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Introduction: During dynamic compression, local stress and temperature are affected by defects, voids, impurities 

and other heterogeneities in aggregate samples that existed prior to shock compression. In order to understand the 

stress and temperate evolution upon shock loading, we are developing two complementary nondestructive character-

ization techniques that cover the meso-scale (μm to mm) and the micro-scale (μm to nm). 

Discussion: The first technique uses X-ray tomography, which provides a 2D electron density distribution (μm-

resolution) and can be used on single crystal, polycrystal and powdered samples. This method detects voids, cracks as 

well as density differences in polycrystalline aggregates of single or multiple phases. We are developing a compressed 

sensing approach to improve the X-ray tomography time efficiency so it can be used on much larger samples. This 

2D tomography map is used to identify regions that could generate local temperature or stress excursion during shock. 

The second technique we are developing is an automated program based on Lang-Topography, which is a single 

crystal diffraction technique where images are taken over a range of angles providing variation in intensity to identify 

strain. Phase factor shifts can also be recognized using Lang-Topography to identify dislocations. The micro-focus 

hard X-ray beam line 16-IDB (HPCAT) at the Advanced Photon Source in Argonne National Lab is used for the X-

ray tomography and topography studies. X-rays are focused to 1×2 μm² at monochromatic X-ray energies typically 

between 30 and 40 keV.  

Upon shock loading, it is expected that void-collapse will generate a high heat region/ hot spot [1] causing local 

melting and transformation to high P-T phases in the area around the hot spots. Prior to shock, voids and crystal 

boundaries can be measured in the sample with spatial resolution in the 10 μm range using ICCD detectors for tomog-

raphy, as shown in Figure 1. Shock experiments on single crystal, polycrystal, or powdered samples can verify the hot 

spot formation around voids when combined with our pre-shock diagnostics and can also determine temperature evo-

lution around crystal defects and grain boundaries identified by topography. Velocimetry and imaging diagnostics can 

be implemented to measure the evolution of temperature in the vicinity of grain boundaries and various defects in situ. 

In a recovery experiment a sample can then be analyzed with FESEM microscopy to identify locations of former melts 

providing a marker for temperatures reached. In addition, X-ray micro-diffraction can be used to identify recovered 

high pressure phases of the sample (possibly conserved by non-relaxed local stresses). 
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Figure 1: Bismuth Tomogram 
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