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Abstract

The melt-quenching method has been used to fabricate Na,B40, - CdO glass system. The XRD diffractometer procedure
was used to check the status of these samples. Inter-ionic distance (R;) between Cd—Cd, Polaron radius r,, and inter-nuclear
distance r; reduced with Cd content due to reducing molar volume. Ionicity I, decreased and covalent glass character
increased as CdO in the glass matrix increases. As the CdO contents increase, the values of T,, T., and Tp have been
increased. All expected phases are displayed in the XRD patterns. SEM has studied the morphology of the vitreous ceramic.
It has been noted that the velocities and elastic modulus of glass-ceramics samples are increased. The structural nature of the
developed phase was monitored in spectroscopic FT-IR investigations of the glass-ceramic samples. Mass attenuation
Coefficient (u/p) increases with CdO-content increase. The Z,; values increase gradually at higher energy because of X-
ray K-edges. Hence, the increase in CdO content can be developed the vy -radiation. According to our data, G7 is the best

sample for shielding properties.
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1 Introduction

Glass is a highly transparent, amorphous material and it is
melting of an inorganic component without crystallization.
High-performance borate glasses for various applications
are used. These samples offer improved electrical conduc-
tion, glass formation, and temperature adjustment as com-
pared to their binary system, which is the most suitable for
solid-state batteries, low melting, and nonlinear optics
[1-8].

Due to its easy performance, its higher density and gamma-
ray attenuation coefficients are several applicable cadmium
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borate glasses. CdO is a heavy metal oxide (HMO), high den-
sity, and lower atomic radii [9—12]. Glasses of heavy metal
oxide (HMO), includes about 50 mol of a heavy metal cation
percent, (HMO) like CdO, MOO3, Fe203, Bi203, Ga203’ BaO,
and PbO. These glasses have photon energy smaller than other
glasses, and a higher refractive index. Therefore, the HMO
glasses are transparent, promising materials for optoelectron-
ics, fibers, sensors, optical instruments, good thermal, me-
chanical, and chemical stability, also offer superior optical
and electrical properties [13, 14].

The recent development of cadmium borate glasses is
very important scientifically and technologically. This im-
portance comes from the structural factors associated with
covalent links in the presence of CdO, structural units [15,
16]. CdO-B,0; glasses can be used in numerous requests
like laser hosts, nuclear protective, and neutron absorption.
In recent years, glasses beside CdO & B,O; have been
studied extensively due to its interesting features, high di-
electric, good infrared transmission, and low melting tem-
peratures [17—-19]. CdO glasses can be classified into Cd**
and, Cd®" structural investigations [17—19]. CdO is one of
the significant oxide glass components. Further adding
CdO to the glass enhances its mechanical strength, its
chemical stability, and its thermal stability [19].

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s12633-020-00798-3&domain=pdf
http://orcid.org/0000-0002-5969-3089
mailto:khamies1078@yahoo.com

2290

Silicon (2021) 13:2289-2307

Radiation has an enormous effect and applications in our
everyday lives. In medicine, it can be used. Hazard impacts
can be established by radiation discharge on living organ-
isms [20, 21]. In several studies, the measurement of these
doses has been analysed to achieve safe doses of exposure
to radiation [12, 22-26]. Glass is one of the critical require-
ments that, because of its ease of preparation and high
transparency, can be used to protect against the impact of
harmful rays [12, 20-28].

In glass science and in glass technology, crystallization
is an important subject. It is important to understand the
crystallization mechanisms in the field of science and tech-
nology [30, 31]. This study aims to protect the glass system
by crystallization, structural, mechanical, gamma, and neu-
tron protection using Phy-X / PSD [29] of the cadmium
borate glasses.

2 Experimental Procedures and Techniques

The x CdO - (100-x) Na,B,0O; glasses [15] are summa-
rized in Table 1 have been prepared in ceramic containers
using a melting quenching method at 1000 °C and

annealed at 450 °C, according to the chemical reaction
[15]:

NazB407. lono

+CdO *’[NazB407 + Cdo]HA 1000°Cg1assesg>annealing at 450°C

A
~(10H20)

cadmium borate glass samples.

All chemicals used for the glass preparation obtained
from Sigma-Aldrich. The XRD diffractometer procedure
(PW/1710) was used to check the status of these glasses
and glass-ceramics. DTA-50 Shimadzu used for the
thermal investigation. By heating the specimen at

Table 1

specified temperatures two steps, first, at 500 °C, the
glass-ceramics are produced. At 1 h at T, °C, the other
is crystal growth. In wave numbers 400-4000 cm ', at
room temperature FTIR type JASCO — 430 used for
measuring the FT-IR absorption spectrum of glass-ce-
ramic. Mechanical measurements for glass-ceramics
were studied by a pulse-echo technique, (KARL
DEUTSCH Echograph model 1085). The type (JEM-
100 CX 11 JAPAN), a scanning microscope (SEM),
has been used to examine the morphology of glass-
ceramics investigated.

3 Results and Discussion
3.1 Physical Properties

The XRD in Fig. 1 did not display sharp peaks, which indicate
a high glass state of the glass samples.

The density of these glasses rises, and the molar vol-
ume reduces. The density increased because of the differ-
ence of density between Na,B40; (2.46 g. cm’") and CdO
(8.15 g. cm’”). The decrease in molar volume because of
the increase in density [7, 32-35].

Cd ion concentration was calculated as Cdi =

(6.023 x10%3x mol fraction of cationxvalency of cation

Vi ) The concentra-
tion of Cd** is well known to increase because the molar

volume decreases. Inter-ionic distance (R;) was considered

2+ 2+ _ 1 l :
between two Cd**- Cd* as R; = (—torg)’s It is well

known that with the Cd** concentration, R; decreased in be-
cause of the molar volume decrease.

1
B — B separation (dg-p) estimated as (dB—B) = (%) *and
VB = 2% - The (dp-p) values have decreased as molar

volume has decreased. Polaron radius r, and inter-nuclear

Chemical compositions (mol, %), weight fraction and mole fraction of the prepared glasses

Sample name Chemical composition

Wi: Weight fraction of elements

Fi: Mole fraction of elements

Na,B,0 Cdo Na B O Cd Na B 0} Cd

Gl 100 0 0.2285 0.2149 0.5566 0 0.1538 0.3077 0.5385 0

G2 80 20 0.1971 0.1853 0.4971 0.1204 0.1481 0.2963 0.5370 0.0185
G3 70 30 0.1794 0.1688 0.4638 0.1880 0.1443 0.2887 0.5361 0.0309
G4 60 40 0.1603 0.1508 0.4277 0.2613 0.1395 0.2791 0.5349 0.0465
G5 50 50 0.1395 0.1312 0.3883 0.3410 0.1333 0.2667 0.5333 0.0667
G6 40 60 0.1167 0.1098 0.3453 0.4281 0.1250 0.2500 0.5313 0.0938
G7 30 70 0.0918 0.0863 0.2982 0.5237 0.1132 0.2264 0.5283 0.1321
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Fig. 1 XRD of'the studied glasses
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Table 2 Various physical parameters of the studied glasses
Samples Gl G2 G3 G4 G5 Go6 G7
Number of oxygen atom 435 3.68 3.345 3.01 2.675 2.34 2.005
Avg. Mol. Wt. Mw (mol) 201.22 186.66 179.38 172.1 164.81 157.53 150.25
Density 2.307 2.662 2.863 3.294 3.67 3.98 4.25
Molar volume 87.22 70.12 62.65 52.25 4491 39.58 3535
Ton conc. (Tii) (10°* ions/cm®) - 0.688 1.16 1.85 2.69 3.66 2.05
Inter ionic Distance R; (A) - 5.35 4.5 3.8 34 3.07 3.72
Inter-nuclear distance, ri (A) - 6.22 5.24 4488 397 3.582 434
Polaron radius, 1, A) - 1.78 1.5 1.29 1.14 1.03 1.245
B-B separation(dg_g) nm 0.75 0.65 0.6 0.53 0.48 0.43 0.37
oxygen packing density 49.87 52.48 53.39 57.6 59.56 59.12 56.7
(x cat) 6.967 6.155 5.75 5.34 4.94 453 4.13
Optical band gab (e.V) 3.25 3.16 3.01 2.73 235 2.31 2.26
Molar Refractivity theoretically 17.56 15.5 14.5 13.5 12.44 114 10.4
Basicity theoretically 1.665 1.663 1.662 1.66 1.659 1.657 1.655
Molar Refractivity, R,,(cm*/mol) 52.06 42.25 38.35 329 29.5 26.13 23.47
Molar Polarizability, (A") 20.65 16.76 15.21 13.06 11.7 10.36 9.31
Reflection loss (Ry) 0.597 0.603 0.612 0.63 0.657 0.66 0.664
Metallization criterion (M) 0.403 0.397 0.388 0.37 0.343 0.34 0.336
Electronegativity (x) 0.8736 0.849 0.809 0.73 0.632 0.621 0.607
Electron Polarizability («°) 2.714 2.74 2.77 2.84 2.93 2.94 2.95
Optical basicity () 1.263 1.275 1.295 1.333 1.38 1.389 1.396
Average coordination number (m) 3.34 3472 3.538 3.604 3.67 3.736 3.802
Number of bonds per unit volume nb (10 m™) ~ 0.231 0.298 0.34 0.415 0.492 0.568 0.38
Tonicity (1) 0.542 0.54 0.539 0.5389 0.5382 0.5376 0.5369
Covalency (1) 0.458 0.46 0.461 0.4611 0.4618 0.4624 0.4631
(A7) Theoretically basicity 0.66 0.75 0.8 0.84 0.88 0.92 0.97
The two-photon absorption coefficient 10.44 11.16 12.38 14.65 17.725 18.05 18.45
packing density (Vi), Vi x107°, (m?) 02 0.227 0.24 0.273 0.298 0.317 0.33
Dissociation energy (Gi), (kcal/kJ) 15.79 14.15 13.33 12.52 11.7 10.88 10.06

@ Springer



2292

Silicon (2021) 13:2289-2307

distance r; were estimated as 7p = 1 (ﬁ)%, "= (Nl)% These
parameters decrease because of the decrease in molar volume
when CdO has increased.

Molar refractivity theoretically, and molar refractivity ac-
cording to band gap R,, = Vm (1—\ /Eg/ 20) ., molar polar-
izability «,, = (M%N)Rm, electronegativity (x) x = 0.2688E,,,,
metallization M = 1—% and basicity A= —0.5x + 1.7have
been estimated. It observed that due to an increase in CdO
concentration these values were decreased [7, 32-35].

Reflection loss R; = (6—;””), and polarization of the
electron « °© = —0.9 x + 3.5 are increased. These increases
relate to molar volume decrease. Table 2 shows these
values.

To confirm BO or NBO [36-38] connect, the coordi-
nated average number is an important parameter [52—-54].
The average number of coordinates (m) is calculated
using the equation m = ) n.X; where n.; is the coordina-
tion of cation. It is found that the value of m is increased
with CdO.

The volume of bonds per unit calculated by n, = %2 Vv,
> n..X; where Ny Avogadro constant. It is found that our re-
sults indicated n, increases as the CdO content increases. It
obviously shows modifying the role of CdO in samples with
producing additional [BO,].

The two-photon absorption (TPA) factor is one of the
most important parameters for solid-state physics. TPA
(8) cm /GW, it expressed as 3=36.67— 8.1E,, where E,
bandgap energy. It found that the TPA increases with the
increase of CdO this increased connected to E,. So,

Table 4 XRD parameters of glass ceramic G1

Table 3 Thermal

parameter values of the Sample name T, T. T,
studied glasses (O]
G1 400 505 592
G3 478 571 617
G5 519 607 660
G7 578 630 660

cadmium borate glasses may be used as a photonics
application.

The ionic and covalent character of glasses can be
determined. It estimated by electronegativity change of
glass, AX= Y X;AX;, where AX;=X,— X, ionicity es-
timated as [, = [1=e(""?% (X?)) ]. It found that ionic-
ity I, decreases and covalent glass character increased
as CdO in the glass network increases. In the semicon-
ductor region, the conversion of covalent to ionic glass
behaviors causes the Egto decrease. Table 2 shows
these values.

3.2 Thermal Analysis

When glass samples were heated at room temperature,
there are several thermal changes. DTA-thermograms are
the best way to show these things. The first thermal prop-
erty is the transition of the glass T,, while the next thermal
property consists of T, and T, crystallization. These values
are shown in Table 3. It is observed that these parameters

Pos. [°2Th.]  Height [cts] FWHM [°2Th.]  d-spacing [A]  Rel.Int. [%]  Tip width [°2Th.] G sizenm  Matched by

7.0147 88.53 0.4723 12.6019 24.12 0.4800 59.3479

14.5810 49.63 0.9446 6.07514 13.52 0.9600 29.8598 00-030-0199

19.2509 286.46 0.3542 4.61069 78.04 0.3600 80.1158 00-030-0199

20.4727 173.06 0.2952 4.33820 47.15 0.3000 96.3077

21.0205 210.62 0.2952 4.22637 57.38 0.3000 96.3920 00-030-0199

27.1552 88.05 0.3542 3.28391 23.99 0.3600 81.258896  00-030-0199

27.9253 195.52 0.2952 3.19508 53.27 0.3000 97.660377  00-030-0199

30.0453 367.05 0.4723 2.97428 100.00 0.4800 61.332924  00-030-0199

32.1403 34045 0.4723 2.78504 92.75 0.4800 61.645673  01-077-0210

33.8347 296.66 0.4133 2.64934 80.82 0.4200 70.754912  00-030-0199; 01-077-0210
36.1159 79.88 0.3542 2.48706 21.76 0.3600 83.080183  00-030-0199

43.3694 107.33 0.4723 2.08644 29.24 0.4800 63.748151  00-030-0199

47.6144 39.71 0.7085 1.90986 10.82 0.7200 43.161013  01-077-0210

49.6908 102.35 0.9446 1.83482 27.89 0.9600 32.639326

53.3482 103.51 0.3542 1.71733 28.20 0.3600 88.395484  01-077-0210

54.8350 115.95 0.4320 1.67285 31.59 0.3600 72.9578 00-030-0199; 01-077-0210
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Table 5 XRD parameters of glass ceramic G4

Pos. [°2Th.] Height [cts] FWHM [°2Th.] d-spacing [A] Rel. Int. [%] Tip width [°2Th.] G size nm Matched by

13.6527 41.41 0.3542 6.48606 6.29 0.3600 79.55189  00-030-0199

18.9946 158.73 0.4133 4.67232 24.12 0.4200 68.63377  00-030-0199

20.9488 130.94 0.4133 4.24068 19.90 0.4200 68.84017  00-030-0199

22.4569 164.81 0.4133 3.95918 25.05 0.4200 69.01406  00-030-0199

25.2588 148.62 0.4723 3.52600 22.59 0.4800 60.70557  00-030-0199

27.5511 658.00 0.5314 3.23761 100.00 0.5400 54.20796  00-030-0199

29.6129 548.29 0.4133 3.01673 83.33 0.4200 70.018 00-030-0199

30.9949 472.76 0.4133 2.88529 71.85 0.4200 70.24705  00-030-0199; 01-077-0210
31.7923 378.50 0.3542 2.81472 57.52 0.3600 82.12856  00-030-0199; 00-049-1842
33.0705 346.99 0.4723 2.70880 52.73 0.4800 61.7922  00-030-0199

34.0732 75.36 0.4133 2.63134 11.45 0.4200 70.79988  00-030-0199; 00-049-1842; 01-077-0210
37.5740 103.64 0.4133 2.39384 15.75 0.4200 71.50252  01-077-0210

38.7169 61.24 0.3542 2.32576 9.31 0.3600 83.72127  01-077-0210

44.5355 53.84 0.5904 2.03448 8.18 0.6000 51.20621  00-049-1842

45.9798 195.81 0.4723 1.97388 29.76 0.4800 64.34767  00-049-1842

48.2527 225.54 0.3542 1.88608 34.28 0.3600 86.54825  00-049-1842

53.1028 146.55 0.4133 1.72469 2227 0.4200 75.6741  00-049-1842; 01-077-0210
53.9008 102.97 0.3542 1.70102 15.65 0.3600 88.61119  00-030-0199; 00-049-1842; 01-077-0210
59.7678 81.31 0.4723 1.54731 12.36 0.4800 68.32095 01-077-0210

71.7778 75.58 0.4723 1.31511 11.49 0.4800 73.11781 01-077-0210

77.9684 37.63 0.9446 1.22545 5.72 0.9600 38.10324  01-077-0210

80.3669 34.42 0.7085 1.19481 5.23 0.7200 51.68757 01-077-0210

83.1244 37.05 0.8640 1.16108 5.63 0.7200 43.27699 01-077-0210

have been increased as the CdO increases. These increases 3.3 XRD, SEM of Glass-Ceramics

related to the increase in the packing density and to in-

crease in the connection of the glass structure. According  Cadmium borate glass-ceramics are good resistance to
to these parameters, the glass-ceramics have been  chemical substances and offer great potential in a wide
prepared. range of applications. During glass transformation in

Table 6 XRD parameters of glass ceramic G7

Pos. [°2Th.] Height [cts] FWHM [°2Th.] d-spacing [A] Rel. Int. [%] Tip width [°2Th.] G size nm Matched by

7.3390 80.80 0.5904 12.0457 10.62 0.6000 47.48477 00-030-0199

26.9638 732.71 0.3542 3.30679 96.33 0.3600 81.22624  00-030-0199

27.6676 760.61 0.3542 3.22425 100.00 0.3600 81.34756  00-030-0199

30.2255 334.44 0.2952 2.95696 43.97 0.3000 98.17008  00-030-0199

30.8823 301.39 0.2952 2.89556 39.62 0.3000 98.32388  00-030-0199

33.7688 279.18 0.3542 2.65436 36.71 0.3600 82.54629  00-030-0199; 00-049-1842; 01-077-0210
43.7886 207.37 0.3542 2.06744 27.26 0.3600 85.12793  00-049-1842; 01-077-0210
45.0945 108.43 0.3542 2.01056 14.26 0.3600 85.52518  00-049-1842; 01-077-0210
46.5194 290.82 0.4133 1.95224 38.23 0.4200 73.68154  00-030-0199; 00-049-1842
51.3551 87.06 0.3542 1.77920 11.45 0.3600 87.64296  00-049-1842

52.6809 126.99 0.5904 1.73750 16.70 0.6000 52.87751  00-049-1842

55.9818 149.55 0.5314 1.64263 19.66 0.5400 59.62333  00-030-0199

57.1831 191.81 0.4133 1.61094 25.22 0.4200 77.09442  01-077-0210

74.9099 57.36 0.5760 1.26665 7.54 0.4800 61.18689 01-077-0210
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Fig.2 XRD of'the selected glass-
ceramics

Intensity(A.U)

o . H3B03 (00-030-0199) Boric Acid

0 Cd3TeOg (00-049-1842) Cadmium Tellurate
. Na20 ( 01-077-0210) Sodium Oxide
O

glass-ceramics, the structure and properties can be sig-
nificantly changed [39-43]. Figure 2 demonstrations
XRD of glass-ceramic samples. It was found that all
phases expected appeared as boric acid H3;BO;3, card
number (00-030-0199), sodium oxide Na,O, card num-
ber (01-077-0210), and cadmium tellurate Cd;TeOs,
card number (00-049-1842). Tables 4, 5 and 6 show
the grain size of the phases and the matching phases
by the X’Pert High Score program.

In Figs. 3 and 4 you can view SEM backscattered
electron glass-ceramic images produced. The crystalline
texture is observed contains comparatively bulky

interstitial holes, showing the outstanding matrix of
glass. This observation corresponds to the XRD analy-
sis. The crystallinity and morphological properties of
glass-ceramics had a direct effect on mechanical and
chemical properties. The experiential morphological of
the formed crystalline phases are found to differ includ-
ing microcrystalline extended paths or fibrils, anhedral
microcrystals, and a fine-grained texture. During thermal
heat treatment, these different microcrystalline phases
are associated with various precipitated sodium and bo-
ron phases. At the second stage of microcrystalline cre-
ation, cadmium tellurate phases are formed. Due to the

Fig. 4 SEM of G7 the selected glass -ceramics at magnifications 200, 500, 1000, 2000 and 5000
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Table7  The values of sound velocities, elastic moduli, micro-hardness (H), thermal expansion coefficient (ap), acoustic impedance (Z) and density of
the studied glass-ceramics

Sample name Vi Vr L G K Y H Qy, 7x107 Density

m/s (GPa) K™ (kgm 2sh gem®
Gl1 5025 2910 68.86 23.09 38.07 57.63 3.88 116,566.67 1.22 2.727
G2 5205 2990 76.45 25.23 42.82 63.26 4.14 120,742.67 1.23 2.822
G3 5310 3040 85.12 27.90 47.92 70.10 453 123,178.67 1.24 3.019
G4 5420 3070 97.12 31.16 55.57 78.76 491 125,730.67 1.22 3.306
G5 5465 3130 109.97 36.07 61.87 90.61 5.87 126,774.67 1.27 3.682
Go 5515 3330 115.33 42.05 59.27 102.02 8.04 127,934.67 1.57 3.792
G7 5715 3540 136.92 52.53 66.87 124.89 10.90 132,574.67 1.80 4.193

presence of different phases, crystals’ dimensions of dif-
ferent habits ranged from 5 to 10 pum.

3.4 Mechanical Properties of the Glass-Ceramics

In comparison with the parent glasses, the density of the ce-
ramics has increased. This growth is linked to heat treatment. I
believe that heat treatment relieves the structure of glass by
releasing some of its inner energy, causing a certain order and
compactness. Different properties should therefore emerge,
and the density should be increased.

In Fig. 5 you can view the velocities of prepared glass-
ceramics (VL) and (VT). It was found that each velocity
(VL, VT) is increased with the CdO increases these veloc-
ities are recorded in Table 7 [15]. VL arrange between
5025, 5715 m/s, and VT arrange between 2910,
3540 m/s. The increase in the velocities can be explaining
by heat treatment relieves the structure of glass by releas-
ing some of its inner energy, causing a certain order and
compactness.

~ 5800 3600
E vL ’vT j
- ®
= 5600 F g
£z 43400 ¢
2 y z
El =S
I S400f 3
= 1=
s 43200
& <
£ s200f ° g
= ]
< 43000 -
£ 5000 Ay
£ g
=) <
-
4800 L L L L L L Ll 2800

=}

10 20 30 40 50 60 70
CdO content (mol %)

Fig. 5 Dependence of the longitudinal and shear ultrasonic velocities v;,
and v of the investigated glass-ceramics with CdO content by mol %

In Fig. 6 you can view the elastic moduli of prepared
glass-ceramics. It was found that the values of elastic
modulus are increased. This increase can be explaining

140

120

100

80

60

40

The Elastic moduli calculated,(GPa)

20 i 1 i 1 i 1 i 1 i 1 i 1 i 1
0 10 20 30 40 50 60 70

CdO content (mol %)

Fig. 6 Composition dependence of the elastic moduli of the studied
glass-ceramics with CdO content by mol %

Absorbance (A.U.)

4000 3600 3200 2800 2400 2000 1600 1200 800 400

Wavenumber (cm-l)

Fig. 7 Infrared spectra of the investigated glasses-ceramics
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Table 8 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 A 456 - 638 716 773
C 3.355 — 5.884 5.52 17.1
G3 A 467.45 519 - 705 846
C 5.71 3.487 - 8.7 224
G5 A 471.7 570 - 706 -
C 7.931 5.2 - 12.43 -
G7 A 459.56 572 621 712 772
C 3.264 6.22 8.34 6.85

14.15

1151 1050 924 1259 1335 1457
6.18 7.5 26 3 9.18 12.772
1139 1043 919 1266 1347 1485
8.4 43 21.5 1.05 13.2 9.7
1124 1044 903 - 1368 1500
17.5 4.67 28.2 - 13.95 9.1
1147 1048 919 1260 1358.8 1492
5.5 7.7 26.9 3.99 15.83 7.44

by heat treatment relieves the structure of glass by re-
leasing some of its inner energy, causing a certain order
and compactness. Table 7 lists the density of glass ce-
ramics, velocities, and elastic moduli of prepared glass-
ceramics.

3.5 FT-IR Analysis for Glass-Ceramic

To verify the structural nature of the developed phase, the
glass-ceramic investigations were applied by FT-IR [44, 45].
Figure 7 shows FT-IT measurements in the range 4000—
400 cm™' for glass-ceramic samples. Figure 8 displays the
deconvolution of glass-ceramic samples in a region of 1600—

400 cm . Table 8 presents the de-convolution parameter of
the FT-IR for preparation glass-ceramic. The bands ~1400, ~
1274, ~1030, ~940, ~713, and ~ 574 cm ! are reported by the
FT-IT spectrum. The vibrations of the boroxol ring, B— O
bond stretching of BO; units, and the bending vibrations of
the B— O — B bridges are connected to the bands at 1400
and 1274 cm ~'. The vibration of boroxol, B — O bonding
stretch of BO, units, and the bending vibration of B— O— B
bridges are associated with bands at 1030 and 940 cm ™. As
we have observed, polycrystalline shows strong bands with
FT-IR at~713 and ~574 cm ' described B— O—Cd, Na—
O— Cd and Cd — O— Cd bending modes and CdOy4
tetrahedron.

Fig. 8 Curve-fitting of FT-IR
spectra of the glasses-ceramics
samples
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Table 9 Mass attenuation coefficients (cm?/g) of prepared samples in
comparison with different glass samples

Samples MAC, (MeV)
0.02 10

G 7 [Present work] 10.529 0.030
66B,0;-5A1,05-29Na,0 1.074 0.020
5Bi,05-61B,05-5A1,05-29Na,0 5.059 0.022
10Bi,03-56B,0;- 5A1,05-29Na,0 9.043 0.023
0PbO-30Si0,-46.67B,03-23.33Na,O 1.386 0.023
5Pb0O-25Si0,-46.67B,03-23.33Na, O 5.167 0.021
10PbO-20Si0,-46.67B,05-23.33Na,O 8.952 0.024
49.46810,-26.38Na,0- 23.08CaO- 1.07P,05 3.982 0.024
47.84S10,-26.67Na,0O- 23.33Ca0- 2.16P,05 3.985 0.023
44.47S10,-27.26Na,0- 23.85Ca0- 4.42P,05 4.057 0.024
40.96S10,-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
48.98S10,-26.67Na,0O- 23.33Ca0- 1.02P,05 3.983 0.023
43.66S10,-28.12Na,0- 24.60CaO- 3.62P,05 4.100 0.024
38.14Si0,-29.62Na,0- 25.91Ca0O- 6.33P,05 4.190 0.022
40.71S10,-28.91Na,0- 25.31Ca0-5.07 P,05 4.131 0.022

3.6 Coefficient of Mass Attenuation (u/p)
The (1+/p) of the samples is illustrated in Fig. 8 and calculated
by (%) =2 wi <%) . The (w/p) of the samples is shown to

increase at small energy. Figure 9 represented the (u/p)
as a function of the CdO concentrations. It indicated

that the CdO-content increases (u/p) increase. This in-
crease is linked to density. So, the addition of CdO
increases the attenuation rate of gamma-radiation for
the samples being prepared. Table 9 shows the compar-
ison of MAC of prepared samples with different glass
samples.

3.7 (Zes) (Ne) and Z, of Prepared Glasses

The effective atomic number (Z,) estimated as Zo5 = (% o)

where (0,) the atomic cross-sections o, 0, = a,,,% n, =
0

(‘—;)t t /N YA, , and o, the electronic cross-sections o,
arge

N

=1 Zl: <%) ifi WZ—A‘ Figure 10 shows the Z.; of the stud-
ied samples, which varied with y-energy. Z. is sug-
gested to have a higher value for these glasses with
low energy due to the interaction of the photoelectric
at this range. The Z,; values increase gradually at
higher energy because of X-ray K-edges. The glass
name G 7 having a higher value of the Z,: So, the
addition of CdO to glasses increase the vy -radiation
attenuation rate for the samples.

Electron density (N, has been estimated as Negg = N

F; A; . Figure 11 represented the (V) value of the samples
against energy. It is observed that (V) decreased at lower
energy and then slowly increased. This decrease is due to
the Compton scattering interaction. So, the increase of CdO
can be developed the v -radiation. The increase in (N,p) is
related to the pair creation.

Zety

Fig. 9 The mass attenuation 25
coefficient (1/p) of prepared
glasses
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Fig. 10 The mass attenuation 25
coefficient (1+/p) of the prepared

glasses as a function of CdO

content
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Equivalent atomic number Z., can be estimated as

Zeq = Zl(l"ng_iggﬁﬁgﬁgRﬂ"gm). Figure 12 represented the

(Z,y) values of the samples between 0.015 and 15 MeV.
It indicated that the (Z.q) improved with the incident the
photon energy and with the increase of CdO. The (Z,,)
value is increased with energy increased due to the
Compton scattering interaction. For prepared samples,
the highest (Z,,) value at 1 MeV. At the higher energy

10 20 30 40 50 60 70

CdO content (mol.%)

than 1 MeV, the (Z.,) value is decreased because of the
pair creation interaction.

3.8 (HVL), (TVL) and, (MFP) of Prepared Glasses

The mean free path (MFP) was computed by MEP = (i) ,. It
is possible to establish the tenth (TVL) and half-value

Fig. 11 The effective atomic 48

number (Z,) of prepared glasses |
42}
36
30

Zeff

2 : 3 :
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Fig. 12 The (N.g) for the
prepared glasses as a function of
photon energy
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layer (HVL) by TVL= (%) , HVL= (12).

Figures 13, 14 and 15 displays the (TVL), (HVL) and
(MFP) values of the glasses. These parameter values are
increased when photon energy is increased. This observa-
tion indicated that the increase in energy makes the pho-
ton allowed to intentionally transmit the sample. With the
increase in CdO content, these values are decreasing.
Therefore, CdO can enhance y-radiation. According to
our data, the best sample is G7. Figures 16 and 17 exem-
plified (HVL) and (MFP) comparisons of prepared

Energy, (MeV)

samples to standard materials. These figures show that
the lower value of (HVL) and (MFP) G7 are the better
samples for y radiation.

3.9 Exposure Construction of Glasses (EBF) and (EABF)

G-P fitting parameters have been estimated

__ Pl(logZ2-logZeq)+Z2(logZeq—logZ1) .
P = TogZ2 TogZ1 . G—P fitting used for deter-

mined EABF and EBF, B(E, X) = 1 + 2L (K* 1) for K#1,

as

Fig. 13 Equivalent atomic
number (Z.) for the prepared
glasses as a function of photon
energy
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Fig. 14 The half value layer for
the prepared glasses as a function
of photon energy

HVL, (cm)

B(E,X)=1+(b-1)x K=1 where (E,X)=cx"+d

% . Figures 18 and 19, and Tables 10 and

11. represented the (EBF) and, EABF of the samples
[11, 46]. EBF and EABF values are low at the lower
energy due to the glasses will absorb the energy photons
then increased with the increase of energy due to
Compton scattering. After that, decrease with increasing

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

energy due to the pair production. In our study, Maximum
radiation occurs at the sample surface. This means that
prepared glasses have better shielding characteristics than
those of the above standard shields. Besides, the CdO
content of studied glasses should be improved so that
similar protection properties such as G 7 glass can be
achieved.

Fig. 15 The tenth value layer for
the prepared glasses as a function
of photon energy

TVL, (cm)
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Fig. 16 The MFP for the
prepared glasses as a function of
photon energy

MFP, (cm)

3.10 Fast Neutron Removal Cross-Section (FNRCS)
(1/Cm)

Effective removal cross-section (Xg), can be estimated:
R
(%“) = Wi (%“) and R=) p; () . Figure 20
i i i P/

represented the (XR) of glass samples against the gam-
ma energy. It is observed that the (XR) increased at

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

lower energy. At higher energy, small deviations are
observed of the glass samples decreasing the value of
(XR). These small deviations in the results are related to
the increase of CdO. The elements which have a light
atomic number are well known to have a strong ability
to shield the neutrons. Therefore, the increase in the
content of CdO can lead to an improvement in the neu-
tron’s shielding. The increase of CdO enhances the YR

Fig. 17 The comparison of half 18
value layer for the prepared

glasses as a function of photon
energy with standard materials
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Table 10 G-P fitting parameters

for EBF, and G-P fitting Energy G-P Fitting Parameters for EBF G -P Fitting Parameters for EABF

parameters for EABF of glass MeV)

name G 1 a b c d Xk a b c d Xk
1.50E-02 0.196 1.132 0421 —0.100 13.899 0.198 1.132 0422 -0.101 12.789
2.00E-02 0.173 1305 0482 —0.089 14411 0.172 1309 0482 —-0.090 14.487
3.00E-02 0.106 1907 0.665 —0.056 15.979 0.130 2.002 0616 —0.057 12236
4.00E-02 0.031 2834 0917 -0.021 14.111 0.035 2913 0909 —-0.024 13.887
5.00E-02 —0.024 3.687 1.178 0.002 13.713 -0.025 3.800 1.183 0.002  13.764
6.00E-02 -0.069 4206 1414 0.024 13.641 -0.072 4382 1428 0.027  13.834
8.00E-02 —0.119 4441 1.725 0.049 13.693 -0.124 4764 1.752 0.053  13.237
1.00E-01 —0.140 4234 1.885 0.058 13967 -0.149 4.600 1.933 0.065 13.628
1.50E-01 -0.147 3.714 1952 0.055 14534 -0.159 3950 2.026 0.064 14.194
2.00E-01 —0.153 3236 1979 0.058 14174 -0.164 3425 2.044 0.066  13.932
3.00E-01 —0.142 2819 1.872 0.052 14181 -0.151 2931 1.924 0.059 14.044
4.00E-01 -0.131 2593 1.769 0.048 14409 -0.139 2.667 12811 0.054  14.105
5.00E-01 —0.121 2.444 1.680 0.044 14361 -0.128 2493 1.719 0.050  14.273
6.00E-01 —0.110 2335 1.601 0.040 14589 -0.116 2376 1.635 0.045  14.371
8.00E-01 —0.097 2.168 1.505 0.038 14471 -0.098 2217 1507 0.038  14.498
1.00E+00 —0.081 2.080 1.403 0.031 14.681 -0.084 2.106 1417 0.033  14.359
1.50E+00 —0.057 1927 1.264 0.023 14484 -0.056 1.943 1261 0.022  14.309
2.00E+00 —0.036 1.836 1.164 0.014 15371 -0.037 1.839 1.167 0.014  14.624
3.00E+00 -0.011 1.710 1.052 0.002 12.819 -0.011 1.710 1.052 0.002  14.266
4.00E+00 0.004 1.624 0990 —0.007 20.302 0.006 1.621 0986 -0.007 12.975
5.00E+00 0.016 1553 0947 -0.011 14439 0.018 1.556 0942 -0.013 13.265
6.00E+00 0.025 1.505 0917 —0.023 15541 0.029 1.505 0907 -0.026 15.101
8.00E+00 0.033 1417 0891 -0.020 12.329 0.031 1410 0896 -0.017 12329
1.00E+01 0.039 1358 0.872 -0.025 13.971 0.041 1355 0.868 —0.027 13.901
1.50E+01 0.050 1265 0.842 —0.039 15014 0.048 1258 0.849 —0.036 14.749

values; therefore, we can say that the addition of CdO
to glasses improves the 7y -radiation attenuation [I11,
46].

Figures 21 and 22 show the FNRCS of the prepared
glasses. It was observed that the FNRCS values are
increased as the CdO content increased. The increase
in FNRCS is affected by glass composition and density.
Therefore, we can say that the addition of CdO to
glasses increase the FNRCS.

4 Conclusions

The Melt-quenching method has been used to fabricate
Na,B,0; - CdO glass system. The XRD diffractometer
procedure was used to check the status of these sam-
ples. The obtaining physical and optical values of
Na,B40;7 - CdO glass system can develop solid-state
devices and optical memory equipment. Inter-ionic dis-
tance (R;) between Cd-Cd, Polaron radius r,, and inter-
nuclear distance r; reduced with Cd content due to

@ Springer

reducing molar volume. The volume of bonds per unit
increases as CdO content. It obviously shows modifying
the role of CdO in samples with producing additional
BO,. TPA increases with the increase of CdO this in-
creased connected to E,. So, Na,B40; - CdO glasses
may be used as a photonic-applications. lonicity I, de-
creased and covalent glass character increased as CdO
in the glass matrix increases. As the CdO contents in-
crease, the values of T, T., and Tp have been in-
creased. All expected phases are displayed in the XRD
patterns. SEM has studied the morphology of the vitre-
ous ceramic. It has been noted that the velocities and
elastic modulus of glass-ceramics samples are increased.
The structural nature of the developed phase was mon-
itored in spectroscopic FT-IR investigations of the glass-
ceramic samples. It indicated that the CdO-content in-
creases (yi/p) increase. The Z,; values increase gradually
at higher energy because of X-ray K-edges. It is ob-
served that (V. decreased at lower energy and then
slowly increased. As well as the (HVL), (TVL) and,
(MFP) values decrease with the increase in CdO
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Table 11 G-P fitting parameters

for EBF, and G-P fitting Energy G-P Fitting Parameters for EBF G -P Fitting Parameters for EABF

parameters for EABF of glass MeV)

name G 7 a b c d Xk a b c d Xk
1.50E-02 0536 1.011 0.194 —0.558 14.555 0373 1.010 0272 -0.409 15.873
2.00E-02 0277 1.023 0305 —0.139 12221 0352 1.022 0261 -0245 12270
3.00E-02 0.156 2352 0732 —0.136 22235 0.175 1270 0.741 -0.148 19.772
4.00E-02 0.152 2717 0325 —0.059 19.605 0.145 1299 0350 —-0.148 24.161
5.00E-02 -0.104 2333 0.158 -0.019 12314 -0.003 1264 0.167 0.022  10.048
6.00E-02 0.798 1950 0.131 —0.143 16.118 0.606 1254 0.135 -0.177 14.776
8.00E-02 0.586 1512 0.163 —0210 14.265 0461 1283 0.180 -0.195 14.150
1.00E-01 0254 1.195 0360 —0.137 13.791 0271 1248 0336 -0.145 15426
1.50E-01 0.155 1311 0537 —0.081 14311 0267 1.618 0359 -0.154 13.950
2.00E-01 0.145 1526 0.589 —0.085 14.134 0272 2355 0392 -0.174 13.895
3.00E-01 0.064 1.647 0.794 —0.038 14.073 0.134 2500 0.635 -0.087 13.795
4.00E-01 0.027 1.750 0939 —0.029 13.644 0.085 2.701 0.784 -0.076 13.571
5.00E-01 0.007 1.799 1.018 —0.021 13.492 0.050 2.680 0.892 -0.056 13.455
6.00E-01  —0.003 1.813 1.060 —-0.017 12.937 0.033 2.620 0947 -0.046 13.200
8.00E-01 —0.013 1812 1.101 —0.013 12.759 0.015 2462 1.010 -0.035 12.781
1.00E+00 -0.017 1.790 1.112 -0.010 12.363 0.005 2326 1.039 -0.027 12.400
1.50E+00 -0.032 1.658 1.169 0.004 10.652 -0.015 1944 1.111 -0.013 11.811
2.00E+00 -0.021 1.661 1.123 —0.005 10261 —0.011 1.840 1.089 —0.012 10.800
3.00E+00 —0.004 1.613 1.059 -0.015 12.248 0.003 1.676 1.036 -0.020 12.327
4.00E+00 0.008 1.547 1.023 -0.025 12.922 0.011 1546 1.013 -0.029 14.060
5.00E+00 0.014 1480 1.008 —0.029 13.214 0.021 1459 0985 —0.038 14.147
6.00E+00 0.022 1434 0988 —0.036 13.295 0.023 1387 0981 —0.039 14314
8.00E+00 0.033 1354 0968 —0.047 13.589 0.034 1295 0958 —0.047 14.020
1.00E+01 0.042 1294 0953 —0.057 13.949 0.038 1232 0958 —0.050 14.291
1.50E+01 0.050 1.196 0961 —-0.061 14.405 0.050 1.146 0952 —0.057 14.687

Fig. 18 The comparison of MFP
for the prepared glasses as a
function of photon energy with
standard materials

MFP, (cm)

24F-9-G1-9-G2 90 G3-0-G4
G5-—9-G6—9 G7—0O—RS-253-G18

P —@— RS-360 —O— RS-520
—/\— Chromite —}— Ferrite

20 Magnetite —k— Barite

16

12

6
Energy, (MeV)

8

&

Springer



2304 Silicon (2021) 13:2289-2307

10000
100 |
[ [
= L
& 1000 | é [
= b1 i
£ 100} g
2 : 10
£ 2 3
= F s
E § L
= 10} [
= 3
1F 'E
1 1 1 3
0.01 0.1 1 10 0.01
Energy (MeV) Energy (MeV)
10000 g 1E11
E G5 ° 1E10 | G7
[ 1E9
o 3
= 1000f N 1Es f
= E
g : § 1E7 |
‘g 100k § 1000000 f
s 3 E 100000 |-
5 [ : 10000 |
(=] 10 E : 1000 F
3 =
1 100 |
[ 10
1 ]
E 1
0.01 0.1 1 10 0.01 0.1 1 10

Energy (MeV) Energy (MeV)

Fig. 19 Variation of EBF versus the gamma ray energy for Some prepared glasses as a function of photon energy
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Fig. 21 Effective removal cross- 1.2
through (XR) for the prepared
glasses as a function of photon
energy
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content. Hence, the increase in CdO content can be
developed the y -radiation. EBF and EABF values are
low at the lower energy due to the glasses will absorb
the energy photons then increased with the increase of
energy due to Compton scattering. It was observed that
the FNRCS values are increased as the CdO content
increased. According to our data, G7 is the best sample
for shielding properties.
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Fig. 22 FNRCS for the prepared glasses comparison with standard
materials
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