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Abstract— A systematic study of the effects of activating flux 

in the weld morphology and microstructure of two different 

arc welding processes, namely, Gas Tungsten Arc Welding 

(GTAW) and Plasma Arc Welding (PAW), was carried out. 

The results showed that the activating fluxes affected the 

penetration capability of arc welding on stainless steel. An 

increase in energy density resulting from the arc constriction 

and anode spot reduction enhanced the penetration capability. 

Changes in the cooling rate, due to different heat source 

characteristics, influenced the microstructure from the fusion 

line to the centre of the weld. 
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I. INTRODUCTION 

Using an arc between an electrode and the welding material 

is the most common method of heating or fusion welding in 

arc welding. Arc welding can be divided into two types of 

processes: non-consumable electrode processes and 

consumable electrode processes. Several arc welding 

processes use non-consumable electrodes, such as Gas 

Tungsten Arc Welding (GTAW) and Plasma Arc Welding 

(PAW), which both use a tungsten electrode and a filler metal 

that may have been added from a separate source [1]. 

Although the PAW process has a higher current density and 

energy concentration than GTAW, a significant disadvantage 

of PAW is the cost of equipment [2]. Although improved 

penetration has reduced the number of passes, preparing the 

welding material and equipment is costly. GTAW has, 

therefore, developed new, improved processes with greater 

arc penetration to compete with PAW. A modification of the 

GTAW process, activating flux GTAW (GTAW-flux), was 

first proposed by the Paton Electric Welding Institute in the 

1960s [3, 4]. Activating flux is a mixture of inorganic 

material suspended in a volatile medium. The surface of the 

part or joint is prepared with a layer of the activating flux 

paste before welding. Evaporation of the activating flux 

constricts the arc column, increases the penetration depth up 

to two or three times, and improves productivity, as well as 

the weld bead profile [5]. There are also no problems with the 

weld pool geometry of cast-to-cast variations in the 

composition of certain residual elements. 

Due to the chemical, mechanical, and thermal 

behavior of the different materials, flux composition has to be 

changed accordingly. Many researchers [6] have investigated 

the effect of different activating flux compositions on the 

weld penetration in the GTAW process. Research on the 

theoretical fundamentals of activating fluxes has also been 

done. Most investigators [7-9] believe that the main 

principles of arc contraction on the weld pool are pre-

determined. However, some researchers believe that the main 

mechanism in the weld pool is the Marangoni flow effect [10-

12]. The activating flux produces a positive surface tension 

temperature coefficient that changes the direction of the flow 

in the weld pool from outward to inward, thereby producing 

a relatively deep and narrow weld. Furthermore, although 

recent studies have applied activating flux GTAW, little work 

has been done on the PAW method [2, 13]. The objective of 

this study was to compare the GTAW and PAW processes 

using activating flux. Also, the properties of welds produced 

using conventional welding procedures together with the 

activating flux were evaluated utilizing weld morphological 

observation and microstructural evaluation. 

II. EXPERIMENTAL PROCEDURE 

The base material used in this study was austenitic stainless 

steel (AISI 304) with a chemical composition, as shown in 

Table 1. The size of each specimen was 200 × 150 mm with 

a thickness of 6 mm. The specimens were roughly polished 

with 400 grit abrasive paper to remove surface impurities, and 

then cleaned with acetone. Three combinations of the 

activating flux were used i.e. TiO2 (70%) + Sio2 (30%), TiO2 

(50%) + SiO2 (50%), TiO2 (30%) + SiO2 (70%).  Before 

welding, the flux powder was mixed with acetone to produce 

a paint-like consistency, and then a coating was brushed on 

the plate surfaces, as shown in Fig. 1. The thickness of the 

flux layer and the mean quantity were approximately 0.2 mm 

and 15 mg per square centimeter, respectively. The bead-on-

plate welds were made with an automatic control system in 

which the torch was moved at a constant speed. The specific 

welding parameters for both GTAW and PAW are given in 

Table 2.  Transverse sections were made at various locations 

along the weld while samples for metallographic examination 

were prepared using standard procedures, namely grinding, 

polishing, and etching. Each specimen was examined with a 

tool-maker’s microscope to measure the penetration, width, 

and area of the weld. The microstructure analyses in different 

zones were done with an optical microscope.  

C Si Mn P S Cr Ni Fe 

0.06 0.48 1.27 0.029 0.015 18.4 8.2 Bal 

Table 1: Chemical composition (wt. %) of type 304 stainless 

steel 

 
Fig. 1: Schematic diagram showing the specimen 

preparation for activating flux welding 



Effect of Activating Flux on Gas Tungsten Arc Welding and Plasma Arc Welding for Stainless Steel 

 (IJSRD/Vol. 5/Issue 02/2017/595) 

 

 All rights reserved by www.ijsrd.com 2189 

Conditions TIG PAW 

Welding 

current 

75A, 100A, 

125A 

75A, 100A, 

125A 

Travel Speed 210mm/min 210mm/min 

Arc length 3mm 3mm 

Shielding gas 

flow rate 

Argon, 

10L/min 

Argon, 

17.5L/min 

Plasma gas 

flow rate 
 

Argon, 

0.7L/min 

Table 2: Welding parameters for the experiments performed 

III. RESULT AND DISCUSSION 

A. Weld Bead Geometry 

Figure 2 shows the transverse cross-sections of the welds 

produced with GTAW and PAW, respectively. All the weld 

shapes under conventional GTAW were wide and shallow, 

while the other welding processes were narrow and deep. It 

was also found that the activating flux increased the 

penetration of the arc welding of austenitic stainless steel. In 

addition, the activating flux GTAW enhanced the molten 

metal flow characteristics, producing an optimal weld bead 

profile in close proximity to PAW. Another phenomenon was 

that the PAW with activating flux produced not only deeper 

welds, but also straight-sided welds. Figure 3 shows the 

relationship between weld penetration and welding current. It 

was obvious that increasing the welding current increased the 

depth of penetration in PAW and GTAW, both with flux and 

without flux. The increase in penetration was enough to 

obtain full penetration welds in samples created by activating 

flux PAW with a current of 125A in 6 mm thick plates. Figure 

4 shows that the weld bead area increased proportionally with 

the welding current. Particularly with activating flux, the 

bead area of GTAW welds was almost equal to that of PAW. 

As mentioned previously, the conventional GTAW weld 

shape was wide and shallow due to the molten metal flowing 

outward from the center of the weld pool. The inward flow in 

the weld pool tended to form a narrow and deep weld when 

activating flux was used [11, 12, 14]. Therefore, this indicates 

that activating flux promoted a much higher welding 

efficiency than existing arc welding techniques. 

 
Fig. 2: Cross-section of welds produced with and without 

flux at different welding current. 

 PAW with flux 

 PAW without flux 

 GTAW with flux 

 GTAW without flux 

 
Fig. 3: Variation with welding current of penetration in 

GTAW and PAW welds. 

 
Fig. 4. Variation with welding current of bead area in 

GTAW and PAW welds. 

B. Weld Microstructure 

The microstructure of the AISI 304 stainless steel mainly 

consisted of austenite (γ) under equilibrium solidification. 

However, during the non-equilibrium rapid 

solidification, the high cooling rate resulted in incomplete δ/γ 

transformation and some metastable δ-ferrite unavoidably 

remained [15]. Therefore, the weld metal microstructure in 

all the welds consisted of δ-ferrite in an austenitic matrix. It 

is well known that the variation in heat input can significant 

affect the microstructure. However, different heat input had 

to be adopted in the activating flux GTAW and PAW 

methods because of their different heat source characteristics. 

High heat input welding (GTAW) has been associated with a 

slow cooling rate with the microstructure of coarse equiaxed 

grains and primary δ-ferrite (dark) observed in the 

solidification process. Contrarily, low heat input welding 

(PAW) corresponded to fast cooling rates and showed fine 

equiaxed dendrites. Figure 5 shows photos of the 

microstructure near the weld fusion line produced by both 

GTAW and PAW. The base metal of austenitic stainless steel 

is on the right side of each photo and the weld metal is on the 

left side of the photos. The heat affected zone is in the middle 

between the base and weld metals. The weld metal presented 

an austenite and δ-ferrite structure and the structure of the 

weld metal was completely different from that of the base 

metal. It also can be seen that the microstructure of 304 at 

higher heat input showed a mixed ferrite morphology of lacy 

and a vermicular near fusion boundary. At lower heat input, 
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the microstructure of the same region changed to cellular 

austenite and lower amounts of ferrite. Also, the experimental 

welds did not reveal significant differences in microstructure 

between welds produced with activating flux and those 

produced without flux. As far as the effect of the activating 

flux was concerned, it was clear that the cellular structure was 

finer due to the low heat input, while coarse with high heat 

input.  

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 5: Metallographic views of microstructure at interface 

of base metal and fusion zone: (a) Activating flux GTAW 

(b) Activating flux PAW (c) GTAW and (d) PAW. 

IV. CONCLUSION 

The following conclusions were derived from the above 

experimental results and discussion. 

 Both GTAW and PAW with activating flux produced a 

substantial increase in the depth of penetration. GTAW 

with activating flux had almost the same performance in 

weld penetration and area as PAW. 

 GTAW and PAW have different heat source 

characteristics: the slow cooling rate of GTAW exhibited 

coarse equiaxed dendrites, a coarse cellular structure, 

and longer columnar dendrites. However, PAW with a 

faster cooling rate had finer equiaxed dendrites, a finer 

cellular structure, and shorter columnar dendrites. 
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