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ABSTRACT

Protecting medicines and pharmaceutical pills from external ionizing radiation is vital for
maintaining their safety, efficacy, and stability. lonizing radiation, such as X-rays and gamma
rays, can chemically alter medications, impacting their therapeutic qualities and potentially
creating harmful by-products. This risk is especially high in environments like hospitals, certain
industrial settings, and during air travel, where radiation levels are elevated. Polymers designed
to shield against such radiation present a promising solution, as they can be customized to absorb
or deflect radiation, thus protecting pharmaceuticals from damage. Among these pharmaceutical
polymers is hypromellose polymer type of Benecel K-4M. As four different composites of
Benecel K-4M based on the Concentration of ZnO (0%, 2%, 4%, and 6%) were fabricated. The
estimated densities of fabricated Benecel K-4M tablets ranged from 0.493 to 0.678 g/cm®.
Furthermore, the linear and mass attenuation coefficients of these samples at gamma ray energies
59.5, 661.6, 1173, and 1332 keV were evaluated. The results of the linear attenuation coefficients
of the four Benecel K-4M samples were between (0.029 cm™ and 0.174 cm™) . The Benecel K-
4M + ZnO (6%) sample has the highest attenuation across all incident gamma ray energies. The
mass attenuation coefficient p/p results show that the sample with 6% ZnO exhibited the better
w/p among the selected composites. Also, the measured results are in good agreement with the
theoretical values by XCOM for all of the other samples and at photon energy range (59.5 — 1332
keV), with an error range 2% - 8%. In addition, the shielding ability of these fabricated samples
was evaluated, including the radiation protection efficiency (RPE), and mean free path (MFP) At
specified photon energies. The results showed that sample S6 has lowest MFP, so the best gamma
ray shielding capabilities compared with the Benecel K4M polymer sample including free ZnO
sample (S0) has the maximum MFP. Moreover, the RPE is higher for Sample S6 with 15.97%.
compared to Samples SO, S2, and S4 in the photon energy ranges (59.5 keV — 1332 keV), this
indicate that sample S6 has a higher level of efficacy in inhibiting the penetration of radiation
compared to the other samples. The efficacy of this might be vital in many applications, especially
in the pharmaceutical sector, where protecting pharmaceuticals against radiation ensures their

stability and effectiveness.



