 and 50) 

 

 

Results and Discussion 

Cure characteristics 

The scorch time (ts2), Optimum cure time (tc90), Minimum torque (ML), Maximum torque (MH) and the torque 

difference between the Minimum and Maximum torque (ΔM) of NR/ENR/Zeolite compounds are summarized in 

Table 2 and Figure 1. It was found that ΔM is related to the crosslink density of the compound, the value of MH and 

the torque difference of the compound increased with increasing zeolite loading. 

 

The measured torque is proportional to the system elasticity, viscosity and the crosslinking process is expected to 

increase the torque along with the period of vulcanization. Torque value of the rubber compound is increased due to 

the rigidity of the filler. That is, when the amount of fill increases, the rigidity increases, resulting in higher torque 

value. In other words, when increasing the amount of zeolite, the viscosity increases [11-13]. The cause of viscosity 

increase may be due to interactions between zeolites [12, 13]. The ts2 decreased with increasing zeolite composition 

due to the interaction between the zeolite surfaces. The tc90 increased with increasing zeolite composition due to the 

acidity effect of zeolite [7]. Because the filler-filler interactions occurred because silica has a number of hydroxyl 

groups on its surface and there was accelerated adsorption on the silica surface [6]. 

 

Table 2.  Cure characteristics of the NR/ENR/Zeolite compounds 

NR/ENR/Zeolite  
Minimum Torque 

ML (dN m) 

Maximum Torque 

MH (dN m) 

ΔM 

(dN m) 

Scorch 

Time 

ts2 (min) 

Optimum Cure Time 

tc90 (min) 

50/50 0.36 7.34 6.98 0.32 4.05 

50/50/5 0.33 7.03 6.70 0.40 3.10 

50/50/10 0.34 7.63 7.29 0.37 3.31 

50/50/30 0.35 8.34 7.99 0.34 4.25 

50/50/50 0.34 9.82 9.48 0.36 5.37 
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Figure 1.  The curing characteristics of the NR/ENR/Zeolite compounds 

 

Mechanical properties 

Figure 2 presents the mechanical properties of the NR/ENR/Zeolite compounds. The change in tensile strength and 

elongation at break is related to the crosslinking density of the compounds, it was found that tensile strength 

improved with increasing zeolite loading up to 10 phr (15.25 MPa). The zeolite containing at beyond 10 phr, the 

mechanical properties reduced, because of the inability of the filler to support the stresses [6] and there may have 

been poor dispersion or agglomerations of the filler in the rubber [8, 11]. The elongation at break decreased with 

increasing zeolite content (from 950.36% at 5 phr to 777.20 at 50 phr).  

 

 
 

 

Figure 2.  Effect of composition on the tensile strength (a) and elongation at break (b) for the NR/ENR/Zeolite 
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Swelling behavior 

Figure 3 shows the swelling of NR/ENR/Zeolite, the addition zeolite into the NR/ENR blends exhibited higher 

degrees of swelling than the loading of without zeolite filled NR/ENR blends. Addition of zeolite increased the 

swelling ratio with increasing content of zeolite due to good dispersion of zeolite and strong interactions between 

zeolite and rubber matrix. In addition, NR/ENR/Zeolite (50/50/50) swelling ratio decreased due to agglomerations 

of zeolite [10].  

 

 

Figure 3.  The swelling of the NR/ENR/Zeolite 

 

Membrane morphology 

Figure 4 presents the SEM micrographs of the surface of the membranes. The pores increased with the increasing of 

zeolite loading. The porosity results in the molecules are adsorbed on porous surfaces. It has the ability to permeable 

membrane well. The pore development is clearly seen and gave smooth surface in NR/ENR/Zeolite (50/50/30) 

[Figure 4(b)] and NR/ENR/Zeolite (50/50/50) [Figure 4(c)] membranes. Interestingly, zeolite is not just as 

reinforcing filler but also has potential as pore former on the membranes. The pore size was determined via visual 

investigation using scanning electron microscopy. It was found that the average pore size of the NR/ENR/Zeolite 

was in the range of 2-5 µm. However, the more pore developed can deduced the weak interaction between zeolite 

and NR/ENR which may affect the mechanical properties of the membrane because formation agglomerations of 

zeolite [3].  

 

   
 

Figure 4.  SEM micrographs of (a) NR/ENR/Zeolite (50/50/10), (b) NR/ENR/Zeolite (50/50/30) and (c) 

NR/ENR/Zeolite (50/50/50) 

 

 

 

 

(a) (c) (b) 

https://dict.longdo.com/search/investigation
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Conclusion 

The NR/ENR/Zeolite membranes were prepared by two-roll mill. As the amount of zeolite in the membrane 

increased, swelling property increased due to adsorption on the surface and the cure time (tc90) increased due to 

incorporation of natural zeolite in the rubber matrix produced a better crosslink density. The mechanical properties 

of the membranes improved with the incorporation of zeolite with NR/ENR/Zeolite (50/50/10) membrane exhibited 

better mechanical properties as compared to NR/ENR/Zeolite (50/50/30) and NR/ENR/Zeolite (50/50/50) 

membranes has the lowest mechanical properties because agglomerations of zeolite. SEM micrographs were found 

that the pores increased with the increasing of zeolite loading. 
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