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Abstract  

AA 5083 Aluminum alloys begin to be replaced steels in automobiles, ships, and high-speed-

trains by providing reduced energy consumption and low carbon emissions thanks to their low 

densities, good weldabilities, and high corrosion resistance. During the production of high-
speed trains, which are of special importance for our country, the proper selection of joining 

method for AA5083 increases the production speed. In this study, AA5083 alloys with 8 mm 

thickness were butt-welded under different parameters by using MIG and TIG weldings. It 

was aimed to determine the changes in microstructure and mechanical properties of welded 

samples, and also to specify the proper welding method. As a result, it was found that samples 

joined by MIG welding have higher strength and ductility, along with a lower amount of 

microstructural defects compared to their counterparts joined by TIG welding. 
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1. Introduction 

Aluminum, also known as green material, is the 3rd 

most commonly found element on Earth [1-3]. Al, the 

most common material used as an alternative to steel 

for many applications in design and production, has 
many important properties as low weight, excellent 

impact resistance, ideal corrosion resistance, and 

recyclability [4,5]. For this reason, Al and its alloys 
have found widespread use in many sectors such as the 

automotive, railway, aerospace, and shipbuilding 

industries [6]. 5XXX Al series are widely used for 
structures in shipbuilding. These alloys have a high 

strength/weight ratio, good weldability, and excellent 

corrosion resistance against sea conditions [7,8].  The 

strength of AA5083 alloy, which contains 4.5% Mg 
and %1 Mn in its chemical composition, can be 

increased by strain-hardening or solid solution 

strengthening in concentrated Mg [9]. In many 
industrial applications where Al alloy is used, there are 

complex structures that require highly efficient 

nondetachable connections. It is determined that, under 
static and dynamic loadings, welded Al alloys in such 

complex structures show more efficiency compared to 

rivet joints [10]. Besides, the use of welded joints in 

the joining of Al alloys reduces the cost by 60-65%. 
Metal Inert Gas (MIG) and Tungsten Inert Gas (TIG) 

welding methods are widely used in joining Al alloys 

[11]. When arc-welding methods are used for Al 

alloys, fatigue damage, brittle fracture, and stress-
corrosion cracks occur due to distortion and residual 

stress [12]. To reduce residual stresses and prevent 

distortion, pre-/intra-welding [15,16] or post-welding 
[17,18] mechanical and thermal processes [13,14] 

were discussed in many studies. In TIG welding, which 

is widely used for joining Al and its alloys, an electric 

arc is created between the non-consumable tungsten 
electrode and the workpiece. In this method, an 

electrode holder is used to fix the non-consumable 

tungsten electrode. When electrical power is applied 
between the electrode and the workpiece, the gas 

passes through the cylinder and reaches the nozzle 

around the electrode. The gas surrounds the arc, 
protecting the welding area from atmospheric effects 

and preventing defects [19]. On the other hand, MIG 

welding is performed by feeding a continuous solid 

wire electrode from a welding gun and weld pool. In 
both methods, protective gas is sent to the welding gun 

[20]. MIG welding method is more superior compared 

to TIG welding in terms of microstructure change, 
bonding capability, and welding metal deposition 

ability [21].  

In their study, Yang et al. analyzed the electrochemical 
properties of Al 6082 joined by MIG and friction stir 

welding and stated that the corrosion rate of FSW 

http://dx.doi.org/10.17776/csj.903575
https://orcid.org/0000-0002-0314-0119
https://orcid.org/0000-0002-1225-8290


 

952 

 

Varol Özkavak, Mercan / Cumhuriyet Sci. J., 42(4) (2021) 951-964 
 

joints was lower than the MIG joints [22]. Schneider et 

al. aimed to optimize the effects of TIG-MIG/MAG 

hybrid welding techniques on welding geometry. At 
the end of the study, the most effective parameters 

were found as the type of protective gas (MIG-MAG), 

voltage (MIG-MAG), wire feed speed (MIG-MAG), 
along with welding speed and density of the electric 

current (TIG) [23]. Subbaiah investigated the 

microstructure and mechanical properties of casted Al-
Mg-Sc alloy after TIG welding. It was stated that the 

TIG-welded Al-Mg-Sc alloy casting has improved 

tensile properties compared to the main material. 

Furthermore, the author confirmed a decrease in 
strength due to Mg vaporization [24]. In their study, 

Zhang et al. compared the joining properties of laser 

and TIG welding methods for AlSi10Mg samples 
manufactured by SLM and casting techniques. 

Welding morphology, defects, microstructure, and 

mechanical properties were discussed in the study. As 
the result of the study, it was concluded that the gaps 

present within SLM samples causes defects during 

welding, laser shows better welding properties and 

higher tensile strength than TIG welding for SLM 
parts. It was also stated that tensile strength of SLM-

SLM or SLM-casting joining is superior in comparison 

with the main material [25]. Shu-Fen studied the effect 
of welding current on morphology and microstructure 

of T joints for Al alloys joined by double-pulse MIG 

welding. The authors stated that the width and depth of 

the welding seam increase by rising the average 
current, and the most optimal properties are achieved 

at a current of 90 A. Singh et al. deduced that tensile 

strength shows a significant increment by increasing 
welding current and gas flow rate [26]. In addition to 

this, Kumar et al. investigated the effect of heat input 

on the strength of the joining area and found that the 
tensile strength decreases with heat input increment 

[27]. Similarly, Jahanzaib et al. concluded that if a high 

welding current and low welding speed are selected, 

the quality of the welded connection improves [28]. 
Raveendra et al. examined the effect of the welding 

current on the weld seam and obtained a linear increase 

in the front and back side by increasing the welding 

current [29]. Gharibshahiyon et al. stated that high heat 

input causes grain growth along with toughness and 

impact energy reduction in welded joints [30]. 

Mg is the main element of 5000 series Al alloys. 

Thanks to their low densities, good weldabilities, and 

high corrosion resistance, AA5083 Aluminum alloys 
begin to be replaced steels in automobiles, ships, and 

high-speed-trains by providing reduced energy 

consumption and low carbon emissions [31]. Thus, the 
joining process of Al alloys plays an important role. In 

the literature, there are studies on the joining of 

AA5083 Al alloys. By investigating mechanical 

properties and microstructure of AA5083 alloy by 
FSW method, it is seen that reduction in friction heat 

input leads to high ductility, good formability, and 

betterment in grain size [32]. In other studies, two 
different porosity structures that occurred during the 

laser welding of AA5083 Al alloys were examined, 

and it was concluded that the number of porosities can 
be reduced in case of using a double beam source as 

welding [33,34].  

In this study, AA5083 alloys with 8 mm thickness were 

joined under different parameters by using MIG and 
TIG weldings. In this study, the gap in the literature has 

been tried to be closed by considering the values that 

are not used in the literature in terms of both the 
thickness of the joined part and the process parameters 

used.The mechanical properties and microstructure of 

the welded joints were analyzed.  

2. Materials and Methods 

In this study, AA5083 Aluminum plates were joined 

via MIG and TIG weldings. In the experiments, plates 
with 8 mm thickness were used. Samples were 

procured from GÖK YAPI AŞ and joined in 

TÜDEMSAŞ Welding School. After welding, the 

samples were cooled to room temperature. The 
chemical composition of the AA5083 alloy selected for 

this study is given in Table 1, and mechanical 
properties are given in Table 2.

 

Table 1. Chemical composition of AA5083 Aluminium alloy 

Fe Si Cu Mn Mg Zn Cr Ti Other Al 

0,40 0,40 0,10 0,40-1,0 4,0-4,9 0,25 0,05-0,25 0,15 0,15 Balance 

 

Table 2. Mechanical properties of AA5083 Aluminium alloy 

Density  

(gr/cm3) 

Brinell Hardness 

(HB) 

Tensile Strength 

(MPa) 

Yield Strength 

(MPa) 

Elasticity Module 

(GPa) 

2,66  85  317 228  71GPa 
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The main objective of the study is to determine the 

optimum welding method by examining the change in 

microstructure and mechanical properties of AA5083 

alloy joined with TIG and MIG methods under 
different process parameters. The workflow of the 

study is given in Figure 1. 

Welding parameters used in the experiments are given 
in Table 3. While selecting the welding parameters, the 

process parameters used in previous studies were 

evaluated, and originality was ensured in the study by 

choosing different parameters from these parameters 

[1,35,38]. Zirconiated Tungsten (98%W+2%Zr) 

electrode is used with 2,4mm diamaeter for TIG 
welding proceses. 1,6 mm wire diameter is used for 
MIG welding process. 

 
 

Figure 1. Workflow of the study 

 

Table 3. Welding parameters used in the study 

Method Sample Number Current (A) Voltage (V) 
Speed 

(mm/s) 

Torch Distance 

(mm) 

MIG 

S1 150 18 2,6 

15 
S2 170 20 2,7 

S3 180 22 2,3 

S4 190 23 2,5 

 Method Sample Number Current (A) Tungsten electrode diameter (mm) 
Speed 

(mm/s) 

Stand-off distance 

(mm) 

TIG 

S5 140 

2,5 

2,4 

5 
S6 160 3,1 

S7 180 4 

S8 200 5 

 

 

Plate samples joined with different process parameters 

are given in Figure 2. After the joining process, the 
samples were prepared for microstructure analysis, 

microhardness measurement. During the preparation 

of the samples, the cutting operations were performed 
in the Electrical discharge machining (EDM) device to 

prevent the samples from being exposed to any hot or 

cold deformation. For microstructure analysis of 
welded samples in the study, test pieces were cut from 

the cross-section of the weld. Subsequently, the test 

pieces were sanded by 400,800,1500 grit sandpapers 
and polished with broadcloth, respectively. Finally, 

surface polished test pieces were etched in Keller 

solution (2 ml HF, 3 ml HCl, 5 ml HNO3, and 190 ml 

H2O) and prepared for microstructure analysis. In 
addition, SEM examinations were performed on the 

FEI QUANTA FEG 250 device to determine the grain 

structure and porosity within the weld area. 
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Figure 2. Images of plate samples joined by (a) MIG welding (b) TIG welding  

 

To determine the weld area strength of welded 

samples, a Marestek brand tensile test device was used. 

The samples used in the tensile test were prepared in 
accordance with ASTM EN ISO 4136 standards. 

Analysis of the sample regions is given in Figure 3. 

Tensile tests were carried out at room temperature with 
a speed of 0.5 mm. 

 

 

Figure 3. Tensile test specimens used in the study 

Vickers microhardness measurement was carried out at 

300g load to determine the change in hardness after the 

joining process. Microhardness measurements were 
taken from three different points: the heat-affected 

zone (HAZ), the base material (MB), and the weld 

zone (WZ). The measurements points are shown in 
Figure 4. The measuring range is set at 0.5 mm.
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Figure 4. Microhardness measurement points 

3.   Results and Discussion 

3.1. Macro and microstructure analyzes 

In the study, 8 mm thick AA5083 alloys were joined 

by TIG and MIG welding methods using different 

welding parameters. Macrostructure images of the 
welded samples are given in Figure 5. In Figure 5, it is 

seen that defects such as pore and spatter were 

encountered in samples joined by the TIG welding 
method. It is thought that incomplete melting causes 

these specific defects within the welding zone [1]. 

When the MIG-welded samples are examined, it is 

clearly observed that the weld root is smoother since 

the melting is accurately accomplished. This situation 
can be explained by the fact that the joining is 

performed perfectly in the MIG welding method. 

When this situation seen in the macrostructure analysis 
is evaluated together with the tensile test results, the 
results overlap with each other.

 

 

Figure 5. Macro images of welded samples (a) TIG welding (b) MIG welding 

The post-tensile test macro structure images of the 

samples joined by TIG and MIG welding methods are 

given in Figure 6. When Figure 6 is examined, it is 

observed that the fracture starts from the porosity 

region in the TIG welded samples. This situation can 

be explained as an indication of the low mechanical 
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properties of the samples joined by the TIG welding 

method. In Figure 7, macro images of all tensile 

samples are given. When Figure 7 examined the 
fractures had occurred in the weld metals for the 

samples joined with a lower welding current. This was 

because a lower welding current leads to poor 
penetration on the joints [1].

 

 

Figure 6. Macro images of welded samples (a) TIG welding (b) MIG welding 

 

 

Figure 7. Macro images of tensile samples   

 

In addition to the macrostructural analysis of welded 
samples, their microstructural analysis was carried out 

as well. Microstructural analyses were performed in 

base metal and weld zone areas, as given in Figure 8. 
Different weld zone width for each sample was taken 
into account during the conduction of experiments.
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Figure 8. Microstructure analysis areas for the samples 

 

In Figure 9, microstructure images of the welded zone 

for the MIG welded samples are given. At the S4 
sample in Figure 9 (S4), which is processed with the 

highest welding current, a growth in grain size can be 

seen. This situation can be explained as the elevation 
in heat input due to the increasing current. A similar 

case can be seen for the S3 sample as well. In the S1 

sample, for which the welding current was selected as 
150 A, and the S2 sample, where the welding current 

was 170 A, the heat input did not cause grain 

coarsening, on the contrary, it provided a better grain 

formation. When Figure 9 is examined, it is possible to 

talk about a typical one-directional solidified 
microstructure. Whether this solidified grain structure 

obtained in the MIG method is columnar or coaxial 

depends on the solidification rate [36]. Rapid 
solidification occurs in the MIG method. Fine grain 

size is formed as a result of rapid solidification in the 

MIG method. It is also seen that spherical-shaped 
porosities are found within the samples joined by MIG 

welding. The formation of these porosities is due to the 

hydrogen solubility in molten aluminum.

 

 

Figure 9. Microstructure images of welding zones of MIG welded samples 

 

Figure 10 shows the microstructure images of the weld 

area of the samples joined by TIG welding. When TIG-
welded samples are examined, it is seen that despite the 

increment in the welding current decreases the grain 

growth, the grain size obtained in TIG welding has not 
reached the size obtained in MIG welding. This is 
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because the melt convection in TIG welding is slower 

than in MIG welding [37,38]. The gradient convection 

of the melting slows down the solidification and causes 
the grains to grow. With the increase of welding 

current, solidification moderately accelerates, which 

eventually decreases the grain size. For this reason, the 
largest grain size was obtained in the S6 sample where 

the welding current is 140 A. The temperature gradient 

difference in the TIG welding is different compared to 

MIG welding, which affects recrystallization. The 

amount of porosity formed in the samples joined by 
TIG welding is higher than the MIG welding method. 

The porosities within the samples were formed as a 

result of inhomogeneous heating and cooling 
processes.

  

 

Figure 10. Microstructure images of welding zones of TIG welded samples 

 

As a result of microstructure analyzes, it has been 
determined that the grain structure in MIG welding is 

favorable to TIG welding. Besides, it has been also 

observed that the second phase particles formed within 
the samples affect the strength and ductility [31]. 

3.2. Micro-Hardness tests 

Microhardness measurements were made on samples 

joined with TIG and MIG weldings. Hardness values 
of TIG-welded samples are given in Figure 11, and 

hardness values of MIG-welded samples are given in 

Figure 12. By examining the hardness values of MIG-
welded samples, it is seen that the average hardness 

value of the base metal is HV79±2, while the average 
hardness value of the weld zone is HV63±3. It is also 

observed that there is a decrease in hardness from the 

base metal towards the weld zone [44]. Therefore, the 

hardness value in the weld zone is 18% lower than the 
hardness value of the base metal in MIG welding. 

Along with it, hardness values in the HAZ region are 

higher than in the weld zone for MIG welded samples 
(Figure 12). This causes the hardness of the weld metal 

area to drop, as β-phase deposits occur during the 

welding process [7]. The β-phase (Figure- dark areas) 
occurring in the weld zone is due to the distribution of 

the solute in the structure during solidification and 
occurs with the formation of a solute-rich local region.
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Figure 11. Microhardness values of TIG-welded samples 

 

 

Figure 12. Microhardness values of MIG-welded samples 

 

By examining the hardness values of TIG-welded 

samples, it appears that the average hardness value of 

the base metal is HV78±2, while the average hardness 
value of the weld zone is HV93±4. The hardness values 

of the HAZ region and the base material were achieved 

close to each other for the TIG-welded samples. 

However, the hardness values of the weld zone are 
higher than the other regions. This situation adversely 

affects the strength of the joining. With the increase in 

welding current, the hardness value of the weld zone 

decreases. This reduction in hardness leads to a 

betterment in the strength of the joints. Obtaining the 
hardness value higher even than the base metal can be 

explained as an indicator that the weld zone is brittle 

and fragile. When the macro and microstructures of the 

fractured surface of the TIG-welded samples are 
inspected, the brittleness of the fracture type in the 
weld zone confirms this result. 
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When the hardness distribution of MIG welding was 

examined, it was determined that the hardness value of 

the base metal was the highest. This can be explained 
as the heat input occurring during the welding process 

affects the main material properties (grain structure, 

grain size). In TIG welding, the hardness value of the 
weld zone was higher than the other zones. This is due 

to the fact that these regions have become more brittle 

structures. 

3.3. Tensile tests 

Tensile tests were applied to the samples in order to 

determine the mechanical properties after welding. The 

change in the tensile stress of the TIG-welded samples 
according to the welding current is given in Figure 13. 
The tensile test results of the samples combined with 

AA 5083, 140 A, 160 A, 180 A and 200 A welding 
currents are 317 MPa, 122 MPa, 105 MPa, 119 MPa 

and 125 MPa respectively. As Figure 13 indicates, the 

maximum tensile stress (125 MPa) could be obtained 
at 200 A. All welded samples were fractured from the 

weld zone during the tensile tests. This proves that the 

strength of the weld zone is less than the strength of the 

base material. Although the weld zone strength 

increases with the welding current increment, it could 
never reach the strength of the base material. Porosities 

formed within the weld zone and microstructural 

changes that occur during the solidification of the weld 
pool reduce the strength of the welded parts. In the 

study, porosities were clearly observed in the TIG-

welded samples. Previous studies in literature verify 
this phenomenon [40-42]. In addition, the strength of 

the welded joint depends on the penetration depth as 

well. Welding current increase leads to deeper 

penetration, therefore the welded joint strengthens with 
the increasing welding current. Besides, since the root 

of the weld is partially joined, it acts as a stress 

formation zone, causing crack initiation and 
propagation, thus causes the joining strength to 

weakens [31]. One of the most considerable problems 

seen in TIG welding is grain coarsening that appears 
after slow solidification at the interfaces. The grain 

coarsening formation in the welded area significantly 
reduces the strength of this specific region.

  

 

Figure 13. Tensile test results of TIG-welded samples 

 

In this study, tensile tests for AA5083 alloys with 8 

mm thickness were carried out to determine the 
mechanical properties after MIG welding at 150A, 

170A, 180A, and 190A. The tensile test results of the 

samples combined with 150 A, 170 A, 180 A and 190 
A welding currents are 301MPa, 305MPa,270 MPa 

and 263MPa, respectively, and are given in Figure 14. 

As the figure indicates, the maximum tensile stress 

(305 MPa) was obtained at 170 A. In operations where 

the welding current passes 170 A, the strength of the 
welded joints decreases again. With the increase of the 

welding current value, the temperature of the welding 

zone elevates; thus causes the microstructure of the 
joint area to deteriorate and its strength to decrease. 

The grain structure solidified in the weld zone changes 

depending on the cooling rate. Since cooling is faster 
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in MIG than TIG, a dendritic internal structure was 

formed. With the increase of the current in MIG 

welding the temperature gradient difference, which 
significantly affects the recrystallization process, leads 

to a decrease in work-hardening and eventually causes 

a decrease in strength [43]. Furthermore, it causes 
coarse-graining due to welding current increment, 

which also leads to a reduction in strength. For this 

reason, with the increase of the welding current in MIG 

welding, a decrease in the strength for welded samples 

takes place again. The strength values obtained in the 
process of joining with MIG welding are very close to 

the yield stress value of the main material (317 MPa). 

This clearly shows that 170A is the most suitable 
parameter for MIG welding.

 

 

Figure 14. Tensile test results of MIG-welded samples 

In the study, microstructure analyzes of the broken 

surfaces after the tensile test were also made. Broken 

surface evaluation for S4 and S6 samples, which are 
the samples with lowest strength values for both 

welding methods, was taken into consideration. In 

Figure 15, their microstructure examinations for both 

TIG ad MIG welding methods are given. Concentric 

grains exhibiting semi-ductile behavior in the base 

metal were observed during the AA 5083 core metal 

internal structure inspections. Dimples formed within 
the S4 sample are smaller than the ones in the parent 

material. Furthermore, sample S6 exhibited a fragile 

behavior. In either method, the main material is more 
ductile.

 

 

Figure 15. Post-tensile test macro structure images of broken surfaces (a) MIG-welded samples (b) TIG-welded samples 
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The tensile strength of the samples combined with the 

TIG method was lower than the samples combined 
with the MIG method. This is due to the formation of 

grain coarsening due to slow solidification during the 

welding process. In the TIG method, porosities 
occurred in the welding zone and this caused a 

decrease in strength. If the welding current selected for 

the MIG method exceeds 170 A, a decrease in strength 
is obtained; In the TIG method, the strength increases 

as the current increases. 

4. Conclusion 

In this study, AA5083 alloys with 8 mm thickness were 

butt-welded under different current values by using 

MIG and TIG weldings. The results are as follows: 

The slow solidification occurring at the interfaces 

during the joining process with the TIG welding 

method leads to a grain growth, which caused the 

strength values to be lower than the MIG welding 

method. 

The weld zone hardness values of the MIG welding 

were obtained lower than the TIG welding. On the 
other hand, the hardness value of the weld zone was 

higher than the base metal in the TIG welding method. 

These high hardness values are an indication that the 

welding zone is brittle and fragile. 

Maximum tensile stress of 125 MPa for TIG-welded 

sampes was acquired at 200 A. It is also concluded that 

more current value in TIG welding means higher 

strength. 

For MIG-welded samples, maximum tensile stress of 

305 MPa was acquired at 170 A. A decrease in tensile 
strength was seen when the current value exceeded 170 

A. For this reason, the most suitable current value for 

MIG welding method was determined as 170 A. 
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