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This research focuses on stuc.lying and' inveﬁigating the propert‘ies ‘of

Tetrafluoroethylene Propylene reinforced with Sodium Bromide as a shielding
material against high-energy X-ray and gamma radiation, and the results are compared with
the properties of lead. The weight percentages of sodium bromide range from 10% to 50%.
The mass attenuation coefficient, linear attenuation coefficient, effective atomic number, and
effective electron density per gram of material were calculated using PSD software. Although
the radiation attenuation properties of the polymer were weaker compared to lead, it can still
be used in many conditions where lead is unsuitable. The findings indicate that the mass and
linear attenuation coefficients are higher for low-energy photons, and the composites reinforced
with higher percentages of sodium bromide exhibit higher values of these coefficients. The
contribution of Compton scattering remains almost constant throughout the energy range,
while the photoelectric effect dominates at low energies and pair production becomes
increasingly dominant at higher energies. As the weight percentage of sodium bromide in the
composite increases, the required thickness to halve the radiation intensity decreases. This
makescomposites with higher weight percentages of sodium bromide more efficient in
radiation attenuation. The effective atomic number is also higher for composites with higher
weight percentages of sodium bromide, indicating greater effectiveness in reducing radiation.
Overall, Tetrafluoroethylene Propylene reinforced with Sodium Bromide shows promise as a
material for radiation protection applications.
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Tablel. Comparison of mass attenuation coefficient MAC, linear attenuation coefficient LAC, effective atomic number Zeff, effective

electron density per gram Neff, between lead and tetrafluoroethylene propylene reinforced with 50% sodium bromide.

T MAC(cm?/g) LAC(1/cm) Zeff Neff(x1023)

(MeV) Na- Pb Na- Pb Na- Pb Na- Pb

Br(50%) Br(50%) Br(50%) Br(50%)

1.50E-02 44.7 112 93.5 1270 | 32.0196 | 82 | 12.0064 | 2.38
2.00E-02 21.1 86.4 44.0 985 | 31.8365 | 82 | 11.9378 | 2.38
3.00E-02 7.06 30.3 14.8 346 | 305103 | 82 | 11.4405 | 2.38
4.00E-02 3.24 14.4 6.77 164 | 282405 | 82 | 10.5894 | 2.38
6.00E-02 1.12 5.02 2.35 572 | 225997 | 82 8.4742 | 238
8.00E-02 0569 | 2.42 1.19 27.6 | 17.7075 | 82 6.6398 | 2.38
1.00E-01 0362 | 555 | 0757 | 633 | 143781 | 82 53914 | 2.38
1.50E-01 0196 | 2.02 | 0410 | 23.0 | 104646 | 82 39239 | 238
2.00E-01 0.147 | 0999 | 0.308 114 | 9.0978 82 34114 | 2.38
3.00E-01 0.112 |04.03| 0233 460 | 8.2264 82 3.0847 | 2.38
4.00E-01 | 00958 [0232| 0200 | 265 | 7.9624 82 29857 | 2.38
6.00E-01 0.0787 | 0.1.25 | 0.165 142 | 7.7949 82 29228 | 2.38
8.00E-01 | 00685 |[0.0887 | 0.143 1.01 | 7.7398 82 29022 | 2.38 :
LLOOE+00 00613 [0.0710| 0.128 | 0.810 [ 7.7153 82 2.893 | 238 }
L.S0E+00 | 0.0499 |0.0522| 0.104 | 0595 | 7.7119 82 2.8918 | 2.38 iﬂ
2.00E00 00432 [0.0461 | 0.0903 | 0.525 [ 7.7788 82 29168 | 2.38 g
3.00E+00 | 00358 [0.0423 | 0.0749 | 0.483 | 8.0046 82 3.0015 | 2.38 —;’1
4.00E+00 00319 [0.0420| 0.0667 | 0479 | 82789 | 8 | 3.1044 | 238 31
6.00E+00 | 00280 [0.0439| 0.0585 | 0.501 | 8.8587 82 33218 | 2.38 ';)g'
8.00E+00 | 0.0263 |[0.0468 | 0.0550 | 0.533 | 9.4194 82 3532 | 2.38 "%
LOOEFOL | 0.0255 [0.0497| 0.0533 | 0567 | 99317 | 82 | 3.7241 | 2.38 2
LSOEHOL | 0.0250 |0.0566| 0.0522 | 0.645 | 10.974 82 41149 | 238 r;i
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Figurel. Part (a), mass attenuation coefficient (MAC) for lead and tetrafluoroethylene propylene reinforced with 40% sodium bromide.

Part (b) shows the effective atomic number for the same two substances. The effective atomic number of lead is constant, but it is energy-

dependent for tetrafluoroethylene propylene.
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Table2. HVL (thickness of the material through which the radiation intensity is reduced by half) and TVL (thickness of the material

through which the radiation intensity is reduced to one-tenth) for lead and tetrafluoroethylene propylene reinforced with sodium bromide

(50% by mass).

Energy HVL (cm) TVL (cm)

(MeV) Na-Br(50%) Pb Na-Br(50%) Pb

1.50E-02 0.0074 0.0005 0.0246 0.0018
2.00E-02 0.0157 0.0007 0.0523 0.0023
3.00E-02 0.0469 0.002 0.1559 0.0067
4.00E-02 0.1024 0.0042 0.3403 0.0141
6.00E-02 0.2954 0.0121 0.9813 0.0402
8.00E-02 0.5824 0.0251 1.9347 0.0835

1.00E-01 0.9155 0.011 3.0412 0.0364
2.00E-01 2.251 0.0609 74777 0.2023
3.00E-01 2.969 0.1508 9.8629 0.5009
4.00E-01 3.4599 0.2617 11.4935 0.8695
6.00E-01 42136 0.4872 13.9973 1.6184 )
8.00E-01 4.8413 0.6855 16.0825 22771 }
1.00E+00 5.4076 0.8561 17.9638 2.844 iﬂ
1.50E+00 6.6489 1.1644 22.0873 3.8679 \
2.00E+00 7.6734 1.3198 25.4903 4.3842 ‘5)
3.00E+00 9.2535 1.4361 30.7393 4.7705 31
4.00E+00 10.3965 1.4484 34.5364 4.8114 ..;"
6.00E+00 11.8427 1.3847 39.3406 4.5999 %
8.00E+00 12.6087 1.3006 41.8852 4.3205 3
1.00E+01 13.0027 1.2229 43.194 4.0624 Zli
1.50E+01 13.2686 1.0746 44.0775 3.5698 £
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Figure3. Mass attenuation coefficient of photoelectric effect, Compton scattering, pair production and total attenuation coefficient of tetra-

fluoroethylene propylene reinforced with 40% sodium bromide.
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Figured. Part (a) shows the mass-to-energy attenuation coefficients for various sodium bromide-reinforced composites, where MAC

increases with higher sodium bromide weight fraction. Part (b) shows the plotted HVL, which decreases with increasing sodium bromide

weight fraction.
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