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Abstract 
The performance of welding equipment has recently improved because to numerous developments and 
modifications that reduced power consumption, cost, worker skill, and many other elements. The MIG welding 
procedure improves a material's weldability while using the same power and resources. To optimise MIG welding 
parameters, A-MIG is used. High-ionized gas and metal vapours form plasma., gently directs electrical vitality 
around the bend while providing a steady flow welding power. Thick lengths of tempered steel and nonferrous 
metals like aluminium, magnesium, and copper alloys are most frequently joined with MIG welding. Three 
different types of oxides—Fe2O3, SiO2, and MgCO3— Starting GMAW influenced weld bead, accurate twist, 
and mechanical qualities. MnO dynamic transition knowledge cut the interior structure factor by 20%. The 
applied SiO2 dynamic transition resulted in the maximum increase, which is 37%, if the external structural factor 
was present. There were no appreciable variations in the microstructure of the joints, including the weld metal 
and the heat affected zone, when compared to the example welded with no transition material.  
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1. Introduction 
Gas metal arc welding, also known as metal-inactive gas welding, creates an arc between the 
workpiece and electrode using a disposable conductor [1-2]. To shelter the weld bead from 
contaminants in the atmosphere, shielding gas, commonly known as argon or, less frequently, 
helium, is employed. Filler materials are typically used in these situations. [3-4]. In comparison 
to competing techniques like shielded metal circle segment welding and gas metal circular 
segment welding, the approach gives drivers more outstanding control over their welds, 
allowing for stronger, higher-quality welds. Steel, copper, aluminium, magnesium, nickel, and 
other ferrous and non-ferrous materials are joined by MIG welding. Additionally, their alloys 
[5-6]. It has been demonstrated that the MIG welding process cannot successfully weld a 
substantial portion of material in a single pass, and its efficiency is poor. In order to regain To 
increase the amount of material that can be pierced in a single pass during MIG welding, 
triggered flux is used. In a mixing vessel, acetone, blinder, and activated flux are combined, 
and then a thin paste is applied to the workpiece using either a brush or a spray gun. [7-8]. 
When joining plates that are thicker than 10 mm, a-MIG welding systems can be expected 
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to improve standard MIG welding techniques by executing a complete pasquinade without 
edge preparation. In contrast to welds created without any flux material, the mechanical 
characteristics advanced [9-10]. When a circle segment weld occurs, the strike-by streams 
in weld pool may have been driven by four distinct phenomena: buoyancy, surface tension. 
[11-12]. An investigation of the effects of flux-coated GTA welding on 304L has been 
completed. With SiO2 flux, the penetration was enhanced by up to 200 percent, ferrite number 
increased by up to 20%, and the hardness value was increased as well as a result.. [13-15]. 
  
 

 
 

Figure. 1. Diagram of a MIG welding system 
 

study of the penetration depth impact of ternary fluxes during ferritic stainless steel AISI 409 
A-TIG welding. In one study, flux was found to significantly increase penetration depth. [16-
17]. XiongXie et al. (2015) [19] have investigated the effects of nanoparticles on 
microstructures' initiation flux. Additionally, the mechanical qualities of TIG-welded joints 
made of the initial mass of magnesium alloy AZ31. These specialists showed that 
microstructure and micro hardness were improved using an activated flux made of a 
combination of TiO2 and nano-SiC particles. The extreme flexibility may have been made 
worse on the combination zone. [20-21]. The active flux that is applied to a workpiece before 
welding is the topic of this discussion, and this is based on investigations that were done in the 
past. For the purpose of comparing the bead geometry, welding with and without activated 
fluxes is performed. Investigation is also being done on a number of different fluxes. 
 
2. Experimental Technique 
 
2.1 Base metals and their composition 
 
This experiment uses austenitic stainless steel 301 as the primary material. The table 1 provides 
information about the base metal's chemical make-up. Plates measuring 120 mm×60 mm ×20 
mm were used as the cutting dimensions for the work parts. The work pieces were prepared for 
welding by grinding them with emery sheets having a grit of 220 and then cleaning them with 
acetone. 

Table 1. Base material composition    
Component Weight Percentage (%)  

Si 0.284 
Cr 14.25 
P 0.021 
Ni 6.15 
Ti 0.009 
Mo 0.093 
Fe Rest 
C 0.054 

Mn 1.11 
V 0.054 
Co 0.067 
S 0.008 
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2.2  Flux preparation  
After the flux paste has been applied to the surface of the work piece, it is necessary to conduct 
research on the geometry of the weld bead. As shown in Figure, the pastes were applied with 
the use of a brush or a spray. Acetone was used as the solvent, and sodium silicate served as 
the binder. Due to its propensity to evaporate, sodium silicate and acetone both leave flux on 
the surface of the work piece. Flux particles cling to and are bound by sodium silicate. 
 

 
Figure. 2. Preparation of flux 

 
3. Experimentation method 
On the basis of multiple trial trials, the welding parameters are shown in table 2. 

 
 

Table 2. Welding parameter 
 

Welding Parameter value 
Electrode Diameter 2.6 mm 
Welding current 180 A 
Gas flow rate 14 L/min 
Travel speed 130 mm/min 
Total arc voltage 
evolution 

14-20 V 

Arc gap 2.5 mm 
 
Before beginning the welding process, a solution resembling paint is made from the metal 
powder, acetone, and sodium silicate, which acts as a binding material. Then, using a brush or 
a spray gun, this solution is applied in a very thin layer to the workpiece's surface. The 
thickness of this layer is approximately 0.2 millimetres. Weld quality and penetration are 
directly related to how uniformly flux is applied to each piece of metal being weld.  

 
Fig. 3. Images  of applied fluxes (a) SiO2 (B) MnO2  (C) TiO2  

 
Work components can either have a flux coating or no flux coating at all when TIG welding 
is used. The image below displays the workpiece's TIG welding technique. 
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Figure. 4. The weld bead on the workpiece shown in this image. (a) MnO2 flux, (b) SiO2 

flux, (c) without flux (d) TiO2 flux 
 

3.1 An investigation using a stereo zoom microscope 
 
Using the stereo zoom microscope analyzer, a weld bead measurement was done on SS 
stainless steel sample. The samples were processed in accordance with standard procedure, 
Grinding, polishing with successively finer grades of emery up to 3000 grit size, and using 
Al2O3 powder were all part of the process. It was useful in removing scratches from surfaces 
that would later undergo metallographic analysis. The first phase in the etchant process is to 
reveal the geometry of the beads. Stereo zoom analyzers must be used to quantify bead 
geometry, including the bead width, depth of penetration, and heat impacted zone (HAZ). 
 
4. Results and Discussions 
 
The following diagram illustrates the stereo zoom examination of the weld bead with and 
without flux. 
 
4.1 Flux's impact on weld beads 
 
The direction of convection in a standard TIG weld is away from the weld's centre and toward 
the periphery. Both the depth of penetration and the weld area of this particular convection are 
rather shallow and wide. On the other hand, convection in active TIG welding moves from the 
weld's periphery to the weld's central core. Traditional TIG welding is shown to be compared 
and contrasted in these images. The following is an example of a stereo zoom study of a weld 
bead with and without flux. According to the findings, the utilisation of fluxes leads in an 
increase in the level of penetration. Comparing the different fluxes, MnO2-activated flux 
penetrates the material the shallowest (up to 4.58 mm), while SiO2-activated flux penetrates 
the material the deepest (up to 6.12 mm). 
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Fig. 5. Images by Stereo zoom analyzer for (A) MnO2flux (B) for without flux, (C) TiO2 flux, 
(D) SiO2 flux 

 
 
4.2 Aspect ratio's impact without and with fluxes 
 
When welding conventionally, the weld's centre surface tension is lower than its edge surface 
tension. The Marangoni effect, which is a phenomenon, shows that molten metal moves from 
the weld's centre out to its edge. When traditional TIG welding is performed, a phenomenon 
known as surface tension causes the depth of penetration must be less than the weld bead's 
width. Since this is a typical method of welding, the aspect ratio is therefore 0.426. When flux 
is used, the arc is limited to the weld bead's centre. As a result, the surface tension shifts toward 
the weld bead's centre, resulting in higher penetration than with traditional TIG welding. It has 
been found that using SiO2-activated flux results in a better aspect ratio than using any of the 
other fluxes that were investigated for this study. 
 

Table 3. Aspect ratio of different fluxes 
 

Tungsten Inert 
Gas type of flux 

used 

Aspect 
ratio 

Penetration Depth 
(mm) 

Width of Weld 
(mm) 

SiO2 flux 0.949 5.18 5.46 
TiO2 flux 0.764 4.53 5.93 

MnO2 flux 0.921 4.21 4.57 
Without 

flux 
0.426 2.39 5.61 

 
5. Conclusions 
 
The investigation's findings have led to the following conclusions being obtained: 

• When compared to more traditional forms of  TIG welding, using flux offers a greater 
number of advantages. 

• Depending on the coated flux, it has been observed that with flux, the aspect ratio rises 
by between 75% and 130%. 
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• For SiO2 flux, an extreme feature ratio of 0.960 was recorded. Therefore, using SiO2 
flux has additional positive aspects to provide. 

• It has been noticed that utilising SiO2 flux produces the least amount of heat 
exacerbated zone (HAZ), which in turn produces welds with strength that is unaffected 
by the base metal. 
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