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ABSTRACT

The glasses with composition xLu203—20NaQO—(SO—x)BZOS, where x = 5, 10,
15 and 20 mol% concentration variations of LUZOS, were measured shielding radiation
properties at different photon energies from 1 keV-100 GeV by using WinXCom
software program. The values of mass attenuation coefficient, effective atomic
number and electron density were found to increase with increasing energy and
LUQO3 content. The comparison results of glass systems with ordinary and hematite-
serpentine concrete in terms of mass attenuation coefficient, half value layer, mean
free bath and Removal cross sections for fast neutrons to test the accuracy of glass
systems are about radiation protection. The results indicate that glass systems can

be developed as radiation shielding materials.
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Introduction

Due to the increased utilization of gamma rays isotopes in many industries
such as nuclearreactors, food irradiation, agriculture, engineering, medical treatment,
medical diagnostics, accelerator technologies, and manufacture. These gamma
radiations are very damaging not only for personal but include laboratory appliance
and environment. To handle with these problems, innovation, and exploration of
new effective and feasible radiation shielding material is very important (Chanthima,
N., and Kaewkhao, J. 2013, Issa et al., 2017, El-bashir et al., 2017). Concretes are
basically used as shielding radiation materials whereas they have many limitations
which including; (i) Concretes shielding properties are continuously modified by the
escalation of humidity content. (ii) They can’t look perpetually concrete because
they are not transparent to visible light. (iii) Crack structures occur after exposure to
nuclear radiations and prolonged deterioration. (iv) The interaction between nuclear
radiations and concrete will cause heat which effects to concretes are a loss of water
(Kaur et al., 2014). Glass, once of amorphous materials which normally appropriate
properties because of they are an excellent transmission of visible light, easy to
modify composition, good transparency, hard and great homogeneity (Kaur et al.,
2014, Sayyed, M.Il. 2016, El-bashir et al., 2017).

Among many glass materials, BZO3 is one of the popular, commonly and
excellent glass formers. It can form glass by itself at lower melting points with lower
cation size, higher bond strength, good rare-earth ion solubility, thermal stability, high
chemical durability, good transparency, and their coordination geometry. It mostly
stable configuration in trigonal [BO3]3+ and tetrahedral [BOA]3+ units (Kaur et al., 2012,
Singh et al., 2014, Sayyed, M.l., 2016). Sodium-borate glasses have been used wildly
as host matrices of lanthanide ions because of their properties, such as good rare-
earth ion solubility, high thermal stability, high transparency, and low melting point.
Accordingly, NaZO has been mixed to increase homogenization and reduce melting
temperature, of host glass as well as decrease bubbles and breakage (Rajagukguk
etal., 2016).

In recent years, research focus on lutetium oxide doped glasses, which
have been studied such as luminescent phosphors, single crystal, bioimaging probe,

transparent film, up-conversion phosphor, and glass. Lu203 from RE-O group can be
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found generally such as energy-saving lamps, color televisions, fluorescent lamps
and glasses. It has a highest atomic number of REE (Z = 71), phase stability, low
thermal expansion, high melting point and low phonon energy (Locardi et al., 2017,
Ligiong et al., 2008, Legendziewicz, J. and Sokolnicki, J., 2008, Faridbod et al., 2015)

Herein, glass systems investigate shielding radiation properties at photon
energy from 1 keV-100 GeV of borate glasses contain LUZO3 and NaZO. In term of
HVL and mfp for glass systems are compares with ordinary and hematite—serpentine

concrete at photon energy 1 keV-100 GeV.

Methods

A glass systems of Luzo\g—Nazo-BzO3 were prepared 4 samples with
chemical composition xLu2O—20NaZO—(8O—x) BZOS, (x =5,10, 15 and 20 mol%), each
batch as 10 g. The raw materials HSBOS, LUZOS, and N82003 were mixed and melted
in the electric furnace by melt quenching technic at 1500 °C for 3 h. After that, quickly
poured in the block and annealed for 3 h. at 500 °C. In the end, cut and polished the
glass systems. Archimedes method was applied to determine the density of the glass
systems. A 4-digit sensitive microbalance (A&D, HR-200) was used to investigate the
weights of glass systems in air and water, by using the formula p (g/em?®) = (vvax pb)
/(Wa - Wb). While Wa and Wb are weighed the weight of glass systems in air and water
respectively, and P, is referred to the density of water at the room temperature (25 °C)
that was found to be 1.000 g/cm®. The shielding radiation properties were measured at
different photon energies from 1 keV-100 GeV by using WinXCom software program.

The basic quantities which describe the interaction of gamma rays with
shielding radiation mediums are mass attenuation coefficient (um), effective atomic
number (Zeﬁ), electron density (Ne|)’ mean free path (MFP) and half value layer (HVL)
(Chanthima, N., and Kaewkhao, J. 2013,. Sayyed, M.l. 2016). When mono-energetic
gamma rays are adapt to a narrow beam and pass into medium, there are interactions
between gamma rays photon with the medium. This interaction may be occurred
absorbed or scattering of photon. The probability of interactions of photon with the
medium can investigate by mass attenuation coefficient (Mm) in (cm?/g). For event
of mixture or compound of elements, },lm can be calculated by (Chanthima, N., and
Kaewkhao, J., 2013):
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Bo=2w (U ) (1)

here wi and (Mm)‘ are weight fraction and mass attenuation coefficient
of element i, respectively. For glass systems, = has been determined by using
WinXcom software at energy from 1keV-100 GeV.

The effective atomic number (Zeﬁ) is appropriate quantity for explaining

interactions of gamma-ray and can be defined by following (Dong et al., 2017):

St 2)

The total atomic cross-section (('5t a) was evaluated by using equation [14]:

c . __Wp (3)
N, (wiA)

here W, P and NA respectively are linear attenuation coefficient (cm?/g), the
density of the medium (g/cm®), and Avogadro’s number (6.0221415 x 10°° atom/mol).
The total electron cross-section (CSt eI) of the element can be expressed by
(Dong et al., 2017):
1 fA
= _— i 4
G N Zi a (H/p)i (4)

A

here Zi and fi denoted atomic number and fractional abundance of mixture
element i, respectively.
The electron density (Nel) is the number of electrons per unit mass and

calculated by (Chanthima, N. et al., 2017):

N, = Wwp)(o, ) (5)

The half value layer (HVL) is thickness of medium which reduces photon
intensity to half of the incident intensity (IO), and computed by using formula (Kaur et al.,

2016):

L = 0.693 6)

Mean free path (MFP) is the average distance between two successive

interactions is given by (Chanthima, N., and Kaewkhao, J., 2013):
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MFP = —— (7)
m

Furthermore, effective removal cross—-section for compounds and
homogeneous mixtures can be computed from value ZR (incm™) or ZR/p (in cm?/g)

for various elements in compounds or mixtures by using formula (Singh et al., 2014):
X =2piE/p) (8)

here pi is partial density and pr is mass removal cross—section of ith
constituent. ZR/p values of elements apply from Kaplan and Chilton (Singh et al.,
2014).

Results and discussion

This work, glass systems which varied Lu2O3 at 5, 10, 15 and 20 mol%
content were melted by quenching technique and all glass samples are good
transparency which exhibited in Fig.1. Density is tool in indicating the degree of
adjusting information with remodeling in glass composition in order to know molecular
packing inside medium (Mohd Zaid et al., 2016). Densities of glass systems were
applied Archimedes technique and shown in Table 1. From Table 1 density of glass,
system was increased with increasing LU203 content that because of replacing of

BZO3 by Lu203 which Lu2O3 has a molecular weight higher than BQOs.

.....
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Figure 1 Photograph of Lu203 based glass systems
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Table 1: Chemical compositions of the glass systems (mol%)

17

[Lu203]

(mol%)

Glass samples

Density
(g/cm®)

5
10
15
20

5Lu203:20NaZO:75BZO3
10Lu O :20Na 0:70B O
2 3 2 2 3
15Lu O :20Na 0:65B O
2 3 2 2 3
20Lu O :20Na O:60B O
2 3 2 2 3

2.7090 £ 0.0015
3.1593 £ 0.0034
3.3981 £ 0.0012
3.7946 £ 0.0023

1. Mass attenuation coefficients

The variation of },lm with energy from 1 keV-100 GeV for glass systems is

exhibited in Figure 2
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Figure 2 ].Lm of glass systems with energy from 1 keV-100 GeV

Clearly, from Figure 2, ]vlm for glass systems, decrease exponentially with
the increase of photon energy. It is noted that, at low energy range (E < 500 keV), ]Jm
values of glass systems are very large and decrease rapidly with increasing energy.
So, in this energy range, Mm values were discontinuities due to absorption edge of
lutetium at M (M_: 1.588 X 107 MeV, M 1.639 X 10™° MeV, M : 2.024 X 107 MeV, M :
2.263 X107 MeV, M :2.491 X 10° MeV), L (L :9.244 X 10 MeV, L : 1.035 X 10 MeV,
L:1.087 X 10" MeV) and K (6.331 X 107 MeV) energy level and absorption edge
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of sodium K (1.072 X 10°° MeV) energy level. In intermediate energy range (500 keV
< E <1 MeV), 1L values decrease at slower rate, while for E > 1 MeV, L values
become nearly constant with increase of energy. These variations in },lm values can
be discussed by applying three partial photon interactions with the medium. The
photoelectric effect and pair production processes appearing at lower and higher
energy range. For intermediate energy range, Compton scattering process is the
main interaction process. It is noted that },lm values increase with increment in Lu203
concentrationin glass systems. From Figure 2 },lm values for glass sample with 20 mol%
LUQO3 are largest in glass systems; hence, this sample is excellent gamma ray
shielding glasses.

2. Effective atomic number and electron density

The variation of Zeff and Ne‘ with energy for glass systems has been exhibited
in Figure 3 and 4, respectively. ZEﬁ values for glass systems increases with increasing
of energy. From Figure 3, Zeﬁ values acute shift occurs at 15 keV and 80 keV that
can be discussed on knowledge of K edge absorption of Lu and Na respectively.
Whereas, for glass systems at energies ranging from 80 keV-500 keV, Zeff rapid
decrease with increasing energy which can be discussed on basic of the dependence
of cross—section of photoelectric effect which varies inversely with photon energy
as E*°. Besides, glass systems at energy range from 0.5-7.0 MeV, Zeff values are
nearly independent of energy. That may be because of Compton scattering is the
main process. At energy increases over 7.0 MeV, Zeff values increases slowly and
starts nearly constant over 80 MeV. That can discuss base on of pair production is

dominance in higher energy range.
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Figure 3 Zeff of glass systems with energy from 1 keV-100 GeV
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Figure 4 the variation of Ne‘ with energy, in the range 1 keV-100 GeV, has

indicated identical behavior of Zeﬁ.
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Figure 4 NeI of glass systems with energy from 1 keV-100 GeV
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Figure 5 ]Jm of glass systems, ordinary and hematite serpentine concrete
with energy from 1 keV-100 GeV
Figure 5 exhibits ]Jm of glass systems compared with ordinary and
hematite-serpentine concrete (Bashter, I.I., 1997). From Fig. 5, },lm of glass systems

had a little higher values compared with some standard concrete mentioned earlier
at intermediate energy range where Compton scattering is the main process.

3. Half-value layer and mean free path

The half value layer (HVL) is the parameter to describe radiation attenuation
for the medium which medium has lower HVL values that are indicated better radiation
shielding. Figure 6 exhibited results of comparison for glass systems with ordinary
and hematite-serpentine concrete (Bashter, I.1., 1997).

From Figure 6, HVL values of glass systems increases up to 10 MeV and start
nearly constant with increasing energy. The effect of increasing Lu2O3 content, HVL
of glass systems were decreased that indicted gamma-ray shielding improves with
the increment of Luzo3 content. In part of comparison HVL, glass samples contained
LUZO3 at 10, 15 and 20 mol% have lower HVL values than ordinary and hematite-
serpentine concrete. At energy lower 40 MeV, glass sample contained Lu2O3 at
5 mol% has HVL values lower than ordinary concrete after that it has HVL values

higher than.
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Figure 6 HVL of glass systems, ordinary and hematite-serpentine concrete

with energy from 1 keV-100 GeV

The comparison means free path (mfp) values for glass systems, ordinary
and hematite-serpentine concrete are exhibited in Fig. 7. From the figure, glass
samples contained Lu203 at 10, 15 and 20 mol% have lower MFP values than all
mentioned concretes. For glass contained Lu2O3 at 5 mol% at energy lower 40 MeV
has MFP values lower than ordinary concrete after that it has MFP values higher than.

So glass systems ability to be applied as the radiation shielding material.
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Figure 7 MFP of glass systems, ordinary and hematite serpentine concrete

with energy from 1 keV-100 GeV
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4. Removal cross-section for fast neutron

Table 2 Removal cross sections for fast neutrons ER (cm™) for glass systems,

ordinary and hematite-serpentine concrete.

Sample ZR (cm™) Reference
5Lu O_:20Na O:75B O, 0.1144 This work
10Lu203:20NaZO:7OBZO3 0.1285 This work
15Lu203:20Na20:658203 0.1329 This work
20Lu203:2ONa20:6082O3 0.1425 This work
Ordinary concrete 0.0937 [17]

Hematite-serpentine concrete 0.0967 [17]

The removal cross-section for fast neutron (ZR) for glass systems is
exhibited in Table 2. It was found that ZR values for glass systems increase with the
increase in Lu2O3 content. This result occurs replacement of 8203 by Lu2O3 and ZR

for glass systems found higher than ordinary and hematite—serpentine concrete.

Conclusions

In this work, density of glass systems was increased with increasing Lu203
content. The values of Mm, Zeff, Nel' HVL, and MFP for glass systems were measured
for total photon interaction by using WinXCom software program at energy range
from 1 keV-100 GeV. The values of 1L , Z ~and N_were found to increase with
increasing energy and Lu203 content. The comparison results of glass systems with
ordinary and hematite-serpentine concrete in terms of ],Lm, HVL, MFP, and ZR to test
the accuracy of these glass systems are about radiation protection. Glass systems

can be developed for radiation shielding materials.
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