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Abstract – Tungsten inert gas (TIG) welding widely known for the precise weld joint of the components due to controlled 
heat input lacks the maximum weld penetration it can provide in a single pass for the steel joint, offers low -productivity and 
cast to cast variation . Weld penetration being the most important parameter quantified by the aspect ratio (depth to width), 
decides the number of passes required to weld a certain thickness of material. To overcome these limitations, optimized 
mixture of certain oxides was developed for welding of 15mm plates of ASS which is applied by a paint brush followed by 
TIG welding. Weld fusion zone having full penetration in a single pass achieving the aspect ratio even more than 1 was 
observed. Various metallurgical and mechanical properties like hardness, toughness and tensile strength has been studied to 
understand the effectiveness of activated flux GTAW of steels. 
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I. INTRODUCTION 

 

Austenitic stainless steel known widely for the 

corrosion resistance is used excessively in various 

applications like cooking utensils, aircrafts, 

containers and pipe work in the food industry, 

surgical implants and energy systems. Austenitic 

stainless steels have good formability and cold 

working can increase the strength, toughness and 
weldability.Tungsten Inert Gas welding is 

incorporated to weld the steels because of its high 

quality welds and productivity. TIG welding provides 

control of heat input which is the most important 

consideration in steels to maintain its properties and 

high quality of the product. Equipment cost is low in 

Gas tungsten arc welding but it has certain limitations 

in welding of stainless steels like maximum thickness 

of the material that can be TIG welded conventionally 

is limited to 3mm in a single pass using argon as a 

shielding gas. Multi pass welding is generally 
employed to achieve higher penetration. Also 

material with cast-to-cast variations has poor 

tolerance and has low productivity.To overcome this 

limitation, a novel variant of TIG welding known as 

Activated Flux Gas Tungsten Arc welding was 

developed by Paton Welding Institute (PWI), 

Ukraine, in 1960 where a coating of activated flux 

paste is coated on the material to be welded which not 

only increases the penetration of welds drastically up 

to 300% in steels but also improves the quality along 

with productivity. It also led to higher speed of 
welding and reduction in cast-to-cast material 

variation sensitivity. A-TIG is a process of applying a 

flux, i.e. a mixture of surface active elements which 

i)changes the surface tension temperature coefficient, 

dγ/dT from negative to positive value (reversal of 

marangoni flow) and ii) constricts the arc by 

capturing the electrons in the cooler peripherial 

region of the arc,  resulting in increase of weld 

penetration. The micro sized activating fluxes are 

mixed with either ethanol or acetone to form a paste, 

which is then applied on the surface of the material to 

be welded with the help of a brush or with aerosol 

applicators such as spray. In the current research 

work, a joint of thickness 15mm was made in a single 

pass using mixture of fluxes and optimized welding 

parameters to achieve full weld penetration out of 

which specimens were being prepared for various 
metallurgical and mechanical characterization to 

check the soundness of joint. 

 

II. MATERIAL AND METHODS 

 

Austenitic stainless steel 304 is used as a base metal, 

chemical composition of which was examined using 

optical emission spectrometer (OES)  given in Table 

1. 
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Table 1. Chemical composition of Austenitic stainless steel 304 

base material using OES in % 

 

Austenitic stainless steel 304 plates of dimensions 

100×50×15 mm3 were cut and shaped from all the 

sides to maintain tight fitted joint for single pass butt 

welded joint. Plated were tacked at the ends followed 

by cleaning using abrasive paper and acetone to 

remove any kind of impurities. 4gm mixture of oxide 

fluxes were mixed with 100ml of acetone to make a 

paste which was then single layer coated on the joint 

using a paint brush followed by autogenous TIG 

welding. A direct current electrode negative (DCEN) 
power source was used with a water cooled TIG 

torch. 2% thoriated tungsten electrode was fitted on 

the mechanized tractor so as to keep welding speed 

constant.  
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Table 2. Welding parameters for A-TIG welding 

 

2.1 Metallurgical Characterization 

Weldments were cut in the transverse direction 

containing all the zones to carry out the 

macrostructure, microstructure, hardness, tensile, and 

Charpy toughness test. The macroscopic examination 

was done using a stereo-microscope showing all the 

weldment zones and were further examined for 

metallographic. Samples were thoroughly polished up 

to 2000 grit size silicon carbide emery papers 

followed by cloth polishing using aqueous alumina 

powder and then were etched using the Vilella 
reagent (100 ml ethanol + 1 gm picric Acid + 5 ml 

hydrochloric acid) before the metallographic 

examination of the samples. Secondary electron 

microscope (SEM) equipped with Energy Dispersive 

X-ray analysis(EDS) was used to examine the 

microstructural features of the A-TIG weldments. 

 

2.2 Mechanical characterization 

The mechanical properties of the A-TIG weldment 

were analyzed by examining Vickers microhardness, 

tensile properties, and Charpy toughness test. Vickers 

micro-hardness measurements were carried out on the 
transverse cross-section specimen using the micro-

hardness tester (Make: Chennai Metco, Model: 

EconometVH1 MD). Tensile testing is conducted on 

a flat sub-size tensile specimens prepared keeping a 

gauge length of 25 mm(comprising all zones of 

weldment), and a width of 6 mm as per ASTM E8M-

04and was  performed on the Instron Vertical Tensile 

Testing machine(INSTRON 5980) at a crosshead 

speed of 1 mm/min. Charpy toughness test samples 

were prepared of size 55 × 10 × 5 mm with 2 mm V-

shaped notch made on each zone as per ASTMA370. 
All the test were performed at the room temperature. 

 

III. RESULTS AND DISCUSSIONS 

 

3.1 Effect of flux on heat input and bead geometry 

Activating flux increases the heat input due to high 

electrical resistivity of flux components between the 

material to be joined and the tungsten electrode, 

which in turn increases the arc voltage to maintain the 

constant current. The total heat input is observed to 

be 4.536 KJ/mm for A-TIG process here. Helium is 

used with Argon in combination as shielding gas 
which increases the heat input due to higher voltage 

required for ionization and thus the higher weld 

penetration. 

A cross sectional macrograph of the weld bead is 

showing a depth of penetration of 14.81mm which is 

equal to the thickness of the plates, width of the 

weldment is 12.64mm and aspect ratio is found to be 

1, resulting in full weld penetration shown in fig.1. 

Activated flux reacts with the molten metal producing 
nascent oxygen [O] which increases the amount of 

dissolved oxygen increasing the surface tension or the 

surface tension temperature coefficient dγ/dT changes 

from negative to positive value at the centre resulting 

in reversal of the marangoni flow i.e inward flow of 

the molten metal accounting for increase in weld 

penetration. Also, the welding arc partially evaporates 

the activated flux applied on the surface joint where 

electrons gets attached to the cooler periphery of the 

arc constricting the arc resulting in deeper weld 

penetration. Also, heat input increases with reducing 

welding speed since heat per unit length increases 
eliminating the porosity but excessive slow welding 

speed may incur many defects. Heat flux density 

increases with arc voltage which leads to higher 

temperature gradients increasing the d/w values 

producing higher penetration welds. Increasing arc 

length increases the aerodynamic drag force A 

strength, anode root area is higher and arc voltage 

increases for constant current. 

 
Fig.1 Weld bead geometry showing full penetration 

 

3.2 Microstructure study 

 

 
Fig.2 Weld fusion zone and HAZ-base material boundary 

microstructure 

 

FE-SEM microstructure of A-TIG joint reveals a 
discontinuous skeletal delta ferrite (δ) structure in an 

austenite matrix at the fusion zone. Delta ferrite, a 

meta-stable phase having a duplex structure generally 
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forms and is retained due to rapid solidification. This 

concentration of δ keeps on decreasing as progressed 
towards the parent metal shown in fig 2. A-TIG being 

an autogenous welding, epitaxial growth dominates in 

the weld zone and starts from the weld fusion 

boundary. In electron dispersion spectra of weld 

fusion zone, only carbon weight percentage is found 

to be increased from 0.06 to 4.56 due to formation of 

retained ferrite keeping all other element’s 

concentration same. 

 

3.3 Microhardness study 

Microhardness was done on Vicker harness machine 

at the weld fusion zone progressing towards base 
metal covering HAZ at a depth of around 5mm from 

the top as shown in fig.3. Micro-hardness was 

measured for 10mm,12mm and 15mm thick joints 

where uniform pattern of hardness variation was 

observed except the 15mm thick joint revealing 

higher hardness in the middle due to higher content of 

delta ferrite in that zone.
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Fig.3 Micro-hardness from weld bead centre to base for 10,12 

and 15mm thick joints 

 

Ferrite structure being BCC have higher strength than 
austenite having FCC structure, offers higher 

hardness with maximum in weld followed by HAZ 

then base. Average hardness observed is around 

400Hv in the weld fusion zone while that of base 

material is average 250Hv.Due to rapid cooling of the 

joint delta ferrite gets entrapped on the joint leading 

to more and more hardness with the thicker joint.  

 

3.4 Tensile testing 

Tensile fracture took place from the gauge length 

through the HAZ and base metal boundary area since 
higher ferrite content is present in this zone showing 

weld fusion zone is stronger than the base metal. 

Tensile test fracture specimens are shown in the fig 4. 

It was analyzed that surface slip and necking region 

occurred showing the features of cup and cone 

fracture occurred in all the samples showing the 

dimples signifying the ductile fracture.  

 

Due to the precipitated delta ferrite, elongation % 

increases to above mentioned percentage and strength 

of ASS welds is higher. During the process of 

cooling, grains between the fusion zone and parent 
material have no time to grow up properly. Thus, the 

heat affected zone is almost negligible here, reason 

 
Fig.4 Fractured tensile specimens for high tensile strength. 

 

3.5 Impact testing 
V-notch Charpy toughness test was carried for which 

fractured sample of all the zones are shown in fig 5. 

Average impact energy absorbed by weld is highest 

i.e 113J and that of HAZ is minimum i.e 48J because 

of maximum delta ferrite content in HAZ since total 

heat for the full penetration joint is given in one step 

and so the peak temperature is higher.  

 

 
Fig.5 Toughness test specimens after test for a) weld  b)HAZ c) 

base 

 

IV. CONCLUSIONS 
 

Full weld penetration is observed in 15mm thick 

Austenitic stainless steel joint with aspect ratio 

greater than 1. Depth of penetration and width of 

weld bead was observed as 14.8mm and 12.6mm 

respectively. The optimized mixture of activated flux 

proved to be an enhancer of penetration of weld by 

around 400%. Number of nescent oxygen atoms 

generated by per mole of flux was found to be 

effective for the performance of A-TIG welding. 

Increased welding current, shielding gas composition 
and lower welding speed increased the heat density 

which ensured full weld penetration. Microstructure 

of joint consists of delta ferrite and austenite in ASS 

joint. Therefore the activated flux does not affects the 

microstructure of the weldment. Tensile properties 

were observed to be enhanced with elongation upto 

45% and UTS upto 625 MPa. Hardness decreases 

sidewise from weld centerline. Toughness is 

maximum of 115 J in the weld fusion zone of ASS A-

TIG joint.  
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