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Introduction:-

In areas where people are likely to encounter ionizing radiation, it is often necessary to provide shielding to reduce
exposure to gamma radiation [1]. The studies showed that the degree to which gamma radiation is attenuated is
dependent upon the energy of the incident gamma radiation, the atomic number and density of the elements in the
shielding material, and the thickness of the shielding [1-6]. Carbon steels or stainless steels, as lead (Pb), have been
commonly used as materials for thermal and radiation shields [2,3,7-9]. Corresponding to this, it has been found that
the measured effective linear attenuation coefficient () of carbon steel gives an average value of 0.340 cm[2]. On
the other hand, in recent years, boron has been used as an alternative for radiation shielding, although heavy metals
such as Pb have been used for this purpose [4,5,10,11]. In relation to this, it has been shown that the borided AlSI
316L and microalloyed stainless steels, especially in the middle energy region, have radiation shielding properties
that are similar to those of Pb, the standard shielding material [3,4]. In these studies, it was clearly seen that the
radiation shielding properties of steels were improved with a boriding process.

Magnetic iron-nickel (Fe-Ni) alloys, generally called permalloys, are of great interest in many industrial applications
due to their ductility and versatility as soft magnetic alloys [12]. Although many papers on the magnetic properties
of permalloys and the effect of boriding on the microstructure and microhardness profiles of boridedpermalloys have
been published [13-15], especially, the radiation shielding behaviour has not yet been reported in the literature. The
purpose of the present paper is to investigate the radiation shielding behaviour of borided Fe-Ni binary alloys (Ni-60
wt.% and Ni-80 wt.%).
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Experimental Method:

The substrate materials used in this study were prepared from Fe-Ni binary alloys (Ni-60 wt.% and Ni-80 wt.%).
Test samples were cut from a 5 mm plate to dimensions of approximately 5 x 10 x 10 mm. Fe-Ni binary alloys with
two different Ni concentrations were borided in an electrical resistance furnace for exposure times of 2, 4, 6 and 8 h
at 1223 K and a series of borided samples in the temperature range 1073-1373 K for 5h under atmospheric pressure.
The p is the probability of a radiation interacting with a matter per unit path length, depends on the intensity of the
incident photons, atomic number and density of absorber. To investigate the radiation shielding properties of the
borided Fe-Ni binary alloys, the p was measured at the photon energy of 662 keV, 1173 keV and 1332 keV obtained
from the *’Cs, and ®Co y-ray sources, respectively. For this purpose, y-rays transmitted through the samples of
borided and unborided Fe-Ni binary alloys were detected using a gamma spectrometer that consists of a 3 x 3-inch
Nal(TI) detector connected to a multichannel analyzer (MCA). If N and No are the measured count rates in the
detector with and without the absorber of thickness x (cm), respectively, then the p can be extracted by the standard
equation:

N = Nye™
Plottinglnﬂ@;’v—o) versus X wold give a straight line and thus p can be obtained from the value of the slope. Detailed

information on radiation measurements can be obtained from Ref. 16.

Results and Discussion:

The radiation shielding is based on the principle of attenuation, which is the ability to reduce a wave's or ray's effect
by blocking or bouncing particles through a barrier material. Charged particles may be attenuated by losing the
energy to the reactions with electrons in the barrier, while gamma radiation is attenuated through the scattering or
pair production [1,17,18]. In this study, the u for Fe-Ni binary alloys (Ni—60 wt.% and Ni-80 wt.%) was calculated
as a function of photon energies and boriding parameters (temperature and time). The results are displayed in Fig.1
and 2.
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Fig. 1:Measured linear attenuation coefficients of the Fe-Ni binary alloys (Ni—60 wt.% ) as a function of photon
energy and boriding temperature.
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Fig. 2: Measured linear attenuation coefficients of the Fe-Ni binary alloys (Ni—80 wt.% ) as a function of photon
energy and boriding time.

It can be observed from the Fig 1 and 2 that the p values depend on the photon energy and decrease with increasing
photon energy. In addition, from these figures, it is clear that the p is decreasing rapidly at low energy but in high
energy it decreases slowly for borided binary alloys at the same time and temperature due to the energy dependence
of photon interaction with material. On the other hand, it can be noticed that the . for borided binary alloys is higher
than unboridedbinay alloys. And also, it increases with the increasing boriding time and temperature. This result has
been explained with the boride layer thicknesses and boride phases at the borided binary alloys. It is well known that
a boride layer on the upper surface of the specimen forms as a result of boron diffusion into the surface in the
boriding process. In literature [12,18-21]. it has been shown that hard boride phases (Ni,B; and NigSi,B phases)
occur in the boride layers of borided Fe-Ni binary alloys. The boride layer thickness increases with increasing
boriding time and temperature due to increasing boron diffusion. In the present study, the thickness of the boride
layer is in the range of 55um to 130um for 1073-1373 K at 5 h whereas the thickness of the boride layer is in the
range of 60 um to 115 um for 2-8 h at 1323 K. To sum up, the p increases with increasing boriding time and
temperature due to increasing boron content. It means that the p depends on the photon energy and density of
borided Fe-Ni alloys.
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Fig. 3:Measured linear attenuation coefficients of the Fe-Ni binary alloys as a function of photon energy and Ni
content.

The same results can be seen in Figure 3. Fig. 3 shows the dependence of radiation absorption properties as a
function of different combinations of components in Fe-Ni binary alloys. From this figure, we say that the p
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increases with increasing Ni content due to changing the of borided Fe-Ni binary alloys. The same results for p have
been reported in the other studies [5,6]. They showed that attenuation coefficient depends on the chemical
composition of materials.

In literature, the p values of Pb were measured as 0.618 cm™ [3] and 0.616 cm™ [22] for 1.33 MeV ®Co y-ray
source. In this study, the p value for 1.33 MeV ®Co y-ray source is slightly over 0.4 cm™ and boriding treatment
and Ni concentration increases Y. From these results, one concluded that the borided Fe-Ni binary alloys show an
appropriate radiation shielding performance. What is needed is to make the p value of borided Fe-Ni binary alloys
close to the u value of the Pb by selecting an appropriate boriding process besides the boring parameters and
concentration.

Conclusions:

In this work a new material has been tested for radiation shielding applications. The results reveal that the
investigated Fe-Ni binary alloys provided similar protection as pure Pb. If these borided alloys used as a radiation
shielding materials against gamma radiation, they have a shielding feature that is very close to the Pb, especially in
the low photon energy.

References:

1. McAlister, D. R. University Lane Lisle, USA, PhD thesis, 1955.

2. Calik, A., Akbunar, S., Ucar, N., Yilmaz, N, Karakas, S., Akkurt, 1., Comparison of radiation shielding of
stainless steels with different magnetic properties,Comparison of radiation shielding of stainless steels with
different magnetic properties,Nuclear Technology & Radiation Protection,29 (186) 2014 ; pp. 186-189.

3. Akkurt, 1., Akyildirim, H., Calik, A., Aytar, O. B., Ucar, N.,Gamma Ray Attenuation Coefficient of
Microalloyed Stainless Steel, Arab J SciEng, 36 (145) 2011; pp. 145-149.

4. Calik, A., Karakas, S., Ucar, N., Akkurt, I., Turhan, A., Study on the mechanical and radiation shielding
properties of borided AISI 304 stainless steels, Materiali in Tehnologije / Materials and Technology, 47, (679)
2013; pp. 679-681.

5. Akkurt, 1., Calik, A., Akyildirim, H., Mavi, B.,Z. Naturforsch. 63a, 2008 ; pp. 445-447.

6. Uosif, M. A. M., Properties of a Some (Ag Cu-Sn) Alloys for Shielding Against Gamma Rays, International
Journal of Advanced Science and Technology, 63 (35) 2014; pp. 35-46.

7. Singh, V.P., Badiger, N. M., Gamma ray and neutron shielding properties of some alloy materials, Annals of
Nuclear Energy, 64 (301) 2014; pp. 301-310.

8. Buyukyildiz, M., Kurudirek, M., Ekici, N., Icelli, O., Karabul, Y., Determination of radiation shielding
parameters of 304L stainless steel specimens from welding area for photons of various gamma ray sources,
Progress in Nuclear Energy, 100 (245) 2017; pp. 245-254.

9. Medhat, M., Wang, Y.,Investigation on radiation shielding parameters of oxide dispersion strengthened steels
used in high temperature nuclear reactor applications, Annals of Nuclear Energy, 80, 2015; pp. 365-370.

10. A kkurt, 1., Calik, A., Akyildirim, H., The boronizing effect on the radiation shielding and magnetization
properties of AISI 316L austenitic stainless steel, Nuclear Engineering and Design,241 (1) 2011; pp. 55-58.

11. Uzun, A., Gokmen, U., Cinici, H., Kurnaz, A., Cetiner, M. A., Shielding Property of Closed-Cell AlSi7 Foams
and AISi7 Bulk Materials against Gamma Rays, Aku. J. Sci. Eng. 16, 2016; pp. 722-726.

12. Gavrila, H., Ionita, V., Crystalline and amorphous soft magnetic materials and their appsications, Journal of
Optoelectronics and Advanced Materials, 4 (2) 2002; 173-192.

13. lyi, O., MSc thesis, StileymanDemirel University, Turkey, 2013.

14. Du, S.W., Ramanujan, R.V., Mechanical alloying of Fe—Ni based nanostructured magnetic materials, Journal of
Magnetism and Magnetic Materials, 292, 2005; pp. 286-298.

15. Ucar, N., lyi, O., Calik, A., Karakas, S., Effect of nickel content on the boronisingbehaviour of permalloys,
Oxidation Communications, 38, 2015; pp. 748-751.

16. Akyildirim, H., PhD thesis, SiileymanDemirelUniversitesi, Turkey, 2011.

17. Durmaz, H., Tugrul, A. B., Buyuk, B.,Evaluation of Gamma Penetration through Plain Carbon Steels, Acta
Phys. Pol. A, 125 (2) 2013; pp. 469-472.

18. N. E. Maragoudakis, G. Stergioudis, H. Omar, H. Paulidou and D. N. Tsipas, Boron-aluminide coatings applied
by pack cementation method on low-alloy steels,Materials Letters, 53 (6) 2002; pp. 406-410

19. Milinovic, A., Krumes, D., Markovic, R., An investigation of boride layers growth kinetics on carbon steels,
Tehnikivjesnike, 19 (1) 2012 ; pp. 27-31.

982


http://pbs.sdu.edu.tr/api/api/yayin/AbstractGetir?yayinid=142051
http://pbs.sdu.edu.tr/api/api/yayin/AbstractGetir?yayinid=142051
http://pbs.sdu.edu.tr/api/api/yayin/AbstractGetir?yayinid=142051
http://pbs.sdu.edu.tr/api/api/yayin/AbstractGetir?yayinid=125720
http://pbs.sdu.edu.tr/api/api/yayin/AbstractGetir?yayinid=125720
https://www.sciencedirect.com/science/article/pii/S0149197017301610
https://www.sciencedirect.com/science/article/pii/S0149197017301610
https://www.sciencedirect.com/science/journal/01491970
https://www.sciencedirect.com/science/article/pii/S0306454915000973
https://www.sciencedirect.com/science/article/pii/S0306454915000973
https://www.sciencedirect.com/science/article/pii/S0306454915000973
https://www.sciencedirect.com/science/journal/03064549
http://pbs.sdu.edu.tr/api/api/yayin/AbstractGetir?yayinid=147443
http://pbs.sdu.edu.tr/api/api/yayin/AbstractGetir?yayinid=147443
https://www.sciencedirect.com/science/journal/0167577X

ISSN: 2320-5407 Int. J. Adv. Res. 6(7), 979-983

20. Gunes, I., Keddam, M., Chegroune, R., Ozcatal, M., Growth Kinetics of boride layers formed on 99.0% purity
nickel, Bull. Mater. Sci., 38 (4) 2015; pp. 113-1118.

21. Ucar, N., Aytar, O.B., Calik, A., Temperature behavior of the boride layer of of low carbon microalloyed
steel,Materiali in Tehnologije/Materiali in tehnologije/ Materials and technology 46(6)2012; pp. 621-625.

22. Bashter, I. 1., Calculation of Radiation Attenuation Coefficients for Shielding Concretes. Annals of Nuclear
Energy, 24, 1997; pp.1389-1401.

983


http://pbs.sdu.edu.tr/api/api/yayin/AbstractGetir?yayinid=119032
http://pbs.sdu.edu.tr/api/api/yayin/AbstractGetir?yayinid=119032

