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1. Introduction 

 

Nowadays, a lot of synthetic sorbents have been 
developed with high radionuclide removal efficiency. 
However, they are still difficult to apply into the real 
industrial field as practical use, because they usually 
exist as fine powder. 

Fine powder-sized sorbent is difficult to handle, 
because it can cause micro-dust that can be blown 
and harmful to workers. Furthermore, when we use 
the powder sorbent as backfilling material, an 
enormous amount of sorbent would be required. It 
means that powder-sized sorbents need to be 
pelletized for practical use. However, pelletizing 
process needs additional costs and some sorbents 
even cannot be pelletized. In addition, removal 
efficiency may be deteriorated when the sorbents are 
pelletized. 

In this reason, we modified natural zeolite in 
granular size (2~5 mm), for higher radionuclide 
removal efficiency and practical use. In addition, 
modification mechanism from natural zeolite to NaP 
zeolite as well as radionuclide removal efficiency 
were also investigated in this study.  
 

2. Experimental  
 
2.1 Materials 

 
Natural zeolite was obtained from guryongpo, 

Pohang, Korea. Sodium hydroxide (NaOH) was used 
for hydrothermal modification. Strontium nitrate 
(SrNO3), Cesium nitrate (CsNO3), Nickel nitrate 
hexa-hydrate (Ni(NO3)2 6H2O) were used as 
surrogates for target radionuclides (Sr-90, Cs-137, 
and Ni-63) in batch sorption experiment. 
 

2.2 Hydrothermal Modification Method 

 

NaOH solution (250 mL, 3M) was mixed with 10g 
of natural zeolites, powder size (200~500 um) and 
granular size (2~5 mm) in High density polyethylene 
(HDPE) bottle. Then, the bottle was sealed and put in 
the oven at 96°C with various reaction times. After the 
reaction, modified zeolites were washed with 
deionized water for several times until the pH became 
neutral (~7), and then dried at 50°C for 12 hours.  
 
2.3 Characterization Method 

 
X-ray diffraction (XRD) and Fourier Transformed 

infrared spectroscopy (FT-IR) were used to identify 
the type of zeolite and observe the mineral phase 
changes in zeolites during the modification process. 
Scanning electron microscope (SEM) was used to 
observe the surface morphology of zeolites. 
Brunauer-Emmett-Teller (BET) was used to measure 
the specific surface area and pore volume. 
 

3. Results 
 

3.1 Characterization 

 

 
Fig. 1. Granular natural zeolite (left), NaP zeolite (right). 

 
Granular-sized natural zeolite and NaP zeolite are 

shown in Fig. 1. Natural zeolite mainly consists of 
clinoptilolite and mordenite. After the thermal 
modification natural zeolite turned into NaP zeolite, 
and it formed spherical clusters (Fig. 2). Specific 
surface area of natural zeolite is 31 m2/g, and of NaP 
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zeolite is 92 m2/g, consistent with increased surface 
area after the modification. 

 

 
Fig. 2. Spherical clusters of granular-sized NaP zeolite. 

 
3.2 Sorption Experiment Results 
 

Both powder and granular natural zeolites removed 
Cs very well (> 97%), however, they showed low Sr 
and Ni removal efficiency (< 30%) in Fig. 3. As 

slightly decreased Cs removal efficiency. But, NaP 
zeolite showed that the removal efficiency of Sr and 
Ni has reached almost 100%, irrespective of size. 

 

 
Fig. 3. Removal efficiency of natural and NaP zeolites. 

 

 

3.3 Modification Mechanism 
 
Dissolution and re-assembling processes are 

considered for the main mechanism of 
recrystallization [2], as our natural zeolite also 
underwent recrystallization during the modification 
process as shown in Fig. 4.  

 

4. Conclusion 
 
Granular zeolite was easier to prepare with cost 

less than powder zeolite. Furthermore, removal 
efficiency of granular zeolite and powder zeolite was 
not significantly different. Both granular sized 
natural and NaP zeolites are expected to be used for 
removal of three target radionuclides and practical 
use in the real field conditions. 
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Fig. 4. XRD changes during modification process. 




