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Abstract:-This work was devotedto examining the effects of fly ash geopolymer mixed with 15% Barium 

Sulphate on radiation attenuation using Gafchramic XR-QA2 film. The fly ash geopolymer with 15% Barium 

Sulphate made high attenuation at energy of 120 KVp. In this study, the maximum radiation attenuation value of 

99.43% was obtained by the design shielding box. The X-ray machine was used as a source for X-rays. While 

the Gafchramic XR-QA2 film dose was measured by the optical density equation, the ion chamber is used for 

dose measurement.   
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I. INTRODUCTION 

 Fly ash is a low-cost material that is available for researchers and can be used to construct the shielding 

instead of some high cost materials such as Lead and concrete. On the other hand, using cement Portland in X-

ray room wall can result in carbon dioxide emissions, accounting for 5% of global carbon dioxide production or 

approximately 1.5 tons per year [1]. In addition to this problem related to the use of cement Portland in X-ray 

room wall, several drawbacks have been reported to be connected to the use of concrete. Such drawbacks can 

considerable variability in its composition and water content. One possible alternative to be used in X-ray room 

walls is the use of alkali activated binders using fly ash. An added benefit is to convert a waste product into a 

useful product radiation protection shields. Since a larger quantity of shielding material is required for purposes 

of radiation shielding, examining the propagation of radiation flux in shielding materials is an essential 

requirement for better shield design [2].Geopolymers have also been shown to have a good bond strength to 

OPC concrete. Taking this into account, they can be considered to be a good repair material with superior 

abrasion resistance [3]. Furthermore, Geopolymers have many excellent properties such as resistance, low 

shrinkage, and high compressive strength [4]. Geopolymers were fabricated from fly ash which is a solid residue 

arising from coal burning thermal power stations. Thus, it is very beneficial in terms of environmental impacts 

[4].  Fly ash geopolymers have been prepared as geopolymer mortars [5].Fly ash based geopolymer mortars are 

less susceptible to alkali-aggregate reaction because the lower calcium content in these systems results in a 

reaction product that is not expensive [6, 7]Geopolymer is alkali-activated binder produced by a polymerization 

reaction of alkaline liquids with the silicon and the aluminum oxides in source materials of geological origin like 

product materials such as fly ash [8]. It is also well-known that geopolymers possess excellent mechanical 

properties and fire resistance [9]. Geopolymers, in general, present a low thermal conductivity at high 

temperatures [10-13]  and they do no emitted toxic fume when it is heated [14]. The fly ash geopolymer has 

good properties that allow it to be used as the shield, adding other materials such as barium sulphate to fly ash 

geopolymer to increase density and to improve the attenuation characteristics.  Barium Sulphate BaSO4 is the 

material used in this work to test its ability in radiation absorption in order to make radiation protection by 

mixing Barium Sulphate with fly ash geopolymer mortar. It is primarily used as a whitening agent and as an 

insoluble support in industrial applications [15]. The novelty in this work is related to the use of fly ash 

geopolymer as shielding material with 15% Barium Sulphate as a design shielding box.The measurement of the 

dose by calculating the mass attenuation coefficient using Gafchromic XR-QA2 film and ion chamber. 

 

II. MATERIALS 

 The materials were utilized in this study including X-ray machine as a source of radiation exposure, 

dosimeter consist of calibrated ion chamber and electrometer, fly ash geopolymer with 15% Barium Sulphate  

shielding box,Gafchromic XR-QA2film  as it shown in Figure 1. 
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Figure 1: The Materials utilized in this study; (a) Ion chamber and electrometer, (b) X-ray tube, (c) Fly ash with 

15 % of barium Sulphate shielding box (d) GafchromicXR-QA2 film dosimetry 

 

III. METHOD 
In the fabrication of fly ash geopolymer shielding box is consist of 2 boxes internal and external. The 

internal box with dimensions of (20X20X20)cm
3
 and the external box with (30x30x30)cm

3
 shown in 

Figure 2(a). The internal box was placed inside the external box. The distance between them is 5cm in 

each side. 

 

 
 

 

Figure 2: Experiment set up 

 

 This distance was filled with the fly ash geopolymer with 15% Barium Sulphate material. The boxes 

filled with fly ash geopolymer +15% Barium Sulphate material were kept for three days to dry. The boxes were 

detached from the fly ash material and kept in the oven at 60
o
C for 24 hours. After this, they were ready for 

investigation, as shown in Figure 2 (b). This experiment was performed to determine the safety level of 

radiation, then the fly ash shielding box is used as a radiation protection. 

 

IV. RESULTS AND DISCUSSION 
 The effect of attenuating radiation on film exposure and film optical density was investigated. The 

Gafchromic XR_QA2 film was exposed to radiation with and without a fly ash geopolymer shield. The results 

show a direct relation between film optical density and film exposure to radiation. The fly ash geopolymer with 

15% BaSO4 significantly reduced radiation exposure when used as a shield between X-ray source and film, as 

shown in Figure 3. Nonetheless, the X-ray attenuation ability of fly ash shield decreases with increasing X-ray 

tube voltage due to the fact that increasing the photons energy of X-ray simultaneously increases its ability to 

penetrate protection shields. 
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Figure 3: Film exposure and optical density 

  

 The exposed dose on film was measured using the ion chamber dosimeter at different X-ray 

energies, with and without a shield. This evaluation was conducted in order to assess the effect of 

Barium Sulphate on the X-ray attenuating ability of fly ash shield. The exposed dose on film, with and 

without fly ash geopolymer with + 15% BaSO4 shield was evaluated as a function of X-ray tube voltage 

(Figure 4). The results show that optimum attenuation by the fly ash shield was achieved at low X-ray 

energy because radiation penetration through fly ash shield increases with increasing X-ray photon 

energy.  

 

 
 

Figure 4: Film exposure at different x-ray tube voltage 

  

To determine the ability of fly ash shields to reduce the penetration of transmitting radiation, the percentages of 

attenuating radiation at different X-ray energies were calculated, as shown in Figure 5. Maximum radiation 

attenuation value of 99.43% was obtained at low X-ray energy of 80 kVp, while a lower attenuating percentage 

of approximately 96.58% was recorded at relatively higher X-ray energy (120 kVp).  
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Figure 5:  X-ray attenuation by fly ash based shield at different kVp 

 

The attenuation ability of fly ash was found to decrease with increasing incident X-ray photon energy. 

Nonetheless,at high X-ray energy(120 kVp); more than 96.5 % of incident radiation was attenuated. Thus ,the 

relation between optical density and film exposure was investigated (Figure 6) presents a plot of film optical 

density against film exposure dose. The graph shows there is a direct relation between film exposure and optical 

density, i.e. increasing incident photons on film causes more darkness and increases optical density. 

 

 
Figure 6:  Relation between film exposure and optical density of film 

 

The results illustrate that increasing film exposure gradually increases optical density until it reaches 

saturation value  while,  increasing incident exposure causes a relatively lower rise in optical density. 

 

V. CONCLUSION: 
The design of fabrication used in this study is the shielding box. This design is the major contribution 

of this study. It has been designed as a box for the prevention of radiation based on the best results from the fly 

ash geopolymer thickness. The design shielding box performance was evaluated by X-ray experiment and by 

using various energies such as high X-ray energy (120 kVp). In this study, the attenuation percentage recorded 

high percentage more than 96.5 % of incident radiation. Additionally, we found that the fly ash geopolymer can 

have the possibilityofreplacing the cement shielding. In addition, to the ratio of 15% of BaSO4 added to the fly 

ash geopolymer achieved improvement in the radiation protection by fly ash geopolymer. 
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