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Abstract 

In this study, S235JR (1.0037), 21NiCrMo2 (1.6523), C45 (1.0503), 42CrMo4 (1.7225) steels were 

coated with nickel, copper, silver, and tin. Then, the radiation shielding performances of the uncoated and 

coated steels were investigated. The steels were firstly designed by the coating processes via electrolytic 

plating method on behalf of Ni, Cu, Ag and Sn metals. The samples were then irradiated by radioactive 

sources for transmission of the gamma rays at photon energies in the range 81–383 keV photon energies 

to measure linear and mass attenuation coefficients (LAC-µ, MAC-µ/) of the pure and coated steels by 

Ni, Cu, Ag and Sn. Half and tenth value of layers (HVL and TVL) of investigated materials were then 

calculated at the same studied photon energies. The materials were compared with each other as well as 

with some shielding concretes in terms of mean free paths (MFP) wherever possible. The coated steels 

were found to be better shielding materials than the concretes due to lower MFP values they had, and they 

showed also better shielding than reference materials up to 35.31% relative difference in MFP. It was 

concluded that coating processes improved the shielding properties of the steels. 

Keywords: Coating, radiation shielding, steel 

1. Introduction

The steels are generally known as iron-carbon alloys, 

have different types based on iron alloys on behalf of 

mechanical, physical, and chemical properties required 

to use. They are widely utilized in various areas such as 

engineering, security systems in military, public and 

private buildings, nuclear power plants, shipbuilding, 

structural materials etc. due to their well physical and 

mechanical quantities. On the other hand, with the 

increasing use of the X- and/or gamma rays in different 

fields such as nuclear plants, medical facilities and 

laboratories, it is frequently required the new types of 

materials against the hazardous radiations. For this aim, 

we can use the concretes, glasses, heavy metals, 

different steels etc. The resistance of steels to radiation 

damage gains importance especially when their 

strength, chemical composition, resistance to corrosion, 

weldability and ductility properties are taken into 

account [1,2]. 

Some steels have been generally investigated in some 

X- and/or gamma ray energies for shielding applications

in the literature. And the studies have experimental

and/or theoretical values and can show radiation

shielding properties of the materials. They can also

explain linear attenuation coefficient (cm
-1

, µ, LAC),

mass attenuation coefficient (cm
2
.gr

-1
, µm, MAC), mean

free path (cm, MFP), half values of layer (cm, HVL),

tenth values of layer (cm, TVL), effective atomic

number (Zeff), effective electron density (Neff) and

buildup factors for steels [3-14]. Alım et al.
 
[15] have

recently determined radiation parameters of AISI-coded

stainless steels (Part 1) both experimentally and

theoretically at different photon energies. And AISI 300

austenitic stainless-steel series containing Ni have been

found superior when compared to the other materials in

the study. Gamma charged particle and fast neutron

interactions of AISI-302, 304, 321 and 430 stainless

steels have been calculated and evaluated in terms of

shielding performance
 

[16]. And authors said that
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studied steels had excellent shielding properties than 

shielding concretes. 

It is considered that materials such as 1.0037 (S235JR), 

1.6523 (21NiCrMo2), 1.0503 (C45), 1.7225 (42CrMo4) 

steels, which are frequently used in machine industry 

and structural elements in the industry, can be used in 

the production of reactor components or control 

equipment when their chemical contents are taken into 

account. But the surface quality, corrosion resistance, 

machinability and weldability of steel materials are 

important in applications or usage because they can 

affect the physical properties of the materials [17,18]. 

However, the fact that the corrosion resistance of these 

materials is not as well as stainless steels constitutes a 

disadvantage [19]. The corrosion resistance of steels can 

be increased by the coating method applied for purposes 

such as adding aesthetic properties to materials, 

increasing the lifetime of materials by increasing their 

surface hardness and providing abrasion resistance, and 

conductivity. Metal coating methods or designs that are 

commonly used for this purpose in the industry are zinc 

coating, TiN coating, silver coating, nickel coating, and 

copper coating methods [20]. These operations can 

change or improve some properties of the materials. So, 

some physical properties of the materials can be 

changed after coating, and it should be important to 

determine these possible changes in the materials for 

applications. But radiation shielding capability or 

effectiveness of materials after coating processes have 

not been taken into consideration in literature as far as is 

determined. Whereas radiation shielding capabilities of 

the materials may be changed, even improved after 

coating processes via useful designs. This is the 

motivation of the present study. In the present study, 

1.0037 (S235JR), 1.6523 (21NiCrMo2), 1.0503 (C45), 

1.7225 (42CrMo4) steels were coated with Ni, Cu, Ag 

and Sn to investigate possible developments of the 

coatings on radiation shielding properties. 

2. Materials and Methods

2.1. Sample preparation

The prepared samples were plated by the electrolytic 

plating method and chemical compositions and formulas 

of the samples were given at Table 1. In general, the 

sequential steps presented in Figure 1 were followed in 

all coating processes. In the copper plating process, the 

samples, which were first subjected to the pre-

degreasing process, were etched with acid using 30% 

HCL and 1% inhibitor after washing. The samples that 

were washed after etching were subjected to 5% 

degreasing salt, cathodic 4-8 A/dm
2
 and electrolytic 

degreasing for 3 minutes. The copper plating process 
was performed for 10 minutes using 60 °C, 2-3 Volt, 

0.5-1 A/dm
2
 plating parameters. The samples, which 

were washed again for 10 seconds after the 

neutralization process in 10% H2SO4 solution, were 

dried with hot air. 

Figure 1. Followed in all coating processes. 

The samples subjected to the polishing process in the 

silver-plating process were cleaned using hot 

mechanical lubricants. The cleaned samples were 

subjected to the oxide removal process in the solution 

containing 100 gr/l NaCN. After the oxide removal 

process, 5% degreasing salt, cathodic 4-8 A/dm
2
 and 

electrolytic degreasing for 3 minutes were applied. The 

washed samples were subjected to the neutralization 

process for 20 seconds in the solution containing 100 

gr/l potassium. The neutralized samples were pre-plated 

with silver for 2 minutes using 120 gr/l silver powder, 

0.02-0.01 A/dm
2
. The pre-silver-plated samples were 

silver plated using 180 gr/l silver powder, 4 gr/l silver 

cleaner, and 4 gr/l silver moisturizer. After silver 

plating, the samples were washed in hot water at 70 °C 

for 3 minutes.  

In the nickel-plating process, the samples were first 

subjected to the pre-degreasing process, and after 

washing, they were etched with acid using 10% H2SO4 

solution. The electrolytic degreasing process was 

applied to the samples that were washed after etching. 

The nickel-plating process was performed for 10 

minutes using 25 gr/l nickel chloride, 60 °C, 2-3 Volt, 

0.5-3 A/dm
2
 plating parameters. In the tin plating 

process, the samples were immersed in the alkaline 

caustic solution and degreased. Then, the electrolytic 

degreasing process was performed for 11 A/dm
2
 and 3 

minutes. After washing, the samples were etched with 

acid using 30% HCL and 1% inhibitor. The samples that 

were washed after etching were tin-plated in 300 gr/l tin 

concentrate, at room temperature for 4.3-10.76 A/dm
2
 

and 20 minutes. 
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Table 1. Codes, formulas and chemical compositions of the steels. 

Code DIN C N Si P S Mn Cr Ni Mo Rest 

1.0037 S235JR 0.13 0.002 - 0.023 0.027 0.80 - - - Fe 

1.6523 21NiCrMo2 0.19 - 0.04 0.015 0.025 0.74 0.56 0.65 0.23 Fe 

1.0503 C45 0.43 - 0.40 0.020 0.027 0.73 - - - Fe 

1.7225 42CrMo4 0.45 - 0.40 0.023 0.024 0.76 0.98 - 0.24 Fe 

Table 2. Some physical properties of the investigated materials.  RM: Reference Materials)(%). 

Sample 
Mass 

(gr) 

Thickness 

(cm) 

Diameter 

(cm) 

Radius 

(cm) 

Volume 

(cm
3
) 

Density 

(g/cm
3
) 

RM 

S235JR 5.30 0.210 2.000 1.000 0.660 8.034 

21NiCrMo2 4.90 0.215 1.970 0.985 0.655 7.477 

C45 4.08 0.180 2.010 1.005 0.571 7.143 

42CrMo4 4.84 0.195 2.020 1.010 0.625 7.745 

Ni  Coated 

S235JR 4.70 0.190 2.000 1.000 0.597 7.874 

21NiCrMo2 4.60 0.210 1.950 0.975 0.627 7.335 

C45 5.04 0.205 2.000 1.000 0.644 7.826 

42CrMo4 4.97 0.205 2.100 1.050 0.710 7.000 

Ag  Coated 

S235JR 4.68 0.200 2.000 1.000 0.628 7.448 

21NiCrMo2 4.36 0.195 1.955 0.978 0.585 7.448 

C45 4.78 0.200 2.000 1.000 0.628 7.608 

42CrMo4 5.28 0.220 2.020 1.010 0.705 7.489 

Cu  Coated 

S235JR 4.68 0.195 2.000 1.000 0.613 7.639 

21NiCrMo2 4.63 0.200 1.950 0.975 0.597 7.752 

C45 5.30 0.215 2.000 1.000 0.675 7.847 

42CrMo4 5.26 0.210 2.020 1.010 0.673 7.816 

Sn  Coated 

S235JR 4.91 0.195 2.000 1.000 0.613 8.015 

21NiCrMo2 4.59 0.200 1.956 0.978 0.601 7.638 

C45 5.22 0.220 2.000 1.000 0.691 7.553 

42CrMo4 5.02 0.200 2.020 1.010 0.641 7.832 
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2.2. Radiation shielding process 

After the coating processes, S235JR, 21NiCrMo2, C45, 

42CrMo4 steels were irradiated by Ba-133 (10 mCi) 

radioactive sources having 81-383 keV energies to 

measure the LACs via the Beer-Lambert law (Figure. 2) 

and equation (Eq. 2.1); 

Figure 2. The experimental arrangement for 

transmission geometry 

𝐼 = 𝐼0𝑒−𝜇𝑥, 𝜇 =
ln(𝐼0 𝐼⁄ )

𝑥
 (2.1) 

where and I  are unattenuated and attenuated 

photon intensities. MAC of any steel, which is a 

measure of the relative dominance of various 

interactions, was then determined via density

(ρ, g.cm
-3

) of the relevant material;  𝜇𝑚 =
𝜇

𝜌⁄   (cm
2
.g

-

1
). A HPGe detector of 10 mm crystal length, 16 mm 

diameter and 200 mm
2 

active area was used to detect 

gamma rays. These HPGe detectors are known to have 

high detection efficiency at high energies. It has a 

resolution of ~182 eV at 5.9 keV and its working 

voltage is -1500 V. A Tennelec 244 model amplifier 

was used and the measurement time for each sample 

was set to 1800s. Each sample has been measured at 

least three times and the results are given as the mean 

values along with standard deviation. Experimental 

geometry and a sample spectrum are given in Figures 3 

and 4. 

Half-value layer (HVL, cm) and tenth-value layer 

(TVL, cm) are the thickness of the material at which 

the intensity of radiation entering it is reduced by one 

half and one tenth, and they were determined by; 

𝐻𝑉𝐿 =
ln (2)

𝜇
=

0.693

µ
and 𝑇𝑉𝐿 =

ln (10)

𝜇
=

2.302

𝜇
   (2.2) 

Mean free path (MFP, cm), which is the average 

distance between two successive interactions, was 

calculated using the LAC (μ, cm
−1

) of the steel from the 

equation; 

𝑀𝐹𝑃 = 1
𝜇⁄    (2.3) 

Figure 3. Experimental geometry 

Figure 4. A sample spectrum for RM at studied 

energies 

3. Results and Discussion

The reference materials (RM) 1.0037 (S235JR), 1.6523 

(21NiCrMo2), 1.0503 (C45), 1.7225 (42CrMo4) steels 

were firstly coated with Ni, Cu, Ag and Sn heavy metals 

via mentioned processes. Mass (gr), thickness (cm), 

diameter (cm), radius (cm), volume (cm
3
) and density 

(g.cm
-3

) of coated materials were then determined using 

the Archimedes’ principle using distilled water as an 

immersion liquid and a digital balance of sensitivity 

10
−4

 g. Measurements were repeated five times with an 

error of < 0.1%. And the values are listed in Table 2. 

After the physical measurements, LACs of the 

investigated reference and coated steels were measured 

with standard deviation as shown in Table 3. Pure (RM) 

S235JR, 21NiCrMo2, C45, 42CrMo4 steels and its 

coated (by heavy metals) forms were listed from Ni to 

Sn coated values to discuss the results in order. In 

addition, each steel and its coated forms were tabulated 

with increasing photon energy in the left column for 

evaluations. 

Detector Sample Source 

High voltage 

power supply 

Pre. Amp. 

 Amp. 

MCA 

Pb collimator 

Detector Sample Source 

High voltage

power supply 

Pre. Amp. 

Amp. 

MCA 

Pb collimator 

I0 I 

 

t

0I
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Table 3. LACs of the pure (RM) and different coated steels 

S235JR  Std. Deviation 

Energy (keV) RM Ni Cu Ag Sn RM Ni Cu Ag Sn 

81 4.410 4.426 4.428 4.516 4.923 0.002 0.033 0.007 0.010 0.001 

160 1.383 1.551 1.542 1.638 1.697 0.049 0.025 0.011 0.008 0.016 

276 0.924 0.932 0.941 0.964 1.092 0.022 0.050 0.003 0.025 0.054 

302 0.836 0.841 0.845 0.852 0.959 0.002 0.012 0.018 0.006 0.038 

356 0.755 0.761 0.767 0.787 0.873 0.008 0.003 0.006 0.017 0.003 

383 0.747 0.752 0.759 0.777 0.853 0.045 0.053 0.007 0.005 0.021 

21NiCrMo2  Std. Deviation 

Energy (keV) RM Ni Cu Ag Sn RM Ni Cu Ag Sn 

81 4.106 4.104 4.343 4.441 4.823 0.001 0.012 0.007 0.003 0.007 

160 1.271 1.517 1.560 1.586 1.719 0.061 0.008 0.099 0.004 0.034 

276 0.817 0.911 0.933 0.938 0.998 0.026 0.021 0.015 0.005 0.003 

302 0.782 0.801 0.830 0.846 0.853 0.001 0.029 0.009 0.001 0.014 

356 0.747 0.747 0.779 0.780 0.807 0.022 0.007 0.026 0.007 0.003 

383 0.700 0.710 0.750 0.760 0.801 0.064 0.048 0.027 0.017 0.007 

C45  Std. Deviation 

Energy (keV) RM Ni Cu Ag Sn RM Ni Cu Ag Sn 

81 3.820 4.231 4.258 4.419 4.440 0.005 0.011 0.010 0.015 0.003 

160 1.235 1.491 1.515 1.535 1.557 0.017 0.004 0.044 0.024 0.051 

276 0.815 0.903 0.907 0.920 0.945 0.003 0.015 0.022 0.006 0.029 

302 0.732 0.818 0.817 0.819 0.842 0.006 0.008 0.004 0.059 0.003 

356 0.679 0.748 0.744 0.755 0.768 0.001 0.004 0.010 0.010 0.002 

383 0.669 0.738 0.736 0.745 0.758 0.027 0.069 0.105 0.023 0.015 

42CrMo4  Std. Deviation 

Energy (keV) RM Ni Cu Ag Sn RM Ni Cu Ag Sn 

81 4.162 4.163 4.672 4.701 4.926 0.017 0.016 0.000 0.003 0.008 

160 1.306 1.321 1.485 1.583 1.670 0.012 0.017 0.022 0.032 0.021 

276 0.885 0.890 0.991 0.999 1.099 0.007 0.017 0.000 0.008 0.016 

302 0.847 0.841 0.929 0.931 0.952 0.009 0.011 0.026 0.018 0.036 

356 0.757 0.757 0.825 0.830 0.890 0.005 0.007 0.014 0.006 0.001 

383 0.725 0.722 0.753 0.813 0.859 0.006 0.097 0.026 0.053 0.012 

This method was also used for the other presentations of 

the parameters both figures and tables. When Table 3 is 

analyzed, energy dependences and coating effects on 

LAC values for the studied steels can be clearly seen 

found. So, LAC is decreasing with increasing photon 

energy as known, and values of LAC increase as atomic 

number of heavy coating metals at each photon energy 

from Table 3. 

MAC values of the studied materials were then 

determined using densities of the materials from Table 2 

as 𝜇𝑚 =
𝜇

𝜌⁄  . From this equation, it is clear that

(MAC, mass attenuation coefficient) is proportional the 

 (LAC, linear attenuation coefficient) for any material 

at the same photon energy. Thus, MAC values of the  

materials have the same energy dependences and the 

atomic number of coating heavy metal as seen from 

Figure 5 (a-d). MAC is a measure of the average 

number of interactions between incident photons and 

matter or is a measurement of how strongly a matter 

absorbs or scatters at a specific energy, per unit mass. 

And this parameter is a function of photon energy. It is 

also the fundamental property utilized in computations 

of the penetration of X-and/or gamma rays for different 

types of materials such as shielding, health or the others. 

MAC values increase generally with increasing atomic 

number of coted metals from Ni to Sn in the worked 

photon energies [21,22]. In the light of this information, 

the more atomic number of coated heavy metals is 

higher, the more MAC is the higher at any specific 

photon energy from Figure 5 (a-d). It can consequently 
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be said that coating process affects positively the MAC 

values of 1.0037 (S235JR), 1.6523 (21NiCrMo2), 

1.0503 (C45), 1.7225 (42CrMo4) steels from the figure.   

HVL and TVL are the significant thicknesses of the 

materials in terms of the radiation entering to matter. 

So, these parameters of the materials were obtained by 

using Eq. 2.2 at the investigated energies. Also, Table 4 

shows HVLs and TVLs of the reference materials and 

the coated forms by heavy metals. HVL and TVL are 

inversely proportional to LAC. So, HVL and TVL 

values increase with increasing energy from 81 to 383 

keV for any materials due to relations between these 

parameters and LACs. On the other hand, values of 

HVL and TVL reduce with rising atomic number of 

coated metals to the reference materials because of 

increasing LACs from Ni to Sn at each energy. And in 

this point, relations between HVL-TVL and LACs show 

its significance again on the radiation entering or 

shielding. As a result, coating process developed the 

HVL and TVL properties of the 1.0037 (S235JR), 

1.6523 (21NiCrMo2), 1.0503 (C45), 1.7225 (42CrMo4) 

steels owing to diminishing HVL-TVL values from Ni 

to Sn coated metals at the studied energies. 

MFP is one of the most significant parameters of 

materials on behalf of radiation attenuation or radiation 

shielding capability. The lower MFP values are desired 

for radiation shielding capability for any material thanks 

to its meaning. In other words, the less MFP is, the 

better radiation shielding capability is. Thus, MFP 

values of the materials were calculated by using Eq. 2.3 

at the investigated photon energies. For this aim, values 

of LAC were utilized from Table 3, and the results were 

given in Figure 6 (a-d). MFP values are rising with 

increasing photon energy from 81 to 383 keV for RMs 

(S235JR, 21NiCrMo2, C45, 42CrMo4) and its coted 

forms as shown in the figure. This is because of fact that 

MFP is function of LAC, and LAC are reducing with 

rising photon energy (from Table 3) for the materials. 

On the other hand, the studied materials were compared 

with some standard shielding concretes (Ordinary, 

Hematite-serpentine, Ilmenite-limonite, Basalt-

magnetite, Ilmenite [23]) on behalf of MFP at possible 

energy (356 keV) as seen in Figure 7 (a-d). It is clearly 

seen from the figure, both RMs (S235JR, 21NiCrMo2, 

C45, 42CrMo4) and its coated forms (by heavy metals: 

from Ni to Sn) have lower MFP values than standard 

shielding concretes at 356 keV. Therefore, one can say 

that investigated materials display the better radiation 

shielding capability than standard shielding concretes 

due to lower MFP values. Differences (%) between 

RMs and coated forms on MFP values should be very 

important to describe improvements of materials. So, 

differences (%) were calculated by

𝑑𝑖𝑓𝑓. (%) =
𝑀𝐹𝑃𝑅𝑀−𝑀𝐹𝑃𝑐𝑜𝑎𝑡𝑒𝑑

𝑀𝐹𝑃𝑐𝑜𝑎𝑡𝑒𝑑
𝑥100 at the photon 

energies. 

Figure 5. MACs (cm
2
.g

-1
) of coated steels at 

investigated energies. 
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Table 4. HVLs and TVLs of the pure (RM) and different coated steels. 

HVL TVL 

S235JR 

Energy (keV) RM Ni Cu Ag Sn RM Ni Cu Ag Sn 

81 0.157 0.157 0.157 0.153 0.141 0.522 0.520 0.520 0.510 0.468 

160 0.501 0.450 0.447 0.423 0.409 1.664 1.493 1.485 1.406 1.357 

276 0.751 0.744 0.737 0.719 0.635 2.493 2.470 2.447 2.388 2.108 

302 0.829 0.824 0.821 0.814 0.723 2.753 2.736 2.726 2.703 2.402 

356 0.918 0.910 0.904 0.881 0.794 3.049 3.024 3.002 2.927 2.636 

383 0.928 0.922 0.913 0.892 0.812 3.082 3.062 3.033 2.963 2.699 

 21NiCrMo2 

Energy (keV) RM Ni Cu Ag Sn RM Ni Cu Ag Sn 

81 0.169 0.169 0.160 0.156 0.144 0.561 0.561 0.530 0.519 0.477 

160 0.546 0.457 0.444 0.437 0.403 1.812 1.518 1.476 1.452 1.339 

276 0.848 0.761 0.743 0.739 0.695 2.818 2.527 2.469 2.455 2.308 

302 0.887 0.865 0.835 0.820 0.813 2.946 2.875 2.774 2.723 2.701 

356 0.928 0.928 0.889 0.888 0.859 3.084 3.082 2.955 2.951 2.853 

383 0.991 0.977 0.925 0.913 0.866 3.291 3.245 3.072 3.031 2.876 

 C45 

Energy (keV) RM Ni Cu Ag Sn RM Ni Cu Ag Sn 

81 0.181 0.164 0.163 0.157 0.156 0.603 0.544 0.541 0.521 0.519 

160 0.561 0.465 0.458 0.452 0.445 1.864 1.544 1.520 1.500 1.479 

276 0.850 0.767 0.764 0.753 0.733 2.824 2.549 2.538 2.502 2.436 

302 0.946 0.848 0.848 0.847 0.823 3.144 2.816 2.818 2.813 2.734 

356 1.021 0.927 0.931 0.919 0.903 3.393 3.080 3.093 3.051 3.000 

383 1.036 0.940 0.941 0.931 0.915 3.441 3.122 3.127 3.092 3.040 

42CrMo4 

Energy (keV) RM Ni Cu Ag Sn RM Ni Cu Ag Sn 

81 0.167 0.167 0.148 0.147 0.141 0.553 0.553 0.493 0.490 0.467 

160 0.531 0.525 0.467 0.438 0.415 1.763 1.743 1.550 1.455 1.379 

276 0.783 0.779 0.699 0.694 0.631 2.603 2.586 2.323 2.305 2.095 

302 0.819 0.824 0.746 0.745 0.728 2.720 2.737 2.480 2.475 2.418 

356 0.915 0.916 0.840 0.835 0.779 3.041 3.042 2.791 2.775 2.587 

383 0.956 0.960 0.920 0.853 0.807 3.177 3.190 3.056 2.833 2.680 
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Figure 6. MFPs (cm) of coated steels at investigated 

energies 

Relative differences were generally increased from Ni 

to Sn coating forms of the materials, and maximum 

relative difference was determined to be 35.31% for Sn 

coated 1.6523 (21NiCrMo2) steel. This shows that 

coating process used has positively affected the RM 

materials on account of MFP which is very significant 

feature of radiation shielding applications. 

Figure 7. MFPs (cm) of coated steels and some 

standard shielding concretes at 356 keV photon energy 

4. Conclusion

It was aimed to improve 1.0037 (S235JR), 1.6523 

(21NiCrMo2), 1.0503 (C45), 1.7225 (42CrMo4) steels 

using coating process the materials in terms of the 

radiation shielding capability as much as possible in the 

present study. 1.0037 (S235JR), 1.6523 (21NiCrMo2), 
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1.0503 (C45), 1.7225 (42CrMo4) pure steels were 

coated by Ni, Cu, Ag and Sn heavy metals via 

electrolytic plating method to measure radiation 

attenuation properties. The pure and coated samples 

were then irradiated by radioactive sources for 

transmission of the gamma rays at 81–383 keV photon 

energies to measure linear and mass attenuation 

coefficients (LAC-µ, MAC-µ/). Mean free path 

(MFP), Half and tenth value of layers (HVL and TVL) 

of investigated materials were then calculated at the 

same studied photon energies. The coated steels were 

found to be better shielding materials than the concretes 

due to higher LACs and MACs, and lower MFP values. 

Coated steels were also better shielding than reference 

materials up to 35.31% relative difference in MFP. One 

can obviously say that coating processes improve the 

radiation shielding capability of the studied steels, and 

the materials have excellent shielding features against 

the rays according to standard concretes.  
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