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Abstract  While the shielding substances of radiation shields in medical institutions are beginning to be 
replaced by environmentally friendly materials, radiation protection according to the shielding 
properties of environmentally friendly substances is becoming an important factor rather than the 
existing lead shielding properties. Tungsten and barium sulfate are representative shielding materials 
similar to lead, and are made in sheets or fiber form with eco-friendly materials. Ytterbium is an 
impermeable material used as a fluorine compound in the dental radiation field. This study aims to 
evaluate the shielding performance in the x-ray shielding area by comparing the shielding properties 
of ytterbium by energy band and that of existing eco-friendly materials. When three types of shielding 
sheets were fabricated and tested under the same process conditions, the shielding performance of the
medical radiation area was about 5 % difference from tungsten. Furthermore, shielding performance was
superior to barium sulfate. In the cross-sectional structure of the shielding sheet, there was a 
disadvantage that the arrangement of particles was not uniform. Ytterbium oxide showed sufficient 
potential as a medical radiation shielding material, and it is thought that it can improve the shielding
performance by controlling the particle arrangement structure and particle size.
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요  약  의료기관의 방사선 차폐체의 차폐물질이 친환경소재로 변화되면서 기존 납의 일반된 차폐특성보다 차폐물질의 
특성에 따른 방사선 방어가 중요한 요소로 대두되고 있다. 납과 유사한 차폐물질로 대표적인 텡스텐과 황산바륨은 친
환경 소재로 시트나, 섬유 형태로 제작되어 사용되고 있다. 이테르븀은 치과 방사선영역에서 불투과성 물질로 불소화합
물로 사용되었으며, 에너지대별 차폐특성과 기존 친환경소재의 차폐특성과 비교하여 x-선 차폐영역에서 차폐성능을 
평가하고자 한다. 동일한 공정과 조건하에 세 종류의 차폐시트를 제작하여 실험하였으며, 의료방사선 영역에서 텅스텐
과 약 5 % 차폐성능 차이가 나타났으며, 황산바륨보다 우수한 차폐성능을 보였다. 차폐시트의 단면 구조에서는 인자의 
배열이 일정하지 못하는 큰 단점을 보였다. 따라서 산화이테르븀은 의료방사선 차폐물질로 충분한 가능성을 보였으며, 
입자배열 구조와 입자크기 조절로 차폐성능을 향상시킬 수 있을 것으로 사료된다.
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1. Introduction 

Most of the radiation shields in medical 
institutions use lead as a material[1]. Since lead 
has a high atomic number, it has a very high 
probability of interaction with the incident 
energy of radiation, making it suitable as a 
radiation absorbing material. In addition, it is 
widely used as a single material and a composite 
material due to its excellent workability and 
economy[2,3]. However, lead poses a risk as a 
radiation shielding material due to human 
poisoning, contamination of the manufacturing 
process, and difficulty in disposal[4,5]. As 
alternative substances, there are tungsten, 
bismuth oxide, barium sulfate, etc. as raw 
materials that can be easily commercialized, and 
recently, such environment-friendly materials 
have been attracting attention[6].

Most of the shields used in medical institutions 
are aprons, gloves, and shielding cloths. Recently, 
many types of clothing such as hats and scarves 
have been commercialized [7]. Most of these 
products are used as shielding tools to ensure the 
activity of medical staff in the radiation 
generating area. The balance between shielding 
performance and user activity is very important, 
and from this point of view, when used for 
shielded garments, it must be light in weight and 
adjustable in thickness.

When making aprons, the shield is mainly 
made in the form of sheets or fibers. However, in 
order to show a shielding rate equivalent to that 
of lead, the fiber must be manufactured with a 
high thickness, and the sheet exhibits a shielding 
rate equivalent to that of lead, but the 
satisfaction with the thickness is still not high[8]. 
This can be mostly a limiting factor due to the 
use of substances such as lead, tungsten, barium 
sulphate and the like. Therefore, research on 
new shielding materials is urgent in order to 
meet the requirements for light weight and thin 
film required by medical institutions. The new 

shielding material requires a single material such 
as the existing material, or a composite material 
that is a mixture of several materials, or a 
composite material with a physical layered 
structure.

The most preferred substance in a single 
material is tungsten. Tungsten has an atomic 
number of 74 and a density of 19.25 g / cm³ and 
is known as an effective alternative to lead. In 
addition, it is most often used as a material for 
a thin film shielding film for the purpose of 
shielding cosmic radiation or medical radiation, 
and is used in the form of a sheet by mixing with 
a polymer material[9]. However, although 
tungsten has excellent shielding performance, it 
lacks economy and workability, so it is difficult 
to manufacture various forms with a single 
material, and it is mainly used as a powdered 
mixed material.

Barium sulfate, which is represented as a 
biocompatible material, is used as a radiation 
absorbing material for materials inserted into the 
human body because it is harmless to the human 
body. In addition, it is mainly used as a material 
for a radiation absorption indicator[10]. However, 
barium sulfate is also difficult to use in a wide 
range because the radiation absorption effect is 
not large per unit area and the absorption effect 
is different for each energy group. Therefore, it 
is mainly used in a specific energy range[11]. As 
such, radiation shielding materials have various 
characteristics, so it is necessary to use a 
shielding body suitable for them.

In this study, the shielding performance of 
ytterbium, which is used as a dental material, is 
compared with barium sulfate and tungsten to 
test the possibility of the shielding material. 
Ytterbium has an atomic number of 70 and a 
density of 6.90 g/cm³, which is similar to 
tungsten, but it is very inexpensive, so it can be 
said to have economic feasibility when fabricated 
as a radiation shield[12]. Therefore, it is intended 
to evaluate the shielding performance of 
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ytterbium and the possibility of shielding 
materials using the radiation energy used in 
medical institutions. In addition, after comparing 
with the tungsten and barium sulfate shielding 
sheets manufactured through the same 
manufacturing process, and examining the 
cross-sectional particle arrangement, the 
compatibility with the polymer material is 
evaluated to present the validity of the medical 
radiation shielding material.

2. Materials and methods 

If radiation reacts with its constituent atoms or 
atomic nuclei while passing through a substance 
or medium, the intensity of the radiation is 
attenuated. The space of the medium is a 
shielding body, and direct or indirect shielding 
effects can be obtained due to the shielding 
material corresponding to the constituent 
material. Therefore, the degree of attenuation for 
the intensity of radiation energy per unit 
distance traveled within the material is expressed 
as a linear absorption coefficient (), and can be 
expressed as Eq 1 [13].

  



 .................................... Eq. 1

In this equation,   is the thickness of the 
shield,  is the radiation dose when there is a 
shield between the detector and the radiation 
generator, and   is the radiation dose without 
the shield. Therefore, the radiation shielding 
effect increases as the structure in which 
radiation photons passing through the shielding 
body can interact like electrons or nuclei of the 
shielding material and the inherent linear 
absorption coefficient of the shielding material 
are higher[14].

In this experiment, a shielding sheet was 
produced using ytterbium oxide, and a shielding 

sheet was fabricated using tungsten and barium 
sulfate through a manufacturing process under 
the same conditions in order to compare the 
shielding characteristics with existing eco-friendly 
radiation shields. High-density polyethylene(HDPE) 
was used as the polymer material mixed for 
stirring with the shielding material in the 
manufacturing process[15]. The HDPE used in 
this study has a molecular weight of more than 4 
million and a density of 0.91 g/cm³ and is highly 
used mainly as a disposable plastic product due 
to its excellent strength.

The shielding material powder particles were 
micro-sized, and dried at 70°C for 12 hours 
before use. Since a solid polymer is used, a 
casting solution was made using 
N-dimethylformamide (DMF, 99.5%) as a solvent. 
DMF was dissolved with HDPE in a stirrer at a 
ratio of about 10 wt%, and the shielding material 
powder was added to the finished casting 
solution, and the shielding material particles 
were dispersed by stirring at 5000 rpm. The 
plasticizer used to remove the porosity inside the 
shielding sheet was Diisononyl phthalate (DINP), 
and 0.85∼0.95wt% was used[16]. To maintain the 
uniform shielding performance of the final 
casting solution, a filter was used to remove 
foreign substances, and then a bubble removal 
operation was performed. The final shielding 
sheet was finished with a calendar process of 
compression molding, and the size of the final 
shield sheet was 100 mm × 100 mm, which is 
the same as that shown in Fig. 1.

Fig. 1. Shielding sheet made using three materials for 
comparison (A: Ytterbium oxide shielding sheet, 
B: Barium sulfate shielding sheet, C: Tungsten 
shielding sheet)
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In this experiment, a radiation shielding 
experiment was prepared as shown in Fig. 2 to 
compare and evaluate the shielding performance 
of the three shielding materials. The three types 
of sheets had the same size and thickness, but 
the weights differed slightly depending on the 
mixing amount of the shielding material. The 
particle size and dispersibility of the shielding 
material were observed using an opti-cal 
microscope (FESEM; field-emission scanning 
electron microscope, Hitachi, S-4800) through 
thin-film intercepts of the shielding sheet. The 
shielding rate was tested 10 times using an X-ray 
generator (Toshiba E7239, 150kV-500mA, 1999, 
Japan), and the average value was used. The dose 
detector used was DosiMax plus 1 (2019.iba 
Dosimetry.Corp.) and used after the inspection 
and calibration.

Fig. 2. Evaluation of Radiation Shielding Performance of 
Shielding Sheets

To evaluate the shielding performance of the 
shielding sheet produced in the experiment, the 
shielding rate was calculated as Eq 2[17].

The X-ray energy generation conditions were 
tested by changing the tube voltage based on a 
tube current of 200 mA and a exposure time of 
0.1 seconds.  is the exposure dose measured 
when there is a shielding sheet between the 
X-ray beam and the detector, and  is 
calculated as the exposure dose measured when 
there is no shielding sheet between the X-ray 
beam and the detector.

X-ray shielding rate(%) 

= 

× .......... Eq. 2

 = Incident dose(mR),
 = Transmitted dose(mR)

3. Results

As a result of fabricating a sheet form through 
the same manufacturing process using shielding 
material powders of ytterbium oxide, tungsten, 
and barium sulfate, the three shielding sheets 
have the composition shown in Table 1. There 
was no difference in appearance and 
composition ratio, but there was a difference in 
the particle packing of the shielding material and 
the weight per unit area. In general, the 
mixability of barium sulfate was excellent, 
followed by the mixability of ytterbium oxide. 
Sheets made of ytterbium oxide had the lowest 
weight per unit area. Through this, it is expected 
that the blendability of the base material HDPE 
and the polymer material will proceed without 
much difference from the base material.

Item
Value

A B C

Sheet structure Single structure

Shielding material Ytterbium 
oxide

Barium 
sulfate Tungsten

Mixing ratio 
(Polymer:Shielding material) 1:3

Sheet weight (kg/m²) 1.3 1.6 1.5

Sheet thickness (㎜) 2±0.185

Shielding material(g) 75.4 80.4 67.1

※ A: Ytterbium oxide shielding sheet, B: Barium sulfate shielding sheet, 
C: Tungsten shielding sheets

Table 1. Fabrication composition of radiation shielding 
sheet

When comparing the cross-sectional images of 
the produced shielding sheet, it appears that the 
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Ytterbium oxide has a wide distance between 
particles (DBP) as shown in Fig. 3(a). Also, As 
shown in Fig. 3 (c), tungsten had the most stable 
cross-sectional structure. The porosity and 
pinholes observed in the cross-sectional 
structure are the most important factors that 
directly affect the shielding performance. When 
compared at the same magnification, it was 
observed that the size of the ytterbium oxide 
particles was large[18]. Unlike other materials, it 
seems that more observations are needed for the 
milling time and process of ytterbium oxide. In 
addition, if mass production is required in the 
future, it is expected that further studies on the 
stirring process will be needed for a stable 
particle arrangement structure.

Fig. 3. Comparison of cross-sectional images of three 
types of shielding sheets

The shielding performance evaluation for the 
three shielding sheets is shown in Fig. 4. The 
shielding performance of the tungsten shielding 
material was the best, and there was a difference 
of about 5% from ytterbium oxide. Barium sulfate 
showed the lowest result. The sheets made of 
ytterbium oxide showed similar shielding 
performance and energy attenuation patterns as 
tungsten sheets.

In particular, barium sulfate was found to have 
some effect of shielding performance at high 
tube voltages, as previously used in high tube 
voltage fluoroscopy.

Fig. 4. Comparison of shielding performance by shielding 
material (A: Ytterbium oxide shielding sheet, B: 
Barium sulfate shielding sheet, C: Tungsten 
shielding sheets)

4. Discussion

Lead, which is widely used as a shielding 
material for medical institutions, is used as a 
shielding body of 0.25 mmPb and 0.50 mmPb 
based on the lead equivalent[19]. Ytterbium 
oxide, which is mainly used as an absorbing 
material in dental radiation, can be used as a 
medical radiation shielding material only if it 
meets this shielding performance. In this study, 
the shielding performance was evaluated whether 
ytterbium oxide could be used as a shielding 
material such as tungsten and barium sulfate, 
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and the experimental results showed sufficient 
potential.

Ytterbium is known as a material that is not 
harmful to the human body as it is mixed with 
fluorine and used as a dental material[20]. 
Therefore, if the stability as an eco-friendly 
material is recognized and has a shielding 
performance similar to that of lead, it can be 
manufactured as a shield for human body 
protection.

Existing ytterbium was mainly used as a 
low-dose radiation shielding material and used 
as a coating material for the main shield[21]. In 
addition, there are cases where it was used as a 
contrast medium in nano form, which can be 
understood as evidence that it played a role as a 
material absorbing radiation from the main 
energy[22].

In this study, the shielding performance in the 
x-ray energy range was compared and analyzed 
with eco-friendly materials for the purpose of 
using it as a medical radiation shield. Ytterbium 
has a radiation absorbing performance similar to 
tungsten, and it can be effective if it is used in 
the form of a mixed or complex material rather 
than used as a single material. Existing studies 
have been conducted on materials with high 
radiation absorption in low-dose areas and 
materials with high absorption capacity in 
high-dose areas, and through this, appropriate 
shielding is possible according to the energy 
pattern, thereby effectively responding to the 
physical defense of medical personnel[23].

Conventional ytterbium is often used in dental 
procedures because of its impermeability to 
radiation, and is mainly provided in the form of 
fluorine compounds[24]. The dental radiation 
area is mainly a low-dose energy area, which can 
present sufficient radiation absorption properties.

In this experiment, there are limitations in the 
manufacturing process conditions of the 
shielding sheet, such as the failure to present the 
shielding performance for each effective energy, 

and the use of additives in the relationship 
between the properties of each material and the 
process technology.

Through this study, the radiation shielding 
effect of ytterbium oxide was proved, and 
although it did not reach the shielding 
performance of tungsten, it suggested more 
effective shielding performance than barium 
sulfate of the same price range. It is expected 
that effective radiation shielding will be possible 
through mixing with other shielding materials in 
the future.

5. Conclusions

Ytterbium oxide showed consistent shielding 
performance in the radiation energy range used 
in the medical field. In addition, the shielding 
performance showed a difference of 5% from 
that of the tungsten shielding material, and was 
superior to that of barium sulfate. Therefore, it 
can be said that ytterbium oxide has sufficient 
potential as a material that can be used for the 
development of shields in medical institutions.
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