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Cyclic natural rubber (CNR) and polyamide (PA) 
cannot blend homogeneously due to their 
differing polarities. CNR is nonpolar with low 
surface tension, while PA is polar with high 
surface tension. To achieve a homogeneous and 
compatible CNR/PA blend, a CNR-g-OA 
compatibilizer is required. This study aims to 
investigate the influence of CNR-g-OA and nano 
bentonite on the physical and chemical properties 
of the PA/CNR mixture. The research findings 
indicate successful grafting of OA onto CNR, 
resulting in CNR-g-OA formation. Based on 
electron microscope structural analysis, the 
CNR/PA mixture yields a homogeneous and 
compatible blend. In conclusion, CNR-g-OA and 
nano bentonite can enhance the quality of the 
PA/CNR blend by producing a homogeneous and 
compatible mixture 
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INTRODUCTION  

Polyamide (PA) and cyclic natural rubber (CNR) are two distinct types of 
polymer materials with differing properties and characteristics. CNR is nonpolar, 
while PA is polar, making them incompatible for achieving homogeneous 
mixing. The primary reasons behind the incapacity of the PA/CNR blend to mix 
uniformly and compatibly stem from disparities in polarity and weak surface 
tension. CNR, a chemically modified derivative of natural rubber achieved 
through cyclization reactions, offers attributes like low surface tension, rigidity, 
resistance to abrasion, and exceptional adhesive properties, making it prevalent 
as a binding agent in paints and printing inks. Conversely, PA, a form of plastic, 
boasts excellent mechanical characteristics, including tensile strength, elastic 
modulus, abrasion resistance, and high surface tension, widely utilized in 
automotive, electronics, and packaging sectors. However, when combined, these 
two materials tend to exhibit phase separation, hindering homogeneous mixing 
and compatibility, resulting in poor mechanical properties(Barita Aritonang & 
Wirjosentono, 2020)(Ritonga et al., 2022)(Chow & Ishak, 2015). 

To improve the compatibility of the PA/CNR blend for a uniform and 
harmonious mixture, the surface of CNR is altered using the oleic acid (OA) 
monomer and dicumyl peroxide (DCP) initiator through copolymer grafting 
within an internal mixer during a melt blending process. This method allows the 
functionalization of CNR based on the covalently bound OA monomer 
properties without altering the fundamental CNR structure. The choice of the 
grafting technique within an internal mixer is due to its simplicity, cost-
effectiveness, and minimal environmental impact. OA and DCP serve as 
compatibilizers to enhance the compatibility of the PA/CNR blend. Oleic acid 
establishes hydrogen bonds with water, reducing interfacial tension within the 
blend, while Dicumyl peroxide reacts with CNR, forming cross-links to enhance 
the strength and elastic modulus of the composite material. Additionally, natural 
resource-based filler materials like bentonite, containing montmorillonite, are 
used to enhance interfacial homogeneity due to their plate-like morphology, inert 
properties, non-flammability, and extensive specific surface area. The addition of 
nano-scale filler materials aims to address degradation resistance and enhance 
mechanical properties(B. Aritonang et al., 2020)(Ritonga et al., 2023). 

Previous research successfully modified CNR with various monomers 
through copolymer grafting techniques. For instance, Barita Aritonang et al. 
reported the grafting process of OA onto the CNR molecular chain, resulting in 
CNR-g-OA. Similarly, research by B. Aritonang et al. reported the successful 
grafting process of CNR with the OA monomer using dicumyl peroxide, 
resulting in CNR-g-OA(Bandyopadhyay & Ray, 2018)(Sapsrithong et al., 2020). 

Based on this background, this study aims to analyze the effect of CNR-g-
OA compatibilizer and nano bentonite on the physical and chemical properties 
of PA/CNR blends through copolymer grafting in an internal mixer. 
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LITERATURE REVIEW 
Polyamide (PA) and cyclic natural rubber (CNR) are two types of polymer 

materials with different polarity properties. CNR exhibits nonpolar 
characteristics with low surface tension, while PA is polar with high surface 
tension. This difference leads to an inability to achieve homogeneous mixing 
between them. The main challenge in mixing PA and CNR is the mismatch in 
polarity and weak intermolecular forces, resulting in an uneven mixture and 
inferior mechanical properties. To address this issue, the use of compatibilizers 
has been proposed to enhance the intermolecular interactions between the two 
materials. Additionally, modifying the CNR surface is also considered an 
approach to improve compatibility with PA. Although there are still challenges 
in achieving homogeneous mixing between PA and CNR, research efforts 
continue to develop more effective methods. Homogeneous and compatible 
mixing between PA and CNR is expected to enhance their application prospects 
in various industries(Barita Aritonang & Wirjosentono, 2020)(Ritonga et al., 
2022)(Chow & Ishak, 2015). 
Hypothesis 

The CNR-g-OA compatibilizer and nano bentonite can enhance the surface 
tension properties of CNR/PA, resulting in a homogeneous and compatible 
mixture. 

 
METHODOLOGY 

The equipment used in this research includes an analytical balance, 
beakers, a magnetic stirrer, a hot plate, a separating funnel, pipettes, viscosity 
measurement instruments, an internal mixer, a Fourier transform infrared (FT-
IR) spectrophotometer, a Scanning Electron Microscope (SEM). The materials 
used in this study include cyclic natural rubber (Resiprena-35) produced by 
Resiprena Factory, PT. Industri Karet Nusantara, Sei Bamban, Tebing Tinggi, 
North Sumatra, polyamide, oleic acid p.a, dicumyl peroxide p.a, toluene p.a, N-
heptane p.a, acetone p.a, xylene p.a 
The Grafting Process of OA into the CNR Molecular Chain Using Dicumyl 
Peroxide Initiator. 

A total of 70 grams of CNR were gradually introduced into the chamber 
of the internal mixer at a temperature of 160°C and left for approximately 4 
minutes until completely melted. Subsequently, 30 phr of OA and 0.5 phr of DCP 
initiator were added together until the mixture became homogeneous. The 
mixing process was carried out for 8 minutes at a speed of 80 rpm, and the 
process was terminated after the CNR-g-OA grafting process occurred. 
Characterization was performed using FT-IR and SEM. 
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Table 1. Formulation of OA Grafting Onto the CNR Molecular Chain with and  
without the Use of DCP Initiator 

Sample 
Code 

CNR OA DCP 
(phr) (phr) (phr) 

CNR-g-
OA 

70 30 - 

CNR-g-
OA 

70 30 0.5 

(Phr = Parts Hundred Rubber) 
 

1. Blending PA/CNR without the use of CNR-g-OA Compatibilizer and 

Nanobentonite 

The blending process of PA/CNR was conducted within the Thermo Haake 

Polydrive internal mixer. The concentration of the PA/CNR blend formulation 

can be seen in Table 2. A total of 20 grams of CNR was introduced into the 

internal mixer chamber at a temperature of 160°C for 4 minutes with a rotor 

speed of 60 rpm. After the CNR had melted, 80 grams of PA were added to the 

internal mixer chamber. The blending process of PA and CNR was carried out 

for 8 minutes until a homogeneous and compatible mixture was obtained, 

followed by characterization with FT-IR and SEM. 

 

Table 2. PA/CNR Blend Without CNR-g-OA Compatibilizer 

Sample Code PA 
(% b/b) 

CNR 
(% b/b) 

PA/CNR 80 20 
70 30 

 

2. The PA/CNR Blend Using CNR-g-OA Compatibilizer 

The composition of the PA/CNR/CNR-g-OA compatibility blend can be seen in 

Table 3. The compatibilizer used in the PA/CNR blend is CNR-g-OA. A total of 20 grams 

of CNR were introduced into the internal mixer chamber at a temperature of 160°C with 

a rotor speed of 60 rpm for 4 minutes. After the CNR had melted, 80 grams of PA were 

added to the chamber and processed for 4 minutes. Then, 1% of the CNR-g-OA 

compatibilizer was added, and the process continued for 4 more minutes. The 

composition of the PA/CNR/CNR-g-OAblend can be found in Table 3.  

 
Table 3. PA/CNR Blend with CNR-g-OACompatibilizer 

Sample 
Code 

PA 
(% b/b) 

CNR 
(% 

b/b) 

CNR-g-
OA 

(% b/b) 

Nano bentonite 
(% b/b) 

PA/CNR 80 20 2 - 
80 20 2 1 
80 20 2 2 
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RESEARCH RESULTS 
Analysis of CNR-g-OA FT-IR spectrum 

To confirm the success of the copolymer grafting process of OA onto the CNR 

molecular chain before and after the addition of the DCP initiator, it can be observed 

through the FT-IR spectrum analysis. 

 

 
Figure 1. Analysis of CNR-g-OA FT-IR Spectrum 

 

SEM analysis of the morphological structure of the nanocomposite blend of 

PA and CNR using a CNR-g-OA compatibilizer 

The PA/CNR blend is incompatible and does not mix homogeneously, 
tending to form phase separation. This is due to the differences in polarity and 
surface adhesion properties between PA and CNR. These differences make it 
challenging for CNR to distribute within the PA matrix, resulting in a weak 
interface. To determine whether the PA and CNR mixture is incompatible and 
homogeneous, one can refer to the surface morphology observed with SEM, as 
shown in Figures 2 and 3. 

 

 
Figure 2. SEM Surface Morphology of PA/CNR Blends without CNR-g-OA 

Compatibilizer 
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Figure 3. SEM Surface Morphology of PA/CNR Blend Using CNR-g-OA 

Compatibilizer 
 
SEM analysis of the morphological structure of the nanocomposite blend of 

PA and CNR using CNR-g-OA compatibilizer and nano bentonite filler. 

Nano bentonite will be utilized in this study as a filler to enhance the 
compatibility of the PA and CNR alloy. To observe the morphological structure 
of the PA/CNR nanocomposite before and after the addition of nano bentonite 
filler, please refer to Figures 4 and 5. 

 

 
Figure 4. Morphological Structure of the Nanocomposite Blend of PA and CNR 

Using 2% CNR-g-OA Compatibilizer and 1% Nano Bentonite Filler 
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Figure 5. Morphological Structure of the Nanocomposite Blend of PA and CNR 

Using 2% CNR-g-OA Compatibilizer and 2% Nano Bentonite Filler 
 

DISCUSSION 
Based on Figure 1, the spectral region at a wavenumber of 2924.09 cm-1 

indicates the presence of C-H stretching from the methyl CH3 functional group 

originating from CNR. The absorption peak at a wavenumber of 1715 cm-1 

indicates the presence of the carboxylate carbonyl group C=O derived from oleic 

acid that has been grafted onto the CNR molecular chain, further supported by 

the absorption peak at a wavenumber of 1122 cm-1, indicating the presence of C-

O stretching from DCP. This confirms that OA has been successfully grafted onto 

the CNR molecular chain, resulting in the product(Narayanan et al., 2021). 

Figure 2 displays the morphology of the PA/CNR blend prepared without 

a compatibilizer. As a result, the mixture appears to be non-homogeneous and 

incompatible. It can be observed that the blend tends to separate into two phases 

that do not integrate. This is due to the agglomeration of CNR with the 

polyamide matrix, resulting in a morphology characterized by clustered and 

stacked structures. This is evident from the presence of coarse, large hollow 

particles that are not evenly and homogeneously dispersed within the PA matrix. 

The primary reason for this is the poor surface adhesion between the two 

polymer materials. Research conducted by(Banerjee et al., 2018) supports this 

statement. They reported that the PA and CNR blend cannot mix (immiscible) 

due to differences in polarity and very weak surface adhesion properties. 

Figure 3 depicts the homogeneous and compatible morphological structure 

of the PA/CNR blend, which has been enhanced by the addition of a 1% CNR-g-

OA compatibilizer. This structure demonstrates a significant improvement 

compared to the structure without CNR-g-OA compatibilizer, as shown in Figure 

2. It can be observed that the resulting mixture has small-sized particles that are 

evenly and homogeneously dispersed. Although there are still some voids, this 
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is attributed to the relatively minimal amount of compatibilizer added to the PA 

and CNR blend. However, even in small quantities, this compatibilizer is capable 

of bridging the previously immiscible polymer mixture of polar and nonpolar 

polymers, turning it into a miscible polymer blend. This allows certain parts of 

the CNR structure to interact physically with the surface of the PA. Research 

by(Chow et al., 2003) and (Liang & Williams, 1992) supports these findings, 

reporting that the addition of PP-g-MA compatibilizer to Nylon/Polypylene 

blends in very small amounts can yield a homogeneous and compatible mixture. 

This addition of a compatibilizer also enhances surface adhesion properties, 

resulting in a more homogeneous and compatible blend compared to blends 

without the compatibilizer. 

Figure 4 depicts the morphological structure of the nanocomposite blend of 

PA and CNR using 2% CNR-g-OA compatibilizer and 1% nanobentonite filler. It 

shows a homogeneous and compatible morphological structure overall, with the 

nanobentonite filler evenly and homogeneously distributed throughout the PA 

and CNR alloy. Although there are still some small empty voids present, the 

addition of compatibilizer and filler in nanoparticle scale has proven to enhance 

the adhesion properties between the surfaces of the composite materials, 

resulting in a homogeneous and compatible mixture(Karaağaç & Deniz, 2013). 

Figure 5 illustrates the morphological structure of the nanocomposite blend 

of PA and CNR using 2% CNR-g-OA compatibilizer and 2% nano bentonite filler. 

It shows a more homogeneous and compatible morphological structure 

compared to the addition of 1% nano bentonite filler (Figure 4). All the nano 

bentonite fillers are evenly and homogeneously distributed within the PA and 

CNR blend, with no more empty voids observed. This is attributed to the 

significant amount of filler added to the PA and CNR alloy, which enhances the 

compatibility of the nanocomposite. The more compatibilizer and filler added to 

the PA and CNR blend, the higher the surface adhesion properties, resulting in a 

compatible and homogeneous surface morphology of the mixture(Karaağaç & 

Deniz, 2013).  

 
CONCLUSION AND RECOMMENDATIONS 

The addition of 2% CNR-g-OA compatibilizer into the PA and CNR blend 

enhances the compatibility of the PA/CNR alloy, resulting in a homogeneous and 

compatible mixture. This is evidenced by SEM morphological structure analysis, 

showing chemical interactions between PA and CNR. All CNR-g-OA particles are 

uniformly and homogeneously dispersed within the PA matrix, producing a 

homogeneous and compatible mixture, thereby eliminating any empty voids on 

the surface of the PA/CNR alloy. The addition of 2% CNR-g-OA compatibilizer 

and 2% nanobentonite filler respectively into the PA and CNR blend improves the 

interface homogeneity of the PA/CNR alloy, resulting in a homogeneous and 
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compatible mixture. This is supported by SEM morphological structure analysis, 

where no empty voids are observed on the surface of the PA/CNR nanocomposite. 

All nanobentonite filler materials are evenly dispersed within the PA and CNR 

blend, yielding a homogeneous and compatible mixture. 

 
FURTHER RESEARCH 
 This research has limitations regarding the solvents used; to dissolve 
CNR, xylene is required, while for polyamide, HCL and acetone are necessary. 
All three solvents are relatively expensive. 
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