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Abstract 

 

This study investigates the use of hybrid fillers based on eggshell-derived calcium 

carbonate (CaCO3) and barium carbonate (BaCO3) for improving the mechanical and X-ray 

shielding properties of natural rubber (NR) composites. This work proposes a sustainable 

hybrid filler approach that combines waste-derived eggshell CaCO₃ with high atomic number 

BaCO3 to simultaneously enhance mechanical performance and X-ray attenuation efficiency 

in NR composites. The hybrid filler was prepared by ball milling CaCO3 (200 mesh) and 

BaCO3 at a fixed weight ratio of 50:50, while SEM/EDX analysis was used to examine the 

morphology and elemental distribution of the hybrid filler prior to incorporation into the NR 

matrix at loadings ranging from 0 to 150 phr. At low to moderate filler contents, the NR 

composites exhibited improved mechanical performance. Tensile strength increased and 

reached a maximum value of 23.3 MPa at 30 phr, while tear strength showed the highest value 

of 27.9 N/mm at 10 phr. At higher filler loadings, both properties gradually decreased, which 

was attributed to filler agglomeration and the formation of stress concentration regions within 

the NR matrix, as observed from SEM analysis. In contrast, hardness continuously increased 

from 28.5 to 58.4 Shore A with increasing filler content, indicating reduced mobility of the 

polymer chains due to the reinforcing effect of the hybrid filler. The incorporation of the hybrid 

filler also significantly enhanced X-ray attenuation performance. The linear attenuation 

coefficient (µ) increased from 0.13 cm-1 for neat NR to 1.3 cm-1 at 150 phr, mainly due to the 

presence of high atomic number BaCO3, which improves photon interaction within the 

composite. In addition, neutron attenuation performance improved with increasing filler 

loading. The µ values for fast neutrons increased from 0.065 to 0.115 cm-1, while thermal 

neutron attenuation reached a maximum value of 1.31 cm-1 at 100 phr. Overall, filler contents 

in the range of 10–30 phr provided a more balanced combination of mechanical properties and 

structural integrity, whereas higher filler loadings were more effective for X-ray shielding 

applications. The developed composites show potential for use in flexible X-ray shielding 

sheets, medical protective materials, and radiation-related industrial applications. 
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