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Properties

AbstrAct
Purpose: The paper presents a comparison of the structure and properties of titanium alloys Ti-6Al-4V produced by 
two methods: conventional and injection casting which allows obtaining solid amorphous alloys.
Design/methodology/approach: Test samples are titanium alloys Ti-6Al-4V  produced by two methods: 
conventional and injection casting. To achieve assumed objective the followed test were performed: phase 
composition by X-ray diffraction, microstructure observation was carried out, preformed to study the geometry 
of the surface – roughness and abrasion resistance measurements.
Research limitations/implications: Observation of microstructures revealed that, titanium alloy Ti-6Al-4V 
produced by conventional method has a crystalline ordered structure which is typical for materials produced by 
continuous casting, while the titanium alloy produced by injection casting has  a structure partially crystalline, 
and in most predominates amorphous structure which is characterized by a lack of order and regularity. 
Confirmation of structural studies were obtained diffraction records from qualitative X-ray analysis. Sample 
which was produced by continuous casting has higher rate of roughness than sample produced by injection 
casting. Titanium alloy produced by injection casting has higher rate of abrasion resistance than alloy produced 
by conventional casting. Higher roughness and higher abrasion resistance, these properties are beneficial for the 
process of fusion of the implant with the tissues in living organism, that same is desired in case when alloy will 
be used for biomedical applications.
Originality/value: The paper presented study of solid amorphous alloys which were produced by injection 
casting. That kind of production allowed to achieve much better properties than for alloys produced by 
conventional method - continuous casting.
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Introduction
Materials for use in biomedical applications, in order to 

properly function in the human body should be characterized by 
non-toxicity, do not induced allergenic responses. These materials 
should have good corrosion resistance, and appropriate mechanical 
properties as well as have significant abrasive resistance. Moreover, 
these materials should have low tendency to form blood colts and 
low costs of manufacture. Trials of titanium and its alloys in 
medicine dates back to the forties of last century. Many years of 
clinical observation items based on titanium, and modification of 
their compositions contributed to the definition of alloys that can be 
used in medicine. Among these alloys contained titanium alloy Ti-
6Al-4V, which exhibits: high rate of biocompatibility, good 
mechanical properties despite the low density, ability to 
spontaneously surface passivation in wet environment and 
environment containing oxygen. That alloy doesn’t have the same 
advantages, because many years of research showed that in the case 
of implants were made of technically pure titanium followed by 
efficient regeneration of bone tissue, than in the case where titanium 
alloy Ti-6Al-4V is used. In the study area of implants in bone 
surgery set that osseointegration between implant and bone occurs 
faster when alloy has developed surface - slower without developed 
surface. The challenge for material engineering is to improve 
surface properties of titanium alloys in biomedical application. 
These alloys have low abrasion resistance. [1-4]. That kind of 
properties were observed in titanium alloys produced by 
conventional casting.  

A competitive method for producing by continuous is novel 
process of production - using injection casting, which allows to 
obtain solid amorphous materials. Injection casting is that when 
liquid metallic material is injected to copper mold. The 
technological process of preparation by injection is to placed pre-
melted ingot in quartz capillary tube where it is melting induction, 
after then material is injected to copper mold by gas pressure. 
Cooling of the melt located in copper mold has a radial course [5]. 
Advantages of injection casting are: possibility of performing a 
full production cycle in short time, obtaining a high vacuum, fast 
cooling process of copper mold, producing solid amorphous 
samples, nonstop copper mold temperature control in the range 
from liquid nitrogen temperature to room temperature. [5-7]. 

These paper presents a comparison of properties titanium 
alloys Ti-6Al-4V produced by two methods - continuous casting 
and injection casting which allows production of solid amorphous 
alloys. Samples produced by continuous casting were purchased 
form a company producing commercial titanium rods. Samples 
were prepared by injection casting have the shape of rods - these 
samples were produced using the apparatus which is in Fig. 1. 
The device is designed and build on Faculty of Manufacturing 
Engineering and Materials Technology - Częstochowa University 
of Technology. Apparatus for the preparation of solid amorphous 
alloys is composed of: vacuum work chamber, vacuum 
transformer coil position controller, induction furnace, gauge, 
pumping system, control panel injection process and cooling, 
control rotary and diffusion pump, vacuum gauges and cooling 
medium. Macroscopic picture of a sample is shown in Fig. 2. 

 

 
 

Fig. 1. Apparatus for the preparation of solid amorphous alloys: a) cooling medium connection, b) working chamber,  
c) vacuum transformer coil position controller, d) transformer, e) gauge, f) induction furnace, g) pumping system, h) control panel 
injection process and cooling, i) vacuum gauges and control rotary and diffusion pump 

 
 

Fig. 2. Macroscopic picture of a sample of titanium alloys Ti - 6Al - 4V produced by a) continuous casting, b) injection casting 
 
 

2. Material and methodology 
Test samples were titanium alloy Ti-6Al-4V, whose chemical 

composition is given in Table 1.

Table 1.  
Chemical composition of titanium alloy Ti-6Al-4V [8] 

Chemical 
composition Al V C Fe O N H Ti 

Percentages 6,00 4.00 0,03 0,1 0,15 0,01 0,003 rest 

 
Test samples were produced by two methods. First method 

was commercial continuous casting, second was injection casting 
which consisted of solid amorphous material.  

These samples were submitted for microstructural by light 
microscope - Axiovert 25 Carl Zeiss, which has camera.  

Produced samples were subjected to X-ray qualitative 
analysis. Qualitative X-ray analysis is designed to determine the 
phase composition. X-ray diffraction was done by using X-ray 
apparatus Seifert303 T -T. It was here used filtered radiation from 
cobalt lamp λ = 0,179 nm, filament current was 30 mA, and 
voltage 40 kV. 
In order to determine the topography and its parameters using a 
profilometer Hommel T 1000. Determination of roughness was 
made by contact with the test surface by coupling with a 
differential measurement system. 

Mechanical properties of prepared material was determined 
on the basis of resistance abrasion. Abrasion test was carried out 
on sphere-tester. In sphere-tester for  
a specified time with given load and speed, zirconia ball of 20mm 
diameter influenced the surface of a test sample. Level of abrasion 
was determined by area of abrasion. 

 
 

Results
 

Sample images of microstructure titanium alloys produced by 
continuous casting is shown in Fig. 3a, and instead produced by 
injection casting in Fig. 3b. 

Microstructural observations titanium alloy produced by two 
methods made it possible to determine the type of  
the resulting structure. In the case of a sample obtained 

conventionally occurs crystalline structure with regular 
homogenous grain shape with characteristic of this method 
directional arrangement of grains. (Fig. 3a) parallel to the 
direction of drawing. Structure of titanium alloy produced by 
injection casting is structure partially crystalline, and in most 
predominates amorphous structure which is characterized by a 
lack of order and regularity The partial crystallization of the 
sample was provided nucleation of crystallites contracting and 
expanding dendritic (Fig. 3b). 

 

 
 

 
 

Fig. 3. a) microstructure of titanium alloy Ti-6Al-4V produced by 
conventional casting, b) produced by injection casting 
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The results of X-ray are shown on diffraction patterns. 
Diffraction pattern of titanium alloy produced by conventional 
method - Fig 4a. and injection casting - Fig. 4b. These Figures 
reveal the peaks of titanium phase alpha Ti α and titanium phase 
beta Ti β.  

For confirmation of the structural test were obtained 
diffraction records from qualitative X-ray analyses. Diffraction 
pattern of titanium alloy Ti-6Al-4V produced by conventional 
casting shows crystalline structure. For alloy which was produced 
by injection casting. diffraction pattern showed a picture typical 
for material partially crystallized. 

There appears wide peaks. forming a background typical of 
amorphous samples as well as take place peaks of crystallite 
phases: Ti α. Ti β. 

The measurement results of roughness parameters are shown 
in Table 2. The results of the surface roughness profiles are shown 
in Figs 5 and 6. 

Examples of the surface roughness profiles are shown in  
Figs 7 and 8. 

Profilometr analysis allowed the identification of indicators of 
roughness. Sample produced by injection casting characterized by 
higher rates of roughness. This sample has twice the surface 
roughness (Ra). than sample obtained by conventional method. 
The parameter value Ra of sample partly crystalized is equal 0.56 
µm. and for crystalized sample is 0.27 µm. 

 

 
 

 
 

Fig. 7. Microscopic images of extrusion which were obtained 
during the study of abrasion resistance on surfaces after 0.25 h:  
a) conventional. b) injection casting 

Microscopic images of extrusion which were obtained during 
the study of abrasion resistance on surfaces after 0.25 h were 
showed in Fig. 7.  

Microstructural observations of the samples that were 
subjected to the zirconia balls. allowed the conclusion that the 
sample produced by injection. has better abrasion resistance than 
the same alloy. produced by the conventional method.

Conclusions
The method used for preparing a titanium alloy 

Ti-6Al-4V. impact on the kind of the resulting structure. Which in 
turn affects the properties of the material. Method of continuous 
casting provides conventional alloy with crystalline structure. 
Rapid cooling during the injection casting. allows providing the 
partly amorphous and disordered structure. X-ray qualitative 
analysis confirmed the types of structures obtained. depending on 
the method of producing. In both cases disclosed peaks of alpha 
and beta phases: Ti α and Ti β. Evaluation of surface topography. 
allowed to conclude that the greater extension of the surface is 
characterized for alloy formed by injection. It has twice the 
roughness than the alloy obtained by the conventional method. 
Higher roughness affects the process of fusion implant with living 
tissues in the body. Analyzed titanium alloy has a higher 
resistance to abrasion (injection method) than the alloy produced 
by the conventional method. The resulting titanium alloy 
Ti-6Al-4V injection method has better performance in terms of 
medical. than the same alloy produced bythe continuous casting 
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