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Outline

• PPPL is Collaborative National Center for Plasma and Fusion Science

• Material Issues Increasing Pace Fusion Progress

• Central Issue: Interfacing Plasma to Room Temperature Surroundings

• Summary of Candidate Plasma Facing Component (PFC) Materials

• Radiation Damage

• Candidate Fusion Blanket Structural Materials

• Examples of Current PSI Issues Observed in Recent Experiments

• Conclusions
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PPPL is Collaborative National Center for
Plasma and Fusion Science

• Princeton University manages PPPL under contract with the
US DOE, Office of Fusion Energy Sciences (OFES) to
advance fusion energy and plasma physics.

• We are conducting research along the broad frontier of
plasma science and technology. This contributes to the
database and innovations needed to achieve fusion as an
energy source for the world.

• We also support the national research enterprise in these
fields, and we educate the next generation of plasma and
fusion scientists (~34 grad students from Departments of
Astrophysical Sciences and Engineering).
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Extensive National and International
Collaborations on NSTX

• National Spherical Torus Experiment (NSTX) at PPPL is a
major element of the US Fusion Energy Sciences Magnetic
Confinement Program. About 1/3 of the NSTX researchers
are collaborators who submitted proposals to DOE for work
on NSTX.

• Material and technology R&D supported by NSTX must be
related to its mission.

• NSTX benefits from fusion material research and technology
development from the OFES, Development & Technology
Division’s Virtual Laboratory for Technology (VLT), and other
OFES funded research.
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Material Issues Increasing Pace Fusion Progress

• PPPL researchers increasingly encounter fusion material issues:
– PPPL experimental projects perform mission related material research
– fusion materials issues in the research and design for ITER, and

next-step, higher power devices, e.g.,
• power handling surfaces (C, Be, W, liquid Li)
• neutron absorption effects, ,e.g.,

– Structural strength of internal hardware
– PFC erosion and dust generation
– Insulation integrity (magnetic coils, instrumentation, and cabling)
– First mirror and window deterioration

• co-deposition of incident tritium fuel and ablated PFC materials
• H and He fuel gas dilution from (n,p), and (n,α) reaction products
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• Physics of the formation, structure
and stability of the edge plasma.

• Tritium retention and plasma material
interactions.

• Erosion and decomposition of plasma
facing materials and components.

• Plasma and impurity transport in the
Scrape-of-Layer (open field lines).

M. Ulrickson

The Central Issue: How to interface a 100 Million Degree
Burning Plasma to its Room Temperature Surroundings?

DIVERTOR
REGION
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      M. Ulrickson

 - Current PFC Materials of most interest: solid Be, C, Mo, W,
and liquid Li ( and Ga, Sn, Pb, and their compounds)

• The core plasma must be kept clean
of impurities and Helium ash
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      M. Ulrickson

Intense Plasma Material Interactions at the Divertor Plate
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Divertor Material and Geometry Are Currently the Most
Challenging High Power, Next-step Design Issues

      M. Ulrickson
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Significant Gaps Exist in Plasma Materials Interactions (PMI)
Theory, Modeling and Experimental Validation

• Effects of turbulent energy transport to PFCs
(divertor and walls)

• Mixed materials effects (Be,C,W) on plasma vapor formation
and response

• Melt layer formation and splashing
• Liquid metal surface (Li, Ga, Sn) response to transient

energy transport
• Droplet and dust formation

A. Hassanein



NSTXNSTX RUTGERS PPPL Fusion Materials Discussion (H.W.Kugel) 11June 03,2009

Summary of Present Candidate PFC Materials

      M. Ulrickson

• Self-healing from erosion and neutrons damage
• Sweeps out tritium and impurities
• Yields hotter edge, significant discharge improvement
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 Presently Solid Divertor Target Materials Are
Operating at Their Limits for Heat Removal

B. Labombard, MIT
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S. Zinkel
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S. Zinkel
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N. Morley, UCLA

Materials Issues Are Also Encountered in Achieving
Robust  and Efficient  Power Extraction Designs

• Joining technology for low activation solid and liquid
materials
- joining without introducing weakening link

• Understanding the elements of the complete fuel cycle
- Tritium breeding and tritium retention in vessel components

• Understanding how the properties of low activation
materials used for structures and walls evolve during
reactor conditions

• Sufficient database to guarantee safety over the plant
life cycle
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S. Zinkel
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Examples of Current Plasma-Surface Interactions Materials
Issues as Observed in Recent Experiments

J.P.Allain
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Conclusions

• Material issues are increasingly pacing fusion progress.

• Current material issues include erosion, tritium retention, permeation,
trapping, impurities, dust, power handling, and radiation effects
(hardening, embrittlement, phase instabilities, creep, and volumetric
swelling).

• In present fusion devices, solid PFC and divertor target materials are
operating at their limits for heat removal.

• PFC and structural materials development is widely-acknowledged to
require focused experiments and coordinated modeling.

• Materials synergies might be found in the area of alloy development
once the underlying mechanisms for property degradation in the fusion
environment are understood.


