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1. Introduction  
 

The high-radioactive seawater waste (HSW) was 
generated the large amounts in a short time by 
feeding the large amounts of seawater as reactor 
cooling water due to the failure of reactor coolant 
system during nuclear severe accident such as Japan's 
Fukushima. Cs, Sr and I are contained in HSW as 
high-radioactive nuclides. Radioactivity of high-
radioactive nuclides contained in HSW was very 
high, but its chemical concentration was very low. 
Removal of high-radioactive nuclides from HSW, 
therefore, is mainly performed by the adsorption with 
various zeolites. Our research team was also carried 
out the Cs adsorption by Chabazite-PCFC (potassium 
cobalt ferrocyanide) impregnated PCFC in chabazite 
zeolite. The removal efficiency of Cs was excellent. 
Zeolite system adsorbed high-radioactive nuclides, 
however, should be insoluble and ultimately 
solidified because the high-radioactive nuclides 
adsorbed into zeolite were slowly leached into water. 
In order to stabilize them, it should be solidified to 
block the route of zeolite cavity and pore by 
calcination at high temperature. This is to prevent the 
leaching of high-radioactive nuclides into the other 
solution systems from a zeolite system. So, it is 
important to understand the change of zeolite 
structure with thermal decomposition. This study, 
therefore, was investigated the formation of a 
recrystallization phase and a fixed phase to solidify 
Cs through the phase transformation analysis by X-
ray diffraction (XRD). 

 
2. Experiment 

 
2.1 Thermal decomposition zeolites 

 
Chabazite zeolite of K type (KAlSi2O63H2O) 

prepared in this study, Chabazite-PCFC zeolite 
impregnated PCFC into Chabazite, Chabazite-Cs and 

Chabazite-PCFC-Cs zeolite adsorbed Cs by 
Chabazite and Chabazite-PCFC zeolite were selected 
as the thermal decomposition zeolites, respectively. 

 
2.2 Experimental procedure  

 
Chabazite prepared in this study was used after 

drying at 90  and cooling at 25 . But Chabazite-
Cs and Chabazite-PCFC-Cs adsorbed Cs were 
prepared by agitating of CsCl solution (1000 ppm, 1 
ppm) for 2 3 hours, and these zeolites were used 
after drying at 90  and cooling at 25 . Each of 
these zeolites was heated up to experimental 
temperature by increase of 8 /min. When the 
experimental temperature was reached, it was 
calcined for 2 hours and XRD was measured after 
cooling at 25  for 12 hours. 
 

3. Result and discussion 
 

  Fig. 1 was XRD patterns of Chabazite-Cs with 
calcined temperature. The structure of Chabazite-Cs 
was maintained up to 900 , and recrystallized to 
pollucite (CsAlSi2O6) at 1,100 . From this, 
Chabazite-Cs seems to have been recrystallized after 
the amorphous phase in 900 1,000  and it can be 
shown that Cs in Chabazite-Cs is converted to stable 
mineral phase (pollucite) by calcination of 1,100 . 
Although volatility of Cs in Chabazite-Cs must be 
confirmed.  
  Fig. 2 was XRD patterns of Chabazite, PCFC, 
Chabazite-PCFC and Chabazite-PCFC-Cs at room 
temperature. Concentration of PCFC impregnated in 
Chabazite was about 11.8wt% and XRD pattern of 
Chabazite-PCFC was shown in form of Chabazite 
added that of PCFC. On the other hand, XRD pattern 
of Chabazite-PCFC-Cs was almost the same that of 
Chabazite-PCFC. This was attributed to the fact that 
XRD peak of Cs was not developed due to the low 
adsorption of Cs into Chabazite- PCFC. 
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Fig. 1. XRD of Chabazite-Cs.      Fig. 2. XRD of each zeolite. 
 
Fig. 3 was XRD patterns of Chabazite-PCFC-Cs 

with concentrations of PCFC impregnated into 
Chabazite-PCFC and calcined temperature. 
Regardless of impregnated PCFC concentration, 
Chabazite-PCFC-Cs structure was maintained up to 
700  and recrystallized as pollucite (CsAlSi2O6) at 
above 900 . From this, it was predicted that 
Chabazite-PCFC-Cs was broken in 700 900  and 
its structure has been converted to amorphous phase. 
Chabazite-PCFC-Cs can be also shown that Cs in 
Chabazite-PCFC is converted to stable mineral phase 
(pollucite) by calcination of 900  unlike the case of 
Chabazite-Cs. 

 

 
Fig. 3. XRD of Chabazite-x wt% PCFC-Cs. 

  
Fig. 4. XRD of Chabazite-PCFC-x ppm Cs. 

 
Fig. 4 was XRD patterns of Chabazite-PCFC -Cs 

with adsorption concentration of Cs (1,000 ppm and 
1 ppm) and calcined temperature. The PCFC 
concentration impregnated in Chabazite-PCFC was 
11.8wt%. When the adsorption concentration of Cs 
was 1,000 ppm, it was shown that Chabazite-PCFC-
Cs structure was maintained up to 700  and 
converted to amorphous in 700 900  and 
recrystallized as pollucite (CsAlSi2O6) above 900 . 
But, when adsorption concentration of Cs was 1 ppm, 

XRD intensity peak of Chabazite-PCFC-Cs was 
reduced with increasing calcined temperature and its 
structure was maintained to 900  and recrystallized 
as leucite (KAlSi2O6) at 1,100  unlike the case of 
1,000 ppm. This is due to the very small adsorption 
amount of Cs. In this case, amorphous seems to be 
converted in 900 1,100 .  
 

4. Conclusion 
 

Both Chabazite-Cs and Chabazite-PCFC-Cs can 
be shown that Cs contained into these zeolites is 
converted to stable mineral phase (pollucite) by 
thermal decomposition at the calcined temperature of 
1,100  and 900 , respectively. However, it is 
necessary to check the volatility of Cs from above 
zeolites during the high temperature calcination 
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