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Abstract 

In this work, an attempt was made to understand the effect of heat treatment on the mechanical 

properties and micro structure changes of Ti-6Al-4V alloy. This alloy was subjected to heat tretment 

process at the temperature of 9000C for a duration raning from 1hr to 6hrs followed by air cooling. 

Room temperature tensile tests were carried out up to failure at the strain rate 1x103s-1. Vickers 

hardness of the as-received and heat-treated Ti-6Al-4V alloy was measured using the load of 500g 

for the dwell time of 10sec. Microscostructure examinations were made using optical microscopy, 

which revealed morphological changes. 
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1. Introduction 

Development of titanium aluminide (Ti-Al) based alloys has generated a huge interest for many 
high temperature industrial applications due to their extensive properties. Metastable β titanium 
alloys are widely used in the biomedical, automotive, and aerospace industry, due to their excellent 
corrosion resistance, fatigue strength, biocompatibility, and easy formability[1]. In literature 
research, it has been found that heat treatment types such as cryogenic treatment and precipitation 
hardening can be applied efficiently to the alloys. Titanium is an exotic metal that possesses a unique 
combination of mechanical, chemical, and physical properties[2]. Titanium is element number 22 on 
the periodic table. It is a metal that’s silver in colour, found naturally on earth. Titanium alloys are 
alloys that contain a mixture of titanium and other chemical elements. Such alloys have very high 
tensile strength and toughness [3]. Titanium alloy are classified as alpha titanium, beta titanium, or 
alpha-beta titanium. We will be conducting experiments on Ti (grade 5) and study/analyze the 
behavior of Titanium[4].  

2.  Method & Material 

2.1 Material selection and sample preparation 

The raw material received experimental metal was procured in the form of a plate. The dimension 
of the plate are 300mmx150mmx14mm. The chemical composition of the material are given in the 
Table1. The material used for the experiment is shown in the Fig 1. And the samples for the tensile 
test and compression test are cut in the dimension as shown in the Fig 2(b) & Fig 2(c) respectively.   

  

Fig. 1. Titanium (Ti-6Al-4v); 
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              Fig 2(a). Tensile dimension                                           Fig 2(b). Compression dimension 
 

 

 
Table 1. Chemical composition of Titanium alloy. 

 
Chemical Composition Wt. % 

Titanium (Ti) 89.37 

Aluminum (Al) 6.00 

Vanadium (V) 4.19 

 

2.2 Heat treatment and microstructure 

 

                          Fig 3. Electric furnace                                                 Fig 4. Metallurgical microscope                                                 

 

 
The samples were heated at the temperature of 900°C using electric furnace shown in Fig 3. And 

the samples were heated at different time intervals (1hr, 2hr, 4hr, and 6hr) to achieve different 
conditions. The microstructures are observed using olympus bx53m upright metallurgical 
microscope shown in Fig 4. For all the samples including as received, heat treated, and tensile 
samples.                          

2.3 Mechanical properties testing 

Room temperature tensile test for the heat treated material was conducted at constant displacement 
using FSA M-100 universal testing machine shown in Fig 6 and the compression test of the heat 
treated material was conducted using the same conditions and the UTM. The Vickers hardness test of 
the heat treated material and the Vickers hardness test of the tensile samples were conducted at room 
temperature using Wilson vh1102 micro-hardness tester shown in Fig 5. The test was conducted 
using 500g load and the dwelling time of 10s with a spacing interval of 2mm.  
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                                                          Fig. 5. Micro-hardness tester                                                  

 

3. Results and Discussions 

3.1 Microstructure observation 

 As mentioned above four heat treatment procedure were chosen for the material i.e., at 900°C for 
1 hour, 2 hour, 4 hour, and 6 hour followed by air cooling. After the heat treatment the 
microstructure of the titanium alloy was observed using the Optical Metallurgical Microscope at 50 
µm. comparisons of the microstructure of the material before the heat treatment and after the heat 
treatment were made and the microstructure of the material can be seen in the Fig 7 below.  

 

 

 

Fig 6(a). Microstructure of as received   Fig 6(b).  Microstructure of 1 hr  Fig        6(c).  Microstructure of 2 hr 

                                                       

                                     Fig. 6(d).  Microstructure of 4 h               Fig 6(e). Microstructure of 6 hr 
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3.2 TENSILE TEST 

Tensile test was carried out for all the material before and after heat treatment of the material and the 

results were compared. Fig 8. shows the graph of the tensile test.  

 

 

                                                      Fig. 7. Tensile strength of material   

3.2 Hardness Test 

Hardness test was carried out for all the material before and after heat treatment of the material and 

the results were compared. Fig 10. shows the graph of the hardness test. 

                                                          

                                                                Fig. 8. Impact strength of composites 

 

4. Conclusions 
 The mechanical properties of water immersed specimens were evaluated and compared with dry 
composite specimens. The percentage of moisture uptake increased as the fiber volume fraction 
increased due to the high cellulose content. The addition of fibers in the epoxy significantly 
increased the mechanical properties (tensile, flexural, impact, and hardness) of the specimen. 
However, calotropis procera fibers are hydrophilic in nature and hence have a poor resistance to 
water absorption. The water absorption of calotropis procera reinforced epoxy composite at room 
temperature was found to increase with increase in fiber content. Exposure to moisture caused a 
reduction in mechanical properties of the specimen. A possible explanation for this would be that 
bonding at the fiber-matrix interface is degraded as a result of water absorption. 
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