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Summary: X-ray interferometry/tomography of 3D polymer printed samples shows defects between filament layers.
Neutron interferometry/tomography of electron beam melted titanium alloy samples discovered structures that initially
appear to be low density pores based on attenuation, but have scattering characteristic of phase separation. Fatigued
samples are imaged as a function of interferometry tuning to access a range of autocorrelation scattering lengths.

1. INTRODUCTION

X-ray and neutron tomography offer interesting access to flaws---pores, cracks, and phase separations---in
additive manufactured (AM) samples [1]. Access to sub-pixel defects is enhanced by interferometry methods [2,3]
and leads to a range of applications for materials science [4,5]. Herein, we explore the correlation [6] between two
interferometry image modalities, absorption and dark-field (scattering) as an efficient strategy for defect detection
and characterization. The underpinning for interpreting the dark-field images comes from the X-ray and neutron
scattering community [7].

Recently, we have been comparing two interferometry designs, both based on grating interferometry. Grating
interferometry typically uses micron-dimension linear structures fabricated on Si-wafers; the linear structures can
be used as either absorption or phase shift material. A Talbot-Lau interferometer is constructed with one phase
shift and two absorption gratings and this design accounts for most of the recent X-ray and neutron interferometry
publications. A second design, a far-field interferometer [8], can be implemented with one absorption and two
phase shift gratings. One advantage of the far-field interferometer is access to a wide range of autocorrelation
scattering lengths, nearly two orders of magnitude used in this work. Currently, the Talbot-Lau interferometer is
the standard design, but the far-field interferometer is highly recommended for additional evaluation.

2. EXPERIMENTAL METHOD

The experiments were performed at several sites. Talbot-Lau X-ray interferometry was performed at the LSU
CAMD and a laboratory X-ray interferometer at LSU. Talbot-Lau neutron interferometry was utilized at the
Helmholtz-Zentrum Berlin CONRAD-2 beamline. Two-dimensional, single-shot Talbot X-ray interferometry with
a checkerboard phase grating was performed at the Advanced Photon Source 1-BM-B synchrotron beamline. Far-
field neutron interferometry was performed at the NIST NG6 beamline.

3. RESULTS

The data processing workflow is evolving into a comparison of absorption and dark-field intensities, either from
2D projections [8] or 3D tomography reconstructions (Fig. 1). The dark-field image contains orientation
information [4,5] and we are finding that AM flaw detection often requires two orthogonal setups of the
interferometer or sample. The high signal-to-noise absorption (or attenuation) image is used to generate a mask
which is then applied to the low S/N dark-field image so as to define a region of interest. Additionally, the mask
can also be used to define sample properties such as space plane curvature, a parameter which has been useful to
correlate the defects observed between the dark-field image with AM parameters such as printhead trajectory.
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Figure 1: (A) Attenuation and (B) darkfield slices from the grating interferometry attenuation and darkfield
volumes of Ti-6Al-4V cubes. The left cube is a 2016 sample and the right cube from 2015. Both the
attenuation and dark-field images show the features of interest in the lower portion of the 2016 sample.
Histograms of the lower (C) and upper (D) white rectangles shows a wide dispersion of dark field intensities,
yet a moderate range of attenuation values, indicating phase separation, not air-filled pores.



