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1. Introduction 

 

Due to the aging of domestic nuclear power plants, 

the importance of decontamination technology for 

decommissioning power plants is increasing. 

However, current decontamination technologies have 

the problem of generating a large amount of 

secondary waste. From this point of view, 

supercritical CO2 (scCO2) seems to be an alternative 

solvent to solve this problem. In this study, extraction 

experiments of radioactive metals were carried out 

using supercritical decontamination technology with 

ultrasonic horn. 

 

2. Material and Methods 

 

2.1 Preparation of Metal Specimen 

 

In this study, the SUS bolts were used as specimen. 

The process of preparation is illustrated in Fig. 1 that 

used Co-60 ( 3 Bq/ml) standard solution from 

KAERI. 

 

 
 

Fig. 1. Procedure of specimen preparation. 

2.2 Selection of Surfactant 

 

 
Fig. 2. Solubility of NP-series in scCO2. 

 

 NP-series has solubility in scCO2. For this study, 

surfactant selected as NP-4 that used by our Lab in 

the past study [1]. 

 

2.3 Procedure of Decontamination Experiment 

 

 
Fig. 3. Experiment of metal surface decontamination using 

ultrasonic horn (1) CO2Tank (2) Syringe Pump (3) High 
pressure vessel equipped with ultrasonic horn (4) 

Ultrasonic Horn (5) Ultrasonic Wave Generator (6) 
Temperature Controller (7) Bubbler. 

 

The extraction experiment consisted of 10 cycles 

for 1 hour, each cycle consisted of generating 

ultrasonic for 5 minutes and then stabilizing for 1 
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minute under 200 bar, 40 . In this way, experiments 

were performed depending on four entrainers. (LiOH, 

H2O, Nitric Acid and Oxalic Acid).  

The decontamination efficiency was obtained by 

comparing the peak (1.17 MeV and 1.33 MeV) 

counts before and after the experiment of cobalt 

through HPGe (ORTEC, OR, Tennessee, USA). 

 

3. Results and Discussion 

 

3.1 Extraction Efficiency Depending on pH of 

Entrainers 

 

Table 1. Variation of extraction efficiency with changing 
condition 

Nuclide 
Energy 
(MeV) 

Entrainer pH Efficiency (%) 

Co-60 

1.17 

LiOH 11 53 
H2O 7 55 

Nitric Acid 1 95 
Oxalic Acid 1.2 97 

1.33 

LiOH 11 52 
H2O 7 54 

Nitric Acid 1 95 
Oxalic Acid 1.2 95 

 

Table 1 shown the results of experiments. 

Relatively high pH such as LiOH and H2O shown 

low efficiency. However, Acids that has low pH, 

shown high efficiency.  

 

3.2 Corrosion Observation 

 

The experiments showed similar efficiencies when 

the entrainer has the pH value about 1. In the case of 

inorganic acid test, the corrosion was observed on the 

surface of specimen after experiment. But the other 

one was not. 

 

 
Fig. 4. Surface condition of specimens before and after 

experiment according to acid type. 

 

4. Conclusion 

 

In this study, experimental results showed that the 

lower the pH value of the solution forming the 

reversed micelles, the better the decontamination 

effect. Moreover, almost the same high extraction 

efficiency was obtained in solutions with low pH 

values regardless of acid type. However, the 

corrosion occurred on the surface of the metal 

specimen used in inorganic acid condition. Based on 

all these results, one of the important factors in this 

technic is the acid concentration of the additive, and 

it is concluded that the use of organic acids is 

appropriate to minimize the damage of the specimen. 
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