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ABSTRACT 
Contemporary materials should possess high mechanical properties, physical and chemical, as well as 
technological ones, to ensure long and reliable use. The above mentioned requirements and 
expectations regarding the contemporary materials are met by the non-ferrous metals alloys used 
nowadays, including namely the aluminium and magnesium alloys. 
Presented experimental work focused on the study and comparison of microstructure and mechanical 
properties selected non-ferrous metals after application different methods of forming and heat 
treatment respectively. Tensile test for mechanical properties determination were used. The study of 
microstructures has been used methods of light microscopy.  
Keywords: processing technology, structure and mechanical properties, non-ferrous metals  
 
 
1. INTRODUCTION 
Non-ferrous metals find at present still more applications in many industry branches [1-5]. Aluminium 
and magnesium deal to a lightest of all structural metals. Magnesium and aluminium alloys are 
primarily used in aeronautical and automobile industry in wide variety of structural characteristics 
because of their favourable combination of tensile strength, elastic modulus and low density 
(magnesium is two-thirds that of aluminium and namely magnesium alloys have high strength-to-
weight ratios (tensile strength/density), comparable to those of other structural metals. The 
development of engineering namely new methods of treatment aims at designs optimizing, reducing 
dimensions, weight, and extending the life of devices as well as improving their reliability.  
Presented experimental work focused on the study of microstructure and mechanical properties 
selected non-ferrous metals after application of forming and heat treatment respectively. Tensile test 
and measurement of hardness for mechanical properties determination were used. The study of 
microstructures has been used methods of light microscopy. 
 
2. MATERIALS,  EXPERIMENTAL PROCEDURES  
Materials of non-ferrous metals and alloys were supplied by VÚHŽ a.s. Dobrá. Experimental materials 
of aluminium (signed A), copper (signed B) and alloys AlFe1,5Mn (signed C), AlMn1Cu (signed D) 
and were chosen within structural condition corresponding with commercial expedition of producer 
(molten with slight reduction caused by rolling – up to 10%, thickness of sheet 15 mm). Magnesium 
alloy AZ91 was manufactured by the company ČKD Motory a.s. Hradec Králové.  
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Chemical composition used materials can be found in the Table 1. 
 
Table 1. Chemical composition of used non-ferrous materials (in wt %) 
Used materials Al Cu Mn Fe Si Zn Mg Ni Cr 
Al – A 99,5 0,05 - 0,40 - -  - - 
Cu – B 0,05 99,5 - 0,05 - -  - - 
AlFe1,5Mn – C 98,6 0,055 0,453 1,29 0,085 0,0065 0,0005 0,0044 0,0035 
AlMn1Cu – D 98,1 0,005 1,26 0,287 0,168 0,0080 - 0,0005 0,0087 
AZ91 – E  8,95 0,003 0,21 0,008 0,041 0,76 89,9 0,002 - 
 
Materials A and B were further forging on thickness 2 mm. Than were cut on size 58 x 1000 mm for 
DRECE machining [6,7].  Flat samples were produced on milling cutter and samples notation for the 
implementation of a tensile test will be formed by the letter of alloy and number of pass value. 
Materials C and D were then cold rolled on rolling mill Q110. The alloy C was classical rolled by 
gradual reductions up to the amount of deformation 33, 50 and 80%, the alloy D then to 33 and 50%. 
Flat samples were produced on milling cutter to the thickness of 2mm. Samples for tensile test had a 
flat form with length l =120 mm. The other sizes of samples are mentioned in tables of test results. 
Henceforth, samples notation for the implementation of a tensile test will be formed by the letter of 
alloy and value of deformation (%). Part of the alloys E was also used for manufacturing of samples 
for determination of mechanical properties as cast state. Another part of the alloy was after heat 
treatment T4 [6] formed by hot pressing. Optimum conditions of pressing have been found. Samples 
for tensile test had a rod form with diameter 6 mm.  
Tensile test was performed on tensile machine INOVA TSM 50 (See Figure 1).   
 

 
 

Figure 1. Size of sample for tensile test.  
 
3. RESULTS AND DISCUSSION 
Test results are mentioned in Tables 2 - 5.  
 
Table 2. Results of tensile test – Aluminium - A 

Aluminium 
a0 

[mm] 
b0 

[mm] 
L0 

[mm] 
Rp0,2 
[MPa] 

Rm 

[MPa] 
A 
[%] 

A0 2 12,5 25 64 91 20 
A4 2 12,5 25 90 103 21 
A6 2 12,5 25 86 99 28 
A8 2 12,5 25 79 92 24 

 
Table 3. Results of tensile test – Copper - B 

Copper 
a0 

[mm] 
b0 

[mm] 
L0 

[mm] 
Rp0,2 
[MPa] 

Rm 

[MPa] 
A 
[%] 

B0 2 12,5 25 198 264 40 
B2 2 12,5 25 252 284 10 
B4 2 12,5 25 255 311 9 
B6 2 12,5 25 247 324 7 
B8 2 12,5 25 231 315 7 

 
As it is seen from Tables 2 and 3 there is difference between DRECE processing of aluminium and 
copper. In the case of aluminium mechanical properties change very little while in the case of copper 
this change is significant namely for tensile strength Rm and elongation A. This fact can be explained 
by the possibility of pure Al recrystalization. 
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Table 4. Results of tensile test – aluminium alloy AlFe1,5Mn  - C 

AlFe1,5Mn 
a0 

[mm] 
b0 

[mm] 
L0 

[mm] 
Rp0,2 
[MPa] 

Rm 

[MPa] 
A 
[%] 

      C0 2 12,5 50 199 217 8 
C33 2 12,5 50 201 215 8 
C50 2 12,5 50 185 199 11 
C80 2 12,5 50 202 216 6 

 
Table5. Results of tensile test – aluminium alloy AlMn1Cu - D 

AlFe1,5Mn 
a0 

[mm] 
b0 

[mm] 
L0 

[mm] 
Rp0,2 
[MPa] 

Rm 

[MPa] 
A 
[%] 

      D0 2 12,5 50 76 110 25 
D33 2 12,5 50 139 148 14 
D50 2 12,5 50 152 161 13 

 
The similar results were observed in the case of alloys C and D.  In this case we can presume that Cu 
has higher influence on mechanical properties than Fe. 
 
Table6. Results of tensile test – magnesium alloy AZ91 - E 

State Diametr 
[mm] 

Rp0,2 
[MPa] 

Rm 
[MPa] 

A 
[%] 

As cast 6 118 180 4 
HT - T4 6 125 280 20 

Hot pressed 6 225 340 22 
 
As we can see from Table 6 the mechanical properties of alloy AZ91 (E) after HT T4 and namely in 
the case after hot pressing gain very favourable values. In this case the high tensile strength Rm and 
elongation A values were reached. 
Above mentioned mechanical properties of materials studied were completed by metallographic 
analysis. Metallographic analysis was made on optical microscope NEOPHOT 2. After usual 
metallographic preparation Figures 2 - 16 show the obtained results of analysis of selected samples. In 
the case Al and Al alloys etching of deformed grain is difficult and for better view of Al and its alloys 
a polarized light was used (see Figures 2, 3 and 6- 12). As it is seen from Figures 2 and 3 for Al 
structure after 8 pass by DRECE shows more fine bands. Similar results showed Al alloy (see Figure 
6- 12). From Figures 6-9 is seeing that structure this alloy show lower step of deformation bands in 
agreement with mechanical properties reached (see Table 4).  
 

  
  

Figure 2. Structure of 
the sample A0 

Figure 3. Structure of 
the sampleAM8 

Figure 4. Structure of 
the sample B0 

Figure 5. Structure of 
the sample B8 

 

   
Figure 6. Structure of 
the sample C0 

Figure 7. Structure of 
the sample C33 

Figure 8. Structure of 
the sample C50 

Figure 9. Structure of 
the sample C80 
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Figure 10. Structure 
of the sample D0 

Figure 11. Structure of       
the sample D33 

Figure 12. Structure of the  
sample D50 

 

 
Figure 13. Structure of 
the sample E- as cast 

Figure 14. Structure of 
the sample E- after T4 

Figure 15. Structure of 
the sample E- after hot 
pressing 

Figure 16. Structure of 
the sample E- after 
tensile test 

Figure 13 shows structure of the sample G before heat treatment and Figure 14 after heat treatment T4. 
Figure 15 shows structure of alloy after hot forming. Forming resulted in significant refining of grain 
in comparison to previous states of the alloy. Details of magnesium alloys microstructure in reference 
[8]. Figure 16 shows change of structure after completion of tensile test. Original grains are deformed, 
grain boundaries are characterised by increased zigzag shape.  
 
4. SUMARY 
In this work were examined selected non-ferrous metals having the possibility of exploitation at 
development new methods of treatment in aeronautical and automobile industry. These examinations 
carried out after different processing technology show the influence used forming methods on results 
of mechanical properties and structure. 
The alloy AlMn1Cu present significant higher increasing of mechanical properties with increasing 
deformation level against alloy AlFe1,5Mn.  
 The mechanical properties of alloy AZ91 after HT T4 and namely after hot pressing gain very 
favourable values. 
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