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Abstract

This dissertation presents a comprehensive theoretical and computational study of
a bismuth-samarium doped borate glass system with the molar composition (z)Sm, 03—
(40—2)Bi, O3 — 60B, 03 )x =0,1,2,3,4 mol%), aiming to evaluate it as an envi-
ronmentally friendly, lead-free alternative for transparent radiation shielding appli-
cations. The physical properties (density and molar volume), mechanical proper-
ties (Young's modulus via the Makishima-Mackenzie model), and optical properties

refractive index and optical band gap) were computed using established theoretical
models, while the radiation shielding parameters were extracted using the Phy-X/PSD
software over the photon-energy range 15-0.015 MeV.

With increasing samarium content, the results showed a regular decrease in den-
sity (from 6.016 to 5.959 g/cm®( and molar volume, accompanied by an increase
in Young’s modulus (from 60.83 to 61.88 GPa) and a widening of the optical band
gap. The high effective atomic number values (exceeding 74 at 0.1 MeV) confirmed
the efficiency of these compositions in photon attenuation, while the fast-neutron
removal cross-section improved with samarium addition. The study concludes that
the investigated glass system represents a promising lead-free alternative, with added
value in neutron shielding owing to samarium.

Keywords: Borate glass, Bismuth oxide, Samarium oxide, Radiation shielding, At-
tenuation coefficient, Effective atomic number, Phy-X/PSD, Lead-free glass.
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MFP vs. Photon Energy
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