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Addressing the critical challenge of safe nuclear waste management, this study investigates the fresh-state behaviour of a ternary geopolymeric binder composed of fly ash (FA), metakaolin (MK), and ground

granulated blast-furnace slag (GGBS), activated with a potassium hydroxide/potassium silicate (KOH/K₂SiO₃) solution. This research was carried out within WP7 L'OPERA of the European Joint Programme

EURAD-2. The geopolymeric formulation, referred to as KIPT from the PREDIS project, develops a nanostructured aluminosilicate network typical of alkali-activated ternary systems, providing the physical

and chemical framework for waste immobilization. The KIPT binder was tested with increasing contents of waste motor oil (0, 10, 15, and 20 wt.%) as a simulant for radioactive liquid organic waste (RLOW),

assessing the feasibility of immobilizing such waste streams within an alkali-activated matrix. Workability and rheological behaviour were evaluated through mini-slump tests, while setting kinetics were

monitored using the Vicat needle method. Differential scanning calorimetry (DSC) on fresh specimens was employed to investigate the thermal response and exothermic reactions associated with the early

stages of geopolymerization. These preliminary results provide insight into how the RLOW simulant affects the fresh-state properties and setting behaviour of the KIPT system, offering a basis for identifying

the optimal processing window and the maximum incorporable waste fraction. Combined with future hardened-state characterization, this fresh-state assessment represents a first and necessary step toward

evaluating the suitability of the KIPT binder for RLOW conditioning applications.
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Mixing Process

Setting Time Evaluation
For the setting time test (Vicat Needle, ASTM C191-21), the four mixes

were prepared and poured into the Vicat apparatus mould. SP addition

showed a significant retarding effect on reaction kinetics. SP 20%

exhibited pronounced bleeding and non-uniform setting behaviour, and

was therefore excluded from further testing.

BK, no bleeding SP 20, bleeding
Excluded

Heat Flow measurements were

performed via DSC in isothermal

mode at 25°C over 72 hours. After

thermalization (first 10 min), BK

shown the highest thermal peak

(~14.5 mW), decaying rapidly. As SP

content increases, the peak slightly

decreases and thermal release

extends over a longer period.
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For the mini-slump test, a scaled-

down Abrams cone (bottom Ø 4

cm, top Ø 2 cm, height 6 cm) was

used to measure spreading

diameter at 2, 5, 15, 30, 45, and

60 minutes for BK, SP10 and

SP15. BK shows the highest initial

spread with the fastest decay,

SP10 retains higher workability at

intermediate times, while SP15

decays more gradually.

Heat Flow Rate Measurement

Mini-Slump Test

Discussion and Conclusion
Increasing SP content progressively delayed setting time from 0% (BK) to 15% wt. (SP15), while the 20 wt.% formulation (SP20)

showed pronounced bleeding and non-uniform setting behaviour. DSC analysis showed that BK exhibited the highest thermal peak,

which decayed rapidly, while increasing SP content slightly reduced the peak intensity and spread the thermal release over a longer

period (reaction rate reduction). Mini-slump tests showed BK with a higher initial spread that decayed faster (high reaction rate), SP10

retained an intermediate workability, while SP15 decayed more gradually. Addition of SP reduces the reaction rate (the

geopolymerization) and increases the workability. These preliminary fresh-state results provide insight into how the RLOW simulant

affects the fresh-state behaviour of the KIPT system, offering a basis for identifying the optimal processing window and the maximum

incorporable waste fraction.

[1] Kantro, D. L., et al. (1980). Influence of water-reducing admixture on properties of cement paste—A miniature slump test. Cement, Concrete and Aggregates, 2(2), 95–102. https://doi.org/10.1520/CCA10190J

[2] Tan, Z., et al. (2017). Reproducible mini-slump test procedure for measuring the yield stress of cementitious pastes. Materials and Structures, 50, 235. https://doi.org/10.1617/s11527-017-1103-x

[3] Rizzo, F., et al. (2024). Development and optimization criteria of cementitious mortars used for the immobilization of ILW radioactive waste. In Volume 8: Decontamination and Decommissioning, Radiation Protection, and Waste Management, ASME, ICONE31. 

https://doi.org/10.1115/ICONE31-136066

[4] ASTM C191-21. Standard Test Methods for Time of Setting of Hydraulic Cement by Vicat Needle. ASTM International, West Conshohocken, PA.

[5] PREDIS Project, Deliverable D5.3 – Synthesis of Conditioning Matrix Performances, WP5 "Innovations in liquid organic waste treatment and conditioning", August 2024. https://predis-h2020.eu/wp-content/uploads/2024/09/PREDIS_D5.3_Synthesis-of-

conditioning-matrix-performances_vF-August-2024.pdf

October 2024 – September 2029

https://doi.org/10.1520/CCA10190J
https://doi.org/10.1617/s11527-017-1103-x
https://doi.org/10.1617/s11527-017-1103-x
https://doi.org/10.1617/s11527-017-1103-x
https://doi.org/10.1617/s11527-017-1103-x
https://doi.org/10.1617/s11527-017-1103-x
https://doi.org/10.1617/s11527-017-1103-x
https://doi.org/10.1617/s11527-017-1103-x
https://doi.org/10.1115/ICONE31-136066
https://doi.org/10.1115/ICONE31-136066
https://doi.org/10.1115/ICONE31-136066
https://predis-h2020.eu/wp-content/uploads/2024/09/PREDIS_D5.3_Synthesis-of-conditioning-matrix-performances_vF-August-2024.pdf
https://predis-h2020.eu/wp-content/uploads/2024/09/PREDIS_D5.3_Synthesis-of-conditioning-matrix-performances_vF-August-2024.pdf
https://predis-h2020.eu/wp-content/uploads/2024/09/PREDIS_D5.3_Synthesis-of-conditioning-matrix-performances_vF-August-2024.pdf
https://predis-h2020.eu/wp-content/uploads/2024/09/PREDIS_D5.3_Synthesis-of-conditioning-matrix-performances_vF-August-2024.pdf
https://predis-h2020.eu/wp-content/uploads/2024/09/PREDIS_D5.3_Synthesis-of-conditioning-matrix-performances_vF-August-2024.pdf
https://predis-h2020.eu/wp-content/uploads/2024/09/PREDIS_D5.3_Synthesis-of-conditioning-matrix-performances_vF-August-2024.pdf
https://predis-h2020.eu/wp-content/uploads/2024/09/PREDIS_D5.3_Synthesis-of-conditioning-matrix-performances_vF-August-2024.pdf
https://predis-h2020.eu/wp-content/uploads/2024/09/PREDIS_D5.3_Synthesis-of-conditioning-matrix-performances_vF-August-2024.pdf
https://predis-h2020.eu/wp-content/uploads/2024/09/PREDIS_D5.3_Synthesis-of-conditioning-matrix-performances_vF-August-2024.pdf
https://predis-h2020.eu/wp-content/uploads/2024/09/PREDIS_D5.3_Synthesis-of-conditioning-matrix-performances_vF-August-2024.pdf
https://predis-h2020.eu/wp-content/uploads/2024/09/PREDIS_D5.3_Synthesis-of-conditioning-matrix-performances_vF-August-2024.pdf
https://predis-h2020.eu/wp-content/uploads/2024/09/PREDIS_D5.3_Synthesis-of-conditioning-matrix-performances_vF-August-2024.pdf
https://predis-h2020.eu/wp-content/uploads/2024/09/PREDIS_D5.3_Synthesis-of-conditioning-matrix-performances_vF-August-2024.pdf
https://predis-h2020.eu/wp-content/uploads/2024/09/PREDIS_D5.3_Synthesis-of-conditioning-matrix-performances_vF-August-2024.pdf
https://predis-h2020.eu/wp-content/uploads/2024/09/PREDIS_D5.3_Synthesis-of-conditioning-matrix-performances_vF-August-2024.pdf
https://predis-h2020.eu/wp-content/uploads/2024/09/PREDIS_D5.3_Synthesis-of-conditioning-matrix-performances_vF-August-2024.pdf
https://predis-h2020.eu/wp-content/uploads/2024/09/PREDIS_D5.3_Synthesis-of-conditioning-matrix-performances_vF-August-2024.pdf

	Diapositiva 1

