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1. Background and Goal of the present work
Nuclear Malaysia receives around 60 kg of spent resin every year from the TRIGA PUSPATI reactor and the mineral processing plant. The spent resin received was found to be contaminated with Mn-54, Co-60, Zn-65, Eu-152, and the fission products Cs-134 and Cs-137. This resin needs to be well managed to control the potential spread of radionuclides during transport, storage, and disposal processes in the future. Currently, the spent resin is stored in its original state. Solidified radioactive waste minimizes the risk in order to be kept in interim storage for an extended period of time until Malaysia establishes a permanent disposal facility.
2. Immobilization formulation
2.1. Effects of amount of water and POFA
	Water ratio 0.35

	Sample
	Concrete Block Condition

	POFA20%
	Hard and good workability

	POFA30%
	Hard and good workability

	POFA40%
	Hard and bad workability


	Water ratio 0.45

	Sample
	Concrete Block Condition

	POFA20%
	Hard and good workability

	POFA30%
	Hard and good workability

	POFA40%
	Hard and good workability
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2.2. Compressive strength test
The ASTM C-39/C39M-09a technique is used to measure concrete blocks that have been mixed and kept for 28 days. Samples with a 20% POFA content obtained the highest total strength, whereas samples with a 40% POFA level had the lowest. Below is the graph of amount of POFA and the compressive strength for water ratio 0.35 (left) and 0.45 (right).
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Concrete block with 20% spent resin loading was selected as the best despite the 3.1% lower compressive strength value. This value still complies with the guidelines for the production of good concrete blocks above 3.45MPa (NRC-U.S. Nuclear Regulatory Commission 1991).
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3. Concrete Block Characterization
3.1. Morphology
Surface of the concrete blocks with only OPC and POFA content shows a clear difference in terms of the size of the two materials. Size POFA bigger compared to OPC. Images recorded at 2x magnification able to clearly show the block's surface pattern (left). There is a space around the spent resin that separates it from the cement. Based on the morphology of this area, it can be concluded that the resin does not interact with the OPC and is only physically confined (right).
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3.2. X-ray energy dispersive spectroscopy (EDX) analysis
 There is a high presence of carbon elements in the used resin area. This is because the resin is likely to burn and produce carbon during the drying process of the resin using an oven. In addition, carbon elements will be produced during the hydration process to harden the cement, which is known as the carbonation process. This is a reaction process of calcium hydroxide in concrete with carbon dioxide in the atmosphere and produces calcium carbonate and water.
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3.3. X-ray diffraction (XRD) pattern analysis
The results obtained show that all the blocks have the same minerals and no significant changes. The main content is the same as the result of OPC analysis which is tricalcium silicate (C3S), chemical formula Ca3SiO5. In addition, there are also calcite minerals (CaCO3), gypsum and larnite which are cement additives. From the results of this XRD pattern, it can be concluded that the POFA content for the immobilization process does not affect the carbonation and hydration process.
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3.4. Leaching Test
The calculation of radioactivity of the leachate is carried out by focusing on the radionuclide content of the used resin. Based on seven radionuclides (Mn-54, Co-60, Zn-65, Cs-134, Cs-137 and Eu-152) with concentration energy values, the results of leaching tests over a period of 2 hours to 60 days found that no presence of radionuclides could be detected. The value of D cannot be calculated because no presence of radionuclides was recorded during the leaching period. The duration of the leaching test can be carried out up to 90 days of immersion (American Nuclear Society 2003). For this study, the 90-day period was not implemented due to research time constraints. However, the leaching test must continue to be carried out until the physical failure of the concrete block occurs.
4.
Conclusions 
Based on the results obtained, it also proves that POFA and resin have high compressive strength values ​​after a period of 28 days. No cracks formed on the block caused by the swelling of the used resin. The results of the leaching test also found that no radionuclide leakage could be detected after a period of 60 days. This formulation between OPC and POFA has the potential to be used for the immobilization process of used resin. However, further studies need to be carried out to see the long-term effects. 
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