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/ Research Motivation \
. Tantalum is used in the NIF targets and diagnostics (pinhole substrates, filters, shields, etc)
. Important to study spall to know the potential effects it can have on the optics, diagnostics, and shields
. Tantalum is also used in military defense applications
. Need to understand how the strength of tantalum differs in shock compression and release, between nano, poly and single crystal
\ . Can assess the strength of the crystals by studying spall /
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Fig 1. At high laser energy the nanocrystalline sample Fig 2. At high energy the polycrystalline sample completely Fig 3. At high energy the monocrystalline sample completely
completely spalled. Grain size in the region of spallation could spalled. The grain size was determined using SEM to be ~20 um spalled. The sample at such a high energy displayed signs of shear.
not be determined due to the large dimpling size on the after laser shock. Dashed line around spall crater represents laser spot.
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Fig 4. The nanocrystalline completely spalled at 75 J. The SEM Fig 5. The polycrystalline sample completely spalled at 75 J and Fig 6. The single crystal completely spalled at 75 J showing
image on the right shows dimpling around the same size separation at the grain boundaries can clearly be seen. dimpling in the crater area of the sample.

expected of the nano grains.
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Fig 7. The lip of the spall crater from the nanocrystalline Fig 8. SEM image of polycrystalline incipient spall at laser energy of Fig 9. The single crystal.shock(?d at 52 o!id not produce a spall
sample shocked at 112 J shows signs of shear. 60 J. Th(? bulge shows th.e sample on the verge of complete spall bubble that could be dlr?ctly |maged using SEM. However, CT
with cracks and voids on the top of the spall bubble. scans may show void formations under the surface.

Summary and Future Work

. Grain sizes of the nanocrystalline samples shocked at high energies cannot be clearly determined with direct imaging. The dimpling on the surface of the spall crater is on average the same size as the nano grains. This would
suggest that the grain boundaries of the nanocrystalline sample are concealed by the dimpling. The original grain size of the nanocrystalline samples were 100 nm.

. The lip of the spall crater on the nanocrystalline sample shocked at 112 J show indications of shear.

. The nanocrystaline samples have the most amount of grain boundaries, so there are more initiation sites for voids to grow and coalesce. This would suggest that the nanocrystals will have the lowest spall strength. The VISAR data
analysis is in progress to infer spall strength.

. CT scans are required to identify void sizes and locations in the nano, poly and single crystalline samples.

. Following future work also includes measuring spall thicknesses in the samples.

. Need to analyze the VISAR pull-back signals to extract the pressures and the spall strength of the materials.

. Compare spall strength from tension with material strength from compression.

Acknowledgments

. Work performed at the Jupiter Laser Facility (JLF), Lawrence Livermore National Laboratory (LLNL). This research is funded by the UC Research Laboratories Grant (09-LR-06-118456-MEYM) and the National Laser Users Facility

(NLUF) Grant (PE-FG52-09NA-29043). Electron microscopy was conducted at the Nano3 User Facility, University of California San Diego (UCSD). Target assembly was managed by Schafer Corporation in collaboration with LLNL.




