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Effect of MnO2 on the optical, elastic, 

mechanical, and radiation shielding 

performance of bismuth silicate glass 

Usman Iliyasu1, Anas Shehu1, and Ahmad Rufa’i2 

The effect of MnO2 on the optical, elastic, mechanical, and radiation 
shielding performance of xMnO2+(60-x)Bi2O3+40SiO2 glass system have 
been studied. The refractive index improved by 38% as 20 mol% of MnO2 is 
doped into the bismuth silicate glass. The elastic and mechanical properties 
were estimated using the Makishima-Mackenzie’s model.  The young 
modulus improved from 298.61 to 331.28 Gpa and the microhardness 
increased by 9.25% as 20 mol% of MnO2 doped into the glass structure. 
The radiation attenuation properties were investigated using the Phy-X/PSD 
and XCOM in the photon energy range 0.015-15 MeV. The encoded 
0MnBiSi glass sample has lowest half value layer, and mean free path. The 
findings show that replacing part of Bi2O3 with MnO2 improves optical, 
elastic, and mechanical properties while decreasing attenuation quality. All 
the glasses investigated, give better attenuation properties than certain 
glass proposed for radiation shielding. 
 
Keywords: Silicate glasses; Bismuth oxide; Linear attenuation coefficient; Mass 

attenuation coefficient; Phy-X/PSD; XCOM. 

1. Introduction 

Humans are exposed not only to natural 
radiation, but also to radiation from various 
anthropogenic sources. Gamma rays and X-rays 
emitted for use in radiotherapy applications are 
the most common type. 99Tc, 123I, 131I, 67Ga, 60Co 
are examples of commonly used radioactive 
tracers to evaluate a specific organ of the human 
body. However, if ionizing radiation is not utilized 
appropriately, it can endanger personnel, 
equipment, and the environment [1].  

Many researchers have been seeking for 
appropriate glass compositions that have 
excellent physical, elastic, mechanical, thermal, 
and shielding properties. Silicate glass doped 
heavy metal and transition metal have been 
suggested for radiation attenuation.  

Silicates (SiO2) belong to a group of oxide glass 
formers that can covalently bond with heavy and 
transition metal oxides to form excellent and 
transparent glass within the visible light [2]. 
Vishwanath et al. [3] investigated and compared 
the radiation shielding properties of silicate and 
borate glasses containing heavy metal oxide. 
The bismuth silicate glass was found to have a 
greater Zeff and thus a higher gamma absorption 
cross section than the other glasses. Tekin et al. 
[4] investigated the gamma and neutron shielding 
properties of sodium-calcium-phosphate and 
silicate bioactive glasses, According to the 

findings, silicate glass appears to be a better 
material for radiation shielding from both photons 
and neutrons.. 

Bismuth oxide (Bi2O3), a heavy metal oxide with 
a high density of 8.9 g/cm3, exhibits glass-
forming and modifying properties due to its BiO6 
and BiO3 pyramidal units. When added to a glass 
system, enhances glass density and increases 
photon absorption [5]. Previous work by Halima 
et al. [6] and Boukhris et al. suggested that 
inclusion of Bi2O3 into glass matrix improved the 
physical and radiation shielding ability.  

Transition metals (Fe, Co, Cr, Cu, Ni, and Zn) 
are commonly used as dopants at low levels to 
modify the physical and mechanical properties of 
glass. These metals have been shown to 
enhance ionic strength, improve optical 
transparency and strengthen mechanical 
properties [7-9]. The inclusion of MgO is 
expected to improve the examined glass's elastic 
and mechanical properties. Mechanical strength 
of glasses is critical in radiation shielding 
because it influences their ability to resist 
radiation while retaining structural integrity. 

The study investigates the effect of manganese 
oxide on bismuth silicate glass, focusing on its 
elastic, mechanical, and radiation shielding 
properties. The research uses the Makishima-
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Mackenzie model and Phy-X/PSD to analyze and 
simulate the properties, aiming to understand 
how manganese oxide influence the overall 
performance of the glass. 

2. Materials and Methods 
The bismuth silicate doped manganese glass in 
the form of (60-x)Bi2O3+SiO2+x MnO2 where x= 
0, 5, 10, 15, and 20 is selected for this work. The 
glass system was manufactured using melt 

quench procedures at temperatures ranging from 
1100 to 1150o C, depending on the composition, 
and then annealed at 350o C in a muffle furnace 
for 3 hours before being gradually cooled to room 
temperature. The glass densities, molar volume, 
and optical band gap energy can be found in Dult 
et al.  [10]. The sample glasses are coded 
0MnBiSi, 5MnBiSi, 10MnBiSi, 15MnBiSi, 
20MnBiSi for identification. Table 1 shows the 
compositional ratio of the composite.  

Table 1. Chemical composition and density of the fabricated glass 

Sample 
code 

Bi2O3 SiO2 MnO2 Mn O Bi Si Density 
Molar 

volume 
 (mol%) (mol%) (mol%) (w.t%) (w.t%) (w.t%) (w.t%) g/cm3 cm3/mol 

0MnBisi 60 40 0 0 0.137 0.826 0.037 6.796 44.71 

5MnBisi 55 40 5 0.0096 0.1433 0.8076 0.0395 6.412 44.4 

10MnBisi 50 40 10 0.0207 0.1505 0.7865 0.0423 6.198 42.87 

15MnBisi 45 40 15 0.0334 0.1589 0.7622 0.0455 6.162 40.05 

20MnBisi 40 40 20 0.0482 0.1686 0.7339 0.0493 6.142 37.09 

 

2.1 Optical study 

The refractive index is an optical property that 
describes the transparency of a glass and is 
influenced by its composition. Changes in 
refractive index directly affect other optical 
parameters such as, dielectric constant, electric 
susceptibility, molar refractivity. The refractive 
index (n) is determined using the relation  [11]:                               

   (1) 

where  represent the optical band gap 

energy.  

Molar refractive index ( ) is a parameter that is 

directly affected by the refractive index of glass 
and is calculated using the equation [12]: 

    (2) 

The electric susceptibility (χ) of the investigated 
MnBiSi glasses is strongly connected to the 
dielectric constant (ε) and is determined using 
the following relation [13]: 

 /4π   (3) 

The optical (ή) measures an ion's ability to attract 
electrons from neighbouring oxide ions, forming 
stronger bonds. The higher the ion's 
electronegativity, the tighter the bonds between 
the network ions, indicating a stronger attraction 
to the bonded oxide ions. [14]. 

 = 0.2668Eb    (4) 

 

 

 

Other optical parameters that depend on 
electronegativity are electron polarizability (α°) 
and optical basicity (˄) [14]: 

α°     (5) 

˄    (6) 

The transmission coefficient  and reflection 

loss was determined to estimate the fraction of 
light that the investigated glass can transmit or 
loss in the visible region using the following 
relations [12]: 

    (7) 

While the reflection loss at the surface due to 
scattering; 

    (8) 

Metallization criteria M(n) is a parameter used in 
assessing the insulating behavior and 
estimates  the extend a glass becomes metallic 
given by the relation [15]:  

    (9) 

For non-metallic material. the permissible value 
of M(n) lies in the range between 

( )  [15].  

2.2 Elastic and mechanical properties 

The elastic and mechanical properties of 
shielding glasses are crucial in determining their 
ability to withstand radiation damage and 
maintain their structural integrity over time. 
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These properties, predicted using Makishima-
Mackenzie's models, play a key role in 
evaluating the effectiveness of glasses 
developed for radiation shielding applications 
[16]. The model is estimated from the molar 

volume ( , density (ρ), atomic packing factor 

( , and dissociation energy ( ) of the glass. 

The total dissociation energy of the glass 
composition can be computed using the following 
equations [17]: 

    (10) 

where  represent sum of the 

dissociation energy and molar weight fraction 

of the jth component over all glass mixture 

components.  

The formula relating the Young Modulus (Et) to 
the total packing density and total dissociation 
energy (Gt) is expressed as [17]:  

    (11) 

where  denotes the total atomic packing 

density and can be expressed via relation [17]:: 

    (12) 

where  denotes the packing factor and is 

calculated using the relation for a metal oxide of 

the form  [17]: 

   (13) 

where and  is the ionic radii for the metal 

and oxygen. 

The bulk modulus ,shear modulus , and 

longitudinal can be expressed by the following 

relations [18]: 

    (14) 

     (15) 

    (16) 

The mechanical parameters including the 

Poisson’s ration , micro-hardness H, and 

fractional bond connectivity are calculated by 

the following equations [18]:: 

               (17) 

    (18) 

     (19) 

 2.3 Phy-X/PSD program and XCOM  

Photon Shielding and Dosimetry (PSD) well 
known as Phy-X/PSD is a user-friendly for 
simulation of shielding parameters available at 
https://phy-x.net/PSD [19] and  XCOM online 
program [20]. Saleh et al. [21] utilized XCOM 
software to calculate the nuclear radiation 
shielding properties of lithium lead bismuth 
borate glass and compare with Phy-X/PSD 
program. The shielding parameters show a good 
agreement with less than 1% deviation. For this 
study, we employ Phy-X/PSD to investigate the 
shielding parameters of the bismuth borate glass 
doped MnO2.  

The linear attenuation coefficient LAC is a 
parameter that describes the fraction of 
monoenergetic photons that are absorbed per 
unit thickness of a material and is given by [22]. 

    (20) 

where  represent the fraction of photons after 

interaction with an absorber,  represent the 

incident photon intensity before interaction with 

an absorber material, is a constant called the 

linear attenuation coefficient (cm-1) of the 

absorbing material and  is the material 

thickness (cm). 

Mass attenuation coefficient is a quantity that 
described the ability of gamma photons to 
penetrate a material medium per unit mass [23]. 

  (21) 

where  is weight fraction of the ith compound 

and  is the density (g/cm3) of the absorber 

material. 

Half value layer describes how much thickness 
(cm) of a material absorber that is just sufficient 
to attenuate/absorbed the incident photon 
intensity by ½ of its original intensity [24] . 

   (22) 

Tenth value layer describes how much thickness 
of an absorber material that is sufficient enough 
to reduce the incident photon intensity by 1/10 of 
its original intensity [25]. 

   (23) 
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Mean free path is a parameter that described the 
mean distance travelled by photons in an 
absorber material before a successful interaction 
[22].  

    (24) 

Effective atomic number and effective electron 
density are quantities that quantify the ability of a 
material to interact and absorbed photon 
radiation. It depends on the atomic number of the 
composition and effective electronic state of the 
absorber. The following equations can be used to 
calculate Zeff and Neff [19]. 

    (25) 

Total atomic cross section 

    (26) 

where M represent the atomic mass of absorber 

material and , is the Avogadro’s constant. 

Electronic cross section 

    (27) 

Effective electron density is given by 

  (28) 

where  is the summation of the number of ith 

elements making up the absorber material. 

The percentage deviation for the two different 
software’s can be written as:  

  (29) 

3. Results and Discussion 
 
The optical properties including refractive index 
n, dielectric constant ε, ions concentrations N, 
interatomic spacing, electric susceptibility χ, 
transmission coefficient, reflection loss Rl, 
metallization M(n), electron polarizability α°, 
optical electronegativity ή, and optical basicity ˄ 
are tabulated in Table 2. 
The refractive index of the MnBiSi glass 
decreased from 2.71 to 1.68 with increasing ions 
concentration from 1.35 to 1.62 cm-3 as a result 
of decreased in the glass density from 6.796 to 
6.142 g/cm3. This can be attributed to an 
increased in formation of non-bridging oxygen. 
Furthermore, Manganese ions have lower 
polarization compared to 0MnBiSi glass, as such, 
increasing MnO2 level decreased the electronic 
polarizability and refractive index as shown in 

Fig. 1. The interatomic spacing in the glass 
structure reduced as the concentration of ions in 
MnO2 increased, resulting in tighter bonds and 
thus improved glass stiffness as seen in Fig. 2. 
 The glass sample's ability to transmit light within 
the visible region is 88% for 20MnBiSi and 65% 
for 0MnBiSi glass, demonstrating the influence of 
dopant content expanding the network, which 
results in lowering absorption center and hence, 
increased light transmission and a reduction in 
reflection loss as seen in Fig. 3. The M(n) as 
shown in Table 2 satisfy the non-metallic 

condition ( ). 
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Fig. 1 The effect of MnO2 on the refractive index, electronic 
polarizability in MnBiSi glass. 
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Fig. 2. Relationship between ions concentrations, interatomic 
separation, and electric susceptibility. 
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Fig. 3. Shows how MnBiSi glasses responds to light 
transmission, reflection, and MnO2 concentrations. 
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3.1 Elastic and mechanical properties 
The elastic properties of glass, particularly the 
elastic modulus, play a crucial role in radiation 
shielding effectiveness. A higher elastic modulus 
indicates a glass's ability to resist mechanical 
deformation. The addition of MnO2 to bismuth 
silicate glass increases its elastic modulus (see 
Table 3), resulting in a stiffer material with 
improved resistance to deformation and 
corrosion. This enhancement in elastic properties 
contributes to improved radiation 
shielding performance [26]. The glass sample 

20MnBiSi has the highest elastic moduli and 
atomic packing density, resulting in stronger 
interatomic bonds and smaller distances 
between atoms. This makes it the most resistant 
to elastic deformation. In contrast, sample 
0MnBiSi has the lowest elastic moduli and 
largest atomic distances, making it the most 
susceptible to elastic deformation. 
 
 
 
 
 

 
Table 2. Optical characteristics of MnBiSi glasses  

Parameters 0MnBisi 5MnBisi 10MnBisi 15MnBisi 20MnBisi 

Molecular weight, Mw 303.61 284.66 265.71 246.75 227.80 

Refractive index, n 2.71 2.37 2.25 2.12 1.68 

dielectric constant ε 7.34 5.60 5.08 4.48 2.83 

molar refractivity, Rm 30.34 26.88 24.72 21.51 14.05 
Ion’s concentration, N *1022 
cm-3 1.35 1.36 1.40 1.50 1.62 
Interatomic seperation, *1023 
(Ao) 2.47 2.46 2.37 2.22 2.05 

Electronic polarizability, αe 12.04 10.67 9.81 8.53 5.57 

Transmission coefficient, Tc 0.65 0.72 0.74 0.77 0.88 

Reflection loss, Rl 0.21 0.16 0.15 0.13 0.06 

Metallization M(n) 0.31 0.44 0.49 0.56 0.83 

Optical electronegativity  0.74 0.59 0.55 0.49 0.34 

electron polarizability ά 2.83 2.97 3.01 3.06 3.19 

optical basicity ˄ 1.33 1.40 1.43 1.45 1.53 

Number of oxygen atom  2.60 2.55 2.50 2.45 2.40 

polaron interaction rp 0.065 0.064 0.062 0.058 0.054 

Electric susceptibility, χ 0.50 0.37 0.32 0.28 0.15 

 
   Table 3. Summary of elastic and mechanical properties of MnBiSi glasses. 

Glass 
sample 
code VT (cm3/mol) GI KJ/mol ET Gpa KT Gpa ST Gpa LT Gpa Pr Hm Fr 

0MnBisi 0.73 48.93 298.61 260.75 404.51 800.10 0.304 14.93 6.21 

5MnBisi 0.71 50.55 300.04 254.82 408.24 799.14 0.299 15.49 6.41 

10MnBisi 0.72 51.55 310.29 267.24 421.24 828.89 0.302 15.77 6.31 

15MnBisi 0.73 52.55 320.70 280.04 434.44 859.29 0.304 16.04 6.21 

20MnBisi 0.74 53.55 331.28 293.24 447.83 890.35 0.307 16.31 6.11 

 
Table 4. Comparison of mass attenuation coefficient of some fabricated glass with excellent shielding properties                                                                                    

 
Photon energy (MeV) 

 

Glass code 0.015 0.1 0.6 3          Ref. 

BPNC6 70.582 3.495 0.107 0.04              [27] 

TAW-D 47.69 1.674 0.083 0.037             [28] 

BBNS6 63.216 3.011 0.102 0.039              [29] 

TZN-A 42.56 1.394 0.08 0.036              [30] 

0MnBiSi 96.415 4.767 0.12 0.042     This work 

5 MnBiSi 94.801 4.666 0.119 0.042      This work 

10MnBiSi 92.956 4.551 0.118 0.41        This work 

15MnBiSi 90.828 4.417 0.116 0041       This work 

20MnBiSi 88.346 4.262 0.115 0.041      This work 
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Table 5. Mass attenuation coefficient of the investigated 15MnBiSi, 20MnBiSi glasses via Phy-X/PSD 

 15MnBiSi 20MnBiSi 

Energy (MeV) Phy-X XCOM Dev.% Phy-X XCOM Dev.% 

0.015 90.828 90.86 0.04 88.346 88.32 0.03 

0.02 69.321 69.34 0.03 67.145 67.13 0.02 

0.03 24.386 24.39 0.02 23.608 23.6 0.03 

0.04 11.576 11.58 0.03 11.204 11.2 0.03 

0.05 6.497 6.499 0.03 6.289 6.287 0.03 

0.06 4.069 4.07 0.02 3.939 3.939 0.0 

0.08 1.977 1.977 0 1.916 1.915 0.05 

0.1 4.417 4.419 0.05 4.262 4.261 0.02 

0.15 1.622 1.622 0 1.567 1.567 0.0 

0.2 0.818 0.817 0.12 0.792 0.792 0.0 

0.3 0.343 0.342 0.3 0.334 0.334 0.0 

0.4 0.205 0.204 0.5 0.201 0.2 0.5 

0.5 0.147 0.146 0.7 0.144 0.144 0.0 

0.6 0.116 0.116 0 0.115 0.114 0.87 

0.8 0.086 0.085 1.2 0.085 0.084 1.18 

1 0.07 0.069 1.43 0.07 0.069 1.43 

1.5 0.052 0.053 1.92 0.052 0.052 0.0 

2 0.046 0.046 0 0.046 0.045 2.17 

3 0.041 0.042 2.38 0.041 0.04 2.4 

4 0.04 0.041 2.5 0.04 0.039 2.5 

5 0.04 0.04 0 0.039 0.039 0.0 

6 0.04 0.039 2.5 0.04 0.039 2.5 

7 0.041 0.04 2.4 0.04 0.04 0.0 

8 0.042 0.041 2.38 0.041 0.041 0.0 

9 0.043 0.042 2.32 0.042 0.042 0.0 

10 0.044 0.043 2.27 0.043 0.043 0.0 

11 0.045 0.044 2.22 0.044 0.043 2.27 

12 0.046 0.045 2.17 0.045 0.044 2.22 

13 0.047 0.046 2.12 0.046 0.045 2.17 

14 0.048 0.047 2.08 0.047 0.046 2.13 

15 0.049 0.048 2.04 0.048 0.047 2.08 
 

The Poisson's ratio decreases from 0MnBiSi to 
5MnBiSi, but then increases significantly from 
5MnBiSi to 20MnBiSi, indicating a reduction in 
defects and improvement in the glass structure. 
The fractional bond connectivity increases from 
0MnBiSi to 5MnBiSi, indicating increased 
connectivity and rigidity, but then decreases 
slightly from 5MnBiSi to 20MnBiSi. The 5MnBiSi 
glass has the highest connectivity value of 6.41, 
suggesting optimal structural properties. The 
decreasing effect in Fr can be attributed to the 
amount of bridging oxygen decreasing while 
increasing the non-bridging oxygen resulting in 
decreasing glass density (see Table 1). 
 
The microhardness of the glasses increased as 
the mol% of MnO2 increased, with the highest 
microhardness (16.31) found in the 20MnBiSi 
glass and the lowest (14.93) in the 0MnBiSi glass 
as shown in Table 3. This suggests that the 

20MnBiSi glass has the greatest elastic and 
mechanical advantages compared to 
the other samples. 
 
3.2 Radiation shielding properties 
 
To study MnBiSi glasses as potential photon 
radiation blockers, mass attenuation coefficients 
were estimated using the Phy-X/PSD program 
and compared to XCOM in the photon energy 
range of 0.015-15 MeV. Table 5 displays the 
mass attenuation coefficients of the MnBiSi 
glasses examined using Phy-X/PSD and XCOM, 
as well as their percentage deviation. The 
deviation of the MnBiSi glass MAC values from 
the Phy-X and XCOM results is less than 3% for 
all photon energy range, demonstrating the 
accuracy of MAC results.  Fig. 4 displays MAC 
behavior as a function of photon energy and 
MnBiSi glass density.  
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Fig. 4. MAC as a function of photon energy of the MnBiSi 
glasses 

 
The MAC of MnBiSi sample glasses with varying 
MnO2 levels is shown in Fig. 4. The mass 
attenuation coefficient of MnBiSi exhibits greater 
MAC values at lower photon energies due to 
increased photon absorption mediated by the 
photoelectric effect. The MAC (mass attenuation 
coefficient) values at 0.015 MeV decrease as the 
mol% of MnO2 increases from 0MnBiSi to 
20MnBiSi. The highest MAC value (96.415 
cm2/g) is observed in 0MnBiSi, attributed to its 
higher density. The addition of MnO2 reduces the 
MAC due to the replacement of higher molecular 
mass Bi2O3 with lower molecular mass MnO2, 
resulting in fewer electrons available to interact 
with incident photons and decreased photon 
absorption due to density differences. The sharp 
drop in photon absorption within the photon 
energy range of 0.015–0.15 MeV is dominated 
by photoelectric effect and the attenuation 

coefficient is proportional to the  and 

inversely to  in this region as suggested by 

others [31], [32], [33].  The dramatic decline in 
attenuation around 90.5 KeV is due to 
overcoming bismuth's binding energy, which 
allows X-rays to be captured by the k-shell 
electrons. The mass attenuation coefficient 
gradually decreased as photon energy increased 
from 0.2 MeV to 3 MeV, and can be attributed to 
multiple scattering caused by deeper photon 
penetration, resulting in an increased scattering 
and reduction in photon absorption where Z 

varies  holds. This region is called the 

Compton scattering region. Above the region of 
Compton scattering, a pairing phenomenon 
occurs at 4 MeV and above, the MAC values 

behave like semi-constant and varies with log  

and  where pair production event dominates 

the interaction process.  The addition of MnO2 to 
bismuth silicate glasses, at the expense of 
bismuth, decreases their radiation shielding 
effectiveness. The mass attenuation coefficient 
(MAC) of these glasses was compared to other 

fabricated glasses at specific photon energies, as 
shown in Table 5. 
The shielding effectiveness of the investigated 
glass can also be assessed using HVL. The 
glass sample with the lowest HVL is desirable, as  
smaller HVL requires a smaller thickness to 
absorb photon radiation  [34]. The thickness (cm) 
required to reduce the incident photon intensity 
by a factor ½ is term as half value layer. 
According to Fig. 5, the 0MnBiSi glass sample 
has the lowest HVL (0.15 cm) at 0.05 MeV 
compared to 5MnBiSi (0.16 cm), 10MnBiSi 
(0.17), 15MnBiSi (0.17), and 20MnBiSi (0.18 
cm), respectively. As shown in Fig. 5, 0MnBiSi 
has the highest photon attenuation properties 
due to its larger electron density per unit volume, 
which aids scattering and photon absorption.  

 
Fig 5. Half value layer as function of photon energy of the 
MnBiSi glass samples. 

 
This means that a 0.049 cm thick HVL of the 
0MnBiSi sample will lower gamma photon 
intensity to one-half of its original intensity, as will 
5MnBiSi, 10MnBiSi, 15MnBiSi, and 20MnBiSi 
samples with thicknesses of 0.053, 0.056, 0.058, 
and 0.060 cm, respectively.  
 
In the photoelectric region at low photon 
energies, the mean free path (MFP) values 
increase and are highest for the 0MnBiSi glass 
sample, which has the highest effective atomic 
number. The 0MnBiSi glass sample has the 
highest photon absorption in the photoelectric 
region. As photon energy increases, the mean 
free path (MFP) increases rapidly, indicating a 
shift to Compton scattering dominance. 
Generally, MFP increases with photon energy as 
seen in Fig. 6. However, 0MnBiSi sample has the 
lowest MFP value compared to the other 
samples in the series. Glasses as MnO2 to Bi2O3 
substitution increases throughout the glass 
system, the glass density decreases and the 
MFP decreases.  
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Fig. 6. Variation of MFP as function of MnBiSi glass density 

and photon energy 
 

 

4. Conclusion 
 
The Optical, elastic, mechanical, and radiation 
shielding efficacy of manganese bismuth silicate 
glass with composition (60-x)Bi2O3+SiO2+xMnO2, 
where x=0,5,10,15, and 20, is examined. When 
20 mol% of MnO2 is doped into the glass, the 
optical clarity (refractive index) increases by 
approximately 61.3% compared to undoped 
glass and 35.4% increase in transmission of light 
in the visible region. The 20MnBiSi sample, with 
the highest elastic moduli, has the highest 
resistance to elastic deformation due to its 
highest atomic packing density. Additionally, its 
microhardness is 9.25% higher than that of the 
0MnBiSi sample, indicating superior 
mechanical properties. The radiation attenuation 
properties of the glasses were simulated using 
Phy-X/PSD and XCOM software, showing that 
sample 0MnBiSi of density 6.796 g/cm3 has the 
highest radiation absorption capabilities. While 
sample 20MnBiSi excels in optical, elastic, and 
mechanical properties, making it suitable for 
applications optical clarity, strength, and 
durability is paramount. Sample 0MnBiSi remains 
the best choice when high radiation absorption is 
the primary requirement due to its superior 
attenuation coefficients and lower half-value 
layer (HVL) and mean free path (MFP) as 
compared to other investigated samples. 
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