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Abstract

The aim of this research was to analyze the theoretical analysis of Sb,S,-Pbl, chalcogenide
glasses for their radiation shielding properties in formula (100-x)Sb,S_-xPbl, where x = 10, 20, 30, 40 and
50 mol%. The radiation shielding parameters such as mass attenuation coefficient (U, ), effective atomic

numbers (Z_,), effective electron density (N_) and kerma relative to air (K,) value for glass samples were

)
simulated using Phy-X/PSD program at an energy ranging 10~ 19 10° MeV. It has also been studied
transmission factor (TF) for the thickness 0.5-3 cm at energy 662 keV. The results exhibited that the mass
attenuation coefficient (W ) values of these glass samples increased with increasing of Pbl,
concentration. The glass samples with the highest effective atomic numbers (Z_,) values showed the
lowest effective electron density (N,) value and vice versa with increasing Pbl, content. In addition, the
kerma relative to air (K,) values of glass samples tended to like the mass attenuation coefficient. While
the transmission factor (TF) was calculated for variation thicknesses at 662 keV and results revealed that

TF decreased with increasing thickness of glass samples. These results indicated that the 50Sb,S,-

50Pbl, sample was excellent radiation shielding properties.

Keywords: Chalcogenide glasses, Mass attenuation coefficient, Transmission factor
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Figure 1. The mass attenuation coefficient of the sample glass in the energy range 107°-10° MeV
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Figure 2. The effective atomic number of the sample glass in the energy range 10°-10° MeV
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Figure 3. The effective electron density of the sample glass in the energy range 10°-10° MeV
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Figure 4. Kerma relative to air of the sample glass in the energy range 10°-10° MeV

ANNNANNUTIRIATLABTNIALUDINA

(Kerma relative to air; K_) 1897z ULLAARE NN

FRNANIU 10°-10° INNZBLANATAUIIAB AILEA

£ '
o aa a

A Figure 4 Wudn A1 AN A AN ulud9m

PBRU Science Journal
Volume 19 Number 2 July-December 2022



(< 0.04 MeV) T lutaenasauiliqnaanaasqad

NAI9NU 0.02 1 unzaLanmsaulaafuay 0.04

a @

Wnzaannranlaas Lazanadngngsanialugng

o

NAIY (< 1.5 Wnzaannsauloas) nasanniiy

VANABAUDY WA 10° wnzdanmnsaulas

' ' '
a a =2

BFrAAUN 10° wnzBianmasaulaas damsniand

PBRU SCIENCE JOURNAL 49
7 Sy Ui 19 atufl 2 nangiau — Suanem 2565
=

Ut AUSURINILIFN ] AN lAngans

' |
=l o o

WILAIADUNLN AD NWANIUAN FUATNTENUAN

X

A g A a a o
ﬂ’ﬂﬂi’m{]ﬂ’]ﬁ‘mn’]ﬁ‘@.ﬂﬂ@uiwtﬁlﬂmﬂ%ﬁ‘ﬂ NAWTU

seaulunaglananisnszimanuuAaNiliy Lay

o

= o o a A aa o 29-31
NICAUNANUGNNITHARN A ARAUATNTUIVAN

0.95 1

0.90 ~

0.85 1

Photon transmission

o

o)

=)
1

—s— EX1
—e—EX2
—a— EX3
—v— EX4
—o— EX5

0.75 T T
0.5 1.0

2.0 25 3.0

Thickness (cm)

Figure 5. The transmission factor of the sample glass at the thickness 0.5-3 cm

Aadsenaunisdenni (Transmission
factor; TF) 9896208 19uA9NAINMUN 0.5-3.0
VIURALNAT NWAIINY 662 Aladtanmnsanloas
WAAIA Figure 5 WUI1 ANHARALHBA NN

N v e 4
209WAUANTYE YuwaaalFiAiwima I ninney

4 4, e a2 X e aa o am
wasuNNIludanRAAN W IT AR TTeN
gasinmaunelufaasatA N NALENa LF RN
F1lsrnaun1sd9tinUTAIARAAY 2 LazANNATNAY

[~3 7 o/ 1 v a (I’ dl tij dﬂl Y @ 1
winlddnsaatineuia EX5 HAAngaaed i

o o

o [l nd”d e o dﬂltdl
AR WUNANUANITNILNNAANGA

#gUnan15IAE
AINNITANHIAINTNENAUTTENI19AN
FuilsLANBN120ANDTINID 1ATRZADNTING
LATAINNANNUSTAIANLARTNIALANNA
wa9szunLianialatalus (100-x)Sb,S,xPbl,
Tae x=10,20,30,40 Laz 50 luatdasidus
findaanu 107 A9 10° wunnzddnasauloas
A anuag Phy-X/PSD Wudnfa@aunsndnuuia
Fa8t14 50Sb,S,-50Pbl, (EX5) Té’ﬁ%ﬂﬁqm WANIN
flafianni AN199ANUVIUNLLILELENATRUEIHA
WU HARIITNALAFNg finanannded oy
HANIANN Pb|2ﬁmmumiﬂﬁﬂﬁﬁmﬁyuﬁdﬁﬂu

1A39a519292 09 ANINTU M IFA N UL

PBRU Science Journal
Volume 19 Number 2 July-December 2022



109BLENATAUADNUTINIAFATINIAARIAAT
Avtilunannld Exs A1 N, r;il”rﬁ'qmmz
lafiansunAnfalsznaunnsdeinuiingaan
662 Alad1aNA2eulIA M UAZAINLUNUNT 0.5-3.0

VIURLNAS WUdILAaf9a819 EXS HAA4A

nasudszna@

=)
3
)

21222 UAUAIUNINIUAMENTINN1TIAY
WA (97.) 4ATdIUNIIUAIENITNNTAATY

ca o

AnenAaas I98uATUIRNIIN (Ana0.) Natiuayu
Ao & A aa
Muddell 1ereuAMNIATTINENE AU
IngAans WnInendusaiguasl gy ieuoe
PR A e
ANazAINgmiLIATasNe N EAIANZYiATFNG

Tuan1Rdapfall

LANA19D19DY

1 S Yasmin, BS Barua, MU Khandaker, MA
Rashid, DA Bradley, MA Olatunji, M Kamal.
Studies of ionizing radiation shielding
effectiveness of silica-based commercial
glasses used in Bangladeshi dwellings,
Results Phys 2018;9:541-9.

2 H Akyildirim, E Kavaz, FI EI-Agawany, E
Yousef, YS Rammah. Radiation shielding
features of zirconolite silicate glasses using
XCOM and FLUKA simulation code. J Non-
Cryst Solids 2020;545:120245.

3 Y Al-Hadeethi, Ml Sayyed, YS Rammah.

Fabrication, optical, structural and gamma

\ AR PBRU SCIENCE JOURNAL 50

&/ A Uil 19 atufl 2 nsngnau - Sunau 2565
=¥

radiation shielding characterizations of
GeO,-Pb0O-AlL,0,-Ca0 glasses, Ceram Int
2020;46:2055-62.

4 SYasmin, ZS Rozaila, MU Khandaker, BS
Barua, FUZ Chowdhury, MA Rashid, DA
Bradley. The radiation shielding offered by
the commercial glass installed in
Bangladeshi dwellings. Radiat Eff Defects
Solids 2018;173:657-72.

5 S Shamsan Obaid, K Dhammajyot
Gaikwad, P PravinaPawar. Determination of
gamma ray shielding parameters of rocks
and concrete. Radiat Phys Chem
2018;144:356-60.

6 M Dong, X Xue, H Yang, Z Li. Highly cost-
effective shielding composite made from
vanadium slag and boron-rich slag and its
properties. Radiat Phys Chem
2017;141:239-44.

7 M Dong, X Xue, H Yang, D Liu, C Wang, Z
Li. A novel comprehensive utilization of
vanadium slag: as gamma ray shielding
material. J Hazard Mater 2016;318:751-7.

8 MHA Mhareb. Physical, optical and
shielding features of Li,0-B,0,-MgO-
Er,0, glasses co-doped of Sm,0,. Appl
Phys A 2020;126:71.

9 S Kaewjaeng, S Kothan, W Chaiphaksa, N
Chanthima, R Rajaramakrishna, HJ Kim, J
Kaewkhao. High transparency La,0,-CaO-
B,0,-SiO,glass for diagnosis X-rays

PBRU Science Journal
Volume 19 Number 2 July-December 2022



10

11

12

13

14

15

4

shielding material application. Radiat Phys

Chem 2019;160:41-7.

M Dong, X Xue, S Liu, H Yang, Z Li, Ml 16
Sayyed, O Agar. Using iron concentrate in

Liaoning province, China, to prepare

material for X-ray shielding. J Cleaner Prod
2019;210:653-9.

R Bagheri, AK Moghaddam, SP Shirmardi, 17
B Azadbakht, M Salehi. Determination of
gamma-ray shielding properties for silicate

glasses containing Bi,O,PbO, and BaO. J
Non-Cryst Solids 2018;479:62-71.

AH El-Kateb, RAM Rizk, AM Abdul-Kader.
Determination of atomic cross-sections and 18
effective atomic numbers for some alloys.

Ann Nucl Energy 2000;27:1333-43.

HC Manjunatha, L Seenappa, BM

Chandrika, C Hanumantharayappa. A

study of photon interaction parameters in 19
barium compounds. Ann Nucl Energy
2017;109:310-7.

HC Manjunatha, L Seenappa, BM

Chandrika, KN Sridhar, C

Hanumantharayappa. Gamma, X-ray and 20
neutron shielding parameters for the Al-

based glassy alloys. Appl Radiat Isotope
2018;139:187-94.

YS Alajerami, D Drabold, MHA Mhareb,

KLA Cimatu, G Chen, M Kurudirek.

Radiation shielding properties of bismuth 21

borate glasses doped with different

PBRU SCIENCE JOURNAL 51

& A Uil 19 atufl 2 nsngnau - Sunau 2565
=¥

concentrations of cadmium oxides. Ceram
Int 2020;46:12718-26.

Y Al-Hadeethi, MI Sayyed, H Mohammed, L
Rimondin. X-ray photons attenuation
characteristics for two tellurite based glass
systems at dental diagnostic energies.
Ceram Int 2020;46:251-7.

R Kurtulus, T Kavas, | Akkurt, K Gunoglu.
An experimental study and WinXCom
calculations on X-ray photon
characteristics of Bi,O,- and Sb,0,-added
waste soda-lime-silica glass. Ceram Int
2020;46:21120-7.

Al-Hadeethi Y, Sayyed MI. Analysis of
borosilicate glasses doped with heavy
metal oxides for gamma radiation shielding
application using Geant4 simulation code.
Ceram Int 2019;45:24858-64.

Singh KJ, Kaur S, Kaundal RS.
Comparative study of gamma ray shielding
and some properties of Pb-Si0,-Al,O, and
Bi,0,-Si0,-AlLO, glass systems. Radiat
Phys Chem 2014;96:153-7.

Waly ESA, Al-Qous GS, Bourham MA.
Shielding properties of glasses with
different heavy elements additives for
radiation shielding in the energy range 15—
300 keV. Radiat Phys Chem 2018;150:120-
4.

Chanthima N, Kaewkhao J, Limsuwan P.

Study of photon interactions and shielding

PBRU Science Journal
Volume 19 Number 2 July-December 2022



22

23

24

25

26

properties of silicate glasses containing
Bi,O,, BaO and PbO in the energy region
of 1 keV to 100 GeV. Ann Nucl Energy
2012;41:119-24.

Marzouk MA, Abo-Naf SM, Zayed HA,
Hassan NS. Photoluminescence and
semiconducting behavior of Fe, Co, Ni and
Cu implanted in heavy metal oxide glasses.
J Mater Res Technol 2016;5:226-33.

loan MR. Study of the optical materials
degradation caused by gamma radiation
and the recovery process by controlled
heat treatment. Rom J Phys 2016;61:
892-902.

loan MR. Analyzing of the radiation
induced damage to optical glasses by
using online heating laser measurements.
Rom J Phys 2016;61:614-25.

Shangsheng Guan, Shengzhi Sun, Dan
Chen, Jiahui Zhang, Shiliang Kang, Tiefeng
Xu and Changgui Lin. Formation and
physical and structural properties of Sb,S,-
Pbl, chalcogenide glasses. Journal of Non-
Crystalline Solids 2021;570:120993

Erdem Sakar, Ozgir Firat Ozpolat,
Bunyamin Alim, MI Sayyed, Murat
Kurudirek. Phy-X/PSD: Development of a
user friendly online software for calculation
of parameters relevant to radiation
shielding and dosimetry. Radiation Physics
and Chemistry 2020;166:108496

( ~

27

28

29

30

31

PBRU SCIENCE JOURNAL 52

S Uil 19 atufl 2 nsngnau - Sunau 2565

Kittisak Sriwongsa, Pimkanok Prapume,
Pisinee Lertthamrongyot, Nopparat Suksee,
Pawat Pongampai, Supawan Rupsang,
Punsak Glumglomchit, Sunantasak
Ravangvong. Investigation for radiation
shielding efficiency of copper zing
phosphate glass system doped with
barium oxide. PSRU Journal of Science
and Technology 2021;6:123-37

Khobkham C, Chiphaksa W,
Limkitjaroenporn P, Prongsamrong P,
Wiwatkanjana P, Kaewkhao J. Theoretical
Study of The Photon Interaction for
Zirconium Alloy at 1 keV to 100 MeV. Key
Engineering Materials 2016;675-676:730-3.
MHM Zaid, KA Matori, HAA Sidek, IR
Ibrahim. Bismuth modified gamma
radiation shielding properties of titanium
vanadium sodium tellurite glasses as a
potent transparent radiation resistant glass
applications Nucl Eng Technol
2021;53:1323-30.

KM Singh, A Rani, MH Singh. Shielding
behaviors of some polymer and plastic
materials for gamma-rays. Radiat Phys
Chem 2015;106:247-54.

VP Singh, NM Badiger, AM El-Khayatt.
Study on Y-ray exposure buildup factors
and fast neutron-shielding properties of
some building materials. Radiat Eff Defect

S 2014;169:547-59.

PBRU Science Journal
Volume 19 Number 2 July-December 2022



32

33

34

35

M Kamislioglu. Research on the Effects of
Bismuth Borate Glass System on Nuclear
Radiation Shielding Parameters. Results in
Physics 2021;22:103844.

Agar O, Kavaz E, Altunsoy EE, Kilicoglu O,
Tekin HO, Sayyed MlI, Erguzel TT, Tarhan
N. Er, O, effects on photon and neutron
shielding properties of TeO,-Li,0-ZnO-
Nb,O, glass system. Results in Physics
2019;13:102277.

| Olarinoye. Variation of effective atomic
numbers of some thermoluminescence and
phantom materials with photon energies.
Res J Chem Sci 2011;1:64-9.

AM Abdel-Latif, Ml Sayyed, HO Tekin, MM

Kassab. Optimizing the shielding

36

37

PBRU SCIENCE JOURNAL 53

& A Uil 19 atufl 2 nsngnau - Sunau 2565
=¥

properties of strength-enhanced concrete
containing marble. Pap Phys
2020;12:120005.

Harinder Singh, Jeewan Sharma, Tejbir
Singh. Extensive investigations of photon

interaction properties for Zn Te alloys.

100-x
Nuclear Engineering and Technology
2018;50:1364-71.

MY Hanfi, Ml Sayyed, Eloic Lacomme, KA
Mahmoud, | Akkurt. The influence of MgO
on the radiation protection and mechanical
properties of tellurite glasses. Nuclear

Engineering and Technology

2021;53:2000-10.

PBRU Science Journal
Volume 19 Number 2 July-December 2022



