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Abstract— Tungsten inert gas welding process is mainly used 

in industries mainly for high quality and good appearance. 

Low depth of penetration (DOP) is achieved during single 

pass. To achieve required high DOP, speed of welding should 

be reduced thus productivity reduces significantly. To 

overcome this disadvantage, Activated Tungsten Inert Gas 

(A-TIG) Welding is found. In this method flux is coated over 

the surface of the joint before welding which increases the 

depth of penetration and reducing weld bead width by two 

mechanisms marangoni convection and arc constriction. This 

paper represents a review on ATIG welding process and its 

mechanism.  
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I. INTRODUCTION 

The Tungsten inert gas welding (GTAW) is an electric arc 

welding process, in which the fusion energy is produced by 

an electric arc burning between the work piece and the non-

consumable tungsten electrode and weld pool is protected by 

inert shielding gas. However the potential problem of TIG 

welding process is limited thickness of material which can be 

welded in single pass and low productivity. Improvement in 

arc penetrations has long been sought in many arc welding 

processes.  

One of the notable techniques to improve arc 

penetration is use of activated flux in TIG welding. Activated 

flux is used in the A-TIG welding, which is the only 

difference from the conventional TIG welding.  A-TIG 

welding process has been found to overcome the limitations 

of the conventional TIG welding process. Higher thickness of 

plates can be welded by single pass in A-TIG welding without 

filler metal. The penetration depth was got higher at lower 

cost. The heat of the arc melted and vaporizes part of this flux 

during welding process. The penetration of the weld bead was 

increased greatly. Application of the fluxes results in many 

desirable effects on welding, increasing the constriction of the 

arc which in turn facilitates the development of weld of high 

depth to width ratio. 

A-TIG process involves application of thin coating 

of activated flux prepared by mixing it with acetone to form 

paste like consistency which is applied on the joint area prior 

to welding and the process is found to produce dramatic 

increase in penetration in single pass welding. Specific 

activated flux has been developed for enhancing the 

penetration performance of the TIG welding process. The use 

of flux has been found to overcome the variable weld 

penetration observed during autogenous TIG welding.  Arc 

constriction and the reversed Marangoni convection on the 

top surface of the weld pool were the main mechanism for 

increase in penetration in A- TIG welding process. The 

Combination effect of above two mechanisms leads to 

increase in penetration. 

II. THEORIES OF A-TIG 

 The following four main theoretical models exist for 

A. TIG Process:  

1) Simonik proposed a theory for the role of flux constituent 

in constricting arc and high energy of electrons and 

ionization. He proposed that charged particles at the 

outer region of the arc has smaller mobility like the one 

in the center, which leads to increased current density in 

the arc plasma (arc center). Lucas and Howse used 

Simonik’s theory to explain the observed arc constriction 

for increased penetration. They explained that arc 

constriction will be promoted by components of active 

flux, whose molecules or atoms have a large electron 

attachment cross section when dissociated i.e. have a 

stronger affinity for electrons. Active compounds like 

metal oxides have smaller electron attachment diameter, 

but have a higher dissociation temperature. They provide 

higher number of vaporized molecules and atoms in the 

outer region of the arc and with that increased arc 

constriction. 

2) The model of Savitskii and Leskov is based on decrease 

in surface tension due to the flux constituents. The 

decreased surface tension has high arc pressure to create 

a deeper depression in the weld pool which consequently 

enhances the penetration depth. The flux indeed leads to 

the reduction in the value of the surface tension.  

3) The Heiple-Roper theory explains the difference in 

penetration depth as the consequence of active agent in 

the liquid metal. If the concentration of oxygen or 

sulphur exceeds 50 ppm, it changes the surface tension 

gradient (d/dT) from negative to positive and thus 

reversing the Marangoni convection and making the 

weld pool deeper. At negative surface tension gradient 

the central warmer liquid metal is pulled towards the 

colder regions of the weld pool which has higher surface 

tension, and this makes shallower welds. In case of 

positive surface tension gradient of liquid metal the metal 

flow is in direction from the colder outer region to the 

weld center, where the heat is transferred to the pool 

bottom, which increases the penetration depth 

4) The fourth model is based on the insulator effect of the 

flux. The fluxes are usually metallic oxides, being 

electric insulators. The part of the surface covered by 

such fluxes has a higher electric resistance, reducing the 

size of the arc spot and leading to deeper penetration. 

This model is also known as arc constriction model. 

Although all the four above suggested mechanisms 

have some physical basis, the major difference between TIG 

and A-TIG welding appears due to increase in depth of 

penetration. Increase in depth of penetration in A-TIG 

process is due to two main mechanisms. The mechanisms are  

1) Arc constriction  
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2) Inversed marangoni convection. 

III. MECHANISM OF A-TIG 

A. Arc Constriction 

The activated flux which gets vaporized during welding will 

constrict the arc by capturing electrons in the outer regions of 

the arc. Electron attachment can take place in the cooler 

peripheral regions where the electrons have low energy in a 

weak electric field. Towards the centre of the arc where there 

is a strong electric field, high temperatures and very high 

energy electrons and ionization will dominate. Thus 

restricting current flow to the central region of the arc will 

increase the current density in the plasma and at the anode 

resulting in a narrower arc and a deeper weld pool. 

 
Fig. 1: Arc Constriction 

B. Inversed Marangoni Convection 

A reversal in the Marangoni flow caused by the change in the 

coefficient of surface tension from negative to a positive 

value due to an increase in the dissolved oxygen content 

creates a narrow and deep weld pool. Direction of this fluid 

flow in weld pool is changed by surface active elements 

sulphur and oxygen. Due to this elements dependency of 

surface tension on temperature is decreases and reversed fluid 

flow happens. During A-TIG welding processes with oxides 

fluxes there are lot of oxygen molecules freely available in 

the solidifying weld pool which influences the fluid flow 

from edges to the center. Thus deeper and narrower bead 

shape is obtained. Higher Depth Width ratio indicates strong 

reversed Marangoni effect. 

 
a) Negative surface tension temperature coefficient 

b) Positive surface tension temperature coefficient 

Fig. 2: Inversed marangoni convection 

IV. LITERATURE REVIEW 

From 1995, there are lot of articles are published on effect of 

flux in TIG welding. Not all the articles are directly related to 

process and mechanism, especially, those articles which were 

focused on computational work. Many articles addressed 

experimental findings and remaining discussed various 

theories. In this subsection, we are going to discuss only those 

articles which are directly related to process and mechanism. 

Lowke et al., 2005 proposed that arc constriction 

mechanism was widely as the depth-enhancing mechanism in 

A-TIG welding of various steels with various fluxes. The arc 

constriction mechanism was reported to be caused due to two 

different aspects. The electron attachment at the edge of the 

arc forms negative ions which cause arc constriction and an 

increase in current density at the anode center. 

 

A. Arc Constriction phenomenon by Lowke et al., 2005 

Another reason for the arc constriction was reported due to 

the insulating surface of flux. In A-TIG welding, the surface 

of the workpiece is covered with a thin layer of flux, which is 

usually a metal oxide. This layer acts as an insulation barrier 

to the arc current.  

Temperatures at the center of the weld pool are 

sufficient enough to melt the flux so that the electric current 

can penetrate the flux to the weld puddle and further to the 

workpiece. The arc diameter at the weld pool surface will be 

reduced by the insulating effect of the flux for the outer 

regions of the arc. The anode root area increases the current 

density and hence the heat density increases, which produces 

narrower and deeper weld than conventional TIG welding. 

Leconte et al. (2006) focused on oxides fluxes of A-

TIG welding. It appeared from the studies that oxides have 

two different effects one on the fusion zone chemistry and the 

other on the electric arc behavior. First, oxygen reverses the 

Marangoni convection movements that become centripetal, 

contributing thus to increase 'D' penetration. On the other 

hand, oxides may cause an increase in the energy flux density 

transferred by the arc to the metal. 

Modenesi et al and Tanaka et al., 2000 proposed that 

the surface active elements present in the flux such as oxygen 

reverses the usual tendency of the fluid to get drifted towards 

the edges and draws the molten metal at the center enhancing 

the weld depth and reducing the weld bead width. 

The Heiple-Roper (1982) theory explains the 

difference in penetration depth as the consequence of active 

agent in the liquid metal. If the concentration of oxygen or 

sulphur exceeds 50 ppm, it changes the surface tension 
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gradient (d/dT) from negative to positive and thus reversing 

the Marangoni convection and making the weld pool deeper. 

At negative surface tension gradient the central warmer liquid 

metal is pulled towards the colder regions of the weld pool 

which has higher surface tension, and this makes shallower 

welds .In case of positive surface tension gradient of liquid 

metal the metal flow is in direction from the colder outer 

region to the weld center, where the heat is transferred to the 

pool bottom, which increases the penetration depth.  

Simonik proposed a theory of effectiveness of a flux 

constituent in constructing arc and linked it to a higher 

temperature of molecule formation, high energy of electrons 

and ionization. He proposed that charged particles at the outer 

region of the arc has smaller mobility like the one in the 

center, which leads to increased current density in the arc 

plasma (arc center). 

As conclusively explained above, apart from 

reversed Marangoni effect and arc constriction mechanism 

certain other phenomenon are reported by researchers which 

might be the cause for enhanced penetration. The authors 

Tseng and Shiu (2015) reported that the fluid flow dominates 

energy transfer within the molten pool, and thus determines 

the shape and size of the weld. During the arc welding, the 

liquid metal flow within the molten pool is driven primarily 

by the gas shear stress (SS) exerted by the plasma jet (JP), the 

Marangoni force (FM), the Lorentz force (FL), and the 

buoyancy force (FB). The actions of the driving forces were 

based on the net energy balance of the electric arc and molten 

pool and the difference in the distribution of static gas 

pressure between the electrode and the workpiece produces a 

JP toward the workpiece during TIG welding. When the JP 

impinged on the molten pool, it induces the SS acting on the 

surface of the molten pool. Thus, the SS also influences the 

shape and size of the resulting weld. 

V. SUMMARY 

As per theory discussed in the literature review the following 

points were summarized: 

1) The use of flux increases the depth of penetration as 

compared with conventional TIG welding process. 

2) Arc constriction mechanism plays a major role in 

increasing the depth of penetration by constricting the 

arc. 

3) Also marangoni convection mechanism gives low width 

and higher depth due to change in direction of molten 

pool. 

A. Advantages of A-TIG 

1) No edge preparation. 

2) Decreases the number of pass to weld. 

3) No need of filler wire. 

4) Elimination of back gouging and grinding. 

B. Disadvantages of A-TIG 

1) Use of flux is an additional cost. 

2) Removal of flux is an additional operation 

3) Produce fumes. 
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