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Abstract: Hot pressing method although can effectively improve the density of the rapid hardening 
slice powder, but due to the rapid hardening slice heat ultrafine microstructure of aluminum alloy 
powder body approximately in to static pressure state, under the limited high loading stress 
condition, high temperature die impossible realization of powder fully densified. The density and 
properties of heat resistant aluminum alloy materials can be improved by the plastic deformation 
process such as extrusion and die forging. The project intends to by hot extrusion plastic 
deformation technology to improve the performance of the material by of different billet 
temperature, die temperature, extrusion ratio and extrusion speed and the influence of parameters on 
the material properties of plastic deformation, and ultimately determine the best extrusion 
technology. 

Introduction 

Because Al-Fe-V-Si alloy in the main strengthening phase al12 (Fe, V) 3Si dispersion particles as 
temperature sensitive particles[1,2], especially when the temperature of 480 DEG C, and the 
insulation 100h, al12 (Fe, V) 3Si after melting to form stable acicular phase theta -Al13Fe4, and 
alloy yield strength, elongation and fracture toughness were significantly decreased; and when the 
heating temperature is lower than 425[3,4], even the holding 1000h, al12 (Fe, V) 3Si precipitated 
phase does not occur obviously armoring. Although reduce hot extrusion temperature can improve 
hot extrusion on the mechanical properties of the material[5], however, reduce the temperature will 
increase the material deformation resistance, hot extrusion temperature is too low will appear hot 
extrusion of various defects, such as: abutment and spallation. 

Materials and Methods 

The project team will be hot extrusion temperature (including mold temperature and billet 
temperature) is set to 390 degrees, 420 degrees, 450 degrees C and 480 C value of the process test. 
Figure 1 for the hot extrusion temperature of 390 C, 420 C, 450 C and 480 C, the heat preservation 
time of 1H extrusion bar material appearance quality photos. It can be seen that the hot extrusion 
temperature is 390 degrees Celsius, the temperature is too low, the deformation resistance is too 
large, and the cracking phenomenon is obvious. In the hot extrusion temperature is 420 degrees 
centigrade, the cracking phenomenon was not obvious, buckling phenomenon also exists in the 
local surface. With the hot extrusion temperature increased to more than 420, the deformation 
capacity of the material was obviously enhanced, and the appearance quality of the extruded bar 
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was relatively smooth. 
 

 

 

 

 

 

 

 

 

 

 

 
 
Fig.1   The appearance quality of extruded bar at different hot extrusion temperature 

 
The extrusion speed is another key process parameter, the extrusion speed is too low, and the 

productivity is low. While the extrusion rate is too high and are easy to cause in the cracks on the 
surface of the bar. In addition, with the increase of the extrusion rate, more than 80% of the 
deformation energy is released in the form of heat energy, which can lead to the increase of the 
temperature of heat resistant aluminum alloy material. Deformation faster, time unit within the 
larger deformation, heat more, emit heat time is not enough, so temperature rise significantly. If the 
temperature exceeds a certain value (>500 C), the main strengthening Al12 (Fe, V) 3Si phase in the 
Al-Fe-V-Si alloy material will be severely rough, so that the mechanical properties of the final bar 
will have a serious impact. According to the actual situation of the press, the project team selected 
the press rate 10mm/s and a larger rate of 20mm/s to carry out the process test. 
Fig. 2 the appearance quality of extruded bar for 10mm/s and 20mm/s, respectively. As can be seen 
in the hot extrusion rate is 20mm, due to too fast, at the surface of the bar produced a large number 
of edge crack and surface crack; and when the extrusion rate adjustment is 10mm / s, extrusion bar 
surface bright and clean and in good shape. According to the theory of extrusion and many 
experiments, the speed of extrusion bar is set to 10-15mm/s. 
As is shown in Fig 3, ultrafine microstructure heat-resistant aluminum alloy hot extrusion is finer, 
grain remain at about 2 m, al12 (Fe, V) 3Si phase in the grain relatively homogeneous precipitation, 
also found that, by adding alloy precipitation 
heat al12 (Fe, V) 3Si phase volume fraction of the highest volume fraction up to 33%, FVS1012 
precipitation heat al12 (Fe, V) 3Si phase of high volume fraction, volume fraction reached 11%, 
FVS0612 ultrafine crystal precipitation heat al12 (Fe, V) 3Si phase volume fraction is small, the 
volume fraction of 3%, alloy composition of heat-resistant phase volume fraction greater impact. 
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Fig.2 The appearance quality of extruded bar under different extrusion speed 
(a) sintered state, (b) hot extruded state, (c) hot pressed state 
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Fig.3 Al-Fe-V-Si ultrafine grain and Al12 (Fe, V) 3Si phase 
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Conclusion 

When the temperature is less than 480 and greater than 500, the deformation resistance of the 
material decreases rapidly with the increase of temperature, the temperature range of 480-500. 
Therefore, in order to reduce the deformation resistance and increase the temperature of the hot 
extrusion, the significance is not significant between 480-500. Under the existing equipment 
conditions, it is necessary to consider the problem of determining the temperature of hot extrusion. 
Taking the above factors into consideration and combining with the actual mechanical properties of 
the hot extruded billet, we set the temperature of the hot extrusion die to 430. And the heating 
temperature of billet is 480. 
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