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Cesium-137, Zeolite, were found to represent the experimental results well and these results

Langmuir, Freundlich, are more consistent with Freundlich model than Langmuir model.

Adsorption.

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 [Si04] # and [AlO4] -5 [15], have pores
of uniform size (3 -13)x10-19 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 Mg?+*) 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]:
Ce_ 1

1
2o amb T an Ce (1)

where,q, is the measure of material adsorbed at balance;C, is the concentration at
balance; q,, & b are Langmuir constants.

The Freundlich Eq. is [22]:
1
log(qe) = () log(C.) + log(Ky) @
where; (Kf, n ) are Freundlich constants.

The percentage adsorption is calculated as follows [23, 24]:

Co
Co—C,

Removal Eff.= X 100 % (3)

where C. 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 pm. 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).
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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 (%)

0 52.03
Na 14.68
Al 13.11
Si 1291
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
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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.
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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.
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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.
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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.
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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.
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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.
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Fig. 7: Langmuir plot of Ce/qgeVs. 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 ge vs. log Ce).
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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 (R?) were (0.5175 and 0.853) for Langmuir and

Freundlich isotherm models respectively.

Table 2: Equilibrium isotherm model constants and correlation coefficients.

[sotherm model constant Linear
Isotherm qm b n K¢ correlation
model coefficient
(R?)
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.

The pH of fluid, mixing time, zeolite weight, and initial activity concentration have an
effect on the removal efficiency.

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

The removal efficiency is directly proportional to the initial concentration.

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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