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a b s t r a c t

In this study, we extensively analyzed the structural, physical and gamma-ray attenuation

properties of a-TeO2 CMS, which has unexpectedly been observed as a part of Sm2O3

doped TeO2eB2O3eV2O5 glasses synthesis process. The shape of a-TeO2 CMS was obtained

from SEM analyses. Moreover, EDX, XRD and Raman examinations were utilized for

systematic characterization of a-TeO2 CMS. In addition to experimental physical and

structural studies on a-TeO2 CMSs, gamma-ray attenuation properties were also deter-

mined and compared with Quartz and some novel glasses such as PNCKM5, C25, SCNZ7

along with some commercial glasses such as RS253, RS253G18, RS323G19, RS360, RS520

using FLUKA general-purpose Monte Carlo code. EDX results indicated that only Te and O

elements were available in the a-TeO2 CMS. The finding showed that gamma-ray attenu-

ation competencies of a-TeO2 CMS is higher than many novel and commercial glasses in

addition to traditional concrete shields. It can be concluded that further comparison
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studies can be done between normal glass structure and a-TeO2 CMS (or similar) occurred

glass structures in terms of better understanding the total gamma-ray attenuation and the

effect of a-TeO2 CMS.

© 2021 The Author(s). Published by Elsevier B.V. This is an open access article under the CC

BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Glasses, which are amorphous solids, have great importance

due to their beneficial properties [1] [e] [3]. Though they have

amorphous structure, they have mechanical endurance like

crystals and superficial regularity like liquids [4e6]. While

traditional glasses are inorganic or polymeric (windows

glasses, etc.), organic glasses having lower molecular weighs

are being studied for various applications ranging from photo-

active or electro-active materials, bio-preservation to phar-

maceutical industry [1e4,7,8]. Amorphous materials have to

be stable against crystallization since crystallization dispels

their advantage [1,4,9]. Crystallizations might occur on the

surfaces of glass samples during the glass synthesis via

traditional melting/annealing process. During the cooling of

the glass sample, high tensions are being formed due to the

unconformity of the crystalline layer and the thermal

expansion coefficient of the glass and this might result in

cracking of the glass. In addition, these crystallizations might

exhibit more advanced properties compared to themain glass

[10] [e] [12]. Therefore, these formations gained importance

recently. When literature studies are examined, crystal

growth was observed to occur on the surfaces of the glasses

more rapidly compared to the inner parts [1,4,9]. The surface

crystals are magnified horizontally, they could rise from the

glass surface up to hundreds of nanometers [4,13]. This crys-

tallization is generally considered to be the usual behavior of

the glass and explained as “the crystal directly forms on the

surface if the interface energy required for this formation is

low” [10,14e17].

On the other hand, crystallization is a significant process in

glass industry [18]. There are two steps of the process such as

nucleation and growth [4,19]. In one hand, nucleation might

generally arise from surface defects like small cracks

[10,14,20]. In the other hand, it might be observed as rapid

formation of crystals on the surface during the process of

cooling of any given melt for the purpose of glass formation

[9]. In the evaluation of experimental data related to these

processes, classical nucleation theory (CNT) is being used in

general. This theory is based on “Heterogeneous Systems

Theory” developed by Gibbs within the scope of thermody-

namic concepts [19,21e23]. In some cases, crystal growth

faster than predicted by standard theoriesmight occur. One of

them is “fromGlass to Crystal” (GC)mode occurringwithin the

bulk sample; meaning 104 times faster crystallization in

response to a couple of Kelvins decrease in the temperature.

Another one is the surface crystallization, which is faster than

the crystallization within the sample [9,13,24] [e] [27]. Thus,
the efficiency of the laws defining the nucleation and crystal

growth is very important [18]. Easily accessible parameters

such as fragility index mh or glass transition temperature Tg

are present in order to examine the crystallization behavior of

a glass system [1,4,18,28]. At the same time, thermal expan-

sion coefficient is also important for crystallization process. In

general, an explanation like expansion of heated object might

be provided, however there are also solids having zero-

thermal expansion ZTE) and even negative-thermal expan-

sion (NTE) though quite a few 29. It is hard to produce this type

of materials and they are not appropriate for classical crys-

tallization methods since their structures are not in the form

of glasses [29].

In systems with a glass-to-crystalline growth process, it is

limited by diffusion at high temperatures, but near the glass

transition temperature, crystallization increases rapidly and

becomes uncontrollable by diffusion [4,24,25,30e33]. In in-

dustrial applications, crystallization tendencies of the glasses

are tried to be avoided by producing glasses with multi-

components using the method of precipitation of different

crystalline phases simultaneously [34,35]. However, in some

cases, crystallization of glasses yields technologically benefi-

cial products.

Glasses containing tellurium oxide and tellurium crystals

have quite different and beneficial physical and chemical

properties. These properties make them potentially beneficial

materials for different fields of technology. As reported in

Flippo's study in which the formation of pearl-like a-TeO2

microwires was examined [36] a-TeO2 nano and microstruc-

tures can be synthesized with various methods such as laser

ablation or with precipitation from solutions and also with

different methods acting on the underlayers [37e43]. In

addition to the synthesis of nano andmicro crystal structures,

they are also being extensively studied by crystal researchers

in order to control the diversity of their morphologies and

their sizes [44]. a-TeO2 structures that synthesized are known

to be used especially in gas sensors [43,45,46], for optical

memory materials [47] and various oxidation catalyzers [48]

and thus frequently being studied in the literature.

During some routine attempts to synthesize various Sm2O3

doped telluride glasses, we observed an unexpected crystalli-

zation. Accordingly, we conducted an extensive literature re-

view focusing on understanding this situation. This has

motivated us to perform additional analyses using SEM, EDX,

XRD, and Raman spectra that could help us to gain a better

understanding of these structures by advancing the current

studies in the literature. Meanwhile, we have investigated the

radiation attenuation properties of such unexpected crystal

structures for the first time in the literature. In addition to

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jmrt.2021.12.059
https://doi.org/10.1016/j.jmrt.2021.12.059


j o u r n a l o f m a t e r i a l s r e s e a r c h and t e c hno l o g y 2 0 2 2 ; 1 6 : 1 1 7 9e1 1 8 9 1181
extended physical and structural information of a-TeO2 CMSs,

gamma-ray attenuation properties were determined and

compared with Quartz and some novel glasses such as

PNCKM5, C25, SCNZ7 along with some commercial glasses

such as RS253, RS253G18, RS323G19, RS360, RS520. The authors

conclude that the current in-deep characterization of crystal-

line microstructures (CMS) with radiation shielding properties

would contribute to the material literature in general.
2. Growth of crystalline microstructures
(CMSs)

Crystalline microstructures (CMSs) grew automatically and

very rapidly outward on the free surface of the glass during

some synthesis trials of Sm2O3 doped TeO2eB2O3eV2O5

glasses that were rich in tellurium [49] as it can be seen in

Fig. 1(a-b). The dynamics of crystalline structures growing

freely and outwardly on the surface was examined in the

literature in detail [4,9,10,29,50e53]. In this study, character-

ization of these crystalline microstructures growing on the

aforementioned glass surface was studied rather than their
Fig. 1 e (aeb) Rice-like crystalline micro structures (CMS) growin

crystalline structures at various magnification ratios.
growth dynamics. The synthesis of Sm2O3 doped TeO2eB2O3-

eV2O5 glasses [49] was explained in our previous paper in

detail. The synthesis of these glasses was performed around

750 �C. The glass has been synthesized as a melt, which was

poured into a steel mould previously heated to 350 �C
(approximately the glass transition (tg) temperature). After the

synthesis of samples that are rich in respect to tellurium,

similar crystalline structures were reported to form in glasses

undergoing heat treatment around 580 �C in the literature by

Irmak [54]. This leads to the thought that the CMSsmentioned

in this study grow in the range of 460 �C 49 and 580 �C, which is

the crystallization temperature of glass, in free cooling from

the molten state at 750 �C.
When Fig. 1(c-f) is examined, rice-like microstructures

identical to each other and having a micro size that can be

distinguished with the naked eye can be seen. These were

viewed at various magnification ratios with the help of SEM. It

can be said that these rice-like structures consist of nano

structures proceeding traversal and similarly from the region

of nucleation as can be seen in Fig. 2(a-b). These nano struc-

tures are observed to be packed nanowire like structures

Fig. 2(f) existing together regularly and in the same direction.
g on the TBVS glass surface and (cef) SEM images of these

https://doi.org/10.1016/j.jmrt.2021.12.059
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Fig. 2 e (aeb) Nucleation regions at which CMS crystals are estimated to start growing, (cee) glass-CMS interface, (f)

crystalline structures grown on the glass surface in the shape of a nanowire.
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These nano-wires grew regularly towards both directions

(Fig. 2(c-d)), however as it can be seen in Fig. 3, when the

distortions at the upper and lower parts are considered, it can
Fig. 3 e SEM image of a single CMS and present
be said that growth that has started from the nucleation re-

gion distributed to both direction like a fan, but the lower and

upper parts of the crystals folded outward the glass and
ation of its sizes on the schematic drawing.

https://doi.org/10.1016/j.jmrt.2021.12.059
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Fig. 4 e SEM image obtained from a single CMS; EDX linescan and EDX spectra on this image. Linear elemental distribution

(dark yellow (Te) and blue (O)) obtained from the region marked between two blue circles on EDX linescan image.
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towards the crystal after a certain point just like the folding of

dry leaf. Some of the CMSs can also be seen to close incom-

pletely when Fig. 1 is examined. The image supporting this

folding is Fig. 2(e). In this image, CMSs are seen to display

three-dimensional folding outward the glass and to the up-

ward. The change in the surface tension due to cooling that

continues on the free surface of the molten glass might

disrupt the growth of the CMS and caused this folding. When

the dimension of a typical sample of these growing CMSswere

measured, it was seen to have an approximate length of

190 mm and an approximate width of 39 mm at the edges, and

33 mm at the flat central part.

XRD, SEM-EDX and Raman were used in the characteriza-

tion of CMSs. XRD measurements were obtained from the

CMSs in solid form at room temperature with Panalytical

Emperian XRD (CuKa radiation with 0.1542 nm, goniometer

speed of 0.133�/s with 0.01� step) device, EDX spectra along
with SEM images were obtained by Thermo Scientific

SEMeEDS (in high vacuum, 30 kV and ETD detector) device

from more than one CMSs. Raman measurements were per-

formed by Renishaw Raman with 4 cm�1 resolution and 4

number of scans. Raman images were obtained at 5 different

regions of CMSs by Renishaw Invia device at room tempera-

ture. XRD data of CMSs were processed with X'Pert HighScore

Plus program with COD2021 V3. X database.
3. Characterization of crystalline micro-
structures (CMSs)

EDX spectrum was obtained from CMS as it can be seen in

Fig. 4. From Fig. 4, it was determined that rice-like CMSs

formed of completely Te and O elements with the help of EDX

linescan overlapped on SEM image. In the lower part of Fig. 4,

https://doi.org/10.1016/j.jmrt.2021.12.059
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Fig. 5 e XRD diffraction pattern obtained from CMSs and

theoretical XRD data belonging to ICDD 01-074-0269 coded

Paratellurite (a-TeO2).

Fig. 6 e Raman spectra within the range of 100e1000 cm¡1

obtained from 5 different regions of CMSs. (inset: Merged

images of paratellurite (a-TeO2) taken from the Raman

Microscope and 5 different regions that the spectra are

obtained).
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which is separately provided, Te and O peaks arising from the

region between 2 points determined from the EDX spectrum

can be seen clearly and intensely. In EDX linescan graphic,

lines having 3 different colors and found at a location near

zero belong to boron, vanadium and samarium elements that

are found in the glass structure that CMSs grow on. These

come from the glass structure found in the region where the

measurement is taken. Ambiguous peaks considered to be due

to these elements can be seen in the EDX spectrum found in

the lower part of Fig. 4.

Figure 5 is a typical XRD diffraction pattern of a crystalline

structure. As a result of EDX examination, CMSs were deter-

mined to consists of Te and O elements. The result obtained

from XRD diffraction pattern led to the consideration that

these CMSs were formed of paratellurite (a-TeO2) crystals. As

it can be seen from XRD diffraction pattern, six characteristic

peaks were seen in the range of 2q ¼ 10�e90�. Among these

peaks, the peak at 26.3788� belonging to (110) reflection plane

is the most intense peak, and two peaks having lesser in-

tensity belonging to (200) and (220) reflection planes were

encountered at the locations of 37.5378� and 54.0104�,
respectively. Apart from that, there are also peaks with low

intensity belonging to (310), (400), (330) reflection planes are

present at 60.9791�, 79.7866� and 85.6572�, respectively. These
six peaks overlap completely with the spectrum of tetragonal

paratellurite (a-TeO2) crystals belonging to P43212 space

groups givenwith the reference code ICDD:01-074-0269. In the

CMS spectrum, other peaks of the theoretical spectrum were

not seen. Lattice parameters were a ¼ b ¼ 4.7960 �A,

c¼ 7.6260�A and a¼ b¼ g¼ 90�. Schematic presentation of this

three-dimensional structure is given within Fig. 5. As it can be

seen from the figure, Te4þ is attached to 4 O2� atoms with two

short (1.91�A) and two longer (2.16�A) bonds [60]. Density of this

a-TeO2 CMS, which consists of an important data for radiation

measurements, is 6.04 gcm�3, and volume value among the

crystal parameters of a-TeO2 is 175.41E6 pm3.

Figure 6 was taken at room temperature and Raman spectra

in which distinct peaks are found are given. As marked in the

figure, Raman measurements were taken from 5 different re-

gions of CMSs. In order to investigate the presence of different

formations, measurements of rice-like CMS were taken with

thehelp of Ramanmicroscope from themiddle region (3) where

we believe that nucleation starts, from the two edges (1,5) and

from the lower and upper regions (2,4) where we consider that

upward folding similar to a dry leaf occurred. These 5 spectra

were given with a single graphic as stacked in order to make a

comparison. According to this, six characteristic peaks

belonging to tetragonal a-TeO2 crystal are in conformity with

the literature in five identical spectra [36,42]. Moreover, this is

the proof of the fact that CMSs consisted of a-TeO2. The first

two intense peaks of the Raman spectrum are found at

121 cm�1 and 148 cm�1 and according to literature, it is in

conformity with A1 and E modes of the hexagonal crystalline

tellurium. Sharp and intense peaks found at 396 cm�1,

591 cm�1, 647 cm�1 correspond to the regularly structured vi-

bration modes of TeO2. According to literature, these peaks

belong to A1, B1 and A1 modes, respectively. These peaks found

around 400-800 cm�1 region are reported to be present in TeO2

molecular crystals in the literature [42]. Especially the peaks

found at 647 cm�1 and 591 cm�1 are attributed to the
symmetrical and asymmetrical stretching modes of TeO2 mo-

lecular structures and the peak at 591 cm�1 is relatively weak

and the peak at 647 cm�1 is one of the peaks having the highest

intensity. The peak at 396 cm�1 (A1 mode) belongs to the

bending vibration of TeO2. Though peaks found at 769 cm�1 (E

mode) and 786 cm�1 (B2mode) are present in the literature, they

could not be found in this study distinctively. The peaks found

in the literature and in this study and their corresponding

modes are given in Table 1.

As a result of EDX, XRD and Raman examinations, these

CMSs growing on the glass unexpectedly were proven to form

of tetragonal a-TeO2 s. Since these a-TeO2 CMSs are nearly all

https://doi.org/10.1016/j.jmrt.2021.12.059
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Table 1 e Raman peaks found in the literature and in this
study and their corresponding modes.

Literature
studies [36,42]
(cm�1)

Current study
(cm�1)

Modes

121 121 E

152 148 A1

174 175 E

392 396 A1

592 591 B1

649 647 A1

769 Ambiguous E

786 Ambiguous B2
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identical, we assume that these structures can be named as

mesocrystalline structures.

4. Radiation shielding parameters of a-TeO2

CMSs

Alongwith extending the physical and structural knowledge on

a-TeO2 CMSs, gamma-ray attenuation properties were

compared to those of Quartz, several novel glasses such as

PNCKM5 [55], C25 [56], and SCNZ7 [57], and several consumer

glasses such as RS253, RS253G18, RS323G19, RS360, and RS520

[58]. Moreover, gamma-ray attenuation properties of a-TeO2

CMS were also compared with different types of concrete

shields such as OC, IC, ILC, SSC, BMC and HSC [59]. The aim of

this extended comparison was to perform a benchmarking on

gamma-ray attenuation characteristic of a-TeO2 CMS not only

with glassy systems but also with other types of shielding

materials. Accordingly, a general purpose Monte Carlo code

namely FLUKA [60e62] was utilized for determination of

gamma-ray attenuation coefficients of a-TeO2CMS. At first, the

INPUT file, cell cards, and surface cards were created using

elemental mass fractions and material density of a-TeO2 CMS.

The elemental mass fractions (weight per unit length) and

measurements of the crystal sample were determined (cm).

Next, the individual attenuation competencies of a-TeO2 CMS
Fig. 7 e Gamma-ray transmission setup for d
were determined in 0.015MeV/ 15MeV photon energy range.

As a result, each output file was thoroughly inspected for

transmission calculations. The complete geometry of gamma-

ray emitting systems is depicted in Fig. 7. The simulation pro-

cess was repeated for a-TeO2 CMS from 0 to 15 MeV, respec-

tively. The FLUKA code [63] was used to determine mass

attenuation coefficients (MAC) of quartz and a-TeO2 CMS over a

predefined energy spectrum (0.01 MeVe15 MeV). These MAC

values are as seen in Fig. 8. As seen in Fig. 8, the MAC values

decline dramatically as the photon energy increases to

0.05 MeV. The photoelectric absorption effect's cross section is

proportional to the atomic number as Z4-5 in the low energy

field, where the majority of contact between photons and

crystal sample occurs. According to the linear relationship be-

tween the atomic number and the Compton scattering cross-

section, MAC values are very small and almost stable for all

chosen samples after 4 MeV. The pair processing mechanism

becomes the dominant process in the higher energy field,

resulting in a small increase in them values. As shown in Fig. 8,

theMAChas thehighest values of -tellurite. Figure 8 shows that

values of MAC are highly dependent on the chemical structure

and photon energy of the crystal samples. Even when Te is

present in the composition, the values ofMAC are higher in low

energy areas. MAC values quickly decrease to 0.04 MeV for all

types of samples as the photon energy increases. Such inverse

relationships between MAC values and energy are caused by

the photoelectric effect, which is dominant in low energy areas.

The photoelectric cross section changes proportionally to Z4-5,

and an incident photon energy of E3.5 is given as an inversely

proportional value. At higher energies, however, the pair

output process dominates, and Z2 is proportional to the cross

section for this process. With regards to the chemical compo-

sition of crystal samples, since a-TeO2 CMS contains a greater

proportion of Te elements than other samples, their photon

energy is higher than that of Quartz, the reference sample.

Compton scattering becomes the primary mechanism at en-

ergies of 2 MeV and beyond. As a result of the linear interaction

between the Compton scattering cross-section and the atomic

number Z, the MAC values of the glasses steadily decrease and

become stable below 2 MeV. Small MFP, HVL, and TVL are
etermination of attenuation coefficients.

https://doi.org/10.1016/j.jmrt.2021.12.059
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Fig. 10 e Comparison of X1/2 of the a-TeO2 CMS with some

glasses.

Fig. 8 e Mass attenuation coefficients (MAC) of quartz and

a-TeO2 CMS estimated using FLUKA codes.
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critical conditions for assessing a material's ability to attenuate

radiation. The variance in the HVL values as a function of

changing photon energy is represented graphically in Fig. 9. As

it is seen in the figure, HVL values of a-TeO2 CMS and Quartz

were reportedwith a large numerical difference. The difference

was even more at low energy region, where the Photoelectric

effect is dominant interaction between gamma-ray and mate-

rial. Further, HVL values of a-TeO2 CMS were compared with

some available glasses such as PNCKM5, C25 and SCNZ7 that

have been investigated for their shielding competencies.

Figure 10 depicts the variation of HVL values obtained from a-

TeO2 and some novel glasses obtained from the literature. The

results showed that HVL values of a-TeO2 CMS were obviously

lower than PNCKM5, C25 and SCNZ7 glasses at low energy re-

gion. One can say that required material thicknesses of a-TeO2

CMS to reduce original gamma-ray intensity to it half are lower

than PNCKM5, C25 and SCNZ7 samples. Another important
Fig. 9 e Variations of half-value layer (X1/2) with photon

energy for quartz and a-TeO2 CMS.
conclusion that can be drawn from these results is that when

these crystal structures are formed, a visible process of gamma-

ray attenuation begins. To be more precise, the amount of

gamma-ray attenuation that this type of crystal provides on its

own is much greater than the amount of reduction of the

compared glasses namely PNCKM5, C25 and SCNZ7. Figure 11

shows the comparison of HVL values of the a-TeO2 CMS with

some commercial glasses such as RS253, RS253G18, RS323G19,

RS360, and RS520. These commercial glasses were designed for

special shielding utilizations [64]. We aimed to perform a

benchmarking in terms of gamma-ray attenuation compe-

tencies of a-TeO2 CMS and RS253, RS253G18, RS323G19, RS360,

RS520 glasses produced by SCHOTT. The results showed that

HVL values of a-TeO2 CMS are lower than RS253, RS253G18,

RS323G19, RS360 but higher than RS520. However, HVL values

of a-TeO2 CMS and RS520 were closed each other (see Fig. 11).

Most importantly, HVL difference between a-TeO2 CMS and
Fig. 11 e Comparison of X1/2 of the a-TeO2 CMS with some

commercial glasses.

https://doi.org/10.1016/j.jmrt.2021.12.059
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Fig. 12 e Comparison of X1/2 of the a-TeO2 CMS with some

standard shielding concretes.
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RS520 at 1.33 MeV photon energy was almost zero. One can say

that rice-like a-TeO2 crystalline microstructures (CMS) grown

on Sm2O3 doped Tellurite glasses would provide the similar

attenuation competencies with superior commercial glass

shields. As shown in Fig. 12, the average behavior of many

typical shielding concreates versus photon energy is nearly

identical. However, a small variation in the HVL values was

found. The a-TeO2 has the lowest HVL value as compared to

other shielding concreates. In the other hand, the HVL values of

the a-TeO2 sample were found to be smaller than those of the

SSC concrete sample, the superior sample used in this inves-

tigation. This may be a result of the additives' chemical

composition in the samples as well as material densities. The

variations in atomic number densities of additives can be

attributed to the received shielding efficiency discrepancy.
5. Conclusion

In this study, we extensively analyzed the structural, physical

and gamma-ray attenuation properties of a-TeO2 CMSs. The

aim of our study is to provide detailed information to the

scientific community in terms of the possibility of encoun-

tering similar situations in the glass synthesis process.

Accordingly, we presented all the technical data along with

obtained experimental and simulation results. In addition to

experimental physical and structural studies on a-TeO2 CMSs,

gamma-ray attenuation properties were also determined and

compared with Quartz and some novel glasses such as

PNCKM5, C25, SCNZ7 along with some commercial glasses

such as RS253, RS253G18, RS323G19, RS360, RS520 using

FLUKA general-purpose Monte Carlo code. The shape of the

rice-like a-TeO2 CMSs was pretty identical to each other. In

addition, the structure could be distinguished with the naked

eye thanks to their micro structure. Our EDX results indicated

that only Te andO elementswere available in these crystalline
microstructures. Another important outcome of the current

investigation can be highlightedwith the termof temperature.

The previous studies reported that a-TeO2 crystals have grown

in the range of 460 �C and 580 �C, which is the crystallization

temperature of the glass while they are cooling from our glass

synthesis temperature of 750 �C. It can be concluded that a-

TeO2 CMSs most likely occur around these temperatures. In

addition to structural and physical characterization studies,

we compared the behaviors of a-TeO2 CMS in terms of

possible radiation interactions. Advanced simulation

methods were utilized and the obtained results were

compared with the many different materials, respectively.

The first comparison was performed by mass attenuation

coefficients of a-TeO2 CMS and Quartz. It may be suggested

that ordering radiation attenuation parameters as follows

would be useful in understanding the quantitative properties

of compared materials.

Mass attenuation coefficients:

� 0.015 MeV: (43.1922 cm2/g) a-TeO2 CMS > (6.0531 cm2/g) Quartz

� 0.15 MeV: (0.5333 cm2/g) a-TeO2 CMS > (0.2194 cm2/g) Quartz

� 15 MeV: (0.5333 cm2/g) a-TeO2 CMS > (0.2194 cm2/g) Quartz

Half value layers:

� 0.015 MeV: (0.0026 cm) a-TeO2 CMS < (0.0432 cm) Quartz

� 0.15 MeV: (0.2151 cm) a-TeO2 CMS < (1.8792 cm) Quartz

� 15 MeV: (3.1351 cm) a-TeO2 CMS < (11.9428 cm) Quartz

It can be concluded that a-TeO2 CMS is able to provide

higher attenuation for incident gamma-rays than Quartz. The

aim of the current investigation was highly specific on rice-

like a-TeO2 CMS. However, it can be concluded that further

comparison studies can be done between normal glass

structure and a-TeO2 CMS (or similar) occurred glass struc-

tures in terms of better understanding the total gamma-ray

attenuation and the effect of a-TeO2 CMS. The data to be ob-

tained as a result of such a study may also provide valuable

information that whether this structure could provide an

advantage in terms of radiation shielding. Therefore, me-

chanical properties that can directly affect the suitability of a

glass structure in shielding aims are worth investigating in

future.
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