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The S-phase (Al2CuMg) occurs over a wide range of scientifically interesting and technologically 
significant 2xxx Al-Cu-Mg alloys. This equilibrium phase occurs as fine lath-shaped precipitates 
that grow with a crystallographic habit plane parallel or near to {210}Al. The tendency for nucleation 
of this phase during thermomechanical processing of these alloys is an important consideration in 
the development of structure-property relationships. For this reason, it is important to understand the 
crystal structure of precipitate phases as accurately as possible so that a detailed understanding of 
their nucleation and growth can be developed. In this work, we revisit the structure of the S phase by 
performing new electron diffraction experiments and simulations that allow us to assess recent 
proposals for the structural model.  
 
Perlitz and Westgren (PW) first derived the crystal structure of the S-phase using X-ray diffraction 
from a single crystal [1]. Recently, Radmilovic et al. (RaVel) used high resolution transmission 
electron microscopy (HRTEM) to propose a revision of the structure of the S-phase precipitate in 
Al-Cu-Mg alloys [2, 3]. The structure of the RaVel model is very similar to that of the PW model, 
though it does exchange certain Cu and Mg atom positions. Moreover, Wolverton recently reported 
a fist-principles total energy calculation for the S-phase structure that was consistent with the PW 
model and not consistent with the RaVel model [4]. Furthermore, Alekseyev et al. used careful X-
ray diffraction experiments to precipitates in a single crystal of Al-1.2Cu-1.2Mg (at. %) alloy [5]. 
Figure 1(b) of that paper reveals strong (020)s reflections.  
 
Here, we report the result of a calculation of the ratio of the structure factor square (SFS) for (020)s 
X-ray scattering for the PW and RaVel models as 48:0.5. This assessment favours the PW model 
and is inconsistent with the RaVel model. Our X-ray diffraction pattern (XRDP) simulation for the 
photograph or Kforogram, based on SFS calculations, is clearly supportive of the PW model. We 
have also performed electron diffraction experiments using a JEOL 3000F & 2010 TEM on an Al-
1.1Cu-1.7Mg (at. %) alloy following solution treatment (525 °C, 1 h), water quenching and ageing 
for 500 h at 150 °C (peak hardness). We have compared the observed diffraction intensity to the 
SFS for electron scattering to evaluate the above two crystal structural models for S-phase models 

 
Figure 1(a) is a <112>Al bright field image and reveals numerous fine lath-shaped S-phase 
precipitates and Fig. 1(b) is the corresponding selected area electron diffraction (SAED) pattern. We 
also provide SAED simulations of S phase precipitation in Al using both the RaVel and PW models, 
respectively, in Figs. 1(c) and (d). We have used the formulation in [6] and assumed that the size of 
the precipitates is so very fine that the kinematical electron diffraction treatment is valid. Table 1 
summarises our qualitative estimations of the strong (s), medium (m) and weak (w) diffracted 
intensity for S-phase reflections as observed in the experimental SAED's. The calculated SFS data 
for electron scattering from the two structural models is also included in this table. In the simulated 
SAED's, an S-phase precipitate size of (30~100)as×(3~5)bs×(3~5)cs (as=0.405, bs=0.923, cs=0.713 
nm) was used, on the basis of our observations. Our results are more consistent with PW structural 
model than for the RaVel model. 
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Fig. 1. BF TEM image (a) and corresponding SAED (b) for S-phase precipitates in Al with 
orientation [112]Al || [110]S. (c) and (d) are the corresponding simulated SAED's for the RaVel and 
the PW models, respectively. The correspondence between the experimental and calculated 
diffraction intensity for reflections (1

  

1 3)s and (2

  

2 0)s is superior with the PW model. 
 
Table 1. The observed intensity Iob for hkl reflections: s+, s, s-, m+, m, m-, w+, w, and w-. The 
calculated values of the SFS, |F(hkl)/F(200)|2×100, are listed for the PW and the RaVel models. 

hkl Iob. PWf  PW RKd RaVel hkl Iob. P  PW R  RaVel hkl Iob. PW  PW R  RaVel 
002 w+ 5.6 5.5 060*   -   0.6  6.2 114 w-  2.4 6.1 
004  s- 31.7 30.6 110  m  1.3  0.4 220* m+  9.1 0.1 
006  w 18.0 17.2 111  m  1.6  0.9 221 m-  1.1 1.1  
020*  s 27.2  7.4 112  s+ 35.8 49.5 222 w  1.8 0.5 
040*  w  5.0 16.4 113*  s 32.8 10.2 223* m  5.8 18.2 
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