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It is well known that the mechanical strength of the 2024 alloys depends on the precipitated phases during 

the age-hardening treatment, being the S' phase one of the most important. However, plastic deformation 

and thermo-mechanical processing affect the sequence, morphology, and spatial distribution of 

precipitates, as well as kinetic parameters, for example, the activation energy (Q), which modifies the 

hardening mechanism [1]. Thus, the activation energy needed for precipitation of S' phase was evaluated 

in this work, which will contribute to establishing its precipitation sequence in the solid-state. 

The studied material was commercial 2024 alloy which was subjected to fusion, hot extrusion and solution 

heat treatment (SHT). The SHT was performed in an electric furnace at 495°C for 7 h; subsequently, the 

samples were quenched in water at 60 °C. Two processing routes were selected to be evaluated: The first 

one considers only SHT (non-deformation) and the second one considers a plastic deformation of 30% by 

cold rolling after SHT. The samples were analyzed through the differential scanning calorimetry (DSC) 

to evaluate the involved thermal events and determine the effect of processing on the activation on the S 

phase precipitation. DSC studies were carried out using a Modulated-DSC from TA Instruments model 

2920. The used temperature range was 25 – 350°C following heating rates of 5, 10, 15 and 20°C/min for 

all samples. Several disk shape (2 x 1 mm, diameter and thickness) samples were prepared. In order to 

assure the reproducibility of the measurements, each sample was repeated 3 times, and the average was 

reported. The kinetics of the precipitation process was obtained following the Kissinger and Ozawa 

models [2]. Deformed and non-deformed samples were prepared by Focused Ion Beam (FIB) operated at 

5-30 kV (step 5 kV). The samples were analyzed in STEM mode using a transmission electron microscope 

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

Table I shows an overview of the activation energy calculated for the precipitation of S' phase through a 

Kissinger analysis; also, a comparison with those values obtained following the Ozawa model and 

enthalpy formation were included. As can be seen, in all cases, the activation energy calculated by the 

Kissinger equation is ~5% lower compared to the measurements obtained by the Ozawa method. However, 

following both models, there is a clear trend in which the deformed samples required lower energy for 

precipitation. This indicates that exists an important effect on the solid-state precipitation phenomenon. 

Such effect could be understood because the deformation introduces a high density of dislocations in the 

structure which favors the precipitation mechanism due to the generation of high diffusion paths and 

nucleation sites [3], but as can be seen in Figure 1, the deformation grade also influence in the morphology 

and size of the S' precipitates, which could have a significant effect on the strengthening of the alloy. 
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Figure 1. Table I. Summary chart of the activation energy (Q, in kJ/mol) and enthalpy of formation (DH, 

in J/g) for the precipitation of S' phase. 

 
Figure 2. Figure 1. STEM micrographs corresponding to Al2024 alloy samples: a) non-deformed; b) 

deformed 30 % by cold rolled. 
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