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Table 1: Shows the base material, alloying elements, concentrations, and densities of the used alloys.

Samples Base_ concentration Alloying concentration Alloying concentration De“S'“ﬁs
material element element (gm.cm™2)
Al Cu 95% Sn 5% Pb 0% 8.652
A2 Cu 92.5% Sn 7.5% Pb 0% 8.543
A3 Cu 90% Sn 10% Pb 0% 8.423
A4 Cu 87.5% Sn 12.5% Pb 0% 8.235
Bl Cu 95% Sn 1.5% Pb 3.5% 8.962
B2 Cu 95% Sn 2% Pb 3% 8.885
B3 Cu 95% Sn 2.5% Pb 2.5% 8.738
B4 Cu 95% Sn 35 Pb 1.5% 8.701
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Table 2: Shows the mass attenuation coefficient of binary and ternary alloys for different energy

ranges.
E (keV)
60 186 | 242 | 205 [ 32 | 609 662 us | 133
Samples Am-241 Ra-226 Cs-137 Co-60
M (cm?/gm)
Al XCOM 1.841 0.179 0.1359 0.1159 0.1029 0.0759 0.0727 0.05426 | 0.05086
A2 XCOM 1.966 0.1842 | 0.1384 0.1173 0.1037 0.07603 0.07282 005422 | 0.05082
A3 XCOM 2,090 0.1894 | 0.1408 0.1187 0.1045 0.07614 0.07289 0.05418 | 0.05078
A4 XCOM 2214 01947 | 0.1433 0.1200 0.1053 0.07626 0.07296 0.05415 | 0.05074
B1 XCOM 1.787 02073 | 0.1504 0.1247 0.1085 0.07739 0.0739 0.05458 | 0.05111
B2 XCOM 1.795 0.2033 | 0.1483 0.1234 0.1077 0.07718 0.07378 0.05453 | 0.05107
B3 XCOM 1.803 01992 | 0.1463 0.1222 0.1069 0.07697 0.07361 0.05449 | 0.05104
B4 XCOM 1.810 01952 | 0.1442 0.121 0.1061 0.07676 0.07343 0.05441 | 0.05098
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Fig. 1: The relationship between the mass attenuation coefficient and energy for binary and ternary
alloys.
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Fig. 3: The relationship between the mass
attenuation coefficient and the lead

(Ph%)

content in ternary alloys.

Fig. 2: The relationship between the mass

attenuation coefficient and the tin
(Sn%o) content in binary alloys.
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Table 3: Shows the half-value layer (HVL) thickness of binary and ternary alloys for different ranges
of gamma-ray energies.
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Fig. 4: Relationship between half-value layer (HVL) thickness and energy for binary and ternary

alloys.
E (keV)
60 186 242 295 352 609 662 1173 1332
Samples
Am-241 Ra-226 Cs-137 Co-60
HVL (cm)
Al XCOM | 0.042832 | 0.36922 0.50891 0.61380 0.70544 0.98902 1.03573 1.47617 1.57485
A2 XCOM | 0.04358 0.38478 0.52748 0.63391 0.72633 1.01354 1.06024 | 1.496111 1.59620
A3 XCOM | 0.043812 | 0.39654 0.53993 0.64641 0.73894 1.02627 1.07312 1.518545 1.62021
A4 XCOM | 0.044546 | 0.41305 0.55914 0.66634 0.75992 1.05039 1.09803 1.554073 1.65851
Bl XCOM | 0.043272 0.37301 0.51414 0.62010 0.71268 0.99917 1.04636 1.416755 1.51294
B2 XCOM | 0.044453 0.39248 0.53804 0.64661 0.74088 1.03385 1.08149 1.430344 1.52724
B3 XCOM | 0.045551 | 0.41229 0.56137 0.67208 0.76827 1.06702 1.11572 1.455473 1.55385
B4 XCOM | 0.047007 | 0.43587 0.59003 0.70316 0.80191 1.10842 1.15868 1.463813 1.56229
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Table 4: Shows the mean free path of binary and ternary alloys for different ranges of gamma-ray

energies.
E (keV)
60 186 ‘ 242 ‘ 205 | 352 ‘ 609 662 1173 1332
Samples
Am-241 Ra -226 Cs-137 Co-60
MFP(cm)
Al XCOM 0.06180 | 053279 | 0.73436 0.88571 1.01795 1.42716 1.49456 | 2.130116 | 2.272516
A2 XCOM 0.06288 | 055523 | 0.76115 0.91474 1.04809 1.46254 1.52994 2.15889 | 2.303325
A3 XCOM 0.06322 | 057222 | 0.77912 0.93278 1.06629 1.48091 154851 | 2.191262 | 2.337978
Ad XCOM 0.06428 | 0.59604 | 0.80684 | 0.96153 1.09657 1.51572 1.58446 2.24253 | 2.393238
B1 XCOM 0.06244 | 053826 | 0.74190 0.89480 1.02841 1.44181 1.50990 | 2.044379 | 2.183177
B2 XCOM 0.06414 | 056636 | 0.77641 0.93308 1.06909 1.49185 1.5606 2.063988 | 2.203823
B3 XCOM 0.06573 | 0.59493 | 0.81006 0.96981 1.10862 1.53971 1.60999 | 2.100249 | 2.242213
B4 XCOM 0.06783 | 0.62897 | 0.85142 1.01467 1.15716 1.59946 1.67199 | 2.112285 2.2544
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Fig. 5: Relationship between mean free path and energy for binary and ternary alloys.
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ABSTRACT

In this study, some shielding parameters for gamma rays with different energies were theoretically
investigated using the XCOM program for some binary (Cu-Sn) and ternary (Cu-Sn-Pb) alloys, which
were practically fabricated in the laboratory with different ratios. The theoretical results indicated that in
the case of binary alloys, the highest value of the mass attenuation coefficient (um) was 2.214 cm?/gm
in sample (A4) at an energy of 60 keV. It was also found that the highest values of the half-value layer
(HVL) and the mean free path (MFP) were 1.658 cm and 2.245 cm, respectively, in sample (A4) at an
energy of 1332 keV. In the case of ternary alloys, the highest value of the mass attenuation coefficient
was 1.810 cm?/gm in sample (B4) at an energy of 60 keV. It was also found that the highest values of
the half-value layer (HVL), and mean free path (MFP) were 1.5622 cm, and 2.2544 cm, respectively, in
sample (B4) at an energy of 1332 keV.

Keywords: Mass attenuation coefficient, half-value layer (HVL), mean free path (MFP), XCOM.
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