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Abstract 
This article uses the Monte Carlo method and MCNP5 software to first simu-
late the X-ray energy spectrum of the tungsten target and the silver target. On 
this basis, using lead, tungsten and tungsten alloys (90% tungsten, 7.1% nick-
el, and iron 2.9%) as an X-ray shielding material, the shielding efficiency of 
these three materials at different thicknesses is calculated, and the results 
show that tungsten and tungsten alloy have better shielding effect than lead. 
For the X-rays of different energies generated by the tungsten target and the 
silver target, in order to achieve the same shielding effect, the X-rays gener-
ated by the tungsten target require a thicker shielding material. 
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1. Introduction 

X-rays can be divided into bremsstrahlung and characteristic X-rays. When 
high-speed moving electrons collide with objects, energy conversion occurs. The 
movement of electrons is blocked and loses kinetic energy. Part of the energy is 
converted into X-rays, and the other part is converted into the heat energy in-
creases the temperature of the object [1]. The X-ray generator simulated in this 
article is based on this principle. The shielding of X-rays usually uses substances 
with higher atomic number and higher density, and lead is often used as a shiel-
ding material to absorb X-rays. The advantage of lead is its low price and high 
attenuation coefficient for X photons and gamma photons; but lead has low 
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hardness, poor impact resistance, high temperature resistance and toxicity, and 
when the energy of X-ray photons is 40 - 80 keV in between, the absorption ca-
pacity of lead to them is very weak, that is, the “weak absorption zone” of lead 
[2]. These characteristics make its application in certain occasions restricted. In 
contrast, as a high-density, high atomic number and non-toxic material, 
tungsten also has a good attenuation coefficient. Alloys with tungsten as the ma-
trix and other elements, such as tungsten-nickel-iron alloys, can improve the 
overall properties of pure tungsten, such as strength and workability. Therefore, 
in practical applications, they are often used in the form of tungsten alloys [3]. 
In tungsten alloys, the mass content of tungsten is generally 85% to 99%, and 
elements such as Ni, Cu, Co, Mo, and Cr are added to form high specific gravity 
alloys, which can be divided into W-Ni-Fe, W-Ni-Cu, W-Co, W-Ag and other 
series. 

Monte Carlo method, also known as random sampling or statistical experi-
ment method, is mainly used to simulate some random systems that cannot be 
generated by numerical values. At present, Monte Carlo methods and software 
are widely used in nuclear physics, medicine, materials science, system reliability 
and other fields at home and abroad, solving many problems that cannot be 
solved by traditional numerical simulation methods [4]. Commonly used Monte 
Carlo simulation software includes MCNP5, GEANT4, FLUKE, EGS [5], the 
MCNP5 used in this article. Monte Carlo simulation software MCNP5 can be 
used to simulate the transmission process of various particles such as protons, 
photons, electrons [6]. Based on MCNP5 simulation software, this paper simu-
lates the X-ray energy spectrum of tungsten target and silver target. It mainly 
discusses the shielding effect of tungsten X-ray and silver X-ray when lead, 
tungsten, and tungsten nickel-iron alloy (tungsten 90%, nickel 7.1%, iron 2.9%) 
have different thicknesses.  

2. MC Simulation of X-Ray 

Select silver and tungsten as the target materials respectively, and select an ap-
propriate target thickness when the emitted electron energy is 100 keV, and the 
X-ray energy spectra of silver and tungsten are simulated. The simplified 
MCNP5 model is shown in Figure 1. 

The different thickness of the target material affects the count of the 
low-energy spectrum and the high-energy spectrum. As the target thickness in-
creases, the count of high-energy bands increases first and then decreases. The  
 

 
Figure 1. MCNP5 model of X-ray shielding. 
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count of the low-energy spectrum decreases with the increase of the target 
thickness [7]. This is because when the thickness of the target material is thin-
ner, the probability of low-energy photons generated by Compton scattering 
through the target material increases, resulting in a higher peak at the low-energy 
end of the X-ray spectrum. When a certain thickness is reached, due to the 
thickness of the shielding material much greater than the mean free path of 
low-energy photons, most of these low-energy Compton scattered photons are 
absorbed. 

When the K-layer electrons are excited to produce an electron vacancy, the 
electrons in the shells of higher energy levels such as L, M, and N may fill this 
electron vacancy. The X-rays emitted by filling the electron vacancies in the K 
shell are called K characteristic X-rays, and the X-rays emitted by filling the 
electron vacancies in the L shell are called L characteristic X-rays. The characte-
ristic X-rays emitted when the electrons in the L layer and the M layer are filled 
into the K layer are represented by Kα  and Kβ  [8]. Taking into account the 
small energy difference between the sub-levels of electrons in the same orbit, the 
characteristic X-rays emitted when electrons of different sub-levels on the L 
layer are filled into the K layer can be divided into 1Kα , 2Kα . The characteristic 
X-rays emitted when electrons of different sub-energy levels on the M layer are 
filled into the K layer can be divided into 1Kβ  and 2Kβ . In the same way, there 
are 1Lα , 2Lα , 1Lβ , and 2Lβ  for the characteristic X-rays of the L series. [9] 
[10]. 

The X-ray spectrum consists of a bremsstrahlung spectrum and a characteris-
tic X-ray spectrum. The characteristic X-ray spectrum is superimposed on the 
continuous bremsstrahlung spectrum [11]. The thickness of the tungsten target 
is selected as 0.1 mm in this paper, and its X-ray spectrum is shown in Figure 2. 
The X-ray spectrum of tungsten mainly has 5 characteristic X-ray peaks, the 
leftmost energy is 8.9 keV is a characteristic peak of L series; the peak is higher at 
energy 59.3 keV, 58.0 keV, here are the characteristic X-ray peaks 1Kα  and 

2Kα  of the K series. And at the energies of 67.2 keV and 69.1 keV are the cha-
racteristic X-ray peaks 1Kβ  and 2Kβ  of the K series. The thickness of the Ag 
target is selected to be 0.002 mm, and its X-ray spectrum is shown in Figure 3.  
 

 

Figure 2. X-ray spectrum of tungsten target. 
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Figure 3. X-ray spectrum of silver target. 
 
There is a characteristic X-ray peak of the L series at 3 keV. The two characteris-
tic X-ray peaks of the K series, 1Kα  and 2Kα  correspond to the energies 

1
22.2 keVKE

α
=  and 

1
24.9 keVKE

β
= , which represent the characteristic 

energy values of the K series characteristic X-rays of the silver element.  

3. Research on the Shielding Performance of Lead, Tungsten  
and Tungsten Alloy 

Shielding materials of different thicknesses were added behind the target to simu-
late the effects of lead, tungsten, and tungsten-nickel-iron alloy (90% tungsten, 
7.1% nickel, and 2.9% iron) on the X-rays generated by the tungsten and silver 
targets Shielding effect. For the simulation results, the shielding rate is used to 
compare the shielding effect [12]. The count before the shielding material is I0 
and the count after the shielding material is I. The expression for measuring its 
filtering ability is: ( )0 0T I I I= − . 

For three different materials, the shielding effect when the material thickness 
is 0.1 mm to 0.8 mm is simulated. From Table 1, the following conclusions can 
be drawn: 1) the X-ray shielding rate of these three materials varies with the ma-
terial As the thickness increases, 2) the X-ray shielding rate of tungsten and 
tungsten alloy is always higher than that of Pb, 3) for tungsten and tungsten al-
loy, the shielding rate of tungsten is between 0.1 mm and 0.6 mm. Higher than 
the shielding rate of tungsten alloy, at 0.7 mm and 0.8 mm, the shielding rate of 
tungsten alloy is slightly higher than that of tungsten.  

4. Analysis of Simulation Results 

The attenuation of the X-ray intensity is related to the attenuation coefficient of 
the absorbing material. The material with a large attenuation coefficient atte-
nuates X-ray photons more than the material with a low attenuation coefficient 
[13]. In the range of 0 - 100 keV, the mass attenuation coefficient of lead is larger 
than that of tungsten. However, due to the higher density of tungsten, in general,  
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Table 1. The shielding effect of lead, tungsten and tungsten-nickel-iron alloy on tungsten 
X-rays and silver X-rays. 

Thickness/mm 
X-ray shielding rate of W X-ray shielding rate of Ag 

Pb W W-Ni-Fe Pb W W-Ni-Fe 

0.1 0.7561 0.8124 0.7964 0.9568 0.9733 0.9690 

0.2 0.8801 0.9182 0.9073 0.9795 0.9903 0.9877 

0.3 0.9289 0.9621 0.9496 0.9885 0.9955 0.9946 

0.4 0.9492 0.9760 0.9617 0.9927 0.9982 0.9968 

0.5 0.9614 0.9860 0.9798 0.9946 0.9990 0.9983 

0.6 0.9756 0.9940 0.9879 0.9965 0.9994 0.9993 

0.7 0.9919 0.9940 0.9960 0.9967 0.9995 0.9996 

0.8 0.9939 0.9960 0.9980 0.9984 0.9996 0.9996 

 
the minimum density of tungsten nickel-iron alloy can also reach 16.85 g/cm3. 
Therefore, the linear attenuation coefficient of tungsten is the range of 0 - 100 
keV is almost all larger than lead. For tungsten and lead of the same thickness, 
the radiation shielding performance is definitely better than that of lead. For the 
same shielding effect, the shielding thickness is smaller when tungsten is used, 
that is, the shielding volume is the smallest, and the volume is larger when using 
lead. 

Among the tungsten alloys selected in this paper, tungsten accounts for 90%, 
nickel accounts for 7.1%, and iron accounts for 2.9%. Compared with the shiel-
ding effects of tungsten and tungsten nickel-iron alloys, the shielding efficiency 
of tungsten is only slightly higher than that of tungsten alloy. This shows that 
90% of tungsten in the tungsten-nickel-iron alloy plays a leading role in the 
shielding effect, and the shielding effect of tungsten alloy mainly depends on the 
mass percentage of tungsten. 

The energy of X-rays produced by tungsten targets and silver targets is differ-
ent. Tungsten X-rays are counted more frequently from 40 keV to 70 keV, and 
their 1kα  characteristic X-ray energy reaches 59.3 keV, while silver X-ray 
counts are mainly concentrated in from 2 keV to 10 keV, the characteristic X-ray 
energy of 1kα  is only 22.2 keV. For these two different energy X-ray energies, in 
order to achieve the same shielding effect, a thicker shielding material is re-
quired for the X-rays generated by the tungsten target. 

5. Conclusions 

This article uses MCNP5 simulation to compare the X-ray shielding effects of 
lead, tungsten and tungsten-nickel-iron alloys on tungsten and silver. Combined 
with actual applications, the following factors need to be considered when en-
suring the shielding efficiency: 1) When selecting a shielding material, in addi-
tion to the shielding effect of the material, the strength and workability of the 
material must also be considered. Tungsten alloy has both good comprehensive 
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performance and excellent shielding effect, which is a good X-ray shielding ma-
terial. 2) When shielding X-rays, you need to consider the X-ray energy to select 
suitable materials. Higher-energy X-rays require thicker materials to shield. For 
lower-energy X-rays, it is not necessary to choose strong shielding ability, price 
expensive tungsten alloys are used for shielding, and the appropriate thickness of 
lead can also be selected to achieve a shielding rate similar to that of tungsten al-
loys. For example, for the X-ray generated by the silver target in this article, 0.4 
mm lead can also achieve a shielding effect similar to tungsten and tungsten al-
loys. 

In the actual X-ray protection, the radiation protection performance of the 
material, the mechanical performance of the material, the compression perfor-
mance, the environmental protection characteristics and the price of the materi-
al should be comprehensively considered to select the shielding material rea-
sonably. 
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