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Abstract. The ability of X-ray energy in the world of health is very useful to diagnose human 

organ, particularly the lung. The human lung is a very complex organ so the examination takes 

certain techniques to minimize the effects of radiation exposure. A lung phantom made from 

resin composition with alumina (Al2O3) and silica (SiO2) was developed to eliminate negative 

effect of radiation. The purpose of this research is to find the closest value of density (D) and 

coefficient of attenuation (μ) from the composition to be used as another alternative lung 

phantom. The lung phantom was made by different thickness of each composition of 

stepwedge. The method used was comparing between the density (D) and attenuation 

coefficient (μ) of the sample and the lungs as a reference. The results were analysed using 

MATLAB 2015a Application with ROI grayscale reading. It was concluded that the 

composition of optimum lung phantom produced which is closed to reference value is 50% 

resin-Al2O3 content with density (D) of 0.16, and 50% Resin - SiO2 composition with density 

(D) of 0.18. 

1.  Introduction 

Human organ is very complex and vital so the operation requires a certain technique [1]. The lung 

organ consists of tissues that are very soft, flat and plated, ie squamosa epithelial tissue that forms the 

pleura. Lung tissue can be categorized as a soft tissue that has a low density and atomic number so it 

needs an effective radiographic technique to produce a good image [2]. 

Factors affecting the intensity value of X-rays that expose an object are the difference of linear 

absorption coefficient and the difference of object thickness [3]. Epithelial and squamous tissues are 

soft tissues having similar linear absorption coefficients, so, theoretically, their radiographic contrast 

value is low. In order to obtain a good image, a soft tissue exposure technique requires the low tube 

voltage values (kV). Therefore, the determination of the soft tissue exposure factor needs to be 

optimized [4]. 

The results of exposure to X-ray radiation is very harmful to the body because X- rays have 

ionization power and great penetrating power. Therefore, phantom is very important to be used for 

learning in X-rays exposure in order to protect human from a direct experiment.   

There are at least two reasons of using phantom. Firstly, the factory manufactured phantom is quite 

expensive. Its production requires a legal permission letter from the medical ethics commission. 
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Another reason is a limited stock of a special sample for unusual disorder tissue needed for a particular 

research. 

In a previous study, found that the phantom of the femur bone made of PVC material is less than 

ideal for displaying bone parts when exposed to X-rays. In addition, the material cannot be used to 

make another organ phantom. Based on these results, it can be said that the phantom made from PVC 

has not been feasible to be an alternative phantom [5]. Then, design phantom made using epoxy resin 

and alumina powder. Phantom designed by Wydra produced a good image of bone phantom during X-

ray testing, but Wydra has not developed [6].  soft tissue substitute phantom in a form of stepwedge 

made from resin [4]. The developed soft tissue phantom was the one of thin thyroid tissue. By using 

this phantom, the digital image produced after X-rays exposure showed a good result with contrast and 

density value which was almost same with that of the real organ. But, this research was almost 

identical to that done by Serli, which was only done by making a difference between the epoxy and 

resin composition and has not used other materials such as silica or alumina to find which materials 

are best to be used as an alternative phantom. 

Based on the above reasons, an alternative lung phantom using materials which have a relatively 

same characteristics with those of the tissue and human lung organ exposed by the X-rays was 

manufactured. In order to test the extent of eligibility of this artificial phantom, the phantom must have 

the same attenuation coefficient (μ) with the human lung organ. In addition to review the coefficient of 

attenuation (μ) of the phantom, relationship coefficient of attenuation (μ) phantom with its constituent 

material was defined in this research. This artificial phantom is expected to be able to replace factory- 

manufactured phantom at a more affordable price. 

The alternative lung phantom made of alumina (Al2O3) and silica, as the filler, epoxy resin and 

polyester resin as the polymer has been made in this research. The phantom has been made with a 

mixed variation of alumina (Al2O3) and silica combined with epoxy resin and polyester resin, which 

was printed at the same thickness. Samples that have been made were irradiated using X-rays. This 

irradiation produced different contrasting radiographs depending on the sample compiler. The resulted 

radiograph was, then, measured by optical density using a densitometer measuring instrument, and the 

calculation was done to obtain the coefficient of attenuation (μ) of lung phantom and analyse the 

coefficient of absorption relationship to the size of the constituent particles. The result of radiograph 

will then be measured by the radiographic density using MATLAB software, and then the calculation 

will be performed to obtain the attenuation coefficient (µ) lung phantom and analysis of the 

relationship between the absorption coefficient and the size of the constituent particles.   
  

2.  Methods  

Equipments used in this research included: X-ray, turren milling machine, magnetic stirrer, and scales. 

The materials used were epoxy resin and hardener, Al2O3, and SiO2. 

 

Table 1. Fraction of Resin-Al2O3 and Resin-SiO2 

Name of 

Stepwedge 

Epoxy 
Al2O3/ SiO2 (g) Fraction (%) 

Resin (g) Hardener (g) 

1 24.04 24.17 4.82 10% 

2 22.07 22.05 8.82 20% 

3 22.09 22.00 13.2 30% 

4 22.19 22.01 17.6 40% 

5 22.03 22.02 22.0 50% 
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The concentration between the polymer and the material for making the stepwedge is shown in 

Table 1, namely the difference in concentration between the resin and the Al2O3 - SiO2 material. The 

difference in concentration between stepwege one to the other must be different from certain multiples 

so that the results of the research are linear lines [4]. In this study the data collection method carried 

out by the author is primary data. The author uses the primary data method by making samples made 

from Al2O3 Resin and SiO2 Resin which are then formed with a Turren Milling tool to form a 

stepwedge. Preparation of Measuring Equipment includes X-ray aircraft, detectors, laptops, research 

measuring sheets and stationery. 

 

 

Figure 1.  Stepwedge of Resin- Al2O3 and Resin- SiO2 

 

The mold is in the form of a beam and is formed in the form of a stepwedge which has been made 

from Al2O3 Resin and SiO2 Resin as shown in Figure 1.  

Samples are exposed by X-ray machine based on Digital Radiography (RADIG), and the results are 

in the form of digital images that are immediately visible on a computer [3]. If using conventional or 

digital X-ray machine such as CR and DR, the contrast resolution produced is not as good as when 

using RADIG X-ray aircraft, because in RADIG the image processing is gradual so that contrast 

resolution is better [3]. Sample exposed was carried out using the FFD parameter (focus source) as far 

as 100 cm, voltage 45 kV & 55 kV, current 16 mA, and exposure time 0.2 s. After exposed, the results 

of the sample digital images were cropped and measured radiograph density values using the 

MATLAB 2013a application with readings of ROI value processing (Region of Interest) and grayscale 

values of X-ray intensity on each sample image. 

 

 

Figure 2. Radiograph density measurement point 

 

Each sample image has three times reading the values at different points of each foreground shown 

as in Figure 2, this is intended to determine whether the sample that has been made homogeneous in 
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the density of the material. In addition to reading the radiograph density in the sample image, readings 

were also carried out at four points around the sample image. This reading is intended to read the 

radiographic density values in the background.  

After obtained the density of radiograph, determining the attenuation coefficient value of each 

sample. the data is calculated according to the formula and in the form of tables to determine the level 

of accuracy. 

3.  Results and Discussion  

The result of sample images was analysed by defining their intensity (I) using the Matlab based 

software. The X-ray intensity value can be found by changing the formula implementing GL (gray 

level) [4] 

𝐺𝐿𝑥 = 𝐺𝐿0𝑒−µ𝑥 

 

In order to obtain relationship between the transmittance and the thickness, the above equation can 

be changed as 

ln
𝐺𝐿0

𝐺𝐿𝑥
= µ𝑥 

𝐺𝐿0= gray level value in background, 𝐺𝐿𝑥= gray level value on object, µ= coefficient of linear 

attenuation (𝑚𝑚−1), 𝑥 = material thickness (mm). 

 

   

(a) (b) 

 

Figure 3. Digital image of Resin-Al2O3 (a) and Resin-SiO2 (b) stepwedge at 45 kV 

 

In addition to samples exposure using a 45-kV voltage, the samples were also exposed using 55 kV 

voltage with the same current, time and FFD values. Figure 3 shown the radiograph image of the 

Silica-resin-compiled sample appears to be more contrasted than the radiograph image of the 

Alumina-resinous sample. Image contrast is a display of the ability of materials to absorb X-rays [7]. 

The ability of materials to absorb X-rays is based on their atomic number [8]. And X-ray absorption 

by a material also depends on the arrangement of the objects it passes, while the arrangement of 

objects depends on the atomic number, the smaller the atomic number, the smaller the absorption of 

X-rays [9]. Then Alumina which consists of an arrangement of elements Al2 and O3 and has an atomic 

number 13 has a smaller absorption power compared to Silica (SiO2) which has an atomic number of 

14 in the same thickness state. Therefore, the composition of the sample consisting of Silica-resin has 

a clearer image contrast compared to the Alumina-resinous sample. 
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(a)                                                          (b) 

 

Figure 4. Digital image of Resin-Al2O3 (a) and Resin-SiO2 (b) stepwedge at 55 kV 

 

After being exposed to a tube voltage of 55 kV the sample image looks darker in the background as 

shown in Figure 4. The two images show a contrast difference using a different kV tube voltage. The 

above picture shows the contrast differences by using different kV tube voltages.   

The contrast difference is caused by the tube voltage (kV) which affects the X-ray penetration [10]. 

This tube voltage was used to change the voltage used to accelerate the electrons in the tube [11]. The 

voltage of the tube (kV) is the control of the energy that produces X-rays. The voltage value of the 

tube (kV) determines the wavelength of the X-rays absorbed by a material. 

𝜆 =
ℎ 𝑐

𝑒𝑉
 

at the minimum wavelength, the equation changed be 

𝜆~
1

𝑉
  

The shorter of X-ray wavelength (produced by higher kV), the higher energy of the X-rays. This 

leads the X-rays to be easy to penetrate the material [12]. 

The radiograph density is the result of variations in tube voltage differences. The density of the 

radiograph or optical density is the degree of blackish film density. A radiograph is said to be good 

when the contrast between the parts that make up the image can be clearly distinguished. The contrast 

of this radiograph is determined by the density of the film. If the contrast of radiographic results is 

better then the difference in density is greater [7]. 

Photographic density can be determined using equations [10] 

𝐷0 = 𝐿𝑜𝑔 (
𝐼0

𝐼𝑥
) 

𝐷0 = density, 𝐼0 = rays intensity to the film, 𝐼𝑥 = rays intensity to the object. The value of human lung 

density ranges from 0.25 to 2.5 [8]. Lungs organs including part of the thorax, the lung air GL value is 

smaller than 0,25. The calculation of the reference lung density (D), which is the lung of a hospital 

patient 

       

Table 2. Lung density at 45 kV 

Name I0 �̅�0 I1 �̅�1 D 

Lung 

65.71 

62.96 

37.04 

39.15 0.20 

63.58 40.20 

60.96 40.92 

61.44 39.54 

63.11 38.06 
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The data in Table 2 is the average density taken from 5 different intensity points. I0 is the initial 

intensity of X-rays that do not hit the object (background), while I1 is the intensity of the X-ray that 

hits the object (foreground). The lung is exposed to X-rays using 45 kV. 

 
Figure 5. Relationship between density and thickness of stepwedge at 45 kV 

 

Figure 5 shows the density value of Resin-Al2O3 and SiO2.  It can be seen that the closest  density 

value (D) is a resin with 50% Al2O3 and SiO2 content of 50% yielding density values of 0.16 and 0.18. 

This study found that the more Al2O3 and SiO2 content,  the value is closer to that of the lung density 

(D). The result of the difference in tube voltage not only affects optical density, but also the coefficient 

of attenuation. Contrast results from the difference in X-ray attenuation through an object [9].  

The attenuation coefficient value (µ) of an object can be written in an equation that between 𝐼𝑥 and 

𝐼0 [13] 

 

𝐼𝑥 =  𝐼0𝑒−𝜇𝑥 

The above formula was changed to  

𝜇 =
1

𝑥
(𝐿𝑛 

𝐼𝑥

𝐼0
) 

 

 

     Table 3. Coefficient attenuate of Lung at 45 kV 

Name I0 �̅�0 I1 �̅�1 
µ 

mm-1 

Lung 

65.71 

62.96 

37.04 

39.15 0.074 

63.58 40.20 

60.96 40.92 

61.44 39.54 

63.11 38.06 

 

The coefficient of attenuation (𝜇) can also be defined as the ability of material to absorb an 

incoming radiation. If there is radiation coming on an object, then the value of intensity of the 
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radiation coming into the material and the intensity of radial out of the material will be different. This 

due to the attenuating nature of the material [14]. 

The data in Table 3 is the average density taken from 5 different intensity points. I0 is the initial 

intensity of X-rays that do not hit the object (background), while I1 is the intensity of the X-ray that 

hits the object (foreground). The lungs are exposed using 45 kV. Comparing the sample coefficient 

data with the coefficient of lung attenuation data as reference. 

 

 

  
    (a)                                                                     (b) 

 
Figure 6. Coefficient attenuation graphic of 18 mm thickness at 45kV (a), and 55kV (b) 

 

In Figure 6 shows  graphs that increasing the attenuation coefficient value in the second material, 

both when exposed using a voltage of 45 kV or with a voltage of 55 kV. At 45 kV the attenuation 

coefficient value of the two materials is slightly different from the 55 kV graph which evaluates the 

graph of the attenuation coefficient value of the two materials whose values are almost entirely the 

same. In graph (a) the attenuation coefficient value of materials Al2O3 and SiO2 is very different from 

graph (b) related to disturbances consisting of noise / noise in the image and unstable electricity 

voltage (up and down) when the sample material expands, but also displays the same graph namely 

coefficient value of material attenuation. 

Based on the following graph shows that the greater the fraction of the mixture of materials, the 

greater the attenuation coefficient value of the material, the ability of X-rays to penetrate a material 

that increases the attenuation (thinning) to increase the value of the voltage kV tube [15].  

The greater the voltage used, the stronger the ability of X-rays to penetrate the material needed for 

weakening material in adding X-rays. According to Suyatno and Bakhtiar (2011), the magnitude of the 

influence by materials depends on the following: (1) X-ray wavelengths, (2) arrangement of objects, 

(3) material density. 

The greater the number of atoms of material, the greater the acquisition. The more atomic numbers 

increase, the better it emits x-rays that hit it [16]. In this study, it can be seen that samples of SiO2 

resin resins have a greater absorption value because they have an atomic number of 14 compared to a 

mixed resin sample with Al2O3 which has an atomic number of 13. 

This study obtained more and more content of Al2O3 and SiO2, then obtained attenuation 

coefficient value (μ) lung. The coefficient attenuate (µ) composition of Resin-Al2O3 (red dot) and the 

composition of Resin-SiO2 (blue dot), in Figure 6 shows that the value close to the reference is a resin 

containing 50% Al2O3 and 50% SiO2 which produces a coefficient value attenuation of 0.06 mm-1 and 

0.07 mm-1. This study found that the more content of Al2O3 and SiO2 approached the attenuation 

coefficient (µ) lung value. 

The amount of X-rays absorbed by the material depends on the following: (1) X-ray wavelengths, 

(2) arrangement of objects, (3) thickness and (4) material density [17].   
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4.  Conclusion 

Based on the analysis done in this research, it can be concluded that of density value (D) phantom 

which made as alternative phantom made of Resin - Al2O3 is 0,16 with coefficient attenuation value 

(μ) 0,06 mm-1. Density (D) of Resin-SiO2 is 0.18 with attenuation coefficient value (μ) 0.07 mm-1. 

The composition of the optimum phosphorus lung manufacture and its value close to the reference is 

50% Resin- Al2O3 and 50% Resin - SiO2. 
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