
1st step: radiological characterisation (millions of m2)
Identify contamination and level ➔ sort waste

➢ Reduce costs of waste management and limit workers’ exposure

How? 
• Surface contaminameters
• Gamma camera
➢ Need to produce metrological reference sources
➢ Ideally similar to the contamination in real sites

Synthesis of alpha-emitting large area sources 
using epoxy resin

Context: Decommissioning & Dismantling
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Flexible and textured mould

Textured epoxy resin source

+ sand

Flexible and flat mould

Rough epoxy resin source

Flexible and flat mould

Mix and mould

Cross-linking + Mould removal
+ mould
deformed during
curing

• Self-absorption of alpha particles in the resin (expected) [2]
• Increased for textured and concave surfaces
• Better way to characterise these surfaces?
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α proportion in %*

Flat 37.6 (45) %

Textured 32 (5) %

Rough 43.3 (43) %

KMnO4 treated 94.6 (20) % 

Sulfonated 93.0 (26) %

Drop-cast (small size) 97.1 (20) %

Flat Textured Rough

« α only » measurement: 
• Source in contact with film (α + γ)

• Source + paper screen (γ)

• Subtraction
• Repeated 5 times (each)

* The « uncertainty » only comprises the standard deviation between 5 measurements

Curved epoxy resin source

Epoxy resin without activity

KMnO4
(oxidative treatment)

1,2-butanesultone + NaH
(sulfonation)

KMnO4 treated resin Sulfonated resin

Mix with 241Am or 152Eu solution

Supernatant measured by liquid scintillation counting (1 mL in cocktail) at regular
intervals.
If activity decreases ➔ RN is attached to the surface
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152Eu

241Am – KMnO4 treated resin
Optimised

241Am – sulfonated resin
Optimised

• No RN attachment on the 
surface for the raw epoxy
(expected)

• Higher affinity of RN with
KMnO4 treated resin than with
sulfonated (unexpected)

➔ Formation of a MnO2 coating, 
confirmed by Fourier-Transform
Infra-Red spectroscopy

-99%

References: [1] OECD/NEA (2003), The Decommissioning and Dismantling of Nuclear Facilities [2] Chambon L. et al., 2022 NIM A 1033 166732

Estimated cost for decommissioning and dismantling (D&D)
of a reactor in France[1]: 200 - 800 M€/reactor

• Nuclear power plant
• Research reactors
• Enrichment / reprocessing plants
➢ Various contaminated surfaces
➢ Various types of contamination

Source preparation: encapsulation Source preparation: functionalisation

After optimisation of KMnO4 and sulfonation processes: intermediary fidelity
tests (3 cycles) 

Alpha spectrometry results Liquid scintillation results

(a) Alpha spectrometry
chamber

(b) Textured source

(c) Curved source

KMnO4 treated (optimised) Sulfonated (optimised)

Phosphor-imaging plate autoradiography
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Epoxy polymer + Amine oligomer + 241Am (Aqueous solution)


