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What is an IP?

The production process
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Whatis an |[P?

The chemistry in 4 steps
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Why |Ps?

Closing the loop - from residue to construction material

Inorganic Industrial Residues

Fly Ash Red Mud Blast Furnace Slag Phosphogypsum Plasmaslag

and can moreover offer a safe potential for (re)using materials containing

Naturally Occurring Radionuclides




Why |Ps?

Reduced carbon footprint

Global CO, emissions

Cement production
1 ton of OPC =1 ton of CO, I




Why |Ps?

Tailor-made materials with excellent performances
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Possibilities of IPs in nuclear industry

A B. Mast, Y. Pontikes, W. Schroeyers, B. Vandoren, and S. Schreurs,
E “00135 Alkali Activated Materials - The use of alkali activated materials in nuclear industry,”

in Comprehensive Nuclear Materials, 2nd ed., 2020.




Possibilities of IPs in nuclear industry

IPs as shielding material

Low radiolytic H, yield

No damage as a result of dehydration

Good shielding of y-radiation

Activation with Ba(OH), improves the shielding performance due to high atomic number
Boron can subsitute Al for good neutron shielding

Better neutron shielding than aged OPC concrete

* Neutron activation of 4°Ca can be reduced




Possibilities of IPs in nuclear industry

IPs as shielding material

* Neutron activation of 4°Ca can be reduced
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Possibilities of IPs in nuclear industry

IPs as conditioning material

Advantages

Absence of Ca(OH),
Reduced water content
High alkalinity
Excellent fire resistance
Low porosity

Mechanisms

Uptake as charge-balancing ion in the structure
Incorporation in aluminosilicate structure

Formation of precipitates as hydroxides or carbonates
Adsorption on self-generated or introduced zeolite structures
Chemisorption and electrostatic interactions



Possibilities of IPs in nuclear industry

IPs as conditioning material

Example: Mg-Zr alloys

At high pH:
High hydrogen gas generation as result of Mg(OH), formation

Solution:
Addition of sodium fluorine as Mg corrosion inhibitor = formation of passivation layer

PrObIem N OPC: Portland cement paste
Formation of CaF, precipitates - deterioration . -
Substitution into Grinding Gypsum AHE
HH . H cement hydrates en A
Destabilization of protection layer e i E
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Possibilities of IPs in nuclear industry

IPs as conditioning material

Example: Mg-Zr alloys
Solution:

Ca-free low alkaline IPs

Formation of MgSiO, passivation layer

Portland cement paste Geopolymer Paste (containing NaF )
Substitution into Grinding Gypsum AHE AHE
cement hydrates Agent A A
(especially C4AF hydrates) \ / : ‘
' 1
cr {SQ!Z' Mg?* + OH + % H, :

Mg2* + OH + % H,




Effects of gamma irradiation on Fe-rich inorganic polymers

B. Mast et al., “The effect of gamma radiation on the mechanical and microstructural properties of Fe-rich inorganic

5 polymers,”J. Nucl. Mater., vol. 521, 2019,
L B. Mast et al., “The effect of high dose rate gamma irradiation on the curing of CaO-FeOx-SiO2 slag based inorganic
polymers: Mechanical and microstructural analysis,” J. Nucl. Mater., 2020.




Effect of gamma irradiation on Fe-rich inorganic polymers
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Effect of gamma irradiation on Fe-rich inorganic polymers

Increase in compressive strength > 5 kGy
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Effect of gamma irradiation on Fe-rich inorganic polymers

Increase in compressive strength > 5 kGy
8.85 kGy/h up to 200 kGy
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Effect of gamma irradiation on Fe-rich inorganic polymers

Mercury Intrusion Porosimetry: thin pore wall reorganization
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Effect of gamma irradiation on Fe-rich inorganic polymers

Infrared Spectroscopy: radiation-altered carbonation & dehydration

0.96

0.92

0.88
Water 1404

0.84

Transmittance %

0.8 e IR

0.76 1860

Carbonates
0.72

3800 3300 2800 2300 1800 1300 800 300

Wavenumber (cm-1)




Effect of gamma irradiation on Fe-rich inorganic polymers

Thermogravimetrical analysis: radiation-altered carbonation & dehydration
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Effect of gamma irradiation on Fe-rich inorganic polymers

57Fe Mossbauer spectroscopy: radiation-induced iron oxidation
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Effect of gamma irradiation on Fe-rich inorganic polymers

>’Fe Mossbauer spectroscopy: radiation-induced iron oxidation
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Effect of gamma irradiation on Fe-rich inorganic polymers

Summary

Na,SiO, { Fe-rich slag
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