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Natural, Radioactive, Noble gas 
from the U and Th chains

o Easy transport, complicated capture
o Short half-life  => high intrinsic activity



KamLAND-Zen SuperNEMO

Dark Side
XENON

Borexino

~ mBq/m3,kg in 222Rn

~ 𝟏 𝒂𝒕𝒐𝒎 𝑹𝒏 𝒊𝒏 𝟏𝟎𝟐𝟓 𝒈𝒂𝒔 𝒂𝒕𝒐𝒎𝒔 

Requirements

Low energy + Low counting => Very Low Radioactive Background





Rn is a noble gas      =>    no chemistry

Capture ---> Physical Adsorption                                                     

--> porous materials : very high surface area  up to 3000 m2/g 

=>  Surface capture by weak Van der  Waals forces

Radon Capture 

F

But not all pores are equally effective 

Need to optimise porosity

Active Charcoal



Radon adsorption at CPPM
The way to IRENE

 2015  : Study of Rn capture in 50 commercial or research microporous materials (SuperNEMO)

- Activated charcoals

- Carbon molecular sieves

- Carbon aerogels (Granada Univ.)

- Molecular cages   - CC3  (Liverpool Univ. ) 

- MOF

- Zeolites (Al, Si) (Marseille, Mulhouse  Univ. 

Thèse Raymond Noel 

Trap

@ equilibrium

Pressure  = 1 bar
Temperature = +20°C à – 50°C
Gas : N2, He

Adsorption factor  
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- Optimal porosity : 
0.5 - 0.7 nm  

- Small effect on the chemical
composition   (sulphur)

Results

Microporosity from 0.5 to 2 nm  



Adsorption competition 

The  purification of xenon by 
chromatography is a great challenge 



Breakthrough curbe @-30°C in 
0.2 g ETS-10-Ag, 60 l/h N2

 2020  : Capture of Rn in commercial silver zeolite  by dynamic adsorption 



Some results
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Active Charcoal Ag Zeolite

1 Reference charcoal (CarboAct®)

3 Commercial Ag zeolites
- Ag-ZSM-5
- Ag-13X
- Ag-ETS-10

~ 100
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Active Charcoal Ag Zeolite Zeolite NO  Ag

1 Reference charcoal (CarboAct®)

3 Commertial Ag zeolites
- Ag-ZSM-5
- Ag-13X
- Ag-ETS-10

2 NO Ag zeolite
- 13X
- ETS-10

Some results

Huge impact of silver on adsorption



Negative point for Ag - ETS-10 commercial adsorbents  
=>  High Rn emanation  (226Ra)

Positive point
=>  Potential improvements  (Ni, Cu, ..) 



 2018  Xenon / Radon adsorption with  macromolecular cages: Cryptophane

• Used for the complexing of Xe
• Ajustable size 
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Cryptophane 1,1,1

Three types of cages were studied  on two types of supports

Silice MCM-41

diamètre de 2,6 nm 6,5 nm.

Silice SBA-14

1000 m2/g 500 m2/g

cages supports



Adsorption du Rn   (CPPM)
Adsorption du Xe (MADIREL)

Charbon actif Silcarbon K48          130 ± 25

Preliminary but very promising result
1.21

13.12

Xe / Rn selectivity



The IRENE project

- Feedback between the 5 laboratories
- Modelling as a guide
- Three families of adsorbents (Zeolites, Cages, Carbon-based)
- Xenon as a reference gas
- Radon capture in N2, He, and Xe

Project philosophy

(Innovative mateRials for Extreme radoN capture)

Consortium of 5 laboratories  (particle physics, physical chemistry and organic 
chemistry  to study radon capture, motivated by subatomic physics.

4 years project (2024 – 2028) 

Understanding and optimising the capture of Rn in new materials



Some preliminary results from simulation 

How chemical composition of zeolite 
influences Rn & Xe adsorption

Simulated Rn adsorption isotherms @ 298K
for several zeolite structures  

FAU



Some preliminary results from simulation 

Les zéolithes à 10MR (Membered Ring) sont les meilleurs candidats pour l'adsorption du Rn

Goal: Find the zeolite with the best performance for Rn  adsorption.



18

Some preliminary results from simulation 



«Exploring the Science of Adsortion : 
Materials , Methodologies, and Emerging Direction »

Oleksandra Veselska, Shefali Vaidya, Olivier Llido, Miroslav Macko, Irena Deroche, Sandrine Bourrelly, J. Busto
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Materials , Methodologies, and Emerging Direction »
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*FER-Ag(IRENE)



Conclusion
• Low-energy and low-counting rate experiments require extremely low concentration of radon.

• Traditionally, activated carbons has been used to capture radon  with a good  efficiency.  However the
purification levels reached are not always sufficient.

• Materials with adsorption capacities more than 100 times higher than the best active carbons are now 
commercially available but they do not have the necessary purity levels and their performance are not well
understood.

• Possible improvements in radon capture can be reached by choosing the right chemical composition and 
good porous structure.

• The objective of the IRENE project is to tackle the problem of radon capture in microporous materials
in a scientific and coherent way, thanks to a unique consortium of physical chemists and particle physicists



IRENE 

Thank you for your attention 
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 No permanent capture
 Rn slowing down -> tr  (retention time )

Adsorption v.s. retention time 

If 𝜏௥ ≫  𝑇½

=> Rn disappearence

Adsorption competition 

The  purification of xenon by 
chromatography is a great challenge 

Rn reduction factorRetention time

Charcoal column


