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In this experiment, we perform X-ray tomographiclgsis on samples cut from
polycrystalline tantalum targets previously shock®ad a high-velocity impact at shock-
pressures of about 10GPa. Pores are generatedgessby shock-induced damage in the
metal. The stages of pore growth include nucleapowth and coalescence, finally leading
up to spall perpendicular to the impact axis in tédnget. The stage of the recovered sample
depends on the shock-pressure.

The purpose in this study is to exampwosity andpore volume distributions from
each of the cut samples.

This study is the continuation of the experiment-RIB, in which these 3 targets
were damaged at 3 different shock-pressures: 13&Pa@Pa, 6GPa. For this quantitative and
gualitative analysis, we increased the number wipdas in each of the three targets as shown
in Figure 1. Thus, samples from each target fottie Iparallelepipeds of the optimal section
area of 600pum x 600um.

X-ray tomographic analysis of the samples was edrout at beamline ID15 A at the
ESRF. The experiment used a Frelon CCD camera amglvabeamline set up devised by
Marco Di Michel et al.. These measurements required an energy of 65 BeYore the
microtomography analysis, a preliminary X-ray rapephy of each parallelepiped was
performed (Fig. 2). It results in a projected vieinthe damage and shows the best position to
choose for each sample with respect to the beam.

Once the tomography is performed, 2D virtual slieekeighte = 3.162 um (the voxel
size) are reconstructed out of the projected daithh the ESRF'’s filtered retro-projection
algorithm. This set of slices is then used to amesta 3D representation of the density (void
and metal) in the material. Each slice is thendi@med into a binary image by a suitable
filtering and thresholding procedure, as shown igufe 3. Given the occurrence of local
contrast and gray level variations from one slacéne other, an appropriate threshold for each
slice is determined by eye, comparing the origgraly images to the binary ones in order to
insure that no small pores are missing.

The (X, y, z) coordinates of the pores (voids) wagkected to built the distribution of
pore sizes using the Hoshen-Kopelman algorithmTh]s relatioship can thus be described
with a curve according to the procedure developaéference [2] for each sample (Fig. 4).

In summary, in this experiment, statistical fluctoas on experimental data were
reduced and an exponential binning of the obsepeed population is carried out. The binned
distributions are then fitted to a 4-parameter nhoglith 2 power-law regimes [2]. The
motivation for this statistical model is that thepplation of small pores should have
experienced almost no coalescence events so 8tatatlidistributions should apply for small
and for large pores, respectively. The binning pdage is non-trivial.

In practice, the pore volume distribution is reprged by the couplds;, P;) fori >1,
with v = [2742-1)]Y? and R :Wgz‘flzz"\ll(i)’ whereN(j) is the number of clusters wijh

<j<2 =
voxels ; where the normalization I indicates that an average over the volume classes
entering the bin is taken; and whéreis the above-defined intrinsic damaged volume (the
correction factor K is expressed in ref.[2]).
The binned pore volume distributions for the fivemples are displayed in Fig. 4 (in
logarithmic scale) with binomial standard error D&or all samples. The model fitted for
Tal039D is displayed as an example. The volumesegpeessed in numbers of voxels.
Therefore, our analysis of the pore volume distrdyushows a power-law relationship with
two distinct regimes which we interpret to be thevgh and coalescence.



Finally, micro-tomography damage analysis offess plossibility to carry out similar
analyses on laser-impacted metals at higher staéés, greater than &0
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Fig.1 Samples cut out from an impacted, Fig.2 Preliminary radiography of tantalum
half-cut, disk-shaped target sample.

Fig.3 2D and 3D representations. One slice before (a) and after (b) filtering and thresholding
steps (pores are black), and (c) 3D visualisation of pores reconstructed into sample.
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Fig. 4 Pore volume distribution for the samples Tal039 A, B, C, D, E and thefit curve for
sample Tal039D




