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ABSTRACT 

The current study investigates the effect of some welding electrodes and post-weld heat treatment on the micro-
structure, tensile strength, and hardness of austenitic stainless steel (AISI 204) weldments using the shielded metal 
arc welding (SMAW) technique. Four different electrode specifications were used in this study, these include stainless 
steel electrodes (E308L and E308L-16) and mild steel electrodes (E6013 and E7018). Samples of the austenitic stain-
less-steel plate of 5 mm thickness were first sectioned and welded across the width using the four electrodes. Follow-
ing the welding operations, a post-weld heat treatment was carried out at 1100oC, soaked for 60 minutes, and then 
allowed to cool naturally in the open air. Both the heat-treated and the as-welded samples were then subjected to 
tensile and hardness tests. The hardness and ultimate tensile strength of the weldments with mild steel electrodes 
are higher than those of stainless-steel electrodes. However, heat treatment after the welding results in even higher 
hardness and ultimate tensile strength values for all the weldments except for the E6013 electrode. It is, therefore, 
not advisable to use inappropriate electrodes to weld austenitic stainless steel. Also, the high difference in mechanical 
properties between the weldments and the base metal will introduce stresses to the material, resulting in solidifica-
tion cracking. The microstructures of the weldments show distinct dark and bright features, which indicates the de-
pletion of elements like Cr in the steel.  
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1. INTRODUCTION 

Welding is often considered the most cost-effective and efficient method for permanently joining metallic materials 
[1]. Shielded Metal Arc Welding (SMAW) is widely recognised as a fast and adaptable welding technique, particularly 
for its effectiveness in welding stainless steel [2]. This technique is particularly advantageous when combining intri-
cate geometries that pose challenges for automated welding procedures. The process is notable for the utilisation of 
coated solid electrode wire [3]. SMAW, also called manual metal arc welding (MMAW), employs the thermal energy 
generated by an electric arc formed between a consumable electrode coated with flux and the workpiece to combine 
metallic materials [4].  Carefully selecting an electrode during the welding process is a crucial and pivotal stage in 
ensuring desirable weld joint qualities. The selection of electrodes is primarily influenced by two key factors: the types 
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of base material and the prevailing service conditions [5]. Stainless steels possess numerous advantageous properties 
that can be effectively utilised in various construction applications [6]. The AISI 204 is an austenitic stainless steel that 
falls under the 200 series, specifically the chromium-manganese-nitrogen series. The inclusion of nitrogen in stainless 
steel grades, particularly those that contain manganese, offers numerous benefits. These include enhanced strength, 
decreased dependence on nickel to maintain the austenite structure, decreased precipitation tendencies due to ni-
trogen's higher solid solubility than carbon, and added strength developed through cold deformation. Furthermore, 
nitrogen enhances the resistance of these steels to stress corrosion cracking (SCC). This particular kind of stainless 
steel is commonly employed in a variety of general applications, as well as in the fabrication of pressure vessels that 
are exposed to elevated temperatures and moisture [7]. 

Various studies have investigated the effect of electrodes on the properties of welded components. Tahir et al. [8] 
examined the mechanical properties of joints made from AISI 1020 low-carbon steel using the SMAW process. The 
researchers investigated the effects of various electrodes, namely E6013, E7016, and E7018, and varied current levels 
of 80A and 90A. The findings demonstrate that the tensile strength and hardness of the welded metal are significantly 
influenced by the types of welding electrodes and current levels employed.  

Abdel-Wanees et al. [9] investigated the microstructural and mechanical properties of AISI 304 austenitic stainless-
steel plates welded using SMAW with two distinct electrodes (E308L-16 and E312-17). The AISI 304 steel specimens 
welded using E308L-16 electrodes exhibit lower joint efficiency, increased elongation, and higher hardness than spec-
imens welded with E312-17 electrodes.  

Vashishtha et al. [10] conducted a study to investigate the effect of electrodes (E308, E309, and E310) on the micro-
structure and mechanical properties of ultra-low nickel austenitic stainless-steel joints welded using the SMAW pro-
cess. The study's findings revealed that E308 displays greater hardness and tensile strength, whereas E310 exhibits 
higher impact strength.  

The study conducted by Magudeeswaran et al. [11] examined the effects of different welding electrodes on the tensile 
and impact properties of SMAW weldments made from quenched and tempered AISI 4340 grade steel. The joints 
made using low hydrogen ferritic (LHF) steel electrodes exhibited superior transverse tensile characteristics com-
pared to the other joints. The impact properties of the joints produced using high nickel steel (HNS) electrodes were 
found to be superior compared to the impact properties of other joints.  

Mosaad and Mohamed [12] investigated the effect of electrode type (E316L-16 and E312-17) on the properties of AISI 
316 austenitic stainless-steel plates joined using SMAW.  The study's findings indicate that the specimens of AISI 316 
stainless steel, which were welded using E316L-16 electrodes, demonstrated a greater joint efficiency than those 
welded using E312-17 electrodes.  Further studies by [5][13][14] also highlighted the significance of electrode selec-
tion in obtaining the required mechanical properties of welded joints. 

Therefore, this work investigates the effect of welding austenitic stainless steel (AISI 204) using SMAW with different 
electrodes on the microstructure and some mechanical properties. An extensive study of AISI 204 plates joined using 
SMAW will contribute to the establishment of a comprehensive knowledge base. This information will effectively 
guide individuals in using this welding technique, using appropriate electrodes, to achieve defect-free welds and 
enhance joint characteristics with greater efficiency. 

2. MATERIALS AND METHODS 

2.1. Chemical Analysis 

The base metal used for this study is AISI 204, purchased from Owode Onirin in Lagos State, Nigeria. An optical emis-
sion spectrometer test was carried out to determine the composition of the stainless steel. A spark discharge was 
used to excite the atoms and ions in the steel into emission of radiation. The radiation emitted was passed to the 
spectrometer through an optical fibre dispersed into its spectral components. Each element has a specific wave-
length, and the most suitable line for the application was measured using the photomultiplier. The radiation intensity 
proportional to the concentration of the element in the sample was calculated internally from a stored set of calibra-
tion curves. It was shown directly as the percentage concentration for each element. The base metal was prepared by 
sectioning them very slowly and carefully to minimize any heat generated during sample cutting, as this would alter 
the stainless steel microstructure. The shielded metal arc welding parameters used in this study include welding cur-
rent of 110 A, welding speed of 60 mm/min, voltage of 40 V, and DC electrode negative. The test coupons were 
welded with four electrodes to form a single v-groove weld. The SMAW method employed used the following types 
of electrodes: E308L, E308L-16, E6013, and E7018.  The chemical compositions of these welding electrodes are shown 
in Table 1. E308L and E308L-16 are stainless steel-coated electrodes, while E6013 and E7018 are mild steel-coated 
electrodes. 
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Table 1: Table showing the elemental composition of the different welding electrodes 

Elements 
(wt.%) 

C Mn Si Cr Ni S P Mo Cu V 

E 308L 0.04 1 1 20 10 0.03 0.04 0.75 0.75 - 

E 308L-16 0.03 1 0.9 20 10 0.03 0.04 0.75 0.75 - 

E 6013 0.08 0.39 0.25 0.04 0.04 0.016 0.012 0.01 - 0.01 

E 7018 0.05 0.93 0.38 0.05 0.04 0.009 0.012 0.01 - 0.01 

2.2. Tensile and Hardness Testing 

Using the lathe machine, samples for tensile characterisation were prepared by machining them longitudinally along 
the weld joint into a dog-bone rectangular cross-section shape. The samples were placed in a universal tensile ma-
chine, and the load was gradually applied in tension until they fractured. A Brinell hardness tester was used with a 10 
mm spherical indenter for the hardness measurement. The hardness evaluation was conducted longitudinally along 
the weld joint. A fixed load of approximately 6.8 kN was applied to the samples for 5 mins. The indentation diameter 
was measured and used to calculate the hardness value on completion of the process. The welded samples were 
heat-treated to 1100oC, held for 1 h, and then allowed to cool naturally in the open air, after which the hardness and 
tensile strength of the samples were re-measured. The hardness tests were conducted at three points on each sample, 
and the average values were recorded. 

2.3. Scanning Electron Microscopy (SEM) 

The welded samples were cut and mounted with a polymer to prepare them for microstructural examination. Coarse 
grinding was done with SiC abrasive paper ranging from 240 μm to 1000 μm. The first polishing stage used a nylon 
cloth-covered electrically powered disk. The polishing of the samples began with 25 μm aluminum oxide particles 
suspended in water, and the final surface grinding layer was removed entirely. Subsequently, the 5 μm stage was 
carried out, followed by the final polishing stage using a 1 μm aluminium oxide suspension, which resulted in a mirror-
like surface free of scratches. Chemical etching was done on the samples using picric acid, hydrochloric acid, and 
ethanol. 

3. RESULTS AND DISCUSSION 

3.1. Chemical Analysis 

The steel's composition was determined using X-ray fluorescence examination, revealing that it corresponds to AISI 
204, as indicated in Table 2. The main alloying elements that make steel austenitic stainless steel are Nickel and Chro-
mium. However, Ni in the AISI 204 was reduced to 0.6 wt. % while the amount of Mn was increased to 8.8 wt. %. In the 
case of the 200 series austenitic stainless steels, manganese is the main austenite stabilizer instead of nickel, with a 
wt. % of 8.793 Mn.  

Table 2: Elemental composition analysis of the 204 austenitic stainless steel 

Element Fe C Si Mn P S Cr 

Amount (wt.%) 
73.02  

±  
0.235 

0.145  
±  

0.0169 

0.112  
±  

0.0463 

8.793  
±  

0.0821 

> 0.07  
±  

0.0066 

0.0095  
±  

0.0023 

13.81  
±  

0.2472 

Element Ni Mo Cu Nb Co V W 

Amount (wt.%) 
0.5554  

±  
0.0142 

<0.003 
1.833  

±  
0.1345 

0.5808  
±  

0.055 

0.0288  
±  

0.0023 

0.0606  
±  

0.0044 

0.8708  
±  

0.0217 

The carbon content in stainless steel is usually maintained at a low level due to the risk of reactivity with chromium 
at elevated temperatures, resulting in the formation of Cr23C6 precipitates. This process results in a significant deple-
tion in chromium content along the grain boundaries of the stainless steel, causing sensitization and, subsequently, 
intergranular corrosion. A high difference in stress between the base metal and the weldment leads to stress corro-
sion cracking. The weldments should have low residual stresses, a similar hardness value to the base metal, and, most 
importantly, no pearlite or carbide precipitation in the weldments. 
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3.2. Tensile Analysis 

A typical E6013 electrode alone in the as-welded condition has an Ultimate Tensile Strength (UTS) of 514 MPa, yield 
strength of 463 MPa, and the percentage elongation in 50 mm is 30%. An E7018 electrode has a UTS value of 529 MPa, 
yield strength of 441 MPa, and a percentage elongation in 50 mm is 32%. The typical values for the E308L electrode 
are UTS of 593 MPa, yield strength of 207 MPa, and the percentage elongation in 50 mm is 48%. For the E308L-16 
electrode, the UTS is 595 MPa, yield strength of 420 MPa, and the percentage elongation in 50 mm is 40% [15]. 

The tensile test result for the weldments as a function of the type of electrode used for welding is depicted in Figure 
1. The figure shows the graph of ultimate tensile strength and percentage elongation as a function of the electrode 
type used for welding. The Percentage elongation values of the weldments were all lower than those of the elec-
trodes. The percent elongation of the welded joint with the lowest carbon content (E308L-16 electrode) is the highest 
(16.8 %), followed by the E7018 electrode with an elongation of 14.8 %. The welded sample with the lowest elonga-
tion (13 %) is from the E6013 electrode.  The stainless steel electrodes obtained the lowest UTS values (331 MPa for 
E308L electrodes and 354 MPa for E308L–16 electrodes). The mild steel electrodes, on the other hand, have UTS values 
of 676 MPa for the E6013 electrode and 453 MPa for the E7018 electrode. The type 204 stainless steel has a UTS value 
of 204 MPa, similar to the strength value of the weldments with stainless steel electrodes. 
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Figure 1: A graph of Ultimate Tensile Strength (UTS) and percentage elongation  

as a function of the welding electrode used in the stainless steel weldments 

The result of the Brinell hardness test is shown in Table 3. The mild steel welding electrodes have higher values than 
the stainless steel electrodes. BHN values of 202 and 138 were obtained for weldments with E6013 and E 7018 elec-
trodes, respectively, while BHN 90 and 91 were obtained for weldments with E308L-16 and E308L electrodes, respec-
tively. The weldments with mild steel electrodes have higher hardness values than the base metal. This will induce an 
unevenly distributed stress to the material, which may lead to cracking. The welded samples were heat-treated to 
ensure the stress distribution was even. 

Table 3: Hardness values (BHN) for the steel weldments 
 carried out with different welding electrodes 

S/N Description of Sample Hardness (BHN) 

1 E308L 91 

2 E308L - 16 90 

3 E6013 202 

4 E7018 138 

3.3. Mechanical Properties after Heat Treatment 

Table 4 shows the results of the hardness and ultimate tensile strength values of the weldments before and after heat 
treatment. The samples were heat-treated at 1,100oC for 1 h, and the hardness values after heat treatment showed 
an increment for weldments with stainless steel electrodes. 

The hardness value for the weldment with type E308L electrode significantly increased to 191 BHN from 91 BHN, 
while that for type E308L -16 electrode increased from 90 to 126 BHN. The possible reason for the increase in hardness 
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value is the formation of chromium carbides, which makes them susceptible to stress corrosion cracking. For the non-
stainless steel electrodes, the hardness values of the weldments produced using the E6013 electrode decreased from 
202 to 126 BHN, while that for weldment with the E7018 electrode increased from 138 to 199 BHN. The ultimate 
tensile strength values for the weldments increased except for weldment with the E6013 electrode. The weldment 
with stainless steel electrode E308L significantly increased from 331 to 660 MPa, while weldment with E308L-16 elec-
trode increased to 433 MPa from 354 MPa. The weldment with the E7018 electrode rose from 453 to 686 MPa. The 
implication is that the difference in strength values between the samples before and after heat treatment increases, 
which will most likely lead to higher stresses between the areas close to the welded joint and the base metal. 

Table 4: Table showing the hardness and ultimate tensile  
strength values of the samples before and after heat treatment 

Electrode  
Type 

Hardness  
(before heat treatment) 

Hardness  
(after heat treatment) 

UTS  
(before heat treatment) 

UTS  
(after heat treatment) 

E308L 91 191 331 660 

E308L -16 90 126 354 433 

E6013 202 126 676 434 

E7018 138 199 453 686 

3.4. Microstructural Examination 

The electron micrograph of the weldment, optical micrographs of the base metal, heat affected zone, fusion zone, 
and the microstructure of the sample showing the spots where the energy dispersive spectroscopy (EDS) analyses 
were carried out are shown in Figure 2. Some weld defects are observed on the surface of the weld, while the grains 
are not visible on the base metal. The grains are well formed at the heat-affected zone and are partially formed at the 
fusion zone. Dark and bright features can be seen on the microstructure, and to understand why they are so, EDS was 
carried out at different positions. Table 3 shows the elemental distribution of the marked positions for the weldment 
with the E308L electrode. The dark features on the micrograph correspond to positions 3, 6, and 7. 

 

Figure 2: (a) Scanning electron micrograph of the welded joint using stainless steel E308L -16 electrode (b) Optical 
micrograph of the base metal with a magnification of X200 (c) Heat Affected Zone of the E308L-16 electrode weld-
ments with a magnification of X200 (d) the fusion zone of the E308L-16 electrode weldments with a magnification 

of X200 and (e) Micrograph of the welded joint with E308L -16 electrode showing the spots where EDS analysis was 
carried out 

In the weldment with an E308L-16 electrode, one common feature is that Cr is depleted while the iron content is low. 
An explanation could be that a new phase is formed in this region, which depletes the Cr and Fe in these positions. 
One common feature with the bright positions (2, 4, 8) is that oxygen could not be detected. Some elements were 
detected (Pm, Ti, Cl) which were not in the base metal. An explanation for this could be that they were introduced 
through the electrode. The scanning electron microscope images, optical micrographs, and energy dispersive spec-
troscopy (EDS) analysis for the weldment produced with an E308L -16 electrode are shown in Figure 2. A qualitative 
examination of the welded joint indicates that the welded joint is homogenous with few spots, which are possibly 
inclusions. The base metal shows that the structure is homogenous, while the heat-affected and fusion zones show 
the formation of uniform-sized grains.  
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EDS analyses were carried out on the spots with marks numbered 1 to 8 to check how the elements are distributed in 
the weldment. The distributions of the elements in these spots are shown in Table 5. There are more alloying elements 
in the stainless steel electrodes compared to the non-stainless steel electrodes, and some of these elements (chro-
mium, titanium, nitrogen, promethium, manganese) are expected to act as ferrite stabilizers which promote ductility, 
toughness, crack resistance, and hardness. The welded joint should comprise 60 % of the constituents from the elec-
trode and 40 % of the constituents from the base metal with some fractions from the environment. To maintain du-
plex (austenite and ferrite) phases, the weldments must meet a minimum of 17 wt. % Cr and 7 wt. % Ni. Based on this 
assumption, and considering the composition of the base metal and the electrode, the amount of Cr, Ni, and Mn 
expected in the weldments with stainless steel electrodes are approximately 17.5, 4.02, and 3.9 wt. % respectively. 
This is so because Ni has been replaced with Mn in the base metal. The amount of Cr, Ni, and Mn expected in the 
weldments with non-stainless steel electrodes are approximately 5.5, 0.24, and 4 wt. %, respectively. This result does 
not meet the requirement to produce ferritic-austenitic stainless steel weld metal. Still, it produces a martensitic 
phase with very high hardness values, making the weldments prone to stress corrosion cracking.                     

Table 5: Table showing the elements present at the marked spots where  
the EDS analyses were carried out for weldment with E308L -16 electrode 

Position on the micrograph 

Element 
Conc. 
(wt. %) 

1 2 3 4 5 6 7 8 Average 

Fe 51± 1.4 75.6±1 15.5±3.7 49.6±1.2 26.5±1.9 33.4±2.6 16±3.1 72.3±1.2 42.5±2 

Cr 14.7±2 18.6±1.7 - 7.1±2.7 19.2±1.8 - - 20.9±1.7 10±1.2 

O 19.9±2.3 - 41±0.7 - 34±2 38±2.8 45.6±2.3 - 22.3±1.3 

C 14.4±1.2 5.8±1.9 43.5±0.7 16.7±0.9 5.8±1.7 24.3±1.3 24.8±0.8 6.8±2 17.8±1.3 

Pm - - - 26.6±3 - - - - 3.3±0.4 

Ti - - - - 14.5±1.8 - - - 1.8±0.2 

Cl - - - - - 4.3±4.8 - - 0.5±0.6 

 
The electron micrograph of the weldment with E308L electrode, optical micrographs of the base metal, heat affected 
zone, fusion zone, and the microstructure of the sample showing the spots where the EDS analyses were carried out 
are shown in Figure 3. The grains are well formed with clear grain boundaries for the base metal, heat-affected, and 
fusion zones. One common feature among the three is that the grains appear to be oriented along the rolling direc-
tion of the steel. Bright and dark features are also observed in the microstructure with inclusions. To determine the 
elements present, the EDS is done with the analysis in Table 4. Low amounts of Cr were observed at spots 2, 3, and 8, 
while wholly depleted at spots 4 and 5. High-than-average concentrations of carbon were observed on positions 4, 
5, and 6, while new elements (Pm, Ti, and Cl) were detected. 

 

Figure 3: (a) Scanning electron micrograph of the welded joint using stainless steel E308L electrode (b) Optical mi-
crograph of the base metal with a magnification of X200 (c) Heat Affected Zone of the 308L electrode with magnifi-

cation X200 and (d) the fusion zone of the E308L electrode with magnification X200 and (e) Micrograph of the 
welded joint with E308L electrode showing the spots where the EDS analysis was carried out 
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The electron micrograph of the weldment with E6013 electrode, optical micrographs of the base metal, heat affected 
zone, fusion zone, and the microstructure of the sample showing the spots where the EDS analyses were carried out 
are shown in Figure 4. 

 

Figure 4: (a) Scanning electron micrograph of the welded joint using E6013 electrode (b) Optical micrograph of the 
base metal with magnification of X200 (c) Heat Affected Zone of the E6013 electrode weldment with magnification 
X200 and (d) the fusion zone of the E6013 electrode weldment with magnification X200 and (e) Micrograph of the 

welded joint with E6013 electrode showing the spots where EDS analysis was carried out. 

Clearly defined grains with grain boundaries are observed on the base metal and the heat-affected zone region, but 
at the fusion zone, the structure needs to be clearly defined while pits and holes are observed. Bright and dark micro-
structural features with inclusions are observed on the microstructure of the welded sample. The EDS analysis of the 
micrograph is shown in Table 6. Cr was not observed, while high carbon content was observed on positions 4, 6, and 
8 on the micrograph. Low contents of iron and oxygen were observed on positions 5 and 1, as well as 2 and 4, respec-
tively. Elements like Si, Ti, and Mn were also observed and are believed to come from the base metal. 

Table 6: Table showing the elements present at the marked spots  
where the EDS analyses were carried out for weldment with E308L electrode 

Position on the micrograph 

Element 
Conc. 
(wt. %) 

1 2 3 4 5 6 7 8 Average 

Fe 49.5± 1.5 41.1±1.4 20.8±1.8 21.3±2.8 33.7±2.8 47.9±1.5 77.6±1.3 55.2±1.3 43.4 ±1.8 

Cr 17.9±1.9 7±3 7.6±2.4 - - 18.1±2 20.1±2 8.9±2.8 9.95±1.8 

O 23.2±2.2 20±2.2 35.3±1.5 54.6±1.9 37.6±3.4 17.2±3 - - 23.5±1.8 

C 4.8±2.2 4.1±2.2 1.1±3.5 16.7±0.9 11.7±2.2 13±1.3 2.4±4 1.3±4.9 6.9±2.7 

Pm - 24.1±3.5 23.7±3 26.6±3 - - - 34.5±3.1 13.6±1.6 

Ti 4.6±4.1 3.8±4 11.5±1.7 - 14.5±1.8 3.8±4.7 - - 4.8±2 

Cl - - - - 4.9±4.7 - - - 0.6±0.6 

The EDS analyses of the weld metals with E6013 and E7018 electrodes show a depletion of chromium content and 
minimal alloying elements, thereby producing more carbide precipitates and thus increasing the hardness levels of 
the weld metal, thereby making them martensitic and prone to stress corrosion cracking. 

The electron micrograph of the weldment with E7018 electrode, optical micrographs of the base metal, heat affected 
zone, fusion zone, and the microstructure of the sample showing the spots where the EDS analyses were carried out 
are shown in Figure 5. Visual examination of the weldment reveals the presence of inclusions, while the heat-affected 
zone shows clearly defined grains with grain boundaries. The analysis of the weldment using EDS is shown in Table 
8. Bright and dark features can be seen on the microstructure, while the grey spots appear to be a new phase. The 
dark spots 3 and 6 indicate that the Fe content is low. Spots 5, 6, and 7 suggest that oxygen content is low. Elements 
like Si, Ti, Mn, and Pm were also observed on the dark features of the micrograph. 
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Figure 5 (a) Scanning electron micrograph of the welded joint using E7018 electrode (b) Optical micrograph of the 
base metal with magnification of X200 (c) Heat Affected Zone of the E7018 electrode weldment with magnification 
X200 and (d) the fusion zone of the E7018 electrode weldment with magnification X200 and (e) Micrograph of the 

welded joint with E7018 electrode showing the spots where EDS analysis was carried out 

Table 7: Table showing the elements present at the marked spots  
where the EDS analyses were carried out for weldment with E6013 electrode 

Position on the micrograph 

Element 
Conc. 
(wt. %) 

1 2 3 4 5 6 7 8 Average 

Fe 64.8± 1.3 75.2±1.1 40.1±1.7 51.9±2.4 19±2.5 41.1±2 57.2±1.4 35.1±2.1 48±1.8 

O 31.8±1.7 23.4±1.8 52.6±1.3 32.2±3.1 50.7±1.7 45.6±1.8 36.7±1.6 42.5±2 39±1.9 

C 3.5±2.8 1.4±4.3 7.3±1.7 10.8±2.5 1.8±3.7 13.2±1.4 6.1±2 22.4±1 8.3±2.4 

Si - - - 5.1±4.6 2.9±3.7 - - - 1±1 

Ti - - - - 14.6±2.1 3.8±4.7 - - 2.3±0.85 

Mn - - - - 11.1±3.1 - - - 1.4±0.4 

Table 8: Table showing the elements present at the marked spots  
where the EDS analysis was carried out for weldment with E7018 electrode 

Position on the micrograph 

Element 
Conc.  
(wt. %) 

1 2 3 4 5 6 7 Average 

Fe 62.1± 1.1 66.6±0.9 22.6±1.8 58.8±1.1 79.1±1.5 14.8±2.7 78.4±1.0 54.6±1.4 

O 35.2±1.3 31.8±1.2 45.4±1.3 32.2±1.4 18.8±2.8 19.8±2.5 19.5±1.9 29±1.8 

C 2.7±2.5 1.7±3 3.5±2.1 3.7±2.2 2.1±4.5 13.2±1.4 2.1±3.2 4.1±2.7 

Si - - 3.6±2.7 5.1±4.6 - 2.4±4.5 - 1.6±1.7 

Ti - - 3.2±4 - - 3.8±4.7 - 1±1.24 

Mn - - 15.2±2 - - 6.3±3.7 - 3.1±0.8 

Pm - - - - - 34.0±2.3 - 4.9±0.3 

4. CONCLUSION 

The effect of using different welding electrodes to weld austenitic stainless steel type 204 has been investigated in 
this work. It is advised that before any steel product bought without the manufacturer's data sheet is used, chemical 
composition analysis should be carried out to ascertain the steel type. High hardness values are obtained when non-
stainless steel electrodes (E6013 and E7018) weld the austenitic stainless steel plates. The vast difference in the prop-
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erties of the base metal and the welded joint introduces stresses that will eventually lead to the cracking of the ma-
terial. The ultimate tensile strength and hardness values of the welds with non-stainless steel electrodes are also very 
high compared to those with stainless steel electrodes. However, heat treatment after the welding results in even 
higher hardness and ultimate tensile strength values for all the weldments except for the E6013 electrode. Heat treat-
ment of the welded joint is, therefore, not a solution because the hardness values increase even for the welds with 
stainless steel electrodes. Since the carbon in the steel may react with the chromium to form chromium carbide, which 
is a complex but brittle phase. The microstructural examination showed that although the welded joints appear good, 
there are pits in the welds with non-stainless steel electrodes. The energy dispersive spectroscopy shows the non-
homogenous distribution of the elements and the introduction of elements possibly from the environment. It is, 
therefore, advisable to use appropriate electrodes to weld austenitic stainless steel.   
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