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Abstract: The aim of the research was to examine
corrosion resistance, structure and properties of 50.8 mm
diameter and 1.8 mm thick austenitic steel X5CrNi8-10
(1.4301) tubes weld joints. The welding process was
carried out using manual and automatic Tungsten Inert Gas
(TIG) welding process without additional material. The
scope of the research included microscopic observations of
welds cross-sections, hardness tests on welds cross-
sections, bending and static tensile tests, salt spray
corrosion tests. The samples tested in the salt chamber
were then investigated by macroscopic observations,
surface morphology evaluation and chemical composition
analysis of micro areas. The non-destructive and
destructive tests of weld joints revealed higher quality and
properties of automatically welded joints. The salt spray
corrosion tests allowed to determine the type and degree of
destruction of the material surface. Numerous oxidized
areas with lower chromium and nickel content, chloride
precipitation and pitting were observed on the surface of
TIG manually welded samples. No significant corrosion
products were observed on the surfaces of TIG
automatically welded samples.

Key words: austenitic steel, TIG welding, corrosion
resistance.

1. INTRODUCTION

Nowadays, for steels used in industry very high
properties requirements are imposed. The materials
should be characterized by high mechanical
properties, good weldability and machinability, as
well as high resistance to the destructive effects of
corrosion [1-4]. A number of operations are used to
obtain the properties that are required. Some of these
operations are the proper selection of material,
processing technology and welding parameters.
These and other operations guarantee the
improvement of the physicochemical and mechanical
properties of metals and alloys allowing long time
use of steel constructions [5-9]. The durability of
materials is an important feature that affects the
further use and design of constructions and machines.
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Material destruction is mainly caused by corrosion
processes. In addition to steel materials, corrosion
also relates to plastics, ceramics and composites [10-
13]. Corrosion processes are common and cannot be
eliminated, but it is possible to reduce their harmful
effects. Corrosion-resistant steel grades show high
resistance to the destructive effects of corrosion
processes. Such steel grades contain in chemical
composition elements such as chromium (min. 10 %),
which in the presence of oxygen are able to form a
passive layer on the steel surface [14-18]. Corrosion-
resistant steels have found a wide range of industrial
applications as a result of their properties. They are
used for manufacturing equipment for the chemical
industry, petrochemical, refining, pharmaceutical
production and for food processing equipment [19-
24].

The austenitic steels (Cr-Ni) are characterized by
very good weldability, however in case of incorrect
welding or heat treatment, it can be significantly
reduced. The metallurgical weldability of Cr-Ni
austenitic steels may be decreased by the reduction of
the resistance to intergranular corrosion of welded
joint, the tendency to hot cracking or the formation of
the brittle o phase [25-30]. Preventing the
deterioration of the weldability of austenitic steels is
mainly based on the selection of the appropriate
welding technology with low linear energy in order to
limit overheating of the welded joint. Welding with
low heat input reduces the chromium diffusion
phenomenon which causes intergranular corrosion.
The reduction in heat input also reduces the risk of
hot cracking. In order to reduce the risk of brittleness
caused by o phase precipitation, the presence of o
ferrite in the weld should be limited to 2-8%, the
filler metal with a high content of austenite
stabilizing elements should be used together with low
linear energies during welding and the joint heating
to the temperatures at which the ¢ phase separates
(600 — 900°C) should be avoided [31-35].



2. MATERIALS AND METHODOLOGY

The aim of the research was to examine corrosion
resistance, structure and properties of 50.8 mm
diameter and 1.8 mm thick austenitic steel
X5CrNil8-10 (1.4301) tubes weld joints. The
welding process was carried out using manual and
automatic Tungsten Inert Gas (TIG) welding process
without  additional  material. The chemical
composition and mechanical properties of tested steel
are presented in Table 1, the structure of tested steel
is presented in Figure 1.

etching: nitro-hydrochloric acid

Table 1. Chemical composition of the tested steel according to PN-EN 10088-1

Steel Grade Chemical composition, wt.%
Designation Number C Si Mn Prmax S N Cr Ni
X5CrNil8-10 1.4301 <0.07 <1 <2 0.045 <0.015 <0.11 17.5-19.5 | 8-10.5
Mechanical properties in room temperature
o . ) . Longitudinal elongation
Designation Number Yield point [MPa] Tensile strength [MPa] (%]
0
] Rpo,2 min. Rpo,1 min. Rm A min.
X5CrNil18-10 1.4301
195 230 500-700 40

2.1 Welding process

The material was degreased using acetone and
prepared for "I" before welding. Test joints were
made in accordance with the Welding Procedure
Specification prepared on the basis of preliminary
tests. The automatic welding process was carried
out on an ORBIMAT 165 CA welding machine by
Orbitalum (power source with built-in orbital
controller) equipped with an ORBIWELD 76S
closed head. The manual welding process was
carried out using CastoT1G2020 equipment. Photos
of automatically and manually welded samples are
shown in Figures 2 and 3.

Fig. 2. Automatically TIG welded joints
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Fig. 3. Manually TIG welded joints

2.2 Weld joints testing
The obtained weld joints were subjected to the
following tests:

» chemical composition tests using the BRUKER S1
TITAN X-ray spectrometer,

> delta ferrite content tests using FISCHER FMP30
type ferrite meter — the tests were carried out on each
weld circumference, at the weld face and in the base
material,

> visual tests according to PN-EN ISO 17637: 2017
standard,




» radiographic tests wusing the ICM SITEX
CP200D X-ray tube — the samples were scanned
using an elliptical technique, which is used to scan
the circumferential joints and allows both walls of
the joints to be x-rayed,

» static tensile and bending tests using R20 type
testing machine with 4 kN load — the static tensile
test was carried out in accordance with PN-EN 1SO
6892-1: 2016 and the transverse bending test with
root-side (RBB) and face (FBB) stretching of the
butt weld in accordance with PN-EN ISO 5173:
2010, for the bending test, 10 mm diameter bend
former was used,

» metallographic macroscopic and microscopic
tests — macroscopic observations were carried out
on Olympus SZX9 stereoscopic microscope, for
specimens etching Adler’s Reagent was applied,
microscopic observations were carried out on
Nikon Eclipse light microscope, for specimens
etching nitro-hydrochloric acid was applied,

> Vickers hardness HV0.2 tests in accordance
with PN-EN 1SO 9015-1:2011 using Wolpert
Wilson Micro-Vickers 401MVD device — the tests
were carried out along one measuring line passing
through the cross-section of the weld joint,

» salt spray corrosion tests in CCP 450ip chamber
— the tests were carried out in accordance with PN-
EN 9227:2017 in a 5 % NaCl, for 96h in the
temperature of 35 °C. For an initial assessment of
the corrosion degree after a full 96h cycle in salt
spray chamber, the macroscopic observations on
ZEISS Discovery V12 stereoscopic microscope
were carried out. The surface topography

observations of the samples after the corrosion test
were carried out using ZEISS scanning electron
microscope SUPRA 35 equipped with an EDAX X-
ray microanalyzer.

Fig. 4. Radiograph of automatically welded joints
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Fig. 5. Radiograph of manually welded joints
3. RESULTS AND DISCUSSION

The study of delta ferrite content in tested weld
joints revealed that base material has a ferritic
number of approximately 0.73 FN, while TIG weld
has a ferritic number of 7.03 FN. The obtained
measurement values indicate that the delta ferrite
content in the weld is in the range of 3-15 FN
(according to PN-EN 1011-3). Below this range, the
weld would be exposed to hot cracking, while delta
ferrite content above 15 FN would reduce hardness,
ductility and corrosion resistance of joints. Visual
tests have shown that the tube joints obtained in the
process of TIG orbital welding were characterized
by linearity. The weld had a regular scale lined in
the weld line and a face width of approximately 5
mm. In the case of manual welding, an uneven face
can be observed. On the heat-affected zone surface
occurrence of temper colours formed by chromium
oxidation was observed (imperfection 610 in
accordance with PN-EN ISO 6520-1: 2009).
Imperfection 610 may be allowed or not depending
on the application. In case of exceeding the
permissible level of oxide films, they must be
always removed. In some installations (e. g.
pharmaceutical, chemical and food industries) the
oxide layer on the surface must be removed. No
other surface imperfection was found on the face of
the weld. The root of welds observation also showed
the presence of temper colours. Radiographic tests
did not reveal any internal imperfections in weld
joints (Figures 4 and 5).

Bending and tensile tests showed a difference in
mechanical properties of weld joints.

Manually welded joints revealed average tensile
strength at break of 658 MPa and average elongation
of 32 %, while automatically welded joints revealed
average tensile strength at break of 703 MPa and
average elongation of 52 %. Figure 6 shows a
comparison of tensile strength at break values of
tested samples.



720 The microscopic observations of weld joints

E 710 revealed twin boundaries in the base material and
2. 700 heat-affected zone. The presence of twins is a result
2 600 of plastic deformation to which the material was
= 450 subjected in the manufacturing process. The
= microstructure of welds was characterized by a
= 670 : ;
= vermicular structure of delta ferrite. In the root area
g 000 of the weld, locally increased occurrence of delta
2 030 ferrite due to welding method was observed (Figures
7 640 9 and 10).
B 630 The hardness tests of welds cross-sections revealed
620 almost even hardness distribution in automatically
_ O b 0 d) and manually TIG welded joints. The difference of
Fig. 6. The comparison of tensile strength at break of a) hardness was found in the heat-affected zone of
manually TIG welded joint nr 1, b) manually TIG automatically and manually welded joints. In the

welded joint nr 2, ¢) automatically TIG welded joint nr
3, d) automatically TIG welded joint nr 4

case of the manual process, the average hardness in
HAZ was 168 HV,,, while for automatic process
average hardness in HAZ was 188 HV,, (Figure 11).

The macroscopic observation did not reveal internal
imperfection such as lack of fusion and penetration
(Figures 7 and 8).

Fig. 7. Macrostructure of automatically welded joint Fig. 8. Macrostructure of manually welded joint

5 - 7 — 2 > _3’\ N R e, Q-
F|g 9 The mlcrostructure of automatlcally welded jOII"It Fig. 10 The mlcrostructure of 1 manuaIIy welded jomt
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Fig. 11. The hardness distribution in weld joints

The salt spray corrosion tests allowed to determine the
type and degree of material surface damage (Figures 12
and 13). No significant corrosion products were
observed on the surface of the automatically welded
joints. On the other hand, numerous oxidized areas with
lower chromium and nickel content, chloride
precipitation and pitting were observed on the manually
welded joint surface (Figures 14-16). In addition, some
mechanical damage caused by grinding (Figure 17)
together with solidified tungsten inclusion (Figure 18)
were observed on the manually welded joint surface.

\1 s
Fig. 12. The macrostructure of the automatically welded
joint after salt spray corrosion test

Fig. 13. The macrostructure of the énually welded joint
after salt spray corrosion test

20 pm .EHT=20A00LV o SigaI'A=Q‘B‘SD ; : :
WD =104 mm Mag= 2.00KX W
Fig. 14. Topography view of the manually welded joint
surface after salt spray corrosion test with a visible oxidize

area with a lower chromium content

& €7

10 pm EHT =20.00 kV Si naIA=(;BSD
WD =104 mm M:g= 500KX ﬁ
Fig. 15. Topography view of the manually welded joint
after salt spray corrosion test with visible chloride
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b)
Fig. 16. a) The chemical composition analysis (EDS) of chloride precipitations on the manually welded joint surface after
salt spray corrosion test, b) spectrometric spectrum of chlorides

e L ___ 2pm EHT = 2000 kv Signal A = QBSD T
EHT = 20,00 kv Signal A = QBSD i Sl e, et ZEISS
WD =10.0 mm Mag= 100KX : .

Fig. 17. Topography view of the manually welded joint Fig. 18. Topography view of the manually welded joint
surface after salt spray corrosion test with a visible surface after salt spray corrosion test with a visible
mechanical damage solidified tungsten inclusion, formed during the welding
process
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4. CONCLUSIONS

The chemical composition tests of X5CrNil8-10
revealed estimated contents of elements in tested steel:
chromium — 17.5 %, nickel — 8.4 %, manganese — 1.5
%, molybdenum — 0.3 %, cobalt — 0.2 %, copper — 0.5
% and titanium — 0.03 %. The welding processes
carried out in the research resulted in a change of the
microstructure in the area of the heat-affected zone in
which the grain growth was observed due to
overheating during the welding process. It was also
observed that in the case of manually welded joints,
the grain growth was higher than in the case of
automatically welded joints. This structural change
affected the deterioration of the strength properties and
hardness in the heat affected zone. As a result of the
corrosion resistance tests, it was observed that despite
slight differences in hardness and strength as well as
changes in the structure of the corrosion-resistant
X5CrNi18-10 austenitic steel, the manually welded
sample showed significantly lower corrosion
resistance.
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