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Abstract

Background and Aim: lonizing radiation protection is one of the most fundamental research and application
fields in reducing the absorbed dose of sensitive internal organs. The presence of lead as the first radiation shield
with a series of good features such as high density and having some flexibility and a series of bad features such
as toxicity, low physical and chemical stability and high weight, have been thinking about replacing it for a long
time. In the mammography section, the lead shields present during mammaography cause limitations in the patient's
work and are generally not used. As a result, they lose their efficiency. Therefore, it is necessary to propose and
design a lead-free shield that can have suitable radiation attenuation in the range of mammaography energy up to
60 keV and does not create limitations for the patient compared to the existing shields in this sector.

Methods: In this study, the evaluation of X-ray and gamma-ray shielding for nine different proposed
compounds was done using a computational code MCNPX based on the Monte Carlo method, in the photon
energy range of 15 to 400 keV, which is the energy range used in Covers the mammography section.

Results: Among the selected protective compounds, the combination of Kennertium showed a more suitable
protective function than the other compounds. To reach such a result, the mass attenuation coefficient of the
Kennertium compound has been calculated in three thicknesses of 0.1, 0.5, and 1 cm. In the following, to check
the performance of selected shields of ionizing radiation, for the thickness of 1 mm of Kennertium composition,
the dose reached the tissues close to the tumoral area located in the patient's left breast, such as the left lung,
thyroid, and heart, has been calculated with the presence of such protection.

Conclusion: Quantitative results show that the Kennertium compound completely covers the energy range
above 60 keV and as a proposed compound for interacting with X-rays, does not produce secondary particles.
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4,78E+00 1.36E+00 1.73E+00 1.82E+01 2.11E+01 1.95E+01 1.60E-01
3.56E+00 1.00E+00 1.29E+00 1.36E+01 1.55E+01 1.45E+01 1.80E-01
2.81E+00 7.87E-01 1.01E+00 1.07E+01 1.21E+01 1.13E+01 2.00E-01
2.27E+00 6.43E-01 8.13E-01 8.68E+00 9.80E+00 8.97E+00 2.20E-01
1.88E+00 5.35E-01 6.80E-01 7.17E+00 8.03E+00 7.39E+00 2.40E-01
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1.06E+00 2.89E-01 3.60E-01 4.05E+00 4.36E+00 3.93E+00 3.20E-01
9.54E-01 2.56E-01 3.19E-01 3.64E+00 3.89E+00 3.51E+00 3.40E-01
8.78E-01 2.33E-01 2.84E-01 3.35E+00 3.62E+00 3.20E+00 3.60E-01
8.10E-01 2.07E-01 2.53E-01 3.09E+00 3.26E+00 2.90E+00 3.80E-01
7.34E-01 1.92E-01 2.38E-01 2.80E+00 2.96E+00 2.64E+00 4.00E-01
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Sy Tiroeid 1 (Pb) 1 (WC) I (Kennertium)
without shield(lo) +/y cm +/y cm +/y cm
2.00E-02 1.38E-08 0.00E+00 0.00E+00 0.00E+00
4.00E-02 1.22E-08 0.00E+00 0.00E+00 0.00E+00
6.00E-02 9.29E-09 2.88E-11 2.88E-11 2.88E-11
8.00E-02 9.21E-09 4.19E-11 3.67E-11 3.67E-11
1.00E-01 1.12E-08 7.07E-11 6.85E-11 6.85E-11
1.20E-01 1.27E-08 4.49E-11 5.43E-11 5.63E-11
1.40E-01 1.45E-08 8.16E-11 6.77E-11 8.02E-11
1.60E-01 1.66E-08 1.08E-10 6.77E-11 1.03E-10
1.80E-01 1.87E-08 1.49E-10 1.53E-10 1.59E-10
2.00E-01 2.09E-08 1.77E-10 1.69E-10 1.70E-10
2.20E-01 2.31E-08 1.80E-10 1.77E-10 1.84E-10
2.40E-01 2.54E-08 1.83E-10 1.76E-10 1.78E-10
2.60E-01 2.77E-08 1.84E-10 2.00E-10 2.00E-10
2.80E-01 3.00E-08 2.38E-10 2.56E-10 2.68E-10
3.00E-01 3.23E-08 2.52E-10 2.59E-10 2.51E-10
3.20E-01 3.46E-08 3.48E-10 3.31E-10 3.29E-10
3.40E-01 3.68E-08 3.30E-10 2.88E-10 2.89E-10
3.60E-01 3.91E-08 2.95E-10 2.74E-10 2.85E-10
3.80E-01 4.14E-08 3.37E-10 3.14E-10 3.40E-10
4.00E-01 4.36E-08 2.43E-10 2.40E-10 2.40E-10
S S A5 o Oab odel Cundty polie B g ¥ (Y Johs

g S 0 lasyslid 0dpmS Coply 4 a2 b

ol Ol sy 050> 53 (Sloyd sla gy d9ske 4 p e
clizeo OlS 5 298y blis Sl (ow)p San b iaghy
Oped 3 35 Ojgo 295y el 0je 3 edliiul Caa
Ll e oo 5 8 p9n bla b Shy b (ol
)5 Cige o9y Al 4 MCNPX Sl 58l eslaw!
pLol (giloannd gl 4 425 b owadld )13 (o) 3590 0392
b s i casS 5 lpains cslo s Blis 3 ,Slas cazd 8

VP Wl g croda oF 0 loud (YO 0490

5 eSS S g sbbls 5l LE 5 WSl oy
o 4y 5 B gy 4y salle o) Cualbid b posyiS
odalie wuslio 'yl 1 .l odd duslio Sodon b g duwle
P95 yS 9 (LS ) oy &5 jl Slabli> 292y b oS 0
powi S dabilis g6 oyl )3 oy so Hlaidyge bl 4 (g yaS
Pty G sy 5 5 o Jos s O)lse a4y S
Slgicoe S 3 cpl ol WS oo (65 5l Hlain g0 8L 4

D9 gl awlio blis S lgis 4



VNV iy slagin blis (2l 5 (6 imj> Clilllas
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<N CM cwlss
Heart 1 (Pb) 1 (WC) I (Kennertium)
Energy - -
without shield(lo) «/y cm «/y cm +/y cm
2.00E-02 1.38E-08 6.41E-11 6.41E-11 6.41E-11
4.00E-02 1.22E-08 9.17E-10 9.17E-10 9.17E-10
6.00E-02 9.29E-09 1.35E-09 1.35E-09 1.35E-09
8.00E-02 9.21E-09 1.68E-09 1.68E-09 1.55E-09
1.00E-01 1.12E-08 1.93E-09 1.93E-09 1.91E-09
1.20E-01 1.27E-08 2.18E-09 2.18E-09 2.17E-09
1.40E-01 1.45E-08 2.53E-09 2.53E-09 2.55E-09
1.60E-01 1.66E-08 3.02E-09 3.02E-09 3.07E-09
1.80E-01 1.87E-08 3.63E-09 3.63E-09 3.68E-09
2.00E-01 2.09E-08 4.30E-09 4.30E-09 4.38E-09
2.20E-01 2.31E-08 5.05E-09 5.05E-09 5.12E-09
2.40E-01 2.54E-08 5.83E-09 5.83E-09 5.91E-09
2.60E-01 2.77E-08 6.69E-09 6.69E-09 6.75E-09
2.80E-01 3.00E-08 7.43E-09 7.43E-09 7.50E-09
3.00E-01 3.23E-08 8.30E-09 8.30E-09 8.30E-09
3.20E-01 3.46E-08 9.15E-09 9.15E-09 9.13E-09
3.40E-01 3.68E-08 9.98E-09 9.98E-09 9.95E-09
3.60E-01 3.91E-08 1.08E-08 1.08E-08 1.07E-08
3.80E-01 4.14E-08 1.17E-08 1.17E-08 1.16E-08
4.00E-01 4.36E-08 1.25E-08 1.25E-08 1.24E-08

L Kennertium ; WC Pb Llis g5 aw 3529 b g ) 4 W b g (uSol (slagiyg (298 S ool Gty ol (gleuglio g 005 arsles ol B-Jgi

Y CM Cwlsus
Left Lung 1 (Pb) 1 (WC) I (Kennertium)
Energy - -
without shield(lo) «/y cm «/y cm «/y cm
2.00E-02 1.38E-08 8.72E-11 8.72E-11 8.72E-11
4.00E-02 1.22E-08 2.84E-09 2.84E-09 2.84E-09
6.00E-02 9.29E-09 3.55E-09 3.55E-09 3.55E-09
8.00E-02 9.21E-09 4.09E-09 3.98E-09 3.98E-09
1.00E-01 1.12E-08 5.11E-09 5.09E-09 5.10E-09
1.20E-01 1.27E-08 6.00E-09 5.98E-09 6.00E-09
1.40E-01 1.45E-08 7.09E-09 7.06E-09 7.11E-09
1.60E-01 1.66E-08 8.43E-09 8.38E-09 8.47E-09
1.80E-01 1.87E-08 9.94E-09 9.88E-09 1.00E-08
2.00E-01 2.09E-08 1.15E-08 1.14E-08 1.16E-08
2.20E-01 2.31E-08 1.32E-08 1.31E-08 1.33E-08
2.40E-01 2.54E-08 1.50E-08 1.49E-08 1.51E-08
2.60E-01 2.77E-08 1.69E-08 1.68E-08 1.69E-08
2.80E-01 3.00E-08 1.88E-08 1.87E-08 1.88E-08
3.00E-01 3.23E-08 2.07E-08 2.06E-08 2.07E-08
3.20E-01 3.46E-08 2.26E-08 2.25E-08 2.27E-08
3.40E-01 3.68E-08 2.46E-08 2.45E-08 2.46E-08
3.60E-01 3.91E-08 2.65E-08 2.64E-08 2.65E-08
3.80E-01 4.14E-08 2.85E-08 2.84E-08 2.85E-08
4.00E-01 4.36E-08 3.05E-08 3.03E-08 3.04E-08
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