J. Rad. Nucl. Appl. 8, No. 3, 209-213 (2023) m 209

http://dx.doi.org/10.18576/jrna/080303

Investigation Of (Pb,03),(SN0O,),« Photon Shielding Capabilities
For Medical Radiation Application

Idris M. M. Ewa M. K.}, lwa S. J.2, Isah S. H.3, and Suleiman A.},

'Department of Physics, Faculty of Natural and Applied Sciences, Nasarawa State University Keffi, Nigeria.
Department of Physics, Faculty of Science, Federal University of Technology Owerri, Imo State, Nigeria.
*Department of Mathematics, Faculty of Natural and Applied Sciences, Nasarawa State University Keffi,
Nigeria.

Received: 02 Jul 2023, Revised: 04 Jul 2023, Accepted: 24 Aug. 2023.
Published online: 1 Sep 2023.

Abstract: This study investigates the photon shielding capabilities of (Pb,03), (SnO3)1x (X = 0, 0.2, 0.4, 0.6, 0.8 and 1
coded as C1, C2, C3, C4, C5 and C6 respectively) for medical radiation application. A numerical model was employed to
determine the mass attenuation coefficients (MAC) of the mixture using WinXCOM computer program in the energy range
of 0.020 — 20.0 MeV. The MAC values was used to calculate the linear attenuation coefficient (LAC), half-value layer
(HVL), tenth value layer (TVL),mean free path (MFP), and effective atomic number (Z). The results showed a smooth
reduction in MAC value as the energy increases for all the mixtures. The maximum (minimum) MAC values were 17.087
(0.0336), 17.083 (0.0337), 17.074 (0.0339), 17.067 (0.0339), 17.060 (0.0341) and 17.054 (0.0342) cm?g for C1, C2, C3,
C4, C5 and C6 respectively. The maximum Value of LAC was obtained at 0.02 MeV with values was obtained at 0.093,
0.098, 0.111, 0.118, 0.128 and 0.133 cm™ respectively for C1, C2, C3, C4, C5, and C6 respectively. The LAC value are in
the order of C6 > C5 > C4 > C3 > C2 > C1. The HVL, TVL, and MFP show similar pattern and are in the order of C1 > C2
> C3 > C4 > C5 > C6. The results indicates that SnO, showed the highest attenuation capabilities and declined as the Pb,05
concentration increases. The study indicates that the attenuation of a shielding material can significantly be enhance by
SnO, doping and can be deployed for medical radiation shielding application.
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1 Introduction research assess the photon attenuation competence of Pb,0O3
doped with SnO, using the winXCOM software.

Today, radiation sources are noteworthy materials for )
humanity since they have a wide range of application fields 2 Materials and Methods
such as nuclear plants [1, 2], agriculture [3], food industry
[4], medicine [5, 6], etc. Although the use of radioactive  The attenuation competence of Lead (I1) oxide doped with
materials is inevitable for the aforementioned fieldS, as it Tin oxide were assessed. In this Study, the attenuation
pose health risk on humans [7, 8]. For this reason, parameters of (Ph,03),(TeO,)., for x = 0, 0.2, 0.4, 0.6, 0.8,
researchers are particularly interested in developing new  and 1 coded as C1, C2, C3, C4, C5 and C6 respectively,
Shleldlng materials in order to reduce the undesired effects were determined. The mass attenuation coefficient (MAC)
of X'and gamma rays on biological systems [9, 10, 11]. The  of the mixture were determined using winXCOM software
remarkable increment in radioactivity risks of today’s  program installed in a laptop computer. The XCOM code is
industrial world is required to the efficient design of 3 gatabase for calculating mass attenuation coefficients at
shielding structures. Standard materials such as lead and  different photon energies [14-16]. Linear attenuation
concrete have been used to be shielding materials of  coefficients (LAC) were calculated by multiplying the
ionizing radiation but however has some limitations [12,  optained theoretical MAC value by the density of the
13]. As such, it is necessary to improve the aftenuating  mixtures. LAC is one of the most important parameter that
properties of lead by doping it with another material. This describe the gamma rays penetrating process which
depends on the energy of incident photons and atomic
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number or effective atomic number of the target. It is also
considered as the main factor for the derivation of other
shielding parameters (Singh & Badiger, 2013). The linear
attenuation coefficient is related to the mass attenuation
coefficient as [15, 17]:

MAC=L1;—C 1

where p represents the density of the absorbing medium. It
has the dimensions of area per unit mass (cm?g™). The half
value layer and mean free path are important related
shielding parameters were calculated using [14, 15]:

In2

HVL = 22 2
LAC

and

MFP = — 3
LAC

The HVL and MFP reflect the necessary thickness that
should be used to attenuate gamma rays or Xx-rays by
half and a factor of e, respectively.

3 Results and Discussion

Table 1 shows the chemical compositions and densities of
the doped compounds studied. The pot of mass attenuation
coefficient (MAC) and linear attenuation coefficient
(LAC) obtained in the energy range of 0.02-20MeV using
the WinXCOM program is shown in Figure 1 and 2
respectivey. The MAC versus photon energy spectra of the
mixtures (C1 - C6) are shown in Figure 1. The MAC values
shows a smooth reduction as the energy increases for all the
mixtures. The decrease in MAC values from 0.020 to 0.09
MeV was very drastic compare to rest of energy spectrum.
This observed sharp declined in MAC values is due to
dominance of photoelectric interaction cross section (PI).
The maximum (minimum) MAC values were 17.087
(0.0336), 17.083 (0.0337), 17.074 (0.0339), 17.067
(0.0339), 17.060 (0.0341) and 17.054 (0.0342) cm?/g for
C1, C2, C3, C4, C5 and C6 respectively. Throughout the
considered energy range, the relative values of MAC for the
mixtures follow the order: C1< C2 < C3 < C4 < C5 < C6.
The increase in the mass density of the mixture brought
about by the increase in the SnO, concentration is a major
factor responsible for the observed increase in MAC values.
The trend of LAC values follows similarly to that of the
MAC values. However, the relative difference in the linear
attenuation co-efficient is higher than that observed for
MAC. This is due to the difference in mass density of the
mixtures [18-21].
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Fig. 1: Mass Attenuation Coefficient spectra of (Pb,O3)«
(SnO3z)1., samples.
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Fig. 2: Linear Attenuation Coefficient spectra of (Pb,O3),
(SnO3)1., samples.
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Fig. 3: Half VValue Layer spectra of (Pb,03), (SNO3)1.4
samples.
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Table 1: Chemical compositions and densities of the Pb,0; doped SnO5; samples.

SIN Sample Code Chemical Composition Density (g/cm®)
1. C1 Pb,0Os 2.13
2. c2 0.8Pb,05-0.2Sn0; 2.30
3. C3 0.6Pb,05-0.4Sn04 2.85
4. C4 0.4Pb,0;-0.6Sn0; 2.95
5. C5 0.2Pb,0;-0.8Sn04 3.10
6. C6 SnO; 3.25

Table 2: The MAC values of Pb,O; doped SnO3 mixture in the energy range of 0.020 - 20 MeV by WinXCOM software.

S/N Energy C1 C2 C3 C4 C5 Cé
MeV
1. 2.00E-02 1.71E+01 1.71E+01 1.71E+01 1.71E+01 1.71E+01 1.71E+01
2. 4.00E-02 1.54E+01 1.54E+01 1.54E+01 1.55E+01 1.55E+01 1.55E+01
3. 6.00E-02 5.21E+00 5.22E+00 5.23E+00 5.23E+00 5.24E+00 5.25E+00
4, 8.00E-02 2.42E+00 2.42E+00 2.43E+00 2.43E+00 2.43E+00 2.43E+00
5. 1.00E-01 1.35E+00 1.35E+00 1.36E+00 1.36E+00 1.36E+00 1.36E+00
6. 2.00E-01 2.83E-01 2.83E-01 2.83E-01 2.83E-01 2.83E-01 2.83E-01
7. 4.00E-01 1.11E-01 1.11E-01 1.11E-01 1.11E-01 1.12E-01 1.12E-01
8. 6.00E-01 8.10E-02 8.11E-02 8.11E-02 8.12E-02 8.12E-02 8.13E-02
9. 7.00E-01 7.33E-02 7.33E-02 7.34E-02 7.34E-02 7.35E-02 7.35E-02
10. 8.00E-01 6.75E-02 6.76E-02 6.76E-02 6.76E-02 6.77E-02 6.77E-02
11. 9.00E-01 6.30E-02 6.30E-02 6.30E-02 6.31E-02 6.31E-02 6.31E-02
12. 1.00E+00 5.92E-02 5.93E-02 5.93E-02 5.93E-02 5.94E-02 5.94E-02
13. 2.00E+00 4.19E-02 4.19E-02 4.19E-02 4.20E-02 4.20E-02 4.20E-02
14, 4.00E+00 3.46E-02 3.47E-02 3.48E-02 3.48E-02 3.49E-02 3.50E-02
15. 6.00E+00 3.36E-02 3.37E-02 3.38E-02 3.40E-02 3.41E-02 3.42E-02
16. 8.00E+00 3.41E-02 3.43E-02 3.44E-02 3.45E-02 3.46E-02 3.48E-02
17. 1.00E+01 3.51E-02 3.53E-02 3.54E-02 3.56E-02 3.57E-02 3.59E-02
18. 1.30E+01 3.68E-02 3.70E-02 3.72E-02 3.74E-02 3.75E-02 3.77E-02
19. 1.50E+01 3.80E-02 3.81E-02 3.83E-02 3.85E-02 3.87E-02 3.89E-02

Y
e

2.00E+01 4.05E-02 4.07E-02 4.09E-02 4.11E-02 4.13E-02 4.16E-02
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Fig. 4: Tenth Value Layer spectra of (Pb,O3)yx (SnO3);.«
samples.

14

l/.\.\
12 4 / o ——eo
10 ./v//v '\+
// —{— 4"””’**—4
4 )
R 8 ./ &
5 6] 74
&
= 44 —a—Cl
-0 C2
2+ c3
—v—C4
04 : c5
-4 C6
-2 T T
0 5 10
Energy (MeV)
Fig. 5: Mean Free Path spectra of (Pb,03), (SNO3)1.4
samples.

Figure 3, 4, and 5 shows the plot of half value layer (HVL),
tenth value layer (TVL), and mean free path (MFP)
respectively. The HVL and TVL generally increase with
photon energy for all the mixtures, an indication that higher
energy photons are more penetrating hence; more thickness
of absorbing materials is required to absorb them. The trend
of HVL and TVL values of the mixtures is inverse to that of
LAC, hence, the highest values of TVL was obtained for
C1. This is because the mixture sample has the least density
due to zero SnOj; content. The MFP increase with photon
energy which affirms that higher energy photons travel
further in the mixture due to reduced interaction cross
sections of the process leading to absorption.

4 Conclusions

In this study, the photon shielding capabilities of (Pb,QOs3)y
(Sn03)1x (X =0, 0.2, 0.4, 0.6, 0.8 and 1 coded as C1, C2,
C3, C4, C5 and C6 respectively) was investigated. A
numerical model was employed to determine the mass
attenuation coefficients (MAC) of the mixture using

WinXCOM computer program in the energy range of 0.020
— 20.0 MeV. The MAC values was used to calculate the
linear attenuation coefficient (LAC), half-value layer
(HVL), tenth value layer (TVL),mean free path (MFP), and
effective atomic number (Ze). The results showed a
smooth reduction in MAC value as the energy increases for
all the mixtures. The LAC value are in the order of C6 > C5
> C4 > C3 > C2 > C1. The HVL, TVL, and MFP show
similar pattern and are in the order of C1 >C2 > C3 > C4 >
C5 > C6. The results indicates that SnO, showed the highest
attenuation capabilities and declined as the Pb,0;
concentration increases. The study indicates that the
attenuation of a shielding material can significantly be
enhance by SnO, doping and can be deployed for medical
radiation shielding application.
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