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Abstract 

In this paper, activated tungsten inert gas (ATIG) welding was used to weld UNS 

S32750 Super Duplex Stainless Steel material, by fluctuating vital process parameters 

such as torch travel speed, welding current and gas flow rate. A central composite 

design model was used for developing empirical relationship, for prediction of the 
mechanical aspects of the joints with respect to the variation in the process parameter 

values. using analysis of variance, the adequacy of the developed model was checked at 

a confidence level of 95%. using response surface methodology, the welding process 

parameters were optimized for enhancing the tensile strength and minimizing the joint 

hardness. A high tensile strength of 831 N/mm2 and low weld hardness of 295.5 HV was 

observed for the welded joints fabricated under optimum conditions.  Using validation 

experiments, the predictability of the developed model was ascertained. It was found that 

the model was developed with high predictability as the variation with the predicted and 

actual values was lesser than 4 %. Interaction and perturbation plots were constructed 

and the welded regions were examined using optical microscopy. 

 

Keywords: super duplex steel, tungsten inert gas welding, optimization, response 

surface methodology 

 

1. Introduction 

Super duplex stainless steels (SDSS) UNS S32750 provide excellent resistance to 

acidic chlorides and caustic environments in chemical industries and petroleum 

refineries. SDSS possess excellent resistance to stress induced corrosion cracks. 

SDSS consist of two preferred combination of phases such as austenitic and ferritic 

grains [1]. The imbalance in the ferrite/austenite content induced in duplex 

stainless-steel materials, due the effect of thermal cycles induced during fusion 

welding process causes decrease in joint strength. The balance between the two 

phases has to be maintained in the weld region so as to retain the original physical 

and chemical characteristics of the base material [2]. In the heat affected regions of 

the welded duplex stainless steel materials, the ferrite/austenite ratio depends 
mostly on the thermal fluctuations of the welding process [3]. During welding, the 

phase ratio of austenite/ferrite depends upon the filler metal used, selection of 

shielding gas, rate of heat input and the type of welding method. As practical 

possibility of maintaining the phase ratio as 1:1 is not feasible, the desired 

percentage of ferrite phase has to be maintained between thirty to fifty-five 

percentage so as to enhance the properties of the welded duplex stainless steels [4]. 
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Many conventional fusion joining methods are being used to join super duplex 

stainless steels.  

 Ugur et al. [5] conducted welding experiments using tungsten inert gas 

welding (TIG) and optimized the process parameters for obtaining good weld bead 

by using two different optimization techniques such as taguchi optimization 

technique and Grey relational analysis. Juang et al. [6] conducted TIG welding 

experiments to analyse the height and width of the front and back side of the weld 

pool and used taguchi technique for improving the joint quality. Lu et al. [7] 
analysed the effect of adding very small quantity of oxygen into the shielding of 

Helium-30%Ar and observed the variations in weld geometry from a shallow and 

wide weld to a narrower and deeper weld. Zhang et al. [8] conducted experiments 

by heat treating the welded super duplex SAF207 steel and observed the variations 

in the weld zone metallurgical characteristics.  

 Initially, the effect of heating was found to fluctuate the ratio of austenite in 

the welded zone. Mishra et al. [9] conducted friction stir processing experiments on 

super duplex steels (2507) and evaluated the variations in tensile property and 

microstructure at the welded region. The optimum interaction between the 

transverse and rotational speed of the friction stir processing tool to achieve smaller 

grain size was studied. Grain size reduction was attributed to heat input which 

counteracts and a proper combination between the rate of strain and the actual 

strain, which was developed during friction stir processing. Raha [10] studied the 

phases formation by maintaining super duplex Grade 6A- ASTM A890 at critical 

temperature and changing the time duration.  

 At processing temperatures between 800°C and 900°C, increase in ageing 

time (greater than 1 minute) caused transformation of ferrite into sigma and other 
unwanted phases. These types of phase formation resulted in reduction in toughness 

and ductility of the material. Giorjao et al. [11] friction stir welded SAF 2507 super 

duplex stainless steel pipes and conducted thermal simulation to understand the 

pattern of changes in thermal cycles along the weld region. The important aspect of 

activated tungsten inert gas welding (ATIG) process is to reduce the weld bead 

width and increasing the penetration depth. Activated tungsten inert gas welding 

reduces the weld bead thickness thereby reducing the heat affected region which 

enhances the weld quality. The weld region geometry indicated by width to depth 

ratio known as the aspect ratio influences the tendency of cracking during 

solidification [12].  

 Further, optimization of the activated tungsten inert gas welding process 

parameters is important to enhance the integrity of the joints [13]. On fusion joining 

of SDSS steels, in the weld root of the welds, concentration of secondary acircular 

type and primary intergranular austenite are formed. Also, a difference in 

concentration of austernite in root than the weld cap can be observed. Also, the 

ferrite grains in the weld cap region were bigger and coarser than those found in the 
root region [14]. Welding is also being used in orthopaedic surgery in  metal joints 

for animal joint fractures.  From the study of literatures, it could be observed that 

optimization of ATIG welding process parameters for enhancing the mechanical 

aspects of the joints were not found. Hence, in this investigation, an attempt was 

made to optimize the important ATIG welding process parameters to enhance the 

quality of super duplex stainless steels. 
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2. Materials and methods 

In this paper, (ASTM A240) UNS S32750 grade super duplex stainless steel 

(SDSS) of thickness 10 mm was selected as the base material. Using abrasive 

cutters, they were cut to 200 mm in length and 140 mm in breadth. The base 

material was cleaned using acetone for dust and grease removal. The base material 

microstructure was studied using optical microscope at 50 x magnification. The 

microstructure samples were polished using emery sheets with grits varying from 

220 to 1200, followed by disc polishing using aerosol and diamond paste. After 

electrolytic etching using 40% NaOH solution, the optical microstructure revealing 

the austenite and ferrite structure was examined and indicated in Fig 1.  

 

Fig 1. Base material microstructure displaying a combination of ferrite and 

austenite 

Using spark spectrometer, the chemical composition of the base material was 

analysed and the nominal chemical composition of the material UNS S32750 super 

duplex stainless steel is given in Table 1. The important mechanical properties of 

the base material are indicated in Table 2 

Table 1 – Nominal chemical composition of UNS S32750 grade super duplex 

stainless steel (in wt. %) 

Material Cr Cu Mn Mo N Ni P Si Fe 

UNS S32750 DSS 24.27 0.60 1.65 3.25 0.29 6.32 0.36 0.85 Balance 

Table 2 – Important mechanical properties of the base material 

Material Yield 

Strength 

MPa 

Tensile 

Strength MPa 

Elongation % Hardness (HV) 

UN 32750 DSS 658 885 15 380 

The type of configuration selected was square butt type. For joining, tungsten 

inert gas welding method having an activated flux in the absence of filler material, 

was selected, which is referred to as autogenous welding. For flux coating, a paste 

was formed using methanol, by mixing with NiO. The flux coating was applied on 

the weld specimen using brush so that per square centimetre the flux coating was 

around 5 mg. The thickness of the flux coating had a  significant effect on the 

penetration depth. The activating flux was responsible for reducing the heat 
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required for penetration [15]. The experimental trials were conducted using HF 

3000 AD Activated Tungsten Inert Gas welding machine, by varying the important 

process parameters to achieve sufficient penetration depth and proper weld bead 

width. With flow of high-quality argon (99.99% pure) and 3.2 mm tungsten 

electrode, the welding was conducted normal to the direction of rolling. Using 

Panther NM make automatic torch traveller the torch travelling speed and electrode 

gap were accurately maintained. Welding was done using UNS S32750 filler wire. 

Using a fixture, the workpieces were clamped at their respective position, to reduce 
weld distortion.  

From Tungsten Inert Gas welding process parameters such as torch travelling 

speed, electrode gap, welding current, welding voltage, gas flow rate (litre/min), 

three important process parameters such as welding Torch Travel Speed (TTS) in 

mm/min, Welding Current (WC) in amperes and Gas Flow Rate (GR) in litre/min 

were selected. Considering previous literatures, trial and error experiments were 

conducted to determine the limits of the process parameter values. One of the 

process parameter value was kept constant while the other two were varied. The 

welding was supposed to have good penetration, shorter bead width, smooth bead 

appearance, free from visual defects. Welding voltage was fixed at 11.5 V for all 

the experiments. From the experiments conducted, the following inferences were 

made. 

 

 

 

 

 

 

 

 

 

(a) TTS < 40 

mm/min 

 (b) TTS > 80 

mm/min 

 

 

 

 

 

 

 

 

(c) WC < 150 amps  (d) WC > 200 amps 

 

 

 

 

 

 

 

 

(e) GFR < 15 

litre/min 

 (f) GFR > 19 

litre/min 

Fig 2. Photographs of ATIG welded super duplex SS joints fabricated beyond 

feasible limits. 
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(i). If the torch travel speed was lesser than 40 mm/min, excessive heating of the 

weld region occurred producing greater heat affected zones and higher bead width, 

thereby resulting in erroneous joints. (Fig 2 a) 

(ii). It the torch travel speed was greater than 80 mm/min, the duration for 

heating the weld region was not sufficient and the penetration was not enough to 

get a proper joint. (Fig 2 b) 

(iii). If the welding current was fixed lesser than 140 amps, the welding was 

found to be very distorted as the current input was not sufficient to create intensive 
arc. (Fig 2 c) 

(iv). If the welding current was fixed greater than 200 amps, excessive heating 

created spatter and blisters in the weld region thereby drastically reducing the weld 

quality. (Fig 2 d) 

(v). If the gas flow rate was fixed below 15 litre/min, improper shielding resulted 

in excessive spatter and defective joints. (Fig 2 e) 

vi). If the gas flow rate was greater than 19 litre/min, over wastage of gases, 

improper fusion and faster dissipation of the shielding gas away from the weld 

region. (Fig 2 f) 

In this paper, an attempt was made to predict the tensile strength of Activated 

Tungsten Inert Gas (ATIG) welded UNS S32750 grade Super Duplex Stainless 

Steel (SDSS) joints, by incorporating the ATIG welding process parameters, by 

using statistical and mathematical analysis techniques such as design of 

experiments and Analysis of Variance. The requirement was to enhance the tensile 

properties and reduce the weld region hardness. The feasible limits of the process 

parameter values are indicated in Table 3.  

Table 3 – Feasible limits and intermediate process parameter values 

No Parameters Notation Unit Level 

-1.682 -1.0 0 +1.0 +1.682 

1 Welding torch 

travel speed 

TTS mm/min 40 48 60 71 80 

2 Welding current WC amps 140 152 170 187 200 

3 Gas flow rate GR Litre/min 15 15.8 17 18.1 19 

As the range of the individual factors were large, a central composite design 

model was selected that has three factors and five number of levels. 20 sets of 

coded conditions were used. A factorial design with three factors and eight points 

were used, having six star and centre points. According to the procedure discussed 

by Montgomery, the model was designed [16].  

The upper limit was coded as +1.682 and the lower most limit was coded as -

1.682. Using the relationship developed by Montgomory, the intermediate values of 

the levels were found out. 

 Gi = 1.682 [2G – (Gmax +Gmin)]/ (Gmax +Gmin) ------------ (1) 

In the above given equation, the coded value of the variable G is Gi. G is allowed 
to take any value between Gmax and Gmin. Gmax is given the maximum value of the 

variable level and Gmin is given the least value of the variable level. The sized 
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workpieces of UNS S32750 grade super duplex stainless steel were welded using 

the activated tungsten inert gas welding process parameter values indicated in Table 

4. The joints are indicated in Fig 3. 

Table 4 – Central composite design model with experimental results as responses 

 

No Coded Factor value Actual Factor value Response 

Run R T D TTS 

(mm/min) 

WC 

(amps) 

GR 

(litre/min) 

TS 

N/mm2 

WH 

HV0.5 

1 -1 -1 -1 48 152 15.8 733 328 

2 +1 +1 -1 71 187 15.8 793 306 

3 +1 -1 -1 71 152 15.8 782 318 

4 0 0 0 60 170 17 831 298 

5 0 -1.68 0 60 140 17 787 321 

6 0 0 0 60 170 17 833 295 

7 -1 +1 -1 48 187 15.8 822 307 

8 0 0 0 60 170 17 823 326 

9 0 0 0 60 170 17 831 297 

10 +1.68 +1.68 0 80 200 17 815 310 

11 0 0 0 60 170 17 832 296 

12 -1 -1 +1 48 152 18.1 792 320 

13 0 0 +1.68 60 170 19 826 326 

14 0 0 -1.68 60 170 15 770 306 

15 +1 -1 +1 71 152 18.1 857 328 

16 -1.68 0 0 40 170 17 793 321 

17 -1 +1 +1 48 187 18.1 815 315 

18 0 0 0 60 170 17 827 297 

19 0 0 0 60 170 17 830 294 

20 +1 +1 +1 71 187 18.1 806 330 

 

According to ASTM E8/8M standards, the tensile test specimens were prepared 

and subjected to tensile failure tests. By inducing strain at the rate of 3.3 x 10 -4 per 

second, cross head velocity was maintained constant, at 2 mm/min, till fracture of 

specimens. The joints were fractured in the weld region. Micro hardness at the joint 
region were measured using Vickers microhardness testing equipment. 500-gram 

force load was applied for a dwell duration of 10 seconds at the welded region and 

the microhardness was calculated. In the weld centre, at three different regions, the 

microhardness measurement was done and the average of the three were recorded to 

be used for further evaluation. The tensile strength and the weld region 
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microhardness of the super duplex stainless steel joints fabricated with the activated 

tungsten inert gas welding process parameter value combinations are indicated in 

Table 4 

    

a) Joint 1        10 x b) Joint 2        10 x c) Joint 3        10 x d) Joint 4        10 x 

    

e) Joint 5        10 x f) Joint 6        10 x g) Joint 7        10 x h) Joint 8        10 x 

    

i) Joint 9        10 x j) Joint 10       10 x k) Joint 11      10 x l)Joint 12       10 x 

    

m) Joint 13      10 x n) Joint 14       10 x o) Joint 15       10 x p) Joint 16      10 x 

Fig 3. Photographs indicating the weld bead of the joints 

 

3. Results and Discussion 

The responses which were recorded in the form of tensile strength (TS) in N/m 2 

and weld zone hardness (WH) are attributed to be the functions of activated 

tungsten inert gas welding process parameters such as welding torch travel speed 

(TTS) in mm/min, welding current (WC) in amps and gas flow rate (GR) in 

litre/min. According to the methodology described by Paventhan R et al., their 

relations are indicated as follows [17]. 

TS = f (TTS, WC, GR) --------- (2) 

WH = f (TTS, WC, GR) -------- (3) 
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The response surface L of the tensile strength (TS) and weld region 

microhardness (WH) of the super duplex joints are represented by using a 

polynomial regression equation of second order [16]. 

Y = c0 +Σci xi +Σci1xi2 + Σcijxixj --------(4) 

For torch travel speed (TTS), welding current (WC) and gas flow rate (GR), the 

second order polynomial equation is represented as 

TS/WH = {c0 + c1 (TTS) + c2 (WC) + c3 (GR) + c12 [TTS x WC] + c13 [TTS x 

GR] + c23 [WC x GR] + c11 (TTS)2 + c22 (WC)2 + c33 (GR)2} --------- (5) 

C0 is the average of all responses.  

 

Table 5 – ANOVA test results for Tensile strength model 

Source Sum of 

squares 

(SS) 

Degree of 

freedom 

(df) 

Mean 

square 

(MS) 

F - ratio p-value 

Prob>F 

Note 

Model 15142.23 9 1682.47 568.96 <0.0001 Significant 

TTS 1170.88 1 1170.88 395.96 <0.0001 

WC 1038.49 1 1038.49 351.19 <0.0001 

GR 4015.60 1 4015.60 1357.96 <0.0001 

TTS x 

WC 

2888 1 2888 976.64 <0.0001 

TTS x 

GR 

162 1 162 54.78 <0.0001 

WC x GR 2048 1 2048 692.57 <0.0001 

TTS2 955.73 1 955.73 323.2 <0.0001 

WC2 1624.89 1 1624.89 549.49 <0.0001 

GR2 1965.72 1 1965.72 664.75 <0.0001 

Residual 29.57 10 2.96    

Lack of 

fit 

8.24 5 1.65 0.39 0.8402 Not 

significant 

Std. Dev 1.72 R2 0.9981 

Mean 809.90 Adj 0.9962 

C.V. % 0.21 Pred 0.9930 

PRESS 96.36 Adeq 
precision 

101.16 
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Table 6 – ANOVA test results for weld hardness model 

Source Sum of 

squares 

(SS) 

Degree of 

freedom 

(df) 

Mean 

square 

(MS) 

F - ratio p-value 

Prob>F 

Note 

Model 3084.55 9 342.73 129.70 <0.0001 Significant 

TTS 33.61 1 33.61 12.67 0.0052 

WC 219.86 1 219.86 82.88 <0.0001 

GR 326.73 1 326.73 123.17 <0.0001 

TT x WC 25.71 1 25.71 9.69 0.0110 

TTSx GR 156.09 1 156.09 58.84 <0.0001 

WC x GR 111.44 1 111.44 42.01 <0.0001 

TTS2 1303.65 1 1303.65 491.43 <0.0001 

WC2 641.70 1 641.70 241.90 <0.0001 

GR2 680.96 1 680.96 256.70 <0.0001 

Residual 26.53 10 2.65    

Lack of 
fit 

12.08 5 2.42 0.84 0.5755 Not 
significant 

Std. Dev 1.63 R2 0.9915 

Mean 312.44 Adj 0.9838 

C.V. % 0.52 Pred 0.9635 

PRESS 113.40 Adeq 

precision 

30.779 

The coefficients of the regression equation c1, c2, c3 and cnn depends upon the 

various types such as linear term, interaction term and squared terms of the three 

input factors [16]. The coefficients were calculated by using design expert sof tware. 
The significance of the individual coefficients was identified using student’s t tests 

and p values. Analysis of variance (ANOVA) tests were conducted for the tensile 

strength maximization model and weld region minimization model. The results of 

ANOVA analysis for tensile strength model is indicated in Table 5 and that for 

weld region hardness model is indicated in Table 6. “Prob > F”, as it is lesser than 

0.0500, is a clear indication that the model is significant at 95 % confidence level. 

Values greater than 0.10 is a clear indication that the model terms are insignificant.  

Tensile strength (TS) of activated tungsten inert gas welded duplex stainless 

joints are indicated as 

TS = 830.69 + 9.26 TTS + 8.72 WC + 17.15 GR – 19 TTS x WC + 4.5 TTS x GR 

– 16 WC x GR – 8.14 TTS2 – 10.62 WC2 – 11.68 GR2 ----------------- (6) 

Weld region hardness for the duplex stainless-steel joints, is indicated by 

WH = 296.69 + 1.57 TTS – 4.01 WC + 4.89 GR + 1.79 TTS x WC + 4.42 TTS x 

GR + 3.73 WC x GR + 9.51 TTS2 + 6.67 WC2 + 6.87 GR2 ------------- (7) 
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For evaluating the relationships that were developed, ANOVA methodology was 

used. The adequacy was also verified for the results that were recorded from the 

developed surface response model of second order. The coefficient of  determination 

is indicated by R2. For the developed tensile strength enhancement model and weld 

zone hardness reduction model, the goodness of fit can be determined by using the 

value of R2. From the results that were indicated in Table 5 and Table 6, it could be 

inferred that very minimal extent of the variations was not explained [16]. Since the 

value of adjusted R2 value was high, the level of significance of the model 
developed could be attributed to be high. A good level of agreement could be seen 

with the value of adjusted coefficient of determination and the predicted R squared 

value. At the region of design points, the comparison between the predicted range 

of values and the error obtained due to average range of prediction is indicated by 

the value of adequate precision. Since the determination coefficient was observed to 

be greater than 0.95, it could be seen that the range of the experimental values were 

at very high correlation with the range of the predicted values.  The correlation 

between the range of predicted and actual tensile strength of the activated tungsten 

inert gas welded super duplex stainless steel joints are indicated in Fig 4 (a) and 

that of the weld region hardness is indicated in Fig 4 (b). 

 

  

(a) (b) 

Fig 4. Relationship between the predicted and actual values of (a) tensile strength 

and (b) weld region hardness 

With mathematical and statistical evaluation techniques the relationship between 

the activated tungsten inert gas welding process parameters and the mechanical 

aspects of US 32750 super duplex steel joints were evaluated. In this paper, 

response surface methodology was used to optimize US 32750 super duplex 

stainless steel ATIG welding process parameters. As there are a greater number of 

independent variables such as welding torch travel speed, welding current and gas 

flow rate, response surface methodology was very useful for efficiently optimizing 

the process parameters. The variations in dependent variables such as tensile 
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strength and weld region hardness were evaluated using response surface 

methodology.  

The independent factors were quantitatively represented to have a functional 

relation as represented in the following equation 

R = Φ(z1, z2…zk ) ± er. 

Response in R and the quantitative factors are z1, z2…zk. The response function 

or response surface is indicated. The residual error (er) indicates the measured 

experimental errors. For the variables which are independent in nature, a 
characteristic surface is developed. The correlation is enhanced when there is 

increase in the degree of the polynomial, but the cost involved in conducting the 

experiments also increases. The relations were formed using multiple regression for 

the weld quality of US 32750 super duplex stainless steel joints. The variables that 

are independent in nature such as welding torch travel speed, welding current and 

gas flow rate were formed as a surface to which the developed model was fitted.  

3.4 Contours and 3D surface plot development 

With the help of circular shapes, the dependence between the significant factors 

such as welding torch travel speed (TTS), welding current (WC) and gas flow rate 

(GFR) and the responses such as tensile strength and weld region hardness were 

indicated in contours. The region of optimality was visually displayed. Simple 

contours could be created for models of first order. As the order of the models 

increases, the complexity of the contours also increases. Within the range of the 

stationary point, characterization of the response surface has to be done.   

The stationary point has to be identified as saddle, maximum or minimum. 

Response surface study and stationary point characterization could be effectively 

done by using contour plots. Contours were generated by using software. By 
evaluating the surface shape, the optimum region can be identified with good 

accuracy. Contours which are circular in shape indicates factor independence. 

Interaction between the factors can be identified by elliptical shape of the contours 

[17]. By taking two of the ATIG welding process parameters at the mid-level and 

plotting them in two reference axis such as X axis and Y axis, the responses such as 

tensile strength and weld region hardness were plotted in Z axis. From the 3D 

surface plots of the responses, the point of optimality was obtained. Contour plots 

of travel speed vs weld current, travel speed vs gas flow rate and weld current vs 

gas flow rate for tensile strength enhancement model is given in Fig 5 (a), (b) and 

(c). 
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(a) (d) 

  

(b) (e) 

  

(c) (f) 

Fig 5. Contour plots (a) TTS vs WC, (b) TTS vs GFR, (c) WC vs GFR and 
surface phots (d) WC vs TTS, (e) GFR vs TTS and (f) GFR vs WC of tensile 

strength model 
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(a) (d) 

  

(b) (e) 

  

(c) (f) 

Fig 6. Contour plots (a) TTS vs WC, (b) TTS vs GFR, (c) WC vs GFR and 

surface phots (d) WC vs TTS, (e) GFR vs TTS and (f) GFR vs WC of weld 

hardness model 
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Surface plots for weld current vs travel speed, gas flow rate vs travel speed and 

gas flow rate vs weld current for tensile strength model is shown in Fig 5 (d), (e) 

and (f). Similarly, contour plots of travel speed vs weld current, travel speed vs gas 

flow rate and weld current vs gas flow rate for weld region hardness minimization 

model is given in Fig 6 (a), (b) and (c). Surface plots for weld current vs travel 

speed, gas flow rate vs travel speed and gas flow rate vs weld current for weld 

hardness model is shown in Fig 6 (d), (e) and (f).  

After evaluating the contours and surface plots, the maximum tensile strength of 
the super duplex stainless steel joints was predicted to be 831.04 N/m2 and the 

minimum weld region hardness was predicted to be 295.5 HV, for the optimized 

welding process parameters such as 59.2 mm/min of Torch Travel Speed, 177 amps 

of Weld Current and Gas Flow Rate of 16.8 litre/min. For confirming the predicted 

process parameter values, validation experiments were conducted for evaluating the 

accuracy of the developed model. Using the optimized set of Activated Tungsten 

Inert Gas welding process parameters, the experiments were conducted. Four 

experiments were conducted and the results with the error between the predicted 

and obtained tensile strength and weld region hardness is presented in Table 7. It 

was observed that the error was lesser than 4 percentages. Hence, it could be 

confirmed that the optimization model was developed with a very high level of 

accuracy. 

Table 7 – Validation experiments 

Exp No Tensile strength N/mm2 Error % 

 Predicted Experimental 

1  

831.04 

833.63 -2.01 

2 827.23 +1.94 

3 835.12 +0.49 

4 830.21 -2.7 

 Weld hardness HV  

Predicted Experimental  

1  

 

295.4 

296.33 -3.07 

2 297.21 +0.61 

3 293.36 +1.7 

4 292.22 +3.66 

For finding the effect of variations in Activated Tungsten Inert Gas welding 

process parameters upon changes in tensile strength and weld region hardness of 

UNS S32750 super duplex stainless steel joints were analysed. Fig 6 (a) indicates 

interaction of torch travel speed and weld current on tensile strength at constant gas 

flow rate of 17 litre/min. Fig 6 (b) indicates interaction of torch travel speed and 

gas flow rate upon variations in tensile strength at constant Weld Current of 187.84 

amps. Fig 6 (c) indicates interaction of changes in weld current and gas flow rate on 

tensile strength at constant torch travel speed of 48.11 mm/min.  
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(a) (d) 

  

(b) (e) 

  

(c) (f) 

Fig 6 – Interaction plots (a) TTS vs WC, (b) TTS vs GFR, (c) WC vs GFR for 

variations in tensile strength and interaction plots (d) TTS vs WC, (e) TTS vs GFR, 

(f) WC vs GFR for variations in weld hardness 
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From the interaction plots, till a particular extent of increase in process parameter 

values, an increase in tensile strength was observed. As the process parameter 

values were increase beyond a limit, the tensile strength suffered a decrease . Fig 6 

(d) indicates interaction of torch travel speed and weld current on variation in weld 

hardness at constant gas flow rate of 18.19 litre/min. Fig 6 (e) shows interaction of 

torch travel speed and gas flow rate on weld hardness at constant weld current of 

163.7 amps. Fig 6 (f) indicates interaction of weld current and gas flow rate on weld 

hardness at constant torch travel speed of 52.6 mm/min. From these interaction 
plots, it was observed that, till a certain extent of increase in the process parameter 

values, the weld hardness suffered a decrease. If the process parameter values were 

increased beyond a certain extent, the weld hardness started to increase.  

Fig 7 (a) shows the perturbation plots for tensile strength model and Fig 7 (b) 

shows the perturbation plots of weld hardness model. from the perturbation plots, it 

was observed that the variation in gas flow rate had a greater effect on fluctuating 

the tensile strength and weld region hardness of the activated tungsten inert gas 

welded UNS S32750 super duplex stainless steel joints, than torch travel speed and 

weld current. 

  

(a) (b) 

Fig 7 – Perturbation plots for (a) tensile strength variations, (b) weld hardness 

variations. 

 Initial increase in the values of A-TIG welding process parameters resulted in 

better heat concentration at the weld region thereby reducing the grain sizes. This in turn 

was responsible for increasing the tensile aspects and reducing the hardness of A-TIG 

welded SDSS joints. On increasing the values of the process parameters beyond a certain 

extent, excess thermal cycles was responsible for making the grains coarser. This 

increased the joint micro hardness. 

For studying the grain modification due to the effect of activated tungsten inert 

gas welding on the super duplex stainless steel, the specimen which was fabricated 

with optimized process parameter values were subjected to microscopic evaluation.  
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(a) (b) (c) 

Fig 8. Microscopic evaluation of (a) base material, (b) Heat affected zone, (c) 

Weld zone 

After welding, the weld bead cross section was cut using wire cut e lectrical 

discharge machining. Using standard metallurgical polishing process, the specimens 

were prepared for microscopic evaluation. Fig 8 (a) indicates the microscopic 

structure of the base material of UNS S32750 super duplex stainless steel material 

which remained unaffected during the thermal cycles which were induced during 

welding. Fig 8 (b) shows the heat affected zone which has been slightly coarsened 

during the welding process. Fig 8 (c) indicates the weld region microstructure, 

where platelet elongation was observed. 

 

4. Conclusions 

In this paper, enhancement of mechanical aspects of UNS S327560 super duplex 

stainless steel joints, by optimizing the activated tungsten inert gas welding process 

parameters had been conducted. the information obtained from the investigation is 

being summarized as follows 

i). A central composite design model was developed for fabricating super duplex 

stainless steel joints by fluctuating the activated tungsten inert gas welding process 

parameters. 

ii). Relationships were established between joint tensile strength and weld 

hardness with three important process parameters such as torch travel speed, weld 

current and gas flow rate. 

iii) ANOVA analysis was conducted to evaluate the significance of the developed 

model, which was greater than 95%. 

iv) Using response surface methodology, the optimized welding process 

parameters such as 59.2 mm/min of torch travel speed, 177 amps of weld current 

and gas flow rate of 16.8 litre/min were predicted to obtain a maximum tensile 

strength of 831.04 N/mm2 and minimum weld region hardness of 295.5 HV0.5, 

which was validated to a very high level of predictability.  

v) Interaction and perturbation plots showed that variation in gas flow rate had 

greater influence on joint properties than torch travel speed and weld current. 

Microscopic evaluation of joints indicated grain coursing in heat affected zone and 

platelet elongation in weld zone. 
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