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Summary

I. Project Title

Radioactive Metal Waste Recycling Technology Development

II. Objective and Importance of the Project

The purpose of the study is to develop a technology of recycling

the radioactive metal wastes which arise from decommissioning of

TRIGA research reactor and from other nuclear facility operation,

thereby to maximize the utility of poor natural resources of Korea.

A radioactive metal waste recycling technology is becoming very

important even in the advanced countries of OECD/NEA as the

nuclear facility decommissioning, which generates large volumes of

radioactive metal wastes, becomes impending issue around the world.

III. Scope and Contents of the Projects

Analysed are the important technologies and the economics for

recycling of the radioactive metal wastes which are generated from

the nuclear facility operation and decommissioning. Based on the

assessment, a process development for radioactive metal waste

recycling was performed.

IV. Results and Proposal for Application

1. Analysis of the state of the art on the radioactive metal waste

recycling technologies
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A. Decontamination technologies for the recycling of radioactive

metal wastes

Both of the surface and the melting decontamination

technologies are required to remove the radioactivity on the metal

waste down to the almost background level due to the complex

characteristics of the wastes. The chemical, physical and

electrochemical methods as the surface decontamination technologies

have been well developed and widely used in the nuclear industry,

especially to reduce the radiation exposure during operation. However,

in order to apply them to the decontamination for recycling of the

various kinds of radioactive metal wastes, further developments are

also required as follows.

Firstly, as a short term basis, it is necessary to build up the data

base of the hot test results to evaluate the decontamination methods

precisely, and also required to formulate and optimize the

decontamination reagent compositions taking into account the

secondary waste generation. Secondly, as a long term basis, it is

required to develop new processes such as plasma and laser

decontamination technologies which characterize the least generation

of the secondary wastes, and to develop an in-situ technology

incorporated to remote operation.

After the surface decontamination, melting decontamination is

performed to remove the volatile or oxidizable radionuclides on the

metal and then to distribute the residual radionuclides homogeneously

into the metal phase for recycling assessment. Basically this is

- 10 - '



somewhat well developed technology combining the conventional

metal melting and the chemical separation processes. However, further

developments are also required on the separation of Co-60 hard to

be removed by simple melting, and on the improvement of the

off-gas treatment system.

B. Decontamination waste treatment technology

The decontamination wastes usually contain the concentrated

chemicals and metal ions with different chemical compositions

according to decontamination processes. The various methods such as

chemical precipitation, extraction, adsorption and ion exchange,

electrodeposition, membrane process and evaporation are possibly to

treat the decontamination wastes. The chemical precipitation method,

which is usually applied in corporation with adsorption or ion

exchange process, has been used as a pretreatment technology

although it produce lots of waste sludge. In this process, it would be

required to improve the performances of mechanical separation

equipment and to develop a new chemical precipitator to treat the

versatile decontamination wastes.

A liquid-liquid extraction process, which is known to be efficient for

treatment of the concentrated metal ion solutions, can be used

effectively for the selective recovery of the specific metal ions from

the decontamination waste solution provided that a new selective

extractant is developed. And some effort to improve the performance

of extraction equipments is also essential for the commercial

application of the process.
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Adsorption and ion exchange methods have been successfully used

for the treatment of radwastes containing dilute metal ions and

radionuclides due to their process simplicity and prominent

performances. However, for the radwaste containing multicomponent

and highly concentrated radionuclides and metal ions, the conventional

adsorbent can not be effective anymore, and it is necessary to

develop a new matrix which has selective adsorption or complexing

ability for the specific metal ions or radionuclides. Along this line,

composite sorbents, combining the selectivity and radiation stability of

the inorganic material and the chemical stability and high mass

transfer rate of the organic material, are reportedly under development

around the world. As a upcoming technology, an electrosorption

technology which uses the ACF as an electrode and appling the

electropotential to increase adsorption capacity and selectivity of the

ACF for the specific metal ions is estimated to be worthy of

development.

The electrodeposition method, which is known to be effective for the

treatment of concentrated metal ion solution, is assessed to be

required further study on the development of a new electrode with

high surface area to treat the dilute metal ion solution.

The membrane separation processes such as electrodialysis, osmosis

and reverse osmosis can also considered as the waste treatment

processes. Among them, the electrodialysis is assessed to be

applicable to the regeneration or recycling of the decontamination

wastes except the spent phosphoric acid electrolyte solution even
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though there is a requirement for the improvement in separation

efficiency.

Lastly, the current research trend and further development on the

evaporation technology is reportedly to reduced the process energy

consumption and to increase the evaporation performances for the

solid containing liquid waste even if this technology has been widely

used in the commercial processes.

C. The residual activity assessment technology

The international organizations such as OECD/NEA, IAEA and

CEC have been establishing the criteria of clearance level for the

radioactive metal waste recycling. And many countries which are

performing decommissioning projects have been appling the specific

criteria to radwaste recycling. In our country, the TRIGA research

reactor is under decommissioning and lots of metal wastes will be

generated when the commercial nuclear power plants are

decommissioned in the future. To recycle the radioactive metal

wastes in Korea, it is indispensible to establish exemption criteria and

to develop a very low residual activity measurement technology from

now on.

2. Economical assessment on the radioactive metal waste recycling

Summarized were the economical assessments performed in the

decommissioning projects of DOE, JPDR and OECD/NEA. According

to DOE's analysis, the metal waste recycling was found to be more
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economical than direct disposal even when the governmental disposal

rate was applied to the assessments. Also the analysis of OECD/NEA

showed that recycling option was economically advantageous over the

direct disposal regardless of the scale of recycling. The disposal rate

was the most important factor for the economical feasibility of

radioactive metal waste recycling. In addition, the cost of

decontamination and regulatory compliance were also important

factors. Judging from the above analysis, a small scale recycling of

metal waste is considered to be economically feasible in Korea.

3. Radioactive metal waste recycling process development

A. Study on the surface decontamination process for radioactive

metal waste recycling

(1) SC(Sulfuric-Cerium) Chemical decontamination process

Using cyclic voltametry method, analysed was an oxidation

and reduction characteristics of Ce3+/Ce4+, which is main components

in the SC decontamination solution, and obtained were a transfer

coefficient^), a diffusion coefficient(D) and a heterogeneous reaction

rate constant(k°) for the reaction. These parameters could be used in

analysing the characteristics of preparation and regeneration of SC

decontamination reagent.

(2) Electropolishing decontamination processes

Metal surface dissolution tests using 80 % phosphoric acid

and 10 % sulfuric acid were performed to find the appropriate current
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density in electropolishing decontamination. The tests showed that the

current densities in the range of 0.05 ~ 0.1 A/cm2 were suitable for

the given electrolytes.

As a neutral salt electrolyte, 1M of Na2SC>4 solution was found to be

effective for the dissolution of carbon steel and stainless steel. Then

the optimum current densities were in the range of 0.1 to 0.5A/cm2

which are the transpassive dissolution regions of the process. The

sodium sulfate electrolyte based process showed especially good

dissolution behavior for stainless steel comparing to the carbon steel

dissolution. Neither pitting nor recontamination after decontamination

were found, contrary to the strong acid based electrochemical

processes. The results can be used to electrochemical decontamination

for radioactive metal waste recycling.

B. Decontamination waste treatment process development

An electrosorption technology was studied to develop a

process for treatment of decontamination waste containing

radionuclides and heavy metal ions. The ACF was used as a cathode.

The potential windows for electrosorption due to the double layer

electric charge surrounding the electrode were found to be in the

range of -0.4 to 0.4V(vs. SCE). The adsorption test for cobalt ion

solution showed that the cobalt ions were well adsorbed on the ACF

which was charged negatively, and completely desorbed within 24

hours by appling positive current on the ACF electrode. The

regenerated ACF electrode showed similar adsorption behavior to the

unused ACF electrode, corifirming the easy regeneration of the
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electrode.

The results can be used to develop a decontamination waste

treatment process.

C. Hot test of the surface decontamination technologies for

radioactive metal waste recycling

The performances of the surface decontamination technologies

such as chemical, electrochemical and physical technologies, were

evaluated using the radioactive metal specimens taken from the

TRIGA and the nuclear power plant. SC(sulfuric acid-cerium) process

as a chemical decontamination technology was proven to be effective

for decontamination of the metal wastes with complex shape

regardless of contamination characteristics. However, the in-situ

regeneration of cerium ions during decontamination was necessary for

continuous operation of the process, and it was also required that the

ratio of cerium ion concentration to the surface area of metal

specimen should be more than 0.7mmol/cm2.

The electrochemical decontamination process using the 1M of

sodium sulfate solution was found to be effective for the

decontamination of the metal wastes with simple shape but not

effective for complex shape or for aluminum material. The

electropolishing process could reduce the surface contamination level

of the metal specimens with simple shape down to the background

level within 60 minutes. The optimum current densities of the process

were in the range of 0.15 to 0.3 A/cm2.

A dry blasting decontamination technology was also tested using the
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various metal waste with the different contamination characteristics.

The test showed that the blasting method could be applicable to the

decontamination of radioactive metal wastes regardless of the

contamination characteristics, but only for the simple shape metal

wastes. It also required the secondary process to wash out the

residual contaminants due to the recontamination by recycled blasting

material.

The results would be applicable to the recycling of the radioactive

metal wastes arising from the TRIGA facility decommissioning and

from the nuclear power plant decommissioning in the future.
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