
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/324518982

Comparative study of gamma ray shielding competence of WO 3 -TeO 2 -PbO

glass system to different glasses and concretes

Article  in  Materials Chemistry and Physics · April 2018

DOI: 10.1016/j.matchemphys.2018.04.019

CITATION

1

READS

190

8 authors, including:

Some of the authors of this publication are also working on these related projects:

Investigation of Radiation Mass Attenuation Coeffcients and Shielding Properties View project

Fabrication and performance of heavy metal oxides glass system for gamma-ray shielding material View project

Dhammajyot K Gaikwad

Dr. Babasaheb Ambedkar Marathwada University

20 PUBLICATIONS   41 CITATIONS   

SEE PROFILE

Shamsan Obaid

Dr. Babasaheb Ambedkar Marathwada University

9 PUBLICATIONS   13 CITATIONS   

SEE PROFILE

M. I. Sayyed

University of Tabuk

68 PUBLICATIONS   536 CITATIONS   

SEE PROFILE

R R Bhosale

Dr. Babasaheb Ambedkar Marathwada University

13 PUBLICATIONS   11 CITATIONS   

SEE PROFILE

All content following this page was uploaded by M. I. Sayyed on 09 May 2018.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/324518982_Comparative_study_of_gamma_ray_shielding_competence_of_WO_3_-TeO_2_-PbO_glass_system_to_different_glasses_and_concretes?enrichId=rgreq-8106279f909a7fdb37da17a562d8d929-XXX&enrichSource=Y292ZXJQYWdlOzMyNDUxODk4MjtBUzo2MjQyOTM0OTkxMTM0NzNAMTUyNTg1NDU3NzI4Ng%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/324518982_Comparative_study_of_gamma_ray_shielding_competence_of_WO_3_-TeO_2_-PbO_glass_system_to_different_glasses_and_concretes?enrichId=rgreq-8106279f909a7fdb37da17a562d8d929-XXX&enrichSource=Y292ZXJQYWdlOzMyNDUxODk4MjtBUzo2MjQyOTM0OTkxMTM0NzNAMTUyNTg1NDU3NzI4Ng%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Investigation-of-Radiation-Mass-Attenuation-Coeffcients-and-Shielding-Properties?enrichId=rgreq-8106279f909a7fdb37da17a562d8d929-XXX&enrichSource=Y292ZXJQYWdlOzMyNDUxODk4MjtBUzo2MjQyOTM0OTkxMTM0NzNAMTUyNTg1NDU3NzI4Ng%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Fabrication-and-performance-of-heavy-metal-oxides-glass-system-for-gamma-ray-shielding-material?enrichId=rgreq-8106279f909a7fdb37da17a562d8d929-XXX&enrichSource=Y292ZXJQYWdlOzMyNDUxODk4MjtBUzo2MjQyOTM0OTkxMTM0NzNAMTUyNTg1NDU3NzI4Ng%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-8106279f909a7fdb37da17a562d8d929-XXX&enrichSource=Y292ZXJQYWdlOzMyNDUxODk4MjtBUzo2MjQyOTM0OTkxMTM0NzNAMTUyNTg1NDU3NzI4Ng%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Dhammajyot_Gaikwad2?enrichId=rgreq-8106279f909a7fdb37da17a562d8d929-XXX&enrichSource=Y292ZXJQYWdlOzMyNDUxODk4MjtBUzo2MjQyOTM0OTkxMTM0NzNAMTUyNTg1NDU3NzI4Ng%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Dhammajyot_Gaikwad2?enrichId=rgreq-8106279f909a7fdb37da17a562d8d929-XXX&enrichSource=Y292ZXJQYWdlOzMyNDUxODk4MjtBUzo2MjQyOTM0OTkxMTM0NzNAMTUyNTg1NDU3NzI4Ng%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Dr_Babasaheb_Ambedkar_Marathwada_University?enrichId=rgreq-8106279f909a7fdb37da17a562d8d929-XXX&enrichSource=Y292ZXJQYWdlOzMyNDUxODk4MjtBUzo2MjQyOTM0OTkxMTM0NzNAMTUyNTg1NDU3NzI4Ng%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Dhammajyot_Gaikwad2?enrichId=rgreq-8106279f909a7fdb37da17a562d8d929-XXX&enrichSource=Y292ZXJQYWdlOzMyNDUxODk4MjtBUzo2MjQyOTM0OTkxMTM0NzNAMTUyNTg1NDU3NzI4Ng%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Shamsan_Obaid?enrichId=rgreq-8106279f909a7fdb37da17a562d8d929-XXX&enrichSource=Y292ZXJQYWdlOzMyNDUxODk4MjtBUzo2MjQyOTM0OTkxMTM0NzNAMTUyNTg1NDU3NzI4Ng%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Shamsan_Obaid?enrichId=rgreq-8106279f909a7fdb37da17a562d8d929-XXX&enrichSource=Y292ZXJQYWdlOzMyNDUxODk4MjtBUzo2MjQyOTM0OTkxMTM0NzNAMTUyNTg1NDU3NzI4Ng%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Dr_Babasaheb_Ambedkar_Marathwada_University?enrichId=rgreq-8106279f909a7fdb37da17a562d8d929-XXX&enrichSource=Y292ZXJQYWdlOzMyNDUxODk4MjtBUzo2MjQyOTM0OTkxMTM0NzNAMTUyNTg1NDU3NzI4Ng%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Shamsan_Obaid?enrichId=rgreq-8106279f909a7fdb37da17a562d8d929-XXX&enrichSource=Y292ZXJQYWdlOzMyNDUxODk4MjtBUzo2MjQyOTM0OTkxMTM0NzNAMTUyNTg1NDU3NzI4Ng%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/M_Sayyed?enrichId=rgreq-8106279f909a7fdb37da17a562d8d929-XXX&enrichSource=Y292ZXJQYWdlOzMyNDUxODk4MjtBUzo2MjQyOTM0OTkxMTM0NzNAMTUyNTg1NDU3NzI4Ng%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/M_Sayyed?enrichId=rgreq-8106279f909a7fdb37da17a562d8d929-XXX&enrichSource=Y292ZXJQYWdlOzMyNDUxODk4MjtBUzo2MjQyOTM0OTkxMTM0NzNAMTUyNTg1NDU3NzI4Ng%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_Tabuk?enrichId=rgreq-8106279f909a7fdb37da17a562d8d929-XXX&enrichSource=Y292ZXJQYWdlOzMyNDUxODk4MjtBUzo2MjQyOTM0OTkxMTM0NzNAMTUyNTg1NDU3NzI4Ng%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/M_Sayyed?enrichId=rgreq-8106279f909a7fdb37da17a562d8d929-XXX&enrichSource=Y292ZXJQYWdlOzMyNDUxODk4MjtBUzo2MjQyOTM0OTkxMTM0NzNAMTUyNTg1NDU3NzI4Ng%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/R_R_Bhosale?enrichId=rgreq-8106279f909a7fdb37da17a562d8d929-XXX&enrichSource=Y292ZXJQYWdlOzMyNDUxODk4MjtBUzo2MjQyOTM0OTkxMTM0NzNAMTUyNTg1NDU3NzI4Ng%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/R_R_Bhosale?enrichId=rgreq-8106279f909a7fdb37da17a562d8d929-XXX&enrichSource=Y292ZXJQYWdlOzMyNDUxODk4MjtBUzo2MjQyOTM0OTkxMTM0NzNAMTUyNTg1NDU3NzI4Ng%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Dr_Babasaheb_Ambedkar_Marathwada_University?enrichId=rgreq-8106279f909a7fdb37da17a562d8d929-XXX&enrichSource=Y292ZXJQYWdlOzMyNDUxODk4MjtBUzo2MjQyOTM0OTkxMTM0NzNAMTUyNTg1NDU3NzI4Ng%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/R_R_Bhosale?enrichId=rgreq-8106279f909a7fdb37da17a562d8d929-XXX&enrichSource=Y292ZXJQYWdlOzMyNDUxODk4MjtBUzo2MjQyOTM0OTkxMTM0NzNAMTUyNTg1NDU3NzI4Ng%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/M_Sayyed?enrichId=rgreq-8106279f909a7fdb37da17a562d8d929-XXX&enrichSource=Y292ZXJQYWdlOzMyNDUxODk4MjtBUzo2MjQyOTM0OTkxMTM0NzNAMTUyNTg1NDU3NzI4Ng%3D%3D&el=1_x_10&_esc=publicationCoverPdf


lable at ScienceDirect

Materials Chemistry and Physics 213 (2018) 508e517
Contents lists avai
Materials Chemistry and Physics

journal homepage: www.elsevier .com/locate/matchemphys
Comparative study of gamma ray shielding competence of WO3-TeO2-
PbO glass system to different glasses and concretes

D.K. Gaikwad a, *, Shamsan S. Obaid a, M.I. Sayyed b, R.R. Bhosale a, V.V. Awasarmol a,
Ashok Kumar c, M.D. Shirsat a, d, P.P. Pawar a

a Department of Physics, Dr. Babasaheb Ambedkar Marathwada University, Aurangabad, 431004, India
b Physics Department, University of Tabuk, Tabuk, Saudi Arabia
c Department of Physics, University College, Benra-Dhuri, Punjab, India
d RUSA Center for Advance Center Technology, Dr. Babasaheb Ambedkar Marathwada University, Aurangabad, 431004, India
h i g h l i g h t s
� Present work explores the gamma ray shielding properties of WO3-TeO2-PbO glasses.
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a b s t r a c t

The photon attenuation coefficients of 20WO3-(80-x) TeO2-xPbO (where x¼ 10, 12.5, 15, 17.5 and 20mol
%) tellurite glasses have been studied in the energy region of 1 keVe100 GeV. The addition of PbO into
the glass system increases the mass attenuation coefficients and decreases the mean free path and the
half value layer. Moreover, WTP5 which contains 20mol% of PbO shows the highest radiation shielding
capability. In addition, tellurite glasses have been compared with other glass systems, some standard
shielding concretes and three commercial window glasses in terms of mass attenuation coefficients,
mean free path and half value layer. The G-P fitting method also used to evaluate the exposure buildup
factor of the present glasses. The exposure buildup factor of the present samples has also been compared
with the other glasses, lead and concretes. It has-been found that the glasses under study have higher
values of mass attenuation coefficients than that of commercial window glasses. Also, it has been found
that the present glasses have lower mean free path, thus possess better shielding properties than
different concrete samples and other selected glasses.

© 2018 Elsevier B.V. All rights reserved.
1. Introduction

With the advances of technology, the use of radioactive sources
has been increased tremendously for wide applications in the nu-
clear reactor, medical diagnostics, medicine, agriculture, petro-
chemical, nuclear industries, manufacture, accelerator technology,
space research, etc. Exposure to highly penetrating nuclear radia-
tion emitted from radioactive sources is harmful to humans,
, physics.dkg@bamu.ac.in
animals and plants. Thus, the fabrication and design new effective
radiation shielding materials are essential in order to avoid the
deleterious effects of nuclear radiation on human health. Recently,
the invention of a variety of shielding materials has gained great
attention among the research community to address shielding of
hazardous radiations. Concretes are the most widely used shielding
materials in nuclear reactors, accelerators and radiology hospitals
construction [1]. Concrete is popular in radiation shielding design
due to its abundance, availability, affordability, durability, and
acceptable radiation shielding competence [2]. Though crack for-
mation, leaching, water content gets evaporates due to exposure of
high energy radiation results in the porous formation, decrease in
density and structural strength are the associated shortcomings of

mailto:dhammajyotg26@gmail.com
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Table 1
Chemical composition and density of 20WO3-(80-x)TeO2-xPbO glasses.

Sample Code x Mole fraction of constituent oxides Density (g/cm3)

WTP1 10 WO3(0.2), TeO2 (0.7), PbO(0.1) 5.5875
WTP2 12.5 WO3 (0.2), TeO2(0.675), PbO(0.125) 5.7179
WTP3 15 WO3(0.2), TeO2(0.65), PbO(0.15) 5.7379
WTP4 17.5 WO3(0.2), TeO2(0.625), PbO(0.175) 5.8851
WTP5 20 WO3(0.2), TeO2(0.6), PbO(0.2) 5.9012
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concretes as shielding materials [3]. High attenuation of radiation,
negligible irradiation effects on structural and mechanical proper-
ties of the material, homogeneous of density and composition are
the essential properties of radiation shielding design [4,5]. Glasses
are the attractive candidates in this context, as glasses absorbed
gamma rays and neutrons to a great extent compared to concretes
[5,6]. Additionally, they provide transparency to visible light while
absorbing ionizing radiation, excellent homogeneity, and range of
additive oxides which can be helpful to alter the density, me-
chanical and physical properties of glasses [6,7].

Among the glasses, tellurite glasses show substantial impor-
tance for both basic science and engineering technology research
due to low melting temperature, high electrical conductivity, high
thermal stability and density, good mechanical strength and
chemical durability, low melting and verification temperatures,
high dielectric constant, excellent moisture and corrosion resis-
tance, etc. [7,8]. However, Tellurium oxide (TeO2) is a well-known
conditional glass former which needs an additional modifier to
form glass under normal quenching condition [9]. The modification
of glass forming ability and improvement in optical, thermal and
mechanical properties can be achieved by introducing heavy metal
oxides (such as PbO, Bi2O3, MoO3, WO3andNb2O5) into tellurium
oxide glasses [10,11]. Lead oxide (PbO) plays an influential role in
glass formation as it acts as network modifier and network former
[12]. PbO, Bi2O3and WO3 contained glasses are the promising ma-
terials for waste storage and infrared transmission applications
[13]. Heavy metal oxides based glasses are the potent radiation
shieldingmaterials as they provide a large attenuation cross section
and a rate of degrading their optical and mechanical properties due
to high energy photons is very small [14].

To design effective shielding materials for the particle acceler-
ator, nuclear facilities, laboratories, radiation therapy facilities and
other civil constructions, materials should be tested first by
studying various shielding parameters and other available simu-
lation tools. The mass attenuation coefficient (m/r), mean free path
(MFP), half value layer (HVL) and exposure buildup factor (EBF) are
required quantities to evaluate shielding effectiveness of any ma-
terials (alloys, glass, concrete, etc) [6]. The intensity of a mono-
chromatic narrow beam of photons attenuated by thin absorber
follows Lambert's Beer law. If this law doesn't hold due to a failure
of any condition, buildup factor is being used to make Lamberts
Beer Law [15] valid. The EBF is most widely used to design shielding
materials for radiation sites (nuclear reactor, accelerators, medical
facilities, etc.) [15]. Extensive investigation on the attenuation co-
efficients of glasses [16,17,18,19], concretes [20,21,22], rocks [23,24],
alloys [25,26], organic compounds [27,28,29,30] and other mate-
rials [31,32] have reported for their medical and radiation protec-
tion applications. The Buildup factor is important to choose the
appropriate thickness or control the thickness of glasses and con-
cretes for radiation shield [33,34]. Sayyed [35] has been investi-
gated the shielding parameters in the TeO2-B2O3-Bi2O3-ZnO
quaternary tellurium glasses. He compared the results with the
standard shielding materials and showed that the tellurium glasses
may be useful for the development of efficient gamma-ray shield-
ing materials. Mostafa et al. [36] have been studied WO3 doped
PbO-B2O3-P2O5 glass system and reported that the gamma ray
absorption capability increases with the WO3 content in the glass
matrix.

In the present investigation, heavy metal oxides base ternary
WO3-TeO2-PbO glasses have been studied for radiation application.
The aim of the present work is (a) to explore the gamma ray
shielding properties of ternary heavy metal oxides tellurite glasses
by calculating shielding parameters such as m/r and EBF (b) com-
parison of the present glass samples with different glass systems,
some standard shielding concretes and three commercial window
glasses to seek the availability of utilizing the WO3-TeO2-PbO
glasses with respect to gamma rayprotection.

2. Materials and computational method

In the present work, 20WO3-(80-x) TeO2-xPbO (where x¼ 10,
12.5, 15, 17.5 and 20mol %) tellurite glasses have been selected as
shown in Table 1 [37]. For the purpose of comparison, some
shieldingmaterials from the literature have been chosen as follows;
type A, type B and type C window glasses [38]; normal weight
concretes (Silicates, Limestone and silicates, Portland, Rocky flats
and limestone) [39]; 40PbO-10BaO-50B2O3 [40]; 50Bi2O3-30B2O3-
5TeO2-15SiO2 [41]; 40Bi2O3-10BaO-50P2O5 [3]; 50PbO-50B2O3 and
50Bi2O3-50B2O3 [42]; G6 [43] and S7 [44] glasses; Bismuth boro-
silicate glass 20% (BS) [45]; Lead [46]; Ordinary (OC),
Ilmeniteelimonite (IL), Steel-scrap (SC), Steel-magnetite (SM) [47]
concretes; 10WO3-40MoO3-50TeO2 (50Te); 10WO3-20MoO3-
70TeO2 (70Te) and 10WO3-10MoO3-80TeO2 (80Te) glasses [48].

2.1. Half value layer and mean free path

The mass attenuation coefficients (m/r) of an absorbing media
constituent of different elementscan are determined by mixture
rule given by following equation [49];

m

r
¼

X
i

Wi

�
m

r

�
i

(1)

Where Wi is fraction by weight of ith elements. The (m/r)i values of
the (O, Te, W and Pb) elements in the energy range 1 keVe100 GeV
have been taken from XCOM program [50].

Mean free path (MFP) is the average distance between two
successive interactions, while the thickness of an absorber that
reduces the intensity of incident photon by half of its initial value is
known as half value layer, which can be calculated using Eqs. (2)
and (3) respectively [6,7]:

MFP ¼ 1
m

(2)

HVL ¼ lnð2Þ
m

¼ 0:693
m

(3)

where m is the linear attenuation coefficient.

2.2. Exposure buildup factor (EBF)

The exposure buildup factor (EBF) of the selected glass samples
has been computed by utilizing G-P fitting parameters b, c, a, Xk and
d [46]. Computation of EBF has been done in three steps. These
steps include the (1) calculation of the equivalent atomic number
(Zeq) followed by (2) computation of G-P fitting parameters and
finally (3) calculation of EBF values.

The equivalent atomic number, Zeq is a single quantity utilized to
characterize theWO3TeO2-PbO glass samples properties in terms of
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equivalent elements. For the present glass samples, Zeq can be
calculated from the ratio of the Compton partial mass attenuation
coefficient (i.e. (m/r)Compton) to the total mass attenuation coeffi-
cient (i.e. (m/r)Total) at certain energy, with the help of the following
equation [51,52]:

Zeq ¼ Z1ðlogR2 � logRÞ þ Z2ðlogR� logR1Þ
logR2 � logR1

(4)

where Z1 and Z2 represent the atomic numbers of elements cor-
responding to the ratios R1 and R2 respectively and R is the ratio ((m/
r)Compton/(m/r)Total) for the glass samples at a certain energy. For
example the ratio R ¼ ðm=rÞCompton=ðm=rÞtotal of WTP1 glass sample
0.1MeV is 0.0526, which lies between R1¼0.0539 of Z1¼55 and
R2¼ 0.0513 of Z2¼ 56, using Eq. (4) the Zeq¼ 55.51. The obtained
Zeq for the present glass samples then used to calculate the five G-P
fitting parameters (a, b, c, d and Xk) using the following relation
[15]:

a ¼ a1
�
logZ2 � logZeq

�þ a2
�
logZeq � logZ1

�
logZ2 � logZ1

(5)

where a1 and a2 are the G-P fitting parameters corresponding to the
Z1 and Z2 respectively at a given energy.

From the five G-P fitting parameters we can evaluate the EBF
values for the selected glasses using following equation [53].

BðE; XÞ ¼ 1þ b� 1
K � 1

ðKx � 1Þ for Ks1 (6)

BðK; XÞ ¼ 1þ ðb� 1Þx for K ¼ 1 (7)

where,

KðE; xÞ ¼ cxa þ d
tanh

�
x
XK

� 2
�
� tanhð � 2Þ

1� tanhð � 2Þ for x � 40mfp

(8)

where E and x are incident photon energy and the penetration
depth respectively.
3. Results and discussion

The mass attenuation coefficients of 20WO3-(80-x) TeO2-xPbO
glasses (where x¼ 10, 12.5, 15, 17.5 and 20mol %) have been
computed with XCOM in an energy range of 1 keVe100 GeV. The
variations of m/rwith incident photon energies have been shown in
Fig. 1(a). On the basis of the relative dominance of the three photon
interaction mechanisms (i.e. Photoelectric absorption, Compton
scattering and pair production), the considerable changes in m/r
were observed. It is noticed that in the low energy region
(1 keVe0.4MeV); the variation in is m/r the same for all samples.
The m/r values of the present glasses are very large in this low
photon energy region (in order of 7� 103 cm2/g) and then decrease
sharply with energy. It is due to the dominance of the photoelectric
effect in the low energy region. The cross section of photoelectric
Table 2
Photon energies (keV) of absorption edges for elements present in 20WO3-(80-x)TeO2-x

Element Z M5 M4 M3 M2

Te 52 e e e e

W 74 1.809 1.872 2.281 2.575
Pb 82 2.484 2.586 3.066 3.554
effect changes with the atomic number as Z4�5 and changes with
the energy of the photon as 1/E3.5. Hence, we found that the glass
samples have highest m/r values in the low energy regionwhere the
photoelectric effect predominates, and the m/r values decrease as
the energy of photon increases.

The sharp discontinuities in the values of m/r are observed at
different energies shown in Table 2. It is due to the fact that K, L and
M-absorption edges of elements Te, W and Pb present in these
samples lies at these energies. In the medium energy region
(0.4MeVe6MeV) the values of m/r are nearly same for all the
samples. Thus m/r is independent of chemical composition in the
medium energy region, which is due to the dominance of the
Compton scattering process. Due to the inverse variation of the
Compton scattering cross-section with energy; the m/r values are
found to decrease in the medium energy region. In the high energy
region (above 6MeV) chemical composition and energy both ef-
fects m/r. In this high energy region, the pair production process is
the dominant interaction process, and it is known that the cross
section of pair production is directly proportional to Z2, therefore,
we can observe that the m/r values slowly increase in this energy
region.

Additionally, Fig. 1(a) revealed that the m/r values increase with
the addition of PbO. This increase in m/r values can be attributed to
the replacement of a lightermolecule (TeO2) by a heavier one (PbO).
Therefore, we can observe from Fig. 1 that the m/r values possess
maxima forWTP5 (which contains 20% PbO) andminima forWTP1
in the high energy region. It is due to the presence of high con-
centration of PbO in WTP5 sample. Hence, we can conclude that
WTP5 glass sample has superior shielding properties among the
present samples.

The m/r values of 20WO3-(80-x)TeO2-xPbO glasses were
compared with the experimental m/r values of 10WO3-40MoO3-
50TeO2 (50Te); 10WO3-20MoO3-70TeO2 (70Te) and 10WO3-
10MoO3-80TeO2 (80Te) glasses [48] at 276.4 keV, 302.8 keV,
356 keV and 383.8 keV as shown in Fig. 1(b). It is clear from the
Figure that the 20WO3-(80-x) TeO2-xPbO glasses have higher m/r
values than 50Te, 70Te and 80Te glasses. Thus, we can conclude that
the 20WO3-(80-x) TeO2-xPbO glasses possess better shielding ca-
pabilities than 50Te, 70Te and 80Te glasses. Additionally, the
comparison of the m/r values of the 20WO3-(80-x) TeO2-xPbO
glasses with commercial glasses have been shown in Fig. 2. It is
found that present glasses possess higher m/r values compared to
the commercial glasses for all energies except for the energy region
where the Compton scattering process is dominant. But in the
medium energy region, m/r for the present samples and commer-
cial glasses are nearly same. It is due to that m/r is independent of
the chemical composition of Compton scattering dominant region.

The variation of MFP of 20WO3-(80-x)TeO2-xPbO glasses with
energy is shown in Fig. 3 in the energy region 1 keV to 100 GeV for
the total interaction process. MFP of the present samples shows an
increasing trend up to 6MeV. MFP values are very low of the order
of (10�6-10�2) cm up to 100 keV, but have increasing behavior in
this energy region as it is shown in Fig. 3. For 100 keV to 6MeV;
MFP values increase sharply and possess maxima at 6MeV.
Thereafter, MFP values decrease sharply up to 100MeV and
thereafter above 100MeV; MFP decreases moderately. The
PbO glasses.

M1 L3 L2 L1 K

1.006 4.341 4.612 4.939 31.810
2.820 10.210 11.540 12.100 69.530
3.851 13.040 15.200 15.860 88.000
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Fig. 1. Total mass attenuation coefficients of 20WO3-(80-x)TeO2-xPbO glasses with photon energy in the energy range 1 keVe100 GeV.
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Fig. 2. Mass attenuation coefficents of 20WO3-(80-x)TeO2-xPbO glasses with commercial window glasses.
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variation for MFP with incident photon energy can be explained by
the three photon interaction mechanisms similar to above m/r.
From Fig. 3 one can see that when PbO concentration increases, the
MFP values are decreasing. It is due to the increase in the density
value with increasing PbO concentration. It is known that the MFP
for any glass sample is inversely proportional to the density of the
glass sample, and according to Table 1, the addition of PbO leads to
an increase in the density of the present glasses, thus the MFP
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Fig. 4. Comparison of MFP of 20WO3-(80-x)TeO2-
values decrease. Therefore, we can see that the MFP of WTP5
(which has the maximum PbO content and the highest density) is
lower than other glasses. Thus WTP5 possesses best shielding
competence among the selected samples.

MFP and HVL are very important parameters in deciding the
radiation shielding efficiency of a material. The comparison of MFP
20WO3-(80-x)TeO2-xPbO glasses with normal weight concretes
have been represented in Fig. 4 in the energy range of 1 keV to
100 GeV. For this comparison, we have selected silicates, limestones
and silicates, portland, rocky flats, lime stone and type 04 as normal
weight concretes. MFP of the selected glasses is nearly same as MFP
of the selected normal weight concretes in the energy range
1 keVe50 keV. Thus, the gamma ray shielding efficiency of the
selected glasses is nearly same as that of the normal weight con-
cretes up to 50 keV. From 50 keV to 100 GeV; theMFP of the present
glasses are lower than the MFP of the normal weight concretes.
Thus, the present glass samples possess the better shielding
competence to the normal weight concretes in this wide energy
region above 50 keV. It is due to the presence of heavy metal oxides
of WO3, TeO2and PbO present in the glass samples.

The HVL of the 20WO3-(80-x)TeO2-xPbO glasses have been
compared with 40PbO.10BaO.50B2O3; 40Bi2O3.10BaO.50P2O5;
50Bi2O3.30B2O3.5TeO2.15SiO2; 50PbO.50B2O3; 40PbO.10-
Bi2O3.49.5B2O3.0.5FeO and 50Bi2O3.50B2O3 glasses in the energy
range of 1 keV to 100 GeV and the results are presented in Fig. 5.
The HVL of the present glasses is nearly same as 40PbO.10-
BaO.50B2O3; 40Bi2O3.10BaO.50P2O5; 50Bi2O3.30B2O3.5TeO2.15SiO2

and 50Bi2O3.50B2O3up to 3MeV. Beyond 3MeV, HVL of the present
glasses is nearly half than that of the mentioned above glasses.
Thus, the present glasses are equally effective as
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Fig. 5. Comparison of MFP of 20WO3-(80-x)TeO2-xPbO glasses with different shielding glasses.

Table 3
Equivalent atomic number of 20WO3-(80-x)TeO2-xPbO glasses.

Energy (MeV) Equivalent atomic number (Zeq)

WTP1 WTP2 WTP3 WTP4 WTP5

0.015 28.422 28.706 28.982 29.259 29.584
0.020 29.629 30.162 30.713 31.248 31.773
0.030 30.065 30.609 31.155 31.684 32.202
0.040 44.314 44.290 44.252 44.228 44.185
0.050 44.677 44.628 44.591 44.556 44.504
0.060 44.925 44.878 44.844 44.793 44.744
0.080 51.321 51.310 51.292 51.265 51.247
0.100 55.510 56.373 57.221 58.068 58.886
0.150 56.305 57.194 58.092 58.940 59.811
0.200 56.743 57.666 58.701 59.437 60.296
0.300 57.305 58.240 59.152 60.049 60.911
0.400 57.624 58.593 59.517 60.417 61.274
0.500 57.862 58.816 59.738 60.662 61.514
0.600 57.977 58.959 59.885 60.800 61.681
0.800 58.131 59.125 60.070 60.991 61.863
1.000 58.196 59.185 60.159 61.064 61.947
1.500 57.947 58.425 59.357 60.319 61.184
2.000 55.286 56.221 57.256 58.163 59.066
3.000 51.568 52.527 53.464 54.360 55.225
4.000 49.724 50.657 51.490 52.332 53.282
5.000 48.690 49.560 50.404 51.250 52.074
6.000 48.094 48.914 49.749 50.526 51.356
8.000 47.377 48.149 48.931 49.700 50.503
10.000 46.996 47.715 48.485 49.264 50.064
15.000 46.657 47.403 48.139 48.895 49.644
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Fig. 6. Zeq of 20WO3-(80-x)TeO2-xPbO glasses.
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Table 4
Exposure G-P fitting parameters of WTP1glass sample.

Energy (MeV) WTP1

b c A Xk D

0.015 1.003 1.767 �0.450 7.966 0.310
0.020 1.988 1.320 0.295 12.374 �0.398
0.030 1.192 0.407 0.199 13.320 �0.062
0.040 3.825 0.606 0.091 24.303 �0.062
0.050 3.366 0.346 0.089 15.248 �0.143
0.060 2.905 0.217 0.056 5.927 �0.063
0.080 1.886 0.080 0.508 15.751 �0.125
0.100 1.545 0.143 0.319 16.956 �0.050
0.150 1.211 0.298 0.304 13.886 �0.171
0.200 1.211 0.463 0.189 14.307 �0.101
0.300 1.285 0.569 0.135 13.831 �0.063
0.400 1.356 0.685 0.095 14.189 �0.052
0.500 1.407 0.752 0.074 14.143 �0.044
0.600 1.444 0.802 0.058 14.631 �0.036
0.800 1.577 0.926 0.025 13.664 �0.024
1.000 1.587 0.965 0.016 13.295 �0.022
1.500 1.497 1.026 0.002 13.991 �0.017
2.000 1.555 1.090 �0.011 13.094 �0.013
3.000 1.534 1.030 0.013 13.218 �0.040
4.000 1.480 1.032 0.016 13.411 �0.044
5.000 1.499 0.952 0.046 13.659 �0.072
6.000 1.495 0.922 0.057 13.830 �0.080
8.000 1.529 0.891 0.078 14.154 �0.098
10.000 1.504 1.033 0.048 14.180 �0.071
15.000 1.586 1.177 0.029 13.995 �0.058

Table 5
Exposure G-P fitting parameters of WTP2glass sample.

Energy (MeV) WTP2

b c A Xk D

0.015 1.002 1.904 �0.381 9.537 0.281
0.020 1.263 0.418 0.643 11.193 �0.889
0.030 2.627 0.808 0.146 24.343 �0.153
0.040 3.834 0.585 0.091 24.233 �0.059
0.050 3.348 0.324 0.060 15.014 �0.129
0.060 2.880 0.206 0.109 6.512 �0.067
0.080 1.883 0.078 0.519 15.740 �0.084
0.100 1.424 0.050 0.678 14.042 �0.264
0.150 1.195 0.219 0.383 13.758 �0.261
0.200 1.171 0.409 0.218 14.187 �0.116
0.300 1.290 0.571 0.134 13.833 �0.063
0.400 1.359 0.687 0.094 14.185 �0.052
0.500 1.411 0.755 0.073 14.141 �0.044
0.600 1.446 0.803 0.072 13.752 �0.036
0.800 1.578 0.926 0.025 13.664 �0.024
1.000 1.588 0.966 0.016 13.292 �0.022
1.500 1.520 1.051 �0.004 13.798 �0.014
2.000 1.555 1.094 �0.012 13.096 �0.012
3.000 1.534 1.032 0.012 13.202 �0.039
4.000 1.505 0.992 0.030 13.634 �0.055
5.000 1.503 0.950 0.046 13.646 �0.062
6.000 1.481 0.932 0.059 13.911 �0.084
8.000 1.530 0.883 0.078 14.152 �0.098
10.000 1.503 1.014 0.051 14.188 �0.073
15.000 1.581 1.154 0.031 14.059 �0.059

Table 6
Exposure G-P fitting parameters of WTP3 glass sample.

Energy (MeV) WTP3

b c A Xk D

0.015 1.000856 2.074243 �0.31961 11.12351 0.258397
0.020 2.117564 1.481718 0.233007 12.58581 �0.3096
0.030 1.430888 0.473867 0.213462 15.15609 �0.07712
0.040 3.847722 0.550493 0.090287 24.11978 �0.05576
0.050 3.33359 0.307151 0.037709 14.8357 �0.11829
0.060 2.861953 0.19843 0.14691 6.936223 �0.06996
0.080 1.878639 0.074395 0.535801 15.72373 �0.13291
0.100 1.502637 0.083848 0.51269 15.54124 �0.11596
0.150 1.19437 0.227957 0.371354 14.30301 �0.18945
0.200 1.169416 0.407154 0.218881 14.18595 �0.11662
0.300 1.296487 0.574474 0.132842 13.83539 �0.06285
0.400 1.366679 0.690157 0.09323 14.17711 �0.05201
0.500 1.418486 0.759369 0.071832 14.13698 �0.04345
0.600 1.452502 0.80742 0.056059 13.75685 �0.03527
0.800 1.58221 0.929622 0.024059 13.66212 �0.02372
1.000 1.589994 0.966796 0.015441 13.28482 �0.0222
1.500 1.522573 1.05442 �0.00469 13.77275 �0.01324
2.000 1.538291 1.043484 0.001742 13.63226 �0.02165
3.000 1.532335 1.03513 0.011001 13.1767 �0.03851
4.000 1.496119 1.002967 0.026349 13.58277 �0.05279
5.000 1.539188 0.928951 0.055756 13.79976 �0.07957
6.000 1.483489 0.930007 0.058501 13.89506 �0.08305
8.000 1.525411 0.910602 0.067891 14.15931 �0.09831
10.000 1.502976 0.998175 0.053633 14.19536 �0.07479
15.000 1.575665 1.130485 0.033737 14.12493 �0.05944
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40PbO.10BaO.50B2O3; 40Bi2O3.10BaO.50P2O5; 50Bi2O3.30-
B2O3.5TeO2.15SiO2 and 50Bi2O3.50B2O3glasses for gamma ray
shielding up to 3MeV. Beyond 3MeV, present glasses are better
shields to above glasses. Further, HVL of the present glasses is
nearly same as HVL of 50PbO.50B2O3up to 800 keV; beyond
800 keV; HVL of present glasses is lower than the HVL of
50PbO.50B2O3. The HVL of the present glasses are nearly same as of
40PbO.10Bi2O3.49.5B2O3.0.5FeO for energies from 300 keV to
15MeV; HVL of the present samples are lower than the HVL of
40PbO.10Bi2O3.49.5B2O3.0.5FeO glasses. Beyond 15MeV, HVL of
40PbO.10Bi2O3.49.5B2O3.0.5FeO glasses is higher than the HVL of
the WTP1 and WTP2 but lower than the WTP3, WTP4 and WTP5.

The Zeq of the present glasses have been calculated in the energy
range of 0.015e15MeV and are represented in Table 3. The Zeq
ranges from 28.42 to 61.95. The variation of Zeq with energy is
shown in Fig. 6. The Zeq rises sharply up to 0.1MeV. Thereafter, it
shows a slightly increasing trend up to 1.5MeV. From 1.5MeV-
15MeV, it shows a decreasing trend. The Zeq of WTP5 glass is
maximum for all energies except the energy range 0.04e0.08MeV.
It is due to the presence of higher concentration of PbO present in it.
In the energy range 0.04e0.08MeV, the Zeq of all the glass samples
is nearly same. It is due to the dominance of Compton scattering in
the above energy region as explained earlier.

The exposure geometrical progression fitting parameters are
presented in Tables 4e8 respectively. These parameters are calcu-
lated to obtain the EBF for the present glass samples in the energy
range of 0.015e15MeV. The variation of EBF with energy has been
presented in Fig. 7 for penetration depths of 1, 5, 10, 20 and 40 mfp
for the present glass samples. The EBF is small and nearly same for
all penetration depths at 0.015MeV. Then, it shows a sharp peak at
0.02MeV, 0.03MeV and 0.04MeV. But the peaks at 0.03MeV and
0.04MeV are relatively very weak. These peaks are due to K-ab-
sorption edge of tellurite (Te) which lies at 0.0318MeV and is
present in highest percentage in the present glasses. From 0.04MeV
to 0.2MeV, the EBF is nearly same for all penetration depths for all
the samples. Beyond 0.2MeV, the EBF shows an increasing trend
with the increase in penetration depth. It is due to the fact that EBF,
which is due to the multiple scattering and the chances of multiple
scattering increases with increase in penetration depth. Thus, re-
sults in an increase of EBF for higher penetration depth values.

The EBF of the present glasses has been compared with soda
lime silica glass (G6) [43], lead borate glass (S7) [44], bismuth bo-
rosilicate glass (BS) [45], lead (Pb) [46], OC, IL, SC and SM [47], at
penetration depths of 1, 5, 10, 20 and 40 mfp for photon energies of
0.05, 0.15, 1.5 and 15MeV. These results are presented in Tables 9
and 10 respectively. The glasses and the concretes show similar



Table 8
Exposure G-P fitting parameters of WTP5 glass sample.

Energy (MeV) WTP5

b c A Xk D

0.015 1.005706 1.056927 0.003534 12.01472 0.039838
0.020 2.208609 1.594951 0.189397 12.73411 �0.24786
0.030 1.555723 0.508765 0.216033 16.11497 �0.08506
0.040 3.872419 0.489997 0.089682 23.92127 �0.0495
0.050 3.300659 0.267686 �0.0143 14.41405 �0.09276
0.060 2.808674 0.175611 0.259123 8.178406 �0.07911
0.080 1.867695 0.065502 0.578437 15.68132 �0.14578
0.100 1.600427 0.218226 0.068312 18.78094 0.035185
0.150 1.197251 0.165297 0.45202 18.68921 �0.05975
0.200 1.183586 0.43185 0.205116 14.19405 �0.10958
0.300 1.239605 0.54717 0.141943 13.81264 �0.06558
0.400 1.389836 0.700882 0.090305 14.15029 �0.0513
0.500 1.439472 0.772541 0.06826 14.12581 �0.04238
0.600 1.471221 0.820645 0.052601 13.76906 �0.03415
0.800 1.517189 0.88046 0.035953 13.68591 �0.02729
1.000 1.530951 0.931371 0.022526 13.50525 �0.0222
1.500 1.530025 1.062912 �0.00677 13.70862 �0.01206
2.000 1.549219 1.043867 0.001934 13.75688 �0.02228
3.000 1.527534 1.046891 0.007401 13.08068 �0.03573
4.000 1.485057 1.016534 0.021966 13.51807 �0.04945
5.000 1.498997 0.95187 0.047784 13.71008 �0.07412
6.000 1.540305 0.915433 0.065095 14.0168 �0.08696
8.000 1.687806 0.92109 0.074483 14.17011 �0.09441
10.000 1.530707 1.037129 0.047161 14.17226 �0.07017
15.000 1.585271 1.175481 0.029187 13.99854 �0.05777
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Fig. 7. Variation of EBF of 20WO3-(80-x)TeO2-xPbO glasses with photon energy at 1, 5, 10, 20 and 40 mfp.

Table 7
Exposure G-P fitting parameters of WTP4 glass sample.

Energy (MeV) WTP4

b c A Xk D

0.015 1.000241 2.166258 �0.24824 12.55483 0.226461
0.020 1.396838 0.585353 0.578229 11.41177 �0.79831
0.030 2.822042 0.862775 0.242113 25.84178 �0.16557
0.040 3.856483 0.529032 0.090073 24.04936 �0.05354
0.050 3.320237 0.291149 0.01662 14.66473 �0.10794
0.060 2.834584 0.186708 0.204552 7.57432 �0.07466
0.080 1.871984 0.068987 0.561728 15.69794 �0.14074
0.100 1.480054 0.052815 0.615314 14.79307 �0.15086
0.150 1.197761 0.154201 0.466304 19.46592 �0.03679
0.200 1.178619 0.423193 0.209942 14.19121 �0.11205
0.300 1.304299 0.578224 0.131592 13.83852 �0.06248
0.400 1.376214 0.694573 0.092026 14.16607 �0.05171
0.500 1.425606 0.763838 0.07062 14.13319 �0.04309
0.600 1.46029 0.812923 0.05462 13.76193 �0.03481
0.800 1.506768 0.87258 0.03786 13.68972 �0.02786
1.000 1.597186 0.971111 0.014578 13.25797 �0.0222
1.500 1.524194 1.056268 �0.00515 13.7588 �0.01298
2.000 1.543619 1.043671 0.001835 13.69302 �0.02196
3.000 1.530239 1.040265 0.009429 13.13478 �0.0373
4.000 1.487727 1.013259 0.023024 13.53369 �0.05025
5.000 1.52049 0.939613 0.052048 13.75803 �0.07703
6.000 1.569408 0.907094 0.067988 14.06275 �0.08827
8.000 1.526785 0.902585 0.070868 14.15702 �0.09836
10.000 1.502531 0.983057 0.056079 14.20203 �0.07643
15.000 1.590024 1.197743 0.026936 13.936 �0.05694

D.K. Gaikwad et al. / Materials Chemistry and Physics 213 (2018) 508e517 515



Table 9
Comparison of EBF of 20WO3-(80-x)TeO2-xPbO glasses with G6, S7, BS glasses and lead at penetration depths 1, 5, 10, 20 and 40 for photon energies 0.05, 0.15, 1.5 and 15MeV.

Energy (MeV) WTP1 WTP2 WTP3 WTP4 WTP5 G6 S7 BS Lead

(a) EBF for 1 mfp
0.05 3.37 3.35 3.33 3.32 3.30 1.17 1.02 1.13 1.02
0.15 1.21 1.19 1.19 1.20 1.20 1.84 1.39 1.24 1.40
1.50 1.50 1.52 1.52 1.52 1.53 1.78 1.74 1.60 1.38
15.00 1.59 1.58 1.58 1.59 1.59 1.24 1.25 1.22 1.63
(b) EBF for 5 mfp
0.05 4.88 4.62 4.44 4.29 4.11 1.28 1.04 1.27 1.04
0.15 1.40 1.32 1.33 1.29 1.30 4.49 2.16 1.57 1.84
1.50 3.64 3.84 3.87 3.88 3.94 6.05 5.72 4.66 2.74
15.00 5.64 5.43 5.22 5.84 5.63 2.09 2.09 2.08 6.83
(c) EBF for 10 mfp
0.05 5.06 4.70 4.48 4.30 4.09 1.32 1.06 1.34 1.05
0.15 1.51 1.40 1.41 1.36 1.37 7.53 2.76 1.79 2.13
1.50 6.71 7.27 7.34 7.38 7.54 13.21 12.33 9.64 4.47
15.00 20.96 19.13 17.39 22.81 20.86 3.32 3.16 3.45 30.87
(d) EBF for 20 mfp
0.05 5.11 4.68 4.43 4.24 4.01 1.35 1.07 1.45 1.06
0.15 1.71 1.52 1.56 1.52 1.54 14.09 3.78 2.16 2.87
1.50 14.22 15.80 16.02 16.14 16.57 31.56 29.22 22.62 8.11
15.00 259.00 211.35 170.42 311.94 256.23 7.07 5.85 8.35 1.07Eþ03
(e) EBF for 40 mfp
0.05 4.75 4.36 4.15 3.98 3.80 1.37 1.09 1.53 1.08
0.15 1.92 1.60 1.75 2.25 2.25 27.34 5.20 2.62 6.65
1.50 31.04 35.59 36.20 36.54 37.78 79.37 72.39 55.48 15.00
15.00 2.40Eþ04 1.57Eþ04 1.00Eþ04 3.52Eþ04 2.35Eþ04 22.16 12.11 30.88 5.59Eþ05

Table 10
Comparison of EBF of 20WO3-(80-X)TeO2-XPbO glasses with different types of concretes at penetration depths 1, 5,10, 20 and 40 for photon energies 0.05, 0.15,1.5 and 15MeV.

Energy (MeV) WTP1 WTP2 WTP3 WTP4 WTP5 OC IL SC SM

(a) EBF for 1 mfp
0.05 3.37 3.35 3.33 3.32 3.30 1.04 1.01 1.01 1.01
0.15 1.21 1.19 1.19 1.20 1.20 2.91 1.99 1.87 1.79
1.50 1.50 1.52 1.52 1.52 1.53 1.91 1.80 1.78 1.76
15.00 1.59 1.58 1.58 1.59 1.59 1.26 1.24 1.22 1.21
(b) EBF for 5 mfp
0.05 4.88 4.62 4.44 4.29 4.11 1.09 1.02 1.03 1.03
0.15 1.40 1.32 1.33 1.29 1.30 16.68 5.59 1.96 4.19
1.50 3.64 3.84 3.87 3.88 3.94 7.19 6.17 6.07 5.87
15.00 5.64 5.43 5.22 5.84 5.63 2.09 2.09 2.08 2.06
(c) EBF for 10 mfp
0.05 5.06 4.70 4.48 4.30 4.09 1.11 1.03 1.03 1.03
0.15 1.51 1.40 1.41 1.36 1.37 50.10 10.23 1.96 6.83
1.50 6.71 7.27 7.34 7.38 7.54 16.42 13.46 13.37 12.75
15.00 20.96 19.13 17.39 22.81 20.86 3.09 3.33 3.45 3.52
(d) EBF for 20 mfp
0.05 5.11 4.68 4.43 4.24 4.01 1.14 1.02 1.02 1.02
0.15 1.71 1.52 1.56 1.52 1.54 193.53 21.19 1.96 12.34
1.50 14.22 15.80 16.02 16.14 16.57 40.34 31.89 32.65 30.45
15.00 259.00 211.35 170.42 311.94 256.23 5.51 7.26 8.26 9.27
(e) EBF for 40 mfp
0.05 4.75 4.36 4.15 3.98 3.80 1.16 1.02 1.02 1.02
0.15 1.92 1.60 1.75 2.25 2.25 940.68 46.10 1.94 22.89
1.50 31.04 35.59 36.20 36.54 37.78 105.85 77.84 85.17 76.26
15.00 2.40Eþ04 1.57Eþ04 1.00Eþ04 3.52Eþ04 2.35Eþ04 10.59 21.35 29.70 42.09
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behavior when EBF of the present glasses are compared with them
except for lead. It is found that the glasses and the standard
shielding concretes possess lower values of EBF at low and very
high energies at all penetration depths. Whereas possesses higher
values of EBF in the medium energy range for all penetration
depths. It is also found that the gap in the values shows increasing
with increase in penetration depth at higher energies. In case of Pb,
the EBF of all the present glasses are higher at 0.05MeV, lower at
0.15MeV, higher at 1.5MeV and lower at 15MeV than EBF of Pb.
Similar observations are observed for all penetration depths when
EBF of the present glasses and Pb are compared.
4. Conclusion

From the obtained results we can conclude that the m/r, MFP,
HVL and EBF vary with energy and chemical composition of the
glass. The penetration depth is also found to affect the EBF. Besides,
the addition of PbO into the glass system increases enhances the
shielding properties of the present glass system. It has been found
that the present glasses have higher m/r when compared to com-
mercial window glasses. When compared with different glasses
and some standard shielding concretes, most of the present glasses
have lower values of MFP and HVL than the other glasses and
concretes, thus indicating the availability of utilizing the WO3-



D.K. Gaikwad et al. / Materials Chemistry and Physics 213 (2018) 508e517 517
TeO2-PbOglass systemas substitutes for some commercial window
glasses and concretes with respect to gamma rayprotection. WTP5
is the best sample for radiation shielding as it contains a higher
percentage of PbO.
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