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ITER and future fusion experiments are hampered by erosion and degredation of
plasma-facing components forcing regular replacement. One novel approach to solving the
erosion issue is the usage of liquid metal plasma facing components. The National Spherical
Torus Experiments (NSTX) is the only US confinement device operating a liquid metal
divertor target to examine the technological and scientific aspects of this innovative approach.

Experiments have been conducted using a toroidal Liquid Lithium Divertor (LLD)
module in the outer region of the lower divertor[1]. In addition to testing the stability of the
liquid metal surface, liquid lithium in particular is expected to provide a low-Z target material
and potentially absorb and retain incident particle flux through chemical bonding. The LLD
surface in NSTX was replenished between discharges through evaporation and consisted of a
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Kinetic interpretation of the Langmuir probes allows the determination of the entire
distribution function of the measured plasma as well as the plasma potential[5,6]. Typical
estimates of impact energy assume Maxwellian electron distributions. On the contrary, bi-
modal distributions are obtained from the non-local interpretation[6]. The tail populations (as
opposed to the cooler bulk) are found to be correlated with the biasing of the plasma above
floating potential. Figure 2 shows impact energy
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Using the impact energy estimate and published sputter yields[9] gross erosion rates
suggest ~350nm/s of lithium is eroded each discharge in the vicinity of the strike-point
highlighting the importance of active replenishment (c.f. typical deposition of 150-300nm
between discharges and ~3 shot degredation rate on Li-ATJ[10]). Evidence exists, however,
that the surface of the LLD consisted of a mixed-material due to lithium gettering of
background gases. Reference SRIM runs indicate impurity layers reduce the implantation
depth of incident ions and could hinder retention of incident deuterium as observed in ion
beam experiments[11]. On the other hand, complex surface chemistry is known to exist when
Li-C-O compounds are found together indicating non-zero retention is still possible[12]. In
these experiments carbon is still the majority PFC in NSTX and discharges with the LLD
were found to obtain similar performance improvements and require similar fueling as
previous campaigns with lithium wall-conditioning.

New design directions for next-step divertor modules are suggested by the successful
implementation of this liquid metal divertor target and analysis of discharges. In particular,
flowing systems can supply fresh lithium to areas underneath the strike-point in real time
while removing gettered materials and purifying the liquid metal elsewhere. These
technologies are under active development within the NSTX program and by the Princeton
Plasma Physics Laboratory.

References

[1] H.W. Kugel, et al., Fusion Eng. Des. 2011 in press.

[2] J. Kallman, et al., Rev. Sci. Instrum. 81 (2010) 10E117.

[3] M.A. Jaworski, et al., Rev. Sci. Instrum. 81 (2010) 10E130.

[4] T.K. Gray, et al., J. Nucl. Mater. 415 (2011) S360. M. Makowski, et al., Physics of Plasmas, submitted.
[5] T. Popov, et al., Plasma Phys. Control. Fusion 51 (2009) 065014.

[6] M.A Jaworski, et al., Fusion Eng. Des. 2012, in press.

[7] W. Manheimer, et al., Phys. Plasmas 15 (2008) 083103.

[8] O.V. Batischev, et al., Phys. Plasmas 4 (1997) 1672.

[9] J.P. Allain and D.N. Ruzic, Nucl. Fusion 42 (2002) 202.

[10] H.W. Kugel, et al., Fusion Eng. Des. 84 (2009) 1125. Kugel, et al., J. Nucl. Mater. 390-391 (2009) 1000.
[11] Y. Furuyama, et al., J. Nucl. Mater. 313-316 (2003) 288.

[12] J.P. Allain, et al., J. Nucl. Mater. 390-391 (2009) 942.

“This work supported by USDOE contracts DE-AC02-09CH11466 (PPPL), DE-AC05-000R22725 (ORNL),
DE-AC52-07NA27344 (LLNL), DE-FG02-99ER54524 (Columbia U.), DE-FG02-08ER54990 (Purdue), DE-
AC04-94A1.85000 (SNL).

estimated from simple 5T estimate.



