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1.- INTRODUCTION 

1. By means of X-ray diffraction and microhardness tests, to evaluate the effect of the

deformation by cold rolled on the static precipitation in 2024 aluminum alloy and to

compare the results with regard to non deformed 2024 aluminum alloy.

2. To establish a correlation between the microstructure and the microhardness values

obtained by means of the evaluation of the morphology and types of precipitates

formed after of aging stage.

3. To determine the optimal aging time for to obtain high values microhardness in

deformed and non deformed 2024 aluminum alloy.
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Precipitation 

Hardening

2024 aluminum 
alloy has 

excellent fatigue 
resistance and

maintains a 
perfect balance 
of strength and 
low weight [1,2]
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Symbology: Al, AlCu, Al2Cu, Al2CuMg, AlCuMg, Al18Mg3Mn2
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- Dynamic Precipitation

- Solid Solution

- Static Precipitation

Hardening stages:

- Dynamic Precipitation

- Solid Solution

- Cold  Rolled Deformation

- Static Precipitation

Hardening stages:

STEM and NBD study 

at 300 min aging time 
STEM and NBD study 

at 30 min aging time 

DRX patterns of 

aged alloys 

DRX patterns of 

aged alloys

Properties 

Applications 

Processing 

Composition 

Structure 

Al2024 
alloy

Cu/Mg ratio =3.34

Melting
T= 740 °C 

Degassing with 
argon

Hot 
extrusion 

T= 465 °C

P= 8000 psi

2024 Alloy

extruded

Solubilized 
specimen 

(non- deformed)

Solubilized 
specimen 

(Deformed 30%ε)

Aging
T= 195 ºC

Quenching in 
water at 25 ºC

Cold 
working 

Solubilized
At 495 °C  during  

420 min 

Quenching in 
water at 60 °C

Metallographic 

preparation DRX
Microhardness

test
TEM

 The deformation of the Al2024 alloy cold rolled at 30%ε modifies the

precipitation mechanism and higher microhardness values are obtained with

regard to the not deformed Al2024 alloy.

Cold working produces double strengthening peak in microhardness curve of

deformed samples, being the first peak with the highest value (248 HV ± 4.7) to

30 minutes aged, attributed to θ precipitates (Al2Cu). The second peak (226 HV

± 8.3) to 600 minutes ocurrs due to the precipitation of S phase (Al2CuMg).

Microhardness curve of samples non-deformed only show a strengthening peak

(208 HV± 3.6) to 300 minutes, attributed to S precipitates (Al2CuMg) as

predominant phases.
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