Characterization of a cast Al alloy by synchrotron tomography
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Material:

The studied material is an AISIMg alloy with 8 wi% Si and 5 wi% Mg content. These alloys are
gaining importance for future elevated temperature strength applications. The solidification
path of the investigated alloy Is presented in Figure 1 according to Thermocalc™ [1]. The aim
of this study is the 3D morphological characterization of the contained phases by
synchrotron tomography.

Domonkos Tolnai *°, H. Peter Degischer °, Janos Lendvai °

? Institute of Materials Science and Technology, Technical University Vienna
" Department of Materials Physics, E6tvos Lorand University, Budapest

Experimental

The tomographic measurements were carried out at the ID19 beamline of the European
Synchrotron Radiation Facility [3]. The coherence of the X-ray beam allows, performing phase
contfrast measurements with a voxel size of (0.3 um)°’ [4]. The applied beam energy at the
measurement was 20.5 keV and the sample-detector distance 15 mm (Figure 2). The three
dimensional volumes were reconstructed from 1500 projections of 0.5 s exposure time each while
rotating the sample by 180°.
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emanate. Such nodes could be demonstrated also by FIB-SEM tomography [7]. b M3
Although particles seem to be separated on the 2D slices (Figure 3), 3D -1
reconstruction demonstrates clearly the coral like connectivity of these particles BARAL
(Figure 4).

In order to define the spatial distribution of the small Si and Mg,Si
particles, a cluster analysis is presented. The reachability diagram,
shown in Figure 7, obtained by calculating the shortest neighbouring
distances among the particles [8], allows to determine several Si
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Figure 3. Metallographic picture of
the investigated alloy
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Figure 6. Segmentation of the phase
contrast images of the chinese script
Mg, Si (blue) and the triple eutectic S,

Mg, Si particles (yellow).

Figure 5. Segmented AlFeSi particles, adjacent
to the Mg, Siin Fig. 4.

Figure 4. Segmented Mg,Si coral, solidified along

the eutectic valley. 100
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Conclusions
X-ray phase contrast measurements reveal the microstructure of

the Siand Mg,Siphasesin the Al-Si-Mg alloy with sufficient resolution
(particles bigger, than 3 um).

Once all the eutectic and intermetallic phases are segmented
and characterized, the dendrite structure can be extracted.
Since the dendrites are the largest regions containing aluminium,
they can be isolated by density mapping (Figure 8).
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The plate like AlFeSi particles could be simply segmented by
absorption confrast.

The Chinese script Mg, Si particles have complex coral-like shapes
revealed by 3D tomography.

T T T T T T T I T | ) | ! 1
0 1000 2000 3000 4000 5000 6000 7000
Sequence number

The Si/Mg,Si particles of the triple eutectic show clustering,

corresponding to the inhomogeneous distribution in the
inferdendiritic space.

Figure 7. Reachabillity plot of small Si/Mg.,Si particles

revealing clusters, where the large distances are

followed by a short one.
The extraction of the dendrite structure became possible after the

segmentation and characterization of the other phases, and using

differentimage analysis methods. References
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The characterization of the investigated alloy in three dimensions
revealed several so far unknown details of the solidification
Processes.
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