Response of NSTX Liquid Lithium Divertor to High Heat Loads*
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A Liquid Lithium Divertor (LLD) that covered the outer part of the lower divertor was installed in NSTX for the 2010 run campaign. The LLD surface consists of a 0.25 mm-thick stainless steel liner brazed to 22.2 mm-thick copper. The liner is plasma-sprayed with molybdenum to form a 0.165 mm-thick layer with 45% porosity. This configuration is designed to retain a thin film of lithium for studying the deuterium retention properties of a static liquid lithium surface, refreshed by lithium from evaporators to approximate a surface renewed by flowing liquid lithium. The lithium layer and stainless steel liner with plasma-sprayed molybdenum were intended to be thin enough for the LLD temperature response to be governed by the thermal mass of the copper.

The capability of the LLD to withstand high heat loads in NSTX was demonstrated when strike points were directed to its surface during discharges with up to 4 MW of neutral beam (NB) heating. The LLD surface temperature ranged from below to above the lithium melting point, depending on the amount of applied and plasma heating, with no spectroscopic evidence of impurities from the substrate. However, detailed investigation of the LLD surface was not possible immediately after plasma exposure. Analysis of the LLD surface after the end of the run campaign would not be able to differentiate between the initial and cumulative effects of high heat loads. Furthermore, the consequences of plasma exposure to the molybdenum and stainless steel substrate without lithium coatings could not be determined. 
To address these questions, a small prototype sample of the LLD was exposed to a diagnostic NB (DNB) from the Motional Stark Effect – Laser-Induced Fluorescence system [1], at a power of ~1.5 MW/m2 for 1-3 seconds.  Calibrated infrared (IR) measurements of front face temperatures and thermocouple measurements of bulk sample temperatures were obtained.  Predictions of the temperature evolution were derived from a simple 1D heat flux model and compared with experimental data. No macroscopic damage occurred when the sample without a lithium coating was exposed to the DNB, although microscopic changes to the surface were observed. At the pressures in both NSTX and the sample test chamber, the LLD surface develops a lithium hydroxide (LiOH) coating. When exposed to the DNB, this coating on the sample did not change, even when the front face temperature exceeded the pure lithium melting point. These results are consistent with the lack of damage to the NSTX LLD surface, and imply that heating alone may not expose pure liquid lithum if the melting point of surface impurities (i. e., LiOH) is not exceeded. These results suggest that flow as well as heat is needed for future plasma-facing components requiring a liquid lithum surface.
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