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Abstract

Physical, optical characteristics, and radiation attenuation capacities of the prepared (50-x)
B,0;+30PbO + 10Na,0 + 10MgO +xNb,O5 glasses with various doping ratios x=0,
2, 4, 6, and 8 mol% have been investigated. Glasses were prepared using the well-known
melt quenching process and named as their corresponding x value. The density and molar
volume of the prepared glasses were increased from 4.71 g/cm® and 23.76 cm?/mol for
the sample with free Nb,Os to 4.91 g/cm® and 25.99 cm®/mol for the rich sample with
x=8 mol% of Nb,Os. With increasing Nb,O5 concentration, the broad near-visible band
centered was moved towards higher wavelength. The direct band gap energies of glass
samples felt from 3.728 to 2.939 eV, while the indirect band gap energies from 3.032 to
1.822 eV as the Nb,Oy substitution ratio increased. Urbach’s energies of the prepared
samples were increased with the increasing of Nb,Os. For photons, the maximum values
of mass attenuation coefficient (MAC) were 32.67, 33.02, 33.38, 33.74, and 34.10 cmz/g
for x=0 — x=8, respectively at 0.015 MeV, while the least corresponding MAC value of
0.0286, 0.0288, 0.0291, 0.0293, and 0.0295 cm2/g was obtained at 10 MeV. For neutrons,
the fast (MAC)py was decreased from 0.0185 —0.0161 cm*g, while the thermal (MAC)y
was decayed from 6.6538 — 5.5903 cm?/g. Analysis of the TSP and CSDA range of the
glasses emphasize the fact that there is no significant difference in the charged particle of
the glasses irrespective of the weight fraction of Nb,Oj relative B,O5. Results confirm that
the current glasses are superior for radiation shielding materials compared to some com-
mercial concrete and glasses.
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1 Introduction

Glass is a class of materials whose applications have evolved over the years. In mod-
ern times, the application of glasses includes: optical, electronic, communication, and
radiation shielding applications amongst others. In shielding functionality, the choice of
glasses has progressed due to the need of transparent, cheap, chemically stable, mechan-
ically strong, thermally stable, high radiation resistant and absorption prowess materi-
als. The ease at which a glass chemical architecture can be altered to produce different
physical, chemical, and radiation shielding property combinations is a major point of
attraction that has made glass shields popular in radiation protection technology.

Recently, it is observed that borate based glasses are potential materials for the opti-
cal devices and optical fibre industry because of their high visible and infrared (IR)
transparencies (Ersundu et al. 2012; Sabry and El-Samanoudy 1995; Upender and
Prasad 2017). In addition, these glasses have good chemical and thermal stability, high
values of nonlinear refractive index (Sabry and El-Samanoudy 1995; Upender and
Prasad 2017; Cardinal et al. 1996). Adding niobium (V) to borate based glasses possess
a wide range of infrared and nonlinear optical response (Cardinal et al. 1996). There-
fore these glasses can be applied in various applications in optical filters, optical mem-
ory devices, IR domes, and laser windows (Cardinal et al. 1996; Flambard et al. 2008;
Nowak et al. 2013). There are several numbers of reports over preparation, thermal,
structure, and optical features of various borate, phosphate, tellurite, and silicate glasses
with participation of Nb,Os, they reported that the presence of Nb,Os in the glass net-
work improves their optical properties (Upender and Prasad 2017; Cardinal et al. 1996;
Flambard et al. 2008; Nowak et al. 2013; Shams et al. 2020; Koudelka et al. 2016; Mar-
condes et al. 2018).

Today many glass species with different brand names are commercially available for
radiation protection application. Many more based on experimental data have shown
potentially better performance than existing shields and have been suggested as alterna-
tive shielding materials (Rammah et al. 2021a, 2021b; Al-Buriahi et al. 2021; Sekhar
et al. 2021; Abouhaswa et al. 2021). In most occasions, it is the dense and heavy metals
(such as Pb, Bi, W, Ba, Mo, etc.) containing glasses/ glasses containing higher pro-
portion of these elements that have shown better photon and charged particle shield-
ing prowess (Sekhar et al. 2021; Rammah et al. 2021b; Abouhaswa et al. 2021).
Recently investigated Pb-based glasses have shown outstanding potentials in terms of
radiation shielding parameters for shielding applications (Abouhaswa et al. 2021; Al-
Harbi et al. 2021; Almugrin et al. 2021). Lately, Al-Harbi and colleagues (Al-Harbi
et al. 2021) investigated the role of PbO content in the radiation shielding capacity of
P,05—Ca0-Na,0-K,0-PbO glass structure. It was concluded that higher Pb content in
the glass system reduced photon transmission. Also, the increase in the Pb content of
PbO-WO0;-Na,0-MgO-B,0; glasses led to a significant improvement in the mass den-
sity, photon and electron shielding ability of the glasses (Almugrin et al. 2021). Further-
more, the PbO-WO;-Na,0-MgO-B,0; glasses had superior photon absorption abil-
ity when compared to common shields such as ordinary concrete, and steel magnetite
concrete (Bashter 1997). The positive influence of Pb on the radiation shielding ability
of other glass structures have been identified (Abouhaswa et al. 2021). In the quest to
produce more sophisticated glass shields with outstanding radiation shielding abilities,
physical and chemical properties that could fit into existing and future radiation protec-
tion applications, many glass systems are at different experimental stages of radiation
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shielding investigations. Some of these glasses could become reliable future alternative
materials in nuclear technology applications.

As shown formerly, glasses containing Nb,Os characterized with an excellent transmit-
tance in the visible and near infrared regions; therefore these glasses have high potential
for practical applications in variety of optical devices. In addition, insertion of Nb,O5 with
high density (4.6 g/lcm®) in the glass composition leads to increase the density of glasses
and improves their capacity as radiation shielding materials. Therefore, in this study, we
fabricate and investigate the optical properties, photon, beta particle, fast and thermal neu-
tron attenuation parameters of (50-x)B,05+30PbO + 10Na,0 + 10MgO + xNb,O5 glasses
with the view of establishing for the first time their suitability for shielding applications.
Boron (B) has a high cross section for thermal and fast neutrons while the cross section of
photons and energetic charged particles is high in Pb, hence, the combination of B and Pb
in the glass chemical structure suggests potentially good shielding effectiveness for these
radiations. This serves as part of the motivation for this investigation. Data and conclusions
from this study would be of great interest to radiation protection scientists and engineers
who are constantly seeking alternative glass materials for shielding and other applications
in nuclear science and technology. To this end, the major aim of this work is to investigate
the physical and optical properties of the prepared B,0;/PbO/Na,0/MgO/Nb,O5 glasses.
Also, photons, neutrons, and beta particles attenuation characteristics of the studied glasses
have been examined.

2 Experimental technique and methods
2.1 Samples preparation

Five glass samples with nominal compositions of (50-x)B,0;+30PbO+ 10Na,O+ 10M
g0+ xNb,05 were prepared using the well-known melt quenching process with various
doping ratios x=0, 2, 4, 6, 8 mol%. To ensure a uniform combination of the glass samples,
boron oxide (B,03), lead oxide (PbO), sodium oxide (Na,O), magnesium oxide (MgO),
and niobium pentoxide (Nb,Os) powders were carefully blended. Subsequently the com-
binations were poured into a porcelain crucible and melted at 1080°C for 30 min before
being suddenly shaped into a stainless-steel pattern to shape the glass samples into discs.
The melting glass samples were quenched in the mold and annealed at 300°C for 3 h before
cooling to room temperature.

Archimedes’ rule was used to determine the densities of the glasses, and the dipping
fluid was toluene, which has a density of 0.86 g/cm®. Table 1 illustrates the density and
molar volume of the manufactured glass samples.

To investigate the optical absorption of polished glass samples, Cary 5000 UV-Vis—NIR
double beam spectrophotometer (wavelengths range from 200 to 3000 nm) has been used.

2.2 Radiation attenuation

The photon, neutron, and beta particle shielding parameters of (50-x)B,05+ 30PbO +
10Na,0 + 10MgO + xNb,O5 glasses with x=0, 2, 4, 6, 8 and coded as x=0, 2, 4, 6,
and 8 were investigated and obtained theoretically. The glasses were prepared with the
traditional melt-quench method. The chemical composition, density, molar volume, and
molecular weight of the glasses detailed in Table 1. In order to evaluate the photon,
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Table 1 Samples code, chemical composition, density, and molar volume for prepared glass samples

Samples code Chemical composition mol% Density g/ Molar volume
em’+0.01  (cm*/mol)+0.01

B,0, PbO  Na,0 MgO  Nb,O;

x=0 50 30 10 10 0 4.71 23.76
x=2 48 30 10 10 2 4.76 24.31
x=4 46 30 10 10 4 4.80 24.93
Xx=6 44 30 10 10 6 4.84 25.52
x=8 42 30 10 10 8 491 25.99

neutron (fast and thermal), and beta-particle attenuation parameters, the WinXCOM
(Gerward et al. 2001), NGCal (Gokge et al. 2021) and ESTAR (Berger et al. 1999) were
adopted. These theoretical tools are a reliable and faster way of evaluating shielding
parameters for these radiation species. More so, theoretical calculations of radiation
interaction parameters are cost effective and eliminate the possible radiation exposure
to the investigator(s). The mass attenuation coefficients of the glasses were estimated
for photon energies E in the range 0.15 <E <15 MeV via the mixture rule (Almugrin
et al. 2021) in WinXCOM platform with the chemical specification of each glass as
indicated in Table 1 used as input parameters. Also, the thermal (25 MeV) and fast neu-
tron (4 MeV) mass attenuation capacity of the glasses were determined with the appli-
cation of a new and free online NGCal software while the stopping power and range of
electrons with energies in the range 0.10 <E <10 MeV were estimated in SRIM. These
parameters were analyzed in order to ascertain the shielding efficacy of these glasses
against these radiations.

3 Results and discussion
3.1 Density and molar volume

The density and molar volume of the (50-x)B,0;+30PbO + 10Na,O + 10MgO + xNb,
O glass samples system as a function of Nb,Os5 concentration are displayed in Fig. 1.
As shown in Fig. 1 and Table 1, with the increasing substitution ratio of Nb,O5 content
(x) in the glass composition, the density and molar volume of samples were increased.
The increasing of glass density from 4.71 g/cm?® for the sample with free of Nb,Os to
4.91 g/cm? for the sample with enrich with Nb,Os. This gradual increase of density may
be attributed to the addition of niobium which cause modifying in the network of glass
samples by filling the interstitial spaces with the higher molecular weight ( 265.81 g/
mol) and density (4.6 g/lcm®) of Nb,Os than molecular weight (69.62 g/mol) and density
(2.46 g/cm®) of B,O;. The gradual increase in the molar volume of the prepared glasses
from 23.76 to 25.99 cm?/mol can be attributed to that atomic radius of niobium atom
(207 pm) is larger than that of boron atom (192 pm), which leads to change in the bond
length inside the glass network and cause an increase in molar volume.
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Fig.1 Density and molar volume
of the prepared Nb-x glass
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3.2 Optical properties

Figure 2a shows the UV-visible absorption spectra of (50-x)B,05+30PbO + 10Na,0+ 10
MgO +xNb,Oj5 glass samples doped with Nb,Os. With increasing Nb,Os substitution con-
centration, the absorbance of samples improved significantly. For the undoped sample, the
spectrum displays a broad near-visible band centered at around 355 nm. With increasing
Nb,Oj5 concentration, the broad near-visible band centered moved towards higher wave-
length 445 nm. This means that by increasing Nb,Os5 concentration in the prepared glasses,
the cut off wavelength was shifted to higher wavelength; therefore, the optical energy
band gap will be reduced with increasing Nb,Os content in glasses (Upender and Prasad
2017; Shams et al. 2020). The absorption coefficient was also estimated using the equation
a = 23524 where A is the absorption and t is glass samples thickness. By increasing sub-
stitution concentration of Nb,Os doped in the glasses, the absorption coefficient has been
improved and shifted towards higher wavelengths (redshift), as seen in Fig. 2b.

Tauc’s rule, which was modified by Mott and Davis, was used to estimate the optical
energy band gaps for the investigated glass samples doped with Nb,Os as in Eq. (1) (Davis
and Mott 1970; Abouhaswa et al. 2018);

(ahv)™ = C(hv - Eg) (1)
where hv is the energy of the incident photon and C is a constant. The power (m) repre-
sents the kind of electronic transition, with m=2 and 1/2 indicating a direct and indirect
allowable transition, respectively. Using m=2 and plots of (ahv)® vs. hv, the direct band
gap energies for the prepared glass samples can be estimated by extrapolating the linear
section using the straight line until intersect the hv-axis as shown in Fig. 3a. The predicted
direct band gap energy of glass samples felt from 3.728 to 2.939 eV as the Nb,Os substitu-
tion ratio increased. In order to get the values of indirect band gap, m=1/2 is applied in
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Fig.2 a UV-visible absorption spectrum, b the absorption coefficient of glass samples doped with Nb,O5

Eq. (1) and plotting the variation of (ahv)"? as a function of (hv) as displayed in Fig. 3b
as shown in Fig. 3b, the indirect band gap energy decreased from 3.032 to 1.822 eV as the
Nb,Oj5 concentration increased in the prepared glasses.

Urbach’s empirical formula describes the relationship between the absorption coeffi-
cient (o) and photon energy (hv) as expressed in given Eq. (2) (Urbach 1953):

a = aexXp < g > )

where a, and E, represent to Urbach’s energy. Equation (2) can be written as expressed in
Eq. (3):

hy
Ina =Inay + | —
na na, (Eu> 3)

As a result, Urbach’s energy (E,) may be determined from the slope of the straight
line obtained by plotting In(a) versus (hv). The E values are given in Fig. 4; the find-
ings reveal that when the Nb,Os concentration increased, the Urbach’s energies
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Fig.3 The dependence of (ahv)? and (athv)? on (hv) for direct and indirect transitions for examined glass

increased, indicating less stability and homogeneity materials with more defects, as well
as an increase in disorder in the produced glass samples.Values of direct, indirect opti-
cal band gaps, and Urbach’s energy of the proposed glasses are collected as a function
of Nb,O5 concentration and displayed in Fig. 4. The obtained results are in agreement
with previous reports (Upender and Prasad 2017; Shams et al. 2020). For the prepared
glasses, Fig. 5 shows the dependence of In(a) on the photon energy (hv).

The following Eq. (4) can be used to compute the extinction coefficient (k) (Abou-
haswa et al. 2019):
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Fig.6 Dependence of excitation coefficient at different wavelengths for prepared glasses

The dependence of k for prepared glass samples at different wavelengths is seen in Fig. 6.
The extinction coefficient was increased with increase Nb,Ojs substitution ratio.
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3.3 Radiation attenuation parameters
3.3.1 Photons

The value of mass attenuation coefficient MAC of the glass system and its variation with
photon energy is presented in Fig. 7. MAC obviously declines with energy smoothly
except at 0.1 and 15 MeV. The sharp rise in MAC value at 0.1 MeV is basically due to
the K-absorption edge of the Pb atom. High photoelectric absorption at the K- absorp-
tion edge is responsible for the high MAC value at this energy. Such peaks have been
recorded for other glasses containing Pb (Abouhaswa et al. 2019) Maximum MAC value
of 32.67, 33.02, 33.38, 33.74, and 34.10 cmZ/g were recorded for x=0 — x=8§, respec-
tively at 0.015 MeV, while the least corresponding MAC value of 0.0286, 0.0288, 0.0291,
0.0293, and 0.0295 cm?%g was obtained at 10 MeV. The behavior of MAC with respect
to energy is attributed to photoelectric effect PE, Compton scattering Cs, and pair pro-
duction PP partial photon interaction cross sections ¢ variations with energy. As shown
in Fig. 7, the MAC values of the prepared glasses suffered an exponential reduction with
the incident photon energy due to the photoelectric effect (PE) interaction in low energy
spectrum zone (0.015<E<0.6 MeV) in which op; & E~>3. In the medium energy zone
(0.6<E<10 MeV), MAC values decreased linearly associated with an increase in the
Compton scattering interaction (CS), where g « E~!. In the high energy zone, the MAC
values are approximately constant; this can be attributed to the pair production cross-sec-
tion opp x E7%.

The effect of the increase of Nb,O5 content with respect to B,O; on the photon absorp-
tion efficiency of the glasses is shown in Fig. 8. The figure presents the variation of the
linear attenuation coefficient LAC = MAC X p as a function of E. although the variation
of MAC with respect to E is similar to that of LAC as expected, however, the difference

100

LAC (em™)

Fig. 8 Influence of Nb,Os content of the glasses on the glasses’ LAC values
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in the LAC value of the glasses at specific energies is more significant to that MAC. This
is due to MAC being normalized for density (p) while LAC is normalized for thickness of
the glasses. The close proximity in the density explains the strong overlapping in MAC
values at nearly all energies as seen in Fig. 7. Maximum and least values of LAC obtained
at 15 keV and 10 MeV corresponds to 154 and 0.134; 157.49 and 0.138; 160.43 and 0.140;
163.60 and 0.142; and 167.51 and 0.145 cm™" for x=0 — x=8, accordingly. Clearly, the
partial replacement of B,O; with Nb,O5 improved the photon absorption capacities of the
glasses.

The effective atomic number Z 4 is another parameter that could be used to analyze the
photon shielding ability of a given material. It is strongly dependent on E and chemical
composition of the said material. It can be obtained directly from MAC values according to
the expression (Mahmoud et al. 2021; Rammah et al. 2021c):

LifiA(MAC),;

7, = ST
7 BEmac) ®

The variation of Z,; of the present glasses with photon E is depicted in Fig. 9. Accord-
ing to the figure, Z, initially increases with E up to Pb K-absorption edge but thereafter
declines in value with E. Z 4 value varies from 10.18 — 32.05 with maximum (minimum)
value obtained 0. 1 and 1.5 MeV At Pb absorption edge, Z, .= 30.45, 30.70, 30.96, 31.55,
and 32.05 for x=0 — x=8, accordingly. Clearly, the photon absorption capacity trend of
the glasses is such that: x=0<x=2<x=4<x=6<x=8§; similar to both LAC and MAC.
High PE absorption (65 « Z*) is responsible for higher at PE dominant energies while the
decline and later rise of Z,; can be attributed to o5 & Z and opp Z2. Also the increase
in the value of Z,, as Nb,O5 weight fraction increases in the glasses can be attributed to
higher atomic number Z of Nb compared to B. Z,, always increase when weight frac-
tion of higher Z atoms increase in a composite material (Manohara et al. 2008; Olarinoye
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Fig.9 Effective atomic number and its variation with energy for the investigated glasses
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Fig. 10 a HVL of the prepared glasses and b HVL compared with some concrete, lead borate glasses, and
non-lead glasses at different photon energies

2011). Hence, the addition of Nb,Os in the glass matrix improves its photon shielding
competence.

In order to position the present glasses as potential shields in contemporary nuclear
energy facilities, their half-value layer (HVL) was calculated via Phy-X/PSD software
(Sakar et al. 2020). The variation of HVL of the prepared glasses as a function of pho-
ton energy is displayed in Fig. 10a. From this Figure, it is observed that the sample with
x=8 mol% of Nb205 has the smallest HVL, therefore it can be considered as superior for
radiation shielding among all other current glasses. Values of HVL of the present glasses
compared with those of known commercial radiation shields such as Ordinary concrete
(OC) (Bashter 1997), Hematite-Serpentine concrete (HSC) (Bashter 1997), Basalt-Magnet-
ite concrete (BMC) (Bashter 1997), lead borate glasses (Singh and Badiger 2015), and non-
lead glasses (Singh et al. 2014) as shown in Fig. 10b. Figure 10b indicates that HVL of the
prepared glasses are lower than those of OC, HSC, BMC, some lead and non-lead borate
glasses. Therefore the suggested glasses in the current work are better photon absorbers
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compared to other materials i.e., the current glasses show good potential to replace these
materials in shielding applications.

So far the photon interaction parameters evaluated and analyzed are those of narrow
beam (good) geometry. In a bad geometry situation, buildup factors B are used to relatively
compare the photon shielding materials. B measures the level of scattered photons and also
the creation of secondary photons within the glass media. Such scattered and secondary
photons eventually penetrate the glass and hence reduce its shielding capacity. Detailed
discussion about B can be found in the literature (Harima 1993; Olarinoye et al. 2019).
The exposure B (EBUF) and energy absorption B (EABUF) of the glasses were estimated
via the well-known EXABCal software (Olarinoye et al. 2019) for 0.015<E<15 MeV for
selected depth within 40 MFP. Figures 11 and 12 represent the energy spectrum EABUF
and EBUF of X=0 and X =38, respectively at selected depths. The buildup factors vary
similarly for all the glasses; lowest in the PE dominated energies, highest at the CS domi-
nated energies. The high buildup factors at CS dominated energies can be attributed the
multiple photon scattering at these energies due to CS while the low values at PE ener-
gies is due to complete photon absorption due to photoelectric absorption. High EABUF
and EBUF at Pb K-absorption edge is due to de-excitation of excited atoms as a result of
K-absorption. To relate the ability of the glasses to transmit scattered photons, EBUF and
EABUEF of the glasses were compared at three selected energies and presented in Figs. 13,
14 and 15. The buildup factors increase with depth at all energies as a result of multiple
photon scattering at high depths. Also, there appears to be no significant differences in the
EABUF and EBUF at lower energies due to similarity in the chemical composition of the
glasses. However, at greater depth and energy the buildup factors increase as Nb,O5 con-
tent grows in the glasses.
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Fig. 11 Spectrum of EABUF and EBUF of x =0 at selected depths
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3.3.2 Neutrons

The neutron shielding capacity of the glasses were accessed via their mass attenuation coef-
ficient for fast (MAC)gy and thermal (MAC)py neutrons. The trend in (MAC)gy and (MAC) 1y
for the glasses is depicted in Fig. 16a and b respectively. A consistent decrease in both param-
eters is apparent; while (MAC)gy decreased from 0.0185 — 0.0161 cm?/g, (MAC)py decayed
from 6.6538 — 5.5903 cm*g. This trend is enforced by the chemical composition of the
glasses. Fast and thermal neutron attenuation is dictated by scattering and absorption cross
sections of the chemical constituents of the absorbers (glasses). The relative decline in the
atomic fraction of B (0.1553-0.1304) and the corresponding increase in the atomic fraction
of Nb (0-0.0592) as shown in Fig. 16c and d, respectively to a large extend is responsible
for the trend of both (MAC)py and (MAC)y The scattering and absorption cross sections of
B > > that of Nb, hence, the observed trend in the (MAC)py and (MAC)y of the investigated
glasses. It can therefore be concluded that the increase in the Nb,Os content of the glass sys-
tem at the detriment of B,O5 concentration, has a negative impact on their fast and thermal
neutron shielding ability.

3.3.3 Beta particles

The relative beta particle (f) shielding prowess of the glasses was investigated via the total
mass stopping power (TSP) and CSDA range of electrons in them. Figure 17 shows the energy
dependence of these parameters. The behavior of the TSP is due to the TSP due to energy
dependence of radiation and collision energy losses by the electrons (Rammah et al. 2020).
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Fig. 17 Total mass stopping power and CSDA range of electrons in the glasses

Analysis of the TSP and CSDA range of the glasses emphasize the fact that there is no sig-
nificant difference in the charged particle of the glasses irrespective of the weight fraction of
Nb,Os relative B,0;.

4 Conclusion

Through this work, the physical, optical properties, and radiation shielding parameters
of the prepared (50-x)B,0;+30PbO+ 10Na,O+ 10MgO +xNb,Os5 glasses with various
doping ratios x=0, 2, 4, 6, 8 mol% have been investigated. Glasses were prepared using
the well-known melt quenching process and coded as their corresponding x value. The
density and molar volume of the prepared glasses were increased from 4.71 g/cm® and
23.76 cm®/mol for the sample with free Nb,Os to 4.91 g/cm® and 25.99 cm®/mol for the
rich sample with x=8 mol% of Nb,Os. The broad near-visible band centered was moved
towards higher wavelength with increasing Nb,O5 content. The predicted direct band gap
energies of glass samples felt from 3.728 to 2.939 eV, while the indirect band gap ener-
gies from 3.032 to 1.822 eV as the Nb,Oj substitution ratio increased. Urbach’s energies
of the prepared samples were increased with the increasing of Nb,Os, indicating less sta-
bility and homogeneity materials with more defects, as well as an increase in disorder
in the produced glass samples. For photons, the maximum MAC values of 32.67, 33.02,
33.38, 33.74, and 34.10 cmz/g were recorded for x=0 — x =8, respectively at 0.015 MeV,
while the least corresponding MAC value of 0.0286, 0.0288, 0.0291, 0.0293, and 0.0295
cm?/g was obtained at 10 MeV. Maximum and least values of LAC obtained at 15 keV
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and 10 MeV corresponds to 154 and 0.134; 157.49 and 0.138; 160.43 and 0.140; 163.60
and 0.142; and 167.51 and 0.145 cm~! for x=0 - x=8, accordingly. The Zeﬁv value varies
from 10.18 — 32.05 with maximum (minimum) value obtained at 0. 1 and 1.5 MeV. At
Pb absorption edge, Z,,= 30.45, 30.70, 30.96, 31.55, and 32.05 for x=0 — x=8, accord-
ingly. Clearly, the photon absorption capacity trend of the glasses is such that: x=0<x=
2<x=4<x=6<x=8; similar to both LAC and MAC. For neutrons, the fast (MAC)gy
was decreased from 0.0185 — 0.0161 cm?/g, while the thermal (MAC)yy was decayed from
6.6538 — 5.5903 cm*/g. Results confirm that the current glasses are superior for radiation
shielding materials compared to some commercial concrete (OC, HSC, and BMC). The
present findings of optical and radiation shielding properties of the current glasses confirm
that these glasses can be used to block ultraviolet (UV) radiation and used as a barrier
against the transmission of radiation. Also, can be used as fixed windows and fixed barri-
ers in hospitals, mobile panels, and in research laboratories. In addition, the current glasses
can be used as shields of fast and thermal neutrons.
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