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Report:

In this beamtime, we carried out the first implementation of a new high resolution modality of 3DXRD
microscopy[1], HR-3DXRD on 50% recrystallized Al 1050 and eutectic high entropy alloy (HEA). The
experiments were carried out at 35 keV, selected with Si 111 bent Laue double crystal monohromator (AE/E~10
%). With the help of local contact M. Majkut, the experimental setup was prepared by aligning the condenser
optics and the detector configuration. The monochromatic incident beam was collimated by KB mirrors by
overfocusing in horizontal direction and focusing on the sample in vertical direction. Such alignment optimized
the attainable incident flux in the given energy range. The diffraction experiments were carried out with a
FReLoN camera (Kodak chip) with a native pixel size of 24 um. The effective pixel size of the camera was
selected with the available x4 and x10 optical objectives and a fixed x3.1 eye piece to 1.94 and 0.77 pum. For
this experiments, we’ve analyzed two samples: (1) Commercially pure 50% recyrstallized Al1050 alloy having
large recrystallized grains (~10-50 um) and small deformed grains (~0.7-1 um) [2-4],and (2) a novel eutectic
HEA alloy, AICoCrFeNiz1, with an average grain size of ~0.4 um [5,6]. The sample to detector distance was
chosen as 7.3 mm.

The HR-3DXRD method is proposed to achieve a higher resolution by optimizing the sample to detector
distance and pixel size of the detector. By placing the detector in between the near-field and far-field regimes
and using a high resolution imaging detector, Debye-Scherrer rings are captured partially in detector’s field of
view. Thus, HR-3DXRD can be realized via translating the detector in its y-z plane (assuming x-axis for X-rays)
and performing a full 3DXRD at different azimuthal positions. With the described camera configuration, entire
azimuthal range can be observed in four camera positions, i.e. “panels”. In Figure 1 shows a comparison of a
classical ff-3DXRD pattern and four HR-3DXRD panels captured in this experiment. For the latter, it should be
noted that a full SDXRD scan was performed at each panel position. For all samples both classical ff-3DXRD
and HR-3DXRD scans were collected.

Figure 2 shows a single panel from HR-3DXRD scan of Al1050 sample. In the figure, it can be clearly seen
that diffraction signal is obscured by an increased backgroud. This is a common scattering feature in deformed
materials that is known to be caused from high concentration of low angle dislocation boundaries [7,8]. For this
sample, it was concluded that the annealing state of the materials is inadequte for the high resolution detector
setup to differentiate diffraction signals efficiently from the unwanted signal.

For the second sample of HEA alloy, full HR-3DXRD scans were acquired. Scanning a single panel took ~2
hours, thus total scanning time was ~8 hours. In the first trials, it was seen that during the scans, the detector
system was drifting away from its aligned positions. Remedy is found by selecting single diffraction spots in



each panel position and use them for referencing with height scans. With this approach 2 full datasets were
acquired. Implementation of analysis for HR-3DXRD method is still ongoing.

(a)

pixel size, the latter configuration covers the Debye-Scherrer rings with four panels in azimuthal direction.
The images correspond to same slice in the tomographic rotation.

Figure 2: A frame from ff-3DXRD scan (left) and its close-up from HR-3DXRD scan (right). The diffraction
signal from small grains/domains are obscured dut to the high density of low angle boundaries.
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