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Aluminum (Al) is a metal universally used with appreciated characteristics such as characteristics as low 

density and high corrosion resistance; however in pure form is not used as a structural material because of its 

modest mechanical performance. There are some routes to improve its mechanical response: grain size 

reduction, strain hardening, solid solution alloying and annealing. Mechanical milling (MM) induces severe 

plastic deformation (SPD) in some metallic systems, resulting in microstructure refinement [1]. Using SPD it 

is possible to obtain nanocrystalline (NC, solid with grain size < 100nm) or ultrafine-grained (UFG, materials 

with a grain size ranged from 100nm to 1000nm) samples [2]. However, this characteristic is negatively 

affected during sintering process because of the high temperature and prolonged holding time. High frequency 

induction sintering (HFIS) involves a short sintering time (minutes) avoiding an excessive growth in samples 

[3]. 

This work deals with the microstructural analysis of pure Al powders prepared by MM and sintered at different 

periods of time by HFIS. These samples were compared with a sample prepared using the conventional method 

(CM). Pure Al powders were milled for two hours in a SPEX 8000M mill using five drops of methanol as a 

process control agent to avoid the formation of agglomerates. 

During the HFIS, the milled powders were compacted (450 MPa) and heated (at 450 °C) simultaneously for 1 

,3 ,4 ,5, 7, and 10 minutes. On the other hand, using CM, the powders were cold compacted (900 MPa) for 3 

minutes and subsequently were sintered in a conventional furnace at 550 °C for 3 hours. The sintered samples 

were cut, mounted, polished and micro etched using Keller reagent for their characterization. Mechanical 

testing was carried out using an Instron machine model 4468 (by triplicate). Transmission electron microscopy 

specimens were prepared by the focused ion beam technique. 

In the plot of Fig. 1 it is noticeable a better mechanical performance (yield strength and hardness) in all samples 

processed by HFIS compared to the CM sample and a slight reduction  in yield strength as the sintering is 

increased during the HFIS processing. 

In the micrographs of Fig. 2 it is noticeable the obtaining of a laminar microstructure (b) after milling. 

Increasing the sintering time it is possible retain this microstructure (d-i). However, the grain size of samples 

is directly affected by the sintering time and the mechanical response was reduced. On the other hand, the 

porosity is drastically reduced after 3 minutes. 

With CM the particular microstructure achieved by MM is almost. The grains grow at the expense of their 

neighbors as is shown in Fig. 2k, meanwhile, by HFIS the refined microstructure is maintained after processing 

Fig. 2j. 
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Figure 1. Figure 1.- Yield strength and Harness Rockwell F versus Sintering conditions 
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Figure 2. Figure 2.- Optical micrographs of cold compacted Al unmilled (a), milled 2h (b) and Al milled 2 

hours sintered by CM (c), HFIS at 1(d), 3(e), 4(f). 5(g), 7(h) and 10 (i) minutes and TEM micrographs of HFIS 

sintered 3 minutes (j) and CM samples (k). 
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