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Report:

Synchrotron tomography was performed on AIMg5Si8 specimens. The aim of the experiments was to
investigate the solidification of this alloy by high-speed in-situ tomography. The mesurements were carried
out at the ID19 beamline using an energy of 15 keV with a sample-detector distance of 20 mm. The
acquisition of the X-ray radiographies was done using the ESRF FreLoN camera. During the experiment the
furnace was mounted on an external frame as shown in Figure 1.
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Figure 1. The experimental setup of the measurement.

In comparison with other metals the in-situ investigation of Al alloys is feasible because the oxide skin of the
aluminium keeps the shape of the sample even when the internal part of the specimen, the metal, is molten.
Therefore there is no need for any special x-ray transparent holder around the sample.



Five samples were measured with a diameter of 1.4 mm and a voxel resolution of (1.4 um)’. The experiments
were carried out using different cooling rates from different temperatures (Figure 2) according to the
solidification point of the different internal phases, in order to clarify the effect on the microstructure and to
compare the solidification sequence with differential scanning calorimetry measurements and
thermodynamic calculations [1,2].

830C cooling -5k/min 575C cooling -3K/min
700,00 600,00
690,00
680,00 590,00
670,00
560,00 580,00
650,00 e
640,00 570,00 \
630,00
620,00 \ 560,00
G000 . —4— 530G soaling 5K/ | \. —4—575C caciing 3K/
600,00 N 550,00
590,00 N
580,00 ey 540,00 ~,
570,00 -
560,00 ~_ 530,00
550,00 N
540,00 AN 520,00
530,00 Y
520,00 w 510,00
510,00 <
500,00 + 500,00
0224 02:26 02:29 02:32 0235 0233 02:41 03:12:58 03:15:50 03:18:43 03:21:36 0%3:24.2¢ 032122 433y 93:33:07
+5K to 575C/5min -3K/min +5K to 585C/5min -3K/min
600,00 600,00
590,00 590,00
580,00 f o
8800 —4— 5K o 575C/5min -3K! | / \\ —+— +5K 1o 565C/5min -3K/
570,00 /' L\ 570,00 / \
560,00 / \\‘ 560,00 / '\
550,00 + 550,00
540,00 540,00
530,00 530,00
520,00 520,00
510,00 510,00
500,00 T T T T T 1 500,00
00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 044800  O4:50:53 045346  04:56:38 045031 050224 050517 05:08:10

Figure 2. Experimental time-temperature profiles used for the different samples.

In the investigated alloy, a-aluminium dendrites solidify first, then Al/Mg,Si eutectic from the remaining Mg
and Si rich molten phase, and in the final step the liquid freezes in Al/Mg,Si/Si triple eutectic. In the
meantime Fe and Mn rich intermetallic platelets will seggregate [3], which is not visible on the DSC curves.

Results:

In the majority of the measurements hydrogen bubbles appeared in the molten samples. Since they were
moving during the rotation of the sample while taking the radiographies, the proper reconstruction was
extremely difficult in some cases (Figure 3). In those samples where the reconstructions were possible, we
could clarify the solidification sequence [3], which is in good correspondance with the thermodynamic
simulations. From the experimental approach it could be also determined that the intermetallics solidify at the
same time as the eutectic (Figure 4), therefore the peaks are overlapped in the calorimetric measurements.
Further investigations on the solidification of Al alloys are being carried out within the Long Term Project
Ma560.



Figure 3. Radiography of the investigated alloy with the hydrogen bubbles
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Figure 4. Reconstructed slices of the solidification measurement. The slices show that the iron rich intermetallics start to solidify
after the eutectic, but roughly at the same time. The marked regions on the curve are the temperatures of solidification of the
eutectic and triple eutectic phases.
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