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Vitrimer matrix composites for space applications

Authors : Joséphine de Calbiac,>"¢ Helie Reiniger,® Marion Broutelle,® Mathias Destarac,? Rima Sfar Zbed, Marc Guerre,© Philippe Olivier,?

3CNES, Centre National d’Etudes Spatiales, 18 avenue Edouard Belin, 31400 Toulouse, France
bLaboratoire Softmat, Université de Toulouse, CNRS UMR 5623, Université Paul Sabatier, 118 route de Narbonne, 31062 Toulouse Cedex 9, France.
¢ Institut Clément Ader, Université de Toulouse, UT3, UMR CNRS 5312, 3 Rue C. Aigle, 31400 Toulouse, France
d|RT Saint Exupéry, Batiment B612, 3 rue Tarfaya, CS 34436, 31405 Toulouse cedex 4, France

Abstract : Vitrimers present an alternative to traditional thermosets, offering a dynamic structure that exhibits thermoset properties at application temperatures while it displays
enough flow at higher temperatures. In this study, a space-grade epoxy thermoset matrix has been transformed into a high Tg vitrimer matrix with a glass transition temperature
(Tg) of 175° C. By exploring a non-stoichiometric ratio, the effect of excess amine on the material's Tg is investigated, revealing a decrease in Tg. To separate the influence of
stoichiometry and lower Tg on the exchange reactions, a third formulation is examined, maintaining a stoichiometric ratio while achieving a comparable Tg to the non-
stoichiometric. Reactivity and rheological properties are evaluated to assess the compatibility of the cross-linking kinetics with classical kinetic models employed in composite
manufacturing processes. The filament winding process is used to produce CFRV and reparation of composite parts is investigated.

[ Matrix characterisation ]
Table 1 : Ratios and Tg of the 3 formulations
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Figure 2 : TTT diagrams; (A) time temperature transformation diagram for curing stage of the resin; (B) reprocessing diagram with reprocessing area of
stoichiometric ( Formulation 1 -orange), non-stoichiometric (Formulation 2- blue) and stoichiometric modified (formulation 3 -yellow) formulations

Composite manufacturing and
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The vitrimer matrix allows composite repair (Table 3) and enables a second
consolidation phase with controlled pressure and temperature to reduce voids,
ensuring high-quality composite parts. As shown in the image, the repaired composite
O IR can be reused like a standard composite.
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Figure 3 : filament winding process and an obtained plate CFRV with formulation 2
as vitrimer matrix and M55J carbon fibres

Figure 5 : X-Ray
tomography of
initial
composite
sample and
repaired sample

Figure 4 : microscopic sections of CFRV

CFRV was initially consolidated without pressure, resulting in voids due to the
20% overlap of fiber strands needed for mechanical strength. Applying a
compaction force during consolidation helps minimize these voids.

Conclusions : Using a non-stoichiometric ratio, while reducing Tg, results in a more Perspectives : Optimization of the process parameters to improve the final quality of
reactive system. Classic cure kinetics model can be applied to control the system’s composite parts. Comparison of mechanical properties between a well manufactured
evolution at any temperature and time. The excess amine and the increase in disulfide original part and a reprocessed defective composite part. Durability testing in space
bonds accelerate the resin's reprocessing, regardless of the reduction in Tg. environments to ensure that the dynamic bonds within these matrices remain intact,
Composite parts can be manufactured through filament winding using this matrix, meeting space qualification standards

Defective parts can be reprocessed and repaired due to the matrix properties, even (V.Shenk, K Labastie, M. Destarac, P.Olivier, M.Guerre, Mater. Adv. 2022 ?) A, Riuz de Luzuriaga, N.
when carbon fibers are incorporated. Markaide, A.M. Salaberria, I. Azcune, A. Rekondo, H.J. Grande, Polymers, 2022, 14 (15), 3180 ®'M.R
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