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ABSTRACT 

Now-a-days, the importance of x-rays is increasing in fields like medical diagnosis, cancer 

treatment, nuclear fission energy, x-ray scanning machines for airport and railway station entry 

and in treatment of food for preservation. But the exposure to x-rays will be harmful for the users 

of such facilities. Doctors, operators and researchers are required to be protected from the high 

energy ionizing radiations like x-rays and gamma rays.So to protect them, proper shielding is 

necessary. Numbers of shielding materials are used at workplaces of high radiation regions at 

nuclear installations.  Most commonly used, shielding material is lead glasses due to its high 

atomic number (Z=82). This insures high absorption by the shielding material. Recently light 

polymer sheets of polyvinyl alcohol (PVA) are replacing heavy glass sheets. To prepare lead 

polymer sheets lead compounds are mixed with polymer. In the present work, we selected to mix 

lead iodide in polymer composite to analyze its X-ray shielding capability. Polymer composites 

sheets of lead iodide with PVA were prepared by solution method. These sheets of Polymer 

composites were subjected to soft x-rays (30 KeV- 60KeV) switching studies at room 

temperature. These sheets found to provide the x-ray absorption69.6% higher than conventional 

shielding material like lead and are light in weight too.  

Key words: X-rays, Polyvinyl Alcohol, Shielding material, Polymer composite material, Lead 

iodide. 

 

I. INTRODUCTION 

X- Rays are widely used for medical, industrial, biological, agricultural and environmental 

applications. Use of nuclear methods for medical diagnostic and elementary particle research is 

growing at faster pace. The harmful effects of incident X-rays cause damage to human cells by 

skin burn, loss of hair and can also cause risk of cancer. So, it is required to protect people from 

the high energy ionizing radiations like X-rays[1-7] by using suitable materials [8,9,10]. 

Radiation Shield is one of the methods for protection. It creates a barrier between a person and 

source of radiation and block the radiation through photo emission and scattering by a barrier 

material. People working near X-rays are required to wear protective clothing to avoid 

radiations. Lead has been used to shield X- rays because of its high atomic number and high 

density also having high attenuation coefficient and suitable for used as radiation shield [11,12]. 
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Lead shielding products like lead apron are very useful for protection from X-rays radiation 

during medical operations [13-16].  As lead is a heavy metal so use of lead protective garments 

for a long time can lead to back pain [17]. Moreover, due to its high toxicity [18] it has 

environmental disadvantages and its disposal creates environmental hazards [19]. Lead also has 

low melting point causing high risk at the time of sudden risk like fire etc.  

Most recently research work focuses on reducing the weight of protective garments by using 

composite materials. Lead Iodide is a poisonous material which is harmful for the environment if 

it is used directly. Polymer composites are heterogeneous substances consisting of two or more 

materials that have their individual characteristics. The combination of materials brings about 

new physical, chemical, and mechanical desirable properties. Therefore, its toxic nature can be 

reduced to no harmful level by making its polymer composites and it can be used without any 

adverse health effects. So to have a better material of physical and chemical properties it was 

planned to blend Lead Iodide with polymer Polyvinyl Alcohol. Polyvinyl Alcohol (PVA) is a 

well-known polymer. 

In this paper, formation of light polymer sheets of PVA with lead iodide. PVA replaces heavy 

glass sheet to lighten the material and it has low toxicity and high flexibility also. Lead iodide is 

preferred in comparison to metallic lead as it is very much suitable and has favourable properties 

also it is a quite stable compound. The ability of shielding materials in decreasing the intensity of 

radiation is expressed by linear and mass attenuation coefficient. Mass attenuation coefficient 

depends on the incident X-ray energy, the effective atomic number of material and the density of 

shielding material [20-23]. The accurate attenuation coefficient values of materials are very 

important parameter in nuclear and radiation physics, radiation dosimetry, crystallography, 

radiography, spectrometry, biological, medical, agricultural, environmental and industrial. 

 

II. MATERIAL PREPARATION 

To prepare the sample, PVA was dissolved in water and fine powder of 99.999% pure Lead 

Iodide was mixed with that. The properly dissolved material was let to settle down for period of 

24 days to form sheets of sample (PVA + PbI2) [24,25]. Prepared samples (Fig 1.) were cut in the 

form of rectangular sheets and electrodes were made by using silver paste. During sensor 

development, silver pasting was done at the top and bottom of the rectangular sheets such that a 

longitudinal configuration is obtained. Samples were then subjected to microscope studies to find 

out any possibility of cracks etc. Only those samples were used for studies those were found free 

from any crack. These prepared sheets were of the order of 1mm thickness. 
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Fig. 1 Sample  of PbI2 with PVA 

 

X-RAY SWITCHING STUDIES: 

X-ray switching studies have been performed on composites of Lead Iodide with PVA to 

knowabout the variation of current with thickness of samples. The experimental setup used for x-

ray switching studies consists of: 

• X-ray source 

• Time controller device 

• Sensor holder 

• Software/hardware to record photocurrent. 

The voltage applied to the sheets is of the order of 50V and the variations in (Imax-Imin) were 

observed for different thickness. 

Table-1: variations in (Imax-Imin) 

Sample No. 
Thickness of 

samples (mm) 
Comulative (mm) Imax -Imin 

 0 0 3.81E-09 

1 0.71 0.71 2.70E-09 

2 0.45 1.16 2.18E-09 

3 1.206 2.366 1.48E-09 

4 0.69 3.056 8.76E-10 

5 1.05 4.106 6.18E-10 

III. EXPERIMENTAL RESULTS AND DISCUSSION 

Prepared sheets of polymer composites were subjected to soft x-ray of energy up to 60 KeV at 

room temperature. Radiations after crossing the sample sheets were detected using BiI3 sensor. 
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(Fig.2) 

 

Fig.2 Set-up for X-ray absorption 

X-rays were obtained from copper target X-ray tube operating at 30-60 kV with maximum 

current of 10 mA. The samples were placed in the path of x-ray beam coming perpendicularly on 

the sample sheets. Sheet number is increased to increase the thickness. The intensity of x-ray 

coming after the samples was allowed to fall on the detector. Detector current which is 

proportional to the intensity of x-rays was recorded.Difference in photoelectric current Ip and 

dark current Id was plotted against thickness (Fig.3). 

 

Fig. 3: Difference in photocurrent (Ip) and dark current (Id) Vs Thickness 

So, the obtained value of µ will be 0.432 mm-1from graphical representation and density of PbI2 

with PVA according to their concentration in sampleby taking their weights is 1.29 

g/cm3.Therefore,their ratio is called mass attenuation coefficient(µ/ρ) = 17.944 cm2/g. 

According to Beer-Lambert Law  

𝐼 = 𝐼0𝑒
−𝜇(𝑥) 

Where, 

• I is the intensity after crossing the sample 

• I0 is the initial intensity 
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• x is thickness of sample 

• 𝜇 is the coefficient of absorption 

So,mass attenuation coefficient was obtained using Beer Lambert’s law.It was found to be 17.94 

cm2/g. To obtain theoretical results NIST XCOM [26] software was used. After taking the 

relative concentration of components Pb, I, C, O & H between energy range 0.001 MeV 

to1,00,000 MeV and selection of graph for total attenuation with coherent scattering and 

photoelectric absorption,result was obtained which is represented in Fig.4& Fig.5.On the basis of 

results, it has been observed that, a straight line for a graph(from SciDAVis) between attenuation 

and concentration was obtained. 

 
Fig.4: Photoelectric Absorption Vs Percentage 

 
Fig.5 Total Absorption With Coherent Scattering Vs Percentage 

0.00E+00

5.00E-01

1.00E+00

1.50E+00

2.00E+00

0 5 10 15 20 25 30 35

P
h

o
to

el
ec

tr
ic

 A
b

so
rp

ti
o
n

 i
n

 c
m

2
/g

Percentage Value Of (PbI2 + PVA)

Photoelectric Absorp. Vs  Percentage 

0.00E+00

5.00E-01

1.00E+00

1.50E+00

2.00E+00

2.50E+00

0 5 10 15 20 25 30 35

T
o
ta

l 
A

b
s 

W
it

h
 C

o
h

er
en

t 
S

ca
t.

 i
n

 

cm
2
/g

Percentage Value Of (PbI2 + PVA)

Tot. Abs. with Coherent Scatt. Vs 
Percentage



 

 

 

 

2149 

The Ciência & Engenharia - Science & Engineering Journal 

ISSN: 0103-944X 

Volume 11 Issue 1, 2023 

pp: 2144 - 2151 

https://seer-ufu-br.online 
 

Conventional material like lead sheets is usually used as shielding materials. As mass attenuation 

coefficient of lead(Pb) is 5.46 cm2/g and for Lead Iodide with PolyVinayl Alcohol is 17.94 

cm2/g. So, due to its high density and toxic behavior, present polymer composites with PVA as 

matrix material show 69.6% enhancement in mass attenuation coefficient. However, its density 

is 1.29 g/cc. This is much less than density of lead. For the radiation of energy range 1x 10-2 

MeV these composites are better option.The drastic increase in mass attenuation coefficient is 

mainly attributed to iodine of lead iodide. Iodine alone has a very high mass attenuation 

coefficient (162.6 cm2/g)[27]. But iodine cannot be used as shielding material due to its 

sublimation nature at room temperature. so the compounds of iodine like PbI2 in present study 

brings the high mass attenuation coefficient at the same time providing stable composites. This is 

also important that one can mold such polymer composites to required shapes of protecting 

sheets. 

 

III. CONCLUSION 

The main aim of this study was to develop a light weight polymer sheet in protective garments 

[28] for x-rays shielding. In the present work, mass attenuation co-efficient was measured 

experimentally. Moreover, the result was also determined by using NIST XCOM [29]. 

According to the obtained data, experimental and theoretical result was found to be very close to 

each other. Moreover, sheets of PVA & PbI2 provided good attenuation properties, which make it 

a good choice to be considered as an x-rays shield. These sheets found to provide the x-rays 

absorption upto 69.6 % higher than conventional shielding material like lead and are light in 

weight too. 

 

IV. ACKNOWLEDGEMENT 

The author would like to thank Dr. Niranjan Rathee for valuable support of this project and also 

thank to Mrs. Shakuntla Devi and Mr. Amit Kumar  for all their support during work. 

 

V. REFERENCE 

(1) Thomas, G. A., Symonds, P., 2016. Radiation exposure and health effects-Is it time to reassess 

the real consequences, Clinical Oncology, 28(4), 231-236.  

(2) Hadeethi, Al. Y., Sayyed, M.I., 2020. X-ray attenuation features of some tellurite glasses 

evaluated at medical diagnostic energies, Applied Mathematics and computation, 365(15), 

124712. 

(3) Chikaoui, K.,2019. Gamma rays irradiation effects in thin film polyethylene terephthalate 

polymer, Radiation physics and Chemistry, 162,18-22. 

(4) Salari,M.A.,Saglam,M. and Guzeldir, B., 2019. The protection from the effects of gamma rays of 

metal-semiconductor diode by means of ZnO thin interface layer, Radiation Physics and 

Chemistry ,165,108416. 



 

 

 

 

2150 

The Ciência & Engenharia - Science & Engineering Journal 

ISSN: 0103-944X 

Volume 11 Issue 1, 2023 

pp: 2144 - 2151 

https://seer-ufu-br.online 
 

(5) Poltabtim,W., Winmolmala,E., Saenboonrunag,K.,2018. Properties of Lead-free gamma-ray 

shielding material from metal oxide/EPDM  rubber composites, Radiation Physics and 

Chemistry, 153, 1-9. 

(6) AbdElwhab,N.R., Helal,N., Mohamad,T., Shahin, F., Ali,F.M., 2019. New shielding composite 

paste for mixed field of fast neutron and gamma rays, Matchemphys, 233, 249-253. 

(7) Mann, K.S.,2017. Gamma-Ray shielding Behaviors of some Nuclear Engineering Material, 

Nuclear Engineering and Technology, 49(4) , 792-800. 

(8) Gurler,O.,etal.,An Investigation on Determination of Attenuation Co-efficients for Gamma-Rays 

by Monte Carlo Method,J. Radioanal. Nucl. Chem.,293(2012),1,pp.397-401. 

(9) Kavanoz,H.B.,et al., Photon Parameters for γ - Rays Sensing Properties of Some Thick oxide 

Films, Vacuum.,101 (2014), Mar., pp. 238-245. 

(10) Akcaya,S., Breckon,T., "Towards Automatic Threat Detection: A Survey of Advances of Deep 

Learning within X-ray Security Imaging," arXiv:2001.01293v2  [cs.CV] (2021) 

(11) Appendix C : Electron Binding Energies (ev) , Physics for Radiation Protection : A Handbook , 

2nd edn , John Wiley & Sons , New York , 2006. 

(12) Colorado , H.A., et al., Wollastonite Based - Chemically Bonded Phosphate Ceramics with Lead 

oxide Contents under Gamma Irradiation , J. Nucl . Mater., 425 (2012),1,pp.197-204. 

(13) Lyra, M., et al . Radiation protection of staff in 111 In radionuclide therapy - is the lead apron 

shielding effective? Rad. ProtDosi147(2011)(1-2),pp. 272-276. 

(14) Schueler,BA . Operator shielding : how and why. Tech Vasc Interventional Rad 

(2010),13,pp.167-171. 

(15) Chida, K., et al . Radiation dose and radiation protection for patients and physicians during 

interventional procedure . J Radiat Res 51(2010),pp.97 - 105. 

(16) Kennedy, E.V. et al. Investigation into the effects of lead shielding for fetal dose reduction in CT 

pulmonary angiography . Br J Radiol 80(2007),pp.631-638. 

(17) Moore,B.,VanSonnenberg,E.,Casola,G., and Novelline,R.A., " The relationship between back 

pain and lead apron use in radiologists ., " Ajr Am. J. Roentgenol., 158(1992), 1,pp.191-193. 

(18) McCaffrey,J.P., Shen,H., Downton,B., and Mainegra-Hing, E.,"Radiation attenuation by lead 

and non-lead materials used in radiation shieldinggarments," Med. Phys.,34(2007),2,pp.530. 

(19) Agency for Toxic Substances and Disease Registry.Toxicological profile for lead,2007. 

(20) McCaffrey, J. P., et al., Radiation Attenuation by Lead and Non lead Materials Used in Radiation 

Shielding Garments, Med. Phys., 34 (2007), 2, pp. 530-537. 

(21) El-Sersy, A., et al., Mass Attenuation Coefficients of B2O3-Al2O3-SiO2-CaF2 Glass System at 

0.662 and 1.25 MeV Gamma Energies, J. Radioanal.Nucl. Chem., 288 (2010),1, pp. 65-69. 

(22) Gautam, C., et al., A Review on Infra red Spectroscopy of Borate Glasses with Effects of 

Different Additives, Radiat. Meas., 41 (2012), Nov., pp. 84-88. 

(23) Kaur, U., et al., Comparative Studies of Different Concretes on the Basis of Some Photon 

Interaction Parameters, Appl. Radiat. Isotopes., 70 (2012), 1, pp. 233-240. 



 

 

 

 

2151 

The Ciência & Engenharia - Science & Engineering Journal 

ISSN: 0103-944X 

Volume 11 Issue 1, 2023 

pp: 2144 - 2151 

https://seer-ufu-br.online 
 

(24) Zhao, H., Li, T., Li, J., Li, Q., Wang, S., Zheng, C., Li, J., Li, M.,  Zhang, Y., Yao, J., "Excess 

polymer-assisted crystal growth method for high-performance perovskitephotodetectors," 

Journal of Alloys and Compounds, 908(2022), p.164482. 

(25) Teixeira, C.O., Castro, D., Andrade, L., Adelio, M., "Selection of the ultimate perovskite solar 

cell materials and fabrication processes towards its industrialization: A review, Energy science 

and engineering," 10(2022),4, pp.1478-1525.  

(26) Lokhande, R.M., Vinayak, V., Mukhamale, S.V., Khirade, P.P.,"Gamma radiation shielding 

characteristics of various spinel ferrite nanocrystals: a combined experimental and theoretical 

investigation," 11(2021) 14, pp. 7925-7937. 

(27) https://physics.nist.gov/PhysRefData/Xcom/html/xcom1.html  

(28) Mirzaei, M., Zarrebini M., Shirani, A., Shanbeh, M., Borhani, S., "X-ray shielding behavior of 

garment woven with melt-spun polypropylene monofilament," 345(2019), pp. 15-25. 

(29) Berger,J.M.  et al. "XCOM: Photon Cross Sections Database", (2010) 


