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ABSTRACT

Purpose: The study attempts to improve the properties of Ti15V3Al3Cr3Sn titanium alloy 
by applying an innovative method of shaping, injection with rapid cooling. The comparison 
of structures and properties of Ti15V3Al3Cr3Sn titanium alloy produced by two methods: 
conventional one by rolling and by injection with rapid cooling has been presented.
Design/methodology/approach: Ti15V3Al3Cr3Sn titanium alloy produced by two 
methods: traditionally used rolling to achieve products in the form of sheets and 
unconventionally used injection of molten alloy to mold under pressure with rapid cooling. 
To achieve the objective the following studies have been carried out: observation of 
the microstructure by the optical and scanning electron microscope, EDS to verify the 
chemical composition, roughness measurement to examine surface layer geometry and 
microhardness tests.
Findings: : Observations of microstructures have shown that the Ti15V3Al3Cr3Sn titanium 
alloy produced by overpressure with rapid cooling has the ability to create fine-grained 
structure in a top layer with a more ductile core. Such a combination of the structure 
has enabled to obtain better mechanical properties than the samples produced by the 
conventional method. Hard, durable and smooth surface layer with a ductile core provides 
the opportunity to use that material in many fields of materials engineering.
Originality/value: The paper presents studies of  titanium alloy shaped by the 
unconventional method of injection to achieve much better properties than for alloys 
obtained by rolling.
Keywords: Titanium alloy Ti15V3Al3Cr3Sn; Injection method with rapid cooling; Aviation 
industry
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1. Introduction 

Titanium was discovered in 1791 by pastor William 
Gregor. He noticed the presence of that element in black 
sand-ilmenite [1-3]. After preliminary studies Martin 
Heinrich Klapproth stated that is a rutile-titanium dioxide 
showing high hardness. This property contributed to give it 
the name titanium, to commemorate the mythical 
descendants of Uranus and Gaia, who possessed great 
strength. [3]. As the years passed attempts to obtain pure 
titanium which were crowned with success shortly before 
the outbreak of World War I. The studies allow to obtain 
the element with 99.9% purity [3-5].  

Titanium due to properties such as: high corrosion 
resistance and high ration of strength to low density is used 
in many branches of industry. One of them is the aviation 
industry. Ti15V3Al3Cr3Sn titanium alloy has high 
mechanical strength good susceptibility to rolling and 
forging. Those properties allow to produce such items as: 
pneumatic channels, latches, brackets, flat springs [6].  

In the paper the comparison of properties of 
Ti15V3Al3Cr3Sn titanium alloy produced by two methods 
by rolling and by injection with rapid cooling. The injection 
method relies on injection of the molten alloy to mold under 
pressure with rapid cooling. The technological process of 
production by that method consist of the following steps: 
placing pre-melted ingot in quartz capillary, induction 
melting, injection to copper mold under gas pressure. Mold 
during the process is radially cooled [7-11]. 

2. Material and methodology 

Samples have been produced from Ti15V3Al3Cr3Sn 
titanium alloy, which chemical composition is given in 
Table 1.

Table 1.  
Chemical composition of Ti15V3Al3Cr3Sn titanium alloy [12] 

Chemical 
elements Ti Al V Sn Cr Fe  

Contents of 
chemical 
elements, % 

77.67 2.74 13.83 2.66 2.43 0.67 

Samples produced by the first method have been 
purchased in the form of sheets, and shaped by injection, 
with a rapid cooling they have been injected into a mold in 
the shape of a rod having a diameter of 3 mm.

The obtained microstructure of the sample has been 
analyzed by using the light microscopy Axiovert 25 Carl-

Zeiss and by SEM Joel 6610LV. In order to verify the 
chemical composition specified by the manufacturer, 
surface measurements of the chemical composition by 
using SEM Joel JSM 6610LV with microanalyzer EDS 
have been carried out. 

In order to determine the surface topography, and its 
parameters studies with profilometer Hommel T 1000 have 
been carried out. The determination of surface roughness is 
made in contact with the test surface by the engagement of 
the needle with differential measuring system. 
Samples have been subjected to microhardness testing. The 
research has been carried out by Vickers with a load of 
980.7 mN-HV0.1 using microhardness semi-FM-7 business 
FUTURE-TECH. 

3. Results 

Figures 1-4 show microstructures of Ti15V3Al3Cr3Sn 
titanium alloy produced by different methods, recorded by 
the scanning electron microscopy. Figures 5-8 show same 
samples by using the light microscopy. Chemical 
composition analysis is presented in Table 2 and EDS 
spectrum Figure 9. 

Microstructural observations of a titanium alloy shaped 
by two methods have allowed to define the structural 
changes that occur in the material depending on the method 
of production.  

Observations by using light microscopy have allowed to 
observe that the samples formed by rolling are 
characterized by directional alignment of grains along the 
rolling direction (Fig. 5). The fact of the similarity of the 
directional alignment of grains can also be observed in the 
case of observation of the sample produced by injection 
with rapid cooling (Fig. 7). Grains are symmetrically 
arranged over the entire volume of the rod from the core 
towards the surface. Injection of the melted alloy to the 
copper mold under pressure of protective gas with rapid 
cooling of mold leads to material freezing during the 
contact with the mold. Very fine-grained structure appears 
at the surface. Depending on the cooling rate and the 
chemical composition there is the possibility of obtaining 
amorphous structure in material. The grain growth can be 
seen closer to the core. Depending on the method of 
production the difference in the degree of grain refinement 
can be seen. Materials produced by the injection method 
have very fine grain structure, while the element formed in 
the rolling process has a higher grain size. Furthermore, in 
the case of rolling there is a uniform structure in the entire 
volume of the material, while the structure after injecting 
varies depending on the distance from the surface. 

1.  Introduction

2.  Material and methodology

3.  Results
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Fig. 1. Microscopic image of Ti15V3Al3Cr3Sn titanium 
alloy produced by rolling, magnification 700x, SEM 

Fig. 2. Microscopic image of Ti15V3Al3Cr3Sn titanium 
alloy produced by rolling, magnification 1500x, SEM 

Fig. 3. Microscopic image of titanium alloy Ti15V3Al3Cr3Sn 
produced by injection, magnification 30x, SEM 

Fig. 4. Microscopic image of titanium alloy Ti15V3Al3Cr3Sn 
produced by injection, magnification 700x, SEM 

Fig. 5. Microscopic image of titanium alloy Ti15V3Al3Cr3Sn 
produced by rolling, magnification 50x, etched 

Fig. 6. Microscopic image of titanium alloy Ti15V3Al3Cr3Sn 
produced by rolling, magnification 200x 
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Fig. 7. Microscopic image of titanium alloy Ti15V3Al3Cr3Sn 
produced by injection, magnification 50x 

Fig. 8. Microscopic image of titanium alloy Ti15V3Al3Cr3Sn 
produced by injection, magnification 200x 

Furthermore, in the case of rolling there is a uniform 
structure in the entire volume of the material, while the 
structure after injecting varies depending on the distance 
from the surface. Fractographic documentation from SEM 
(Fig. 3 and Fig. 4) allows to observe that the achieved 
element has the fragile breakthrough. A significant rate 
during cooling has resulted in obtaining a martensitic form 
of titanium deposited in the form of strips. 

Table 2. 
Results of EDS structure-titanium alloy Ti15V3Al3Cr3Sn 

Chemical elements Mass participation, % 
Ti 76.82 
Al 3.19 
V 13.89 
Cr 3.83 

The analysis of the chemical composition by using a 
scanning electron microscope with EDX microanalyzer has 
been performed to verify that the actual chemical 
composition (Table 2) with particulars given by the 
manufacturer of the material (Table 1). Peaks recorded on 
EDS spectrum indicate the presence of the following 
chemical elements: Ti, Al, V, Sn, Cr. provided by the 
manufacturer. Comparing the mass participation (Tables 1 
and 2) of the individual elements shown that the chemical 
composition of the material supplied from the manufacturer 
differs slightly, because less than 1% differs from 
particulars given by the manufacturer. Implementation of 
such studies is important because different chemical 
composition than that specified by the manufacturer can 

significantly affect phenomena and structural changes 
during performance of heat treatment processes. 

The results of measurements of surface roughness are 
shown in Table 3. Surface roughness profile are shown in 
Figures 10 and 11. 

Fig. 9. EDS spectrum-titanium alloyTi15V3Al3Cr3Sn 

Profiles analysis has allowed for the identification of 
roughness indicators. A sample produced by rolling is 
characterized by higher rates. Sample produced by that 
method has almost twice higher value of surface roughness 
(Ra), than sample produced by injection with rapid cooling. 
The arithmetic mean of Ra value for a sample in a sheet shape 
equals 0.39 µm, and for a sample in a rod shape equals  
0.23 µm. The production method by injection with rapid 
cooling allows to modify surface geometry of produced 
elements. It is obtained by the development of inner surface 
layer of copper mold. Result summary of microhardness tests 
are in Table 4. 
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The study of microhardness has showed that the 
application of rapid cooling during the molding of a 
titanium alloy, significantly influences on the structure and 
thus on the mechanical properties including hardness. 
Material produced by injection with rapid cooling has three 

time higher microhardness than sample produced by 
rolling. For samples produced by injection average 
arithmetic mean equals almost 967 HV0.1, while for 
samples produced by rolling microhardness equals  
290 HV0.1. 

Fig. 10. Surface roughness profile of titanium alloy Ti15V3Al3Cr3Sn sample produced by rolling 

Fig. 11. Surface roughness profile of Ti15V3Al3Cr3Sn titanium alloy sample produced by injection with rapid cooling 

Table 3.  
Summary of parameters of surface roughness samples 

Sample Measurement 
number 

Parameter, µm 
Rq Rt RSm Rz Ra Rp Rmax

Titanium 
alloy 

produced by 
rolling  

Measurement I 0.53 3.49 0.083 2.26 0.38 1.61 3.49 
Measurement II 0.53 3.35 0.111 2.43 0.41 1.69 3.35 
Measurement III 0.49 3.09 0.091 2.20 0.39 1.40 2.79 

Average 0.52 3.31 0.10 2.30 0.39 1.57 3.21 
Titanium 

alloy 
produced by 

injection  

Measurement I 0.31 2.17 0.063 1.17 0.23 1.36 1.83 
Measurement II 0.36 2.43 0.,057 1.30 0,27 1.60 2.28 
Measurement III 0.26 1.86 0.031 1.02 0.18 0.96 1.86 

Average 0.31 2.15 0.05 1.16 0.23 1.31 1.99 
Legend:  
Rq –  average square profile height, µm; 
Rt – total profile height, µm; 
RSm  - verage width of the grooves of profile elements, µm; 
Rz – the greatest height of profile, µm; 

Ra – arithmetic average profile ordinates, µm; 
Rp – height of the highest peak of profile, µm; 
Rmax – maximum deviation, µm. 
Examples of the surface roughness of profiles are shown in 
Figures 10 and 11. 
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Table 4. 
Result summary of microhardness of surface layers 

Sample Microhardness, HV0.1 Average, HV0.1 

Titanium alloy Ti15V3Al3Cr3Sn 
produced by rolling 

287.3

290.0
317.4
311.0
270.9
263.3

Titanium alloy Ti15V3Al3Cr3Sn 
produced by injection  

977.2

966.6
973.0
937.4
980.2
965.2

4. Conclusions 

On the basis of the work results presented in the paper, 
it can be observed how the method of producing has 
influence on structure of the material and thus its 
properties.  

So far, Ti15V3Al3Cr3Sn titanium alloy used for the 
production of pneumatic channels, latches, brackets, flat 
springs has met the requirements placed on those elements 
for the use in the aviation industry. The research team has 
made an attempt to improve the applied material.  

Studies have shown that the method used to injection of 
the liquid metal to the mold under gas pressure with rapid 
cooling allows to modify the structure and thereby improve 
the properties of the material.  

The differences in grain size according to the distance 
from the core material have been observed- the closer to 
the surface layer, the more dispersed structure. Very fast 
cooling of the mold into which the molten metal has been 
injected, has resulted in freezing crystals during the contact 
with the mold. The cooling rate has been so high that 
titanium martensitic structure has been established (strip 
structure) (Fig. 8). 

Structural changes have affected the mechanical 
properties of produced samples. Studies have shown 
threefold increased microhardness of samples produced by 
injection comparing to samples produced by rolling 
method.  

A method of production elements by injecting gives the 
possibility to modify the topography of the surface by the 
use of suitably smooth surface of the mold to which the 
material is injected. The item achieved in the study 
indicates almost a twofold lower coefficient Ra in 
comparison with sheet produced by the rolling method. The 
lower surface roughness, has a positive effect on service 

life, because produced element is less prone to cracking or 
corrosion phenomena.  

Material produced by injection with rapid cooling may 
be a potential material for the use in many fields of 
engineering requiring high hardness of the surface layer 
with the plastic core, with simultaneous smooth surface. 

An attempt to improve the properties of 
Ti15V3Al3Cr3Sn titanium alloy produced by the 
innovative method has turned out to be a very valuable 
experience, enabling new possibilities for airborne 
applications and confirms the requirements for continuous 
development of titanium materials.  
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