
New scientific results 

 

1. It was revealed for a commercial Al-Mg-Si-Mn (Al6082) alloy that the dislocation 

density increased while the crystallite size decreased with increasing strain during 

room temperature ECAP processing. The dipole character of the dislocation structure 

became stronger with increasing strain indicating the arrangement of dislocations into 

dislocation cell walls. The size of the dislocation cells is 70-80 nm which is 3-4 times 

smaller than the grain size (~300 nm). All the parameters of microstructure saturate 

after 4 ECAP passes (ε≥400%). The texture was diminished during ECAP processing 

as a result of the grain refinement. 

2. Experiments were conducted to examine the effect of ECAP processing at a high 

temperature (473 K) on the evolution of precipitation microstructures in Al-Zn-Mg-Zr 

and Al-Zn-Mg-Cu supersaturated solid solutions. In this experiment the SPD and 

precipitation occured in a single step. In the specimens processed by ECAP at 473 K, 

only η particles are formed, whereas in the specimens aged at 473 K without 

deformation, GP zones and η’ precipitates are also present. This indicates that ECAP 

promotes the development of stable precipitates. 

3. After high temperature ECAP processing, Al-Zn-Mg-Zr and Al-Zn-Mg-Cu alloys had 

ultrafine-grained microstructures with grain sizes of ~300-500 nm and dislocation 

densities within the matrix of ~3 × 1014 m-2. The crystallite size determined from X-

ray line profile analysis is 2-3 times smaller than the grain size obtained by 

transmission electron microscopy (TEM). The grain size of the matrix was smaller in 

the Cu-containing alloy than in the Al-Zn-Mg-Zr because the finer precipitates 

hindered the grain-growth more effectively during high temperature ECAP. The finer 

precipitate-structure results also in the higher thermal stability of the ultrafine-grained 

microstructure of the matrix. 

4. It was revealed that processing by ECAP has a significant effect on the shape of the 

precipitates. Spherical η particles are formed in the specimens processed by ECAP 

whereas long rod-like precipitates are also observed after ageing without deformation. 

The lack of needle-like particles can be explained by the shearing of GP zones and η’

phase nuclei by dislocations in the early stage of ECAP and this leads ultimately to the 

presence of small and rather spherical η-phase precipitates. 



5. In Al-Zn-Mg-Zr and Al-Zn-Mg-Cu alloys processed by ECAP the crystallite size (20-

30 nm) of the η particles obtained from X-ray line profile analysis agreed well with 

the grain size determined by TEM. Furthermore, it was shown that the η particles did 

not contain dislocations. These results indicate that the η particles have no 

substructure.  These observations are consistent with the well-known incoherency of η

precipitates in the matrix. The study of the microstructure of precipitates by X-ray line 

profile analysis is unique in the literature of this field. 

6. The yield strength was calculated from the dislocation density and from the size and 

separation of precipitates. In this calculation the interaction between dislocations in 

the matrix was taken into account by the Taylor-equation and it is assumed that the 

incoherent precipitates strengthen the material via the Orowan-mechanism. The 

calculated strength was in good agreement with experimental value determined from 

mechanical testing. 
 


