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Abstract: We have proposed the reprocessing system with nuclide separation processes based 

on the chromatographic technique in the hydrochloric acid solution system. Our proposing 

system consists of the dissolution process, the reprocessing process, the MA separation process, 

and nuclide separation processes. In our proposing processes, the pyridine resin is used as a 

main separation media. We expect that our proposeding will contribute to tha volume reduction 

of high level radioactive waste by combining the transmutation techniques, usage of vluavle 

elements, and so on. 
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I. INTRODUCTION 
 

The high level radioactive waste (HLRW) generated after the nuclear fuel burning in 

reactors is one of the serious problems for the sustainable usage of nuclear energy. One of 

solutions of this problem is the partitioning and transmutation of minor acitinides (MA) and 

fission products (FP) [1,2]. Another potent suggestion is usage of valiable elements in spent 

nuclear fuel [3]. Many kinds of elements are exit in the spent nuclear fuel. Uranium and 

plutonium are used as fuels. MA and long-lived FP are transmuted in fast reactors or ADS. 

Lanthanides, platinum group elements (PGM), etc., will be the valuable resources. In addition, 
99

Tc, which is one of long-lived fission products, is transmuted into the valuable element of 

ruthenium, 
100

Ru, by the neutron capter in nuclear reacotrs. In any cases, the separation methods 

are important keys. The elements in spent fuel became the high level waste, if they are not 

extracted from the spent nuclear fuel. However, if we extract these elements from the spent fuel, 

these elements will change from waste and the volume of HLRW will be reduced. Thus, we have 

proposed the new reprocessing system with separation processes of recovering such elements. 

This our proposing system consists of nuclear the nuclear fuel recovery, MA separation, and 

nuclide separation of fission products. Main process of our proposing reprocessing is based on the 

chromatographic techniques using pyridine resin in the hydrochloric acid solution system. In the 

present paper, the new reprocessing process in the hydrochloric acid solution system is 

introduced. 
 

 

II. REPROCESSING PROCESS 
 

1. Pyridine resin 
 

The tertiary pyridine resin is used in the proposed separation and reprocessing system. The 

chemical structure of tertiary pyridine resin is shown in Fig. 1. This resin has been confirmed to 

have the high radiation resistance in comparison to the amine type resin, because the nitrogen is 

located in six-membered ring. The pyridine resin especially has high radiation resistance in 

hydrochloric acid solution, i.e., the decomposition barely observed by 3MGy -ray irradiation.   
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The tertiary pyridine has two functions; 

one is a function of the weakly basic anion 

exchanger, and other is a function of the soft 

donor ligand. We investigated the adsorption 

behavior of many elements on tertiary pyridine 

resin in hydrochloric acid solution [4-6]. The 

distribution coefficients in hydrochloric acid 

solution summarized in periodic table are 

shown in Fig. 2. We confirmed the adsorption 

of uranium and plutonium on pyridine resin. It 

was also confirmed that PGM and technetium 

are strongly adsorbed on resin in lower 

concentration of hydrochloric acid system. 

These distribution coefficients are high in comparison with general anion exchange resin such as 

quaternary ammonium resin.  

 

 

 

 

 
Fig. 2 Distribution coefficients on pyridine resin in hydrochloric acid solution. 

 
 

2. Outline of our proposing reprocessing process with nuclide separaion 
 

Considering the above pyridine resin characteristics, we have proposed the reprocessing 

process with nuclide separation system based on chromatography using pyridine resin. The 

schematic diagram of our proposing process is shown in Fig. 3. This process is divided into two 

parts; one is the dissociation part, another is the separation part. Futher more the separation part 

consists of three subprocesses; Step I: Removal process of strontium and cesium, Step II: 

Prefiltration process for removal and recovery of PGM and technetium etc, Step III: Main process 

for recovery of uranium and plutonium, and for separation of trivalent minor actinides (MA(III)) 

from other FPs including lanthanides (Ln) and so on. In addition, we can add some additional 

steps; the separation process of americium and curium [7], the mutual separation among Ln [8], 

and other elements, If necessary. 
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Fig.1 Chemical structure of pyridine resin. 



We adopted the hydrochloric 

acid system for the separation 

process for the achievement of the 

sensitive separation. However, one 

problem was raised; the 

dissociation of UO2 to the 

hydrochloric acid solution is 

difficult, since the hydrochloric 

acid has a reductive atmosphere. 

Thus, we studied a dissociation 

method of UO2 to the hydrochloric 

acid solution [9]. We have proposed 

the chemical conversion from UO2 

to U3O8. Our proposing chemical 

conversion is used the oxidation 

plasma; “plasma voloxidation 

process”. The reason of using 

plasma voloxidation process is that 

the plasma oxidation is available at 

the lower temperature than the 

heating in the presence of oxygen.  

UO2 pellets in vessel of inner 

diameter 64 mm, of length 210 mm 

was irradiated of the RF oxygen 

plasma, of frequency 13.5 MHz, of RF power 200 W. The oxygen flow rate was 140 sccm. We 

observed that UO2 pellets completely became the U3O8 powder by 8 hours.  

1.00 g of U3O8 powder was fed into 300 mL of 8 M hydrochloric acid solution in a beaker. 

The dissolution behaviors of U3O8 powder in 8 M hydrochloric acid solution is shown in Fig. 4. It 

is confirmed that the dissolution rate increases with the temperature. We can see that the almost 

all of U3O8 powder is dissolved by about 1 hour at the temperature of 80ºC. However, this result 

is not inferior to the dissolution process in PUREX at all. For the promotion of the dissolution, 

the addition effect of hydrogen peroxide into hydrochloric acid solution was also investigated. 

This investigation was carried out using 2 M hydrochloric acid solution at the temperature of 

40ºC. The addition effect of hydrogen peroxide is shown in Fig. 5. It is confirmed that the 

dissolution rate became higher with increase in the normality of oxygen peroxide. The 

dissociation rate in the 1.5 N of oxygen peroxide is nearly equal to 0.75 N. The addition of 

oxygen peroxide of about 1 N would be sufficient for producing the oxidant atmosphere of U3O8 

dissolution in the hydrochloric acid solution. 

 
Fig. 3  Schematic diagram of new reprocessing process 

with nuclde separation. 



       
 

 

 

Next, we introduce the separation part. The strontium and cesium removal system, Step I, is 

plan to use the inorganic ion exchanger as separation medium. The adsorption phenomena of 

strontium and cesium in the high level waste solution desorbed in the hydrochloric acid solution 

must been confirmed in the near future. Steps II and III are separation process using pyridine 

resin. Steps II and III were demonstrated by using the irradiated fuel solution [10]  and the 

simulant spent fuel solution used of stable elements with uranium. Rhenium was used as 

substitute for technetium in the simulant spent fuel solution. In Step II, all actinides, lanthanides, 

alkali metal elements, alkaline earth elements, and zirconium were observed in eluate, while 

PGM and rhenium (substitute for technetium) were not observed. This fact shows that PGM and 

technetium can be recovered and removed from spent fuel by pyridine resin filter. The removal of 

the PGM from pyridine resin and separation from technetium was also confirmed by using 

thiourea and the removal of technetium from resin by using highly concentrated hydrochloric acid 

solution, 6-9 M, was already established [5]. Silver, cadmium, tin and antimony are also 

confirmed to be strongly adsorbed on pyridine resin. Molybdenum, tellurium, and selenium were 

accordingly adsorbed. However, adsorption of selenium is stronger than tellurium and 

molybdenum, thus, the selenium is separated from these elements [3]. And also, selenium can be 

separated from the strongly adsorbed elements such as PGM and the non-adsorbed elements 

which are fed into Step III. Fractions of molybdenum and tellurium are expected to interfuse in 

the feed of Step III. In Step III, we confirmed the recovery of uranium and plutonium, and the 

separation of MA(III) from lanthanides [9, 10]. And also, neptunium can be recoverd with uraium 

and plutonium in groups according to Ref. [6]. If zirconium, molybdenum, and tellurium are 

mixed in the feed, these elements are confirmed to be distributed in the fraction of uranium and 

plutonium.  
 

III. CONCLUSION 
 

The reprocessing system with nuclide separation in hydrochloric acid solution system is 

proposed. This reprocessing method is based on chromatographic techniques. We have also 

proposed the dissolution method of UO2 pellets in the hydrochloric acid solution for our 

reprocessing system. It was confirmed that the dissolution in the hydrochloric acid solution is 

easily achieved by the plasma voloxidation and the addition of oxygen peroxide into hydrochloric 

acid solution. We intrduced that the uranium, neptunium, and plutonium can be recovered in 

groups, MA can be separated from other FP including Ln, and PGM & Tc can be also recoverd. 
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Fig. 4 Dissolution behaviors of U3O8 powder 

in 8 M hydrochloric acid solution. 

Fig. 5 Promotion of dissolution of U3O8 

powder by adding the hydrogen peroxide. 
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