
European International Journal of Science and Technology       ISSN: 2304-9693       www.eijst.org.uk 

 
 

 

Cite this article: Şentürk, U., Adsoy, A., Topuz, A. & Köksal, T. (2020). INVESTIGATION ON MECHANICAL AND 
MICROSTRUCTURAL CHARACTERIZATION OF MICROPLASMA ARC WELDING OF THIN GRADE-2 TITANIUM SHEETS. 
European International Journal of Science and Technology, 9(4), 12-20. 
12 

INVESTIGATION ON MECHANICAL AND 

MICROSTRUCTURAL CHARACTERIZATION 

OF MICROPLASMA ARC WELDING OF THIN 

GRADE-2 TITANIUM SHEETS 
 

 

 

 

 

Ümit Şentürk2, Abdülhamit Adsoy1, Ahmet Topuz1, Tahir Köksal2 

 

 
1
 Türkoba Mahallesi, Erguvan Sokak No:26 / K34537 Tepekent-büyükçekmece / Istanbul-Turkey. 

www.arel.edu.tr 

Email: abdulhamitadsoy@arel.edu.tr ahmettopuz@arel.edu.tr 
2
 Atatürk Sanayi Bölgesi Hadımköy Mahallesi Mustafa İnan Caddesi No:44 Arnavutköy /  

Istanbul – Turkey    www.ayvaz.com 

Email: tkoksal@ayvaz.com usenturk@ayvaz.com 

 

 

 

 

Corresponding author: 

Abdulhamit Adsoy 

 

 

 

Published: 29 April 2020 

Copyright © Şentürk et al. 

 

 

 

 

 

This study was supported by Ayvaz Research center. 

 

 

 

http://www.arel.edu.tr/
mailto:abdulhamitadsoy@arel.edu.tr
mailto:ahmettopuz@arel.edu.tr
http://www.ayvaz.com/
mailto:tkoksal@ayvaz.com
mailto:usenturk@ayvaz.com


European International Journal of Science and Technology                   Vol. 9 No. 4             April 2020 

 
 

13 

ABSTRACT 

Microplasma arc welding (MPAW) is one of the important arc welding method commonly used in 

sheet metal industry. The study concerned the possibility of using the microplasma welding method 

for joining thin titanium grade-2 sheets. 

The welding process parameters were chosen for carrying out full penetration butt joints on 0.4-

0.3mm thick titanium sheets. 

The influence of the microplasma arc welding (MPAW) parameters on the microstructure, mechanical 

properties and surface morphology at the fracture location of welded joints were examined. 

The microstructure of base metal, heat affected zone (HAZ) and fusion zone were examined by optical 

microscopy. 

The welded joints showed ultimate tensile strength of maximum 486 MPa and minimum 400 MPa. 

The hardness value of fusion zone and base metal observed to be 188 and 205 HV0.5 for 0.3mm thick 

titanium sheet. For 0.4 mm thick titanium sheet, hardness value of fusion zone and base metal 

observed to be 153 and158 HV0.5. 

Fracture surface was examined by using scanning electron microscope (SEM). 

The weld joint have failed in ductile fracture, 0.3mm thick titanium sheet have been broken in heat 

affected zone. The other welded 0.4mm thick titanium sheets have been broken at base metal. None of 

samples have been broken at fusion zone showing good quality of welds. 

 

KEYWORDS: Pure, titanium, microplasma, arc, welding, 

 

1. INTRODUCTION 

Pure titanium has good corrosion resistance, bio-compatibility and excellent weld ability. Therefore 

aerospace, marine, chemical and petro-chemical related engineering constructions frequently use [1] 

titanium. Also they are used as a material for medical implants due to their high bio-compatibility. 

However, titanium materials are highly reactive when processing temperature exceeds 500
0
C. 

The surface of titanium can easily absorb gases such as oxygen, nitrogen and hydrogen from 

atmosphere[2]. 

Hence in order to minimize these issues an appropriate shielding medium must be introduced to cover 

the utilized weld area[3]. 

Few researcher have been working on area of MPAW of titanium sheet and investigated the 

microstructural studies and mechanical properties of welded region compared to parent metal[4,5]. 

Microplasma arc welding provides a very concentrated plasma arc using a low current in addition with 

a small diameter plasma jet obtained. Thus high temperatures and high rate of heating is achieved with 

minimal arc wander by doing so the heat affected zone. The welding distortions and residual stresses 

are minimized these factors are especially important when the welds of thin sheets considering these 

properties[6,7]. 

In this study microplasma arc welding was used as welding process for pure titanium Gr-2thin sheets. 

MPAW process and microstructural analysis and mechanical properties of welded materials were 

investigated. 

Results were evaluated an discussion regarding the findings were provided. 

 

2. EXPERIMENTAL WORK 

Commercially pure titanium sheets that 0.4mm and0.3 mm thick are used in this study. The chemical 

composition of pure titanium Gr-2 is given atTable-1. 
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Table 1. Chemical Composition of titanium Gr-2 

%C %0 %N %Fe %Ti 

0.1 0,25 0,03 0,25 Balance 

 

The welding of titanium Gr-2 is carried out by using(MPAW)welding machine. Before the welding, 

samples are cleaned with acetone,(MPAW) welding process parameters are given at Table-2. 

 

Table 2. Welding process parameters 

Welding Current (A) 13,5- 18 

Welding Voltage (V) 14 

Welding Speed (cm/minute) 90 

Number of Passes  1 

Shielding Medium %100 Argon 

Battom purging gas flow rate (lt/min) 25 

Argon Output from torch (lt/minute) 22 

Tungsten Diameter (mm) 1.50 

Tungsten Quality W20 red 

Plasma gas     lt/min  4 

Plasma protective gas lt/min.    15 

 

Each welded joint has three structurally different zones, unaffected metal, heat affected zone and 

fusion zone. These zones highly influence the strength of welds. The destructive test was performed 

and the mechanical properties were assessed by tensile and hardness test. 4 tensile test samples have 

been prepared. Tensile tests are carried out by using universal testing machine with 50 kN capacity. 

The tensile properties of welded titanium for two different sheet thickness such as 0.3 mm and 0.4 mm 

are presented in Table-3. The yield strength of the titanium joints is calculated by drawing a line 

parallel to elastic portion of load elongation curve at 0.2% offset meets the curve. Ductility of the 

welded titanium is calculated as percent of reduction of area. Tensile test force-elongation diagrams 

are shown Figure-1. 0.4mm thickness weld samples are broken in unaffected base metal zone as 

showing by Figure-2.0.3mm thickness weld samples are broken at heat effecting zone as showing  

Figure-2. 

 

Table 3. Tensile and yield strength of welded titanium 

Values Sample Number 1 2 3 4 

Metal Quality Ti-Gr2 Ti-Gr2 Ti-Gr2 Ti-Gr2 

Thickness of Metal 0.30 mm 0.30 mm 0.40 mm 0.40 mm 

Tensile 

Test 

Results 

Rapture Zone HAZ HAZ Base Metal Base Metal 

Yield Strength (%0.2) 416 341 327 272 

Ultimate Tensile 

Strength (N/mm
2
) 

486 409 459 400 

Reduction of area % 9 14 39 39 
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Figure1-a. Force-Elongation Diagram 

 

 
Figure 1-b.  Force-Elongation Diagram 

 

 

 
Figure 2. Broken Tensile Test Specimens 

 

Hardness of welded titanium samples are measured by using vickers method. Micro hardness of 

weldments are measured at fusion zone, heat affected zone and base metal (500gr loads for dwell time 

of 10 s) zone. The results are given at Table-4. 

 

 

 

 



European International Journal of Science and Technology       ISSN: 2304-9693       www.eijst.org.uk 

 
 

16 

Table 4. HV 0.5 hardness results 

Sample Number Base Metal HAZ Fusion zone HAZ Base Metal 

1 205 205                  188 204 203 

2 201 194 187 199 200 

3 161 164 159 160 165 

4 159 155 147 157 158 

 

Metallographic tests were carried out at all of the welded specimens. The specimens are polished by 

various grades of emery papers. The etching solution 2ml HF, 14ml HNO3, 24ml H2O is used. 

Optical microscope was used for investigation of micro structure. Microstructure photographs are 

given at Figure-3, Figure- 4 and Figure- 5. 

 

 
Figure 3-a. Macrostructure of the welded specimen (50X) 

 

 
Figure 3-b. Macrostructure of the fusion zone, HAZ, base metal (100X) 
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Figure 4. Base Metal and HAZ zone (200x) 

 

 

 
Figure 5.Microstructure of fusion Zone (100x) 

 

The fracture samples obtained from tensile tests are further investigated under SEM. The joints have 

failed in ductile fracture. Presence of micro voids is observed to be comparatively higher in fracture 

surfaces of welded specimens shown at Figure -6. 
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Figure 6. Fracture surface 

 

As a result of the welding cycles with a peak temperature, a significant grain coarsening is noticed in 

the fusion zone. 

 

3. RESULT AND DISCUSSION 

Welding parameters are optimized and established on sheet trials for full penetration butt welds. 

Table-2 shows the welding parameters used, low current and voltage. 

Table-3 shows the tensile property variations. Tensile and yield strength values for 0.3mm welded 

samples are higher than 0.4mm welded samples. None of samples have been broken at fusion zone, 

showing good quality of welds. 

Ultimate tensile strength of 486 MPa is obtained for sample-1 and lowest ultimate tensile strength of 

400 MPa is obtained for sample-4. 

Table-4shows the hardness variations from the center of fusionzone to the base metal for0.3 mm and 

0.4 mm thickness joints, average hardness of base metal are found to be 202 HV0.5 for 0.3mm and 

161 HV0.5 for0.4 mm thickness joints. Average hardness of fusion zone are found to be 188 HV0.5 

for 0.3 mm and 153 HV0.5 for 0.4 mm thickness joints. Average hardness of heat affected zone are 

found to be 200 HV0.5 for 0.3 mm and 158 HV0.5 for 0.4mm thickness joints. The maximum value of 

hardness is found at 0.3 mm thickness joints from tabulated values. It was noticed that hardness of 0.3 

mm welded samples are higher than 0.4 mm welded samples. 

Base metal microstructure of commercially pure titanium Gr-2 Consist of equiaxed recrystallized 

grain of alpha (titanium sheet cold rolled and annealed). 

The interface between the base metal and the heat affected zone clearly indicates that the region from 

where thermal cycles occurred during the welding process operate acerbically on the change of 

microstructure. Due to this complex thermal cycle, the equiaxed grains had grown in the largest size in 

the fusion zone. Fusion zone consist of acicular alpha. The faster cooling rate produced acicular alpha. 
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A significant grain coarsening size is noticed in fusion zone. As a result the degree of grain coarsening 

decreased as one move from zone to base metal. 

The joints have been broken in the heat affected zone and base metal. Base metal and heat affected 

zone have failed in ductile fracture according to SEM examined. 

 

4. CONCLUSION 

On the basis of conducted tests, it is stated that the method of MPAW of thin sheets of Grade-2 

titanium can be successfully used in the technique of joining the inseparable material without heat 

related distortions. The welded joints strength is at the level of the strength of base material. 

Welding parameters like welding current, voltage, welding speed, shielding medium and the others are 

optimized and established from bead on sheet trials for full penetration butt welds. Heat affected zone 

distortions are found minimum. 

None of samples have been broken at fusion zone, showing good quality welds. The maximum value 

of ultimate tensile strength is found 486MPa for 0.3 mm and 400MPa for 0.4 mm thickness joints. The 

maximum value of hardness at fusion zone is 188 HV0.5 for 0.3 mm and 159 HV0.5 for 0.3mm 

thickness joint. 

A significant grain coarsening size is noticed in the fusion zone which consist of acicular alpha. 

As a result the degree of grain coarsening decreases as one move from the fusion zone to base metal. 

Fracture surfaces were examined by using scanning electron microscope.  The base metal and HAZ 

have failed in ductile fracture. The method is often fully automated to reduce operator related defects.  

MPAW can be performed with or without using filler metal. 
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