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Abstract

In this study, the radiation protection efficiency of windshield glass in some car
models was evaluated and improved by studying the basic attenuation
coefficients of the samples (S1~S4), namely the linear attenuation coefficient
(LAC), mass attenuation coefficient (MAC), half-value layer (HVL), tenth-value
layer (TVL), mean free path (MFP), transmittance factor (TF), radiation
protection efficiency (RPE), effective atomic number (Z¢), and effective electron
density (Nefr). These coefficients were calculated experimentally, and gamma-ray
absorption measurements were performed using a Nal(Tl) detector and
radioactive sources (241Am, 226Ra, 137Cs) at energies of (0.06, 0.186, 0.242,
0.295, 0.352, 0.609, 0.662) MeV. The values of (LAC) and (MAC) showed The
values decrease with increasing energy, ranging between (0.477-0.168) cm™ and
(0.203-0.073) cm?/g respectively. The values of (HVL), (TVL), and (MFP)
increase with increasing energy, ranging between (1.47-4.12) cm, (4.82-13.7) cm,
and (2.09-5.95) cm respectively. The values of (TF) also show an increase and
the values of (RPE) a decrease with increasing energy, ranging between (78.78-
91.95)% and (21.22-8.05)% respectively. (Z.s) and (Nes) gradually decrease with
increasing energy in the energy range of (0.06-0.186) MeV, then stabilize with
slight changes in the energy range of (0.186-0.662) MeV, ranging between
(8.478-7.78) and (3.115-3.002) respectively. An EDX assay was performed to
determine the weight percentages of the elements comprising the glass samples.
The results showed that all samples consisted of the following elements (O, C,
Na, Mg, Si) in slightly varying proportions. Applying Archimedes' principle of
buoyancy, the density of the samples was measured, ranging from (2.282-2.388)
g/cm?. Phy-X and XCOM software were used for the theoretical calculations, and
there was good agreement with the experimental results.

On the other hand, a thin film of zinc oxide (ZnO) was deposited by chemical
pyrolysis on the surface of sample S1. XRD analysis confirmed the formation of
a hexagonal crystalline phase of zinc oxide (ZnO) with an average crystal size of
18.165 nm. SEM images revealed the homogeneity of the ZnO film and the
distribution of spherical nanoparticles with an average diameter of 27.775 nm.
Experimentally, attenuation coefficients were measured for the S1 state without
film deposition and for the S1+ZnO state after film deposition. The results
showed a significant improvement in shielding parameters after ZnO film



deposition at low and medium energies, and a limited improvement at high
energies. The linear attenuation coefficient (LAC) and mass attenuation
coefficient (MAC) increased, leading to a decrease in HVL, TVL, and MFP
values, a decrease in the transmittance factor (TF), and an increase in the radiation
protection efficiency (RPE). The deposition of a ZnO film has resulted in a
significant increase in the effective atomic number (Z.s) and effective electron
density (Nfr), particularly at low energies (0.06-0.186) MeV.
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