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Abstract: A Thermoplastic Elastomer (TPE) made from polypropylene and natural rubber has been made with Oil Palm Empty Bunch Powder (OPEBP) 
as a filler from the palm oil mill industry. This research aims to develop thermoplastic elastomeric nanocomposites that have been produced from natural 
rubber compounds into materials. The XRD results, it can be seen that the diffraction pattern for TPE with the addition of filler composition occurs a 
change in intensity from amorphous to semi-crystalline structure and occurs per the shift of the diffraction peaks, which states the occurrence of 
intercalation between the polypropylene matrix and natural rubber compounds with fillers, DSC was used to investigate structural differences in two 
blend OPBEP/CB in  TPE. DSC can reveal the melting behavior and residual crystallinity after processing, depending on the processing conditions.TPE 
and filler morphology shows a homogeneous distribution of the mixture, indicating an even distribution between the matrix and the filler. In general, TPE 
material with OPBEP / CB filler can be used as a product. The technique that has more mechanical properties than without OPBEP filler. 
 
Index Terms: Nano OPBEP; Carbon Black; natural rubber compound; TPE   

——————————      —————————— 

1 INTRODUCTION                                                                     

IL palm is one of the mainstay commodities of Indonesian 
plantations, which has experienced such rapid development. 
In addition to the high production of palm oil, the by-products 
of palm oil mill waste produced are also high. Under these 
conditions, there are actually many benefits that can be 
obtained to create oil palm as an industry with zero wastes. 
Waste has become the center of the world's attention to 
improving the protection of nature, so various technologies 
have been developed to take advantage of this waste. Oil 
Palm Empty Bunches are the largest solid waste produced by 
the Palm Oil Mill industry. Processing or utilizing Oil Palm 
Empty Bunches by Palm Oil Mills is still minimal; most of them 
even burn the Empty Oil Bunches in an incinerator into Ash. 
There have been many studies on palm oil waste, among 
others;[1]. The chemical components of OPEBP are cellulose 
(37–39%), hemicellulose (21–31%), lignin (19–24%), and ash 
(0.5–6%). Compounds contained in OPBEP have been 
analyzed by [2], the composition of the compound obtained 
,Fe2O3 0,2%, Na2O 0,34%, MnO 0,56%, MgO 0,78%, P2O5 
1,95%, Al2O3 13,87%, CaO 18,20% dan SiO2 58,60% . 
Likewise, the research results [3] ,[4] the OPEBP compound 
was obtained (SiO2) 31.45%, (CaO) 15.2%. Research on 
processing palm oil waste as a filler in a rubber matrix or 
compound to replace carbon black materials, among others; 
[5] ;[6]. Natural rubber is a hydrocarbon polymer, and it can be 
developed for various types of products, including tires, mining 
equipment, medical equipment, and petrochemical equipment; 
natural rubber has unique characteristics such as high strength, 
flexibility, and high elasticity so that it becomes one of the 
essential materials that can be used.  
 
 
 
 
 
 
 
 
 
 
 
 

Broadly, because to facilitate its formation, it is necessary to add 
a filler and an additive to improve the natural properties which 
are not desired to obtain a product as expected. The mixture of 
rubber, fillers, and additives is known as a rubber compound. 
The rubber compound is a mixture of raw rubber with 
unvulcanized chemicals. Making the compound is by mixing raw 
rubber with rubber chemicals in the form of additives. Rubber for 
compound consists of two types, namely natural rubber and 
synthetic rubber. The chemicals used to improve rubber's 
physical properties in compounding are activator, accelerator 
and fillers, anti-oxidants, softeners, and other chemicals. 
Rubber finished goods are made through a process of mixing 
natural rubber with supporting chemicals with a specific 
composition called a compound that is milled to a particular 
temperature and time according to the type of rubber used and 
the purpose for which it is used to obtain a homogeneous 
mixture between rubber and chemicals which is then molded 
into a product. Several studies on natural rubber compound 
making,[7],[8],[9],[10]. Carbon black comes from non-renewable 
petroleum and causes pollution. Carbon Black filler is an active 
filler or reinforcement that can increase hardness. The elements 
that dominate the Carbon Black are Carbon (C) 86.07% by 
weight, Oxygen (O) 13.37% by weight, and Calcium (Ca) 0.56% 
by weight. The use of carbon black as a filler in a natural rubber 
compound, among others,  [11];[12].[13] Polypropylene (PP) is a 
thermoplastic polymer made by the chemical industry. It is used 
in various applications, including packaging, textiles, for 
example, ropes, thermal underwear, and carpets in the food 
packaging industry and synthetic fibers, stationery, laboratory 
equipment, loudspeakers, components automotive. 
Polypropylene has a reasonably high melting point (190 - 200) 
oC, while the crystallization point is between (130 - 135) oC. 
Polypropylene has high chemical resistance to chemical 
solvents, alkalis, and acids. To improve the quality of 
polypropylene, engineering is usually carried out by adding 
rubber material to enhance the mechanical properties of the 
polypropylene. Research that has been carried out by mixing 
PP with rubber, among others ,[14], [15] Thermoplastic 
elastomer (TPE) is a material that is starting to be developed 
and made from a mixture of thermoplastics and rubber. It is a 
material that has similar properties and functions to 
conventional vulcanized rubber but can be melted like 
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thermoplastics at high temperatures. This unique characteristic 
makes it much in demand as an alternative to traditional 
vulcanized rubber. There are several applications of TPE that 
are used in automotive, including products, especially in the 
automotive industry, such as bumpers, door panels, and car 
parts. [14]. There have been many studies on thermoplastic and 
elastomeric mixtures (natural rubber). Among them are natural 
rubber / TPE (natural rubber SIR-20 / PP [16],, [17],[18] ,[19]   , 
[20] ;[21][22][23],[24][25] This research aims to make a new 
thermoplastic elastomeric material with a mixture of 
polypropylene, natural rubber compound with OPBEP, and CB 
nanoparticle fillers to improve the properties of TPE material to 
become a superior material that has mechanical properties, 
which are standard for new material. 

 

2 MATERIALS AND METHODS 
 
2.1.Materials used 
The OPBEP nanoparticles used in this study are nanoparticles 
from the research results. [6] with a size of 68.63 nm. The 
main material used in this study is natural rubber (NR). (SIR-
20 with MooneyViscosity 70 at 100 ° C), carbon black (CB) 
(N330). The additives used include Sulfur, Mercaptodibenzo 
thiazoledisulfide (MBTS), Stearic Acid (SA), Trimethylquinone 
(TMQ) Flectol TMQ type, zinc oxide (ZnO), tetrmetiltiuram 
disulfide (TMTD), sulfur, and dibenzothiazyl disulfide (MBTS). 
), Polypropylene grafting malead anhydride (PP-g-MA). 
 
2.2 Preparation of Thermoplastic Elastomer Nano 
Composites 
 The procedure for making thermoplastic elastomers is carried 
out in the following steps, first to make a nano-compound 
natural rubber compound, in this section using OPBEP and CB 
nanoparticles as fillers and natural rubber (SIR-20), ZnO, 
stearic acid, wax, IPPD, TMTD, MBTS, sulfur. First, the natural 
rubber material is put into a two roll mill machine, then milled 
until the rubber is excellent, the manufacturing process is 
carried out at room temperature. While the natural rubber 
grinding process continues, the ingredients are added one 
by one gradually, with the mixed formulation as shown in 
Table 1 

 
Table 1. The formula of mixture for compounding rubber 

in phr 

 
 
The process of mixing the compound is carried out by cutting 
natural rubber from the end of the mill, rolling it, then rolling it 
back until it is homogeneous and adding additives one by one 
into the two roll mill machines according to the composition 
from sample s0 to s6. The finished compound is made in sheet 
form and removed from the mill, and each resulting compound 
is put into a plastic bag and labeled according to the sample 
code. The manufacture of thermoplastic elastomeric 
nanocomposites (TPE) was carried out by using the melt 
mixing process in an internal mixer Labo Plastomill model 30 
R I50 Technical Cooperation By the Government of Japan with 
a volume of 60 cc. The manufacturing process is carried out 
by inserting a polypropylene thermoplastic into the internal 

mixer then continuing with the rubber compound material from 
two roll mill starting from the sample code So and the malead 
polypropylene (PP-g-MA) compatibilizer for 10 minutes at a 
temperature of 1800 C in the order time and process of 
entering the ingredients into the internal mixer, with variations 
in the composition of the mixture as shown in Table 2. 
Composition of a mixture of thermoplastic elastomeric 
polypropylene (pp) formula, natural rubber compound with 
OPBEP / CB filler with mixed variations (0/100; 30/70; 40/60; 
50/50/60/40; 70/30; 100/0 ) in Phr. 

 
Table 2 The composition of the blend of ingredients in the 

preparation of TPE 
 
The product from the internal mixer is obtained in granular 
form. The internal mixer result is put into a rectangular mold 
with a thickness of 0.1 cm, a length of 11 cm, and a width of 11 
cm. Then printing is done with hot press printing which is 
carried out for 15 minutes consisting of 5 minutes of heating 
the mold, with a pressure device with a printing temperature of 
1500 C, then followed by cold pressure for 5 minutes with the 
same pressure then the sample obtained is in sheet form. The 
mold is in the form of a plate sheet, which is shown as in 
Figure 2a. The resulting TPE Nanocomposite is then made a 
test sample using a dumbbell cutting machine for tensile test 
samples made with the JIS K 6781 standard, as in Figure 2 b. 

 

Fig. 1 Natural rubber compound products and Natural rubber 
compound sheets 

 
(a)                                                        (b) 

Fig. 2a Thermoplastic elastomeric products 
2b Test sample with JIS K 6781 standard 

 

3.RESULTS AND DISCUSSION 
 

3.1 Analysis of Mechanical Properties of Thermoplastic 
Elastomeric Nano Composites PP 
The results of testing the mechanical properties of the 
thermoplastic elastomeric composite nanocomposite PP / 
natural rubber compound / PP.g-MA with OPBEP / CB filler 
were obtained from a machine; namely, the Instron Universal 
Tensile Machine (UTM), brand Orientec Co. Ltd, UCT-5T 
Model with a maximum loading of 500, from the test 
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equipment obtained a graph of the stress and strain 
relationship for each sample at the same composition tested 
five times and obtained the average tensile strength, 
elongation at break and Young's modulus. Then from these 
data, a graph of the relationship between tensile strength and 
composition variations is made as shown in Figure 6.1 Figure 
3 shows that the most significant tensile strength value is 
obtained in the OPBEP / CB (60/40) phr composition with a 
tensile strength value of 43.4 MPa. In this case, it can be seen 
that the addition of OPBEP filler to the compound has an 
increase in tensile strength this is due to an increase in 
covalent and hydrogen bonds with the OH group and oxygen 
from the carboxyl group, each of which adds to the bond 
between the filler with the natural rubber matrix and 
polypropylene,[26] . The results of the analysis of the 
thermoplastic elastomeric nanocomposite mechanical test 
against the variation of the OPBEP / CB composition for 
elongation at break are shown as in Figure 4. The value of 
elongation at break has increased with the most significant 
amount of elongation at break is in the 50/50 phr OPBEP 
composition, which is 13.7mm.The results of the mechanical 
test analysis of Thermoplastic Elastomer nanocomposites 
against variations in the composition of OPBEP / CB for 
Young's Modulus can be seen in Fig 5.Figure 5 shows that the 
Young Modulus value has increased, with the highest value on 
the OPBEP / CB,50/50 phr composition, namely 808.9 Mpa. 
The increase in the modulus young value is due to the silica 
content in OPBEP, which tends to increase the hardness and 
can provide improved physical properties of thermoplastic 
elastomers. [27]. 

 
Fig. 3 The relationship of tensile strength to the 
composition of the OPBEP / CB blend in TPE 

 
 
 
 
 
 
 
 

                                                    
 
 
 
         

Fig. 4 Relationship Elongation at break of the composition of 
the OPBEP / CB blends inTPE 

 

 
 
 
 
 

 
 
 
 

 

Fig.5. Relationship of Young's Modulus to the composition 
of the OPBEP / CB blends in  TPE 

3.2 Differential Scanning Calorimetric (DSC) Analysis 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Fig. 6 DSC thermograms for the endothermic crystallization of  
OPBEP / CB 

 
Differential Scanning Calorimetric (DSC) Analysis ,the test 
parameters were carried out by heating from 50oC to 300oC, 
heating speed 10 oC / minute Measuring medium (Argon gas), 
krusibel = (Aluminum). The significant heat the endothermic 
crystallization process of  OPBEP / CB can be easily 
evaluated using DSC. The heat released is directly related to 
the macroscopic rate of the crystal-lization process. A  typical 
endothermic crystallization process for OPBEP / CB at 
different crystallization temperatures is  shown in Fig. 6. The 
sample was average melted at T=170oC /min as to erase the 
thermal history and then rapidly quenched to the different 
crystallization temperatures. For the sample of S0, the 
maximum of the endothermal crystallization peak at 140oC. 
Obviously, the maximum of the endothermal crystallization 
peak systematically shifted to longer times with increasing 
crystallization temperature (Tc). TPE analysis data is shown in 
table 3.From the results of the TPE data analysis, it was 
obtained an increase in the degree of crystallization, which 
could be detected by enlarging the melting peak of the 
crystals; this was by the research results,[28]. 
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Table 3 . Data Differential Scanning Calorimetric (DSC) 
analysis TPE 

 
 

3.2  X-Ray Diffraction (XRD) Analysis 
XRD characterization was carried out using the XRD type 
Shimadzu 6100, with the light source used was Cu-Kα. The 
wavelength of the light is 1.5406Ǻ, and the scan speed is 2.00 
deg/min. XRD characterization was carried out on a natural 
rubber compound with OPBEP and Carbon Black fillers. The 
addition of OPBEP / CB filler into the polypropylene 
thermoplastic matrix polymer was carried out by adding 
different mix compositions (30/70; 40/60; 50/50/60/40; 70/30; 
100/0) phr. From Figure 7, it can be seen that the intensity of 
the diffraction pattern at dhkl = 004 for the graphite content of 
2theta angle at an angle of 22 degrees, the intensity increases 
for TPE 50/50 to 100/0, and it can be seen that there is an 
increase in intensity at the mixture position of 40/60 phr 
content of OPBEP graphite, This shows a change from 
amorphous structure to a crystalline form, whereas in the 
composition of the mixture with OPBEP filler there is an 
increase in the intensity and content of SiO2, this shows a 
change from amorphous structure to crystal form. This change 
indicates intercalation between natural rubber polymer and 
polypropylene thermoplastic with OPBEP / CB filler. With the 
addition of an increase in mechanical properties, namely, 
tensile strength, elongation at break, and Young's modulus as 
shown in Figures 3,4 and 5, from the analysis of the diffraction 
pattern, it is known that changes from amorphous to crystalline 
phase are seen as a consequence of molecular diffusion 
during treatment.[14]. They are stated that the nanometer-
sized reinforcing materials such as silica, calcium carbonates, 
and clay are materials that can function as a compatibilizer 
between immiscible polymer mixtures. The degree of 
strengthening of polymer blends depends on the strength of 
the interaction between polymer and filler. The interaction 
strength is dominated by the physical entrapment of polymers 
(Bound Polymers). The absorption of the polymer onto the fill 
surface is influenced by the surface area, surface activation, 
and polymer closeness [11], [29]. [30]. 

 

 
Fig. 7 Thermoplastic elastomer diffraction pattern with OPBEP 

/ CB filler 
 
3.3 Analysis of the morphology of thermoplastic 
elastomeric nanocomposites 
To see the morphology of thermoplastic elastomers, Scanning 
Electron Microscopy (SEM) was used to see the distribution of 
the mixture between polypropylene matrix and natural rubber 
compound with OPBEP / CB filler and its effect on mechanical 
properties. SEM results are shown in Figures 8 a to 8g for 
OPBEP / CB fillers of, (0/100; 30/70; 40/60; 50/50/60/40; 
70/30; 100/0) phr, magnification scale. which will be used for 
this research is magnification 1000 times. From this figure, it 
can be seen that the distribution of fillers is generally evenly 
distributed; this is due to the interaction between OPBEP / CB 
fillers and a homogeneous matrix. This indicates that 
interaction and filler indicate improved mechanical properties 
compared to no filler or OPBEP / CB. In Figure 8a, without 
using OPBEP filler, it can be seen that empty cavities occur 
because of the tendency of OPBEP / CB to form 
agglomeration because the silica in OPBEP / CB has a 
hydroxyl group that will try to help hydrogen bond with silica 
molecules or other chemical materials that are polar. The 
adhesion that occurs in the interface of the polypropylene 
matrix and fillers as the number of filler increases. The 
presence of OPBEP / CB particle agglomeration at (0/100) phr, 
as shown in the SEM photo Figure 7a, also causes a decrease 
in tensile strength. The agglomeration of OPBEP / CB particles 
becomes a place of stress concentration and becomes the 
beginning of cracking so that the strength will decrease. The 
addition of PP-g-MA can increase the tensile strength and also 
cause an increase in the chemical interaction of the 
components. This interaction reduces the face stress and 
results in better adhesion. [31]. The addition of PP-g-MA is 
expected to increase homogeneity and reduce the size of the 
distributed natural rubber phase. In mixing Polypropylene / 
rubber SIR 20 using an internal mixer, it is expected to 
produce a more even phase distribution and an increase in 
filler composition. [14] SEM analysis is a supporter of XRD 
analysis and mechanical properties. The results of the SEM 
analysis of Figures 7 a to 7g show morphology of the 
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dominant elements C, N O, F, and the SiO2 compound used 
as reinforcement, which can be seen from the results of the 
mechanical properties. Based on the X-ray diffractometer and 
SEM, it appears that the amplifier used is mostly amorphous. 
The presence of agglomerates indicates the presence of the 
amorphous phase of the sample, which crystallization will have 
a significant effect on the solubility of the chemical elements 
present in the sample. Generally, the higher the level of 
crystallization, the lower the solubility of the elements [32]. In 
general, there is no visible grouping of materials and a 
homogeneous mixture according to the resulting mechanical 
properties; this is in accordance with the results, [7],[11]. From 
the results of the analysis, it can be seen that the mixture is 
more homogeneous; this shows that the nanocomposite is 
more evenly distributed. It can be seen that some fewer gaps 
or pores arise and small particle size so that it can produce a 
better interaction between the matrix and the filler than the 
other compositions so that the tensile strength of the sample is 
better[33]. 
 

 
Fig.8. Morphology of TPE with the composition of a.OPBEP / 

CB 

 
4. Conclusion 
The results of the characterization of the thermoplastic 
elastomeric mixture of polypropylene and natural rubber 
compound with variations in the composition of the OPBEP / 
CB mixture have good mechanical properties with the addition 
of the OPBEP / CB mixture compared to without using OPBEP 
filter, the diffraction pattern analysis shows a change in 

intensity from the amorphous pattern to the crystal structure, 
and There was intercalation between the polypropylene 
thermoplastic matrix and natural rubber compound with 
OPBEP / CB nanoparticle filler. Likewise, the morphological 
test results show a homogeneous mixture. There is an even 
distribution between the matrix and the filler, which in this 
case, improves the mechanical properties of the material. This 
material can be used as new material. The DSC method is 
recommended as a test procedure for the investigation of TPE 
material quality. 
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