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ARTICLE INFO ABSTRACT

Keywords: Glasses are actively used in various fields, from industry to health. Especially, special doped glasses used in
Vanadium pentoxide radiation areas may vary depending on the type and energy of the radiation. Glasses made of high-density and
Glasf on shieldi effective radiation-absorbing materials generally provide adequate protection against X and gamma rays. As an
?chl;anon shielding example, in this study, a 42.5P305-42.5B303-(15—x)Li20-xV205 (x = 0, 2.5, 5, 10 and 15) glass system was
XRD produced using the melt quenching technique. The obtained X-ray patterns indicated that lack of crystalline

peaks, verifying the glassy nature of all synthesized glass series. The glass transition temperatures and the glass
thermal stability were determined using a Differential Thermal Analysis (TGA). The glass transition temperature
and thermal stability was found to deteriorate with increasing V05 content. The radiation absorption properties
of these glass system produced were investigated with 384 keV, 1173 keV and 1333 keV energized gamma using
narrow beam transmission geometry. The NaI(Tl) detector system have been used to obtain y-ray spectra. Ac-
cording to the obtained mass attenuation coefficients () results, it has been determined that as the V2Os ratio
in the glass increases, it provides more effective results in radiation shielding. When the experimental results are
compared with the theoretical XCOM results, there are a good match between the values. Finally, the radiation
shielding properties of this produced glass system are compared with previously studied standard glasses to refer
to the superiority of the installed systems.

1. Introduction

Understanding the impact of radiation on human health is an
evolving field. Effective shielding is crucial to minimize radiation
exposure from natural and artificial sources. The key principle in radi-
ation shielding involves using a material that interacts significantly with
radiation particles, causing them to lose energy through various in-
teractions and ultimately be absorbed by the material (Knoll and Kraner,
1981) (Niksarlioglu et al., 2023) (Hannachi et al., 2023) (James E.
Martin and Tanir G, 2013). Glass, a rare and versatile substance, pos-
sesses qualities such as rigidity, brittleness, and high compression
resistance. It also exhibits resistance to chemical effects from air, water,
and various acids. Composed of inorganic substances fused at high
temperatures, glass primarily consists of alkalis, earthy bases, or

metallic oxides of silica. It is abundant in nature in forms such as silica,
flint, quartz, and sand to create glass, sand, alkali, and lead oxide must
be heated to high temperatures The mixture, when heated, undergoes
solvent action from fused alkali and lead oxide until it transforms into a
molten glass mass (Hlavae, 1983) (Holand and Beall, 2019) (Jeager,
1975).

Vanadium, possessing five outer valence electrons, shares chemical
similarities with nitrogen, phosphorus, arsenic, and antimony (Fritsch
et al., 1987). Much like nitrogen, it gives rise to oxides in states of five,
four, three, and potentially monovalent. Additionally, it exhibits a
propensity for the formation of various vanadates—ortho-, pyro-, meta-
and poly-, nearly as abundantly as the radicals formed by pentavalent
phosphorus. Notably, vanadium mirrors phosphorus in its tendency to
produce glassy vanadium pentoxide (Gaddam et al., 2021). In terms of
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Table 1
Chemical composition of the glasses.

Glass code Composition (mol%) Density (g/cm®)
V205 Li,0 B,03 P20s

YO 0 15 42.5 42.5 2.472

Y1 2.5 12.5 42.5 42.5 2.473

Y2 5 10 42.5 42.5 2.482

Y3 10 5 42.5 42.5 2.497

Y4 15 0 42.5 42.5 2.521

Vi

Fig. 1. Image of produced glass samples.

appearance, compounds of vanadium bear a closer resemblance to
neighboring transition elements like Oria, iron, and notably, chromium.
Bivalent vanadium stands out as a potent reducing agent, giving rise to
salts with a distinctive lavender hue. In its oxide form, vanadium dioxide
acts as an insulator, effectively retaining indoor heat while allowing the
full spectrum of sunlight to permeate from the outside (Fritsch et al.,
1987; Shen et al., 2021). However, at elevated surface temperatures, it
undergoes a transformation into a metallic state, impeding the pene-
tration of heat-causing infrared solar radiation (Weyl et al., 1939;
Masayuki Yamane, 2004).

Boro-phosphate glasses find applications in nonlinear optics and
solid-state batteries. Among these, lithium borophosphate stands out as
a traditional yet highly acclaimed glass, particularly in the realm of
storage batteries, owing to its distinct advantages. These batteries serve
as essential energy storage solutions for both optical and electrical
equipment (Alrowaili et al., 2022). Moreover, lithium-borate glasses are
recognized for their capacity to maintain low production temperatures,
enhanced solubility, and improved thermal stability, thanks to the
robust ionic interactions among cations within the glass network. The
introduction of Li3O into these glasses leads to a transformation of
bridging oxygen into non-bridging oxygen. Consequently,
lithium-boro-phosphate glasses exhibit exceptional physical and chem-
ical stability, coupled with reliable voltage performance, making them a
valuable choice as solid electrolytes, especially due to their improved
ionic conductivities (Madhu et al., 2023a).

The fundamental principle of radiation shielding hinges on the ma-
terial’s capacity to engage extensively with radiation particles. Through
a series of interactions, these particles dissipate their energy, ultimately
leading to their absorption by the shielding material (Krane, 1991). The
LizO-B203-P20s5 glass series was synthesized and the influence of TeOy
on its radiation shielding properties was examined. The results
demonstrate that the incorporation of TeOs into the glass samples had a
beneficial impact on their nuclear protection capabilities was reported
(Susoy, 2020). Numerous studies have demonstrated the pivotal role of
transition metal oxides (TMOs) in the fabrication of glass. Among these,
vanadium oxide (V20s) stands out as an intriguing TMO, serving as a
conditioning agent to enhance the electrical, optical, and magnetic
properties of the resultant glasses (Rammah et al., 2020a). To improve
performance V305 -LioO— P05 glass system, the effects of incremental
doping with a transition metal oxide (V20s) on both the anticipated
nonlinear and linear optical parameters was examined (Ravisankar
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et al.,, 2019). Recently, it has been reported that boron-rich glasses
provide poorer radiation shielding than phosphate-rich glasses (Gomaa
et al., 2021). Another study reported that as the WO3 content in lithium
borate glasses increases, there is an observed increase in the mass
attenuation coefficient, effective atomic number, and stiffness values
(Uosif et al., 2020). Also, vanadyl lead phosphate glasses have the po-
tential to serve as an effective radiation shielding material was revealed
from the recent study (Rammah et al., 2020b).

In this investigation, a glass system comprising 42.5P,0s, 42.5B50s3,
and (15—x)Lio0-xV,0s5 (with x values of 0, 2.5, 5, 10, and 15) was
fabricated through the melt extinguishing system technique. The pro-
duced glass system underwent irradiation using a '3*Ba and %°Co point
source with 1 mCi activity. Gamma spectra with energies of 384 keV,
1173 keV, and 1333 keV were subsequently measured utilizing a NaI(T1)
detector (Kavun et al., 2022). Comparison of the experimental outcomes
with those obtained from the XCOM simulation code (Berger and Hub-
bell, 1987), reveals a strong alignment between the values. Finally, the
radiation shielding properties of the newly developed glass system are
juxtaposed with those of previously investigated standard glasses,
illustrating the superiority of the implemented systems.

2. Material and method
2.1. Glasses preparation

The well-established melt-quench process was employed to fabricate
V205 -doped glasses with varying compositions: x V205 - (15-x) LizO —
42.5 B,03 —42.5 P,0s, where x took values of 0, 2.5, 5, 10, and 15 mol %
denoted as YO, Y1, Y2, Y3, and Y4, respectively. The components, along
with their respective quantities as listed in Table 1, were meticulously
blended. This amalgam was then transferred into alumina crucibles,
which were subsequently placed in the furnace, set at 1150 °C.
Throughout the melting process, continuous agitation was maintained
to prevent the formation of bubbles. The resulting melts were poured
into steel molds and transferred to a 400 °C furnace for annealing, a
process that lasted for 4 h before allowing natural cooling. In Fig. 1,
visual representations of the manufactured glass samples are presented.

2.2. Characterization

Structural characterization of the synthesized glass samples was
carried out by XRD device. The amorphous structure of the glasses was
obtained by the X-ray diffractometer (Philips X’Pert PRO, Netherland)
using Cu-ka radiation source (A = 1.54 A). The microhardness of the
glass samples was investigated with a Shimadzu microhardness tester.
The Vickers microhardness of the glasses samples was measured using a
Vickers tester (Shimadzu HMV-2 Machine, Japan) for 15 s under a load
of 2.942N, and the average hardness was obtained from 10 indents. The
thermal properties were established by differential thermal analysis
(DTA-Perkin-Elmer Sapphire, USA) in a nitrogen atmosphere. A heating
rate of 15 °C/min was implemented in the temperature range of
200°C-900 °C. The chemical functionalities of the synthesized glasses
were investigated by FTIR analysis. The Perkin Elmer Spectrum 400
(lievice (USA) was used to obtain FT-IR spectra in the 4000 em™ - 400 cm

range.

2.3. y-ray spectra

Radiation measurements were carried out in the experimental setup
given in Fig. 2. Accordingly, the Linear Attenuation Coefficient (p) (LAC)
is calculated with Lambert-Beer’s law (Kavun et al., 2021) given in Eq.
(1). where Iy is the gamma measured without glass in the experimental
setup, and I is the gamma number measured after the glasses are placed
in the experimental setup. Although x is expressed as the thickness of the
glass here, the glass thicknesses are produced the same. instead, the
amount of V505 in the glass changes.
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Fig. 2. Experimental schema of radiation shielding measurements.
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Table 2
DTA of the prepared glasses.
Sample Code Tg(°C) T(°C) Tp(°C) AT(°C)
YO 572 604 622 32
Y1 575 608 628 33
Y2 583 614 636 31
Y3 581 611 625 30
Y4 549 578 624 29
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Fig. 7. Variation of micro-hardness for the 42.5P,05-42.5B;03-(15—X)
Li;0-xV305 glasses.
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By using obtained p, the standart deviation (Yaykasl et al., 2022) of
these experiments have been calculated via Eq. (2):

N —2
oo Z,»:}V(ﬂ_i 1 7) @

Each measurement is represented by y; and the average of the
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measurements are represented by 7i. N is the number of measurements of
every glass sample. The amount of radiation absorbed by a unit mass is
found by the mass attenuation coefficient and this is given in Eq. (3)
(Kavun et al., 2021):

o :’;‘ (cm? / g) 3)

here, the linear attenuation coefficient is y and density is p.

The material thickness that halves the incoming gamma number is
calculated with Half Value Layer (HVL), and the material thickness that
reduces it to one-tenth is calculated with Tenth Value Layer (TVL). These
are given in Egs. (4) and (5), respectively (Eskalen et al., 2020). The path
taken by the gamma in the material is calculated with the Mean Free
Path (MFP) given in Eq. (6) (Eskalen et al., 2020).

Half Value Layer (HVL) :% (cm) “4)
In 10

Tenth Value Layer (TVL) = o (cm) 5)

Mean Free Path (MFP) :/% (cm) (6)

133Ba and %°Co point source with 1 mCi activity have been used for
irradiation and 384 keV, 1173 keV, and 1333 keV energized gamma
have been measured by using NaI(T1) detector system (ORTEC® 905-4)
(Yaykash et al., 2022). This experimental setup has been given in Fig. 2.

2.4. Density and molar volume

A 4-digit precise microbalance (Axiss ACN 220) was used to calculate
the density of the glass samples using Archimedes’ principle. The density
of the obtained glass was calculated by using the equation;

w,

P =" ‘xpliquid (g/sz) (7)

Wa — Wp

here, p, wa, wp and pyq,q is density of glass sample, weight of obtained
glass in air, weight of obtained glass in liquid and density of liquid
respectively. The molar volume (Vy) of glass samples is an essential
physical parameter that may be estimated using the sample’s molecular
weight (M) and observed density value (Mandal et al., 2023). The molar
volume (Vg) of the synthesized glass might be obtained from the
following equation;
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V, =

RIS

(cm3 / mol) (8)

where, M is defined as molar mass.
3. Results and discussion

Fig. 3 presents the computed densities (p) and molar volumes (Vy,) of
the fabricated V,0s-doped glasses. With an increase in the concentration
of V505 in the glass samples, the density values also showed an incre-
ment from 2.472 g/cm® to 2.522 g/cm®. Comparatively, the density of
Liy0 is 2.01 g/cm?, while that of V05 is 3.36 g/cm>. This observed rise
in density in the synthesized samples as V05 content increases aligns
with the theoretical expectations, confirming the experimental results.
Additionally, as the mol% of V,0s increased, the molar volume values of
the glasses expanded from 62.59 c¢m®/mol to 70.39 cm®/mol. This
suggests a proportional relationship between vanadium concentration

20
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e
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1
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Fig. 12. Tenth Value Layer (TVL) values of V,Os doped glasses.

and molar volume. This phenomenon may be attributed to the influence
of polarizing power strength, which is a measure of the ratio of cation
valence to its diameter (Al-Assiri, 2008).

Fig. 4 presents the 400-4000 cm™ range of glass sample FTIR
spectra. Visually, there was no noticeable difference between the FTIR
spectra of the glass samples. Doping the glass matrix with up to 15 mol%
V205 appears to have no effect on the IR peaks. It is obvious that adding
up to 15 mol% V305 has no significant influence on the main charac-
teristic groups, but it has a very tiny effect on the intensities of other IR
bands (Kerkouri et al., 2011). The existence of hydroxyl groups is shown
by the wide band present in all glasses about 3428 cm™, which corre-
sponds to the essential stretching vibrations of O-H ions. The detected
peaks, which are centered at 2851 cm! and 2918 em’l, are attributed to
typical of hydrogen bonding in glass systems (Karunakaran et al., 2009).
The peak around 1462 cm™ may be caused by the B-O asymmetric
stretching vibration of the BOg units (Kumar et al., 2019) (Singh et al.,
2011). The band at 1054 cm™ is due to BO4 unit B-O-B bond stretching
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vibrations (KILIC, 2020). Previous research has reported that the O-V
angular vibration correspond to 545 cm’! (KILIG, 2020) (Laila et al.,
2013).

X-ray diffraction studies were performed between 10°< 20 < 90°.
Fig. 5 offers the X-ray diffraction graph of all Y-series glass systems. X-
ray diffraction analysis indicated a knoll broad of about 26 ~20°-30°,
proving an amorphous structure for all Y-series glasses. The XRD graphs
illustrate a fully amorphous glass structure with no sign of crystalliza-
tion Y-series glasses produced. R. Divina et al. (Divina et al., 2020) re-
ported similar XRD graph results for amorphous glass systems. In all Y
series glass samples, the XRD curves are amorphous in nature of glass
but different in density, indicating possible structural changes in XRD
peak intensity (Nandi et al., 2022). For this reason, amorphous peaks
may have partial intensity differences. The densities of the glasses pro-
duced in this study vary, and YO glass has the lowest density.

Fig. 6 present the DTA curves for different glasses samples. The DTA
graphs for all curves indicate just one peak of exothermic. Table 2
summarizes produced of glass-transition temperature (Ty), crystalliza-
tion temperature (T.), and the peak of crystallization temperature (Tp)
with the thermal parameters that can be determined by DTA analysis.
Also, thermal stability has been calculated as formula AT = T.— T,.
The glass transition temperature of obtained glasses increases up to 10%
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V20s. It may be explicable by the melting point of V505 (1750 °C) being
higher than those of Li;O (1438 °C), B2O3 (450 °C) and P20s (340 °C).
All values of AT of Y series glasses were determined as 30 °C on average
(Zhang et al., 2022). As a result, these glasses can be difficult to
manufacture using traditional techniques. However, it is worth noting
that the thermal stability results of these glasses are precision (El-Rehim
et al., 2021) (Somaily et al., 2021). It is seen that Tg and Tc values in-
crease by increasing the V205 concentration in Y series glasses. This may
be because the inclusion of V5,05 into the matrix of P05 and B,O3 in
glass samples causes structural distortion (Madhu et al., 2023b). In
addition, V205 can increase Ty values by causing changes in the BO3 and
BO4 groups (Dahiya et al., 2016). In addition, it is thought that the main
reason for the difference in DTA results of Y series glasses is the binding
of vanadium metal ions to the glass network and the strengthening of the
system, which may cause the thermal resistance of the glasses to
increase.

The Vickers microhardness of obtained 42.5P305-42.5B303—(15—x)
LisO-xV305 glasses are presented in Fig. 7. The hardness decreased as
the VOscontent increased from 0% to 10%. It is seen that YO (5.66 GPa)
and Y4 (4.99 GPa) glasses have the highest and lowest hardness values.
However, no striking change was observed in the hardness values of Y
series glasses with the addition of V,0s. As a result, it has been deter-
mined that the Y series glasses are reproducibility, and their hardness
values are stable. Taha et al. It has been stated that as the CuO content
increases in P05-LioO-CuO glasses, the significant increase in hardness
values is closely related to the density values of the glasses (Taha et al.,
2021). It did not observe a change in the hardness results of the Y series
glasses because the density values of the glasses are stable.

1 of VoOs doped glasses are shown in Fig. 8. Accordingly, the p value
obtained with 384 keV energy gammas started around 0.2311+0.0116
em™ and gradually increased. This value has reached 0.261540.0131
em! in 15% V505 doped glass. The R value of these values was obtained
as 0.900. These values decreased at 1173 keV gamma energy, but the
values continued to increase according to the amount of V;0s. The R?
value of these values was found to be 0.948. Finally, the p values ob-
tained with 1333 keV energy gammas were seen to be close to the
previous p values. The increasing trend in these p values increased
similarly to the increase in the amount of V,05 at 1173 keV. The R?
value here is determined as 0.886.

The Mass Attenuation Coefficient (MAC) results of V305 doped
glasses are shown in Fig. 9. As can be seen from the MAC results in Fig. 9,
the MAC values at 384 keV gamma energy were obtained as the highest
at all Vo,Os concentration values. The values, which were around 0.0934
cm? gl at this energy, decreased slightly at 1173 keV gamma energy and
decreased to around 0.0593 cm? g™ Finally, it was measured at around
0.0532 cm? g1 at an energy of 1333 keV. Accordingly, as the gamma

Table 3
The shielding parameters of V,0s doped Glass samples.
Concentration 1 (384 keV) p HVL TVL MFP MAC gyp. MAC xcom AxcoM-Exp-
0% V205 0.2311+0.0116 2.4720 2.9992 9.9631 4.3269 0.0934+0.0031 0.0944 0.98%
2.5% V305 0.2411+0.0121 2.4732 2.8742 9.5479 4.1466 0.0975+0.0011 0.0945 3.23%
5% V205 0.2499+0.0125 2.4828 2.7731 9.2120 4.0007 0.1006+0.0005 0.0945 6.52%
10% V205 0.2581+0.0129 2.4975 2.6852 8.9199 3.8739 0.1033+0.0018 0.0946 9.27%
15% V205 0.2615+0.0131 2.5215 2.6499 8.8029 3.8231 0.1037+0.0020 0.0947 9.56%
1t (1173 keV)
0% V505 0.1468+0.0073 2.4720 4.7212 15.6836 6.8113 0.0593+0.0013 0.0573 3.61%
2.5% V205 0.1514+0.0076 2.4732 4.5759 15.2009 6.6017 0.0612+0.0004 0.0573 6.83%
5% V205 0.1538+0.0077 2.4828 4.5063 14.9697 6.5013 0.0619+0.000008 0.0574 8.03%
10% V205 0.1585+0.0079 2.4975 4.3729 14.5264 6.3087 0.0634+0.0007 0.0574 10.61%
15% V505 0.1608+0.0080 2.5215 4.3088 14.3136 6.2163 0.0637+0.0009 0.0574 11.14%
p (1333 keV)

0% V205 0.1315+0.0066 2.4720 5.2695 17.5048 7.6022 0.05324+0.0016 0.0537 0.91%
2.5% V505 0.1368+0.0068 2.4732 5.0647 16.8245 7.3068 0.0553+0.0006 0.0537 3.03%
5% V205 0.1422+0.0071 2.4828 4.8742 16.1918 7.0320 0.0572+0.0004 0.0537 6.60%
10% V205 0.1448+0.0072 2.4975 4.7839 15.8918 6.9017 0.0580+0.0008 0.0538 7.91%
15% V205 0.1475+0.0074 2.5215 4.6967 15.6020 6.7758 0.0585+0.0010 0.0538 8.81%
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energy value increased, the MAC value decreased. As can be seen from
here, the energy value and MAC value are inversely proportional.

The Mass Attenuation Coefficient (MAC) values comparison
measured at 1173 keV and 1333 keV energies can be seen in Fig. 10.
Accordingly, the obtained MAC values of 10%V,05 doped glasses were
higher than the other materials at 1173 keV and 1333 keV energies. For
example, for 55P;05-5A1,03-20 Nay0-(20-x)Fe;03-xPbO glasses, the
MAC value have been obtained as 0.0582 cm? g at 1173 keV gamma
energy and also it was found as 0.0545 cm? g™! at 1333 keV (El-Taher
et al., 2019). The MAC values have been found as 0.0565 cm? g'1 and
0.0528 cm? g'1 for barite concretes (Dogra et al., 2017) at same energies.
For Barium-borate-fly ash glasses (Singh et al., 2008), the MAC values
were obtained as 0.0552 cm? g and 0.0523 cm? g'!. To PbO-Lis0-B,03
glasses (Kumar, 2017), 0.0589 cm? g’l and 0.0539 cm? g’1 MAC values
have been obtained for 1173 keV and 1333 keV. The MAC values were
found for BiO3-B203-NapWO4 glasses (Dogra et al., 2017) as 0.0589
em? g' and 0.0539 cm? g' MAC for same energies. The Bar-
ium-Bismuth-Borosilicate glasses (Bootjomchai et al., 2012) have
0.0565 cm? g! and 0.0515 g cm™ MAC values for 1173 keV and 1333
keV energies, respectively. The MAC values of 10% V305 doped glasses
were calculated theoretically by XCOM (Berger and Hubbell, 1987) by
means of gammas with 1173 and 1333 keV energies. Accordingly, the
MAC value found to be 0.05738 cm? g at 1173 keV energy was
calculated as 0.05376 cm? g'1 at 1333 keV. Finally, 0.3Bi203-0.7B203
glasses (Dogra et al., 2017) 0.0591 cm? g and 0.0548 cm? g™! for same
energies. But the present study for 10% V305 doped glasses have 0.0634
+0.0007 cm?. ¢! value at 1173 keV and 0.0580+0.0008 cm?. ¢! value
at 1333 keV.

In Fig. 11, the Half Value Layer (HVL) values of V205 doped glasses
are shown. This value, which indicates the amount of glass thickness
that can transmit half of the gamma radiation that interacts with glass,
was measured to be highest at 1333 keV energy. However, as the amount
of V505 in the glass increased, this value decreased slightly. At 1173 keV
energy, this HVL values decreased slightly, and at 384 keV energy, the
required glass thickness and amount of glass was determined to be the
lowest compared to the others and can be seen in Fig. 11.

TVL values, which express the material thickness required to reduce
the amount of radiation interacting with the material to one-tenth, are
given in Fig. 12. As in the previous figure where HVL values are shown,
in Fig. 12 where TVL values are shown, the glass thickness that will
reduce the gamma amount to one-tenth was obtained as the highest at
1333 keV. As the amount of V,05 in the glass increases, these values
decrease again. As the energy value decreases, the required glass
thickness decreases. From here, the effect of the energy value on the
thickness can be clearly seen. From here, the effect of the energy value
on the thickness can be clearly seen.

MEFP values expressing the path that gamma can take in the material
are shown in Fig. 13. Here, similar to the previous HVL and TVL figures,
MEFP, which is the expression of the path that gammas can take in glass,
is highest at 1333 keV energy. These values decrease as the amount of
energy decreases. As can be understood from here, the energy of gamma
directly affects the MFP. The experimentally measured and theoretically
calculated shielding parameters have been given in Table 3.

4. Conclusion

In this study, some physical properties of
42.5P505-42.5B203—(15—x%)Lio0—xV205 (x = 0, 2.5, 5, 10 and 15)
glasses and V,05 dope to these glasses, potential radiation shielding
properties were tried to be revealed. For this purpose, some analyzes
revealing XRD, FTIR, DTA, micro-hardness and radiation shielding
properties were performed.

Here, Linear Attenuation Coefficient (LAC) values were determined
experimentally by means of gamma with energies of 384 keV, 1173 keV
and 1333 keV via Nal(Tl) detector system (ORTEC® 905-4).

By experimentally determining the p value, the Mass Attenuation
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Coefficients (MAC) of these glasses were also calculated and it was
determined that the MAC values in each energy group increased as the
amount of V05 in the glass increased. In addition, MAC values theo-
retically calculated with XCOM also showed a similar increase. How-
ever, the experimental MAC values we obtained gave better results than
both the theoretical XCOM and many shielding material examples in the
literature at 1173 and 1333 keV energy, as seen in Fig. 10.

Another shielding parameter, HVL, TVL and MFP, similarly
decreased with the increase in the amount of V205 in the glass and
revealed that these glasses can be used in radiation shielding.
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