tyray 20255 FDFR

| =Bty ay | V.RBEY A 2L MK 1 505-1 IS BEEMMIE |

B8 2025438 13 () 14:45 ~ 16:15 I H&B(ZoomJL — 118)

[2H08-12] EX Y b « SFRIT—

BER:LA —X(ERH)

14:45 ~ 15:00

[2HO08]

HAREFBESHDO T X > MELEICH T ZWACGESHRETICDOWT (FD2)
bk KR AL KE2 (1. dEBEE . 2. BEKR A

15:00 ~ 15:15
[2H09]

MBAT DHAHEICKBBEET > T ) — FEEY DRSS EDKRET
A BEE A0 FE B ML (1. dLBEART)

15:15 ~15:30

[2H10]

Enhancing Radionuclide Immobilization and Neutron Capture Potential in Metakaolin-Based
Geopolymers through Boron Incorporation

XIAOBO NIU', *Yogarajah ELAKNESWARAN', Ang Li' (1. Hokkaido University)

15:30 ~ 15:45
[2H11]
Immobilization of Anions and Cations in Phosphoric Acid-Activated Geopolymers

2= Bl 4 gl IS5%22 3AS5T v (1. bEEAS)

15:45 ~ 16:00
[2H12]
Immobilization of Radionuclides in Fly-ash/Slag-based Geopolymer Matrices

*Mael VIAUD', Kanako Toda', Takumi Saito ! (1. UTokyo)

16:00 ~ 16:15
BERIF5 B

COHERFHER



2HO08

2025 FNDER

HREREMISBOEA Y FEIEHFIZHT S WAC EHEHREIIZDOLVT (FD2)

Countermeasures for conformity with WAC of cement-type waste packages arisen
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Enhancing Radionuclide Immobilization and Neutron Capture Potential in Metakaolin-
Based Geopolymers through Boron Incorporation

Xiaobo Niu', *Yogarajah Elakneswaran', Ang Li'
"Hokkaido Univ

Abstract: This study aimed to develop a modified geopolymer material with neutron-absorbing and masking properties
by incorporating boron (B) into a metakaolin-based geopolymer. The mechanisms underlying the incorporation and
stability of boron in geopolymers were investigated under various curing and activation conditions.

Keywords: Metakaolin-based geopolymer; Boron; Alkali-activation; Acid-activation; Borosilicate; Immobilisation

1. Introduction and Methodology

Metakaolin-based geopolymers have attracted increasing interest as a promising solution for radioactive waste treatment,
with previous studies confirming their ability to immobilise radionuclides. However, their limited neutron shielding
capability, due to the absence of a structure capable of effectively capturing neutrons, restricts their broader application
in radioactive waste disposal and related safety concerns. Therefore, this study aims to develop a method for incorporating
boron (B), which has strong neutron-capturing properties, into the structure of metakaolin-based geopolymers, thereby
enhancing their neutron shielding capacity while preserving their radionuclide immobilisation effectiveness.
Geopolymers synthesised via both alkali and acid activation methods were systematically compared under different curing
conditions. Structural changes due to varying B content were analysed using mechanical strength tests, X-ray diffraction
(XRD), scanning electron microscopy (SEM), solid state nuclear magnetic resonance spectroscopy (NMR), and Fourier
transform infrared spectroscopy (FTIR). The stability of B within the geopolymer matrix, along with its effects on the
overall structural integrity and its radionuclide immobilisation capacity, was assessed using leaching tests and assessment
of the leachate with inductively coupled plasma optical emission spectroscopy (ICP-OES). This comprehensive analysis
enhances the understanding of B incorporation into metakaolin-based geopolymers and supports the development of
borosilicate structures, offering valuable technical insights and potential applications in nuclear waste disposal,
particularly in neutron-rich circumstances.

2. Conclusion

B formed an unstable BO4(xB, 4-xSi) structure with extra short-

sio, V
range Si tetrahedra in low-temperature conditions, making it oY

AlOg
prone to be leached out. High-temperature curing facilitated :‘:$

Bo,
alkali-activated geopolymerisation, mitigating negative effects 5 A

of boric acid. Additionally, in acid-activated geopolymers, B
could be incorporated into the framework by bonding with
numerous Al-unsaturated Si tetrahedra to form stable BO4(0B,
4Si) structures. Overall, the B-containing acid-activated
geopolymer effectively incorporated B into the main framework
while maintaining radionuclide immobilisation capacity. This
study provides valuable insights into the selection and

incorporation mechanisms of the B-containing geopolymer

matrix, contributing to strategies for radioactive waste disposal.

Figl. Graphical Abstract
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Immobilization of Anions and Cations in Phosphoric Acid-Activated Geopolymers

*Ang Li', Yogarajah Elakneswaran', Xiaobo Niu'
! Graduate School of Engineering, Hokkaido University, Kita 13, Nishi 8, Sapporo, Hokkaido, 060-8628,

Japan

Abstract: Compared to conventional alkali-activated geopolymers, acid-activated geopolymers excel in immobilizing
anions and exhibit superior stability after being exposed to water. Changes in zeta potential under varying solution
conditions reveal the immobilization mechanism, further supported by binding experiments. This study advances the
understanding of ion immobilization, paving the way for efficient radioactive waste management.
Keywords: Acid-activated geopolymer, Immobilization, Zeta potential, Stability, Radioactive waste management
1. Introduction
The effective management of radionuclides is a critical global challenge due to their long-term persistence and potential
risks to ecosystems and human health. The conventional alkali-activated geopolymers, with their permanent negative
surface charge, demonstrate strong adsorption of cations but show limited effectiveness in immobilizing anions like
Se0s* and SeO+>". Phosphoric acid-activated geopolymers, as an emerging material, have shown significant potential in
immobilizing various anions. However, their ability to immobilize critical cations, such as Cs* and Sr?*, has not been
sufficiently studied. Therefore, addressing this gap is crucial for enhancing the applicability of phosphoric acid-activated
geopolymers in managing radioactive waste. This study aims to investigate the immobilization efficiency of phosphoric
acid-activated geopolymers for a range of anions and cations. Geopolymers synthesized using acid activation methods
were systematically compared. The structural changes and ion immobilization efficiency were analyzed using leaching
tests, binding capacity measurements, and structural characterizations, including X-ray diffraction (XRD) and zeta
potential measurements. The stability of the immobilized ions and their binding capacity were further evaluated by
analyzing the leachates with inductively coupled plasma optical emission spectroscopy (ICP-OES). The results will
provide valuable insights into the ion immobilization mechanisms, supporting the development of phosphoric acid-
activated geopolymers as an effective material for radioactive waste management.
2. Conclusions

Compared to traditional alkali-activated geopolymers, acid-activated geopolymers perform better in immobilizing
anions. The stability of acid-activated geopolymers after exposure to water demonstrates superior performance (Figure
1). The change in zeta potential under different solution conditions explains the immobilization mechanism (Figure 2),
and the binding experiments further corroborate this. This study provides valuable insights into the mechanisms of ion

immobilization and highlights the potential of acid-activated geopolymers as an effective material for managing

radioactive waste. 100
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Figure 1 Cumulative fraction of anions leaching (GP:
conventional geopolymer; PGP: acid activated geopolymer)

Figure 2 Zeta potential changes of acid activated

geopolymer under different solution environments
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Immobilization of Radionuclides in Fly-ash/Slag-based Geopolymer Matrices
*Maél VIAUD!, Kanako Toda' and Takumi Saito'
"UTokyo
This study investigates geopolymers as a potential solution for immobilizing radionuclides such as cesium and selenium.
It focuses on fly ash-based geopolymers, emphasizing the importance of precursor selection. The feasibility of forming
the matrix itself is studied with the capacity to immobilize the target radionuclides.
Keywords: Geopolymer, Radionuclide, lon Immobilization, Fly-ash, Slag
1. Introduction
The 2011 Fukushima accident heavily contaminated soil and forests, demanding advanced strategies to immobilize
radioactive cesium (Cs) due to its slow mobility in soils and long half-life. Worldwide occurrences of radionuclide-bearing
ashes may also contain selenium compounds (e.g. SeOs and SeO;*), which exist as anions, and present an
immobilization challenge, too. Geopolymers (GP), formed via alkali activation of aluminosilicate precursors such as fly
ash (FA) and slag, offer eco-friendly alternatives to Ordinary Portland cement (OPC) for the immobilization of such
radionuclides [1]. Also, the direct use of contaminated FA as GP precursors could enable volume reduction by avoiding
the use of cementitious precursors. However, the unpredictable content of silicon (Si), aluminum (Al), and calcium (Ca)
in precursors complicates the optimization of GP matrices and the immobilization capacity of radionuclides.
The objective is to know if such GPs are suitable and effective to immobilize these radionuclides.
2. Method
GP were synthesized via NaOH/KOH activation. Fly ash (FA), FA and slag (FA/slag), and metakaolin (MK) based GP
were synthesized using precursors with 100% FA, 50% FA and 50% slag, and 100% MK, respectively. The mixing ratio
of precursors to alkaline activators was investigated to form specimens that could be mixed readily and undergo uniaxial
compressive strength (UCS) development. The samples were cured for 1 month at 20 °C. UCS test, X-ray fluorescence
(XRF), X-ray diffraction (XRD), and scanning electron microscopy (SEM) were performed to study the strength, the
elemental compositions, the presence of crystalline phases, and the microstructure, respectively. 10 ppm of Cs*, SeO4>,
and SeOs3* were added at mixing and cured for a week. The samples were ground and leached in deionized water for 24
hours, and the release of target ions was quantified with an inductively coupled plasma mass spectrometry (ICP-MS).
3. Results and discussion
The FA contained 7% Ca, 5% Si, and 1% Al. The 100% FA-GP was hardened with water glass (7% K>0, 14% SiO»),
targeting Si/Al and K,O/Al ratios of 15 and 25, respectively. All specimens achieved UCS > 0.98 MPa, meeting the
required strength for cementitious waste bodies. Leaching tests confirmed good, poor, and moderate Cs retention in MK-
GP, FA-GP, and slag/FA-GP, respectively (Fig.1). In contrast, retention of SeOs* and SeO;* was weak across all
formulations. XRD analysis revealed that FA/slag-GP formed crystalline secondary phases but not in FA-GP. These
findings underpin the potential of GP for cation immobilization while underlining the importance of precursor selection,
and the possibility of using FA and slag to form waste forms instead of OPC or MK. Furthermore, for anion immobilization,
this study emphasizes a need for further modifications—such as incorporating ettringite [2] or others.
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