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In this research, the use of composites based on bismuth oxide with impurities of Gadolinium, titanium,
yttrium, tungsten, zirconium and zinc as a protective material for effective protection has been discussed.

In here, the evaluation of X-ray and gamma ray shielding for selected composites has been done using the
simulation tool based on Monte Carlo method of Geant4, in the photon energy range of 15 keV to 15
MeV. To investigate the performance of these selected composites, effective quantities in gamma ray
attenuation such as: attenuation coefficients (total, linear and mass), mean free distance, one-tenth and
half-value layers, the ratio of Compton scattering to the total attenuation coefficient have been calculated.

To verify the simulation results, the simulation results are compared with the data extracted from the
NIST-XCOM database, and the data extracted from the NIST-XCOM database and the simulation results
are in good agreement with each other. Also, the percentage deviation (RD) between the calculated results
is less than 2% in most cases. Due to the high atomic number of bismuth and Gadolinium, compound of
bismuth oxide containing Gadolinium absorb and attenuate high-energy photons with higher efficiency
than lead and are less toxic. Bismuth oxide compound shields with Gadolinium element can be used as
absorbers of high-energy photons for various jobs in the field of medical radiation, such as doctors, dental
hygienists, operating room workers, and radiologists, and can improve the health and safety of workers.
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Table 1 Chemical composition and wt. fraction of elements for samples
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Table 2 The values of calculated mass attenuation coefficient for chosen samples
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% Bi-Gd Bi-Ti Bi-wW Bi-Y Bi-Zn Bi-Zr
s
3 = = s s = =
L” o E e 3 E « & % e 6 = « s % « 8 % €
0.015 101.678 101.753 0.07 96.768 96.863 0.09 105.488 105.627 0.13 95.6582 95.750 0.095 100.62 100.717 0.09 95.817 95.906 0.09
0.02 75.767 76.067 0.39 73.413 73.705 0.39 77.6493 77.947 0.38 77.89 78.188 0.383 75.210 75.520 0.41 78.2466 78.514 0.34
0.03 26.726 26.745 0.07 25.896 25.906 0.03 27.4002 27.417 0.06 27.4527 27.466 0.047 26.505 26.510 0.01 27.5873 27.597 0.03
0.05 7.0735 7.115 0.58 6.858 6.890 0.46 7.25829 7.293 0.47 7.24826 7.217 0.396 7.007 7.033 0.45 7.28092 7.312 0.42
0.0596 5.3198 5.345 0.46 4.363 4.310 121 4.61512 4.561 117 4.60045 4.542 1.26 4.449 4.395 121 4.622 4.563 126
0.08 2.487 2528 163 2.049 2.088 1.90 2.6805 2.718 14 2.15306 2.191 174 2.0861 2.125 1.86 2.16019 2.200 185
0.1 4.893 4.913 0.40 4.651 4.672 0.44 5.00497 5.026 0.42 4.70463 4.725 0.44 4.6704 4.691 0.43 4.71034 4.731 0.43
0.15 1.781 1.789 0.41 170 1.710 0.45 1.82217 1.830 0.44 1.71872 1.726 0.44 1.708 1.716 0.44 1.72051 1.728 0.43
0.2 0.89 0.895 0.42 0.855 0.859 0.40 0.91065 0.914 0.39 0.86235 0.866 0.39 0.8577 0.861 0.40 0.8631 0.867 0.39
0.3 0.366 0.368 0.35 0.355 0.357 0.35 0.37393 0.375 0.35 0.35738 0.359 0.35 0.3561 0.357 0.35 0.35762 0.359 0.36
0.4 0.215 0.216 0.38 0.210 0.211 0.38 0.21885 0.220 0.39 0.21108 0.212 0.38 0.2106 0.211 0.38 0.21119 0.212 0.38
0.511 0.148 0.153 3.20 0.145 0.150 2.14 0.14992 0.155 3.24 0.14579 0.145 0.51 0.1456 0.144 148 0.14585 0.145 0.54
0.8 0.087 0.087 0.10 0.086 0.086 0.52 0.08788 0.086 19 0.0866 0.085 148 0.0866 0.085 159 0.08662 0.088 140
1.173 0.061 0.062 0.38 0.0619 0.062 0.33 0.06227 0.063 14 0.06182 0.063 1.68 0.0619 0.062 0.14 0.06183 0.062 0.04
15 0.052 0.053 0.32 0.052 0.052 1.63 0.05274 0.053 0.05 0.05247 0.052 147 0.0525 0.052 1.49 0.05248 0.053 0.41
2 0.045 0.045 1.62 0.0459 0.045 1.49 0.04614 0.045 1.93 0.0459 0.045 1.46 0.0459 0.045 1.60 0.0459 0.045 1.98
3 0.041 0.042 0.36 0.0412 0.041 0.38 0.04105 0.042 2.0 0.04135 0.042 0.365 0.0413 0.042 0.37 0.04137 0.042 0.36
4 0.041 0.041 0.08 0.0401 0.040 0.07 0.04173 0.041 i 0.04053 0.040 0.08 0.0404 0.040 0.07 0.04055 0.041 0.08
5 0.042 0.042 0.59 0.0406 0.040 0.58 0.04159 0.041 0.61 0.04093 0.041 0.58 0.0408 0.041 0.58 0.04096 0.041 0.58
6 0.042 0.042 1.00 0.0414 0.041 0.98 0.04259 0.042 1.03 0.04183 0.041 0.98 0.0416 0.041 0.98 0.04185 0.041 0.98
8 0.044 0.044 139 0.043 0.043 1.38 0.04503 0.044 143 0.04408 0.043 1.36 0.0438 0.043 1.36 0.04411 0.044 1.36
10 0.047 0.047 134 0.045 0.045 134 0.04752 0.047 138 0.04641 0.046 131 0.0461 0.046 132 0.04645 0.046 131
15 0.052 0.052 0.37 0.050 0.051 0.43 0.05299 0.053 0.41 0.05162 0.051 0.38 0.0512 0.051 0.40 0.05167 0.051 0.38
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Table 3 Fast neutron removal cross section for chosen samples
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