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Abstract. Dissimilar joint commonly applied on pressure vessel 
application in power plan field as joining between the tank and the 
stanchion of pressure vessel. This paper presents the investigations carried 
out to study the influence of groove angles and filler metals on 304L 
Stainless Steel to AISI 1040 Carbon Steel dissimilar joints. Gas Tungsten 
Arc Welding with 120 A of current was used on this research, joined the 
two different metals. The 30°, 45°, and 60° were used in this welding as 
parameters of V-groove angles. ER 308L-16 filler metal of stainless steel 
and ER 70S-6 filler metal of carbon steel were used as filler metals. 
Tensile test was conducted to obtain tensile strength of joint and to analysis 
of the effect of the welding parameters to the mechanical properties. The 
highest tensile strength was obtained from the 60° groove angle using ER 
308L-16 filler metal of 614.54 MPa. In the other hand, 45° groove angle 
using ER 70S-6 filler metal obtained the lowest tensile strength of     
578.66 MPa. The joining process of dissimilar welding using ER 308L-16 
filler metal, filler metal for stainless steel, has obtained the highest tensile 
strength with wider groove angle as well.  
 
Key words: Dissimilar welding, ER 308L-16, ER 70S-6, welding 
process. 

1 Introduction  
Joining of dissimilar metal combinations are employed in different applications requiring a 
certain special combination of properties as well as to save cost incurred towards costly and 
scarce materials [1]. Stainless steels are widely used in both industrial production and daily-
life due to their anti-corrosion ability. Owing to high-cost and shortage in Cr and Ni 
resources, there has been an increasing interest in developing low-cost stainless steels for 
decades [2]. Austenitic Stainless Steel (ASS) AISI 304L is being extensively used in the 
field of defense and nuclear science due to its excellent corrosion resistance in seawater 
environment [3]. Stainless steel 304L has lower carbon than stainless steel 304, therefore 
stainless steel 304L is easier to be welded. This property of ASS 304L is due to the 
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presence of molybdenum, which prevents chloride corrosion. It also has a low carbon 
content due to which the wear and friction properties are improved and lower susceptibility 
to intergranular corrosion [4, 5]. 

In a nuclear water reactor, dissimilar metal welds are employed to connect the low alloy 
steel reactor pressure vessel and stainless steel pipe systems [6, 7]. Joining of carbon steel 
to stainless steel can combine the advantages of both metals and is full of promise in these 
field. However, it is of great difficulty to obtain sound joint of dissimilar metal between 
carbon steel and stainless steel due to the differences in chemical compositions and thermal 
physics properties [8]. The high temperature experienced in fusion welding process of 
carbon steel to stainless steel can lead to the inevitable formation of martensite [9] and the 
decarburized zone, which are both responsible for the deterioration of mechanical 
properties of the joint [8]. 

This paper presents the studies on AISI 304L and AISI 1040 dissimilar metal welded by 
Gas Tungsten Arch Welding (GTAW). The 304L Stainless Steel and AISI 1040 carbon 
steel were welded by GTAW with 120 A of current and V-groove joining with various 
angle parameters. The parameters of welding on this research consist of groove angles and 
filler metals. The research was conducted on mechanical property of joining using tensile 
test and microstructure characterization. 

2 Experimental  
This experiment was conducted using Miller MaxStar 200SD GTAW. The welding was 
operated by 120 A of current and V-groove of joining materials. The base metals employed 
in this research are 304L stainless steel and AISI 1040 low carbon steel, and their 
composition was shown in Table 1. Both of base metals had a thickness of 12 mm sheet 
which was butt joint welded for all specimens. 

Table 1. The composition of base metals (%). 

Element Fe C Mn Si Cr Cu Ni 
304L SS 70.780 0.025 1.140 0.410 18.40 0.180 8.190 

AISI 1040 99.10 0.40 0.39 0.11 0.02 0.02 0.016 
  

The groove angles which used in this study were 30°, 45°, and 60°, they were used as 
angle of V-groove joining with 1 mm of welding gap. The ER 308L-16 filler metal for 
304L stainless steel and ER 70S-6 filler metal for AISI 1040 carbon steel were used in 
every single dissimilar joint. The diameter of filler metal are 11.43 mm and 1.59 mm for 
ER 70S-6 and ER 308L-16 respectively. The welding process was conducted by 12 layers 
for all of specimens. The composition of ER 308L-16 and ER 70S-6 filler metals were 
shown in Table 2. 

Table 2. The composition of ER 308L-16 (AWS A5.9) and ER 70S-6 (AWS A5.18) (%). 

Filler C Si Mn P S Cr Mo Ni V Cu 

ER 308L-16 0.03 
max 

0.3 to 
0.65 

1.0 to 
2.5 

0.03 
max 

0.03 
max 

19.5 to 
22.0 

0.75 
max 

9.0 to 
11.0 - 0.75 

max 

ER 70S-6 0.06 to 
0.15 

0.80 to 
1.15 

1.40 to 
1.85 

0.025 
max 

0.035 
max 

0.15 
max 

0.15 
max 

0.15 
max 

0.03 
max 

0.50 
max 

After welding process has finished, the next step was tensile strength testing and 
microstructure characterization. In order to observe the microstructure under the optical 
microscope, specimens were prepared according to the standard procedures. The tensile 
strength was carried out using universal tensile test machine to specimens of tensile test 
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After welding process has finished, the next step was tensile strength testing and 
microstructure characterization. In order to observe the microstructure under the optical 
microscope, specimens were prepared according to the standard procedures. The tensile 
strength was carried out using universal tensile test machine to specimens of tensile test 

which was prepared according to the standard specimen of tensile test (ASME IX) as 
shown in Figure 1. 

 
Fig. 1. Specimen of tensile test (ASME IX). 

3 Result and Discussion 

3.1 Mechanical Properties 

The tensile strength of dissimilar welding on this research is presented in Table 3 and 
Figure 2. The tensile test’s result shown the breaking part of joint for all of the spesimens 
were located on the weld metal. That was caused by the precipitation of carbide from iron 
as shown in Figure 5, Figure 6 and Figure 7, which formed nearby weld metal and HAZ. 
The tensile strength of all joint was conducted on groove angle and filler metals parameters. 
The highest tensile strength of dissimilar welding specimens was obtained by dissimilar 
welding using ER 308L-16 filler metal and 60° V-groove angle of 614.54 MPa. The highest 
tensile strength was obtained up to 614.54 MPa, while the lowest was 304L stainless steel 
base metal about 564 MPa. 

The elongation is an ability of material to be elongated when the material is given a 
load, as known as ductility of material. Elongation is related to the tensile strength. Material 
with a high tensile strength is always has a high elongation, that means the material has a 
good ductility. The highest elongation was obtained by joining using ER 308L-16 filler 
metal with 60° V-groove angle of 23.89 %. It was linear to the highest tensile strength of 
the same filler metal and groove angle for this dissimilar welding. The higher tensile 
strength, the higher elongation was obtained. That was indicating the joint with both high 
strength and elongation can be successfully obtained from this dissimilar joint.  

In the other hand, joining using ER 70S-6, filler metal for carbon steel, was obtained 
lower tensile strength and elongation than using ER 308L-16 filler metal. It occurred due to 
ER 70S-6 filler metal has higher carbon content that indicating the decreasing of tensile 
strength and elongation of joint. It means that higher carbon content of filler metals 
resulting of more precipitation of carbides in the stainless steel. Table 3 shown that wider 
groove angles of joining resulting of the increasing tensile strength and elongation as 
figured in Table 3. Figure 2 shown the increasing of tensile strength was resulted by wider 
of the groove angles for both of filler metals parameters. 

 

3

E3S Web of Conferences 130, 01008 (2019) https://doi.org/10.1051/e3sconf/201913001008
IC-AMME 2018



 
Fig. 2. Tensile strength of dissimilar welding using groove angle and filler metals parameter. 

Table 3. Tensile test of dissimilar welding 304L Stainless Steel to AISI 1040 Carbon Steel. 

Filler 
Metals 

Groove’s 
Angles (°) 

A0 
(mm2) 

Yield Strength 
(MPa) 

Ultimate Tensile 
Strength (MPa) 

Elongation 
(%) 

ER 308L-16 
30 240.1 516.45 587.26 20.65 
45 240.21 528.7 595.31 21.72 
60 240.83 531.5 614.54 23.89 

ER 70S-6 
30 239.59 500.86 563.46 17.10 
45 240.21 516.22 578.66 18.25 
60 240.83 519.04 585.98 19.98 

3.2 Microstructure Analysis 

Microstructure of dissimilar welding 304L stainless steel to AISI 1040 carbon steel was 
observed under the optical microscope to study the differences of weld metal, HAZ, and 
weld metal region and also the phases forming for each filler metals parameters. Dissimilar 
joining using ER 70S-6 filler metal for carbon steel shows the different region that formed 
in Figure 3(a). Precipitation of carbides was formed in the border region of HAZ and base 
metal 304L stainless steel was obtained by the higher carbon content of filler metal. In weld 
metal of this joint was formed pearlite and ferrite phase that obtained by high carbon 
content from filler metal of carbon steel as shown in Figure 3(b). While HAZ region in the 
border area of weld metal and base metal AISI 1040 carbon steel was narrower than HAZ 
region in the border area of weld metal and base metal 304L stainless steel as shown in 
Figure 3(c), this phenomena was caused by carbon content of filler metal almost equal with 
base metal AISI 1040, contain of high carbon. 

Figure 4(a) shown the forming of austenite phase that appearing in the border area of 
HAZ and 304L stainless steel, while the weld metal also appearing austenite phase and a 
little precipitation of carbides as shown in Figure 4(b). The 304L stainless steel and ER 
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308L-16 filler metal have a reduced carbon content of 0.03 wt.% or lower which limits the 
precipitation of carbides [10]. HAZ which located between weld metal and base metal  
AISI 1040 had a narrow area due to low carbon content as shown in Figure 4(c). Carbon 
content was kept in low to avoid the formation of precipitation of carbides in the joining of 
304L stainless steel. Precipitation of carbides from the joint using ER 308L-16 is caused of 
low carbon content from the carbon steel filler metal. 
 

   
(a) (b) (c) 

Fig. 3. Microstructure of dissimilar welding using ER 70S-6 filler metals of carbon steel for (a) HAZ 
and base metal 304L stainless steel, (b) weld metal, and (c) HAZ and base metal AISI 1040.  

 

   
(a) (b) (c) 

Fig. 4. Microstructure of dissimilar welding using ER 308L-16 filler metals of stainless steel for (a) 
HAZ and base metal 304L stainless steel, (b) weld metal, and (c) HAZ and base metal AISI 1040. 

The precipitation of carbide was formed nearby weld metal and HAZ for both of the 
filler metals. The carbide was formed by iron that proved by EDAX and XRD analysis. The 
iron content according EDAX analysis was about 66 % to 96 %, while chromium was about 
2 % to 17 %, as shown in Figure 5 and Figure 6. The EDAX data were supported by XRD 
analysis as shown in Figure 7, as shown that iron had the highest intensity in the graph. 
Therefore, carbide from iron was formed iron carbide called as cementite. 

3.3 Macrostructure Characterization 

Macrostructure of dissimilar welding was investigated by etching process that obtained the 
difference area of joint. There are three regions of joining consist of base metal, HAZ, and 
weld metal. These region were shown by the different etching liquid, Nital for carbon steel 
and Aqua Regia for stainless steel. Figure 8 shown different region of these three regions of 
weld metal, HAZ, and base metal clearly. The narrowest angle of groove has obtained the 
widest HAZ because small surface area caused slower heat transfer. 
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Fig. 5. EDAX analysis of ER 308L-16 filler metal of stainless steel. 
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Fig. 5. EDAX analysis of ER 308L-16 filler metal of stainless steel. 

 

 
Fig. 6. EDAX analysis of ER 70S-6 filler metal of carbon steel. 

7

E3S Web of Conferences 130, 01008 (2019) https://doi.org/10.1051/e3sconf/201913001008
IC-AMME 2018



 
(a) 

 
(b) 

Fig. 7. XRD analysis of (a) ER 308L-16 filler metal of stainless steel and (b) ER 70S-6 filler metal 
of carbon steel. 
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(a) 

 
(b) 

Fig. 7. XRD analysis of (a) ER 308L-16 filler metal of stainless steel and (b) ER 70S-6 filler metal 
of carbon steel. 

 

   

(a) (b) (c) 

   
(d) (e) (f) 

Fig. 8. Macrostructure of dissimilar welding using ER 308L-16 filler metal with V-groove angles (a) 
30°, (b) 45°, (c) 60° and using ER 70S-6 filler metal with V-groove angle (d) 30°, (e) 45°, and (f) 60°. 

 

4 Conclusion 

The 304L stainless steel and AISI 1040 carbon steel were joined by Gas Tungsten Arch 
Welding in different welding parameters in this research. The mechanical property and 
microstructure of the dissimilar joint are studied in detail. The following conclusion can be 
drawn, the highest tensile strength of dissimilar joint was obtained by joining using ER 
308L-16 filler metal with 60° V-groove angle of 614.54 MPa and 23.89 % elongation that 
means high strength and ductility was obtained because of the filler metal has low carbon 
content so it fits for the joining process of dissimilar welding. Low carbon content of filler 
metal can avoid the forming of precipitation of iron carbides in the dissimilar welding of 
stainless steel and carbon steel. 
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