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Abstract 
The three dimensional microstructural evolution of cast B206 (AlCu5Mg0.3Mn0.3) and AlCu7 
(AlCu7Mn0.4) alloys is studied as a function of solution treatment time by synchrotron tomography. 
Both alloys are formed by an -Al matrix, Al2Cu and Al7Cu2(FeMn). 3D microstructural parameters of 
the aluminides such as volume fraction and interconnectivity are presented for the alloys in AC 
condition and after 4 h, 8 h and 16 h of solution treatment at 530 °C. Morphological evolution is 
obtained from the mean and Gauss curvature distribution. Finally, target metallography is combined 
with energy dispersive x-ray analysis to identify the phases remaining after 16 h of solution treatment.  
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1  Introduction 
Cast Al-Cu alloys are potential candidates to be used in the automotive industry. They show higher 
tensile and low cycle fatigue strength than Al-Si alloys approaching even some grades of ductile iron. 
They have been rarely used for serial production due to their castability problems [1]. Therefore, most 
automotive applications are still mostly based on Al-Si alloys [2]. Nevertheless, in order to fulfill the 
new environmental regulations, new high temperature resistant materials are demanded to increase the 
current efficiency of combustion engines [3].  
 
Cast Al-Cu alloys consist of an -Al matrix and aluminides, mainly Al2Cu and other types depending 
on the composition of each alloy [4]. They are usually subjected to a solution treatment (ST) plus 
artificial ageing to improve their strength by precipitation hardening [5].Conventional metallographic 
studies are not enough for a fully understanding of the microstructural change provoked by ST. This 
may affect directly the volume fraction,  morphology, interconnectivity, distribution, etc. of the present 
phases. Therefore, three-dimensional (3D) characterisation methods such as x-ray tomography (XRT) 
are needed to follow the evolution of these changes [6]. Moreover, XRT can be combined with target 
metallography and energy dispersive X-ray (EDX) microanalysis to identify the different phases 
present in the material (e.g. [7]). 
 
The aim of this work is to study the effect of solution heat treatment time at 530 °C on the 
microstructure of B206 and AlCu7 alloys. 

2  Experimental 

2.1 Materials 
Two different cast Al-Cu alloys produced by Rotocast ® (rotatory gravity die casting) by Nemak Linz 
GmbH were investigated: B206 (AlCu4.8Mg0.3Mn0.3) and AlCu7 (AlCu7Mn0.4). Their chemical 
compositions are shown in Table 1. They were subjected to solution heat treatment at 530 ºC during 4 
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h, 8 h and 16 h. All conditions were overaged during 100 h at 250 ºC to stabilize the precipitation 
condition. Samples of 0.6 mm diameter were used for synchrotron x-ray tomography (SXRT). The 
samples after 16 h of ST were prepared for target metallography to compare the same slice from 
tomography with the obtained micrographs. 

2.2 Tomography 
Two different SXRT experiments were carried out at the ID19 beamline of the European Sychrotron 
Radiation Facility (ESRF) in Grenoble [8]. During the first experiment one sample of the B206 and 
one of the AlCu7 alloy were scanned in AC condition and then solution heat treated directly at the 
laboratory of the synchrotron source. The same two samples were then scanned after 4 h and 8 h ST. 
1500 projections with a field of view of ~ 0.6x0.6 mm2 were acquired between 0 ° and 180 ° for 3D 
reconstruction with a voxel size of (0.28 µm)3. Finally, the same two samples were scanned in a 
different experiment after 16 h of ST. 1000 projections with a field of view of ~ 1.1x1.1 mm2 were 
acquired for 3D reconstruction with a voxel size of (0.55 µm)3. An energy of 17.6 KeV was used for 
all scans. The reconstructed volumes had a size of     2048x2048x2048 vox and    2016x2016x2016    
vox the scans with voxel sizes (0.28 µm)³ and (1.1 µm)³, respectively. 
 

 
Figure 1: Light Optical Micrographs of: a) AlCu7 AC condition, b) AlCu7 after 4 h ST, c) AlCu7 after 16 h ST, d) 

B206 AC condition, e) B206 after 4 h ST and f) B206 after 16 h ST at 530°C. 

2.3 Image Processing 
The reconstructed volumes were processed using the softwares Fiji [9] and Avizo Fire [10]. First, the 
volumes were converted from 32 bits into 8 bits and filtered with a 2D median filter using a mask with 
a radius of 2 pixels. Then, the volumes were rigid-registered in two different steps: first manually using 
the landmark registration tool available in Fiji and then with Avizo for very fine positioning. Sub-
volumes of 1200x1200x750 voxels (~ 0.024mm3) for the AlCu7 and 1360x1250x720 voxels (~ 
0.027mm3) for the B206 were analysed. The 16 h volume was rescaled for registration using a 3D 
scaling factor of ~ 0.509 due to the different voxel size of the second experiment. Aluminides were 
segmented by global thresholding. Sub-volumes of 1000x900x700 voxels (~ 0.014mm2) were used for 
the 3D analysis. 
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The Mean (K) and (H) Gauss curvatures of the aluminides network were also calculated as function of 
ST time using the approach presented in [11]. 
 
The 16 h reconstructed volumes were also rescaled by a factor of 1.94 to correlate them with the pixel 
size of the light optical micrographs (0.27x0.27 µm2). Finally, they were manually rigid-registered 
applying landmarks with the software Fiji.  

3  Results and Discussion 
Figure 1 a) and d) show the microstructure in AC condition of the AlCu7 and B206 alloys, 
respectively. Typical phases identified by EDX analysis and correlation with literature are indicated in 
Figure 1 a) [12, 13]. Both alloys are formed by an α-Al matrix and Al2Cu and Al7Cu2(FeMn) 
aluminides. Figure 1 b) and e) show the microstructure after 4 h ST and Figure 1 c) and f) after 16 h of 
solution treatment for the AlCu7 and B206 alloys, respectively. It is clear that part of the intergranular 
phases segregated during casting dissolve during ST. This is quantified in Figure 2. Both alloys show a 
significant drop in the aluminides volume fraction (Vf) during the first 4 h of the ST, while it remains 
stable for longer ST times. The aluminide Vf decreases to ~ 4.5 vol % for the B206 (reduction of ~ 30 
% compared with AC condition) and ~ 1.6 vol % for the AlCu7 (reduction of ~ 65 % compared with 
AC condition). The interconnectivity of aluminides in each condition is determined as the relative 
volume fraction of the largest individual aluminide particle with respect to the total volume fraction of 
aluminides in the investigated volume. Figure 2 shows with a dashed line the evolution of the 
interconnectivity of aluminides for both alloys. The interconnectivity in AC condition is ~ 98 %. It 
decreases during the first 4 h of ST and remains practically constant afterwards. A remarkable 
difference is observable between the AlCu7 and B206. While the AlCu7 shows a decrease in 
interconnectivity of ~ 14 % after 4 h of ST, the B206 is more affected by the ST and its 
interconnectivity decreases ~ 45 %.  

 
Figure 2: Evolution of the aluminides Vf and Interconnectivity in the AlCu7 and B206 alloys during solution 

treatment at 530 °C. 

This effect can be seen in the rendered 3-D images shown in Figure. Here the segmented aluminide 
particles are shown in different colours. It is clear that the aluminides form an interconnected 3D 
network in the as-cast condition. This aluminides partially dissolve during ST resulting in a gradual 
disintegration of the network. As observed from the quantification, the aluminides in AlCu7 remain 
more interconnected than in the B206 alloy after 4 h ST. 
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The largest blue particle in Figure 3 a) for AlCu7 AC remains well interconnected after 4 h and 8 h ST, 
while the largest blue particle of the B206 AC (Figure 3 d) decomposes into many particles after 4 h 
ST and remains similar after 8 h ST. 

 
Figure 3: Segmented aluminides of the AlCu7 and B206 alloys in AC and 4 h ST conditions. Each colour is 

assigned to one particle. 

 
Figure 4: Curvature distribution of the aluminides for: a) AlCu7 AC condition, b) AlCu7 after 4 h ST and c) 

AlCu7 8 h ST, d) B206 AC conditions, e) B206 after 4 h ST and f) B206 8 h ST at 530 °C 

Figure 4 shows the Mean and Gauss curvature distribution of the aluminides network. Figure 4 a) 
includes the characteristic morphologies for each of the quadrants and axes [14]. 
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A tail in the positive-positive quadrant appears for both alloys with increasing solution treatment time, 
indicating that the alumindes tend to spheroidize with increasing ST time. On the other hand, more 
cylindrical regions appear for the B206 alloy as the ST time increases according to the displacement of 
the distribution to the positive x-axis. The number of flat regions of the B206 and AlCu7 alloys (center 
of the diagram) remains constant for the B206 and increases for the AlCu7 after 4 h of ST. It decreases 
after 8 h ST for both alloys.  
 
Target metallography was performed after the tomography experiments to identify the remaining 
phases in the material after 16 h of ST. Figure 5 shows the comparison of one tomographic slice of the 
B206 after 16 h ST (Figure 5 a) with its corresponding light optical micrograph (Figure 5 b) and 
energy dispersive x-ray (EDX) mapping (Figure 5 c). 
 

 
Figure 5: Target metallography: a) tomographic slice of the B206 alloy after 16 h of ST at 530 °C, b) 

corresponding light optical micrograph and c) EDX mapping showing Al (blue) and regions with Fe, Mn and Cu 
(red), d) tomographic slice of the AlCu7, d) corresponding light optical micrograph and f) EDX mapping showing 

Al (blue), regions only containing Cu (green) and region with Fe, Mn and Cu (red). 

EDX results for the B206 alloy show that almost all the aluminides after 16 h of ST at 530 °C contain 
Al, Cu, Mn and Fe (except from some scarce Ti-Mn rich inclusions). These phases may correspond to 
Al7Cu2(FeMn) [13]. Al2Cu was not found after 16 h of ST in the B206 alloy, contrary to the AC 
condition.  
 
On the other hand, some Al2Cu aluminide particles are still present after ST for the AlCu7 alloy. They 
represent the green regions shown in Figure 5 f). Therefore, Al2Cu dissolves during the first 4 h of 
solution heat treatment as shown in Figure 2 Al7Cu2(FeMn) aluminides tend to have a needle 
(2D)/platelet (3D) structure as shown in Figure 1 a) and Figure 6. This agrees with the curvatures 
analysis of the B206 and AlCu7 alloys that shows, respectively, the conservation and increase of the 
number of flat regions after 4 h of ST (Figure 4 b and e) while Al2Cu dissolves.. The fact that some 
Al2Cu particles in the AlCu7 are still present after 16 h ST is directly linked to the higher aluminides 
interconnectivity in comparison with the B206 alloy (Figure 2). This can be decisive for the 
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mechanical behaviour of the alloys since the high interconnectivity of aluminides in the AlCu7 alloy 
can result in favourable crack propagation paths. This will be the subject of a further study.  
 

 
Figure 6: Platelet-like aluminides (lilac) in the B206 alloy after 4 h ST at 530°C showing a coloured scale with the 
corresponding curvatures values of Figure 4 e) between 0.6 and 0.8 for the mean curvature and 0.1 and 0.5 for the 

Gauss curvature, which represent spheroidal regions 

4  Conclusions 
The 2D and 3D microstructural evolution during solution treatment at 530 °C of cast B206 
(AlCu5Mg0.3Mn0.3) and AlCu7 (AlCu7Mn0.4) alloys were studied by conventional metallography 
and synchrotron tomography. The following conclusions can be drawn from the analysis of the results:  
 

1. 4 h of solution treatment at 530 °C is enough to stabilize the volume fraction of intermetallic 
phases in the studied alloys (dissolution of Cu in the Al-matrix). 

2. The aluminides network in the AlCu7 alloy remains highly interconnected even after 8 h of 
solution treatment, while the B206 shows a significant decrease after 4 h. 

3. The morphology distribution of the aluminides changes with increasing solution treatment 
time. The amount of flat regions remain constant for the B206 and increase for the AlCu7 
after 4 h at 530 °C and partially disappear after 8 h for both alloys. The number of cylindrical 
regions increases during ST for the B206 alloy. The aluminides in both alloys also tend to 
spheroidize with increasing ST time. This effect is more pronounced for the B206 alloy. 

4. Different phases were identified by target metallography. Both alloys in AC condition are 
mainly composed by an -Al matrix, Al2Cu and Al7Cu2(FeMn). Al2Cu dissolves completely 
during the first 4 h of ST for the B206 and partially for the AlCu7, which directly affects the 
interconnectivity of the intergranular networks of aluminides.  

Acknowledgments 
The European Synchrotron Radiation Facility (ESRF) is acknowledged for the provision of 
synchrotron facilities at the beamline ID19 in the frame of projects MA1749 and IN662. Elodie Boller 
(ESRF) is acknowledged for her support during the experiments. 
 
The authors would like to acknowledge the financial support by the "K-Project for Non-Destructive 
Testing and Tomography" - COMET-Program Grant No. 820492 and the IRSES Project NanoCom. 



 

iCT Conference 2014 – www.3dct.at                                                                                             147 

References 
[1] G.K. Sigworth, Recent developments in the high strength aluminum-copper alloy A206, 

American Foundry Society Transactions, 1-14, 2003 
[2] M.A. Talamantes-Silva, A. Rodríguez, J. Talamantes-Silva, S. Valtierra, R. Colás, Effect of 

solidification Rate and Heat Treting on the Microstructure and Tensile Behavior of an 
Aluminum-Copper Alloy, Metallurgical and Materials Transactions B, Vol 39B, 911-919 

[3] M.A. Talamantes, A. Rodríguez, J. Talamantes-Silva, S. Valtierra, R. Colás, Characterization of 
an Al-Cu cast alloy, Materials Characterization, Vol 59, 1434-1439, 2008. 

[4] L. Bäckerud, G. Chai, J. Tamminen, Solidification characteristics of aluminum alloys, American 
Foundry Society, Skanaluminium, Vol 2, Stockholm, Sweden, 1990. 

[5] V.S. Zolotorevsky, N. A. Belov, M. V. Glazoff, Casting aluminum alloys, Elsevier, 
Moscow/Pittsburgh, 2007. 

[6] Z.Asghar, G. Requena, H. P. Degischer, P. Cloetens, Three-dimensional study of Ni aluminides 
in an AlSi12 alloy by means of light optical and synchrotron microtomography, Acta Materialia, 
vol 57 (14), 4125-4132, 2009. 

[7] Z. Asghar, G. Requena, E. Boller, 3D Interpenetrating Hybrid Network of rigid phases in an 
AlSi10Cu5NiFe Piston Alloy, Praktische Metallographie/Practical Metallography, Vol 47 (9), 
471-486, 2010.  

[8] European synchrotron radiation facility <http://esrf.fr> 
[9] J. Schindelin, I. Arganda-Carreras, E. Frise, V. Kaynig, M. Longair, T. Pietzsch, S. Preibisch, C. 

Rueden, S. Saalfeld, B. Schmid, J.Y. Tinevez, D.J. White, V. Hartenstein, K. Eliceiri, P. 
Tomancak, A. Cardonaet, Fiji: an open source platform for biological-image analysis, Nature 
Methods, Vol 9 (7), 676-682, 2012. 

[10] Avizo Fire <http://www.vsg3d.com/node/25>   
[11] D.Tolnai, P. Townsend, G. Requena, L. Salvo, J. Lendvai, H.P. Degischer, In situ synchrotron 

tomographic investigation of the solidification of an AlMg4.7Si8 alloy, Acta Materialia, Vol 60, 
2568-2577, 2012. 

[12] L.F. Mondolfo, Al alloys: structures and properties, Butterworth, London/Boston, 1976 
[13] K. Liu, X. Cao, X.G. Chen, Solidification of iron-rich intermetallic phases in Al-4.5Cu-0.3Fe 

cast alloy, Metallurgical and Materials Transactions A: Physical Metallurgy and Materials 
Science, Vol 42, 2004-2016, 2011 

[14] F.K.H. Quek, R.W.I. Yarger, C. Kirbas, Surface parameterization in volumetric images for 
feature classification. IEEE International Symposium of Bio-Informatics and Bio-Engineering, 
297–303, 2000 

  


