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ABSTRACT 

 

 

Practically, the natural rubber (NR) is reinforced with carbon black (CB) with the purpose 

of providing extra strength for both raw and vulcanized NR. The aims of this study, first is 

to investigate the mechanical properties of the Standard Malaysian Rubber with Constant 

Viscosity 60 (SMR CV-60) and 25 mol % Epoxidized Natural Rubber (ENR 25) 

compounds, reinforced with different CB loading through mechanical testing. Second is to 

evaluate the properties of SMR CV-60 and ENR 25 compounds with different CB loading 

using the nano-scale testing. Third is to determine the optimal and effective CB loadings in 

both NR compound for future application. Both the SMR CV-60 and ENR 25 were 

reinforced with 0, 20, 40 and 60 part per hundred (phr) of CB. Four test which are the 

tensile, compression, microscopic and nanoindentation were conducted according to the 

ASTM D412, D395, D575, and E2546 to determine the mechanical properties. In tensile 

test, both NR compounds were stretched up to 450 % of elongation. The results show that 

the SMR CV-60 and ENR 25 with 60 phr of CB loading exhibit the highest tensile strength 

and Young’s Modulus values. However, both compounds had become less elastic as 

compared to other compounds since the specimens broke at 353% and 352% of elongation 

for SMR CV-60 and ENR 25, respectively. Higher CB loading reduce the elasticity of NR 

and increase the stiffness, resulting for higher strength and low elongation at break. For the 

axial compression test, a constant 2kN load with 3 sec holding time was applied on the 

specimens. Results showed that the deflection decreased and the Young’s Modulus was 

increased at the increasing CB loadings. The increased of CB loadings enhances the 

stiffness of NR compound, increased the resistance of NR compounds toward the 

compressive force, resulting for lower deflection value. The microscopic studies were also 

done to investigate the surface morphology of both NR. A pack and folded surface was 

observed on ENR 25 while lumpy surface was observed on SMR CV-60. Nanoindentation 

test was carried out by using Berkovich tips with a constant load of 2mN at various holding 

time of 0, 5, 10, 15, and 20 s. Results shows that SMR CV-60 and ENR 25 compounds 

with 60 phr exhibit the highest hardness, highest elastic modulus, and lowest penetration 

depth. This study also showed that the nanoindentation properties were slightly affected by 

holding time where a fluctuated value was recorded at different holding time. This is due to 

the reduction of creep effect on the unloading curve, which eventually affects the hardness 

and elastic modulus readings. Based on the results obtained, it was found that the CB 

loading highly affects the tensile, compression and nanoindentation properties of both NR 

compounds. The SMR CV-60 shows better mechanical properties without CB loading 

while ENR shows better mechanical properties with addition of CB. This is due to ENR 25 

have better matrix-filler interaction compared to SMR CV. These studies also revealed that 

the SMR CV-60 and ENR 25 at 60 phr exhibit highest properties in the tensile strength, 

compression strength, and the nanoindentation hardness. However, both compounds are 

not recommended for the application under high strain as the tensile test has recorded the 

lowest elongation at break compared to other compounds. 
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ABSTRAK 

 

 

Secara amnya, kekuatan getah asli (NR) boleh diperkuatkan dengan campuran karbon 

(CB) sama ada dalam keadaan asal atau tervulkan. Tujuan kajian ini, pertama untuk 

menyiasat sifat mekanikal bagi sebatian NR berkelikatan 60 (SMRCV-60) dan 25 mol % 

terekposida (ENR25) yang diperkuat dengan kandungan CB yang berbeza. Kedua untuk 

menilai sifat sebatian SMR CV-60 dan ENR 25 dengan kandungan CB berbeza 

menggunakan ujian skala-nano. Ketiga untuk menentukan kadar kandungan CB yang 

paling optimum dan berkesan bersama sebatian NR bagi kegunaan lain. Dua NR berbeza 

iaitu SMR CV-60 dan ENR 25 telah diperkuat dengan CB pada kadar 0, 20, 40, dan 60 

phr. Empat ujian iaitu ujian ketegangan, mampatan, miksroskopik, telah dijalankan 

berpandukan standard antarabangsa ASTM D412, D395, D575, and E2546. Ujian 

regangan dijalankan dengan menarik spesimen sehingga ke 450% pemanjangan. Hasil 

kajian menunjukkan SMR CV-60 dan ENR 25 dengan 60 phr memperoleh kekuatan 

regangn dan modulus paling tinggi. Namun begitu, sebatian NR mengalami penurunan 

kadar elastik berbanding sebatian yang lain apabila spesimen putus pada pemanjangan 

353% bagi SMR CV-60 dan 352% bagi ENR 25. Ujian mampatan pula dijalankan dengan 

mengenakan bebanan tetap sebanyak 2kN ke atas spesimen selama 3 saat. Didapati kadar 

mampatan berkurang dan kadar modulus meningkat apabila kandungan CB meningkat. 

Penambahan CB mengakibatkan kekakuan NR meningkat dan menghasilkan rintangan 

yang tinggi ke arah daya mampatan, menjurus kepada nilai mampatan yang rendah. Ujian 

mikroskopi dijalankan bagi mengkaji morfologi permukaan bagi kedua-dua sebatian NR. 

Hasil pemerhatian mendapati terdapat permukaan kasar pada sebatian ENR 25 dan 

permukaan berbonggol pada sebatian SMR CV-60. Ujian nanoindentatsi dijalankan 

menggunakan mata uji jenis Berkovich dengan bebanan tetap 2mN dan julat masa tahanan 

berbeza iaitu 0, 5, 10, 15, dan 20 saat. Kajian mendapati sebatian SMR CV-60 dan ENR 

25 dengan 60 phr CB menunjukkan kadar kekakuan dan modulus elastik yang tinggi serta 

kedalaman lekukan yang paling rendah. Kajian juga menunjukkan bahawa ciri-ciri 

nanoindentation sedikit terjejas dengan julat masa tahanan berbeza di mana nilai 

berubah-ubah telah direkodkan. Ini berpunca dari kesan rayapan yang mempengaruhi 

kekakuan dan modulus elastik. Bedasarkan hasil kajian, didapati penambahan CB 

kedalam sebatian SMR CV-60 dan ENR 25 amat mempengaruhi sifat regangan, mampatan 

dan nanoindentasi. Sebatian SMR CV-60 menunjukkan sifat mekanikal yang baik tanpa 

kehadiran CB manakala sebatian ENR 25 menunjukkan sifat mekanikal yang baik dengan 

kehadiran CB. Ini disebabkan ENR 25 mempunyai interaksi matrik-pengisi yang lebih baik 

berbanding SMR CV-60. Didapati juga sebatian SMR CV-60 dan ENR 25 dengan kadar 

CB sebanyak 60 phr menunjukkan sifat mekanikal paling baik pada ujian regangan, 

mampatan, serta, nanoindentasi berbanding sebatian lain. Namun begitu, kedua-dua 

sebatian didapati tidak sesuai digunakan pada aplikasi dengan ketegangan tinggi kerana 

kedua-duanya telah  mencatatkan kadar pemanjangan yang paling rendah berbanding 

sebatian lain. 
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