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Three-dimensional observation of ductile fracture process by deflection
contrast imaging in cast Al-7%S1 alloys

Tatsumasa HIDAKA™*, Hiroyuki TODA™ Masakazu KOBAYASHI*
Kentaro UESUGTI™ and Toshiro KOBAYASHI*

Synchrotron X-ray microtomography has been utilized for the in-situ observation of ductile fracture in cast Al-7%Si al-
loys exposed at a high temperature for 0-10°s. A high resolution experimental configuration and deflection contrast im-
aging technique have enabled the reconstruction of silicon particle images with an isotropic voxel with a 0.474 um edge.
The variations in particle shape, size and spatial distribution at the high temperature are readily observed, along with the
existence and growth of high-density micro-pores. Three-dimensional image analysis is applied and its feasibility is con-
firmed. It is clarified that in the case of an as-cast material void nucleation and growth have been observed as has been
reported for the general ductile fracture of metallic materials. When it is exposure at the high temperature for a long
time, however, ductile fracture is found to be attributable mainly to the growth of pre-existing micro-pores and not the nu-
cleation of new voids at silicon particles. Since such tendency has been also confirmed for other materials, more detailed
analysis might be expected in a near future in order to understand actual ductile fracture process in practical materials.
(Received September 10, 2007 Accepted October 5, 2007)
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Table 1 Chemical compositions of the alluminium alloy (mass% )

Si Mg Cu Fe Mn Ti Pb Sn P Sr Al
7.07 0.244 0.015 0.024 0.001 0.003 0.001 0.007 0.0003 0.0002 Bal.
250
Slit —— Material heated for 0 s
Specunen o 200 =— Material heated for 10° s
(=W
Z 150 sh 6th
b“ 4th
Image detecter 2 100 3rd
Monochromater g
Si(111) 50 2nd
0 1st
. 0 0.1 0.2 0.3 0.4
Rotating stage Strain , £

Fig. 1 Schematic illustration of the micro tomography set-
up.
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Fig. 2 A pneumatic material test rig specially designed for
the X-ray micro tomography at the synchrotoron site.
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Fig. 3 Stress—strain relationship during the in-situ obser-
vation of tensile tests for the two materials. Tomography
scans were performed six times at the indicated strain lev-
els.
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Fig. 4 Schematic illustration of the principle of the deflec-
tion contrast imaging.
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Fig. 5 Virtual slices in the reconstructed volumes for the alloys solution-treated for 10°s. (a)~ (e) have been taken when the
distance between the detecter and the specimen is 10, 30, 50, 100 and 200 mm, respectively.
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Fig. 6 Schematic illustration of the X-ray deflecting twice
while passing through a particle with refractivity smaller
than a matrix.
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Fig. 7 Projected location of an X-ray incidented at various
locations due to deflection.
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Fig. 8 3-D perspective views of silicon particles of the alloys solution-treated for 0, 10> and 10°s.
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Fig. 9 Enlarged perspective views of silicon particles of the alloys solution-treated for 0, 10° and 10°s.
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Fig. 10 3-D perspective views of micro-pore and micro-void distribution during loading in the alloy solution-treated for 0s
which have been captured at (a) 1st, (b) 4thand (c) 6th loading steps.

(a)

310 um

Fig. 11 3-D perspective views of micro-pore and micro-void distribution during loading in the alloy solution-treated for 10°s
which have been captured at (a) 1st, (b) 4th and (¢) 6th loading steps.
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Fig. 12 Variations of the number and size of micro-voids
as a function of applied displacement for the two alloys.
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