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Abstract The present study provides a characterization of the structural, thermal, and radiation- shielding properties of high-density 

polyethylene (HDPE) composites doped with zinc oxide (ZnO) nanoparticles and melanin, with the aim of enhancing X-ray 

protection efficiency and improving resistance to ultraviolet (UV) radiation. The samples were characterized using Fourier-

transform infrared spectroscopy (FTIR), thermal analysis (TGA), and by calculating radiation-shielding parameters using 

XCOM simulations for different concentrations of ZnO and melanin ranging from 0%, 10%, 15%, and 20%. FTIR results 

showed clear evidence of successful incorporation of the fillers within the polymer matrix, while TGA measurements indicated 

thermal stability of the samples up to approximately 420 °C. XCOM results demonstrated an improvement in radiation-

shielding performance, represented by an increase in linear attenuation coefficients and a reduction in mean free path within 

the energy range of 20~60 keV. The effect of exposing the samples to UV radiation at a wavelength of 254 nm for 312 hours 

was also investigated. Overall, the findings confirm that the addition of ZnO and melanin enhances the structural properties, 

thermal stability, and radiation-shielding capabilities of HDPE for medical applications, particularly in dental radiology. 
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