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ABSTRACT 
The blend of standard Indonesian rubber (SIR-3L) and low density of polyethylene (LDPE) with a ratio of 50/50 
(w/w%) had been prepared by varying the amount of divinylbenzene (DVB) and dicumyl peroxide (DCP). The 
properties of SIR-3L/ LDPE blends had been characterized using scanning electron microscopy (SEM), Fourier 
transform infrared (FT-IR), and mechanical properties. The addition of divinylbenzene and dicumyl peroxide affected 
the properties of SIR-3L/ LDPE blends. 
Keywords: Standard Indonesian Rubber (SIR-3L), Low Density of Polyethylene (LDPE), Blend, Divinylbenzene, 
Dicumyl Peroxide 
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INTRODUCTION 
The standard Indonesian rubber 3L (SIR-3L) is one of the natural rubber products from Indonesia. The 
natural rubber has been known as good natural elastomeric material due to its low glass transition 
temperature. As the impact, natural rubber itself has good mechanical properties at room temperature, and 
it can be processed at room temperature or even at high temperature. Other than soft, flexible and elastic, 
natural rubber is also known as a good insulator and has high resistance to cracking.1–3  
However, natural rubber has several drawbacks, the presence of unsaturated bonds on its chemical structure 
affects its durability against oxidation agents (sunlight, weather, ozone) and organic solvents. The blending 
process is the common and simple process that has been chosen to improve the properties of polymeric 
material through physical and or chemical interaction by combining it with other polymeric materials. 
Combining the natural rubber with a thermoplastic material, i.e. LDPE, can be an effective way to reduce 
the drawback effect due to the presence of unsaturated bonds. 
A very useful product called thermoplastic elastomer (TPE) materials can be achieved in this study. This 
kind of material has properties and functions similar to vulcanized rubber at low temperatures, but can be 
melted like thermoplastics at high temperatures, this material can be used in a wide range of applications, 
such as the automotive industry.4 Various TPE can be produced by exchanging the type of thermoplastic or 
the elastomer materials, this process can produce a million types of TPE with different properties. One of 
the commercial TPE products is polyethylene/ethylene-propylene-diene (PE/EPDM). However, EPDM is 
relatively more expensive compared to natural rubber, thus in this study natural rubber was used for 
replacing EPDM.  
Mixing LDPE and natural rubber is believed to be more economical and has high tensile strength compared 
to PE/EPDM.4–7 One issue that will be and commonly faced in the blending process is the compatibility of 
the end product. Several factors can generate this issue, i.e., polarity, molecular weight, etc. The objective 
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of this study was to evaluate the effect of the addition of divinylbenzene (DVB) and dicumyl peroxide 
(DCP) on the properties of SIR-3L/ LDPE blends. DVB is one chemical that is normally utilized for 
modifying polymeric and natural rubber structures. In several studies, DVB has a unique interaction with 
polymer structure which can enhance the properties of the polymer. Natural rubber can form crosslinked 
structures with the help of a crosslinked agent, in the current study DVB was utilized as the crosslinked 
agent to obtain the crosslinked structure which has enhanced properties. 
 

EXPERIMENTAL 
Materials 
Low-density polyethylene (Innovex) was obtained from PT. Petrochemical Nusantara Interindo. Natural 
rubber SIR 3L was received from PT. Bakrie Range. Dicumyl peroxide (DCP) and divinylbenzene (DVB) 
were purchased from Sigma Aldrich. 
 
Preparation of SIR 3L/LDPE Blends 
About 50 g of LDPE was processed in the internal mixer (Gonno Hydraulic press) at 180oC, after 20 minutes 
50 g of SIR-3L was then mixed with the melted LDPE in the internal mixer for another 15 minutes. The 
obtained blends were then subjected to the preparation of the sheet by a hydraulic press machine at 35oC 
and were cut into dumbbell shape as per ASTM D-638 type IV. 
The effect of divinylbenzene and dicumyl peroxide was evaluated by preparing the blends using the same 
protocol as above. Divinylbenzene and dicumyl peroxide were added together with SIR-3L, the amount of 
each component can be seen in Table-1. 
 
Characterization 
The blends were subjected to several analyses, i.e., FT-IR (Bruker), Scanning Electron Microscope 
(HITACHI TM4000), and mechanical properties (GmbH-Germany). 
 

RESULTS AND DISCUSSION 
Divinylbenzene and dicumyl peroxide affected the mechanical properties of SIR-3L/ LDPE blends, in this 
term tensile strength and elongation at break. Before the addition of those chemicals, this blend showed a 
low value of tensile strength and elongation at break, i.e., 2.20 MPa and 12.29%. When DVB and DCP at 
a ratio of 1:1 was added during the blending process, tensile strength and elongation at break of the blends 
were found increasing up to 2.48 MPa and 18.88%, respectively. The highest value of tensile strength and 
elongation was found when DVB and DCP were added at a ratio of 3:2 that gave a value of 3.31 MPa and 
28.99%, respectively (Table-1). This result confirms that the addition of DVB and DCP may act as a 
compatibilizer in the blends of SIR-3L/ LDPE.  
 

Table-1: Mechanical Properties of SIR-3L/ LDPE Blends in the Presence of DVB and DCP 

 
Morphological analysis was performed to confirm the effect of DVB and DCP as the compatibilizer. Fig.-
1a and 1b can be used to compare the compatibility effect, in the uncompatibilized blend (Fig.-1a) have a 
larger pore size than in the compatibilized blend (Fig.-1b). The reduction of pore size in the compatibilized 
blend can be induced as the effect of the radical polymerization between DVB and DCP to form 

No 
LDPE 

(g) 
SIR-3L 

(g) 
Divinyl Benzene 

(phr) 
Dicumyl Peroxide 

(phr) 
Strong 
(MPa) 

Flexibility 
(%) 

1 50 50 - - 2.20 12.29 
2 50 50 1 1 2.48 18.88 
3 50 50 2 1 2.50 19.33 
4 50 50 3 1 2.59 23.07 
5 50 50 1 2 3.09 26.74 
6 50 50 2 2 3.21 27.66 
7 50 50 3 2 3.31 28.99 



 

 
 Vol. 14 | No. 4 |2340-2343| October- December | 2021 

 

2342 
NATURAL RUBBER (SIR-3L)                                                                                                                                                            Adiansyah et. al 

comonomers of DVB. In several studies revealed the presence of grafted comonomer can act as a 
compatibilizer and be able to enhance the mechanical properties of blends.8,9 
 

                       
(a)                          (b) 

Fig.-1: SEM Images of (a) SIR-3L/ LDPE without DVB and DCP, (b) SIR-3L/ LDPE with DVB/ DCP (3:2) 
 
An additional analysis, FT-IR, was performed to determine the functional group that appeared in the blends 
(Fig.-2). The infrared spectrum of LDPE has a typical wave number at 2950 cm-1 which confirmed the 
presence of C-H stretching band; and at 1460 and 720 cm-1 that indicated the presence of CH2 stretching 
band. 4,10–12 
While the presence of SIR-3L in the blends can be identified by the presence of a band at 1875 and 1637 
cm-1, which confirmed the presence of C=C and C-H stretching bands. After the addition of DVB and DCP, 
a distinction band can be found at 1715 cm-1 that referred to the presence of C=O group and aromatic C=C. 
The presence of aromatic C=C can be found in the chemical structure of DVB, while C=O group can be 
assumed was formed during the thermo-blending process. During the blending process, DCP that acted as 
radical initiator was added and can induce the unspecific radical polymerization product, i.e., induce the 
formation C=O from C=C bond and also grafting product.17-19 
 

 
 
  
  
  
  
  
  
 
  
 
 
 
 

Fig.-2: FT-IR Spectra of (a) SIR-3L/ LDPE without DVB and DCP, (b) SIR-3L/ LDPE with DCP, (c) SIR-3L/ 
LDPE with DVB/ DCP (3:2) 

 
CONCLUSION 

The addition of divinylbenzene and dicumyl peroxide into the blends of SIR-3L/ LDPE acted as a 
compatibilizer that was confirmed from the mechanical properties and SEM images. The highest 



 

 
 Vol. 14 | No. 4 |2340-2343| October- December | 2021 

 

2343 
NATURAL RUBBER (SIR-3L)                                                                                                                                                            Adiansyah et. al 

mechanical properties were found at the ratio of 3:2 of DVB and DCP, respectively. The improvement in 
the compatibility of the blends was confirmed by the decrease in the pore size of blends obtained from the 
SEM images. 
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