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The planning and execution of the adequate welding procedure for the superduplex stainless
steel (SAF 2507 SDSS) in multiple passes is a complex technological task since thermal cycling may
cause the precipitation of harmful phases, such as the sigma (o) and chi (y) phases. For this reason,
technical standards limit the maximum interpass temperature (T.I.) in an extremely conservative
manner at 100 °C. In order to investigate a possibly wider temperature range for this procedure, SAF
2507-SDSS tubes were subjected to autogenous Tungsten Inert Gas (TIG) welding with interpass
temperatures ranging from 150°C to 400°C. The different welding zones were characterized by
microscopy, Vickers microhardness, and polarization corrosion tests. The results indicated that in the
Fusion Zone (FZ), columnar grains of ferrite were formed surrounded by allotriomorphic austenite
(AA), besides intragranular austenite (Al) and Widmanstétten austenite (AW). The heat-affected zone
(HAZ) had a lower ferrite content and was composed of equiaxed grains of ferrite, also surrounded
by AA, besides Al and AW. Hardnesses varied between HV272 and HV293, regardless of the region
or the interpass temperature used. Furthermore, the corrosion resistance has not been significantly
affected by the interpass temperatures between 150 °C and 400°C.

Keywords: SAF 2507 SDSS, Tungsten Inert Gas (TIG) welding, interpass temperature,

microstructure, corrosion resistance.

1. Introduction

The study of welded joints of the SAF-2507 SDSS
superduplex stainless steel is of great importance, as it is a
material of high applicability. These steels are widely used
in the oil, naval, and paper industries, among others'. The
superduplex stainless steels are notable due to their high
mechanical strength and excellent corrosion resistance.
These characteristics are attributed to the presence in equal
proportions of ferrite and austenite with considerable amounts
of chromium and nickel in their composition, besides favorable
grain boundary morphologies. The welding procedures
usually designed for SAF-2507 SDSS is considered delicate
because during thermal cycling of these materials, the phase
composition may become unbalanced or the precipitation of
secondary phases, such as nitrides, carbides, (c) and chi ()
phases, may occur, causing a significant loss of mechanical
strength and corrosion resistance. It has been reported that
the precipitation of only 4% of these undesirable phases can
reduce the toughness of steel by up to 90%.

SAF-2507 SDSS has a low thermal expansion coefficient
and a thermal conductivity superior to common austenitic
stainless steels. These superduplex stainless steels are applied
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under extremely aggressive situations where the deterioration
of properties is critical. Thus, the recommended heat input
is limited to the range of 0.2 - 1.5 kJ.mm™ in the welding
processes of this kind of steel*. The TIG process applied
under controlled conditions presents advantages such as the
absence of spatter, a good aspect of the weld bead, besides
the possibility to weld also thin parts>!. Shielding gases
such as argon, helium, the combination of both in variable
proportions and a small amount of nitrogen are commonly
used. They can help to obtain the adequate austenite-ferrite
phase balance!""'2. Autogenous soldering is a process in which
metal parts are joined without solder, i.e. the electric arc
formed by the electrode fuses the parts allowing the joint
consolidation without using consumable materials and hence
have an important impact on fabrication cost and energy
consumption. However, this procedure requires a strict
control of the local thermal state in order to compensate
for the usual benefits obtained by adding alloying elements
through the consumable materials.

According to the Norwegian standard NORSOK M-601",
awidely accepted reference in the standardization of this type
of welding processes, the maximum interpass temperature
in materials of the super duplex classes should not exceed
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100 °C, i.e., for a second pass to be made, one must wait
until this temperature is reached in the weld joint, leading
to a reduction in the productivity and an increased cost
of this manufacturing process. Several researchers have
studied the mechanical properties, microstructural aspects,
and corrosion resistance of the SAF 2507 SDSS!13-15,
Nevertheless, investigations connecting the welding conditions
to the microstructure, mechanical properties and corrosion
resistance to establish a broader standard for the tube welding
by the TIG process are scarce and deserve further studies.

The current work aims to demonstrate the adequacy of
a two pass TIG autogenous welding process for SAF 2507
SDSS, using interpass temperatures higher than recommended
by the NORSOK M-601 standard. This study’s innovative
aspect is justified by the possibility of using higher Interpass
welding temperatures, productivity may be improved,
resulting in a lower cost of gas pipelines and refinery
equipment’s constructions using these high-grade materials,
in contrast to competing alloys applied in this field'*'.
Moreover, new technological applications such as heat
exchangers, pressure vessels, and evaporators may become
competitive for energy facilities by using this procedure.
The viability of using higher interpass temperatures in tube
welding procedures can be demonstrated by studying their
influence on the microstructures, mechanical properties,
in particular hardness, and corrosion resistance of SAF
2507 SDSS joints.

The use of interpass temperatures higher than those
recommended by the NORSOK M-601 standard could
lead to significant gains in productivity and reduction of
energy consumption in the procedures currently employed.
Furthermore, construction of newly designed equipment with
enhanced performance to extended life may become viable.
Incremental improvements in this procedure decrease the
costs and enhance the knowledge for safe welding procedures
for tubes made of SAF 2507 SDSS.

2. Experimental Procedure

2.1. Material

In this work, SAF 2507 SDSS tubes with an external
diameter of 168 mm and 3.5 mm thickness were used. The
chemical composition of the material is shown in Table 1.

2.2. TIG welding procedure

The autogenous TIG welding process (without solder)
was carried out in an inverter machine for TIG AC/DC
welding and coated electrodes model CastoTig 2003 AC/DC,
adapted to welding automation. In this stage, the thermal
input for SAF 2507 SDSS (in the range 0f 0.2 - 1.5 kJ.mm™)
was respected, using argon as shielding gas to reproduce
the welding conditions applied in joining tubes of small
pipelines, typical of oil and gas processing plants.
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Two pipe segments were used for the welding studies.
In each segment, two different welding procedures of two
passes were executed, with the interpass temperature as the
only variable in each procedure. The first pass occurred at
room temperature, and the welding procedure was carried
out throughout the tube’s circumference. In the second pass,
a previously defined interpass temperature was used in each
test, monitored by thermocouples, returning from the end
of the first pass without completing the loop of the tube,
to prevent the beginning of the cord from undergoing yet
another reheating process and also to prevent the area affected
by the heat-release of the first pass from being completely
overlapped or destroyed by the second. For this purpose, a
lower thermal input was used in the second pass than in the
first pass, aiming only to reheat the area affected by the heat
of'the first pass before its cooling down and then evaluating
the effect of this procedure.

A general view of the tube parts assembly, temperature
monitoring positions and sample analysis retrieval is shown
in Figure 1. Four thermocouples were positioned and used
for monitoring the temperature throughout the process, as
shown in Figure 1a. One placed at the end of the first pass,
another at 10 mm from the end, another at 40 mm from the
end, and another halfway through the return path. After
completion of the first pass, welding only recommenced
when the thermocouple’s temperature located at the end of
the first pass indicated the ideal interpass temperature for
each test of 150 °C, 250 °C, or 400 °C, respectively.

TIG welding was conducted under pulsed current,
with a base current of 150 A with a duration of 0.006 s
and a peak current of 250 A with a duration of 0.004 s. The
frequency used in the equipment’s motor was 5 Hz forward
and 10 Hz backward, corresponding to a forward speed of
4.10 mm.s"! and a backward speed of 8.23 mm.s"'. These
values were selected after calibration to ensure a uniform
and stable weld bead. An argon flow of 16 L.min"! was
used, and the distance between the electrode and the part
was approximately 1.5 mm.

The data were collected with SAP V4 equipment, combined
with the data acquisition software for welding SAP V4.19,
to precisely monitor the welding process. Table 2 presents a
compilation of the parameters used in the welding process.

The samples were sectioned perpendicular to the weld
bead, with a width equivalent to half of the tube’s height.
After the cuts, the samples were identified according to
the thermocouples’ position and the thermal input used in
welding the tube (see Figure 1b). Finally, the sample surfaces
were sanded with SiC sandpaper and polished with 6, 3,
and 1 um grade diamond paste, respectively. The samples’
microstructure was revealed by chemical etching with a
modified Beraha solution (80 mL of distilled water, 20 mL
of hydrochloric acid, 2 g of potassium sulfite, and 2 g of
ammonium bifluoride) for 10 seconds. This procedure has
been used in similar researches with some adjustments''-'®.

Table 1. Chemical composition of SAF 2507 — SDSS (%) (data provided by the manufacturer “Sandvik Group”).

UNS* EN**  Nomenclature  C Cr Ni

Mo Mn Si Co Cu N

S$32750  1.4410 SAF 2507 0.03 24-26

6.0-8.0

3.0-5.0 1.2 0.8 - 0.5 0.24-0.32

* Unified Numbering System for Metals and Alloys / ** European Standard, PREN= 42.5 (estimated pitting resistance equivalent number)
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Figure 1. General assembly of the tube sample welding: a) Positioning of thermocouples for measuring the temperature during the TIG

welding process, b) Locations of the sample’s extractions.

Table 2. Parameters of the autogenous TIG welding process.

Interpass Instant results
Procedure  directions and Frequency Velocity . . Heat input
temperature (Hz) (mm.s) Current (A) Tension (V) yield (%) (kJ.mm")
| ahead 5 4.10 178.77 13.29 0.45
150°C back 10 8.23 180.09 14.06 0.24
5 ahead 5 4.10 177.12 12.49 78 0.42
250°C back 10 8.23 176.75 12.40 0.21
3 ahead 5 4.10 177.26 13.29 0.45
400°C back 10 8.23 177.72 13.49 0.23

2.3. Characterizations

2.3.1. Microstructure

The microstructural analysis of the base metal (BM),
the heat-affected zone (HAZ), and the fused zone (FZ) was
done by optical microscopy (OM) and scanning electron
microscopy (SEM), respectively, using an Olympus optical
microscope and a Zeiss EVO MA10 scanning electron
microscope equipped with an EDS system.

2.3.2. Quantitative phase analysis

The volumetric fractions of ferrite and austenite were
determined using micrographs, following the ASTM E-562-19
standard'’, using 16-point grids on each image to calculate
the respective volume fractions. The grain thickness was
measured by using the intercept method. All the measurements
were repeated 20 times, and the average values calculated.

2.3.3. Mechanical characterization

Hardness was determined by the Vickers indentation
method. The samples’ cross-sections were subjected to
Vickers hardness measurements using a DHV-1000Z-Time-
corporation hardness tester, applying an indentation load of
9.81N (1000 gF). The measurements (n> 5/line) were carried
out in the cross-sectional area of the samples, which involves

the heat-affected zone of high temperature (HAZHT), the
heat-affected zone of low temperature (HAZLT), the base
metal (MB) and the fused zone (FZ), for each of the three
thermal conditions studied in this work.

2.3.4. Polarization corrosion test

Each zone identified in the sample’s surfaces was exposed
to an analytical solution corrosion media. The exposed areas
were selected to cope with a representative surface of 200 pm?
in all experimental runs. The corrosion tests were carried
out in an aqueous solution containing 3.5% NaCl, room
temperature, and without stirring. Analytical grade reagents
and Milli-Q water (18.2 MQ cm) were used to prepare the
solutions. The polarization curves were obtained using a
scanning potentiostat cell (EmStat3 +, PalmSens). The anodic
potential scanning started at -0.15 mV, scanning at | mV.s™!
towards the positive potential, until localized corrosion was
achieved. To ensure reproducibility, a minimum of two runs
were performed for each experiment, and the averaged curve
plotted to extract the characteristic corrosion currents (I,
Ipi() and potentials (E_, Epi(). A platinum wire was used
as counter-electrode, and a tungsten wire covered with
tungsten oxide dipped directly in the working solution was
used as reference electrode. In this procedure, the corrosion
potential (E_ ) and the pitting potential (Epit) obtained after
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the cyclic polarization were compared with the reference
material, BM. The corrosion resistance of the material was
associated with the pitting corrosion potential. To compare
the materials it was assumed that the higher E. the more
corrosion resistant the material was. These values were
compared to analyze the weld joints HAZ and FZ regions
under the variable conditions of the interpass temperatures.

3. Results and Discussion

3.1. Microstructural characterization

Images comparing the grain morphologies of each region,
FZ, HAZ, and BM, for different interpass temperatures are
shown in Figure 2.

As expected, the BM consists of alternating lamellar grains
of austenite in a ferritic matrix throughout the region'!-¢.
The FZ presents columnar grains of ferrite, oriented in the
direction of heat extraction and grain boundaries formed by
austenite. The heat-affected zone, HAZ, exhibits smaller and
equiaxed ferrite grains, and like in the FZ, the grain boundaries
are formed by austenite. Comparing the micrographs of the
welded SAF 2507 SDSS tube after two passes (b, ¢, d) with
the images after just one pass (a), it is noted that the image
(a) presents a denser structure, richer in austenite in the FZ
region. Figure 3 shows representative optical micrographs
of'the different regions of the welded SAF 2507 SDSS tube,
where (a) is the base metal, (b) the heat-affected zone and
(c) the fusion zone. The weld bead formed with an interpass
temperature of 250 °C is typical, showing the FZ, HAZ, and
the BM clearly distinct, see Figure 3b, with a transition of
columnar grains from the FZ to equiaxed grains in the HAZ
to lamellar grains of austenite in a ferritic matrix.

Figure 4 shows the microstructures of each zone for
different interpass temperatures. In the fused zone (FZ) and
the heat-affected zone (HAZ), the phases Ferrite (o) and
Austenite (y) are represented by the dark and bright phases
in the micrographs, respectively. A general aspect of the
micrographs, regardless of the interpass temperature used, is
that columnar grains are observed in the FZ, surrounded by
austenite with different morphologies: intergranular austenite
(AI), Widmanstitten austenite (AW), and allotriomorphic
austenite (AA). Within the grains, intragranular and
Widmanstitten austenite have been found. These morphological
aspects of the resulting microstructure are clearly observed in
Figure 4 (a)-(c). According to Ramirez et al.', intragranular
austenite is obtained due to the thicker grains formed in this
region. The explanation follows the classical mechanism
confirmed by previous results!'!327,

A larger grain size reduces the grain boundary area per
volume and, therefore, less austenite will form from the ferrite
at the grain boundaries during cooling. Therefore, the phase
balance represented by their volume fractions and spatial
distributions besides their morphological characteristics is
mainly related to their specific grain boundary area and the
local cooling rates. These main key parameters strongly
relate to the growth kinetics of the phases developed during
the welding procedures, which in turn, are defined by the
welding parameters and the local thermophysical properties
of the material'"'%!%7, Consequently, larger regions in the
center of the ferrite grains will be available for the nucleation

Materials Research

BM FZ

10 pum
b) Two passes with inter-pass of 150 °C
HAZ

BM FZ

10 pm
¢) Two passes with inter-pass of 250 °C
HAZ

BM FZ

3.5 mm

10 um
d) Two passes with inter-pass of 400 °C

Figure 2. Microstructures of the stainless-steel tubes wall after TIG
welding (Caption: BM — base metal; FZ — fusion zone; HAZ-heat
affected zone).
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and growth of austenite due to the resulting supersaturation  thermally activated. The final size and shape of the grains
with austenitizing elements of the ferrite phase. As aresult,  depend on the local thermal history. Thus, the final grain
a higher thermodynamic potential is available for the  structure is achieved for a particular region of the joint
intragranular precipitation in these supersaturated regions  following its own path. Therefore, the final grain spatial
of ferrite. The mechanism of grain growth in these zones is  distribution is a function of the materials properties such

1mm 1mm = imm

a) 150°C b) 250 °C c) 400 °C

Figure 3. Transversal section of the weld region produced by TIG process with inter-passes temperatures: a) 150 °C, b) 250 °C, ¢) 400 °C,
respectively. (Caption: BM — base metal; FZ- fusion zone; HAZ- heat affected zone, HAZHT- heat-affected zone of high temperature and
HAZLT- heat-affected zone of low temperature).

150 °C 250 °C 400 °C

Figure 4. Morphology of the microstructures observed in the regions: (a) base metal BM, (b) heat affected zone HAZ, and (c¢) fusion
zone FZ, with inter-passes temperatures of 150 °C, 250 °C, and 400°C, respectively. (Caption: AW - Widmanstitten austenite; AA -
allotriomorphic austenite; Al - intragranular austenite).
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as thermal conductivity, specific heat capacity, heat fusion,
and heat input distribution®**. Therefore, the grain size and
phase volume fractions distribution are coupled phenomena
affected by the volumetric heat source shape®?’, which
are dynamically developed during the welding schedule
designed to achieve balanced phases and hence welded
joints with controlled properties, mainly its mechanical and
corrosion resistance.

Comparing Figure 4 (a)-(c), the effects of inter-pass
temperatures on the microstructure are clear. However, this
discussion is only possible with an insight into the temperature
pattern developed under such operational conditions.
Figure 5 shows the recorded temperature during welding
with programmed inter-pass temperatures of 150, 250, and
400 °C. The criterion for starting the second pass was achieved
when the monitored positions’ recorded temperatures were
lower than the specified values, indicating that all welding
beads cooled to a lower interpass specified value.

Materials Research

The phase’s quantitative analysis was carried out using 20
images randomly selected for each welding zones assuming
the classification presented in Figure 4. The quantitative
phase analysis of the welded steel pipes of each region is
listed in Table 3.

The FZ always presented a larger amount of ferrite than
the HAZ, independently of the interpass temperature used.
This result is attributed to a greater proportion of grain
boundaries per volume when compared to the HAZ, as
previously mentioned. The BM showed an average volumetric
fraction of 48.33%+1.21% of ferrite and 51.67%=*1.29 of
austenite, which indicates a good balance between the
phases. After the welding process had been carried out, the
volume fraction of ferrite increased along with increasing
interpass temperatures. According to the NORSOK M-601
standard'?, the fraction of ferrite in the welded region must
be between 30 and 70%. The composition of none of the
samples analyzed was outside of this safety region, as

Table 3. Quantitative phase analysis of the welded steel pipes with different interpass temperatures.

Inter-pass temperature Region Fraction of ferrite (%) Fraction of austenite (%)
As received BM 48.33+1.21 51.67+1.29
150 °C FZ 53.52+1.34 46.48+1.16
150 °C HAZ 48.52+1.22 51.48+1.29
250 °C FZ 54.84+1.37 45.16+1.13
250 °C HAZ 50.95+1.27 49.05+1.23
400 °C FZ 56.84+1.42 43.16+1.08
400 °C HAZ 52.51+1.31 47.49+1.18
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Figure 5. Thermal profiles indicating inter-pass temperatures and temperature evolutions during the welding procedures: a) 150 °C,

b) 250 °C, and c) 400 °C.
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established in the standard for all welding zones, indicating
that, considering only this criterion, the welding procedures
were successful. This is attributed to a greater cooling rate in
the FZ and possible volatilization of alloy elements with a
strong austenitizing effect, such as N, in the FZ. On the other
hand, in the HAZ, the mechanism is explained by the local
cooling rate and elemental diffusion, which is characteristic
of the autogenous process.

The proportion of ferrite increased as the interpass
temperature increased. The higher the interpass temperature,
the smaller the temperature gradient and the cooling rate
will decrease. In this way, the cooling rate in the material
with an interpass temperature of 150 °C generates a larger
temperature gradient and a higher cooling rate than observed
for inter-pass temperatures of 250 °C and 400 °C, causing a
refinement of the grains, as can be seen in Table 4.

Materials manufactured with columnar grains usually
exhibit higher resistance in the longitudinal direction, as
the grains are aligned in the maximum load direction. The
decrease in grain boundaries that occurs when changing an
equiaxed to a columnar structure also favors creep resistance,
corrosion resistance, and tensile strength?.

No evidence of significant deleterious phases was found
in any analyzed regions using the combined analysis of OM,
SEM, and X-ray diffraction. However a small amount of

secondary deleterious phases might be present, however
undetected, because the analytical methods employed are
sensible only for volume fractions higher than 2%'*. SEM
micrographs produced with secondary electrons are shown in
Figure 6. The images were obtained with a magnification of
10,000x, where the elements present in each phase were also
quantified through energy dispersion spectroscopy (EDS).
In none of these micrographs, it was possible to observe the
evidence of the sigma phase (c). The EDS analysis did not
show significant changes in the distribution of the alloying
elements for the FZ and HAZ zones, regardless of the
interpass temperature. Still, the Cr in the ferrite phase was
consistently higher than in the BM, as expected due to its
effect as a stabilizer of the ferrite phase®°. XRD analysis
for the severest welding condition of this study is presented
in Figure 7. As can be observed, small peaks of possible
sigma phases were identified using Rietveld refinement.

Table 4. Quantitative analysis of the width of columnar grains in
the fusion zone.

Interpass Columnar grains Confidence level
temperature (um) 95% (um)
150 °C 48.87 +1.20 1.13
250 °C 59.13+1.48 1.90
400 °C 61.83 £1.55 5.52
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— WOE THee  Mage 1000KK ||—| WOt Mage 138K { o | WO RSmm Mage HOOOKX
e e M1 DT = BO0W BpsASBE1 DN = 2O0W e A BT M1 = 3000 Y
WO THEm Mage WO0KK — WOEOEm  Mage MOOKK || d WO BSme age HODOKX

Sope s D61 BT~ 3000
WO Them Mage DOOKX 'ﬁ |

/

Sgral hn BE1 BT - 30000
WO dime Mage HOOOKE ‘Um

SopeAsSE1  ENT - 20004
WOsMlem  Mags 12000 K 'ﬁ —

a) 150°C

b) 250 °C

€)400 °C

Figure 6. SEM micrographs of the BM, HAZ, and FZ regions (from top to bottom) of a stainless-steel tube welded with inter-pass

temperatures: a) 150 °C, b) 250 °C, and c) 400 °C, respectively.
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These results indicated that ¢ phase could be formed in
anegligible amount undetectable with our analysis method.
Thus, we used a simple relationship able to predict the ¢
phase volume fraction as a function of local cooling rates

(AT/At), Equation 1.

—1.05
0:0.33x(£j (1
At

This model has been applied by Castro et al.?¢?’,
where the authors propose a model capable of predicting
the thermal history of a superduplex stainless steel and its
mechanical properties developed after welding, adjusting the
thermophysical parameters based on data measured in their
work. Using Equation 1 for the cooling rates obtained from
the thermocouples measurements, Table 5 was obtained. As
observed, the predicted ¢ phase volume fractions would be
very low and regarded as negligible, which would preserve
the material’s properties indicating that the designed interpass

Materials Research

temperatures could be implemented to the field practical
process using the proposed parameters of this study.

3.2. Polarization curve

Before measuring the polarization curves, the open circuit
potential was recorded for 30 min to stabilize the potential.
The curves E (mV) x Log | i | (LA) were obtained for the
samples representing the welding joint zones corresponding
to the interpass temperatures of 150, 250, and 400 °C,
respectively. The polarization curve is constructed starting
from the stabilized open circuit potential and by scanning the
potential and recording the current density for a fixed area
exposed to corrosion solution, obtaining the measured data
(E(mV) x I (nA)). The curve starts with a potential above
the corrosion potential, and by varying the current density,
the corrosion potential is obtained (E_ ). After reaching
E_,» the potential gradually increases, indicating the film’s
gradual passivation formed in the material surface'-1>%. The
position where the current increases suddenly are selected

HAZ
_QMLT LEA,
)
s
>
=
2  (110)
(7]
g
k=
v (111)
7(200) (200) ¥(220) a(211)
A
BM
40 50 60 70 80
20

Figure 7. Comparison of the XRD pattern of HAZ with an interpass temperature of 400 °C with the base metal, BM.

Table 5. The sigma phase’s maximum volume fraction and reformed austenite and the grain sizes predicted for welding conditions of

this study?*?’.

Maximum
expected
Width bead ~ Thermal input  Ferrite grain Reformed volume
Voltage (V) Current (A)  Speed (mm.s™) (mm) (kJ .mm‘lg) size ( fm) austenite (%) fraction of
sigma phase
(%)20,21
30 179 7.41£0.22 6.35+0.22 0.7 159+4 20.7+0.4 0.0006
30 178 4.33+0.13 6.35+0.22 1.2 175+5 27.5+0.8 0.0019
30 180 3.05+0.09 6.35+0.22 1.7 210+4 57.3+£0.7 0.0269
25.7 170 6.76+0.20 8.00+0.22 0.5 73 (75%) (36.2%) 0.0011
25.7 166 2.24+0.06 8.00+0.22 1.5 217+6 (232%) 42.5+0.9 0.0026
(41.6%)
25.7 169 1.59+0.04 8.00+0.22 22 34448 (347%) 49.7+0.6 0.0345
(48.2%)
30 178 4.33+0.14 10.50+0.22 1.2 15442 21.9+0.3 0.0013
30 179 4.33+0.13 6.35+£0.22 1.2 17443 27.2+0.5 0.0018
30 179 4.33+0.14 2.00+0.22 1.2 175+4 27.5+0.7 0.0055

* Mean of 10 random samples.
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stainless steel SAF 2507

as the pitting potential (Epn). The E , parameter indicates
the material’s resistance to corrosion by forming the initial
pitting corrosion, that is, the lower the potential (Epn), the
lower the corrosion resistance of the material. The results
obtained for the FZ and HAZ are shown in Figures 8 and 9,
respectively. The results of FZ and HAZ are confronted
with BM to identify possible deterioration in the corrosion
properties of the welded joints!!!>%%,

Both FZ and HAZ regions exhibit pitting potentials in
the same order as the BM (see Table 6). The results indicated
that the FZ shows a slight decrease in the pitting potential
for an interpass temperature of 400°C. Conversely, the
HAZ pitting potential slightly increased with the interpass
temperatures but higher than the reference BM. For both

Log|1i|(nA)

FZ and HAZ zones, the observed effects were small. Thus,
we considered that the resistance to pitting corrosion of
the FZ and HAZ is not significantly differed from the BM
regardless of the interpass temperature used in this study
(see estimated statistical errors in Table 6).

3.3. Vickers hardness

Figure 10 shows the Vickers’ hardness of samples
measured in a transversal section for varying interpass
temperatures. Analyzing the results, we identify that the
Vickers’ hardness error bars associated do not distinguish
trends. Thus, we can assume that no deleterious effects on
the welding joint’s hardness are observed, independently of
the interpass temperature used.

Figure 8. Comparison of polarization curves of the fusion zone (FZ) for different inter-pass temperatures (150 °C, 250 °C, and 400 °C),

with the base metal as reference.
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Figure 9. Comparative polarization curves of the heat-affected zone (HAZ) for different inter-pass temperatures (150 °C, 250 °C, and

400 °C), with the base metal as reference.
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Table 6. Pitting potential, E . (mV), for each inter-pass temperatur for the various welding zones.
pitt

Inter-pass temperature Fz HAZ BM
150 °C 1.0061+0.0251 1.0610+0.0265 1.0086+0.0252
250 °C 1.0871+0.0271 1.1018+0.0275 -
400 °C 0.8627+0.0216 1.0825+0.0271 -
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Figure 10. Hardness measurements along the transversal section of samples: (a) with single-pass, b) with interpass temperature at

150 °C; c) with interpass temperature at 250 °C, d) with interpass temperature at 400 °C.
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4. Conclusions

The multiple pass welding of the superduplex stainless
steel SAF-2507 SDSS is a complex and technologically
important issue. In this work, the influence of interpass
temperatures of 150, 250, and 400 °C was investigated in
respect to microstructure, hardness and corrosion resistance of
the welds. Regardless of the interpass temperature, a suitable
ferrite/austenite balance for FZ and HAZ was maintained,
besides that hardness and corrosion resistance were not
significantly affected. Moreover, microstructural analysis
confirmed that the presence of the deleterious sigma phase
was negligible. Although the pitting corrosion experiments
indicated a small decrease as the interpass temperatures were
increased, the standard requirements for a suitable welding
process were attained. Based on the combined results of
phase volume fractions, microstructural evolution, and
pitting corrosion parameters of the FZ and HAZ compared
with the BM, we conclude that the possibility of the two
pass welding process with temperatures varying from 150
to 400°C is viable. However, additional investigations are
necessary depending on the welding schedule.
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