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Abstract

A new type of modified bismuth silicate glass has been manufactured with vanadium and copper cations in a traditional
rapid cooling method. FTIR spectra have been used to identify the different structural units of this glass. The spectral
analysis showed the presence of BiO; and BiOg as basic structural units in all studied samples and the presence of bismuth
as a former the glass network with silica. The radiation shielding properties were explored using a narrow beam trans-
mission method in 0.662, 1.173 and 1.33 MeV. The effective atomic numbers for the sample containing the highest CuO
ratio showed higher energy values than the other studied samples studied. The mean free path of the prepared glasses
has been compared to other commercial radiation shielding. The comparison indicates that the glasses produced are
more efficient in relation to radiotherapy compared to conventional commercial radiation protection glass. Microhard-
ness measurements were made of the glass recorded at load at 300 g. The replacement of CuO by V,0; has been found
to increase the cross-link density in addition to the observed difference in the atomic mass of Cu andV, thus increasing

the hardness.

Keywords FTIR - Silicate glasses - Refractive index - Gamma radiation

1 Introduction

Recently, radiation shielding has become a subject of
interest among many applications in which radiation is
being used, for instance, nuclear power plants, industry,
academic and scientific applications, and radiotherapy.
Since glass is a solid and transparent material, researchers
try to develop a new type of glass system that can protect
users against certain amounts of radiation without loss
of transparency. This type of glass has been developed to
accomplish double tasks possessing high transparency.
The knowledge of gamma-ray interaction parameters
like the mass attenuation coefficient and half value layer
is extremely important in the field of radiation shielding
materials [1-5]. Good thermal stability and high density

of the bismuth-based silicate glass encourage many stud-
ies to be undertaken to understand their radiation shield-
ing efficiencies. Interest in bismuth-silicate glasses has
increased due to their unique optical features [6, 71.

Glasses containing transitional metal (TM) ions are
interesting properties because of the many oxidation
states of these ions in the glass matrix [8, 9]. Among TM
the vanadium pentoxide is one of the most studied mate-
rial since it is a former network glass [9] their presence
in another glass matrix determines the modified network
due to V*lons.

Glasses containing copper oxide received a lot of atten-
tion because of the presence of copper ions in both Cu*
and CuO?* valence states [10]. The glasses that contain the
TM ions were mainly studied because of their interest in
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optical applications, thermal and magnetic applications [8,
11]. Bismuth silicate glass contains mixed TM ions are Inter-
esting since in these glasses there are mixed exchange
pairs of Cu?* and V** Pairs on different properties of that
glass. Vanadium penta-oxide has attracted attention in
recent years because of its potential use as cathode mate-
rial in solid devices. Direct current (DC) conductivity of
vanadium oxide glasses [10].

In recent works, the structure of the bismuth-silicate
glasses has been studied by using IR spectroscopic meth-
ods. Since all the bismuth-silicate glasses we have identi-
fied, two structural units: pyramidal BiO; and octahedral
BiOg units in different proportion [12, 13]. On the other
hand, it is well known that SiO, is one of the most com-
mon glasses former and is present in almost all important
commercially glasses. The introduction of transition-
metal oxide (V,05 or CuO) in the glass matrix changes the
structure of glasses, where the metal oxide is acting as a
modifier and can define semi-conducting properties of
the glasses [14]. In the literature, different investigators
have studied SiO, based glasses as a promising novel
radiation shielding materials. For example, Rahimi et al.
[15] reported the radiation attenuation properties for Ti
and Zr containing lead silicate glasses. The authors have
been reporting that the glass sample with SiO, contents
of 26.9 wt% has good radiation shielding properties. Singh
et al. [16] used a narrow beam transmission method to
measure the mass attenuation coefficients for PbO-SiO,
glass system at 0.662, 1.173 and 1.332 MeV. They com-
pared the radiation shielding properties PbO-SiO, glasses
with some types of other concretes. Recently, Bagheria
et al. [17] used the MCNP-4C code, XMuDat programs,
and XCOM to study the radiation shielding performance of
silicate glasses containing BaO, PbO and Bi,O; within the
photon energy range 10 keV to 10 MeV. The authors com-
pared their theoretical results with the experimental data
reported by other research groups. Besides, Kaur et al. [18]
fabricated Bi,05;-B,0;-Si0,-Na,O glass system using a
melt quenching technique and measured the mass attenu-
ation coefficients for the prepared glasses at 662 keV. Also,
Singh et al. [19] used the geometrical progression (G-P)
fitting method to study the exposure build-up factor for
bismuth boro-silicate glasses. The authors found that the
values of the exposure buildup factor strongly depend
on the bismuth concentration and the energy of the inci-
dent photons. Tekin et al. [20] used the Monte Carlo code
MCNPX to investigate the photon shielding properties of
the B,0;-Bi,0;-Si0,-TeO, glass system. They used the
MCNPX code to calculate the mass attenuation coefficient
at 356, 662, 1173 and 1332 keV photon energies. They
compared the obtained results with those calculated by
XCOM and good agreement between MCNPX and XCOM
results were reported. This work aims to study how both
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Cu?* and V°* cations affect the structural and the radia-
tion shielding properties of some bismuth silicate glasses.
The following chemical formula was chosen to achieve the
purpose of this study; x wt% CuO-(30-x) wt% V,05-50 wt%
Bi,O3-10 wt% Na,0-10 wt% SiO,, where (0 <x<30).

2 Materials and methods
2.1 Preparation of glass

The chemical formula, x wt% CuO-(30-x) wt%
V,05-50 wt% Bi,05-10 wt% Na,0-10 wt% SiO,, where
(0 <x<30) was considered to prepare some oxide glasses.
For each sample, all components were mixed together and
then introduced directly into an electric furnace at 1100 °C
for 2 h.

2.2 Density and molar volume

The density of these glasses was measure at room tem-
perature using Archimedes principle. The density of glass
samples (p) was calculated using the formula

p= W, =Wy /W, = W;)— (W53 - W5) (M
where W is the weight of empty specific gravity bottle,
W, is the weight of specific gravity bottle with salWmple,
W; is the weight of specific gravity bottle with sample and
distill water, and W, is the weight of specific gravity bottle
with distill water.

Molar volume was calculated using the following
relation:

Vin = XiM;/p (2)
where M; is the molecular weight of the ith component
and X; is the molar fraction of the ith component [21].

2.3 FTIR measurements

The FTIR spectra were measured, for all samples, at ambi-
ent temperature in the spectral range 4000-400 cm™' by
a Fourier Transform infrared spectrometer with 1 cm™
spectral resolution.

2.4 Attenuation measurements

The mass attenuation coefficients have been measured
using the y-ray spectrometer (NUCLEONIX, GR611 M)
which includes a detector and multichannel analyzer
(NUCLEONIX, MC 1000U). The scintillation detector was a
good type (2x 2 in.) Nal (TI) crystal with 0.656" diameter
and 1.546" depth.The Nal (Tl) detector has an energy reso-
lution equal to about 12% at 662 keV. Radioactive point
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sources %°Co and '*’Cs each 5 mCi strength. The online
analysis of y-ray spectrum was performed using Aspect
computer software. The source was confined in lead cyl-
inder collimator having 0.52 cm aperture. Collimator was
placed in front of source collimator to produce 0.42 cm
beam. The distance between source and detector was kept
fixed at 40 cm. The glasses of thickness 0.5-1.5 mm were
selected and irradiated by 0.662 MeV photons emitted
from '3’Cs and 1.173 and 1.33 MeV photons emitted from
®0Co.The incident and attenuated intensities of y-rays were
measured by recording optimum count (10*) for fix preset
of time. The linear attenuation coefficient (u) values for the
prepared glasses (CuV,-CuV,) were determined using the
next relation [22]:

H lo\ 1
=—=| —_ —_
Hm = n<,>pt 3)

where |, and / are the intensities of the initial and attenu-
ated gamma radiation energies respectively, p is the den-
sity, and t is the glass sample thickness. The mass attenu-
ation coefficient values were then obtained by dividing
the p values by the density of the glass samples. From the
mass attenuation coefficients (u/p) we have calculated
other shielding parameters such as effective atomic num-
ber, half value layers etc. [23]. Additionally, the theoretical
values of u/p were calculated using XCOM software for
possible comparison with the experimental obtained val-
ues [25]. The effective atomic number is another impor-
tant parameter that characterize the radiation shielding
properties of the certain material. In his work, Hine [26]
reported that a single number cannot uniquely describe
the atomic number in the several energy regions for any
composite materials. This number is known as effective
atomic number (Z.4) and it is varied with the photon
energy. The next relation was used to evaluate the Z for
the glass samples under study [27]:

_ ZifiAi(%)i
%62(2),

J

Zeff

where f; represents the fraction by the mole of each con-
stituent element, A, is the atomic weight and Z; is the
atomic number. Besides, the electron density represents
the number of electrons per unit mass of the interacting
materials. From the calculated Z 4 values, we can calculate
this quantity using the following relation:

NZof _ Zet c
A AA 5)

where N, is Avogadro constant and A is the mean atomic
mass.

Half-value layer (HVL) and mean free path (MFP) are
other two important quantities that describe the effective-
ness of radiation shielding. HVL represents the thickness
of a glass sample that reduces the initial intensity of the
gamma photon to half. Furthermore, MFP is the average
distance between two successive gamma photon interac-
tions [27]. The lower is the value of HVL or MFP, more is the
interactions of gamma photon with the glass sample, thus
the better is the shielding performance of the sample. The
next two equations were used to evaluate the HVL and
MEP for the prepared glass samples [28]:

L 0693 ©
u
MFP = 1 7
u

where u is the linear attenuation coefficient.

2.5 Microhardness measurements

For all the samples, Vickers hardness H,=1.8p/d* was
measured using a micro hardness tester (Leco AMH 100,
USA), where p is the indentation load and d is the diagonal
length impression.

3 Results and discussion
3.1 FTIR spectra

To understand the effect of addition of CuO in the bismuth
silicate glass matrix, by analyzing the infrared. Fourier
transform infrared FTIR is one of the most popular tools
that is used in the characterization processes for such kind
of glasses. FTIR spectroscopic analysis of a certain mate-
rial gives useful information about the building blocks, the
chemical bonds in addition to the nature of the internal
structure. Figures 1 and 2 show the FTIR spectra of the all
prepared samples. Each spectrum consists of more than
one broadband the thing which characterizes amorphous
structures. So, it can state that the prepared glasses have
short range ordered structures. As it is seen, the FTIR charts
show the absorbance as a function of the wave number,
where each absorption process has a peak due to the
vibration of certain molecular group or chemical bond.
Therefore, for all the samples, the multi absorption peaks
refer to variables of the structural groups and chemical
bonds. Each spectrum was de-convoluted to some of the
individual peaks Provided that the sum of areas under
these peaks is equal to the total area under the original
spectrum, as in Fig. 2 for x=0 mol%. The spectra for all
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Fig. 1 FTIR spectra for [xCuO—(30-x)V,05-50Bi,0;-10Na,0-10SiO,]
glass samples

the samples were de-convoluted by the same way, such
that the deconvolution results were recorded in Table 1.
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Fig.2 De-convoluted FTIR spectra for x=0 wt%

Looking carefully at the data in this table one can con-
clude that Bi cations have two different coordination
states BiO; and BiOy, it means that some of Bi** occupied
the interstitial vacancies in the glass network as a glass
modifier, while some other share in the glass network
as a glass former with Si*" cations. A sub band at around
1000-1050 cm™' (clearly shown in Fig. 1 was observed
in 1st four samples, this is assigned to V=0 stretching
mode. The position of sub-band remained unchanged
by changing the composition of CuO. Another sub-band
appears at around 900-950 cm™', which becomes less
broad with increase in CuO content and is attributed to
the vibrations of VO,_ groups of the VO, polyhedra, while
the intense band at 1020 cm™' is related to the vibrations
of the VO,_ groups of the VO5 group [3]. The absorption
band at 600-620 cm™’ (Fig. 1) starting from 15% CuO con-
tent that can be due to the Cu-0 bonds [8, 9]. However,
the relative area of this band decreases with increasing of
CuO content. The increasing of CuO content on expense
of V,0O; results in an increase of the electron cloud density
around the oxygen in the BiO; and SiO, unit, leading to an
increase in the Bi-O-Si band and consequently contribut-
ing to the shift towards higher wavenumbers. This process
forms new Si—-O-Cu bridging bonds due to the induced
electrostatic field causing a weakening of the silicate net-
work [29]. The absence of V>* groups and bonds may be
due to two factors: the first is its low relative concentration
and the second is it sharing to BiO4 and Si-O-Si in the
vibration are equal to about 480 cm™' [29, 30].

3.2 Density and molar volume

Any change in the internal structure of the solid material
causes a significant change in the value of its density.
Therefore, density measurement is one of the crucial
tools used to indicate the occurrence of any change in
the internal structure of the material. The density values
of all prepared glasses were measured and recorded in
Table 2. The density increases gradually with increasing
of copper oxide content in the glass compositions. This
one confirms that the glass structure becomes more

Table 1 Assignments of principal absorption bands in the infrared spectra of all glass samples

Average band positions Assignments References
484 cm™ Stretching vibrations of Bi-O and/or Bi-O-Bi in [BiO4] octahedral and/or The band [24, 25]
appeared around 460 cm™' can be attributed to the bending vibrations of V-0-V
bridging oxygen bonds. Bending vibrations of Si-O-Si linkages
895 cm™ Symmetrical stretching vibrations of Bi-O bonds of [BiO;] units [28, 29]
1336 cm™! Stretch vibration in Si-O-Si [29]
Above 1620 cm™ Molecular water [30, 31]

Stretching vibrations of [OH] and molecular water
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-(;ael:I; tzy V’:‘I’u“;'snii g‘l’a’:‘\'/’;ﬂgfensf Code Cuo V,0, Bi,O, Na,O 5i0, p(gem™) v, (cm?)
Vm,the refractive index n and CuV1 0 30 50 10 10 5.99 20.04
g‘,ﬁ't":‘rerjiﬁgg‘l’;zgg of the Cuv2 5 25 50 10 10 6.13 48.06
Cuv3 10 20 50 10 10 6.28 46.10
Cuv4 15 15 50 10 10 6.42 44.30
CuV5 20 10 50 10 10 6.57 42.51
CuVvé 25 5 50 10 10 6.71 40.86
Cuv7 30 0 50 10 10 6.86 39.22
tightly packed with increasing CuO content. This behav-  Table 3 Electronegativity and Code x n Rm/Vm
ior also may be due to the replacement of CuO (density ~ refractive index
is 6.3 g/cm? with V,05 (density is 3.4 gm/cm?®) [31]. The Cuvl 279 260 0658
density values were used to calculate the molar volumes Cuv2 277 256 0650
for the prepared glasses. These volumes may be useful Cuv3 276 252 064
for comparison between the stability of the prepared Cuv4 275 248 0632
glasses. As seen in Table 2, the value of the molar vol- Cuvs 274 244 0623
ume decreases as CuO is increased. Such behavior may Cuve 272 240 0614
be attributed to two factors: the first is a decrease of Cuv7 271 237 0605

the number of oxygen atoms and the second one is the
replacement of high ionic radius cation V>* by short ionic
radius cation Cu?*. The decrease of the molar volume val-
ues with CuO content may be an indication to increase
of the thermal stability of study glasses in addition to a
decrease of their refractive index magnitudes. The den-
sity and molar volume results indicate that CuO has a
strong effect on the glass network construction. Both
density and molar volume ware used in the following
relations to calculate some principle parameters such as
the refractive index n and molar refractivity R, [32, 331:

N
n. x

)(glass z #rj (8)

i=1

_0-1)( lass
Al ¢
Ngomaa = 3'44E <V_) (9a)
m

where v, refers to Pauling electronegativity, n; is the num-
ber of atoms of ith elements while N is the total atoms in
the chemical compound, rj is molar fraction of the oxide j
in the glass matrix. In Eq. 7 Ngomaaa f€Presents the glass
refractive index, A and B are the numbers of cations and
all atoms in the glass chemical formula, respectively. Fol-
lowing the Table 3 it can be observed that each sample
has ratio R,,/V,, <1 which means non-metal nature [34]
random network structure. The values of the electroneg-
ativity were observed to decrease with increasing x val-
ues. The important thing which may cause the decrease
in the number of the oxygen atoms, may be a result of
replacement V,0; by CuO. Also, it can be observed that

the calculated refractive index shows slightly decrease
with increasing CuO content This result may mean that
the increase of Cu®* content favor a decrease of the opti-
cal band gap for the studied glasses, Since the refractive
index depend on the electronegativity value which has
direct dependence on the optical band gap according to
the following relation 7 [34]. In other word the increase of
Cu?* content is expected to improve the nonlinear optical
properties of the studied glasses.

x = 0.2688E,;. (9b)

3.3 Photon interaction parameters

Gamma-ray linear attenuation coefficient (u) determines
the absorption of gamma-rays in unit length of an absor-
bent material. p strongly depends on the energy of the
incident energy gamma-ray and the density of the absorp-
tive material. Photon penetration in matter is governed
statistically by the probability per unit distance p propa-
gated that a photon interacts by one physical process or
another. Gamma-ray attenuation graph for the absorbers
of CuV, glass sample (as an example) from the spectrom-
eter are shown in Fig. 3. The slope of the absorption graph
gives the experimental gamma-ray linear attenuation coef-
ficient p for CuV, glass sample. From the measured p and
the density of the glass samples, we calculate the experi-
mental mass attenuation coefficient values, and we can
denote it by (W/p)gy,,. To test the validity of the experimen-
tal results, the values of the p/p for the prepared glasses
were calculated by the XCOM program. The (u/p)g,, and
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Fig.3 Gamma-ray attenuation graphs for CuV, glass sample
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0.0904 0.662 MeV
—— (Wp)g,,
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3 —=o—__¢9 o9 ¢
K= 1.173 MeV
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0.054{ d - v ~1.33 MeV
0 5 10 15 20 25 30 35

CuO concentration

Fig.4 Comparison of the experimental mass attenuation coef-
ficients (u/p) (cm?/g) of the prepared glasses and the simulated
XCOM results

(W/P)xcom at 662, 1173 and 1332 keV are plotted and pre-
sented in Fig. 4.

It can be seen that the p/p)g,,, and (W/p)ycom coincides
with each other at the given photon energies. Also, the
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p=0.33
E=1.332 MeV

Ln(U1,)

1t - r . 1 - 1 -~ T - T - T 7
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thickness (cm)

difference between (u/p)EXp and (W/pP)ycom Values were
evaluated using the next relation:

1/ Pxcom — (H/ Pexp
(u/p) Xxcom

Difference = ’( > x 100% (10)

The differences between both the experimentally deter-
mined and theoretically calculated p/p values are found in
the content range of 0.87-8.30%, 1.58-7.74%, 0.76-8.87%,
0.75-8.89%, 0.65-8.56% 0.54-8.76% and 0.55-8.80% for
CuV,-CuV; glasses, respectively. The differences between
the experimental and theoretical (XCOM) results are small
and this validates the narrow beam transmission method
used in this work. Also, it is evident from Fig. 4, that the
p/p values for the CuV,-CuV; glasses decrease with the
increase of the energy of the photon. The Z 4 values for
the prepared glasses are shown in Fig. 5, where the pre-
sent Z ¢ results have the same trends as Yasaka et al. [35]
who measured the Z . of zinc bismuth borate glasses
within the energy range 0.223-0.662 keV. The range of
Z .« as depicted in Fig. 4 are 18.16-20.77, 18.60-21.25,
19.07-21.77, 19.56-22.30, 20.07-22.86, 20.61-23.46 and
21.18-24.08 for CuV,-CuV; glasses, respectively. Besides,
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Fig. 5 The effective atomic number for the prepared glasses

the Z 4 values are found to increase with increasing CuO
content.

The increase in Z is referring to the replacement of
V,0; by CuO which has a higher effective atomic cross
section than V,0s. Also, it should be noted that the Z ¢
decrease with increasing photon energy for all the pre-
pared glasses (CuV,-CuV,), which means that there are
more interactions of the glass sample with low energy
photons. Moreover, the Z 4 at 0.662 MeV are higher for
all the titled glasses than for other photon energies due
to the photoelectric absorption probability, which is very
high at 0.662 MeV. This is since the increase in the energy
of photon makes it be able of deeply penetrating in the
glass sample [36]. From Fig. 5, it is obvious that CuV7 (con-
tains a maximum CuO concentration) glass sample pos-
sesses the highest Z 4 values among the prepared glass
samples, which means that this sample show superior
shielding properties. Thus, the radiation shielding prop-
erties of the glass system under study are enhanced with
increasing CuO content.

The variation of HVL for the studied glasses is given in
Fig. 6 versus photon energy. This figure shows an increas-
ing trend of HVL for the prepared glass materials with the
increasing of photon energies from 0.662 to 1.33 MeV. This
one indicates that that the photons with higher energies
have an ability to penetrate deeper to the glass sample in
comparison with the lower photon energies. Also, it is clear
from Fig. 6 that the increment of CuO for the glass samples
leads to decrease in the HVL values. Following the Table 2,
the density of the glass samples increases while the CuO
content increases gradually, and it is well known that the
HVL value is inversely proportional to the density, implying
that the addition of CuO reduces the HVL hence improves
the radiation shielding properties for the prepared glasses,

2.2

2.04
1.8

1.6

HVL (cm)

1.44

1.2

1.0

L] L] L] L] L] L] L]
0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4
Photon energy (MeV)

Fig. 6 The half value layer (cm) for the prepared glasses

as previously verified by Kurudirek et al. [1]. Besides, it is
revealed that the CuV1 glass sample has the highest values
of HVL (in the range of 1.14-2.07 cm), while CuV, sample
(which contains the highest amount of CuO) possesses the
lowest values of HVL (in the range of 0.97-1.80 cm).
Figure 7 introduces the variety of MFP with photon
energy for the CuV,-CuV; glass samples. In this figure,
there is observed decreasing order of MFP from CuV,
to CuV,. This trend of decrease in MFP shows that the
increment in the weight percent of CuO enhances the
radiation shielding feature of the prepared glasses. This
means that CuV7 has the lowest MFP at all the 0.662,
1.173 and 1.33 MeV photon energies followed by others
accordingly. The lower MFP of CuV7 glass sample could
be understood from its high percentage fraction of CuO.
This result emphasizes that CuV7 sample has superior
radiation shielding performance. The MFP of the pre-
pared glasses at 0.662 MeV are 1.65, 1.61, 1.56, 1.52, 1.48,

3.0 4
2.8 4
2.6 4
244
224

2.04

MFP (cm)

1.8 4
1.6 4

144

b T v T v T M T T T T T T r
06 07 08 09 1.0 141 12 13 1.4
Photon energy (MeV)

Fig.7 The mean free path (cm) for the manufactured glasses
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Fig. 8 Vicker hardness (H,) versus CuO content

1.44 and 1.40 cm while the MFP of the three commercial
radiation shielding glasses produced by SCHOTT (RS 323
G19, RS 360 and RS 520) are 3.57,3.13 and 2 cm, respec-
tively [37]. It is evident that the MFP values of all the
fabricated glasses (CuV,-CuV;) are lower than RS 360, RS
323 G19 and RS 520 glasses. This result suggests that the
prepared glasses have higher efficiency in terms of radia-
tion shielding with respect to the selected commercial
radiation shielding glass.

3.4 Hardness

Microhardness testing is a method of determining a
material’s hardness or resistance to penetration. Micro-
hardness measurements were performed for the pre-
pared bismuth-silicate glasses within dentation loads at
300 g to identify the optimal experimental conditions.
Figure 8 shows the test results for the present bismuth-
silicate glasses. It is clearly seen that the hardness
increases gradually with increasing CuO content. This
may indicate that it is behaving like a former and lead-
ing to an increase bond rigidity. Consequently, it appears
bond rigidity. Also, replacing CuO by V,0Oc increases the
cross-link density as well as the remarkable difference
atomic mass of Cu and V and consequently the hard-
ness increase. From density results, the increasing in
density of glass means that the glass is more cohesive
for the raptors forming the network and therefore the
hardness makes the glass bear exposure to radiation and
the resistance of breakage or scratching. This glass has
a more solidity and the strength of its network, so it is a
good resistance to radiation.
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4 Conclusions

The bismuth-silicate glasses with the nominal composi-
tion of xCuO—-(30-x) V,05-50Bi,0;-10Na,0-10SiO,, where
(0 < x <30 wt%) were prepared successfully using conven-
tional melt quenching method. FTIR spectroscopic analy-
sis showed that the studied glasses contain BiO; and BiOg
basic structural units. The results of the radiation shielding
characteristics of the glasses prepared using the gamma
ray spectrometer at different energies show that with the
increase of CuO content, a slight increase, whereas HVL
and MFP are gradually decreasing, which means that the
thickness of the glass used for shielding is low. The effec-
tive atomic number value of CuV, sample is high which
contains the higher CuO concentration. So, the radiation
shielding properties for the prepared glasses are being
enhanced with increasing CuO content. Also, the density
increases with the CuO content. Therefore, the glass is
more cohesive in the network and there is an increase in
the hardness that makes the glass bear exposure to radia-
tion and the resistance of breakage or scratching. All the
above results indicate that this glass containing copper
oxide can be used as a good resistor of radiation.
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