Chemical compatibility of SiC composite structures with GFR helium at high temperatures – bibliographic review
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Silicon carbide ceramic matrix composites are promising candidate materials for structural components in the core of a Gas-cooled Fast Reactor (GFR) because of their high strength, adequate thermal conductivity and potential irradiation resistance at elevated temperatures and under high fluencies. Chemical compatibility with the typical reactor environment is a key point of the feasibility demonstration in normal service conditions as well as in any incident situation.

The gas composition, related to the core design, is not accurately known in this early research stage. The reactor coolant will inevitably be polluted by air ingresses during maintenance and refuelling operations as well as by slow out-gassing out of insulation and fuel materials. These impurities are ready to interact with hot in-core materials producing a specific atmosphere with low concentrations of oxygen, nitrogen, water vapour, possibly carbon oxide, hydrogen, methane… In any case, low oxygen potentials are expected and the high temperature behaviour of SiC composites in weakly oxidizing conditions has to be demonstrated. A literature review shows that:
· massive silicon carbide forms a dense surface silica layer when exposed to oxidizing atmosphere, such as air, and further oxidation is strongly reduced. Because of this passivation SiC exhibits excellent resistance at high temperature. However in inert or reducing atmosphere, oxygen supply is not sufficient for the protective silica film to be formed or SiO2 is unstable. The gaseous lower oxide SiO is then produced and the ceramic decomposes by active oxidation. Such corrosion can significantly affect the mechanical strength by introducing flaws or reducing the load bearing cross section.
· SiC composites contain an interface material, usually made of graphitic carbon or hexagonal BN, that controls the friction and bonding between the fibres and the matrix. When gasses have an access (through flaws, porosity…), the interface can be oxidised. The oxidation products of graphite are gasses; the oxidation products of BN in water vapour are also volatile. The corrosion rate of the interface depends on the oxygen potential and the lower the oxidation potential, the slower the corrosion. However slow in weakly oxidizing conditions, the corrosion should continuously remove the interface material; the result could be a weakened composite due to the loss of contact between fibres and matrix.
Preliminary to the investigation of the long term corrosion resistance of such a complex material as SiC composite, it is relevant to study the individual behaviour of each component: matrix, fibres, interface. Two main corrosion processes may occur at elevated temperatures in the GFR helium which is polluted by traces of oxidizing and possibly reactive or reducing gasses: at low oxygen potential, the volatilisation of silicon carbide, fibres and matrix, with release of the volatile oxide SiO and the recession of the interface due to the formation of gaseous oxidation products. Both processes may strongly affect the mechanical resistance of the composite. 
