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Three-Dimensional Copper Concentration Mapping in

Al-Cu Binary Alloy Castings

Takahiro Sanpei*, Hiroyuki Toda**, Kentaro Uesugi***
Akihisa Takeuchi***, Yoshio Suzuki*** and Masakazu Kobayashi**

Three-dimensional element concentration mapping of Al-Cu alloy was carried out using the K-edge subtraction imaging
technique. Spatial inhomogeneity of copper concentration was evaluated using a solution heat-treated sample. The average
value of copper concentration was 1.57% for the whole sample. From the observation of three-dimensional images, the
copper concentration seems to be homogenized by the solution treatment. By evaluating several unit cubes of 20um
in one side, the variation of the copper concentration which varies between 1-2% was obtained.The three-dimensional
concentration mapping revealed in more detail than before that homogenization by solution treatment at high temperatures
for a long time appears to be insufficient. Furthermore, the influence of sample size was also evaluated by applying the
K-edge subtraction imaging technique to materials with the same composition but different sample sizes.
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Fig. 1 Optical microstructure of Al-2Cu alloy.
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Fig. 2 Absorption spectra of aluminum and copper
near K absorption edge of copper . Erow and Enignh on
X-ray energies that have beam-selected for K-edge
subtraction imaging experiment .
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Fig. 3 Measured absorption spectrum of pure copper

8.90

in vicinity of K-edge of copper.
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(c) Subtracted image
Fig. 4 Virtual cross sections taken at (a) 9.038
keV, (b) 8.938 keV in the as-cast Al-5%Cu alloy.
Note that the K-edge of copper lies between 9.038
and 8.938 keV. (c) Shows the identical cross section
obtained by subtracting (b) from (a) in which copper
" concentration is shown as grey scale .
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Fig.5 3D copper concentration map in Al-2%Cu alloy.
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Fig. 6 Ten different regions where local variation of
copper concentration is evaluated in the Al-2%Cu alloy.
Note that each region is cubic and one side is 20um.

(a) Specimen A
Fig. 8 Appearances of copper concentration in three Al-2%Cu specimens (A~C) different X-ray transmission

lengths.
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(b) Specimen B
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Fig. 7 Variation of copper content inabove 10 extracted

regions in the Al-2%Cu alloy. The regions are indicated

in Fig. 6.

Cu content, C (%)

100pm

0
(c) Specimen C
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Fig. 9 Histograms of copper content corresponding to

three specimens shown in Fig. 8.
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