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Properties

Abstract
Purpose: In these paper was were characterized mechanical properties of titanium alloy Ti-6Al-4V, which were 
produced by two methods - conventional casting and injection casting. Studies were presented by comparing of 
samples which were produced by these methods.
Design/methodology/approach: Samples were produced by two methods – conventional and injection casting. 
To achieve the objective were performer the following steps: the microstructure was carried out, the analysis of 
mechanical properties was done (microhardness), study of surface roughness was made, research of abrasion 
was made and phase composition by X-ray diffraction was made. After then then a comparison of these studies 
between these samples was made.
Findings: The study of the microstructure was observed that the titanium alloy Ti-6Al-4V prepared by the 
conventional method, it has equiaxed and globular structure. In contrast, titanium alloy produced by the injection 
has strips structure, where phase α’ is on phase β border. Further studies have shown that a sample of titanium alloy 
Ti-6Al-4V produced by injection it has a much greater tribological resistance because it has a higher microhardness 
and much greater roughness than the sample of the same alloy produced by the conventional method.
Originality/value: In this article conducted a comparative characteristics for the two production methods - 
conventional and injection - titanium alloy Ti-6Al-4V. The research indicated that much better mechanical 
properties are characterized alloys produced by injection.
Keywords: Comparative study; Injection method; Conventional method; Mechanical properties; Titanium alloy 
Ti-6Al-4V
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Introduciton

The development of industry, has caused a need for novel 
materials that will meet a number of stringent requirements in 

terms of mechanical properties and physicochemical [1]. From the 
middle of the last century, in the context of industry on a large 
scale began to use titanium and its alloys. Titanium - due to its 
properties - started to be used in many industrial sectors: aviation 
(jet engine turbine), automotive (car parts Formula 1 - motors, 
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a) 
 

 
 
b) 
 

 
 

Fig. 5. Diffraction patterns for alloy Ti-6Al-4V produced by a) conventional method, b) injection method 
 

Tabulation of microhardness measurement results shown 
in Table 5, then the averaged results shown in Fig. 9. These 
studies were performed in a 10 hardness tests for each sample. 

Microhardness tests was showed that in the case of a 
titanium alloy sample Ti-6Al-4V produced by the 
conventional method is much lower hardness than that of the 
same sample prpduced by injection. It is worth mentioning 
here the fact that the sample produced by the injection is 

characterized by a much greater hardness throughout its cross 
- both: core and surface. Arithmetic averages for the 
individual samples equal: 

sample produced by the conventional method: 342.61 HV0.1, 
the sample produced by the injection method: 451.04 HV0.1 
(core), 
the sample produced by the injection method: 474.67 HV0.1 
(surface). 

 
 

Fig. 6. The results of three different measurements of the roughness profile of a sample Ti-6Al-4V produced by the conventional method 
 

 
 

Fig. 7. The results of three different measurements of the roughness profile of a sample Ti-6Al-4V produced by the conventional method
 

Table 2.  
Tabulated results roughness measurements alloy Ti-6Al-4V 
produced by the conventional method 

Roughness 
parametr 

Measurement 
result 1 

Measurement 
result 2 

Measurement 
result 3 

Ra [µm] 0.14 0.23 0.1 
Rz [µm] 1.13 1.62 0.95 

Rmax [µm] 1.32 2.82 1.11 

Table 3.  
Tabulated results roughness measurements alloy Ti-6Al-4V 
produced by the injection method 

Roughness 
parametr 

Measurement 
result 1 

Measurement 
result 2 

Measurement 
result 3 

Ra [µm] 0.48 0.46 0.43 
Rz [µm] 2.3 2.04 2.97 

Rmax [µm] 2.92 2.61 4.36 
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Fig. 8. Arithmetic average of the roughness profile measurement results for the alloy Ti-6Al-4V produced by the conventional method and 
the injection 
 

 
 
Fig. 9. Average results of microhardness of titanium alloy Ti-6Al-4V produced by conventional and injection method. For injection were 
obtained results for core and surface 
 

The next step was to conduct studies relating to the resistance 
to abrasion - which was carried out using ball-tester. These tests 
were performed for each of the methods (conventional and 
injection) in triplicate - 0.5 h, 1h and 2 h (Figs. 10-12). 

Tests of resistance to abrasion showed for each of the times 
that the sample alloy Ti-6Al-4V prepared by injection 
characterized by a much greater strength than those produced by 
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Fig. 10. Microscope figures were obtained after 0.5h of testing on ball-tester, a)conventional method, b) injection method 

 

 
Fig. 11. Microscope figures were obtained after 1h of testing on ball-tester, a) conventional method, b) injection method 

 

 
Fig. 12. Microscope figures were obtained after 2h of testing on ball-tester, a) conventional method, b) injection method 
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Table 4.  
A tabular summary of the averages of the measurements of the 
roughness profile alloy Ti-6Al-4V made by the conventional 
method and the injection 

Roughness parametr 

Averages of roughness measurements 
Alloy Ti-6Al-4V 

produced by 
conventional method 

Alloy Ti-6Al-4V 
produced by 

injection method 
Ra [µm] 0.16 0.46 
Rz [µm] 1.23 2.38 

Rmax [µm] 1.75 3.3 

 
Table 5.  
Results of microhardnerss HV 0.1 measurement, were carried out 
for titanium alloy Ti-6Al-4V for samples produced by 
conventional and injection methods 

Number of 
measurement 

Microhardness HV 0.1 

Ti6Al4V 
conventional 

method 

Ti6Al4V injection method 

Core Surface 

1 332.1 445.2 467.68 
2 363.2 446 448 
3 330.1 442.1 471.8 
4 334.4 441.5 476.6 
5 339.4 448.2 493.5 
6 343.9 470.4 515.9 
7 357.8 477.6 522.2 
8 337.1 446.7 449.1 
9 339.7 444.7 450 
10 348.4 448 451.8 

Average 
results 342.61 451.04 474.67 

 
Table 6.  
Tabulation of the diameter and depth of the abrasion of titanium 
alloy Ti-6Al-4V produced by the conventional method and the 
injection of the individual time

Sample 
Time / diameter abrasion 

of [µm] 
Time /depth of abrasion 

[µm] 
0.5 h 1 h 2 h 0.5 h 1 h 2 h 

Ti6Al4V 
Produced by 
conventional 

method 

741.6 991.6 1375 360.7 485.7 677.4

Ti6Al4V 
Produced by 

injection 
method 

600 783.3 1008.3 289.8 381.6 494.1

4. Conclusions 
Structural studies were showed a significant difference in 

structures of titanium alloy Ti-6Al-4V -between conventional 
method and injection method. This indicates that the process has 
been affected by the structure. 

On the basis of further research can make the following 
conclusions: by studying on a Hommel T1000 profilometer can be 
concluded that the titanium alloy Ti-6Al-4V samples prepared by 
injection have more roughness than the titanium alloy sample 
produced conventionally, the difference is about 53.5%. Further 
studies indicated lower by more than 40% microhardness of 
titanium alloy produced by conventional method, than produced 
by injection method. Average results of conventional sample 
microhardness is equal 342,61 HV0,1. and for injection casting is 
equal 451.04 HV0.1 for core, 474.67 HV0,1 for surface. Samples 
of the titanium alloy were produced by the injection have much 
better tribological resistance, as indicated by the depth and 
diameter of abrasion, which was higher in the samples of titanium 
alloy Ti-6Al-4V produced by conventional method.  

To summarize the information gathered, it is clear that 
mechanical properties of alloys are depending upon the method of 
production. In order to visible improvements in these properties 
should be applied technological procedure consists on injection 
casting. 
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