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Abstract 
                The aim of this research paper is to investigate the efficiency of dissimilar 

friction welded super duplex stainless steel SAF 2507 and mild steel joints. The joints 

were obtained using rotary friction welding process. Friction pressure and forging 

pressure are varied in three different cases but rotational speed and friction time are 

kept constant .The joints were subjected to tensile strength and metallographic study. 

The tensile strength of welded joints compared to that of SDSS SAF 2507 and mild steel 

in as received condition. The joint efficiency were calculated  .The tensile  strength  and 

joints efficiency  decreased   with increasing friction  pressure and forging pressure  

.The results attributed to change in mechanical, physical properties ,and micro 

structural changes of welded joints like change in ferrite to austenite percent, 

precipitation of carbides and nitrides ,sigma phase,….etc.  
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الاحرنامً غُش اىَرشاته تُِ اىصية اىَقاوً ىيصذأ اىَضدوض ءج وصلاج  اىيحاً  مفا"

 "واىصية اىطشٌ SAF 2507اىَرْاهً

 
 ساىٌ عضَض مامى                                       سٍضاُ حسُِ اىعشدٌ

 ٍذسط ٍساعذ/قسٌ ااىَُناُّل                                                  ٍذسط /قسٌ اىهْذسح اىَُناُّنُح/ميُح اىهْذسح         

 اىعشاق–استُو –َعهذ اىفٍْ اى                                                         ظاٍعح صلاغ اىذَِ/أستُو _اىعشاق              

  

 اىخلاصح
وصلاخ اىيحاً الاحرنامً غُش اىَرشاته تُِ اىصية اىَقاوً ىيصذآ  اىغشض فً هزا اىثحس هى دساسح مفاءج               

ذٌ اىحصىه عيً اىىصلاخ ورىل تاسرخذاً اىيحاً الاحرنامً وترغُش  .واىصية اىطشي   SAF2507اىَضدوض اىَرْاهً 

 ُِشاتر لاحرناك واىسشعح اىذوساُّح  ماّاٍخريفح ،وىنِ صٍِ امً وضغظ اىرشنُو فً شلاز حالاخ ظ الاحرنامو ٍِ اىضغ

. وذٌ ٍقاسّح ٍقاوٍح اىشذ ىىصلاخ اىيحاً  اىيحاً    خعهشَح ىىصلاَفً ظَُع اىحالاخ. ذٌ دساسح ٍقاوٍح اىشذ واىثُْح اى

ريَح واىصية اىطشي  مَا فً اىحاىح اىَس  SAF2507اىَرْاهً تَقاوٍح اىشذ ىنو ٍِ  اىصية اىَقاوً ىيصذآ اىَضدوض 

اىْرائط .لاحرنامً وضغظ اىرشنُو اىضغظ اذقو تاصدَاد مو ٍِ ىصلاج.ٍقاوٍح اىشذومفاءج اىىصلاخ وذٌ حساب مفاءج اى

ٍصو ذغُش ّسثح  خلاه عَيُح اىيحاً ىىصلاخ اىيحاً ذعىد اىً ذغُش اىخصائص اىَُناُّنُح واىفُضَاوَح  واىثُْح اىَعهشَح 

 اىفُشاَد والاوسرْاَد وذشسُة اىناستُذاخ واىُْرشَذاخ  وطىس اىسُنَا ....اىخ. 

 ،ٍقاوٍح اىشذاىنيَاخ اىذاىح:اىيحاً الاحرنامً، اىصية اىَقاوً ىيصذا اىَضدوض
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Introduction: 
        Duplex stainless steels DSS are iron (Fe)-Chromium (Cr)-Nickel (Ni) alloy with 

approximately equal volume fraction of ferrite and austenite .Ferritic stainless steels have 

high yield strength and good stress corrosion resistance but show brittleness and poor 

ductility, while austenitic stainless steels have high toughness, but they are sensitive in local 

corrosion in chloride environment and have low yield strength [1]. The dual phase 

microstructure of duplex stainless steels combines attractive properties of austenitic and 

ferritic stainless steels. SDSS SAF 2507 is used  in oil and gas industry ,tubing for heat 

exchanger ,refineries ,pipe for sea water transport ,propeller shafts and other products 

subjected to high mechanical loads in sea water and other chloride containing 

environment[2]. 

           Duplex stainless steels and mild steel are widely used materials due to their excellent 

mechanical and physical properties .In engineering applications and under some particular 

circumstance the welding of these two dissimilar materials is mandatory and it is important 

to produce high quality joints between them .Among different types of welding technique to 

join  materials, friction welding is more acceptable compared  to fusion welding processes 

because of advantages such as high material saving ,low production time limited heat 

effected zone .Friction welding can be used  for welding similar and dissimilar counterparts 

even with a great difference in mechanical and metallurgical  properties like melting 

point(tungsten and copper),low melting point materials (copper and aluminum) and material 

strength (stainless steel and pure aluminum)[3].Friction welding classified as a solid state 

joining process in which bonding is produced at a temperature lower than the melting point 

of base materials .The most important parameters in friction welding are friction pressure, 

forging pressure, friction time ,and rotational speed.  

              Sahin and Akata [4] directed an experimental study on dissimilar friction welded 

carbon steel and austenitic stainless steel. Satyanarayanan et al [5]studied the effect of 

roughness of faying surface of austenitic stainless steel on friction welded dissimilar joints 

with ferritic stainless steel, they found that notch tensile strength will increase with 

increasing roughness up to critical value and thereafter a descending trend is noted .A.Kurt 

[6] studied mechanical properties of dissimilar friction welded  mild steel and bronze joints 

and they reported that the tensile strength of dissimilar joint can reach 70% of base metal 

strength. A. Hascalik et al [7] studied fatigue behavior and tensile strength of friction welded 

dissimilar AISI 304 austenitic –AISI 4340 ferritic stainless steel joints and concluded that the 

tensile strength and fatigue endurance will decrease with increasing rotational speed during 

friction welding process. Eder Padun Alves et al [8] reported that tensile strength of 

dissimilar friction welded AISI 304 stainless steel and AA 1050 aluminum is higher than that 

of fusion welding processes. 

              Although large number of friction welded  dissimilar material have been reported up 

to date the information about dissimilar friction welded super duplex stainless and mild steel 

is very scare .The aim of this study is to examine efficiency   of  dissimilar friction welded( 

super duplex stainless steel SAF 2507 – mild steel ) joints. 

Experimental procedure 

Materials:  

The work piece materials used in this study are super duplex stainless steel (SDSS) SAF 

2507 and mild steel (MS). The dimensions of materials are 20mm diameter round bars and 

60 mm length. The chemical composition of work piece materials are given in table 
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(1).Chemical composition detected using (spectrometer metal analyzer model spectromaxx, 

Spectro Company, Germany 2010). Microstructure of SDSS and mild steel in as received 

condition are shown in figures (1) and (2) respectively. 

Table (1) Chemical composition of super duplex stainless SAF2507 and carbon steel 

Material  Cr% Ni% C% Mo% Mn% P%  N% Si% S% Fe 

SAF2507 25 7.8 0.03 4 1.1 0.03 0.25 0.8 0.01 Bal 

mild steel 0.022 0.06 0.1 0.001 0.69 0.006 0.014 0.24 0.24 Bal     

  

 

Fig.(1) Microstructure of as received super duplex stainless steel SAF 2507(x600 ) 

α  = Ferrite , γ = Austenite 

 

 

 

 

 

 

 

 

 

 

  

Fig. (2) Microstructure of as received MS (X600) 

P =Pearlite 

Friction Welding:   

 Friction welding was conducted using a continuous drive friction welding process at 

rotational speed of 1800 rpm. Super duplex stainless steel sample is fixed in a rotating 

member while mild steel sample is fixed in a stationary member. The friction welding 

parameters used in this study are shown in table (2).The axial length shortening of samples 

was calculated by measuring the length of samples of different materials before and after 

welding 

                    Table (2) Friction welding parameters for different cases 

Case 

Friction 

pressure 

[P1] MPa 

Forging 

pressure 

[p2]MPa 

Friction 

time 

(second) 

Friction 

speed (rpm) 

I 33 80 20 1800 

II 53 90 20 1800 

III 80 134 20 1800 

γ 

α 

α 

P 
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Metallographic analysis:    

 The welded samples subjected to standard metallographic preparation to examine the 

microstructure. The specimens were first mechanically polished with the emery paper and 

then etched chemically according to ASTM standard solutions [9] as follow:   

a) For super duplex stainless steel SAF 2507, the solution consist of saturated solution of 

FeCl3 in HCl to which a little HNO3 is added and etching time equals to five minutes. 

b) For mild steel the solution is Nital, consist of 98% water and 2% HNO3 and etching time 

equals to fifteen seconds. 

 

Tensile Strength:  

 After welding tensile test was performed using notch tensile test, the notch was 

located at the interface. Configuration of tensile specimen was shown in Fig. [3]. Tensile 

properties evaluated using (Terco MT 3037 Universal Tensile Machine, Sweden). The base 

material and joints parts were machined with (32) mm gauge length and (6) mm diameters in 

parallel parts. The boundary interface was set at the center.  

 

 

             M S                                                                                              SDSS 

  

 

 

Fig. [3] Configuration of notch tensile strength 

  

The joint efficiency is measured in terms of the tensile strength of the welded metal divided 

by the tensile strength of weaker metal of dissimilar metals [10] : 

 

Efficiency of joint =  

 

Results and Discussions 
 The effect of friction welding parameters 

(friction pressure and forging pressure) on the 

axial shortening of welded specimens is presented 

in figure (4). 

The axial shortening length significantly increased 

with increasing friction pressure and forging 

pressure, this is due to high degree of working 

results plastic deformation in the form of flash. A 

view of   Joints of super duplex stainless steel 

SAF 2507 and mild steel are shown in Fig. (5). 

During dissimilar friction welding between SDSS 

SAF 2507 and mild steel the flash forms mostly 

on the mild steel side this is due to lower yield 

strength and melting temperature ,in addition the 

thermal conductivity and thermal expansion of 

mild steel are quite higher compared to that of 

60
o 

6
 

5
 

10
 

32
 

Fig.(4) Effect of friction welding 

parameters on axial shortening 
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SDSS SAF 2507.Through the macrograph of the joints Fig.(5) it can be seen that the width 

of heat affected zone in mild steel side is greater than that of super duplex stainless steel side 

for all cases and increased with increasing friction pressure and forging pressure.  

 

 

 

 

 

 

 

 

Fig. (5) A view of the dissimilar friction welded joints of SDSS SAF2507 and MS 

The joint efficiency is calculated in terms of tensile strength, to investigate the tensile 

strength notch tensile strength was employed. The notch was located at the weld interface 

and plane tensile strength was not included as expected the fracture will be occurred at 

weaker metal (mild steel) outside of the weld interface and the obtained data would not 

represent the joint strength. 

              Fig.(6) and (7) shows the notch tensile strength properties of as received super 

duplex stainless steel and mild steel respectively .The ultimate tensile strength of SDSS SAF 

2507 and MS are 1210 MPa and  810MPa respectively.  

               The high tensile strength of SDSS SAF 2507 refers to dual phase equi axial ferritic 

austenitic microstructure while microstructure of mild steel consist of ferritic grains with 

nearly 12 % pearlite. [figures(1) and (2)]. 

Fig. (6) Stress-Strain curve for as received SDSS SAF 2507 
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                          Fig. (7)Stress-strain curve for as received MS 

 

              The results of tensile strength and joint efficiency for three different cases welded 

with three different friction welding parameters are shown in table (3) 

 

Table (3) Ultimate tensile strength and joint efficiency variation with friction welding 

parameters          

Cases Friction Pressure 

MPa 

Forging 

Pressure MPa 

UTS 

(MPa) 

Joint Efficiency 

Case  I 33 80 642 79.17% 

Case II 53 90  568 74.96% 

Case III 80 134 536 66.12% 

  

              The joint with highest ultimate tensile strength and joint efficiency refers to 

specimens welded in case I (lowest friction pressure and forging pressure) in which provide 

642 Mpa ultimate tensile strength, and this is lower than the tensile strength of weaker metal 

(mild steel) and this exhibit 79.17% joint efficiency .The results attributed to that the 

temperature of the specimen associated with this  friction welding parameters and the time in 

which remains at this temperature is not sufficient to produce essential micro structural 

transformations. Figure (8) and (9) showed the microstructure  of weld joint interface for 

DSS and M S side respectively  for  the specimens welded with lowest friction welding 

parameters (case I).  
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Fig. (8) Microstructure of dissimilar friction welded SDSS and MS joint interface (duplex 

side) case I (X600) 

 

 

 

 

 

 

 

 

 

 

Fig. (9) Microstructure of dissimilar friction welded SDSS and MS joint interface (MS side) 

case I (X600) 

          Table (3) showed that when there is an increase in friction welding parameters the joint 

efficiency decreased gradually and reached to its minimum value 66.12%for the specimen 

welded with highest friction pressure and forging pressure (case III) this can be explained in 

terms that increasing bonding temperature due to increase friction pressure and forging 

pressure promotes the growth of brittle intermetalic (σ) phases which adversely effect the 

bond strength. The low value of tensile strength and joint efficiency attributed to presence of 

sigma phase and chromium carbide precipitation which reduces the tensile strength in 

addition to the migration of carbon from mild steel to its counterpart super duplex stainless 

steel SAF 2507 will take place which is lead to formation of martensite layer [11,12] .Figures 

(10 11,12and 13) showed these micro  transformation at the welded  joints welded with  

 

 

 

 

 

 

Fig. (10) Microstructure of dissimilar friction welded SDSS and MS joint interface (duplex 

side) case II (X600) 
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intermediate and high friction welded parameters case II and III . Figure (13) shows the 

specimens after tension test.  

 

     

 

 

 

 

  

Fig (11) Microstructure  of dissimilar friction welded SDSS and MS joint interface (MS  

side) case II (X600) 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (12) Microstructure o of dissimilar friction welded SDSS and MS joint interface (duplex 

side) case III (X600), σ =sigma  

 

 

 

                 

 

 

 

 

 

 

 

 

 

Fig. (13) Microstructure of dissimilar friction welded SDSS and MS joint interface 

  (MS side) case III (X600) 
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Fig. (14)Specimens after completion of tensile Tests 

 

Conclusions  
 

1. Friction welding can be used successfully to join super duplex stainless steel SAF 2507     

 and mild steel. 

2. Dissimilar   friction welding (SDSS SAF 2507-Mild steel) joints exhibit (66.12- 79.17%)   

  of weaker metal (mild steel) tensile strength.  

3. Efficiency of dissimilar friction welded (SDSS SAF 2507-Mild steel) joints decreased     

    with increasing friction pressure and forging pressure.  
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