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Radioactive 

Metallic Waste

Why Magnesium Potassium Phosphate Cement (MKPC)?

OPC pH ≈ 11-12

Al

Be

Corrosion

𝐻2 release

Dissemination

MKPC pH ≈ 4-9
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Experimental Protocol - MKPC Formulation

𝑀𝑔𝑂 + 𝐾𝐻2𝑃𝑂4 + 5𝐻2𝑂 → 𝑀𝑔𝐾𝑃𝑂4 + 6𝐻2𝑂

K-Struvite

Mixing

 𝑀𝑔𝑂
 𝐾𝐻2𝑃𝑂4
 Fly Ash

 Sand

 Water

 𝐻3𝐵𝑂3
(retardant)

Stirring for 

~5 minutes 

Ratio Value

MgO/𝑲𝑯𝟐𝑷𝑶𝟒 (molar) 1

Fly Ash/(MgO + 𝑲𝑯𝟐𝑷𝑶𝟒) (mass) 1

Sand/(MgO + 𝑲𝑯𝟐𝑷𝑶𝟒) (mass) 1

𝑯𝟑𝑩𝑶𝟑/(MgO + 𝑲𝑯𝟐𝑷𝑶𝟒) (mass) 0.02

Water/(MgO + 𝑲𝑯𝟐𝑷𝑶𝟒) (mass) 0.51

Chartier, D. et al. Journal of  Nuclear Materials 541, (2020).
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Experimental Protocol - MKPC Formulation
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Casting

Silicon Mold

Demolding

Demolding 

after ~6h
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Experimental Protocol - MKPC Curing and Irradiation

Curing

Standard values for the 

evaluation of durability 

properties (i.e. compression)

Irradiation

GSM D1 Gamma irradiation station

120 TBq 137Cs E=0,66MeV 

Dose rate: 0.45 kGy/h

Argon Atmosphere
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Methods

𝝁-GC Analyses 𝐻2 release

𝐻2

Quantitative Analysis

MKPC

Radiolysis

due to the irradiation
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Methods

Mineralogy and Microstructural 

Characterization

SEM - EDX Analyses
Quantitative 

Analysis

XRD Analyses
Qualitative 

Analysis

Hall E
𝑛𝜆 = 2𝑑 sin 𝜃
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Methods

Leaching Test Resistance of  the MKPC to the water immersion

ANSI-ANS 16.1 - 2003

Guida Tecnica 33. Ispettorato Nazionale per la 

Sicurezza Nucleare e la Radioprotezione. 2023.

Rinse 2h 5h 17h 24h 48h 96h 1w 1w
TOT

4 weeks

Each solution is analyzed to obtain

the amount of  element released from the sample 

 Ion Chromatography (Mg, K)

 ICP-MS (Si)
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Methods

Leaching Test Resistance of  the MKPC to the water immersion

ANSI-ANS 16.1 - 2003

Guida Tecnica 33. Ispettorato Nazionale per la 

Sicurezza Nucleare e la Radioprotezione. 2023.

Leachability Index (LI)

Required value is above 6

𝐿𝐼 =
1

n
σ log

𝛽

𝐷𝑒 𝑛
with   𝐷𝑒 = σ

Τ𝑎𝑛 𝐴0

Δ𝑡 𝑛

2 𝑉

𝑆
𝑇

Effective Diffusivity [𝑐𝑚3/𝑠]

Volume [𝑐𝑚3] and 

Surface [𝑐𝑚2] 

𝑎𝑛 amount of  element leached

𝐴0 amount of  element in the matrix

Δ𝑡 time interval [s]

𝑇 function of  time
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Experimental Set-up

Curing time Total Dose Water content

Real 

Application
0%

1, 2, 4, 7, 11, 

18 and 28 days
200 kGy

28187421 11
days

Standard values for the 

evaluation of durability 

properties (i.e. compression)

Values used to initiate 

irradiation to check the 

radiation stability
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Experimental Set-up

Curing time Total Dose Water content

Real 

Application

Possible 

Applicability

0%

0%

1, 2, 4, 7, 11, 

18 and 28 days

28 days

200 kGy

50, 100, 200,

500, 1000 kGy
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Experimental Set-up

Curing time Total Dose Water content

Real 

Application

Possible 

Applicability

0%

0%

±5%

1, 2, 4, 7, 11, 

18 and 28 days

28 days

28 days

200 kGy

50, 100, 200,

500, 1000 kGy

200 kGy
In-Situ 

Variation
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Variation of  Curing Time

𝝁-GC : 𝑯𝟐 release Aim: Measure the 𝐻2 release

 Between 1 and 18 days → 2.5x10−7 mol/J

 At 28 days → 2.1x10−7 mol/J

Outcome: Variation due to longer curing time
Fresh matrix not significantly more sensitive
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Variation of  Total Absorbed Dose

Leaching Test

Aim: Understand the water resistance

*Measure of  K were also performed and the 

LI was over the standard requirement.

Mg REF 50kGy 100kGy 200kGy

Leachability Index 9.5 9.3 9.4 9.3

Si REF 50kGy 100kGy 200kGy

Leachability Index 12.9 12.8 12.7 12.9

 Higher is the total absorbed dose, lower is the element 

release  
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Variation of  Water Content

Bykov, G.L., et al. Radiation Physics and 

Chemistry Vol. 190 (2022): p. 109822. 

-5% water

+5% water

XRD : structural changes

Aim: Understand the possible morphology modification
Particularly variation on struvite-K

 No major changes between samples

 Struvite-K peaks still visible after 200kGy

Outcome: Morphology of  struvite-K
does not change with a difference  
in water content

Hall E
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SEM: structural changes Aim: Understand the possible morphology modification
Particularly variation on struvite-K

EDX analyses underline the presence of:

(i)  Unreacted MgO

(ii) Filler material (Fly ash and Sand)

(iii) K-struvite phase 

𝑴𝒈𝑶+𝑲𝑯𝟐𝑷𝑶𝟒 + 𝟓𝑯𝟐𝑶 → 𝑴𝒈𝑲𝑷𝑶𝟒 + 𝟔𝑯𝟐𝑶

Outcome: (?) Modification due to gamma irradiation
(?) Detection of  different morphologies

Xu, B. et al. Cement and Concrete 

Research Vol. 99 (2017): pp. 86–94. 

Variation of  Water Content
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Real 

Application

End Objective

Possible 

Applicability

In-Situ 

Variation

XRD 𝑯𝟐 SEM Leaching

K-struvite phase 

always present
Further 

characterization 

needed

(needle or 

prismatic shape)

LI greater than 6

Fresh matrix not 

sensitive

Outcome
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Future Work

 New type of  matrixes for the encapsulation of  Liquid Organic Waste (WP5)

 Same characterization techniques

Geopolymer

New Techniques

 Nano-Indentation (for local compression strength)

 Tomography (for porosity and density)

Hall E

Rennes
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Thanks for 
your attention 
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Annex 1: Needle and Prismatica Shape

M4.5

M8

Prism shape

Needle shape

Xu, B.; Ma, H.; Shao, H.; Li, Z.; Lothenbach, B. Influence of  Fly Ash on Compressive Strength and Micro-

Characteristics of  Magnesium Potassium Phosphate Cement Mortars. Cement and Concrete Research 2017, 99, 86–94. 

https://doi.org/10.1016/j.cemconres.2017.05.008.

https://doi.org/10.1016/j.cemconres.2017.05.008
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Annex 2: Raw Material

Mixing

 𝑀𝑔𝑂
 𝐾𝐻2𝑃𝑂4
 Fly Ash

 Sand

 Water

 𝐻3𝐵𝑂3
(retardant)

Stirring for 

~5 minutes 

Ratio Value

MgO/𝑲𝑯𝟐𝑷𝑶𝟒 (molar) 1

Fly Ash/(MgO + 𝑲𝑯𝟐𝑷𝑶𝟒) (mass) 1

Sand/(MgO + 𝑲𝑯𝟐𝑷𝑶𝟒) (mass) 1

𝑯𝟑𝑩𝑶𝟑/(MgO + 𝑲𝑯𝟐𝑷𝑶𝟒) (mass) 0.02

Water/(MgO + 𝑲𝑯𝟐𝑷𝑶𝟒) (mass) 0.51

Chartier, D. et al. Journal of  Nuclear Materials 541, (2020).

Fly Ash

Sand

𝐻3𝐵𝑂3


