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Fig.5 Vacuum hot pressed composite prepared from milled powders composed of 7475 alloy and 10 

% of micro size addition ZrO2 (a) HAADF micrograph and to the right elemental mapping of Al-Kα, 

O - Kα,Zn - Kα,Zr - Kα,Mg - Kα and Cu - Kα.  
 
changes of contrast within the matrix is due to orienation changes. The microanalysis performed in 

places marked by points 1-4 confirms this observation showing lowest oxygen and zirconium content 
in the place number 4 from the matrix. In Fig.5 the HAADF microstructure of the composite based on 
7475 alloy with 10 % of micro size addition ZrO2, with elemental mapping (within the area marked 

by a square) of Al-Kα, O - Kα,Zn - Kα,Zr - Kα,Mg - Kα and Cu - Kα. One can see that the brightest 
contrast particles are that of ZrO2 since in the mapping they are Zr and O rich, slightly less contrast 
show smaller MgZn2 precipitates and Cu rich precipitates. One can see also magnesium enrichment 
around ZrO2 particles most probably due to reaction between ZrO2 and magnesium from the solid 

solution. This reaction cause formation of a different contrast observed around ZrO2 particles at 
higher magnification.  

 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 

 

Fig.6 Stress strain curve of the composite based on 7475 with 10 % of ZrO2 nano particles. 
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Fig.6 shows a stress-strain curve obtained from a compression test of the composite based on 7475 
with 10 % of ZrO2 nano particles. One can see that maximum strength is 1000 MPa at the deformation 
of 3 %. Measured Young modulus is smaller than that from the hardness measurements, however due 

to a small size of specimen of height of 5 mm the value obtained from the hardness test seems more 
reliable. The strength of the sample with larger size of ZrO2 additions is slightly lower, near 920 MPa. 
The compression tests show high values of compression strength not only due to  ceramic phase 

additions, but also due to grain refinement down to nano range. 
 

4. Conclusions 

1. 40 hours ball milled powders of 7475 alloy powder with additions of 10% or 20% of ZrO2 of 

size near 25 nm or 0.2 µm allowed to obtain powders of uniform distribution of ceramic 
particles and nanometric size of aluminum solid solution. The hardness of powders was in the 

range of 240 HV and the Young modulus near 140 GPa.  
2. After hot pressing in vacuum under pressure of 600 MPa and temperature 380

oC the low 
porosity composites of uniform distribution of ZrO2 particles and precipitates MgZn2 and 

copper rich of size below 100 nm was obtained. Only insignificant grain growth of aluminium 
solid solution was observed. ZrO2 particles  react with magnesium forming transition Mg rich 
layer around ceramic particles. 

3. The compression strength of composites with nano ZrO2 particles additions was near 1000 
MPa, while those of larger particles additions was slightly lower. It means that contribution of 
nanosize grains of aluminum and MgZn2 precipitates is also important. All composites show 

also good plastic deformation near 3 %.  
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