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Abstract:

This research made use of the radiation shielding properties of some transition metal salts. We used a Nal (TI)
scintillation detector and a variety of gamma-ray sources to investigate the gamma-ray shielding qualities of
the manufactured materials. Theoretical values and experimental data showed a remarkable correlation. This
software application assessed the effectiveness of manufactured ferrite nanoparticles to shield against gamma
radiation. Metal salts have been subjected to gamma radiation from a variety of sources by varying the strength
of the radiation dosage. The mass and linear attenuation coefficients, mean free path, half value layer, tenth
value layer, and metal salts at 122-1330 keV are studied using XCOM software. Transition Metal Salts are

known to enhance y-radiation shielding.
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1. Introduction

lonizing radiation is a type of energy that has numerous applications in a variety of disciplines, including
power generation, healthcare, agriculture, and research [1-6]. Nonetheless, because ionizing radiation has the
ability to separate electrons from atoms, it can have a severe deleterious influence on human health [7]. As a
result, efficient shielding materials are essential for reducing human exposure to ionizing radiation. Gamma-
rays and X-rays are high intensity electromagnetic waves. This type of radiation is employed in a variety of
fields, including medicine, nuclear power, and Aerospace industry. Radiation shielding products safeguard
anyone working in these industries from radiation exposure. Pb is commonly used for radiation shielding due
to its inexpensive cost, high atomic number, and ease of processing. However, it has considerable downsides,
such as high toxicity and mass density. Researchers have studied composites with metal particles like barium
sulfate (BaSO4) and tungsten oxide (WO3) mixed with resin or rubber to create Pb-free radiation shielding
materials [8-12].

High-atomic-number elements effectively defend against high-energy radiation, including X-rays and
gamma-rays. Lead's high density (11.5 g/cm®) and atomic number (Z = 82) make it a common material for

gamma-ray experiments. Protection, particularly in nuclear power plants and medical diagnosis and treatment
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facilities.

Lead's severe toxicity requires it to be covered with structural materials like concrete, increasing the thickness
of the shielding material. The usage of lead in nuclear shielding is decreasing, with plates constructed of W,
Al, Fe, and Cu metals emerging as viable substitutes. Metal plates are used to support concrete constructions,
Concrete's strong hydrogen and oxygen content provide neutron protection, whereas plates give gamma
protection. Concrete can be supplemented with boron atoms to enhance neutron shielding [13-14].

Because of their high molecular content, oxidized compounds such as ZnO, CuO, Dy203, Al203,

V205, SiO2, CdO, SrO, Bi203, CoO, and Nd203 have been widely explored as gamma-shielding additions
in glass composition.
Weight and ability to engage in a glass network structure At the moment, nuclear shielding materials can only
protect against particle or photon radiation. Multi-layer radiation shields are commonly used to shield against
particle and photon radiation. Multilayer shields guard against neutrons while absorbing gamma rays.
Stacking layers results in thick, heavy, and expensive constructions [15-21].

New shielding materials with high gamma-ray attenuation capacity should be investigate, some
transitional metal salts like Carbon Monoxide; Molybdenum, Silver, cyanide, Dioxo platinum,
Tetrachloroplatinum, Lanthanum (3%) trichloride, Pentachloro niobium. Transition Metal Salts are expected
to have high photon attenuation capacity. For the first time in the literature, the radiation shielding ability of

Transition Metal Salts is examined in comparison.

2. Experimental
2.1 Material and method:

To assess the shielding effectiveness of transition metal borides, a variety of elements with moderate to high
atomic numbers (Z) were chosen and emphasized in the table 1. Carbon Monoxide Molybdenum(CsOsMo);
Silver, cyanide (cAgN), Dioxo platinum (O2Pt), Tetrachloroplatinum(Cl4Pt), Lanthanum (3*) trichloride
(ClsLa), Pentachloro niobium (ClsNb). Only chemicals that are thermodynamically stable were chosen. These

materials were purchased from Sigma-Aldrich.

2.2 Experimental procedures
Gamma rays from the radioactive sources >'Co, **Ba, %2Na, *'Cs, >*Mn, and %°Co were used to irradiate the

manufactured nanocrystalline spinel ferrites in pellet form using a narrow beam geometry setup and a Nal
(TI) scintillation detector. All of these radioactive sources, which were obtained at the Bhabha Atomic
Research Centre (BARC) in Mumbai, India, produced various energy, including %’Co (122 keV), 1*Ba (356
keV), 22N (662 keV), >*Mn (835 keV), and ®Co (1173 and 1332 keV). The angle between the radioactive
source and the pellet materials was kept at 900 throughout narrow beam analysis.

A Nal (TI) scintillation detector with narrow beam geometry was employed for gamma ray
spectroscopy. The enhanced signals were quantified utilizing spectrometry on a (2" x 2") Nal (T1) crystal with

an energy resolution of 8.2% at 662 keV due to **’Cs gamma decay. A full width at half maximum (FWHM)

JETIR2509584 \ Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 629


http://www.jetir.org/

© 2025 JETIR September 2025, Volume 12, Issue 9 www.jetir.org (ISSN-2349-5162)

and an 8 K multichannel analyzer are required for peak energy versus count measurements [22]. Table 1:
Description of the Transition Metal Salts, including their chemical formula, density, molar mass, and

Abbreviation.

Carbon Monoxide; CesOsMo 1.960 264.02 CcM
Molybdenum
Silver, cyanide CAgN 3.943 133.8856 SiC
Dioxo platinum O2Pt 10.20 227.08 DPt
Tetrachloroplatinum Cl4Pt 4.303 336.9 TCIP
Lanthanum (3%) trichloride ClsLa 3.840 245.26 LTCl
Pentachloro niobium ClsNb 2.750 270.17 PCINb

3. Results and discussion:

To the best of our knowledge, samples of transitional metal salts such as carbon monoxide, molybdenum
, silver, cyanide, dioxo platinum, and tetrachloroplatinum were used in this work to generate a good gamma

ray material.

3.1 Linear attenuation coefficient (LAC)

Figure 1. clearly shows the linear attenuation coefficient in relation to photon energy for all of the Transition
Metal Salts studied. As can be seen, the linear attenuation coefficient for Transition Metal Salts decreases
exponentially with increasing photon energy. Dioxo platinum has the highest m value, whilst carbon
monoxide and molybdenum have the lowest. Furthermore, carbon monoxide and molybdenum decay more
rapidly in the 122 to 356 keV energy range. The linear attenuation coefficient is an important quantity when

determining a material's shielding properties. (23)
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Fig.1. Experimental Linear Attenuation Coefficient (LAC) of Transition Metal Salts
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Table 2. The comparison between the experimental and XCOM-MAC values for the Transition Metal Salts under investigation

Energy Exp

122 0.3368
356 0.1044
511 0.0867
662 0.0760
826 0.0680
1170 0.0569
1280 0.0545
1330 0.0539

XCOM
0.3358
0.1058
0.0867
0.0760
0.0675
0.0260
0.0259
0.0259

Exp

0.7454
0.1193
0.0906
0.0765
0.0670
0.0549
0.0525
0.0520

XCOM Exp

0.7425 2.6766
0.1221 0.2282
0.0906  0.1365
0.0765 0.1001
0.0664  0.0802
0.0361  0.0599
0.0367  0.0565
0.0370 0.0558

XCOM Exp

2.6650 1.8624
0.2377 0.1851
0.1365  0.1190
0.1000 0.0915
0.0790  0.0757
0.0467  0.0586
0.0479 0.0555
0.0485 0.0549

XCOM

1.8550
0.1919
0.1190
0.0915
0.0747
0.0402
0.0410
0.0414

Exp

0.8601
0.1252
0.0926
0.0771
0.0670
0.0546
0.0521
0.0516

XCOM
0.5670
0.1283
0.0926
0.0771
0.06.637
0.0352
0.0357
0.0360

Exp

0.3324
0.1022
0.0849
0.0744
0.0665
0.0556
0.0533
0.0528
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3.2 Mass attenuation coefficient (MAC)

As shown in Table 2, the experimental design is quite precise and accurate, making it a helpful tool for
determining the MAC of various transition metal salts. The comparison between the experimental and

XCOM-MAC values for the Transition Metal Salts under investigation
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Fig.2. Mass Attenuation Coefficient (MAC) of theoretical and experimental Transition Metal Salts.

Figure 2 shows the results of MAC calculations for gamma rays with energies of 122, 356, 511, 662, 1170,
1275, and 1330 using XCOM software and experimental procedures. This graphic demonstrates that the
XCOM software and the experiment data match well. This picture also depicts the MAC's response to
incoming gamma-ray energy and how it fluctuates with various energies. This is due to the generally
established fact that gamma rays interact with materials in three distinct ways, depending on their energy
level [24-26]. The experimental mass attenuation coefficient (MAC) for each of the six Transition Metal
Salts was compared to theoretical XCOM Software data as energy increased. Furthermore, Table 2 contains
the values for both procedures. Because the experimental MAC results will be used to calculate the other
parameters, validating the experimental technique is an important step that this comparison intends to
complete. The experimental results are depicted by the black line in the six subfigures, while the theoretical
XCOM results are depicted by the red square. Among the tested samples, S3 had higher MAC values than
the others[27].

3.3 Mean free path (MFP)

Figure 3 depicts the mean free path (MFP) of produced Transition Metal Salts. Sample S1 has the highest
MFP at 1330 keV, while the lowest MFP value is achieved at the lowest measured energy, S3. Higher
intensity radiation may easily infiltrate the incident substance, resulting in an upward trend in the MFP [28-
29].
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Fig. 3. Mean Free Path (MFP) of Transition Metal Salts.

3.4 Half value layer (HVL) and Tenth value layer (TVL)

Figures 4 and 5 depicted the HVL and TVL results for the prepared samples, respectively. As energy grows,
so does the HVL. In other words, the S1 sample has the highest HVL but also the least ideal shielding ability,
whereas the S3 sample has the lowest HVL but the finest shielding ability. In addition, the effect of energy
on the HVL was investigated. It has been observed that when energy levels increase, so does HVL. The HVL
of the S1 sample grew from 1.050 to 3.341 cm at energies of 122, 356, 511, 662, 1170, 1275, and 1330 keV,
ranging from 4.079 to 6.556 cm [30-32].

Similarly, in the input photon energy range of 122-1330 keV, experimental values of TVL behave

similarly to HVL [33-36].
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Fig. 4 Half VValue Layer (HVL) of Transition Metal Salts.
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Fig. 5 Tenth Value Layer (TVL) of Transition Metal Salts.

4.Conclusions

Many different materials can be used to reduce gamma radiation. Understanding how y-rays attenuate due to

photon-matter interactions might help select the appropriate shielding material for a certain application. As

this understanding grows and the physical, chemical, and economic restrictions are taken into account,

resources will be used more effectively to construct the most suited types of shielding.

To determine if Transition Metal Salts may be utilized as a radiation shield, the gamma ray shielding

parameters um, u, Xu2, and Xy10 were tested theoretically and experimentally. The XCOM program was

used to simulate these characteristics for the samples under examination. The S1 sample has the highest HVL

but the least optimum shielding ability, while the S3 sample has the lowest HVL but the best shielding ability.
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