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The Effect of the TIG Method-based Melting of Welds on 
the Properties and the Structure of Welded Joints Made of 
Austenitic Steel

Abstract: The article discusses the effect of TIG method-based melting on the 
properties and the structure of welded joints made of austenitic steel AISI 304. 
The tests involved the making of 2 mm thick joints followed by their subsequent 
melting performed in two different ways, i.e. with maintaining interpass temper-
ature and immediately after welding. The study also included the performance 
of mechanical tests, macro and microscopic metallographic tests as well as hard-
ness measurements and corrosion resistance tests. Results obtained in the tests 
justified the conclusion that the melting process and its conditions significantly 
affect the properties and the structure of welded joints.
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Introduction  
Owing to their mechanical and physical prop-
erties, structural materials characterised by 
high corrosion resistance are used in many 
industrial sectors, including the petrochemi-
cal, food and automotive industries as well as, 
due to their aesthetics, in building engineer-
ing and architecture. Some of the most popular 
structural materials characterised by corro-
sion resistance are stainless steels. According 
to a report by the Grand View Research [1], in 
2019 the international market of stainless steel 
was valued at 111.4 billion USD. Forecasts for 
2027 estimate the growth of the aforesaid val-
ue up to 182.1 billion USD. The expected in-
crease in the market value implies an increase 
in demand for stainless steel products both in 

the heavy industry and as regards the produc-
tion consumer goods. According to the same 
report, in 2019 steels of the 300 series (in ac-
cordance with the AISI/SAE standard) consti-
tuted 47.9% of the entire stainless steel market. 
Because of this, it can be assumed that stain-
less steels are and will remain the most com-
monly used stainless steels [1]. The making of a 
proper joint in austenitic steel requires not only 
significant knowledge but also complying with 
key principles before, during and after weld-
ing. As regards austenitic steels, each departure 
from technology could lead to the formation of 
welding imperfections or even the loss of cor-
rosion resistance. In smaller businesses, which 
do not make structures based on the PN-EN 
1090-2 standard [2], frequent reasons for the 

mgr inż. Cyprian Tyszko – Silesian University of Technology; dr hab. inż. Jacek Górka, Professor at Silesian 
University of Technology

http://creativecommons.org/licenses/by-nc/3.0/
http://bulletin.is.gliwice.pl/


No. 1/202244 BULLETIN OF THE INSTITUTE OF WELDING

formation of imperfections are the fact that 
welded joints are made by low-skilled or unli-
censed personnel or that welders deliberately 
ignore technological guidelines, which com-
bined with the lack of inspections and accept-
ance of finished products leaves welders with 
leeway in terms of their “modifications” to the 
welding process. The above-presented factors 
and the susceptibility of steel X5CrNi18-10 to 
form intermetallic phase σ, high susceptibility 
to hot cracking and the precipitation of Nb, Cr 
and Ti carbides are responsible for the situation 
where each additional heat input (e.g. during 
melting aimed to eliminate weld asymmetry 
or the lack of penetration) can affect both the 
properties and the structure of joints. In terms 
of crucial structures, made in accordance with 
the requirements of standard [2], a given weld-
ing procedure must be qualified and the entire 
welding process must be supervised. However, 
as regards products which, in accordance with 
related regulations, do not require official cer-
tification or acceptance, there is a risk that, as 
a result of melting, the purchaser will receive 
an imperfect or even a defective product [1–7]. 

Individual research
The research work aimed to identify the effect of 
TIG welding on the structure of welded joints 
made of austenitic steel X5CrNi18-10 (1.4301, 
304). To this end, it was necessary to make 2 
mm thick butt welded joints and, afterwards, to 
remelt two of them on the weld face side using 
various methods (with maintaining interpass 
temperature and without maintain the afore-
said temperature, i.e. directly after welding). 
The chemical composition and the mechanical 
properties of the test steel are presented in Ta-
bles 1 and 2, whereas the structure of the steel 
is presented in Figure 1.  

Test joints

The joints used in the tests were made using 
the TIG (141) method and a Castolin Eutectic 
CastoTIG 2002 AC/DC welding machine and 
WT20 thoriated  electrodes having a diameter 
of 2.4 mm (used in the DC reversed polarity 
welding of high-alloy steels). Before welding, 
the edges of the elements to be joined were sub-
jected to milling, aimed to level the surface and 
remove areas thermally modified during cut-
ting. Afterwards, to remove leftover grease, oil 
and steam, the edges and the adjacent area were 
cleaned using acetone. Because of the necessity 
of protecting the weld root when welding aus-
tenitic steels, the joints were made on a copper 
backing strip provided with ducts for backing 
gas. One of the sheets was fixed to the welding 
table using clamps. To prevent the movement 
of the elements in relation to one another it 
was necessary to make tack welds each 125 mm. 
The type of bevelling and the gap between the 

Table 1. Chemical composition of steel X5CrNi18-10 (% by weight) according to the supplier (bal. Fe)

C Si Mn P S Cr Ni 

0.05 0.42 1.35 0.035 0.014 18.2 8.75

Table 2. Mechanical properties of 2 mm thick cold-rolled 
steel X5CrNi18-10 in accordance with PN-EN 10088-2 [8]

R0,2 [N/mm2] Rm [N/mm2] A [%] 
≥ 230 540-750 ≥ 45

Fig 1. Microstructure of steel X5CrNi18-10; electrolytic 
etching in the solution of HNO3 – distilled water
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elements subjected to welding were identified 
on the basis of the PN-EN ISO 9692-1 standard 
[9], stating that 2 mm thick butt welds should 
be welded single-sidedly. In accordance with 
the recommendations contained in the above-
named standard, the test joints were made as 
square butt weld with gap b = 2 mm. The filler 
metal used in the tests was a Lincoln Electric 
LNT 304L solid wire (W 19 9 L in accordance 
with PN-EN ISO 14343 [10]) having a diameter 
of 2 mm. In turn, the shielding and forming gas 
was gas from group I1 (in accordance with the 
PN-EN ISO 14175 [11] standard), i.e. pure argon 
5.0 (Air Liquide), having the commercial name 
of ALPHAGAZ 1 Ar. To facilitate the identifi-
cation of individual test joints, the latter were 
designated as presented in Table 3.  

Both the making and the melting of the 
welded joints were performed using the same 
parameters. The only difference was that the 
making of the welds involved the use of a filler 
metal, whereas the melting only involved the 
material of the previously made joint. The pa-
rameters of both processes (welding and melt-
ing) are presented in Table 4.  

Metallographic tests   
The macro and microscopic metallograph-
ic tests were performed using the specimens 

previously subjected to electrolytic etching in 
the solution of HNO3 (distilled water (6:4)). The 
macrostructure was observed using an Olym-
pus SZX9 microscope (Fig. 2), whereas the 
microstructure was observed using a Nikon 
Eclipse MA100 light microscope (Fig. 3 and 4).

Hardness tests
The hardness of the test joints was measured us-
ing the Vickers HV0.5 hardness test and a Wil-
son Wolpert Micro-Vickers 401 MVD machine. 
The measurements were initiated at the inter-
section of both axes of the weld cross-section. 
Afterwards, 15 measurements in each direction 
along the horizontal cross-sectional axis were 
performed (every 0.2 mm). The comparison 

Table 4. Parameters used during the welding and melting of test joints

Current 
I [A]

Voltage 
U [V]

Welding 
rate Vsp 

[mm/s]

Shielding 
gas flow rate 
Qosł. [l/min]

Backing gas 
flow rate 

Qform. [l/min]

Welding 
current

Welding 
position

Gas nozzle 
number

Heat 
input Q 
[kJ/mm]

75 13 3 11 6 DC- PA 6 0.234

Fig. 2. Macrostructure of the test joints (joint designation at the top left-hand corner – in accordance with Table 3); 
electrolytic etching in the solution of HNO3 – distilled water

Table 3. Designation of welded joints

Welded joint 
designation Remarks

I Single-run welded joint made using 
the filler metal

II
Single-run welded joint made using 

the filler metal, melted using an 
interpass temperature of 150°C

III

Single-run welded joint made using 
the filler metal, melted without 

maintaining an interpass tempera-
ture of 150°C
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of the average hardness (HV0.5) of individu-
al test joints (divided into zones) is presented 
in Figure 5.  

Strength tests 
The face bend test (FBB) and the root bend test 
(RBB) of the butt weld were performed and 
their results were assessed in accordance with 
the PN-EN ISO 5173 standard [12]. The tests 
involved the use of a hydraulic press, a bend-
ing mandrel having a diameter of 12 mm and 
a bend angle of 135°. The static tensile test was 

performed using a computer-controller test-
ing machine provided with extensometers. The 
test was performed in accordance with the as-
sumptions of the PN-EN ISO 6892-1 standard 
[13]. The results of the strength tests are pre-
sented in Table 5.  

Tests of corrosion resistance 
The tests concerning general corrosion resist-
ance in neutral salt spray (NSS) were performed 
in accordance with the requirements contained 
in the PN-EN ISO 9227 standard [14]. The test 
joints were placed in an Ascott CC450iP salt 
spray chamber and exposed to salt mist formed 
by mixing the 5% solution of NaCl with air hav-
ing a temperature of 35°C. The time of exposure 
amounted to 168 hours. The test concerning re-
sistance to intercrystalline corrosion in the en-
vironment of nitric acid (V) consisted in the 
immersion of the specimens in concentrat-
ed nitric acid (V), bringing the acid to boil-
ing and maintaining the process for 48 hours. 
The results of the corrosion tests are present-
ed in Table 6.  

Fig. 4. Microstructure of the weld in the test joints (joint designation at the top left-hand corner – in accordance with 
Table 3); electrolytic etching in the solution of HNO3 – distilled water

Fig. 5. Comparison of the average hardness (HV0.5) 
of the individual test joints (divided into zones) 

Fig. 3. Microstructure of the base material and of the HAZ in the test joints (joint designation at the top left-hand 
corner – in accordance with Table 3); electrolytic etching in the solution of HNO3 – distilled water
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Analysis of results 
The macroscopic test results revealed that none 
of the test joints contained internal welding im-
perfections. Only in the unmelted joint it was 
possible to notice the clearly visible fusion line 
and the heat affected zone. The structure of 
each specimen was dendritic, which resulted 
from the non-uniform discharge of heat dur-
ing solidification. The dendritic structure was 
particularly visible in the joint melted without 
maintaining the interpass temperature. The mi-
croscopic tests of the base material revealed the 
presence of recrystallisation twins and banded 
ferrite δ, resulting from the cold rolling process 
and the segregation of ferrite-forming elements. 
In each test joint, the HAZ had the austenit-
ic structure with precipitates of skeletal ferrite 
δ and interdendritic ferrite. It was also possi-
ble to observe that the austenite grain size was 
the smallest in the HAZ of the joint not sub-
jected to melting and the largest in the joint 
subjected to melting without maintaining in-
terpass temperature. Both in the base materi-
al and in the HAZ of the joint not subjected to 
melting and in the joint subjected to melting 
with maintaining interpass temperature it was 
possible to observe precipitates of the Cr23C6 
chromium carbides and phase σ in the austen-
ite–ferrite division areas. In turn, the aforesaid 
precipitates dissolved in the joint subjected to 

melting without maintaining interpass temper-
ature. In each of the test joints the weld struc-
ture was austenitic and contained precipitates 
of ferrite δ in the skeletal or lath form. In the 
weld not subjected to melting, the areas of skel-
etal ferrite contained clearly visible precipitates 
of phase σ, whereas throughout the weld it was 
possible to observe uniformly arranged chro-
mium carbides (Cr23C6). The weld subjected 
to melting with maintaining interpass temper-
ature contained traces of precipitates. In turn, 
similar to the HAZ and the base material, pre-
cipitates nearly entirely dissolved in the weld 
subjected to melting performed directly after 
welding. The decrease in the amount of post-
melt precipitates was accompanied by the signif-
icant growth of the austenite grain, particularly 
in the joint which was melted without maintain-
ing interpass temperature. The Vickers HV0.5 
test revealed that the hardness of each zone of 
the test joint not subjected to melting was re-
stricted within the range of values declared by 
major producers of steel X5CrNi18-10 (i.e. 226 
HV). In cases of the joints subjected to melt-
ing, each of the zone underwent hardening. The 
growth of hardness was the highest in the joint 
subjected to melting without maintaining in-
terpass temperature and was by approximately 
30 HV0.5 higher than the maximum values de-
clared in relation to the test steel. The FBB and 

Table 5. Results obtained in the strength tests

Test joint Tensile strength Rm 
[MPa] Elongation At [%] Bend angle [°] Assessment result

I 626 52,5 135 positive
II 625 46 135 positive
III 628 47,5 135 positive

Table 6. Corrosion test results

Test joint
NSS Huey test

Mass decrement Vc 

[g/m2/24h]
Linear corrosion 

rate Vg [mm/year]
Mass decrement Vc 

[g/m2/24h]
Linear corrosion 

rate Vg [mm/year]
I 0.01653 7.63 x 10-5 17.1519 0.0792
II 0.02874 1.32 x 10-4 3.8310 0.0177
III 0.03184 1.47 x 10-4 16.1322 0.0742
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RBB tests in relation to an angle of 135° did not 
reveal any damage to the joints. In the specimen 
not subjected to melting, bending took place in 
the weld area. In turn, in the specimens subject-
ed to melting, bending took place outside the 
weld, thus confirming the hardening of the weld 
area in relation to the base material. The static 
tensile test revealed that the tensile strength of 
all the specimens was restricted within the range 
of 625 MPa to 628 MPa, which demonstrated 
the negligible effect of melting on the above-
named parameter. Each specimen ruptured in 
the base material area. The melting process vis-
ibly worsened the elongation of the specimens, 
yet in relation to each of the joints, elongation 
values were restricted within the range specified 
in the PN-EN 10088-2 standard [8]. The NSS 
corrosion test results revealed that the linear 
corrosion rate was the highest in relation to the 
joint subjected to melting without maintaining 
interpass temperature and the lowest in terms 
of the joint not subjected to melting. The fore-
going resulted from the more intense oxidation 
of the surfaces of the joints subjected to melt-
ing in comparison with that of the single-run 
welded joint. The Huey test results revealed that 
the joint subjected to melting with maintain-
ing interpass temperature was characterised by 
the highest corrosion resistance, which could 
be ascribed to the lower content of carbides in 
comparison with that observed in the joint not 
subjected to melting as well as to the lower seg-
regation of alloying elements in relation to no-
ticed in the joint subjected to melting directly 
after welding.

Conclusions 
The tests concerning the effect of the TIG meth-
od-based melting of the weld on the properties and 
the structure of the welded joints made of auste-
nitic steel led to the conclusions presented below.

1. A repeated heat input during the TIG 
method-based melting of the joints changed 
the structure, properties and the corrosion re-
sistance of the joints. 

2. The melting of the joint with maintaining 
interpass temperature dissolved most chromi-
um carbides (Cr23C6) and precipitates of phase 
σ, yet it also led to the austenite grain growth.

3. The melting of the joint without maintain-
ing interpass temperature dissolved almost all 
chromium carbides (Cr23C6) and the precipi-
tates of phase σ, yet, the accompanying austen-
ite grain growth was significantly higher than 
that observed in the specimen not subjected to 
melting or the specimen subjected to melting 
with maintaining interpass temperature.

4. The melting of the joint increased its hard-
ness in comparison with that of the joint not 
subjected to melting. The aforesaid increase 
could result from the austenite grain growth.

5. The melting of the joint proved to have a 
negligible effect on both the bending strength 
and the tensile strength of the joints.

6. The melting of the joint decreased the rel-
ative elongation of the welded specimens in 
comparison with that of the specimens not sub-
jected to melting.

7. Because of the more intense post-weld ox-
idation, the melting of the joint decreased its 
general corrosion resistance.

8. The melting of the joint increased its re-
sistance to intercrystalline corrosion, which 
could be attributed to the dissolution of the 
precipitates of phase σ and of chromium car-
bides (Cr23C6).

9. In comparison with the joint subjected to 
melting with maintaining interpass temper-
ature, the joint subjected to melting without 
maintaining interpass temperature was char-
acterised by higher hardness, lower resistance 
to general and intercrystalline corrosion and 
improved relative elongation.
In terms of the joints made of thin austenitic 
steel sheets, the melting process led to the dete-
rioration of joint properties. On the other hand, 
because of the solution of the precipitates of 
phase σ and of chromium carbides, resistance 
to intercrystalline corrosion improved. Howev-
er, the significant oxidation of the joint surface 

http://bulletin.is.gliwice.pl/
http://creativecommons.org/licenses/by-nc/3.0/


BULLETIN OF THE INSTITUTE OF WELDINGNo. 1/2022 49

combined with the austenite grain growth de-
creased the resistance of the joint to general 
corrosion, reduced the elongation of the joint 
and increased its hardness above maximum 
values declared by the manufacturers of the 
base material. The microstructural tests and 
hardness measurements also implied that the 
joint subjected to melting could be character-
ised by worse toughness, which, however, could 
not be verified because of the overly thin ele-
ments subjected to welding. To obtain joints 
characterised by the optimum combination of 
mechanical and plastic properties as well as of 
corrosion resistance, it is necessary to avoid the 
melting of joints.
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