




The streaking originates from the plate-like �
  precipitates (Al2Cu). A flat precipitate scatters an 
intensity that is concentrated in the direction perpendicular to its habit plane (see e.g. [5]). However, 
in order to be able to observe this streak in intensity, the sample must be either a single crystal or 
strongly textured. It is very likely that the samples have a remaining rolling texture that is pronounced 
enough to give rise to this streaking. 

The early isotropic signal is most likely to be due to the Mg and Ag rich clusters observed in atom 
probe tomography experiments by Reich et al. [2]. 

Fig. 2. Snapshots of SAXS sequence for the 0MPa sample. These snapshots are separated by approximately 
20min. First, anisotropic clusters are forming followed by anisotropic precipitates. 

Fig. 3. Snapshots of SAXS sequence for the 50MPa sample. These snapshots are separated by approximately 
20min. First, anisotropic clusters are forming followed by anisotropic precipitates. 

Fig. 4. Snapshots of SAXS sequence for the 100MPa sample. These snapshots are separated by approximately 
20min. Notice the anisotropic shape of the diffuse spheroidal clusters (snapshots 2 and 3). 

We will use azimuthally averaged signal I(q), were θ
λ
π sin4=q  is the scattering vector and θ2 is 

the scattering vector. This is in principle valid only for isotropic signal, however, although the sample 
seems to be strongly textured, the intensity is nevertheless sufficiently spread in all direction to be 
able to use this approximation. This method is further validated by the behavior of the scattered 
intensity for images presenting streaks (Fig. 5). Indeed, the intensity (on a double log plot) is shown to 
follow a classical Porod law in q-4 in the high q region, whereas the low q region follows a q-2

evolution. This is a classical behavior for flat objects, which justifies the use of the azimuthally 
averaged intensity. 

We can then assume that the intensity is in the form (see [6], pp 17-51): 
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where A is the area of the particles, ρ∆ , their electronic contrast with the aluminium matrix and t, 
their thickness. A Guinier-type plot Log(Iq2) vs. q2 can then be used to extract the thickness t of the 
precipitates. Figure 6 is an example of such a plot. It clearly shows a linear part that can be used to fit 
a Guinier law to extract the thickness. 

Fig. 5. Log(I) vs. Log(q) for 3 successive 
SAXS images of the 0MPa sample. This is a 
classical behaviour for flat precipitates.

Fig. 6. Guinier type plot Log(Iq2) vs. q2 for 
the same images as Fig. 5. The slope of the 
linear part of the curve gives the thickness of 
the precipitates 

For the spheroidal clusters, a simple Guinier plot, Log(I) vs. q2, is enough to extract the radius of 
the clusters. The results as a function of time for the three different samples are shown of Fig. 7. 

Fig. 7. Evolution of the clusters- and precipitates 
size as a function of ageing time for the three 
samples. 
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The clusters are first growing, before giving way to the  precipitates. No significant effect of the 
applied stress is observed on the clusters. It seems that an applied stress delays the thickening of the 
plates, but the effect is rather subtle and may lay in the experiment uncertainty. 

On the other hand, a careful observation of the scattering from the clusters in the 100MPa sample 
shows that there is a certain degree of anisotropy. This can be seen on the second and third snapshot of 
Fig. 4. To further highlight this effect, we have plotted for one SAXS image (the third snapshot of Fig. 
4) the intensity as a function of the azimuthal angle for three different values of q (i.e. for three 
different distances from the centre). 

This is shown on Fig. 8. The lines are sine fits to the data points. The lower intensity regions 
correspond to 90° and 270° which are the tensile directions. The higher intensity regions correspond 
to the direction perpendicular to the tensile direction. 

Fig. 8. Intensity as a function of the azimuthal 
angle for the clusters in the 100MPa sample. Three 
different distances from the centre are shown. The 
lines are sine fit to the data points. 

This anisotropic signal can be explained by ellipsoidal clusters that would be either flat with a 
habit plane parallel to the tensile direction of elongated along the tensile direction. The aspect ratio of 
the SAXS signal gives an estimation of the aspect ratio of the clusters which is between 1.5 and 2. 

4. Conclusion 
We have assessed the possibility of SAXS to record in situ formation of the  phase and its 
precursors Mg- and Ag- rich clusters in Al-Cu-Mg-Ag. We show that these clusters grow in size 
before giving way to the  precipitates. We have attempted to show an effect of elastic stress on the 
precipitation of  Al2Cu by comparing our results on samples subjected to 3 different levels of stress, 
0MPa, 50MPA and 100MPa. The effects on , if any, are shown to be very subtle. On the atomic 
clusters, on the other hand, there is a clear effect on the shape of the objects. When subjected to a high 
enough applied stress, the clusters are either flat, but more likely elongated in the tensile direction. 

More extensive experiments are being performed. In particular, transmission electron microscopy 
is being done to record the shape of the objects and atom probe tomography experiments are planned 
to assess the effect of the applied stress on the segregation of Mg an Ag at the /matrix interface. 
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