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The Al-Cu-Mg system most used in the aeronautic industry corresponds to the 2024 aluminum series [1]. The 

strengthening mechanism more employed for these alloys consists in the precipitation hardening due to the 

precipitates formed can be crystallographically coherent with the aluminum matrix, and their fine dispersion 

enhances the alloy's mechanical properties [2]. The Al-Cu-Mg system's high strength due to plastic 

deformation before artificial aging has been reported [3, 4]. However, an in-depth study on the identification 

of phases has not been carried out. Thus, a plastic deformation process by cold-rolled after solution treatment 

was performed to identify different types precipitated in the alloy. 

Commercial Al2024 alloy was used as raw material and subjected to fusion, hot extrusion, and solution heat 

treatment (SHT). Degassing of molten Al2024 alloy was carried out with argon gas (20 psi) for 15 min, 

followed by the addition of 0.62 g of Al-5Ti-1B as a grain refiner. The SHT was performed in an electric 

furnace at 495°C for 7 h; subsequently, the samples were quenched in water at 60 °C. Further, the alloy was 

deformed by cold working-30%ε. Aging heat treatments (AHT) for all deformed samples were performed in 

a FelisaTM furnace. The conditions of AHT used were 195 ºC for 30, 60, 300, 600, 3000, and 6000 min, 

followed by quenching in the water at room temperature. Later, selected samples were prepared by Focused 

Ion Beam (FIB) operated at 5-30 kV (step 5 kV) and were analyzed in TEM mode using a transmission electron 

microscope JEM 2200 FS + CS operated at 200 kV and equipped with a spherical aberration corrector. Samples 

analyzed by TEM were oriented near axes zone 001 and structural simulation of results was performed. 

Figure 1 shows BF-TEM and NBD analysis of samples cold rolled 30%ε and aged to different times. At initial 

condition (Figure 1 (a, a1)), some diffraction spots identified suggest that Al2Cu phase, Cu, and Mg are present 

in the alloy. However, at 30 min aging, different structures coexist in the aluminum matrix: GPB-II, θ’’-Al3Cu, 

and θ'- Al2Cu (Figure 1 (b, b1)). The simulation carried out indicated that results are consistent with diffraction 

spots pattern located 1/3 and 2/3 {220}Al and {200}Al parallel to [100] axis aluminum matrix [5]. In addition, 

forbidden reflections located between 1/2 {220}Al and {200}Al are attributed to θ’ [6]. Faint streaks parallel 

to [010] matrix direction corresponds to one variant of phase S', viewed along each of 001 directions where 

the streaks are oriented with their long [100]S axis parallel to the 001 [6, 7]. At 300 min aging, the NBD 

diffraction pattern confirms the precipitation of the S' phase (Figure 1 (c, c1)), where strong reflections around 

the forbidden {110}Al are primary reflections of the planes {112} and {131} [8]. Additionally, the NBD also 

showed faint streaks of some S phase variants that give rise to the mentioned pattern [6, 7]. Further, at 600 min 

aging time, the diffraction pattern only showed reflections of the S' phase, and reflections of variants were not 

observed (Figure 1 (d, d1)). The above could indicate that the cold-rolled 30%ε originates that the precipitation 

of S' phase in Al2024 alloy, which begins at 300 min aging due to the formation of different variants, but stable 
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S' phase is obtained at 600 min aging. A summary of the different phases with their lattice parameters to 

different aging times is showed in Table I. 

 
Figure 1. Figure 1. TEM studies of 2024 aluminum alloy cold rolled 30% ε aged at 195ºC and structural 

simulations to different aging time: (a, a1) 0 min; (b, b1) 30 min; (c, c1) 300 min; (d, d1) 600 min. 

 
Figure 2. Table I. Identification of phases in Al2024 alloy to different aging times. 
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