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Novel Approach for the Synthesis of Natural rubber-Montmorillonite Clay 

Nanocomposites 

Galpoththage Malindu Chathuranga Alwis 

ABSTRACT 

A new preparation technique has been studied based on charge inversion approach for 

developing natural rubber (NR)-clay nanocomposites using nano scale montmorillonite 

(MMT) clay platelets in order to improve the reinforcement properties of the NR 

compounds. Anionic NR latex particles are converted into positively charged particles 

(cationic latex) by treating with a quaternary ammonium surface active substance (n-

hexadecyltrimethylammonium bromide) to achieve a better compatibility with MMT 

layers and subsequent coagulation of the positively charged NR latex is carried out 

using the negatively charged aqueous MMT clay dispersion where clay platelets are 

fully exfoliated with in the medium. This method allows the MMT clay platelets to be 

remained exfoliated within the NR latex leading to favorable electro static interactions 

between the NR latex particles and MMT clay platelets. As a result, NR-MMT clay 

nanocomposite is formed with improved interfacial interactions between the two phases 

resulting in higher physico-mechanical performances. 

Powder X-ray Diffraction (PXRD) and Transmission Electron Microscopic (TEM) 

imaging suggest that the clay platelets are exfoliated within the rubber matrix offering a 

higher surface area for interactions between the NR latex particles and inorganic 

matrixes in rubber clay nanocomposite. Low shear strain rate flow property 

characterization, with Mooney Viscometer, of un-vulcanized Natural Rubber Clay 

Nanocomposites (NRCNC) prepared via Charged Inversion Method (CIM) shows a 
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significant enhancement in interfacial strength between NR and MMT clay platelets 

whilst tensile green strength and tensile modulus results of the un-vulcanized 

nanocomposite further  proved the enhanced interfacial interactions, enhanced thermal 

stability and improved thermo-oxidative stability of the NRCNC in comparison to 

conventional NRCNC prepared by Latex Compounding Method (LCM) further 

demonstrate the higher interfacial strength.  

Dynamic Mechanical Thermal Analysis (DMTA) results of the vulcanized NRCNC 

containing 10 phr of MMT clay showed higher dynamic mechanical properties, 

indicating the presence of higher percentage of interface and a higher interfacial 

strength of the nanocomposite prepared by the new methodology. Therefore, interfacial 

interactions in the novel nanocomposite are very strong thus eliminating the challenges 

faced due to re-aggregation of the clay platelets in the conventional NRCN composites 

prepared by latex compounding technique.  

Based on the new preparation technique developed, NRCN vulcanisates with different 

MMT clay loadings were evaluated for the reinforcement. Significant enhancement in 

strength characteristics and stiffness is achieved while maintaining a good elasticity of 

the vuclanisates. Therefore, this preparation technique opens up new opportunities in 

developing rubber nanocomposites based on clays. 
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