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Abstract: This study investigates the gamma photon absorption characteristics of rice husk ash (RHA)–doped concrete as 

a sustainable alternative to conventional cement concrete used for radiation shielding applications. Concrete composites 

containing 0–45 wt.% rice husk ash were fabricated and analyzed. Elemental compositions were determined using energy-

dispersive X-ray fluorescence (EDXRF). Radiation shielding parameters were evaluated over a photon energy range of 

0.1–15 MeV using the Phy-X/PSD software based on the Lambert–Beer law. The mass attenuation coefficient, half-value 

layer, tenth-value layer, and mean free path were determined. Results show that mass attenuation decreases with increasing 

photon energy, while HVL, TVL, and MFP increase. Increasing RHA content enhances attenuation performance. The 

effective atomic number decreases in the low-energy region and increases at higher energies. The results indicate that 

RHA-doped concrete is a promising, eco-friendly radiation shielding material. 
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1 Introduction  

Ionizing radiation constitutes a type of high-energy 

radiation characterized by its capacity to dislodge tightly 

bound electrons from atoms, thus generating ions [1-3]. 

This ionization process can have detrimental consequences 

for living cells and genetic material, posing potential risks 

to human health. Numerous sources of ionizing radiation, 

such as nuclear reactions, X-rays, and radioactive materials, 

can be encountered [4-6]. 

Chronic exposure to ionizing radiation, as seen in medical 

professionals, has been linked to an elevated risk of cancer, 

especially leukemia, thyroid cancer, breast cancer, and lung 

cancer [8-10]. Additionally, sensitive organs like the 

thyroid can be adversely affected by radiation exposure. 

Radiation therapy, a medical application of ionizing 

radiation, is utilized for cancer treatment, involving the 

focused application of high doses to tumor cells. 

Nevertheless, it is imperative to acknowledge that this 

therapy can also impact surrounding healthy tissues [11-

15]. 

Radiation shielding materials are essential for reducing 

exposure to ionizing radiation in medical, industrial, and 

nuclear applications. Conventional shielding materials such 

as lead and ordinary concrete are widely used due to their 

high attenuation efficiency; however, lead presents toxicity 

concerns, while conventional concrete contributes 

significantly to environmental degradation due to cement 

production [16-17]. 

Recent research has increasingly focused on sustainable 

alternatives through the incorporation of agricultural and 

industrial waste materials into cementitious composites [18-

19]. Rice husk ash (RHA), an abundant agricultural by-

product rich in amorphous silica, has been shown to exhibit 

strong pozzolanic properties when used as a partial cement 

replacement [19]. The inclusion of RHA in concrete 

improves waste management and may enhance radiation 

attenuation properties due to its elemental composition. 

Although RHA has been extensively studied for mechanical 

and durability performance in concrete, limited information 

exists regarding its gamma radiation shielding capability 

over a broad photon energy range. Therefore, this study 

aims to evaluate the gamma photon absorption 
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characteristics of RHA-doped concrete using theoretical 

shielding calculations based on experimentally determined 

elemental compositions. Thermal stability and phase 

development are also examined to assess material 

suitability for shielding applications. 

2 Experimental Procedure 

2.1 Collection and Processing of Rice Husk Ash 

Rice husk ash was collected from multiple rice milling 

locations in Keffi town, where rice husk waste is commonly 

generated. The ash was air-dried and sieved through a 2 

mm mesh to remove coarse particles and ensure material 

uniformity, consistent with established processing methods 

for pozzolanic materials [8]. 

2.2 Preparation of RHA-Doped Concrete Samples 

Concrete samples were prepared by partially replacing 

cement with rice husk ash at 0, 5, 10, 15, 20, 25, 30, 35, 40, 

and 45 wt.%. Granite and sand contents were kept constant 

across all mixtures. Mixing was performed using a 

laboratory mechanical mixer, and approximately 25 mL of 

water was added to each mixture to achieve homogeneity. 

The fresh mixtures were cast into cylindrical molds of 2 cm 

diameter and 6 cm height, air-dried to constant mass, and 

subsequently oven-dried at 100 °C for 2 h to eliminate 

residual moisture. 

2.3 Bulk Density Determination 

The bulk density ρ of each composite was calculated as the 

ratio of sample mass to volume: 

  
 

 
      1 

Density values were used as input parameters for radiation 

shielding calculations, as density significantly influences 

photon attenuation behavior [11]. 

2.4 Elemental Composition Analysis 

Elemental compositions of the fabricated samples were 

determined using a Thermo Scientific ARL-QUANT’X 

energy-dispersive X-ray fluorescence (EDXRF) analyzer. 

Approximately 2 g of each sample was analyzed following 

standard XRF procedures, using certified reference 

materials for calibration. Elemental composition is a critical 

input for accurate shielding parameter calculations [9]. 

 

2.7 Radiation Shielding Assessment 

Gamma radiation shielding parameters were calculated 

using the Phy-X/PSD online software, which applies the 

Lambert–Beer law: 

     
        2 

where I is the transmitted photon intensity, I₀ is the incident 

intensity, μ is the linear attenuation coefficient (cm⁻¹), and x 

is the material thickness (cm) [10]. 

The mass attenuation coefficient was calculated as: 

   
 

 
      3 

The half-value layer (HVL), tenth-value layer (TVL), and 

mean free path (MFP) were computed using: 

    
   

 
      4 
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     6 

The effective atomic number Zeff was determined by the 

software based on the weighted elemental composition of 

each sample [3]. 

3 Results and Discussion 

The results of shielding parameters of the rice husk ash-

doped concrete sample R0 - R9. The mass attenuation 

coefficient, linear attenuation coefficient, mean free path, 

half value thickness, and effective atomic number are 

analyzed.  

 

Fig.1:Comparison of the mass attenuation coefficient of the 

rice husk ash-doped concrete sample at various energies. 
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Figure 1 presents the comparison of the mass attenuation 

coefficient of the rice husk ash-doped concrete sample at 

various energies. The mass attenuation coefficient of the 

rice husk ash–doped concrete decreases steadily with 

increasing photon energy for all samples. Higher MAC 

values at low energies (0.1–0.5 MeV) are due to dominant 

photoelectric absorption, with slight improvements 

observed in samples containing higher RHA content. At 

intermediate and high energies, the MAC values converge 

for all samples as Compton scattering becomes dominant, 

making the effect of RHA content negligible. Overall, RHA 

incorporation enhances gamma attenuation mainly at low 

photon energies. Higher MAC values at low photon 

energies are attributed to the dominance of the photoelectric 

effect, which strongly depends on atomic number and 

photon energy [3]. At higher energies, Compton scattering 

dominates, leading to reduced variation among samples 

[20-26]. 

 

Fig.2: Comparison of the linear attenuation coefficient of 

the rice husk ash-doped concrete sample at various 

energies.  

Figure 2 presents the comparison of the linear attenuation 

coefficient of the rice husk ash-doped concrete sample at 

various energies. The linear attenuation coefficient (LAC) 

of the rice husk ash–doped concrete decreases consistently 

with increasing photon energy for all samples, as shown in 

Table 4.3. At low photon energies (0.1–0.3 MeV), higher 

LAC values are observed due to the dominance of the 

photoelectric effect, which strongly depends on material 

density and elemental composition. In this region, samples 

with higher rice husk ash content (notably R4–R7) exhibit 

relatively higher LAC values, indicating improved 

shielding performance compared to the control sample 

(R0). As photon energy increases beyond this range, the 

LAC values gradually decrease, and the differences among 

samples become less pronounced. This convergence at 

intermediate and high energies reflects the dominance of 

Compton scattering, where attenuation is mainly governed 

by electron density rather than compositional variations. 

Overall, the results demonstrate that incorporating rice husk 

ash enhances gamma-ray attenuation, particularly at low 

energies, while at higher energies the attenuation behavior 

is largely independent of RHA content [9]. 

 

Fig.3: Comparison of half value layer of the rice husk ash-

doped concrete at various energies.  

Figure 3 presents the comparison of half value layer of the 

rice husk ash-doped concrete at various energies. The half-

value layer of rice husk ash–doped concrete increases with 

photon energy, indicating reduced photon interaction at 

higher energies. At low energies (0.1–0.3 MeV), higher 

RHA content lowers HVL, showing improved shielding 

due to enhanced photoelectric absorption from increased 

effective atomic number and density. At higher energies, 

HVL rises for all samples, and differences among them 

diminish, as Compton scattering dominates. Overall, RHA 

improves gamma-ray attenuation primarily at low to 

medium energies, while sufficient material thickness is 

essential at higher energies. 

 

Fig.4: Comparison of the mean free path of rice husk ash-

doped concrete at various energies.  
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Figure 4 presents the comparison of the mean free path of 

rice husk ash-doped concrete at various energies. The mean 

free path (MFP) of the rice husk ash–doped concrete 

increases with photon energy for all samples, as shown in 

Table 4.6. At low photon energies (0.1–0.3 MeV), samples 

with higher RHA content (R4–R7) exhibit shorter MFP 

values compared to the control (R0), indicating more 

frequent photon interactions and enhanced shielding 

efficiency. As photon energy increases, MFP values rise 

steadily for all samples, reflecting the reduced probability 

of photon interactions at higher energies. Differences 

between samples become more noticeable at higher 

energies, with samples containing lower RHA content 

showing slightly shorter MFP, suggesting that material 

composition has a moderate effect even at higher energies. 

Overall, the results demonstrate that incorporating rice husk 

ash improves gamma-ray absorption, particularly at low 

energies, while the MFP increases with energy due to the 

dominance of Compton scattering and reduced interaction 

cross sections [11]. 

 

Fig.5: Comparison of the effective atomic number of rice 

husk ash-doped concrete at various energies. 

Figure 5 presents the comparison of the effective atomic 

number of rice husk ash-doped concrete at various energies. 

The effective atomic number (Zeff) of the rice husk ash–

doped concrete, as shown in Table 4.7, exhibits a strong 

dependence on both photon energy and RHA content. At 

low photon energies (0.1–0.3 MeV), Zeff increases with the 

RHA content, with samples R4–R7 showing the highest 

values (up to 15.05), reflecting the influence of heavier 

elements in the rice husk ash. This higher Zeff enhances 

photoelectric absorption, improving gamma-ray shielding at 

low energies. As photon energy increases beyond 0.3 MeV, 

Zeff gradually stabilizes for all samples, indicating that 

Compton scattering dominates photon interactions at 

intermediate energies and the effect of RHA composition 

becomes less pronounced. At higher energies (5–15 MeV), 

samples with greater RHA content maintain slightly higher 

Zeff values, suggesting a modest contribution of heavier 

elements to photon absorption even in the pair production 

energy range. Overall, these results confirm that 

incorporating rice husk ash effectively increases the 

effective atomic number of concrete, enhancing its gamma-

ray shielding efficiency, particularly at low to medium 

photon energies. 

4 Conclusion 

The study demonstrates that rice husk ash–doped concrete 

is a viable and eco-friendly alternative for gamma radiation 

shielding. Incorporating RHA into concrete significantly 

enhances photon attenuation, particularly at low to medium 

energies (0.1–3 MeV), due to increased effective atomic 

number and density, which promote photoelectric 

absorption. Radiation shielding parameters, including mass 

attenuation coefficient, linear attenuation coefficient, half-

value layer, tenth-value layer, and mean free path, indicate 

improved performance with higher RHA content. At higher 

photon energies (>5 MeV), Compton scattering and pair 

production dominate, causing differences among samples to 

diminish, although RHA-doped concretes maintain slightly 

higher shielding efficiency. Overall, the findings confirm 

that RHA not only serves as a sustainable cement 

replacement but also contributes to enhanced gamma-ray 

shielding, making it a promising material for sustainable 

and effective radiation protection applications. 
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