
 
Radiation processing: a sustainable issue for natural fibres reinforcements in composite materials 
 
Sustainability is now a driving force in industry. In this context, we would like to share with you two 
scientific contributions.  Both being related with the radiation processing of natural fibres used as 
reinforcements in composite materials, in comparison with other chemical or physical methods. 
 
First, a study performed by IMT Mines d’Alès (France) and Lebanese University, deals with the grafting 
of various phosphorus flame retardants (FR) on lignin-rich miscanthus fibres and lignin-poor flax fibres.  
Two methodologies have been used for this study: phosphonic acids condensation in mild conditions, a 
chemical method, and radiation induced grafting. The results of this study indicate that radiation 
grafting is suitable for both fibres with limited effect depending on fibre nature, compared to the 
chemical method, whose grafting rate is lower, and only efficient with miscanthus. Moreover, the 
impregnation process with FR molecules is fully in aqueous solution for radiation, while in the case of 
the chemical method a 90/10 ethanol/water solution is needed.  
https://doi.org/10.1016/j.reactfunctpolym.2020.104612 
 
The second study is related with the pre-treatment of natural fibres to promote individualisation, to 
modify the fibre-matrix interface or to reduce water absorption. In this study, the University of Bretagne 
Sud (France), in collaboration with IMT Mines Alès, treated flax fibres by ultrasound and by gamma 
irradiation. For the gamma pre-treatment, a 20% increase of the number of elementary fibres was 
quantified. Other properties of the fibres and of the Flax-PLA Non-Woven Composites prepared with 
them, were similar with both methods. Finally, an environmental analysis demonstrated that the 
benefits of using gamma irradiation are higher compared to ultrasounds, mainly because of its lower 
consumption of water.  
https://doi.org/10.3390/coatings11070846 
 

 
Gautreau et al., Coatings 2021, 11, 846. https://doi.org/10.3390/coatings11070846 
 
 
 
 
 



Radiation ageing tests: Collaboration between research and industrial gamma facilities 
 
With the development of new nuclear reactors and the upgrading of existing ones, like EPR and ITER 
for energy production, and CERN and RJH for research and tests, European gamma radiation research 
facilities have full programs. That is why industrial radiation service centres receive requests for 
radiation ageing tests on tailor-made prototypes. 
 
Industrial gamma facilities are designed for high-capacity industrial production, using in most of the 
cases automatic conveying systems. In such conditions, the dose delivered to the product is well 
controlled, but the dose rate changes with the distance of the product to the source.  
 
When the objective of a radiation ageing test is both, to study the impact of dose and of the conditions 
in which we deliver it (operational lifespan and/or accidental conditions), such a test generally requires 
a constant dose rate. 
  
Due to the optimization of the treatment area in most of the industrial gamma facilities, there are only 
a few that can offer a static exposure. Ionisos can offer such a treatment at its Dagneux facility, near 
Lyon.  
  
In 2021 Ionisos received a request from a client for the testing of large part, with a length of 3,5m and 
a weight of 70 kg. The dimensions of this part were beyond the limit that can be tested in an industrial 
facility. 
  
That is why Ionisos requested ARC Nucléart to help them to respond to this customer need. ARC 
Nucleart is a gamma research facility dedicated to the preservation of heritage and does not have the 
same system for measuring the absorbed dose than that of Ionisos, whose main market is medical 
sterilization which requires very accurate dosimetry measurements. 
  
In this frame, ARC Nucleart and IONISOS have joined their expertise: ARC Nucleart has designed its 
gamma source by modelling the dose rate and its homogeneous distribution throughout the prototype 
using RayXpert (Monte Carlo method) and Ionisos has controlled the real dose delivered to the 
prototype with its dosimetry system. The comparison of both, theoretical and real absorbed dose in 
the part, has shown a very good matching. 
 

 
First collaboration between ARC Nucleart and Ionisos 
 


