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ABSTRACT 

 
The process of decontamination is an important step in the economic operation of nuclear facilities. A large 

number of protective clothing, metallic parts and equipments get contaminated during the handling of 

radioactive materials in laboratory, plants and reactors. Safe and economic operation of these nuclear facilities 

will have a bearing on the extent to which these materials are reclaimed by the process of decontamination. The 

most common radioactive contaminants are fission products, corrosion products, uranium and thorium. The 

principles involved in decontamination are the same as those for an industrial cleaning process. However, the 

main difference is in the degree of cleaning required and at times special techniques have to be employed for 

removing even trace quantities of radioactive materials. This paper relate decontaminations experiences using 
acids and acids mixtures (HCl, HF, HNO3, KMnO4, C2H2O4, HBF4) in several kinds of radioactive solid wastes 

from nuclear power plants. The result solutions were monitored by nuclear analytical techniques, in order to 

contribute for radiochemical characterization of these wastes.  

 

 

 

1. INTRODUCTION 

 

Decontamination is the removal of surfaces and equipments contamination by mechanical, 

chemical or electrochemical actions, ultrasonic, laser, high-pressure water jetting or steam 

spray etc. It is an important step in the economic operation of nuclear facilities, particularly 

for developing countries, where the especial equipments are most often imported. 

 

The most common radioactive contaminants present in technological solid waste from 

nuclear power plants are uranium isotopes, corrosion, fission and activation products [1].  

 

Chemical decontamination has proven to be most effective in reducing the radioactivity of 

large surface areas, also suitable for use on complex geometries as well as for a uniform 

treatment of inner and outer pipe surfaces. These techniques however, require efficient 

recycling of reactive chemicals. Insufficient recycling of decontamination products results in 

very large amounts of secondary waste which are difficult to treat and are expensive. These 

techniques frequently use concentrated or dilute chemical reagents in contact with the 

contaminated item, to dissolve the contamination layer covering the base metal and 

eventually a part of the base metal. This kind of decontamination is usually carried out by 

circulating the selected reagents in the systems, however, segmented parts may be 

decontaminated by immersing them in a tank containing the reagent, which is then mostly 

agitated. Application of specific chemical decontamination depends on many factors: shape 

and dimensions of the item to be decontaminated, kind and nature of the chemical reagents, 

type of material and contamination and etc. 
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As a general rule neutral solutions are not efficient enough for cleaning effect. The 

decontamination effects of alkaline reagents are not high in most cases either, except for the 

addition of complexing agents and oxidants. The acid solutions are the most effective then 

the most used [2]. 

 

This paper relate decontaminations experiences using acids and acids mixtures (HCl, HF, 

HNO3, HBF4) and KMnO4/C2H2O4 in several kinds of radioactive solid wastes from nuclear 

power plants. These solutions were monitored by nuclear analytical techniques, in order to 

contribute for radiochemical characterization of these wastes. 

 

All the decontamination processes were monitored and performed by gamma spectrometry 

analysis of the main gamma emitters using HPGe detector (CANBERRA) with 50% relative 

efficiency. 

 

 

 

2. EXPERIMENTAL 

 

2.1. Samples 

 

Two matrices representative of LLW (low level waste) and ILW (intermediate level waste) 

samples were chosen to test the methodology including, different kind of metallic parts, 

gloves, protective clothing, different kind of plastics and others. 

 

Metallic samples were submitted at leaching treatment with sulfuric, nitric and hydrofluoric 

acids, others matrices were submitted at leaching treatment with chemical solutions like 

KMnO4, HF, HNO3, HClO4, HCl, C2H2O4, HBF4, etc [3] . 

 

2.2. Metallic samples 

 

The original metallic samples, including copper, aluminum, stainless steel and based samples 

was shared in three parts for the leaching process: a) cupper and brass leached with 7% 

H2SO4 solution, b) aluminum with a mixture of  25% HNO3 + 1.5% HF an c) steel and 

stainless steel with a solution of 25% HNO3 + 2 % HF. 

 

The solutions for leaching of steel and aluminum are very similar among themselves, so they 

were mixed and the samples submitted to the leaching for 30 minutes in 200mL of this 

solution. After the process the samples were washed in deionized water for 30 minutes at 

T=70
0
C, than they were dried at 50

0
C for 2 hours. Brass and cupper were submitted at 7% 

H2SO4 in the same conditions before. The resulting solutions (leaching and washing) were 

joined and put in a sand bath at T=90
 0
C for reduce the volume until 500mL. 

 

The samples were dried in an oven and after the radioactivity measurement the 

decontamination level was higher than 90%. The sample pieces still contamined were 

submitted again a new step of leaching in the same form and the final solutions were joined. 

The metallic pieces were measured again and the decontamination level was near to 99%. 

The only piece of stainless steel presented some contamination of 
60

Co. The figure 1 show the 

radionuclides present in the leaching solution. 
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Figure 1. Radioinuclides present in the leaching solution of metals 

 

 

 

 

 

2.3. Plastics samples 

 

Several tests of leaching were tested with samples of latex gloves, rubber of shoes, 

vulcanized rubber etc. using acids detergent and alkaline solutions. The best results were 

obtained with HBF4 [4]. 

 

 

2.3.1. Chemical solutions of HBF4 (1M) 

 

 

Two experiences were carried out: a) first with 50mL, hotting (T=80
0
C) and magnetic 

agitation for 3 hours and b) changing the time and temperature for 2 hours and 120
0
C 

respectively. 

 

The experiences were carried out with approximately 3g of sample. After the process they 

were washed with 30mL of deionized water for 1 hour  then dry for 3 hours in an oven at 

T=50
0
 C. The two experiences presented the same results. The results of these experiences 

are show in figure 2.  
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Figure 2.  Leaching of rubber piece 

 

 

 

2.4. Cotton clothes  

 

Also with this kind of material the decontamination with HNO3/HF, HBF4 and 

KMnO4/C2H2O4 presented good results. 

 

2.4.1. Chemical solutions of HBF4 (1M), HNO3/HF (3.5 M/0.04 M)  

 

Two experiences were carried out: a) first with 50mL, hotting (T=70
0
C) and magnetic 

agitation for 3hours and 2) changing the time and temperature for 2 hours and 120
0 

C 

respectively.  

The experiences were carried out with approximately 2g of sample. After the process they 

were washed with 30mL of deionized water for 1 hour,  dried for 3 hours in an oven at 

T=50
0
C. The figures 3 and 4 show the result of two of these experiences. 

 

 

 

 

 
 

Figure 3. Leaching of a piece of cotton cloth 
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Figure 4.  Leaching of a piece of cotton cloth with HNO3/HF solution 

  

      

The likely cause of the good factors is the high fluoride concentration. Fluoride is mainly 

complexed in the HBF4 by the boron molecule. The equilibrium of free fluoride in solution is 

displaced as ion on the material surface is dissolved. The HBF4 then release more fluoride to 

dissolve ions as it is depleted in solution [4]. 

 

 

2.4.2. Potassium permanganate/oxalic acid (KMnO4/C2H2O4)  

 
The sample, approximately 2.5g, with 150mL of 500ppm KMnO4 solution, was heated to 

90
0
C under magnetic agitation for one hour. After this step the KMnO4 solution was changed 

for a solution of oxalic acid (2000 ppm) and adding of hidrazine choride until pH 2.5. The 

final solution was heated in the same conditions before for 2 hours. Than the samples was 

rinsed with deionized water and dried for 2 hours in an oven at 70
0 

C. The figure 5 presents 

the efficacy of this type of decontamination. 

 

This chemical is in a broad family termed AP (alkaline potassium permanganate), that are 

used extensively in nuclear decontamination, are typically strongly basic and oxidizing. This 

allows them to disrupt and dissolve metal surfaces films according to the equation: 

 

2 MnO4
- 
 +Cr2O3 + 2 H2O = 2 MnO2 + 2HCrO4

-
 + 2H

+
 

 

The HCrO4
-
 is more soluble than Cr2O4. Disrupting the metal surface film releases the 

trapped radionuclide particles and decontaminates the metal. This is often the first step of the 

two step alkaline permanganate/oxalic acid process that uses oxalic acid (C2H2O4) or a 

suitable reductant to reduce iron oxide in the second step, disrupting the strongly held oxide 

according to the reaction: 

 

Fe2O3 + C2H2O4 = 2 FeO = 2CO2 + H2O 

0
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Figure 5. Leaching of cotton cloth with KMnO4/H2C2O4 solution 

 

 

3. CONCLUSIONS  

 

The experiences done during the work presented good results mainly that with leaching in 

metallic waste and cleaning with acids solution and magnetic agitation. The experiences with 

solution of KMnO4/C2H2O4 presented good decontamination factors and will be continued as 

in others experiences with cloths as in others materials.  

 

The nitric/hidrofluoridric acid (3.5 M/0.04 M) and HBF4 (1M) solutions showed that can be 

used as cleaning/etching solution for all of this material, others experiences with this kind of 

solution will be tested in future work. As the decontamination factor is quite higher, less 

solution would be used and even less waste produced. Unfortunately, adoption of this 

solution is slow in developing. Concerns over the health effects of HNO3/HF have imposed a 

great barrier to its adoption. 

The work will be continued and others chemicals like sodium carbonate solution for plastic 

and rubber, EDTA (Ethylenediaminetetraacetic Acid), nitric acid and tartrate in cloth samples 

and leaching of metals with HBF4 will be tested [5]. 
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