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The three presentations in this session focussed on chemical compatibility issues
between structural materials and coolants, with an emphasis on oxygen pickup
and oxidation in Group V and Group VI refractory alloys.

The key concern regarding oxygen-containing coolants for Group V metals (V,
Nb, Ta) is matrix hardening and embrittlement due to oxygen pickup.  The matrix
oxygen content in V needs to be below ~1000 wt.ppm in order to keep the ductile
to brittle transition temperature bellow room temperature.  All of the Group V
metals have a high affinity for oxygen and unrealistically low oxygen partial
pressure (< 10-20 atm.) would be required to avoid oxygen pickup based on
thermodynamics.  In practice, kinetic processes (oxygen diffusion and
impingement flux) control the oxygen pickup.  The diffusion of oxygen at
T<600oC is too slow to be of concern in engineering applications.  At T>600oC,
pronounced oxygen pickup will occur unless the oxygen partial pressure is low
enough to limit the flux of oxygen striking the metal surface.  A rough calculation
indicated that oxygen pickup of <1000 wt.ppm can be achieved for long-term (10
yr) exposures if the oxygen partial pressure is <10-4 torr.  The effects of mass
transfer limitation through the boundary layer need to be investigated to
determine if higher oxygen partial pressures are acceptable.

The oxidation of Group VI metals (Mo, W) was presented by S. Sharafat.
Formation of volatile oxides can lead to pronounced surface erosion of these
metals at elevated temperatures.  The evaporation rate increases rapidly up to
~2000K in both Mo and W.  If boundary layer scattering effects are ignored, the
evaporation rate exceeds 100 µm/y at ~1500 K in both materials for 1 ppm
oxygen in He at a pressure of 10 MPa.  Boundary layer effects may reduce the
evaporation rate by several orders of magnitude.  The calculations suggest that
limitations on mass transport through the boundary layer may reduce the erosion
rate to less than 10 µm/y at wall temperatures up to 2600 K in both Mo and W.
Further work is planned.

The limited experimental database on corrosion of structural materials in Sn was
reviewed in the 3rd presentation at the session.  This information is relevant for
the evaluation of Sn and Li as a potential coolant/breeding material in austenitic
and ferritic steels which corrode rapidly in Sn at temperature above ~400oC.
Additional experimental data are need for other structural materials, although
several materials appear to be compatible with Sn at temperatures of interest for
APEX.  The physical nature of Sn interaction with structural materials needs to
be experimentally examined, so as to plan for corrosion control strategies.


