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Abstract
Steels in the cooling water circuits are most vulnerable to localized corrosion, crevice corrosion or deposit
corrosion, intergranular corrosion. Austenitic steels excel in their resistance to corrosive environments. In case
of use of the tubes in the cooling circuits is necessary to connect them by welding. Welding of austenitic steel
is not the easy process in the field of welding. Place of weld joint then becomes a critical place for mechanical
properties, but also for corrosion resistance. For application of invoking of stress corrosion cracking have been
selected tubular bodies of the most commonly used steels EN 1.4541 and 1.4571. On these transverse welded
tubes were manufactured artificial defects by (EDM) method. For the tests were used modified welds with
artificial defect and without it. These defects were intended to localize of future damage. The thus prepared
samples were exposed in corrosive environments. To induce stress corrosion cracking for tubular bodies from
austenitic steels was used method of exposure in the melt MgCl2.6H2O [1]. It is known that method for
austenitic high alloy steels, is very sensitive to the presence of local areas and under the influence of tensile
stress (and residual stress). Modeling of conditions for crack initiation corrosive damage help to determine how
the weld joint behaves in aggressive environment exposure. These knowledges help to prevent accidents. Of
course is possible take into account the resulting knowledge in the design and life prediction of cooling water
circuits.
Keywords: Stress corrosion cracking, austenitic steel, the corrosive environment, weld joint, heat-affected
zone

1.

INTRODUCTION

The aim of this paper is to describe the possibility of simulating corrosion cracking in the heat-affected crosswelding zone of stainless steel tubular bodies. The austenitic stainless steel grade of EN 1.4541 and EN 1.4571
is a material widely used in industry for its environmental resistance. Due to the need to bond this material to
the welding process, there is an area with reduced corrosion resistance. The formation of this concentrator
and the effect of corrosive environments can cause cracks and final break. The heat-affected zone plays a
major role, which has reduced corrosion resistance resulting from local chromium depletion of the steel and a
relatively high level of residual stresses. The existence of continuous active pathways in steel and the presence
of tension provoke cracking [2, 3].
The research in this article focuses on the assessment of the state of corrosion-resistant stainless steel tubes
after exposure to corrosion environment. The simulation of corrosion exposure and subsequent defects
analysis has a great practical benefit in industrial use. The outputs can help optimize the welding process of
stainless steels and "production" of natural defects for testing non-destructive methods of detecting steel
surface defects.
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2.

MATERIAL AND AND EXPERIMENTAL METHODS

For the analysis were used tubular bodies of steels EN 1.4541 and EN 1.4571 with transverse weld.
Longitudinal cuts of pipes are shown in Figure 1. Specimen numbers 2, 7, 14 and 18 identified the individual
tubular bodies. Table 1 shows the basic dimensions of the tubes and the dimensions of artificially created
defects. Artificial defects were created by electrical discharge machining.

Figure 1 Tubular bodies after longitudinal cutting
Table 1 Tubular bodies for modeling the initiation of corrosion defects
Artificial defect dimension

Pipe dimension

Designation

[mm]

[mm]

Depth

Length

2

18.0

0.5

3.0

7

26.8

0.5

3.0

14

33.7

0.5

7.0

18

38.0

0.5

10.0

For specimens 2, 7, 14, 18 were performed complete analysis of chemical composition of pipes and local
analysis of basic material and weld metal. The analysis verified that the tubular bodies were made from
stabilized steels corresponding to the quality of EN 1.4541 (No. 2 and 7) and EN 1.4571 (No. 14, 18). The
chemical composition is shown below in Table 2.
Table 2 Chemical composition
Element wt. %
Specimen

C

Si

Mn

P

S

Cr

Ni

Mo

Al

Cu

Co

Ti

Nb

V

W

2

0.049

0.54

1.37

0.041

0.015

18.1

9.2

0.16

0.037

0.25

0.18

0.33

<0.004

0.12

0.011

7

0.053

0.45

0.71

0.042

0.017

17.7

9.42

0.13

0.048

0.17

0.19

0.36

<0.004

0.085

0.012

14

0.081

0.31

0.94

0.051

0.018

17.3

11

2.1

0.041

0.27

0.29

0.34

0.044

0.086

0.059

18

0.069

0.41

1.2

0.051

0.016

17.3

10.9

2

0.083

0.26

0.12

0.53

0.01

0.06

0.086
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The steel pipe No. 14 was found to have a slightly reduced stabilization ratio, but it did not reflect the reduced
resistance to intergranular corrosion of steel in HAZ [4, 5, 6]. In the steel pipes No. 14 and 18, was found
slightly increased content of phosphorus.
To produce corrosion cracks in tubular bodies made of austenitic steel was used method of exposure in melt
of MgCl2.6H2O [1, 7]. It is known that this method for high alloy austenitic steel is very sensitive to the presence
of steel areas under the influence of tensile stresses (and residual). It was used for the tests the modified welds
with artificial defects and without. Due to the impossibility of adjusting the cross-section of the test pieces with
artificial defect in a suitable manner. The maximum tension was induced on the inner surface of the pipe by
bending in the area of the notch - artificial defect, only for the tubular cutout No. 2 and 18 mm. The stress state
was caused by static 4-point bending. Before the exposure, was performed a capillary test. Except to artificial
defects, no indication was on surface found. Subsequently was performed exposure into the melt of
MgCl2.6H2O. The total exposure time was 504 h (above 120 ° C), of which 336 h (above 145 ° C). The main
objective of the experiment was to facilitate the initiation of cracks on pre-made primary defects
[8 -10].
After exposure were founded cracks on both the inner and outer surfaces of the pipe, both in the heat-affected
area of the weld-joint and on its free surface. At the specimen No. 2, which was stressed during the exposure
by a four-point bend was founded cracks through the body (Figure 2d)). Detected defects are shown in the
Figures 2 a) -d).
a)

d)

c)

d)

Figure 2 Appearance of inner surface of tubular bodies with detected defects

3.

ANALYSIS AND RESULTS

For the macroscopic control of artificially created defects in the longitudinal direction, were specimens mounted
into transparent matter. Subsequently, they were polished to half the width of the artificial defect. Macroscopic
image documentation was obtained with a digital SLR camera with a macro lens. The scale in the photographs
has a 0.5 mm divide. Measurements were made using the image analysis software. The overview of the
obtained results is apparent from the data given, Table 1, Figure 4. All of the primary defects have been found
to initiate the corrosion induced cracks, these were found on the free surface in the transverse direction and
along the longitudinal direction. Both materials differ in their resistance to passivity due to activated Clparticles, but this did not occur in the strongly concentrated solution / melt of MgCl2
[ 1, 12, 13].
A larger deviation from the intent is evident in the defect in the specimen 2, which was due to its location to
the weld, so that the root of the weld already interfered, Figures 3c, d).
For the defect in the body No. 14, the defect was produced about 2 times greater than the intention. Specimen
18V showed the development of corrosion defects from the bottom of the artificial defect,
Figure 7d). In the more detailed evaluation were found cracks initiated from the bottom of the artificial defects
in all the bodies, Figures 4 - 7.
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a) Specimen 2V

b) Specimen 7V

c) Specimen 14V

d) Specimen 18V

Figure 3 Appearance of the inner surface of tubular bodies with detected defects (cross-section of defects)
The metallographic documentation below shows cracks in the field of artificial defects. The metallographic
images were obtained by standard, grinding and polishing followed by etching in V2 etchant.

Figure 4 Specimen 2V

Figure 5 Specimen 7V

Figure 6 Specimen 14V

Figure 7 Specimen 18V
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The following metallographic image (Figure 8) shows the formation of a corrosion crack in the 18V sample.
This cutout is transverse to the weld compared to Figure 7. It is to be note that the crack is positioned in the
heat-affected zone of the transverse weld of the tubular body.

Figure 8 Crack in the HAZ area (specimen 18V)
4.

DISCUSSION

The tube welding steels were made of austenitic stainless steel grades Cr18Ni10Ti and Cr18Ni10Mo2Ti (EN
1.4541 and 1.4571). In the conditions of expected application (cooling water circuit and primary circuit), these
steels are located in areas where the criteria for the selection of corrosion-resistant and transition materials
(temperature (200-350 °C) are to be applied, the criteria applicable to high [11]. In the different application
areas of high-alloy steels, their long lifetime is conditioned by the presence of an oxidative barrier on their
surface. Various mechanisms of formation of the oxidative barrier (on stainless steels is a passive layer, by
the high-alloyed steels passes a passive layer to high temperature oxide) cause the state of the surface of the
steel. On this surface, which is formed protective layer is manifested different way on the resulting durability
of the material, ie its long-term stability under the operating conditions. The process used is also suitable as a
"production" method for the verification of non-destructive techniques for detecting surface defects [10, 11].
5.

CONCLUSION

When assessing the size of artificial defects, there was a greater divergence of the established facts from the
intention. There was in the pipe No. 2 due to its location to the weld dimension and position. For the defect in
the specimen No. 14, the defect was produced about 2 times greater than the intention. For the specimen No.
18 was the development of corrosion damage from the bottom of the artificial defect, Figure 7. A closer
evaluation was observed crack initiated from the bottom of the artificial defects in all specimens, Figure 4
through Figure 7. Larger cracks network originated in the heat-affected area at places with the highest residual
stresses. Corrosion cracks also have a transgranular character in the initiation region. For cooling water
(t <60 ° C), EN 1.4541 steel is less suitable than EN 1.4571 for higher risk of localized corrosion. This
disproportion is more pronounced in the case of defects of welded joints communicating with the surface and
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unresolved / non-removable accompanying welding phenomena leading to deterioration of the physical and
chemical surface conditions [4, 13].
The procedure can be used is also suitable as a standard and method for the verification of non-destructive
techniques for detecting surface defects.
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