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1. Introduction 

On the actual market of materials, the objective is always to obtain 
more performant materials, while reducing the weight, the cost and the 
carbon footprint of the latter. In this context, vegetal fibers, used as 
reinforcement of polymer matrix to manufacture “eco-composites” are 
good candidates to jointly solve the above-mentioned problems. In 
particular, flax fibers are often considered as one of the best bio-based 
reinforcements for composites [1]. Indeed, their low cost next to the 
other reinforcement fibers (less than 2 $/Kg vs. 2–3.5 $/Kg for E-glass 
and 8–11 $/Kg for carbon fibers [2]) their density, lower than carbon 
fibers (1.4–1.5 vs. 1.7 for flax and carbon fibers, respectively), and their 
good mechanical performances allow them to exceed the specific me-
chanical properties (properties reduced to a density ρ equal to 1) of the 
glass fibers, and even, of a part of aramid fibers [2,3]. Therefore, all 
these advantages allow them to be positioned as an ideal bio-based 
replacement of these latter and be more and more used in the 

transportation industry (aeronautics, automotive, etc.) in the emerging 
context of the bio-economy aimed at continuing economic growth while 
preserving the environment and earth resources. 

However, because of the large numbers of hydroxyl and carboxyl 
groups in their chemical structure, flax fibers, as well as the whole range 
of lignocellulosic materials, exhibit a high polarity γs

p of 26,0 mN/m 
whereas a dispersive component γs

d of 34 mN/m is typically measured 
[4]. Those characteristics make them difficult to wet by mostly disper-
sive polymer [5,6], leading to the appearance of cavities between the 
matrix and the reinforcement, that constitutes points of mechanical 
weakness; cracks can emerge and propagate under stress from those 
cavities [7,8]. In addition, this polarity makes them sensitive to water 
and moisture sorptions. Therefore, swelling and shrinkage caused by 
water absorption and desorption change the fiber morphology and result 
in cracks in the composite structure [9]. This second point limits the use 
of these fibers for composites employed in contact with water (boat, 
offshore or outdoor construction, etc.) and forces engineers to prevent 
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A B S T R A C T

In this study, the goal was to compatibilize flax natural fibers (which are inherently polar) with mostly dispersive polymers, while proposing a way to recover 
greenhouse gases or refrigerants such as CF4 or C2F5H. Such gases exhibit a high global warming potentials (GWPs) and their recovery at the end of their 
lifecycle is difficult. Therefore, these two representative problematic gases were used as plasma precursor to graft fluorine atoms onto the flax fiber surface. 
Chemical investigation (FT-IR, 19F NMR and XPS spectroscopies), demonstrates the covalent grafting of fluorine atoms at the fiber surface, that opens the route of 
tailoring the surface chemistry of flax fibers. These modifications induced a decrease of the fiber polarity, which allows the treated fibers to become perfectly 
compatible with mostly dispersive polymer. Moreover, both mechanical properties and fluorine release during fibers combustion were investigated and any 
negative impact was evidenced. Therefore, thanks to the plasma fluorination, the gap between the surface energies of the fibers and mostly dispersive polymer 
matrix was reduced improving the wettability of the fibers through an eco-friendly way. This phenomenon promising an improvement in the mechanical 
performance of eco-composites reinforced with these fluorinated fibers.
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