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Quaternary glasses with the chemical composition 50Si0,-25Ti0,-5La,03- (20-x) Na,O-xY,0;3 by use the
melt-quench method. The FT-IR spectroscopy investigated the structural change in these glasses. XRD
examined the nature of these glasses. While the density is increased, the molar volume of the glass system is
reduced. Ultrasonic velocities and elastic modulus of these glasses were experimentally and theoretically
calculated based on the Makishima-Mackenzie model. Moreover, the radiation shielding capacity was
evaluated for the studied glasses. The mass attenuation coefficient (w/p), half value layer(HVL), tenth value
layer (TVL), mean free path (MFP), effective atomic number (Z.;), electron density (IV,y, equivalent
atomic number Z.q, and effective removal cross section (Xg) of prepared glasses were simulated for gamma
photon energies between 0.015 and 15 MeV. Exposure build-up factor (EBF) and (EABF) of prepared

glasses were evaluated.
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1. Introduction

Glass is a transparent, amorphous material and melts
without crystallisation of an inorganic material (Ref 1-6).
Sodium titanium silicate glasses have high importance in
optical and electronic instruments as storage batteries. The
sodium titanium silicate glasses are conventional glasses that
have been developed because of their significant advantages in
storage batteries (Ref 7-15). These features affected by the
addition of modifiers as a transition metal and rare-earth ions. It
is highly possible for applicants for UV optics and solid-state
batteries because of the good ionic conductivity of these glasses
(Ref 7-16). Due to the science and technology importance of
sodium titanium silicate glasses, characteristics such as solid
electrolytes in battery storage glasses modified with different
oxides are strongly needed (Ref 17, 18). In addition, it enhances
the properties of these glasses by introducing transitional
oxides (Ref 19-22) or rare earth oxides (REs). Glasses
containing rare-earth ions have attracted a great deal of interest
because of their advantages. Lanthanum, with the symbol La
and Atomic No.57. La,O3 has no color center in the glasses, so
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it is colorless. La,O3 enhances the chemical resistance and
optical characteristics of the glass matrix. Today, the develop-
ment of rare earth (RE) doped glasses for use in communication
systems, such as fibers, amplifiers, and lasers, is one of the
most important areas of research. Attempts were focused to
improve the optics properties of RE ions in different oxides
(Ref 23-28).

Depending on their concentration in the glass matrix, either
as a glass modifier or a glass former, intermediate oxides such
as Y,0; can act. Y,O3 improves physical stability and other
properties of doped glass matrix (Ref 29-31). The presence of
TiO, and Y,O; in glass systems influences on UV-spectro-
scopic because of the TiO, and Y,0; act as an intermediate.
The presence of Y,05; improvement the glass-forming ability
and decreases the devitrification. Because of higher density and
its simple performance and lower melting temperature are
several applicable titanium silicate glasses containing Y,0Os.
The photon energy of these glasses is smaller than other glasses
and has a higher refractive index. Titanium borate glasses are
therefore transparent, with successful optoelectronic, thermal,
mechanical and chemical stability. Scientifically and techno-
logically, the recent innovation of titanium silicate glasses
containing Y,05; and La,0O; is very significant. aTitanium
silicate glasses can be regarded as an adaptable type of glass
that is used in various applications because they have high
thermal stability and mechanical properties. Besides, it is
considered good for TMi, REi, and halides as host glasses.
Due to their attractive structural, mechanical properties and
infrared radiation shielding, there has been considerable interest
in the Study of 508i02-25TiOz-5LaZO3- (20-)() Nazo-XY203
glasses over the last few years. Due to the increase in the
concentration of Y,Oj3 in titanium lanthanum sodium silicate
glasses, the attenuation, structural, and mechanical of these
glasses can significantly increase. Furthermore, it is possible to
use this glass in aircraft bodies, a shield from radiation in the x-
ray canters, and facades of houses. It’s the best study for the
preparation of these glasses and their structural, mechanical,
and shielding radiation. Thus, it is possible to find the prepared
glasses are suitable for use in environments exposed to
radiation. The purpose of this research is to identify the
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attenuation proficiency of prepared glasses by Phy-X/PSD (Ref
32) software and to identify the mechanical and structure of
these glasses in order to determine their suitability as gamma-
ray shielding materials (Table 1).

2. Experimental Processes and Techniques

The glasses in this study were synthesized from 50SiO,-
25Ti0,-5La,05- (20-x) Na,O-xY,0; using the melt-quench
technique method where x = (0,2,4,6,8,10 0,5, 10, 15,20, 25).
The starting materials to obtain these glasses are SiO,, Na,CO3,
La,03, Y,05 and TiO, with high purity. All chemicals used for
the glass preparation obtained from Sigma-Aldrich. The
starting materials were mixed together by grinding the mixture
repeatedly to obtain a fine powder. Firstly, the starting materials
have been heated to 450°C for 1 h to eliminate H,O, and CO,.
The temperature has been raised to 1200°C for 30 min. The
glasses were annealed at 450 °C for 2 h to relieve the internal
stresses and allowed to cool gradually to room temperature at a
rate of about 30 °C h™'. The weight losses were found to be less
than 1%.

The amorphous state of the glasses was checked using X-ray
diffraction. A Philips X-ray diffractometer PW/1710 with Ni-
filtered Cu-Ko: radiation (A = 1.542 A) powered at 40 kV and 30
mA was used.

FTIR spectra of the as-quenched glasses (after crushing
them into powder form) were obtained with a Fourier transform
IR spectrometer (JASCO, FT/IR—430, Japan). For this purpose,
each glass powder was mixed with KBr in the proportion of
1:100 (by weight) for 20 min and pressed into a pellet using a
hand press. In the wavenumber range of 4000-400 cm ™' with a
resolution of 4 cm™!, corrected for dark-current noise and
normalized. The resulting spectra were curve fitted to get
quantitative values for the band areas of heavily overlapped
bands using a computer program Origin 8.5. Estimated error
limit in the fitting process is about & 2 cm™".

The density of each sample was measured by Archimedes’
principle by using toluene as the immersion fluid. Four samples
of each glass were used to determine the density (p). A random
error in the density values was found as + 0.025 g cm™.

The prepared samples were grinded and polished with
different grades of SiC emery powder on a soft leather piece
fixed on a flat platform for the ultrasonic velocity measure-
ments. Non-parallelism of the two opposite side faces was
measured with a micrometer, which could measure down to

Table 1 Chemical composition of lithium borate glasses
(mol. %)

SlOz T102 NaZO La203 Y203

o,

Sample name mol.%

Gl 50 25 20 5 0
G2 50 25 18 5 2
G3 50 25 16 5 4
G4 50 25 14 5 6
G5 50 25 12 5 8
G6 50 25 10 5 10
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0.01 mm. The ultrasonic velocities, longitudinal (v;) and shear
(vr), at room temperature (~300 K) were obtained using the
pulse-echo method. In this method, x-cut and y-cut transducers
(KARL DEUTSCH) operated at a fundamental frequency 4
MHz along with a digital ultrasonic flaw detector (KARL
DEUTSCH Echograph model 1085) were used. The uncer-
tainty in the measurement of the ultrasonic velocity is £10 m s
! The two velocities besides the density were utilized to
determine two independent second-order elastic constants. (See
revised paper).

3. Results and Discussion

3.1 XRD and, FT-IR

In Fig. 1, the XRD did not demonstrate intense peak that
demonstrate the high glass status of the glass samples were
tested.

The FT-IR spectrum of the yttrium lanthanum titanium
silicate glasses is shown in Fig. 2. Figures 3 shows the
Gaussian fit of the FT-IR spectrum of these samples, respec-
tively, are shown in Table 2. The network structural units in
these glasses detected at ~1440, ~1180, ~1040, ~940, ~850,
~715 and ~485 cm™ (Ref 33-35). Bands in the 1442-1433 cm®
! region had been ascribed to antisymmetric vibrations of
bridging oxygen from Si-O-Si. Bands in the 1181-1142 em™
region had been ascribed to Si-O non-bridging oxygen stretch-
ing mode. Bands in the 1058-1042 cm™ region had been
ascribed to Si-O-Si unit-asymmetric bridging stretching. Bands
in the 873-843 cm™ region had been ascribed to O-Si-O bonds’
symmetric stretching vibration. Bands in the 720-712 cm™
region had been ascribed to (LaO;), (YOg) and (TiOg) vibra-
tions and they overlap with the O-Si-O unit bending vibrations.

FT-IR spectral causes a shift to higher wavenumbers with an
increase in yttrium concentration. In addition, it is pointed out
with the increase in the concentration of yttrium, there is a high
increase in the strength of the bond associated with increasing
the settled glass arrangement to provide more stable structures
in cooperation with yttrium in the structural network. In
Table 3, the peak assignments are shown.
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Fig. 1 XRD of the studied glasses
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Fig. 3 Curve fitting of FT-IR spectra of the investigated glasses
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3.2 Physical Features

The density of these glasses increases, and the molar volume
reduces Fig. 4. The density decreased because of the difference
of molecular masses between Na,O and Y,0; [61.979 &
225.81] and densities [2.27& 5.03 g/cm3]. The reduce in molar
volume because of the rise in density (Ref 21, 22).
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Table 2 De-convolution parameter of the infrared spectra of studied glasses (C) is the component band center and (A) is

the relative area (%) of the component band

Gl C 1438 1181
A 18.5 19.03
G2 C 1439 1183
A 19.2 16.7
G3 C 1443 1142
A 12.92 29.96
G4 C 1434 1147
A 17.15 28.72
G5 C 1442 1143
A 12.8 27.95
Go6 C 1433 1158
A 17 22.28

1042 939 865 720 496
13.97 27.16 6 8.46 6.88
1047 954 873 717 497
12.3 283 10.24 5.76 7.5

1047 939 860 713 486
15.1 18.4 10.8 5.42 7.4

1045 933 846 717 480
15.8 20.6 9.8 5.4 2.53
1058 959 873 712 481

13.1 19.14 16 5.1 591
1043 932 846 717 493
17.6 19.92 10.58 6.7 5.92

Table 3 Peak assignments for the prepared glasses

Wave number (cm ')

Vibrational modes

1442-1433 Si-O-Si antisymmetric vibrations of bridging oxygen’s
1181-1142 can be related to Si-O stretching mode of non-bridging oxygen’s
1058-1042 Si-O-Si unit-asymmetric stretching of bridging.
873-843 is identified which is due to symmetric stretching vibration of O-Si—O
bonds
720-712 are assigned to vibrations of (LaO5), (YOg) and (TiOg) units and they are
overlapping with bending vibrations of (O—Si—O) units.
~ 485 may be attributed to bending vibrations of Si—O-Si linkages
Pauling radii of M and O. Dissociation energy
52 22 G = (V;’G,)/(V;)~". Poisson’s ratio is estimated as ¢ =1 —
(727:) » Micro-hardness is estimated as H = (é(ffa))y ,and,
~ 48f ) ]
= ” E Debye Temperature is assessed as Op = (4W ) M. Average
> -1 @ 1
) £ 2\ 3
~ <9 W
Q 44 = of ultrasonic velocities (Mg, is estimated as My, =1[Z |,
Ny 5 ) (T
= & "I
2 sl {2 é thermal Expansion (op), 0p—332(v,—0.57457). The mechanical
‘ = constraints as (Vi), (Gi), (H), (op), (Z), and the connectivity to
% fractal bond (d) will be strongminded, these constraints are
36k = described in Table 4. This activity can be linked to the glass
. \ . , . 19 structure network. With the concentration of yttrium, the value

0 2 4 6 8 10
Y,0, content mol %o

Fig. 4 Density and Molar volume of the investigated glasses

also decreased. Polaron radius 1, and inter-nuclear distance 1

1 1

: _ 1 7 \3 - (1)\3
were estimated as 7p =1 (%) , ri = (4)*. Because of the
reduction in molar volume when Y,Os3 has increased, these

characteristics decrease. Oxygen molar volume (7)), is esti-

_ (M 1
mated as, V, = (;) (inm,

(Opp) is estimated as. OPD = (%) (M‘”) It is noted that (7}),
decreased, and (Opp) increased. These observations may be due
to molar volume and glass den51ty Packing density estimated

as V; = (3)NA{mR,’ + nR>} (), where R,, and R; are

) and, oxygen packing density

mo/)
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of (Vi), (H), (op), (z), and (o) is increased. Yet with the
attentiveness of yttrium, this is correlated with the glass
structure network, the importance of (Gi) is decreased. The
fractal bond connectivity (d) is constant in two dimensional.
Table 4 shows these values.

Using the equation, the mean number of coordinates (m) is
computed m = >_ n.X; co-ordination of cations is n.. It is
observed that the value of m increases with the increase in
Y,05. The number of bonds computed by volume of units is
n, = NA > n.X; where N,is the Avogadro number. As the
content of Y,05 increased, our analysis indicates that n, was
rising. There is strong evidence the role of a Y,03; modifier in
the glass network. Table 4 shows these values.

3.3 Mechanical Properties

Figure 5 and Table 5 represented sound velocities of
prepared glasses. This found that Y,O; increase those veloc-

Volume 30(3) March 2021—1875



Table 4 Various physical parameters of the studied glasses

Samples G1 G2 G3 G4 GS G6
Packing density (¥%), (cm*/mol) 0.65 0.695 0.7 0.712 0.74 0.77
Dissociation energy (Gi), 10.52 10.85 11.19 11.53 11.87 12.2
Oxygen molar volume (¥o), (cm®/mol) 11.84 10.7 10.44 9.81 9.15 8.56
Oxygen packing density (Opp), mol/L 84.5 93.43 95.8 101.9 109.3 116.88
Fractal bond connectivity (d) 1.8 1.8 1.827 1.83 1.848 1.83
Thermal expansion coefficient (ap), K™! 124571 125267 125615 126195 126891 127819
POISSON’S ratio(o), a. u 0.286 0.3 0.3 0.305 0.31 0.32
Debye temperatures (K) 448.5 466 472.85 485 499.58 513. 4
Microhardness (H), Gp, 3.81 4.25 447 4.81 5.24 5.62
Softening temperature (K) 802.2 823.13 846.7 867.16 890.4 910.4
Acoustic impedance (Z)/ (107 kg m™ s™) 1.02 1.14 1.17 1.25 1.35 1.45
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T 480} 42900 %
2 2
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E S0} 12880 £
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E saof {2860
@ g
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Fig. 5 Dependence of the longitudinal and shear ultrasonic
velocities v; and vz of the investigated glasses against of Y,O3 by
mol. %

ities, because of increased density and cross-link density (Ref
33-36). v; ranges between 5370 and 5510 m/s and v ranges
between 2850 and 2935m/s. According to the previous FTIR
analysis, with an increasing in Y,0O; contented, band position
shifted to a higher wavenumber, this shift caused the compo-
sition change in the glass network and increased the glass
network connectivity.

To estimate elastic-modules as, L = pv,z, G= pvf,,
Y =(1+0)2G,and, K =L— (3)G. Elasticmodulus of
glasses have been estimated and represented in Fig. 6 (A,B)
and Table 5. It indicated that, are increasing with the increasing
of Y,0j3 content. It is because of the transformation of Si-O-Na
into Si-O-Y , and Na-O bond strength (20K Cal/mol) is much
lower than Y-O (50K Cal/mol) (Ref 37). This behavior is linked
to the modification of the coordination number with Y,O5
increase, the growth in average constant force and cross-link
density. As Y,0; increases at the expense of Na,O, the molar
volume decreases, and the density increases, making the glass
structure more compact.

3.4 Mass Attenuation Coefficient (I/q).

The (1/p) has been estimated as (’—p‘) =W (%)l Figure 7

represented the (w/p) as a function of photon energy, and
yttrium concentrations . It is shown that the (u/p) of prepared
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samples increased at small energy, then it has remained
constant at higher energy (Ref 38—44). It designated that the
Y,0; increases when (w)p) increases. This increase is associ-
ated to density. Thus, the adding of Y,03 enhances y- radiation
attenuation. Table 6 represents the comparison the (w/p) of
sample number G6 with the other glasses.

3.5 (HVL), (TVL) and (MFP)

The mean free path (MFP) has been projected MEP = (i)
The tenth (TVL) and half-value layer (HVL) determined by
TVL = (Mg, HVL = 2%5 Fig. 8, 9 and 10 shows values of
these parameters of prepared samples. These values are
increased at the photon energy increased rendering to achieve
results. As Y,O; rise, these parameters values are reducing as
well. Hence the addition of Y,0; enhances vy- radiation
attenuation. The comparison of (HVL) and (MFP) with
standard materials was represented in Fig. 11(A, B). These
glasses have been found to have a high radiation absorption

factor of y- over the other glasses (Ref 38—44).

3.6 (Zesr) (Nor) and Z,, of prepared glasses.

The effective atomic number (Z,) estimated as Z,; = ("—)

[

where (c,) the atomic Cross sections

L _ (%) /N4> 5%, and o, the electronic
E,”t target !

040q = Op

cross sections g, = %Zl (%) f‘% Fig. 12 shows the Z,;of the
i 7

studied glasses, which diverse with y-energy and with the
yttrium concentrations. Because of the communication of the
photoelectric at this range, Z.; is suggested to have a greater
value for these glasses with low energy. Because of X-ray K-
edges, the Z,; values gradually increase at higher energy. Glass
G 6, because of the replacement of Na,O by Y,O3, has a higher
Z value. The inclusion of Y,O3; to glasses increases the
attenuation rate for these glasses (Ref 38—44).
Zey

Electron density (N, was projected Ny = N S~ Foar

Figure 13 represented the (N,;) values of formulated glasses
against energy and Y,Oj3 concentrations. At lower energy, it is
noticed that (N.p) reduced and then increased slowly. The
Compton scattering interaction is responsible for this decrease.
Thus, the addition of Y,0O3 enhances y- radiation attenuation.
This statement is associated to pair creation effect in higher
energy and an increase in the content of Y,0s5.
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Table 5 Values of sound velocities (v, and vy7), elastic moduli calculated, and theoretically of the studied glasses

Sample no. VL vr L G K Y Ly, Gy, Kry Y
(ms™") (Gpa)
Gl 5370 2850 103.6 29.18 64.7 76.11 76 23.7 44.4 57.16
G2 5400 2865 115.7 32.57 72.2 84.95 86.87 259 52.4 63
G3 5415 2885 119 33.82 74 88.05 88.56 26.5 533 64.55
G4 5440 2900 127.7 36.31 79.3 94.53 95.7 28 58.4 68.61
GS 5470 2920 138.3 39.43 85.7 102.57 104.9 29.8 65.1 73.51
Go6 5510 2935 149.9 42.55 93.2 110.78 114. 7 31.7 72.4 78.6
160 2 _
3 boe
5 M0} 20 uf 3
2t 18} 2 .
= 120} - G
3 _ 16 2 uf
RN &l 8
= 100 *“«5 14 “
T S nf £
E 80 |- d 10 _ %oo 0.05 0.10
g ! § [ Energy, (MeV)
8 5 stk
S 60 [
£ wl °
40 - 4l
20 L— . 1 . 1 . 1 . 1 . 1 2k
U 2 4 6 8 19 0 -%)070—.7 L S J— T JS—E— —— E—— —
Y, 0, content (mol %s) 0 2 4 6 8 10 12 14
e 1o Energy, (VeV)
2 Lo-Go KoY Fig. 7 The mass attenuation coefficient (1/p) of prepared glasses as
é 100 - a function of photon energy
g scattering. The highest (Zeq) value at 1 MeV. The (Zeq) value
= 80 is reduced at higher energy than 1 MeV because of pair
'é creation interaction (Ref 38—44).
=’; ) 3.7 Exposure Build-up Factor (EBF) and (EABF) of Prepared
S Glasses
)
E 40 . :
£ G-P fitting parameters have been estimated as P =
i —logZe ogZeq—lo,
= - e —o— ¢ Pl(l.”gm lﬁi,ggfii(zllgzq l08Z1) \where P, and P, are Fhe G-P-
2 20 At fitting parameters. EABF and EBF have been projected by
= 0 2 4 6 8 10 : :
. using G-P fitting B(E,X) =1+ 2=5K* — 1) for K #1,
Y,0, content (mol %)

Fig. 6 (a) Composition dependence of the elastic modulus
measured of the studied glasses against of Y,0; by mol.%. (b)
Composition dependence of the elastic modulus theoretically of the
studied glasses against of Y,05; by mol.%

Equivalent atomic number Z., was projected as

Zeqg =~ lU"g.RZ7;;’;?&@%‘;%4"%1). Fig. 14 symbolised the (Z,,)
of glasses in range 0.015 and 15 MeV. It showed that (Zeq)
enhanced with the photon energy incident and with the
replacement of Y,03; with Na,O. (Z,,) decreased with energy

and Y,0; content because of the interaction of Compton

Journal of Materials Engineering and Performance

BE,X)=1+((b—-1)x K =1 where K(E,X)=cx*+
g (=) —tanh(~2)

=) . EBF and, EABF are obtained from GP-

fitting. Figs. (15 and 16) symbolized the (EBF) and EABF of
glasses against the gamma energy. The values of EBF and
EABF are affected by the energy and composition of the glass
samples (Ref 38—44). EBF and EABF values are small at the
lower energy because the energy photons will be absorbed by
the glasses and then expanded with the energy increase because
of Compton scattering. After that, EBF and EABF decrease
with increasing energy because of pair production. In addition,
enhanced protective properties such as G 6 glass should
be achieved with the Y,0j3 content of studied glasses (Tables 7
and 8).
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Table 6 Mass attenuation coefficients (in cmzlg) in
comparison with different glass samples

MAC, (MeV)
Samples 0.02 10
G6 [Present work] 20.429 0.028
66B,05-5A1,05-29Na,0 1.074 0.020
5Bi,05-61B,05-5A1,05-29Na,0 5.059 0.022
10Bi,05-56B,03- 5A1,05-29Na,O 9.043 0.023
0PbO-308i0,-46.67B,0;-23.33Na,O0 1.386 0.023
5Pb0-25810,-46.67B,05-23.33Na, 0 5.167 0.021
10PbO-20Si0,-46.67B,053-23.33Na,O 8.952 0.024
49.46Si0,- 26.38Na,0- 23.08CaO- 1.07P,05 3.982 0.024
47.84810,- 26.67Nay0O- 23.33Ca0- 2.16P,05 3.985 0.023
44.47Si0,- 27.26Na,0- 23.85Ca0- 4.42P,05 4.057 0.024
40.96Si0,- 27.87Na,0- 24.39Ca0- 6.78P,05 4.113 0.024
37.28Si0,- 28.52Na,0- 24.95Ca0- 9.25P,05 4.061 0.024
48.98510,- 26.67Na0O- 23.33Ca0- 1.02P,05 3.983 0.023
43.66Si0,- 28.12Na,0- 24.60CaO- 3.62P,05 4.100 0.024
38.14Si0;- 29.62Na,0- 25.91Ca0- 6.33P,05 4.190 0.022
40.71Si0,- 28.91Na,0- 25.31Ca0-5.07 P,0s5 4.131 0.022

0 2 4 6 8 10 12 14
Energy, (MeV)

Fig. 8 The half value layer of prepared glasses as a function of
photon energy

3.8 Fast Neutron Removal Cross Section (FNRCS) (1/cm)

Effective removal cross section (Xg),projected: (%“) =

Do Wi (Z—p") and R=)",p; (%) . Fig. 17 (ZR) of glass samples
against garlnma energy was llustrated. At small energy, it is
noticed that the (XR) increased. Small variations of these glas-
ses with a decrease in the value of (XR) are obtained at higher
energy because of increased Y,0; at the expense of Na,O. In
our sample (Y,05: 225.81) increased in prepared glasses. The
increase in the Y,05 content may lead to an improvement in the
shielding of neutrons. The increase in Y,0O; enhances R
values; therefore, we can say that the addition of Y,O3 to
glasses improves the y -radiation attenuation (Ref 38—44).
Figure 18 shows the FNRCS of the prepared glasses. It is
observed that the FNRCS values are increased as the Y,O3
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Energy, (MeV)

Fig. 9 The MFP of prepared glasses as a function of photon
energy

TVL, (cm)

0 2 4 6 8 10 12 14

Energy, (MeV)

Fig. 10 The tenth value layer (TVL) of prepared glasses as a
function of photon energy

content increased. The rise in FNRCS is influenced by the
composition and density of glass. So, we can say that the

addition of Y,0; to prepare glasses increase the FNRCS. Ti =

(6.023 x 1023 xmolfractionofcation x valencyquation) Ti =
Vim -

(6.023 x 1023 xmolfractionofcation x valencyqﬁ'atinn)
Vm

4. Conclusions

In the present investigation, six glasses of titanium lan-
thanum sodium silicate glasses containing different amount of
yttrium with the chemical composition 50Si0,-25TiO,-
5La)03- (20-x) Na,0O-xY,0; where x = (0<x>10
0,5,10,15,20,25) have been fabricated by conventional
melt-quenching method. The structure, mechanical, and shield-
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Fig. 11 (a) The comparison of MFP (cm) for the prepared glasses as a function of photon energy with standard materials. (b) The comparison
of half value layer (cm) for the prepared glasses as a function of photon energy with standard materials
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Fig. 12 The effective atomic number (Z.¢) of prepared glasses as a

. Fig. 13 The electron density (Neg) of the prepared glasses as a
function of photon energy

function of photon energy

36
ing parameters for these glasses were investigated. The results 34 [
reveal the following items: L 5

32
1. The amorphous nature of glasses was confirmed by XRD 30 [ &

measurements. L
2. The structural changes of the studied glass have been 28

estimated via FTIR spectroscopy. g 26 [
3. FT-IR spectral pointed out with the increase in the con- N L

centration of yttrium, there is a high increase in the 24
strength of the bond associated with increasing the settled 2 [
glass arrangement to provide more stable structures in I
cooperation with yttrium in the structural network. 20
4. The density of the samples was increased with increasing

Y,0O5 concentration while the molar volume decreased. 18 |
5. The ultrasonic velocities these glasses were increased 16 W 1 . 1 L . L .
with increasing Y,0; concentration 0 2 4 6 8 10 12 14
6. Elastic modulus of these glasses was experimentally and Energy, (MeV)
theoretically calculated based on the Makishima-Macken-
zie model is increased. Fig. 14 Equivalent atomic number (Z.q) of the prepared glasses as

a function of photon energy
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Fig. 15 Variation of EBF versus the gamma ray energy for the prepared glasses as a function of photon energy

7. The gamma shielding features of the proposed glasses
were estimated using Phy-X / PSD program between
0.015 and 15 MeV. The effect of the addition of Y,O3
on the shielding ability of the glasses was discussed and
we found that: (i) The mass attenuation coefficient in-

1880—Volume 30(3) March 2021

creased with the increase in the concentration of Y,O3
from 0 mol. % to 10 mol. %, (ii) The addition of Y,03
can improve the shielding effectiveness the glasses, and
(iii) The sample coded as G 6 possesses the lowest HVL
while highest Zr.
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Table 7 G-P Fitting Parameters for EBF, and G-P Fitting Parameters for EABF of glass name G 1.

G-P Fitting Parameters for EBF G -P Fitting Parameters for EABF

Energy (MeV) a b c d Xk a b c d Xk

1.50E-02 0.142 1.009 0.494 —0.284 29.256 0.174 1.010 0.453 — 0.260 25.644
2.00E-02 0.291 1.013 0.302 — 0.249 15.511 0.158 1.023 0.455 —0.314 30.471
3.00E-02 0.248 1.035 0.331 —0.178 17.147 0.250 1.077 0.346 — 0.147 13.199
4.00E-02 0.182 1.111 0.380 — 0.249 25.089 0.203 1.040 0.385 — 0.269 24.045
5.00E-02 0.158 1.138 0.288 — 0.084 11.905 0.230 1.081 0.343 —0.132 12.744
6.00E-02 0.388 1.173 0.260 — 0.160 14.626 0.294 1.137 0.315 — 0.153 14.560
8.00E-02 0.325 1.262 0.300 — 0.155 14.284 0.270 1.254 0.348 — 0.138 14.338
1.00E-01 0.199 1.318 0.442 —0.115 17.510 0.171 1.344 0.483 — 0.103 18.321
1.50E-01 0.239 1.855 0.412 — 0.146 13.743 0.229 1.940 0.432 —0.143 13.668
2.00E-01 0.205 2.465 0.516 — 0.138 13.698 0.181 2.503 0.558 -0.126 13.630
3.00E-01 0.095 2.676 0.753 - 0.072 13.384 0.082 2.732 0.791 — 0.067 13.253
4.00E-01 0.053 2.738 0.897 — 0.059 13.025 0.042 2.750 0.932 — 0.054 12.857
5.00E-01 0.023 2.654 0.994 — 0.042 12.728 0.015 2.646 1.025 — 0.037 12.509
6.00E-01 0.010 2.567 1.039 — 0.034 12.275 0.003 2.551 1.066 — 0.031 12.001
8.00E-01 — 0.003 2.391 1.084 - 0.027 11.306 — 0.008 2.370 1.105 — 0.025 10.881
1.00E+00 — 0.010 2254 1.102 — 0.021 10.464 — 0.014 2.233 1.120 — 0.019 9.906
1.50E+00 — 0.021 1.949 1.132 —0.010 9.801 —0.023 1.950 1.141 — 0.009 8.937
2.00E+00 —0.023 1.831 1.124 0.001 17.591 — 0.027 1.829 1.137 0.007 23.127
3.00E+00 0.000 1.685 1.039 — 0.016 12.304 — 0.004 1.687 1.048 — 0.011 12.004
4.00E+00 0.015 1.576 0.988 — 0.028 13.166 0.016 1.589 0.980 — 0.024 12.068
5.00E+00 0.022 1.487 0.966 — 0.035 14.363 0.023 1.500 0.958 — 0.035 13.385
6.00E+00 0.026 1.413 0.959 — 0.037 13.586 0.028 1.432 0.945 — 0.035 12.783
8.00E+00 0.034 1.318 0.942 — 0.040 13.020 0.034 1.336 0.931 — 0.033 12.157
1.00E+01 0.043 1.259 0.924 — 0.050 14.045 0.046 1.282 0.898 — 0.049 13.898
1.50E+01 0.039 1.160 0.956 — 0.043 14.528 0.037 1.175 0.941 — 0.040 14.457

Table 8 G-P Fitting Parameters for EBF, and G-P Fitting Parameters for EABF of glass name G 6.

G-P Fitting Parameters for EBF G -P Fitting Parameters for EABF

Energy (MeV) a b c d Xk a b c d Xk

1.50E-02 0.142 1.009 0.494 — 0.285 29.250 0.142 1.009 0.494 — 0.284 29.256
2.00E-02 0.449 1.014 0.251 — 0.409 11.195 0.291 1.013 0.302 — 0.249 15.511
3.00E-02 0.200 1.036 0.373 — 0.260 24.259 0.248 1.035 0.331 —0.178 17.147
4.00E-02 0.215 1.511 0.329 — 0.086 15.894 0.182 1.111 0.380 — 0.249 25.089
5.00E-02 0.123 1.508 0.285 — 0.099 12.691 0.158 1.138 0.288 — 0.084 11.905
6.00E-02 0.455 1.436 0.273 — 0.138 14.543 0.388 1.173 0.260 — 0.160 14.626
8.00E-02 0.367 1.332 0.320 —0.154 14.101 0.325 1.262 0.300 — 0.155 14.284
1.00E-01 0.207 1.243 0.437 —0.114 13.843 0.199 1.318 0.442 — 0.115 17.510
1.50E-01 0.129 1.409 0.602 — 0.069 14.160 0.239 1.855 0.412 — 0.146 13.743
2.00E-01 0.104 1.601 0.698 — 0.063 13.906 0.205 2.465 0.516 —0.138 13.698
3.00E-01 0.040 1.737 0.888 — 0.030 13.428 0.095 2.676 0.753 — 0.072 13.384
4.00E-01 0.009 1.812 1.016 —0.023 12.781 0.053 2.738 0.897 — 0.059 13.025
5.00E-01 — 0.007 1.841 1.084 — 0.017 12.122 0.023 2.654 0.994 — 0.042 12.728
6.00E-01 — 0.015 1.842 1.118 —0.014 11.280 0.010 2.567 1.039 — 0.034 12.275
8.00E-01 — 0.022 1.825 1.147 — 0.012 10.642 — 0.003 2.391 1.084 — 0.027 11.306
1.00E+00 —0.023 1.799 1.146 — 0.011 10.565 — 0.010 2.254 1.102 — 0.021 10.464
1.50E+00 — 0.035 1.700 1.178 0.008 14.918 — 0.021 1.949 1.132 —0.010 9.801
2.00E+00 — 0.021 1.704 1.122 — 0.005 8.426 — 0.023 1.831 1.124 0.001 17.591
3.00E+00 — 0.007 1.631 1.062 — 0.011 12.354 0.000 1.685 1.039 — 0.016 12.304
4.00E+00 0.006 1.562 1.019 — 0.018 12.542 0.015 1.576 0.988 — 0.028 13.166
5.00E+00 0.014 1.496 0.996 — 0.024 13.166 0.022 1.487 0.966 — 0.035 14.363
6.00E+00 0.023 1.451 0.970 —0.033 13.270 0.026 1.413 0.959 — 0.037 13.586
8.00E+00 0.030 1.367 0.955 — 0.039 13.571 0.034 1.318 0.942 — 0.040 13.020
1.00E+01 0.039 1.307 0.940 — 0.048 13.739 0.043 1.259 0.924 — 0.050 14.045
1.50E+01 0.050 1.212 0.931 — 0.057 14.075 0.039 1.160 0.956 — 0.043 14.528
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Fig. 17 Effective removal cross-through (XR) for the prepared
glasses as a function of photon energy
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Fig. 18 FNRCS for the prepared glasses comparison with standard
materials

Achieved results revealed that the increase in the concen-
tration of Y,0;3 in Si0,-La,05-Ti0,-Na,0-Y,0; glass system
can lead to a significant improvement in the structural,
mechanical, and gamma photons attenuation. In addition,
theses glass can be used as in aircraft bodies, a shield from
radiation in the x-ray centers, facades of houses photoelectric,
optoelectronic, nonlinear optical devices and optical instru-
ments like solar cells and wave guide-based optical circuits.
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