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ABSTRACT 
 

 The purpose of this  study is to investigate  the effect of single and double componenet activating fluxes on weld morphology and 
corrosion behavior  when  welding 6mm  thick 304 austenitic stainless steel plates. An  Autogenous  Tungsten Inert Gas welding was 
applied with four kinds of activating fluxes, SiO2,TiO2,MnO2 and CaF2.  A thin layer of these activating fluxes were applied individualy 
and with different proportions to the stainless steel plates to produce a bead-on-plate weldment. Experimental results indicated  that using 
25% TiO2 +75% SiO2 flux combination leads to a significant increase in joint penetration and the aspect ratio than the other 
combinations. The rate of corrosion resistance  is higher when using 100%TiO2  and the lowert when using 100%SiO2. 

 
Keywords: Activating flux, A-TIG welding, Weld morphology, austenitic stainless steel  

 
INTRODUCTION 
 

Gas tungsten arc welding (GTAW) is an 
extremely important arc welding process used in 
stainless steel fabrication industries.. It has become a 
popular choice of welding process in important 
manufacturing industries when a high level of weld 
quality or considerable precision welding operation is 
required. However,  the potential problems of TIG 
welding process lie in the limited thickness of 
material which can be welded in a single pass, poor 
tolerance to some material composition and the low 
productivity[1]. In order to increase the GTAW 
welding production, it is essential to control  the weld 
shape with deep penetration, and has been the 
concern for a long time.  Usually, 3 mm depth of 
penetration is feasible for TIG welding. The depth of 
penetration is improved upto 5mm using helium as 
shielding gas in TIG welding. Also, the depth of 
penetration is improved by activating flux in TIG 
welding process. 

Activated tungsten inert gas (A-TIG) welding 
process was proposed by Paton Electric Welding 
Institute in the 1960s [1].  Activating flux is a mixture 
of inorganic material suspended in a volatile medium. 
A thin layer of flux is applied on the surface of the 
joint to be welded by brush before welding the 
weldments. A-TIG welding technique is used by 
United States Navy Joining Center to produce Navy 
ships and aircraft with lesser cost and improved 
quality. A-TIG welding technique makes to join the 
weldment thickness of 8-10 mm with single pass it 
possible to intensify the conventional TIG practices 
for joining the thickness of 8-10 mm by single pass 
full penetration welds and without edge preparation. 
In fact, the penetration capability is increased up to 
300% compared with the conventional TIG welding 
process.   

Aidun and Martin, [1] investigated the effect of 
small variations in the concentration of surfactants 
like sulfur and oxygen in austenitic stainless steels 
304 and 316 cause significant changes in the weld 
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penetration and depth to width (d/w) ratio of fusion 
zone. They proposed that increase in sulfur content 
decreased the d/w ratio in the TIG welding of 304 
stainless steels using pure argon as shielding gas. 
Hsieh et al. [2] studied the effect of minor elements 
and shielding gas on the penetration of TIG welding 
of 304 stainless steels. The oxygen and sulfur are 
beneficial in increasing the d/w ratio because of the 
increased surface tension/temperature gradient. The 
elements silicon and phosphorus have the minor 
effect on the depth to width ratio. Also the shielding 
gas Ar+1% oxygen or Ar+5%H2 can significantly 
promote the depth to width ratio. The former is due 
to increased soluble content in the weld pool and the 
latter is due to formation of high temperature arc than 
that produced by pure argon. Paulo Modenesi et.al 
[3] evaluated the use of ATIG welding for the 
austenitic stainless steels with fluxes of only one 
major component and also studied the effect of flux 
on the weld microstructure. The use of simple flux 
can greatly increase the penetration of weld bead 
Ahmet Durgutlu [4] investigated the effect of 
percentage of hydrogen in argon as shielding gas on 
the TIG welding of austenitic stainless steels. The 
highest tensile strength was observed in the weldment 
which was welded with the shielding gas of 1.5% 
hydrogen mixed with argon. Also the mean grain size 
and weld penetration depth and width have been 
increased with increase in hydrogen in shielding gas. 
Shanping Lu et.al [5] studied the influence of the 
different types of activating fluxes on TIG welding of 
304 austenitic stainless steels. According to their 
results, the oxygen content in the weld pool plays an 
important role in weld penetration through the 
reversal of surface tension gradient on the weld pool. 
Penetration can not be enhanced by too low and too 
high oxygen content in the weld.  Shyu et al. [6] 
investigated the effect of oxide fluxes on the weld 
morphology arc voltage and mechanical properties of 
304 austenitic stainless steel weldments with 
activated TIG welding. The experimental results 
indicated that the increase in penetration is significant 
with the use of Cr2O3, TiO2 and SiO2. A-TIG weld 
can increase the d/w ratio and tends to reduce the 
angular distortion of weldments. Also A-TIG weld 
can increase the retained delta ferrite content of 304 
austenitic stainless steel.  Hidetoshi Fujji et al. [7] 
developed the new type of tungsten inert gas welding 
called Advanced A-TIG welding (AA-TIG) by 
controlling marangoni convection in which ultra deep 
penetration is obtained. It is found that the oxygen 
content in liquid pool is over a critical value (around 
70ppm), the weld shape suddenly changes from wide 
shallow shape to a narrow shape due to change in 
direction of marangoni convection. Sandor, Janos 
and Dobranszky [8] compared the results of 

mechanical, microstructural and corrosion behavior 
of austenitic stainless steel weldments with 
conventional TIG and Activated TIG welding. It is 
observed that the corrosion behaviour of A-TIG 
welding are just perfects like TIG welding.  Li Qing-
ming et.al [9] investigated the effect of activating 
flux on arc shape and arc voltage in tungsten inert gas 
welding of austenitic stainless steel weldments. They 
proved that the SiO2 flux can increase the arc voltage, 
while TiO2 has no effect on arc voltage. Also the arc 
shape is changed obviously in A-TIG welding with 
SiO2 flux.  Ruckert et.al [10] studied the performance 
of silica coating on TIG welding of 304L stainless 
steel by investigating the effect of coating geometry 
and thickness of the weld penetration. Xu et.al [11] 
investigated the effect of flux on variations of TIG 
welded shape by the application of heat transfer and 
fluid flow model. The experimental results show that 
the increase of activating flux on the weld bead tends 
to increase the penetration of the weld pool initially 
and then decreases steeply. Her-Yueh Huang [12] 
proposed that the weld penetration, tensile strength, 
hardness and cross sectional area of the weld have 
been increased with increase of nitrogen added to the 
argon based shielding gas. Also the weld distortion 
has been markedly reduced due to the increase in 
nitrogen content in shielding gas.   Subothkumar and 
Shahi [13] investigated the influence of heat input on 
the micro structure and mechanical properties of gas 
tungsten arc welded 304 stainless steel joints. It is 
found that the joints made using low heat input 
exhibits higher ultimate tensile strength than those 
welded with medium and high heat input and 
observed significant grain coarsening in HAZ of all 
joints. Kuang-Hung Tseng and Chih-Yu Hsu[14] 
studied the effect of A-TIG welding process on weld 
morphology, angular distortion, delta ferrite content 
and hardness of austenitic stainless steel 316L  using 
different types of fluxes. The experimental results 
indicated that SiO2 flux increase the root pass joint 
penetration but Al2O3 flux led to deterioration of 
weld depth and bead width compared with 
conventional TIG welding process. Hence, in the the 
present work, four kinds of flux powders were used 
to study systematically the effect of single and double 
component activating fluxes with different 
compositions  on the weld penetration, aspect ratio, 
and the  corrosion behaviour of  304 austenitic 
stainless steel weldments with TIG welding process.  
 
Materials and experimental techniques: 
I.1. Base and filler materials: 

The AISI 304 stailess steel plate of size 150mm 
x 100mm x 6mm was used as base material for the 
present study. The chemical composition of AISI 304 
stainless steel is listed in Table 2.1.  
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Table 2.1: Chemical composition of 304 Austenitic Stainless Steel (% wt) 
Fe C Si Mn P S Cr Mo Ni Cu Nb V 
71.4 0.039 0.294 1.16 0.037 0.007 18.26 0.400 8.48 ˜0.25 0.0338 0.0806 

 
I.2. Experimental  procedure 

In the present study, the conical shaped electrode 
tip profile with 2.4mm diameter electrode was used. 
The welding parameters are listed in Table 2.2. 

 
Table 2.2: Welding Paeameters 

Welding Parameters (Units) Value 
Polarity  
Shielding Gas  
Current (A) 

DCEN 
99.9% pure Argon 
140 

Voltage (V) 13 
Arc Length (mm) 2 
Gas Flow Rate (lpm) 12 
Arc Travel Speed (mm/min) 70 

 
II.3 A-TIG Welding procedure: 

TIG welding experiments were carried out in the 
flat position with a torch angle of around 50 degree 
using LINCOLN CYBERWAVE 300S power source. 
The plates 6mm in thickness were cut into 
150mmx100mm strips ,roughly polished with 400 
grit silicon carbide paper abrasive paper to remove 
surface impurities, and then cleaned with acetone. 
Flux combinations were prepared using four kinds of 
single component fluxes (SiO2, TiO2 CaF2 and MnO2) 
packed in powdered form with 30-60µ.m particle 
size. The powders were mixed individualy with  
ethanol in 1:1 ratio to form paint like consistency in a 
dish. After that TiO2 and SiO2 powders were mixed 
as 25% and 75% respectively in weight. Then the 
same mixture were mixed as 50% each in weight and 
also mixed with the weight ratio of 75% and 25% 
respectively. Then the CaF2 and TiO2 powders were 
mixed as 25% and 75% respectively in weight. Then 
the  mixture of SiO2 and MnO2 were mixed as 50% 
each in weight. This paste of   activating flux was 
coated on the welding surface using a brush. Care 
had been taken to apply flux in a uniform layer and 
the width of the coating was made slightly more than 
the width of the weld bead. After brushing  the flux, 
the ethanol was allowed to evaporate leaving flux on 
the surface before welding.  

After welding, small specimens of adequate size 
were cut from the weld bead in the transverse 
direction for macroscopic and micro hardness 
analysis. The samples were ground and polished 
according to the standard metallographic practice 
with emery papers, alumina polisher and diamond 

paste polisher in the order. Polished specimens were 
etched with reagent of following composition for 
macro and micro analysis. Etchant time was taken as 
15 to 20 seconds. The macrostructure of the weld 
beads were observed in a stereo zoom microscope 
and images were recorded using a digital image 
capturing facility. The profile of the beads was 
measured with the help of a software. 

 
II.4 Corrosion test: 

Corrosion rate of the welded samples were 
determined by using potentio dynamic polarization 
tests. These tests were performed by using a 
computer controlled ACM 1393 series Gill AC 
potentiostat. In this experiment, the sample was 
connected to working electrode (WE 1), platinum 
electrode was connected to auxiliary electrode (AE) 
and the calomel electrode was connected to reference 
electrode (RE). The cell settle time was given as 
15sec and the sweep rate 60 mV/min was used. An 
exposure area of 19.634 mm2  with a circular 
diameter of 5 mm was considered for polarization 
tests.  

In this work PDP analysis was carried out in CH 
Electrochemical analyser equipment. Before analysis 
rough finishing of weld surface was done using 1/0, 
2/0, 3/0 and 4/0 grades of emery paper followed by 
fine polishing using alumina powder and diamond 
paste. Areas other than weld region were covered 
with Teflon coating. Corrosive medium selected for 
analysis was .1 molar NaCl (ie .5844 gram in 100 ml 
distilled water). Other parameters are given in Table 
3.4.

 
Table 3.4: Corrosion analysis parameters 

Area of weld exposed  1 square centimeter 
Corrosive medium .1 m NaCl 
Scan rate .01 V /s 
Quiet time 2 seconds 
Standards followed ASTM 102-89 
Temperature  30 degree Celsius 

Electrodes 
Working – Welded sample 
Reference - Saturated calomel electrode(SCE) 
Counter – platinum wire 
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Result and Discussions 
 

III.1 Effect of activated flux on weld morphology: 
Fig.  3.1shows the cross section of TIG welds 

made by conventional TIG welding without the flux 
and fig 3.2(a-i) shows the cross section of weld of  
single and double component flux combinations..  

From Fig.3.1 it can be found that weld penetration is 
greatly increased when using 75%SiO2 and 25%TiO2. 

This results indicated  that weld penetration is 
greatly improved when using the combination of 
75%SiO2 + 25% TiO2  coating on the specimen. 
Macro structural analysis revealed that, A-TIG 
welding gave better depth of penetration than 
conventional TIG welding in all the cases.  

 

                                               
Fig. 3.1: Conventional TIG welding                                                     Fig 3.2: (a) Pure (100%) TiO2 

 

                                              
Fig 3.2: (b) Pure(100%) SiO2                                                                                   Fig. 3.2: (c) pure  CaF2 

 

                                                                                          
Fig. 3.2: (d) pure  MnO2                                                                      Fig. 3.2 (e) 75%SiO2 + 25% TiO2   

 

                                        
Fig. 3.2: (f) 50%SiO2 + 50% TiO2                                                                         Fig. 3.2: (g) 25%CaF2 + 75% TiO2 

 

                                                      
Fig 3.2: (h) 25%SiO2+75%TiO2                                                         Fig. (i): 50%SiO2+50%MnO2 
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Table 3.1: Depth of penetration, bead width and aspect ratio obtained with different composition of fluxes 

Composition 
TiO2 
weight% 

 

SiO2 

weight% 

 

MnO2 

weight% 

 

CaF2 
weight% 

 

Depth of 
penetration 
(mm) 

Bead width 
(mm) 

Aspect ratio 

Pure TiO2 100 % 0 0 0 1.59 4.16 0.38 
Pure  SiO2  100% 0 0 2.88 5.13 0.56 
Pure MnO2 0 0 100 % 0 2.58 8.78 0.29 
Pure CaF2 0 0 0 100 % 3.65 6.45 0.57 
25% TiO2+75%SiO2 25% 75% 0 0 4.12 5.56 0.74 
50% TiO2+50%SiO2 50% 50% 0 0 2.48 7.56 0.33 
25% CaF2 +75%TiO2 75% 0 0 25% 1.92 6.08 0.31 
25% SiO2 +75% TiO2 75% 25% 0 0 2.33 6.02 0.38 
50% SiO2 +50% MnO2 0 50% 50% 0 3.53 6.88 0.51 
Conventional TIG 0 0 0 0 1.44 5.84 0.24 

 
From Table 3.1, it is observed that the maximum 

range of aspect ratio was observed as 0.74 in the 
combination of 75% SiO2+25%TiO2 and minimum 
value of 0.29 for composition of 100% MnO2. 
However these values are high when compared with 
conventional TIG welding profile which has the 
aspect ratio of 0.24. The  maximum increase in bead 
width of 8.78 was observed in  100% MnO2 and 
miniimum bead width of 4.16 was observes in 100% 
TiO2.  Maximum increase in depth of penetration of  
4.12 was observed in the  composition 75% 
SiO2+25%TiO2 and minimum value of 1.59 for 100% 
TiO2.  These values are high when compared with 
conventional TIG welding profile.  

It can be observed that depth of penetration 
obtained conventional TIG welding using the same 

welding parameters was 1.44 mm  and  a  bead width 
of 5.85 mm with very minimum value of the aspect 
ratio(d/w) as 0.24. This is due to the  the temperature 
coefficient of the surface tension in the weld pool 
generally exhibited the negative value during TIG 
welding of specimen without flux on the 
surface[2,3,4]. If the surface tensionin the pool centre 
is lower than the temperature at the pool edge, the 
surface tension gradient dσ/dT produces the 
centrifugal Marangoni convection in molten 
metal[11,14]. 

The percentage increase or decrease in weld 
profile parameters with respect to conventional TIG 
welding of all compositions are given in Table 3.2.

 
Table 3.2: Percentage increase in depth of penetration, bead width and aspect ratio of A-TIG welded samples 

Composition % Increase in depth %Increase in width % increase in aspect ratio 
Pure TiO2 10.5 -28.7 58 
Pure  SiO2 100 -12.2 134 
Pure MnO2 79 50 20 
Pure CaF2 153 10 137 
25% TiO2 +75%SiO2 186 -4.8 208 
50% TiO2 +50%SiO2 72.2 29 36.6 
25% CaF2 +75% TiO2 33.3 4.10 29.2 
25% SiO2 +75% TiO2 61.8 3.08 58.3 
50% SiO2 +50% MnO2 145 17.8 112.5 

 
From Table 4.2, it is observed that the maximum 

percentage increase in depth was observed as 186%  
when using the composition 75%SiO2+25% TiO2 and 
minimum percentage of 10% for 100% TiO2. 
Maximum increase in aspect ratio of 208% was 
observed for composition 75%SiO2+25% TiO2 and 
minimum for composition 100% MnO2. Also the 
experimental results shows that the aspect ratio is 
very less when using 100% MnO2.  

On the basis of the present results, it is 
considered that the positive value of the surface 
tension gradient plays an important role in increasing 
the penetration of activated TIG welded joint 
[11,13,14]. Due to the presence of oxygen in the 
activating flux, direction of the fluid flow changes 
from centripetal marangoni convection into 
centrifugal marangoni convection (Reversed 
Marangoni Convection). 

 

III.2 Effect of activated flux on corrosion: 
AISI 304 grade austenitic stainless steels are 

known for their corrosion resistance particularly in 
marine and acidic environments, it is important to 
study the effect of activating fluxes on corrosion 
resistance. For this purpose electrochemical analysis 
was done on all welded samples under identical 
conditions 0.1M NaCl at room temperature. Both 
corrosion rates and linear polarization resistances 
were obtained directly from the CH analyzer software 
after entering all the necessary values. The results 
were obtained from the TAFEL plots of all samples. 
The percentage increase or decrease in corrosion rate 
of each sample with respect to base metal is given 
below in Table 3.4. 

The Corrosion  rate of the base metal was 2.195 
x 10-6 gram per hour. Corrosion rate of TIG welded 
specimen was 3.591 x 10-7  gram per hour. Lowest 
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rate of corrosion  was observed in 100% TiO2. Highest rate  was observed when using 100% SiO2.
 

Table 3.4: Corrosion test results 

Composition Icorr (A) 
Cathodic slope 
(1/V) 

Anodic slope (1/V) 
Polarization 
resistance 
( ohm) 

Corrosion rate 
(gm/ hour) 

Conventional TIG 7.663x10-7 9.380 2.148 49218 3.591x 10-7 
304 SS 4.684 x10-6 7.176 2.614 9482 2.195 x 10-6 
Pure  TiO2 6.009 x10-7 14.148 1.498 46245 2.816 x10-7 
Pure  SiO2 4.974 x10-6 7.320 6.249 6442 2.331 x10-6 

Pure  MnO2 1.107 x10-6 12.934 1.745 26751 
 
5.189x10-7 
 

Pure  CaF2 
1.293 x10-6 
 

10.203 3.073 25325 
6.060 x10-7 
 

25%TiO2 +75%SiO2 
 
8.599 x10-7 
 

7.929 4.215 41639 4.030 x10-7 

50%TiO2+50%SiO2 9.354 x10-7 11.378 1.742 35428 4.383 x10-7 

25%CaF2+75%TiO2 
7.453 x10-7 
 

6.429 5.132 44663 5.041 x10-7 

25%SiO2+75%TiO2 8.924 x10-7 8.457 3.142 35229 5.471 x10-7 
50%SiO2+50% MnO2 9.131 x10-7 9.684 2.442 30129 5.848 x10-7 

 
Table 3.5: Percentage increase or decrease in corrosion rate 

Sample % Increase or decrease 
Conventional TIG -84.34 
Pure  TiO2 -87.68 
Pure  SiO2 6.95 
Pure  MnO2 -76.35 
Pure CaF2 -72.39 
25%TiO2 +75%SiO2 -81.62 
50%TiO2 +50%SiO2 -80.03 
25% CaF2 +75%TiO2 40.37 
25% SiO2 +75%TiO2 52.35 
50%Sio2+50% MnO2 62.85 

 
Also from the above results it can be seen that 

lower the value of Icorr , higher is the corrosion 
resistance. Composition  and conventional TIG 
welded samples showed the highest corrosion 
resistance while using pure SiO2 showed the lowest. 
It is also found that passive current density of pure 
SiO2 is higher than that of composition pure TiO2 
which accounts for its lower corrosion resistance. 
Composition 100%TiO2 and 100% SiO2 showed very 
small change in current with voltage in the passive 
region of the curve which shows the ability of these 
welds to form a stable passive layer against the 
corroding medium. 
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