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Introduction

The use of advanced separation technology is continuously expanding in all scientific fields. Globally, research
and development of separation technology is actively being conducted across various fields, from the recovery of
critical minerals to the purification of useful materials and waste treatment. The nuclear field is no exception. This
study reviews the development trends of separation technology aimed at recycling radioactive waste generated in
nuclear facilities, particularly concrete waste contaminated with radioactive materials.

Concrete is a primary construction material in nuclear facilities. Since it become irradiated or contaminated
during various activities such as nuclear facility operation and maintenance, it is the most significant radioactive
waste generated during nuclear facility decommissioning. The volume of radioactive concrete waste generated
varies significantly depending on the type of nuclear facility, the decommissioning method, and whether volume
reduction treatment is applied. Permanent disposal of large volumes of radioactive concrete waste could impose a
significant societal burden. Therefore, exploring recycling options for radioactive concrete waste is necessary.

Recycling technology for radioactive concrete waste

In the nuclear industry, applications for restricted recycling radioactive concrete include reuse as biological
shielding, reuse as material for radioactive waste disposal sites, filler for radioactive waste disposal containers,
and mortar for immobilizing radioactive waste (Deju et al, 2013). The classical approach typically involves
dewatering the fine powder generated during concrete cutting, then mixing it with water and cement to solidify it.
This solidified material is then used as a radioactive waste immobilizer or as a void filler in containers when
disposing of cut concrete blocks (Fig. 1).
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Figure 1. Conceptual flow diagram of restricted recycling for radioactive concrete waste within nuclear facilities.

The radionuclides in radioactive contaminated concrete waste are known to be mainly present in the cement.
A representative treatment technology utilizing this characteristic of radioactive distribution within the waste is
heating and grinding. European nations have long pursued technological development to minimize the generation
of radioactive concrete waste. KEMA of the Netherlands, CEA of France, and BNFL of the UK jointly participated
in this research (IAEA, 1998). It was demonstrated that contamination in concrete primarily occurs in the cement,
and separating this cement from the aggregate is effective for reducing the volume of radioactive waste. In this
pilot test, the concrete was first crushed, then placed in a heating device and heat-treated at temperatures of 650 -
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700°C. The heated concrete was then fed into a mill and ground for 1 to 2 hours. After separating fine powder less
than 1 mm and aggregates over 1 mm via sieving, analysis of their contamination levels showed that aggregates
over 1 mm, with low contamination, accounted for 63% of the total volume.

Advanced separation technology is also actively applied to the treatment of radioactive concrete waste.
Chemical treatment and radionuclide separation technologies have been developed for the aggregates and fine
powders generated after the heating and grinding treatment of radioactive concrete waste (Oh et al, 2021). To
convert radioactive concrete waste into a resource, the key is to completely remove the cement portion
contaminated at extremely low concentrations of radionuclides and process the aggregates to a level of clearance
criteria. Therefore, technologies combining chemical separation techniques have been developed up to the present
to achieve higher radionuclide separation efficiency after applying the heating and grinding. This technology uses
an acid solution to dissolve Ca, the main component of cement, and the radionuclides, while treating most
aggregates to enable unrestricted recycling. Furthermore, adsorption and precipitation technologies capable of
selectively separating radioactive nuclides are applied to the secondary waste liquid generated, and the recovered
radionuclides can be stabilized into a form suitable for permanent disposal. This technology has already established
its laboratory-scale process concept, and engineering-scale research is now focused on developing systems that
minimize the dispersion of radioactive materials and secondary contamination (Fig. 2).

Figure 2. Pilot-scale equipment and commercial-scale design of (A) heating and grinding, and (B) chemical
treatment (Lee et al, 2022).

Conclusion

This study comprehensively reviewed general aspects of radioactive concrete waste generated in large
quantities from nuclear facilities and examined technical approaches for recycling this waste. In preparation for
the large quantities of radioactive concrete waste that will be generated globally through the decommissioning of
nuclear facilities, it is imperative to review existing technologies and consider future technological development
directions. Evaluation of treatment scenarios is necessary based on the contamination characteristics of the waste
and the concentration of radioactive nuclides. Furthermore, to secure commercial processes, the development of
effective equipment and the demonstration of processes using actual waste must continue.
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