
39 
 

Samarra J. Pure Appl. Sci., 2020; 2 (2): 39-47                                                                                                  Aamir A. et al. 

 
Samarra Journal of Pure and Applied Science 

www.sjpas.com 

 
ISSN:2663-7405 

Removal of radioactive cesium from liquid waste by zeolite 

Aamir Abdullah Mohammed1*, Hayder Saleem Hussain1, Salam Khudhair Abdullah2 
1- Department of Physics, College of Science, University of Baghdad, Iraq (amir.aljebori@yahoo.com) 

2- Ministry of Science and Technology, Baghdad, Iraq  

Article Information  Abstract 

Received: 01/02/2020  
Accepted: 05/04/2020 

A radioactive fluid waste polluted with cesium-137 from Al-Tuwaitha 
site -south of Baghdad-Iraq is used in this paper. Commercial zeolite is 
used as a sorbent material in the present work for the removal of 
radioactive cesium-137. The removal efficiency for radioactive liquid 
was 96.43 % with 2 h mixing time, 0.04 g sorbent mass and pH=6.8 and 
at room temperature. The Freundlich and Langmuir isotherm models 
were found to represent the experimental results well and these results 
are more consistent with Freundlich model than Langmuir model. 
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Introduction 

Through the last years, the increase of urbanization, populations, industrialization and 

human activities have been increasing the environmental pollution in the world [1]. 

Numerous human exercises have produced unsuitable degrees of radioactive materials, for 

example, Cs-137 (in number beta-gamma producer) with half-life of around 30 years [2-4]. 

The radioactive materials are release into the earth through the release of nuclear fluid waste, 

nuclear weapon testing and nuclear mishaps, for example, in Fukushima, which defiled soil, 

water and air. [5-7].  

There are a few techniques utilized to treat radioactive wastewater, for example, 

"flocculation, ion exchange, evaporation, and adsorption" [8,9]. Adsorption has obtained 

increasing attention because of its advantages in wastewater treatment [10]. Adsorption can 

bring down the utilization of organic solvents in order to make the activity procedure easier 

and more secure. Tremendously utilized adsorption materials incorporate "zeolite, 

vermiculite, and crystalline silicotitanate" [11-13]. Adsorption is fiercely utilized and 

considered a most dominant technique as indicated by the minimal effort, simple system, 

effective, and plenitude [14]. Zeolites are consider of the most remarkable ion exchange 

means and available naturally [15,16].  

Zeolites are tetrahydrate aluminusilicate system with exceptionally open three-

dimensional structures. Zeolites are chiefly included of [SiO4] -4 and [AlO4] -5 [15], have pores 

of uniform size (3 -13)×10-10 m [17]. Cavities and channels are found inside Zeolite structures; 

they structure about half of the all out volume permit cations, for example, such as (Na+, K+, 
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Ca2+ and Mg2+) and water particles to be held inside zeolites structure. These cations have a 

high level of ability to move and capacity to exchange with different cations. Besides, the inner 

structure of the zeolite allows for uniform arranged pores. These structural properties make it 

a valuable adsorbent for metallic particles and water fume [16,18]. 

Materials and Methods 

Zeolite has been used in this work as a sorbent material to removal cesium-137. The 

microstructure of the materials was studies utilization "scanning electron microscope" 

supplemented with EDX Unit. Many factors affecting removing efficiency such as time, weight 

of zeolite, pH and initial concentration were studied in separated experiments at room 

temperature. A qualitative analysis of radionuclides was done in gamma spectrometry 

analysis using high-purity germanium detector (HPGe) with 65 % relative efficiency and 1.95 

keV energy resolutions at 1.33 MeV of Co-60 isotope.  

The batch method was utilized to study the sorption of 137Cs ions on zeolite sorbent. Five 

samples with different activity concentrations were used to study sorption isotherm. Two 

adsorption isotherm models used frequently are the Langmuir and Freundlich [19]. 

The linear Langmuir Eq. is [20, 21]: 
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where,    is the measure of material adsorbed at balance;   is the concentration at 

balance;     &    are Langmuir constants. 

The Freundlich Eq. is [22]: 
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where; (  ,   ) are Freundlich constants. 

 

The percentage adsorption is calculated as follows [23, 24]: 
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where    is the initial concentration. 

 

Results and discussion 

The figure 1 shows the SEM micrograph of the commercial zeolite sample. The particles 

size seems to be less than 5 μm. Table 1 shows elements analysis of commercial zeolite 

sample based on the EDX spectrum as shown in figure 2, where the Si/Al ratio was 0.985(≈1). 

 



41 
 

 

Fig. 1:  SEM micro image of commercial zeolite samples. 

 

 
Fig. 2:  EDX spectrum of commercial zeolite samples. 

 

Table 1: Elements analysis of zeolite sample based on the EDX spectrum. 

 

Element  Weight (%)  

O 52.03 
Na 14.68 
Al 13.11 
Si 12.91 
C 4.21 

Mg 1.32 
Co 0.70 
Cl 0.36 
F 0.32 

Fe 0.19 
S 0.09 

Ca 0.07 
Total 100 

 



42 
 

Effect of Parameters on Adsorption Process: Factors affecting on the removal efficiency of 

radioactive 137Cs from the fluid waste such as (mixing time, weight of zeolite, pH, and activity 

concentration) is shown below. 

Time: The impact of mixing time on the removal efficiency of the cesium-137 isotope in liquid 

waste has been studied, where five time values were chosen ( 0.5, 1, 2, 2.5 and 3 ) h with a 

constant zeolite weight and pH= 6.8. Figure 3 explains the impact of mixing time on the 

activity, where the activity decrease with increasing mixing time and the balance time was 2 

hours. Figure below also shows that the radioactivity of radioactive cesium in the solution 

decreases dramatically during the first half hour of mixing time with zeolites, due to the fact 

that adsorption occurs at the beginning and the ion exchange occurs between the ions existing 

in the fluid and the adsorbent substance where the ions transported from the solution occupy 

most of the cavities on the surface of the adsorbent material, therefore, with increasing time, 

the decrease in the value of radioactivity is small and almost stabilizes at a time of two hours 

or so-called equilibrium time. 

 

Fig. 3:  Impact of mixing time on the activity. 

Weight: Five values of zeolite weight were chosen (0.005, 0.01, 0.02, 0.03, 0.04) g, with a 

constant mixing time (2 h) and pH=6.8. Figure 4 explains the impact of the weight of the 

zeolite as an adsorbent material on the removal efficiency, as it is clear that the removal 

efficiency was good for the weights (0.01, 0.02, 0.03 and 0.04) g and that the highest removal 

efficiency was at the weight 0.04 g of the adsorbent material. 

 
Fig. 4:  Impact of weight on the removal efficiency. 
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pH: The impact of pH of liquid waste on the removal efficiency has been studied, where five 

values of pH were chosen (2, 4, 6.8, 8, and 10) with weight (0.04 g) and contact time (2 h). 

Figure 5 shows increasing the removal efficiency with increasing pH until pH=6.8, then it 

decreases by increasing the pH. At low pH amount, abundance H+ existing in fluid contends 

with the studied element ions for active locations which causes less element ions removal and 

negative surface hydroxyl groups begins to take place. Subsequently, the surface has a low net 

negative charge (at neutral or near-neutral pH values) because of the increase in positively 

charged surfaces. On the other hand, as the fluid pH increases, the number of negatively 

charged locations increases this favors the sorption of element cations and their hydroxides, 

forming surface metal complexes. The best removal efficiency was at pH=6.8. 

 

 
Fig. 5:  Impact of pH on the removal efficiency. 

 

Activity concentration: The plot of removal efficiency versus initial activity concentration 

with (time 2 h, pH= 6.8 and weight 0.04 g) is explain in figure 6. The removal efficiency 

increases with the increase in the initial concentration and then gradually stabilizes with the 

increase in concentration. 

 
Fig. 6:  Impact of initial activity concentration on the removal efficiency. 

 

Equilibrium isotherms: 

The most widely recognized balance isotherm models utilized in adsorption tests are 

Langmuir and Freundlich adsorption models as shown in figures 7 and 8.  



44 
 

The figure 7 shows the linear relationship of the isotherm Langmuir model, which 

includes the rapport between the balance concentration and the measure of adsorbed 

material at balance. 

 

 

Fig. 7:  Langmuir plot of Ce/qe vs.  Ce for the adsorption of cesium onto zeolite. 

The figure 8 shows the linear relationship of the isotherm Freundlich model, which includes 

the rapport between the balance concentration and the measure of adsorbed material at 

equilibrium (log qe vs. log Ce). 

 

 
Fig. 8:  Freundlich plot for the adsorption of cesium onto zeolite. 

    

The constants of each model and their correlation coefficients are explained in Table ( 2 ). 

The values of linear correlation coefficients (R2) were (0.5175 and 0.853) for Langmuir and 

Freundlich isotherm models respectively. 

 

Table 2: Equilibrium isotherm model constants and correlation coefficients. 

Isotherm 

model 

Isotherm model constant Linear 

correlation 

coefficient 

(R2) 

qm b n Kf 

Langmuir -625 -0.004016   0.5175 

Freundlich   0.393592 0.082703 0.853 
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Conclusion 

According to the results obtained in the adsorption process study of Cs-137 on 

commercial zeolite, we can conclude that:  

1. The zeolite used in this study was found to be an effective and low-cost adsorbent for the 

adsorption of Cs-137 ions from fluids. 

2. The pH of fluid, mixing time, zeolite weight, and initial activity concentration have an 

effect on the removal efficiency. 

3. Optimum conditions were found at pH 6.8, time 2h and weight 0.04 g. 

4. The removal efficiency is directly proportional to the initial concentration. 

5. Freundlich model has better correlation coefficient than Langmuir model. This shows that 

the rapport between the concentration of balance and the measure of adsorbed material 

is weak according to the Langmuir model while it is strong according to the Freundlich 

model. This means that the Freundlich equilibrium isotherm represents the practical 

results well.  
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 إزالة‏السيسيوم‏الوشع‏هن‏النفايات‏السائلة‏بواسطة‏السيولايث‏
‏

‏2سلام‏خضير‏عبدالله،‏‏1حيدر‏سلين‏حسين*،‏1‏عاهر‏عبدالله‏هحود
 (amir.aljebori.yahoo.com) ، انعشاق بغذاد، كهيت انعهٕو ، خبيعت انفيضيبءقسى  -1

 ، انعشاق، بغذادٔصاسة انعهٕو ٔانخكُهٕخيب -2

         انببحث الأل                                                                   اطشٔحت دكخٕساِانبحث يسخم يٍ 

 هعلوهات‏البحث:  الخلاصة:

 137-اسخخذيج في ْزا انبحث انُفبيبث انًشعت انسبئهت انًهٕثت ببنسيضيٕو 
ٔانًٕخٕدة في يٕقع انخٕيثت انزي يقع خُٕة بغذاد. اسخخذو انضيٕلايج انخدبسي 

يبدة يبصة لاصانت انسيضيٕو انًشع حيث كبَج انُسبت انًئٕيت نكفبءة الاصانت َّٕ ك

غشاو نهًبدة انًبصة  0,04، ٔٔصٌ سبعت 2% عُذ صيٍ خهط يقذاسِ  ,9634

ٔفي دسخت حشاسة انغشفت. حى اسخخذاو ًَٕرخي  pH=6.8ٔالاط انٓيذسٔخيُي 
خذ اٌ ًَٕرج فشيُذنش لاَكًبيش ٔفشيُذنخش نذساست ايضٔثيشيبث الايخضاص حيث ٔ

 يًثم انُخبئح بشكم خيذ.
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