ISSN No.: 2454- 2024 (online)

J = International Journal of Technical Research & Science

INVESTIGATION AND CALCULATIONS OF
RADIATION INTERACTION PARAMETERS
OF SOME SHAPE MEMORY ALLOYS

Saniye Tekerek
E-Mail 1d: saniyetekerek@ksu.edu.tr
Vocational School of Health Services, Kahramanmaras Sutcu Imam University, Turkey
Abstract- In this study, the mass absorption coefficient (u/p), half-value thickness (HVL), one-tenth thickness
(TVL), mean free path (A) wvalues were calculated of some shape memory alloys at
5.9-6.1-8-11.2-25-59.543-75-112-149 keV energy. It has been observed that the obtained values of the
calculated parameters vary depending on the photon intensity, chemical constitution and density of the alloys.
Calculations were made using the WinXCOM program and the graph of the change according to the energy of
the obtained results was drawn. The results of this study are thought to be beneficial in the application of various
fields.
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1. INTRODUCTION
In the last decade, smart materials and structures have gained increasing attention due to their enormous
technological and scientific results. Shape memory alloys (SMA) are functional materials that exhibit unique
thermo-mechanical properties such as shape memory effect and flexibility. SMA alloys are mostly used in
medical fields such as stents and surgical instrument manufacturing etc. [1].
As absorption, penetration and photon interactions with the substance are important in every field, their effects
and knowledge on SMA are very important. Photon interactions have been widely used in many fields such as
medicine, industry, agriculture, nuclear technology, and space research [2]. Studies on the absorption properties
of gamma rays in composite materials have become an interesting research area [3]. Linear, mass attenuation
coefficients, effective atomic number, effective electron number, half value layer, tenth value layer and mean
free path are the basic parameters for the penetration and absorption properties of x-ray or gamma rays. These
parameters have an important place in many different fields such as radiation protection, nuclear diagnosis and
therapy, nuclear medicine and radiation dosimetry. The exact values of the mass absorption coefficient occupy a
great place in researches to solve diverse problems in radiation physics and chemistry [4].
Shape memory alloys that can change their shape under the applied temperature or conditions since materials
attract great attention from the technological point of view. Thanks to its superior functional properties such as
shape memory effect, super elasticity, high absorption ability, corrosion resistance and biocompatibility seen in
such materials, it has a widespread use potential in many industrial and medical applications [5]. Although it is
known that there are many alloys that show shape memory effect in various application areas, especially in the
field of medicine, one of the most popular among these alloys is iron-based shape memory alloys [6]. Shape
memory alloys are materials that are being researched and developed for use in a variety of applications in
multidisciplinary fields such as space research, medicine, and micro electromechanics. One of the most
important factors in choosing SMA materials is that the compatibility of the material with the environment gives
good results. It is important to investigate the nature of this material in order to make suitable designs for the
purpose of use in applications [7].
Various studies are carried out in different energy ranges in order to determine various radiation interaction
parameters on element, compound, mixture and alloy. In many studies in the literature, the linear, mass
attenuation coefficient and other absorption parameters of alloys, amino acids and dosimetric materials were

carried out with high energy photons and examined the reaction of the materials to radiation. [8-12].
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It has been observed that there is not much room for theoretical data on the study of the absorption properties of
shape memory alloys in the literature. The main purpose of this study is to calculate mass absorption coefficients
and other relevant parameters at 5.6-6.1-8-11.2-25-59.543-75-112-149 keV energy using WinXCOM program.
In the light of the obtained data, it is thought that this study will contribute to the literature, since it will be
possible to understand the behavior of some SMAs against high-energy photons.

2. MATERIAL AND METHOD

The mass attenuation coefficient (p/p) is independent of chemical, physical properties and dependent on energy

[13]. The mass absorption coefficient was calculated using Equation (1).
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In Equation (1), p is the density of the alloys, w; is the atomic fraction of the element, (u/p); is the mass
attenuation coefficient of the element.

The half-value thickness (HVL) of the absorbent material is expressed as the thickness of the absorber required
to halve the initial radiation intensity. One tenth (1/10) value thickness (TVL) is the thickness required to reduce
the high-energy photon intensity that interacts with the material to 1/10 [14-15]. HVL and TVL values were
calculated by helping Equation (2) and (3).
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Mfp parameter, 1 (mean free path) average free path was calculated using Equation (4).
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3. RESULTS

In this manuscript, the absorption parameters of the some shape memory alloys were calculated at the p/p, HVL,
TVL and A 5.9-6.1-8-11.2-25-56.543-75-112-149 keV photon energies and listed in Tables 3.1. The wp values

and absorption parameters of some shape memory alloys were theoretically calculated using WinXCOM data

program.
Table-3.1 The Mass Attenuation Coefficient (M/P) Values of Some Shape Memory Alloys At Different
Energy
wWp (em?/ gr)
Shape Memory
Alloys 59 6.1 8 11.2 25 59.543 75 112 149
keV keV keV keV keV keV keV keV keV

55%Ag-45%Cd 490.1 449.3 220.4 89.48 [10.26 |5.954 3.206 | 1.116 0.558

50%Au-50%Cd 471.9 433.4 216.3 90.14 12731 |5.360 2.919 | 2.504 1.229

82%Cu-14%Al-4%NI | 1502 [1101  |s5212 1422 1587 1434 [0797 | 0334 |o0211
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85%Cu-15%Sn | 1658|1609 [82.18 |153.5 |17.23 |2.387 | 1301 | 0496 | 0.283

61%Cu-39%Zn {1765 [1155 |5496 |167.6 |18.93 |1.692 | 0928 | 0374 | 0228

80%In-20%Ti 5149 |4708 2317 |94.04 |1062 |5306 |2.857 |1.010 |0510

63%Ni-37%Al 116.6 106.3 49.82 105.1 | 11.57 |1.075 0.617 | 0.282 0.191

The change of the mass absorption coefficient given in Table 1 according to energy is shown in Fig. 3.1. It is
seen that p/p values are dependent on photon energy and decrease with increasing photon energy. The variation
of calculated half value layer, tenth value layer and mean free path for these alloys with respect to the studied
photon energy is shown in Figure 3.1-3.4. As can be seen from the graphs drawn, it has been observed that the

HVL, TVL and A parameters increase with increasing photon energy.
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Fig. 3.1 The Change in the Mass Attenuation Coefficient of SMAs different at Energy
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Fig 3.2 Hemi-value Layer (HVL) Change of SMAs different at Energy
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Fig. 3.3 The Change in one tenth (TVL) Value Layer of SMAs different at Energy
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Fig. 3.4 The Change in mean Free Path (Mfp) of SMAs different at Energy
CONCLUSION
The mass attenuation coefficients, half value layer, tenth value layer, mean free path values some of SMA
5.9-6.1-8-11.2-25-59.543-75-112-149 keV photon energies were calculated with the help of WinXCOM data
program. In this research, to obtain sufficient information about p/ p, HVL, TVL and A of AgCd, AuCd, CuAINi,
CuSn, CuZn, InTi, NiAL This alloys have been studied and although it is known that existing alloys have many
uses in many areas, they are also used in shielding as an alternative area of use due to their high mass absorption
coefficient values.
In this study, the mass absorption coefficients, half-value thickness, tenth-one thickness and mean free path
values of some shape memory alloys were theoretically calculated 5.9-6.1-8-11.2-25-59.543-75-112-149 keV
energies. The results obtained are given in Table 1.
It is observed from Table 1 that the mass absorption coefficients of some SMA alloys decrease with increasing
energy. It has been observed that the absorption coefficients in the low energy region decrease with increasing
energy. The biggest factor in this is that the photoelectric effect is dominant at low energies. It was observed that
the mass attenuation coefficients in the medium energy region did not change in large amounts depending on the
concentration of the alloy compared to the low energy region, and as a result of the study, it was found that the
mass attenuation coefficients increased with the increase atomic number of element. It was observed that the

possibility of photon interaction with atom and electron with increasing photon energy decreased. It has been
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observed that alloys differ according to the photon energy, and it shows itself with the increase in mass

absorption coefficients in alloys with Ag and Au doped of Cd, where alloys materials containing large atomic

numbers absorb the incoming photon strongly. It also expresses the dependence of the p/p value of this increase
on the atomic number when compared to other SMA. For this reason, the current research has been carried out
to create a database in order to predict the reactions of the alloys to high-energy photons while the most used

SMAs are used in radiated environments in order to be used as a reference in future studies.

This study is important in terms of giving an idea about the radiation interactions of shape memory alloys

containing Cd element for use in nuclear technology, radiation protection, building, industry and health fields,

and also providing data for the literature.
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