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Abstract

High density glass samples of chemical composition 70B,0;-20CaO—(10 — x)
Bi,05;—xEu,0;: 0 (BCBEu0.0)<x<1 (BCBEul.0) mol% were synthesized by melt-
quenched route. The amorphous structure of glass blocks is established by the X-ray
diffraction (XRD) spectrum. The physical, mechanical properties as well as gamma-
ray shielding characteristics of the synthesized glass blocks were investigated. Den-
sity of samples showed an increment from 5.0373 to 5.0736 gem™>. The molar volume
decreased from 25.012 cm’/mol for BCBEu0.0 (Eu=0.0) to 24.605cm>/mol for BCBEu1.0
(Eu=1.0). Elastic moduli and Poisson’s ratio have been estimated according to Makishima
and Mackenzie via the system values of dissociation free energies and packing densities.
The oxygen molar volume decreased from 9.62 to 9.46346 cm®/mol, whereas Poisson’s
glasses ratio varies between 0.250 and 0.257 as the [Eu,05] mol% is improved from O to
1.0 mol%. Young’s modulus has a value of 63.202 GPa and increased to 65.002 GPa at
lower and higher [Er,O;] mol%, respectively. Shielding properties of investigated glasses
have been estimated utilizing XCOM, and Phys-X/PSD program. Mass and linear attenua-
tion coefficient were found to increase as the mol% of Eu,0; increased. The sample coded
as BCBEu1.0 with high density possessed lowest values of half-value layer. The glass
BCBEu1.0 pointed out to be a superior when used as radiation protection agent. The sug-
gested glass sample loaded with high concentration of europium has a strong ability to
guard against radiation as compared to glasses without and low concentration of europium
and it can be used in the field of medicine, according to the results.

Keywords Density - Mechanical properties - Molar volume - Phy-X - MAC - Half-value
layer - Melt-quenching route

1 Introduction

Rare-earth (RE) elements-doped glass systems have gained popularity for a diverse array
of uses, such as solid-state-laser, emission displays, optical-amplifiers, and converting IR
to UV light (Khan et al. 2019; Adam 2002). The rationale behind it lies in the exceptional
attributes of these glass types: their transparency, substantial amplification, proficient
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handling of temperature-induced optical changes, and their resistance to chemical pro-
cesses. Moreover, compared to their single crystal counterparts, bulk-glasses infused with
RE-elements were conveniently manufactured in desired forms and flexibility (Khan et al.
2019; Babu et al. 2007; Lavin et al. 2003). Furthermore, this production process is both
efficient and cost-effective, ensuring consistent optical uniformity and the potential for
distinct luminescence features across a broader spectrum. A former oxide glass variant,
known as B,0;, employs flat BO3 units as its foundational structure. The incorporation of
modifier oxide glasses like Li,O, ZnO, and CaO can transmute these planar BO3 units into
tetrahedral BO4 units (Lavin et al. 2003; Bray 1999; Michaelis et al. 2007; Yiannopoulos
et al. 2001; Sallam et al. 2020; Abdel Maksoud et al. 2022; Madbouly et al. 2022). Glasses
composed of borate, particularly B,O5, showcase remarkable physical and chemical traits,
resilience to high temperatures, and spectral light transmission across the range from near
UV to IR. Given these attributes, B,O5 glass stands as a propitious matrix of embedding
RE-metal ions, especially pertinent for a variety of optoelectronic applications (Lavin et al.
2003; Madbouly et al. 2022).

In relation to the matrix in which they are embedded, Europium (Eu®** and Eu®*) ions
tend to absorb light photons within UV spectrum and showcase emission spectra span-
ning from the UV to regions close to the infrared (IR) (Khan et al. 2019; Babu et al. 2007;
Niraula and Rizal 2018; Poort et al. 1996; El-Denglawey et al. 2021; Alsaif et al. 2022a,
2022b; Rammah et al. 2021a; Hegde et al. 2022). The alteration in electron positioning
between the ,F fundamental state and the crystal field portion of the JF®— (D’ excited
state configuration gives rise to the crimson luminescence of Eu* ions, diverging from
the verdant luminescence exhibited by Eu** ions (Poort et al. 1996). Consequently, the
arrangement and nature of the chemical bonds within the glass framework have a direct
impact on the optical traits of RE ions (Lavin et al. 2003; Madbouly et al. 2022).

Upon the inclusion of PbO and/or Bi,0; alongside Eu,0; within the glass compositions,
a discernible enhancement in their capacity to mitigate radiation has been ascertained
(Hegde et al. 2022; Wagh et al. 2017; Rammah et al. 2021b, 2020). The examination and
manipulate of Eu*" ions in the glass compositions on shielding-mitigating traits of diverse
glass types has been undertaken by researchers such as Wagh et al. (2017), Rammah et al.
(2021b), and Hegde et al. (2022). Their collective findings concur that the introduction of
Eu’* ions into glass formulations can effectively heighten their proficiency in mitigating
radiation effects.

In this research work, novel bismuth borate glass systems that contain the europium
(Eu**) rare earth ions are prepared. These glasses were created using the traditional melt-
ing process. The prepared glasses’ structure, physical (e.g., density, and oxygen packing
density), mechanical, and effectiveness against harmful radiations were tested for medical
applications.

2 Experimental work
2.1 Glass-blocks preparations

The produced glasses were coded as:

BCBEu0.0: 70B,0;-20Ca0—10Bi,0;-0.0Eu,0;,
BCBE0.2: 70B,0,-20Ca0-9.8Bi,0,-0.2Eu,0;,
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Fig. 1 A photo of the prepared glass samples (x=0.0, 0.2, 0.4, 0.6, 0.8, and 1.0 mol%)

Table 1 Composition, density, and molar volume for prepared glass samples of 70B,0;-20Ca0-(10—x)
Bi,0;xEu,0;, 0<x <1 mol% glasses

Samples code Chemical compositions mol% Density, py,, (& Molar volume, V

cm?) +0.001 (cm?/mol) +0.001
B,0; CaO Bi,0; Eu,04

BCBEu0.0 70 20 10 0.0 5.037 25.012

BCBEu0.2 70 20 9.8 0.2 5.044 24.931

BCBEu0.4 70 20 9.6 0.4 5.052 24.843

BCBEu0.6 70 20 9.4 0.6 5.059 24.760

BCBEu0.8 70 20 9.2 0.8 5.066 24.681

BCBEul.0 70 20 9 1.0 5.074 24.605

BCBEu0.4: 70B,0,-20Ca0-9.6Bi,0,-0.4Eu,05,
BCBEu0.6: 70B,0;-20Ca0-9.4Bi,0,-0.6Eu,05,
BCBEu0.8: 70B,0;-20Ca0-9.2Bi,0,-0.8Eu,0;, and
BCBEu1.0: 70B,0;-20Ca0-9Bi,0;—1.0Eu,0,

The general chemical compositions of the prepared samples was
70B,0,;-20Ca0-(10—x)Bi,0;—xEu,05: 0 <x <1 mol%. Samples were set by traditional
melt-quenched method. B,0;, CaO, Bi,0;, and Eu,0; oxides with purity 99% were
used in preparation process. The total weight of each mixture composite was 10 g.
Firstly, powders were precisely weighed in accordance with the mol% and thoroughly
mixed in a mortar for 30 min to guarantee good homogeneity. The resultant mixture
was then put in uncovered 50 mL porcelain crucibles and cooked for 45 min at 300 °C
in a regular environment in an electric oven. Then it was transferred to another electric
oven and heated to 1200 °C for 30 min to create a clear-highly-viscous liquid. Before
being quenched into a stainless-steel mold, a viscous glass solution was intermittently
spun for 10 min in an electric furnace to achieve homogeneity. The finished glass disks
were then heated to 300 °C for a day to remove any thermal stresses and forming bub-
bles. Photographic pictures of the prepared glass blocks are depicted in Fig. 1. Sam-
ples codes and chemical composition of the prepared blocks are shown in Table 1.
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2.2 XRD measurement

After the fabrication process, the little pieces were ground to provide some powders for this
characterisation step. Using a German Bruker AXS D8 Advance X-ray diffractometer, the
XRD diffraction study of glasses loaded with different contents of europium was performed
within the values of 20 between 10° and 80°. An analysis was conducted using CuK radiation.

2.3 Measurements of density and other associated parameters

Through the application of Archimedes’ principle and immersion in toluene, the density of
produced glass samples was determined at room temperature using the following relationship:

Wair
p= W— X PToluene (1)

air — WToluene

where W, and Wy, ... represent its mass in air and after being submerged in toluene,
respectively.

Equation (2) is used to determine the glass’s molar volume (V).

Molecular weight of glass sample
Vin = 2
pglass

Oxygen packing density (OPD) gives information about the tightness of glass network and
is determined according the following formula (Divina et al. 2020):

p ass
OPD = 1000 N ¢

Molecular weight of glass sample @)
where N is total number of oxygen atoms.

The following formula (Divina et al. 2020) is used to compute the oxygen molar volume
(OMV), or the volume of glass that contains one mol of oxygen.

Vm
oMY = < @)

where 7; is the number of oxygen atoms in each component oxide and x; is the molar per-
centage of each constituent.

2.4 The elastic-mechanical properties
To investigate the mechanical features of the glasses specimen under inspection, the Mak-

ishima—Mackenzie hypothesis (Makishima and Mackenzie 1975) was utilized in this
investigation.

2.5 Photon shielding competences

The Phys-X/PSD program was used to evaluate radiation shielding parameters (Rammah
et al. 2021b).
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3 Results and discussion
3.1 XRD patterns

Figure 2 illustrates the XRD of prepared BCBEu-glasses. For all patterns, the distinctive
diffraction peaks were identified very sharpens at about 29°. In addition, it is possible to
see hump in all XRD footprint of glass samples and the absence of prominent diffraction
peaks. These observations demonstrate that all prepared glasses are amorphous.

3.2 Physical characteristics

The measured density and calculated theoretical molar volume of the specimens have been
detailed in Table 1 and Fig. 3. The variations in sample densities emerged in relation to
the addition of europium(III) oxide (Eu,05) to the chemical composition of the obtained
blocks. The density progressed from 5.0373 to 5.0736 g/cm® as the Eu,0; mol% rose from
0.0 to 1.0 mol% within glasses. However the density of bismuth is higher than the density
of europium, the replacement of bismuth with europium in the current study enhances the
density. The inclusion of europium ions may skew the scale of the rising synthesis of tet-
rahedral BO4 units at the expense of triangles BO3. Tetrahedral BO4 groups that are con-
nected in three dimensions have a significantly higher density than planar BO3 triangles
(Elsad et al. 2021a; Khattari et al. 2022). The density of BOy increases from 1867 to 3110
kgm‘3 when the coordination number (CN) is increased from 3 to 4 (Elsad et al. 2021a).
The rising trend of glass system density is thus explained by the increasing production of
denser tetrahedral BO4 units at the decrease of less dense BO3 triangles.

Figure 3 also indicates that the molar volume (V) and density exhibit the opposite
trend. Furthermore, we ascertained that V, €[25.012, 24.605] cm’/mol with the intro-
duction of europium(III) oxide to the glass’s chemical composition. The change in glass
structure caused by variations in the concentration of BO3 and BO4 units may also be
connected to the molar volume decreasing with an increase in europium content. Rapid
BO4 tetrahedral formation is a significant factor in the reduction of molar volume. The
molar volumes of triangle BO3 and tetrahedral BO4 units are 37.4 and 22.4 cm® mol ™!,

Fig.2 XRD patterns of the
synthesized glasses
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Fig.3 Variation of density and molar volume as a function of Eu,0; molar fraction present in glass samples

respectively, which are significantly different (Elsad et al. 2021a). Such formed massive
BO4 units explain clearly closing the glass structure.

Figure 4 depicts an increase in oxygen packing density (OPD) that runs counter to
the trend seen in oxygen molar volume (OMV). Notably, in such unique glass struc-
tures, OMV decreased from 9.62 cm?/mol at [Eu,05]1=0 mol% to 9.46346 cm?®/mol at
[Eu,05]1=1.0 mol%. In contrast, OPD escalated from 103.96 to 105.66 g atom/L, mark-
ing a fractional change of 1.63%. Such alteration signifies that the inclusion of euro-
pium (III) oxide in the glass specimens has effects on both OPD and OMV. For the pre-
sent glass matrix, the enhancement in OPD and reduction in OMV with the increasing
content of Eu,0; confirm the more packed structure of glass matrix due to the presence
of more bridging oxygens (BOs) in the structure.
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Fig.4 Oxygen molar volume (OMV) and oxygen packing density (OPD) as a function of E Eu,0; molar
fraction presented in glass samples
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3.3 The elastic-mechanical properties

In this investigation, the Makishima—Mackenzie theory (Makishima and Mackenzie 1975)
was employed to explore the mechanical-characteristics of glasses specimen under exami-
nation. The summarized outcomes for estimated elastic-moduli and the Poisson’s-ratio
are conveniently presented in Table 2. The findings reveal that the Poisson’s ratio for the
glass range shifts within 0.250-0.257 as the molar proportion of [Eu,0;] escalates from
0 to 1.0 mol%. The thermo-dynamical attributes of the glasses structure embedded in the
Gibbs-free energies (G) are also made accessible through Table 2. This parameter com-
mences at 56.66 kJ/cm® at lower [Eu,0;] mol% and advances to 56.78 kJ/cm? as the con-
centration of Eu,0; intensifies in the glassy framework. The associated dissociation free
energy (G, for the entire glass system increases as a result of raising boron’s coordination
from 3 to 4.

Moreover, additional moduli displayed an augmentation as the molar content of [Eu,05]
within the molecular configuration of the glassy structure increased. As an illustration,
Young’s modulus, initially at 63.202 GPa, exhibited an elevation to 65.002 GPa for lower
and higher [Eu,0;] concentrations. Also recorded shear modulus and bulk modulus in
Table 2 are notably enhanced with increasing Eu,O; concentration. The interrelation of
elastic—physical characteristics in such glass compositions was influenced by the bonding
forces between atoms, the extent of atomic arrangement, and the unit cell’s spatial orien-
tation factor (To et al. 2020). The increasing dimensionality and interconnection of net-
works are primarily responsible for this evident enhancement in elastic moduli. As was
previously mentioned, the addition of Eu,0; causes a rising amount of higher coordination
[BO4] over lower coordination [BO3]. Accurate determination of these structural attributes
remains challenging due to inherent limitations in experimental methodologies. Conse-
quently, incorporating bonds dissociations energies and V of the used oxides into numeri-
cal computations might introduce disparities between anticipated and observed behaviors
within the studied glass compositions.

3.4 Gamma-ray shielding properties
Figure 5a presents a three-dimensional logarithmic representation illustrating the com-

puted MAC values acquired from two methods (XCOM (Berger et al. xxxx) and Phys-
X (Sakar et al. 2020)) in the energies spanning E€[0.015-15] MeV. MAC trend with

Table 2 The mechanical parameters and elastic moduli of the investigated samples

Sample code  V, G E B S z

(cm®/mol) Dissociation Young Bulk Shear Poisson’s ratio

packing densi- energies (kJ/ modulus modulus modulus

ties cm?®) (GPa) (GPa) (GPa)
BCBEu0.0 0.557 56.66 63.202 42.299 25.261 0.250
BCBEu0.2 0.560 56.68 63.556 42.756 25.376 0.252
BCBEu0.4 0.564 56.70 63.930 43.242 25.498 0.253
BCBEu0.6 0.567 56.73 64.295 43.719 25.617 0.254
BCBEu0.8 0.570 56.76 64.651 44.184 25.734 0.256
BCBEul.0 0.572 56.78 65.002 44.645 25.849 0.257
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respect to incoming photon energy aligns well with an exponential decay function
(Elsad et al. 2021b). Additionally, the average inferred discrepancy between these two
techniques remains below 6%. photoelectric absorption (PE), Compton scattering (CS),
and pair production (PP) are the three predicted interactions that can occur at low, mid-
dle, and high energies, respectively, depending on the energy of the input photon. Due
to the dominating PE absorption, which has a high effective cross section correlated
with the incident energy and absorber atomic number (1/E*° and Z*), the absorber will
consequently exhibit high MAC values (Divina et al. 2020).

For instance, at E=15.0 keV, the computed MAC values are 40.627, 40.773,
40.919, 41.064, 41.207, and 41.350 cm*/g for the BCBEu0.0, BCBEu0.2, BCBEu0.4,
BCBEu0.6, BCBEu0.8, and BCBEul.0 samples, respectively. These values correspond
to a percentage increase of 0.723 cm?/g between the lower and higher concentrations
of Eu,05 in the blocks. This trend is expected due to the minor variation (1.0 mol%) of
europium (III) oxide in the samples. The increasing MAC as a function of molar con-
centration of Eu,0; or the sample densities increases is evident. This behavior is con-
sistent even at higher-energy incoming photons, where these values tend to converge.
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Fig.5 a The MAC calculated using Phys-X for the studied samples; b a comparison of the MAC values
between XCOM data base Phys-X program for the sample encoded as BCBEu0.4
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Fig.6 a A comparative 3D illustration of the LAC as function incoming photon energy. b A comparison of
the LAC values at selected incoming photon energies

For instance, the ratio of MAC at E=5 MeV to that at E=15 MeV remains around
1.00%, regardless of the sample’s properties or Eu,0; content.

This ratio emphasizes the intertwined influence of Molarity and photon energies on
this crucial shielding-radiation factor. A similar reliance on mol% was also observed
in the studied physico-mechanics of these solids as discussed earlier. This substanti-
ates that the molar fraction of [Eu,0s;] significantly influences the physical, mechanical,
and shielding characteristics of the studied glass systems. Furthermore, with increasing
incoming photon energy, MAC values decrease notably faster compared to lower energy
levels. For E=0.015 MeV, the MAC values ranged from 40.627 to 41.350 cm?/g as the
[Eu,05] concentration increases from 0 to 1.0 mol%. Moreover, at E=15 MeV, these val-
ues remain nearly constant (around 0.033 cm?/g) across all glasses, irrespective of density
or erbium oxide concentration. This outcome underlines that at higher y-ray energy lev-
els, the addition of Eu,0; has negligible impact on the radiation competence properties
of these blocks. In Fig. 5b, it’s evident that both the Phys-X and XCOM methods yield
identical results when assessing the MAC values for the BCBEu0.4 sample. Moreover, the
outcomes directed to that the BCBEul.0 block, containing the uppermost erbium oxide
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Fig.7 LAC as a function of glass (a)
sample density for a E=0.08, 9.50
0.3,and 1 MeV and b E=5, 8, 9.25
10, and 15 MeV
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concentration, exhibits the highest MAC within spectrum of energies examined in this
study.

Figure 6a displays the functionality of LAC across the entire domain of incident ener-
gies for y-rays as pointed our earlier. The photon energy of E=15 keV, distinct values are
observed: 204.650, 205.688, 206.721, 207.751, 208.776, and 209.796 cm™", corresponding
respectively to BCBEu0.0-BCBEu1.0 samples. Their percentage ratio at higher and lower
energies remains consistent with the MAC values, indicating their dependence on sample
density. These outcomes suggest an influential relationship among the obtained values and
the calculated V,, of the glass systems. The sample labeled as BCBEu1.0 exhibits the high-
est LAC values. Figure 6b presents a bar chart depicting the sample BCBEu1.0 having the
maximum LAC value between the tested blocks. The chart demonstrates a rapid decrease
in LAC values with respect to incoming photon energy.

The influence of sample density on linear mass attenuation coefficients are illustrated in
Fig. 7a for E=0.08, 0.3, and 1 MeV and Fig. 7b for 5, 8, 10, and 15 MeV. The figure reveals
the following facts: at low energy (E=80 keV), we find that the 8.30 <LAC <9.05 cm™..
In the middle energy range (e.g. around Ex 1.0 MeV), LAC values sharply decline as low
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Fig.8 TF of the incident gamma-ray photons at selected incoming photon energy indicated at the top of
bars. The TF values are evaluated at sample’s thickness x=1.0 cm

as 0.32 cm™!, and at higher-energies photons, they drop to around 0.17 cm™!. However, the
general trend of this parameter relative to density remains consistent, with an increasing
trend as density increases.

Moreover, Fig. 8 displays the y-rays TF% of the transparent blocks at various photons
energies levels and at block width x=10.0 mm. This figure highlights two key characteris-
tics: low transmission for lower-energetic photon and leveling off at higher energy, spark-
ing the essence of Beer—Lambert’s model. Additionally, for a specific sample density, the
transmission factor (TF) increases with photon energy, reaching a peak at E=8.0 MeV
before decreasing. This pattern also emphasizes the impact of block width on radiation
attenuating performance of y-rays as they interact with the medium. The figure underlines
the dependency of TF% on sample’s densities and gamma-ray energies, being higher for
higher-energy and lower-density conditions. For instance, at a density =5.059235 g/cm®
(BCBEu0.6) and block width=10.0 mm, TF values for indicated energies in the figure are
0.02%, 38.8%, 72.8%, 84.8%, 85.3%, 85.2%, and 84.6% respectively. Furthermore, addi-
tional analysis of shielding properties is performed to gain deeper insights into the interac-
tion of Eu,05 with gamma-ray radiation.

The HVL has been computed and juxtaposed with conventional glass references (des-
ignated as RS-360 and RS-520 (El-Mallawany et al. 2018)), as presented in Fig. 9a and b.
Regarding E=411 keV as in Fig. 9a, the HVL of the examined samples displays nearly no
correlation with molar percentage, although their magnitudes exceed those of the RS-520
variant while being inferior to RS-360 (El-Mallawany et al. 2018). The HVL proportional-
ity ratios between the ongoing specimen and the standard references stand at 0.81 and 1.5
for RS-520 and RS-360 correspondingly. In contrast, at E=1010 keV, all specimens mani-
fest almost identical HVL values, albeit lesser than the HVL magnitudes for RS-360 and
RS-520 as shown in Fig. 9b. Figure 10 depicts the variation of the effective atomic number
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Fig.9 A comparison between the

HVL for the current investigated
samples with other RS-360 and
RS-520 standard glasses at a
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Fig. 10 Variation of Zeff as a function of photon energy (E) of the investigated samples
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(Z.s) parameter as a function of photon energy (E) of the investigated samples. As shown
in Fig. 10, the trend of the Z  is the same of MAC trend.

The radiation safeguard efficacy, denoted as (RPE=1-TF), is visualized in Fig. 11a.
For low-energy domains, RPE approaches nearly 100% and gradually diminishes with the
escalation photonic energies. The figure shows the RPE is the lowest for BCBEu0.0 (i.e.,
least Eu*") sample and greatest for BCBEu1.0 (i.e., greatest Eu®*). The RPE is evaluated
at sample thicknesses x=1.0 cm. The diagram also portrays this metric at E=5.0 MeV is
shown in Fig. 11b. The specimen labeled BCBEul.0 demonstrates superior RPE values
across the entire energy spectrum, showcasing the marked influence of [Eu,05] molar frac-
tion. This deduction underscores that contingent on the scrutinized shielding attributes to
density, molar fraction, OPD, or OMYV of the investigated glasses. The pivotal determinant
for optimal shielding pertains to the specific application context.

The graphical representation in Fig. 12 displays the effective fast-neutron-removal-
cross-section (denoted as X and measured in cm™) for each sample using bar visuali-
zation. The computed Xy values for the glass samples reveal that BCBEul.0 exhibits the
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Fig. 12 The fast neutron effective removal cross section X for the studied samples. Sample BCBEu1.0 of
the highest density has the dominant value among all glass samples

highest result (Z; =0.14856 cm™!). This particular sample possesses the greatest molar
fraction of [Eu,05] at 1.0 mol%, which corresponds to the highest molar volume but the
lowest Vickers Hardness (recorded at 30.59 GPa, as indicated in Table 2). Conversely,
the sample BCBEu0.0, which contains the lowest [Eu,0s] mol%, density, molar volume,
OMYV, and Vickers’s Hardness (measured at 30.62 GPa), demonstrates the lowest computed
Ty value of 0.14833 cm™!. This sample also has the lowest molar volume and OPD among
the other glass compositions studied. Figure 12 additionally illustrates a gradual increase in
X that correlates with the observed patterns in molar volume and density (refer to Fig. 3).
The interrelated fluctuations of Xy in relation to the physical-mechanical hallmarks sug-
gest a prospective approach where the intended glasses compositions could potentially
accommodate engineered and y-rays defenses requirements within a specific application
context (Wood 1982; Dong et al. 2017).

4 Conclusion

Six glass blocks of chemical composition 70B,0;—20CaO-(10—x)Bi,O3—xEu,05: 0
(BCBEu0.0) 0.0<x<1.0 (BCBEu1.0) mol% has been set the traditional melt-quenched-
method. Structure, physical, mechanical properties as well as gamma-ray shielding char-
acteristics of these transparent blocks were investigated. XRD measurements proposed the
glasses were in their amorphous state. Sample density (p,,,,) found to be from 5.0373 to
5.0736 g/cm3, while the V  decreased from 25.012 to 24.605 cm’/mol as a function of
Eu,0; molarity up to 1.0 mol%. OMV decreased from 9.62 cm*/mol at [Eu,0,]=0 mol%
to 9.46346 cm*/mol at [Eu,05]=1.0 mol% in the glass structure. Poisson’s glasses ratio
varies between 0.250 and 0.257. The Young’s (E) modulus ranged between 63.202 and
65.002 GPa. The shielding efficiency reflected on MAC and LAC was found to increase
as the mol% of Eu,0;. The glass BCBEul.0 with high density found to have the lowest
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values of HVL. The BCBEu1.0 block showed the optimum RPE% values, pinpointing to
effluence of [Eu,0O3] molar fraction. The BCBEul.0 glass showed highest value of the
Xr=0.14856 cm™!. Results revealed that the proposed glass sample (BCBEu1.0) is consid-
ered a suitable material in field of medical application due to high ability for radiation pro-
tection and mechanical properties as compared to investigated samples. The future direc-
tions for research will use other rare earths and compare between them.
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