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Introduction

     Duplex stainless steels (DSSs) are dual-phase alloys based
on the Fe-Cr-Ni system, whose microstructure consists of

similar volume ferrite and austenite fractions, containing
approximately 50% of each phase (Ref. 1). DSSs have advan-
tages over austenitic and ferritic stainless steels because
they have a favorable property combination of both steels:
good toughness, high mechanical strength, good corrosion
resistance in different environments, excellent fatigue
strength, and stress corrosion cracking resistance (Ref. 2).
Due to their properties, DSSs have been used in the petro-
chemical, oil and gas, pulp, and other types of industry. Fur-
thermore, they are commonly used in aqueous and chloride-
containing environments, and as a substitute for austenitic
stainless steels, which may suffer chloride corrosion under
stress or pitting in service (Ref. 3).
     In most applications, DSSs must undergo a welding
process. During this process, the microstructure and proper-
ties of the DSSs can be significantly changed. The volume
fractions of ferrite/austenite phases become unbalanced
when close to the heat-affected zone (HAZ), and a structure
constituted for almost 100% of ferrite can be formed near
the fusion central line. In addition, precipitation of inter-
metallic compounds may occur (Refs. 1, 3). The effects of
these structural changes on the mechanical and corrosion
properties of DSSs can be deleterious (Ref. 4). According to
Nilsson (Ref. 5), the chromium nitride precipitation in the
ferrite decreases the material pitting corrosion resistance.
Kordatos et al. (Ref. 6) claim these precipitates also con-
tribute to the toughness decrease in samples that are fast-
water cooled after the welding procedure. Consequently,
welding processes have been extensively analyzed to mini-
mize the deleterious effects on the mechanical properties
and corrosion resistance of DSSs due to the welding thermal
cycles (Ref. 7).
     Laser welding has proven to be an attractive process for
the joining of thin steel plates because it has high productiv-
ity. In addition, it is characterized by its small HAZ, deep
penetration, narrow weld bead, low-heat input per volume
unit, and high degree of automation. However, laser welding
in DSSs promotes the presence of a metastable structure al-
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    The welded joints of duplex stainless steels (DSSs) have
been widely used in petrochemical, nuclear, pulp, and paper
industries. Welds require a good, superficial finishing and a
combination of mechanical and corrosion properties in these
types of high-quality, demanding applications. Even though
laser welding promotes narrow weld beads and a small heat-
affected zone, when it is applied to DSSs, it can produce
dangerous microstructural discontinuities. In this context, the
effects of subsequent heat treatments on the microstruc-
ture, corrosion resistance, microhardness, and tensile proper-
ties of DSS laser-welded joints are investigated. In this study,
samples of UNS S32304 DSS were submitted to two differ-
ent conditions of laser welding. Subsequently, the plates
submitted to the best welding condition were subjected to
isothermal heat treatments at different temperatures (850°,
950°, 1050°, and 1150°C) for 10 min. Then they were mi-
crostructurally characterized. Phase fraction measurements
and microhardness tests were performed. Based on the ob-
tained results, postweld heat-treated samples at 1150°C,
which is the best condition, were subjected to corrosion and
tensile tests. It was possible to conclude the corrosion prop-
erties of the welded joint were significantly improved after
the heat treatment. However, the mechanical behavior was
strongly influenced by the presence of volumetric disconti-
nuities and intermetallic compounds, which considerably de-
teriorated the mechanical strength of the material.
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most completely ferritic in the fusion zone (FZ), consisting
of elongated ferrite grains with a small amount of allotri-
omorphic and Widmanstätten austenites, and abundant
precipitation of chromium nitrides due to the high cooling
rates arising from the procedure (Refs. 8, 9).
     According to previous studies, an effective way to im-
prove the DSSs weldability is to adjust the austenite volu-
metric fraction in the FZ, reformatting the austenite and, if
possible, reestablishing its morphology (Ref. 10). The laser
welding procedure and the postweld heat treatments
(PWHTs) applied to DSSs are not as well studied as the oth-
er usual welding methods (Refs. 11–15). Even so, there is an
indication that the correct planning and use of PWHT can
be a powerful tool for this purpose, resulting in desirable
mechanical and corrosion properties in the FZ. In this con-
text, this study aims to evaluate the effects of PWHTs on
the microstructure, tensile behavior, and corrosion resist-
ance of laser-welded UNS S32304 duplex stainless steel.

Experimental Procedure

Material

     The as-received UNS S32304 duplex stainless steel plates
were supplied by Aperam South America. Table 1 shows the
chemical composition provided by the manufacturer. The
samples were taken from a cold-rolled sheet with a 48% area
reduction and a 2.5-mm final thickness, annealed and pick-
led with 2B finishing rolling (dimensional fine adjustment
and strain hardening rolling).
     Plates of UNS S32304 duplex stainless steel, with dimen-
sions of 6.5 × 6.5 cm, were laser welded in a butt joint con-
figuration in the rolling direction. A high-powered fiber
laser, manufactured by IPG Photonics Ltd., model YLR-
2000W was used. This laser has a maximum power of 2000
W in continuous operation. Argon and nitrogen were used
as the shielding and process gas, respectively. The flow rate
of argon gas was 8 L/min. The plates were placed under the
welding table with a computer numerical control managed

by the software EMC2 operated by the Linux system (Ref.
16), which allows for variation in the speed and position of
the laser. The studied welding conditions were as 
follows: 1) AT50, performed at a speed of 2400 mm/min and
a power of 2000 W, and 2) AT100, performed at a speed of
600 mm/min and a power of 1000 W.

Computational Simulation of the Welding
Thermal Profile

     Because there is great difficulty in measuring tempera-
tures during laser welding, it was necessary to use numerical
methods to evaluate the thermal gradients to which the
plates were subjected during the process. In the present
study, ESS Group’s SYSWELD software was used to investi-
gate the effect of the welding conditions on the thermal
cycling imposed on the plates (Ref. 17).
     The SYSWELD software has an extensive database of
metallic material properties, which allows an estimation of
the thermometallurgical and mechanical characteristics of
the component during and after welding. The thermal prop-
erties of the UNS S32304 DSS are not part of the software
database, so it is necessary to use the material whose ther-
mal conductivity, specific heat, and density are as close as
possible to the studied material. In this case, the properties
of 316L stainless steel were used.
     The simulation was based on a three-dimensional finite 
element model in which a mesh was constituted of 140,000
nodes with tetrahedral elements, and was inserted, as present-
ed in Fig. 1. Note that the mesh is refined around the path of
the heat source to improve the resolution where the thermal
gradient is larger. As the thermal transfer is performed
through the nodes between each element of the mesh, the
minimum distance between the nodes was 0.03 mm in the x-
axis and 0.25 mm in the z-axis, around the heat source.
     For the computational simulation, the same values for
the welding power and speed used in the already described
physical experiments, and a laser beam absorptivity of
65%, were used (Ref. 18). It must be noted that the ab-
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Fig. 1 — Three-dimensional model employed at SYSWELD.

Table 1 — Chemical Composition of UNS S32304 Steel (wt-%)

         C                      Mn                   Si                     Cr              Ni            P                      S                     Cu                    Mo                        N

       0.01                    1.34                  0.31                 22.23          4.10        0.025              0.0004                0.09                 0.32                     0.10

Fig. 2 — Microhardness measurement scheme.
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sorptivity was a fit for the simulation and not based upon
any experimentally determined data. This absorptivity
was estimated/ fit in a way that the simulated shape of the
melt pool corresponded to the dimensions experimentally
verified. The calorimetric procedure for estimation of the
absorptivity could not be applied in the current setup due
to the dimensions of the sample (Ref. 19). In the present
study, the output data of the computational simulation
were the temperature profiles as a function of the time for
both studied experimental conditions, which are called
AT50 and AT100.
     Because it is difficult to monitor the temperature in laser
welding processes, the measured width of the FZ as a valida-
tion parameter for the computational model was utilized as
it will be shown in the results.

PWHT

     For PWHTs to be practical and economically feasible in
the industrial manufacturing routine, it is important that a
relatively short time be adopted during this procedure.
Thus, some plates welded using the AT100 condition were
subjected to isothermal heat treatments for 10 min in a fur-
nace manufactured by the Instituto de Aeronáutica e Es-
paço, AMR — Divisão de Materiais. Then, they were cooled
in water at room temperature. Table 2 presents the tempera-
tures used and the sample identification nomenclature.

Microstructural Characterization and 
Phase Fraction Measurements

     Samples of the welded plates were examined in the trans-
verse direction (through thickness) of the weld bead for
analysis by the optical microscope (OM). The samples were
prepared for metallographic examination, according to the
ASTM E3-11 standard recommendations (Ref. 20). For
phase volume fraction quantification, the samples were
etched by Beraha II etchant (20-mL HCl, 80-mL H2O, 1-g
K2S205, 2. [Refs. 21–26]). The volumetric fractions of ferrite
and austenite were determined by automatic image analysis
software LAS-LEICA by a complete scan of the FZ image
(200× magnification). The characterization of the FZ and
base metal (BM) was carried out by the OM. For this pur-
pose, the samples were electrolytically etched with the KOH
solution (100-g KOH and 900-mL deionized water) by ap-
plying 3 V for 30 s. Then, some samples were electrolytically
etched by using a 10% oxalic acid solution by applying 3 V
for 30 s to reveal chromium nitrides. Additionally, the fol-
lowing three techniques were also performed to enhance the
microstructural characterization and phase quantification.

Electron Backscatter Diffraction Analysis

     To confirm the phase identification (austenite and fer-
rite) performed in the previous procedure and to compare
the phase quantification performed by the OM and electron
backscatter diffraction (EBSD), as-received AT100 and L4
samples were analyzed via EBSD. For analyses via EBSD, the
samples followed the same procedures of metallographic
sample preparation for the OM with an additional 1.5 h of
polishing with 0.02 m colloidal silica on a Minimet Buehler
polishing machine. EBSD analysis was performed on the
Vega 3 – Tescan scanning electron microscope (SEM) and
the analysis software was AZtec Oxford.

SEM Analysis

     For further investigation of precipitation of chromium
nitrides in the ferritic grain boundaries in the FZ of the
AT50 sample, SEM analyses were executed by a Vega 3 – Tes-
can SEM. The sample was prepared following the same met-
allographic procedures for the OM. Then, based on literature
data and on ASTM A1084, Standard Test Method for Detect-
ing Detrimental Phases in Lean Duplex Austenitic/Ferritic
Stainless Steels, two etchants were adopted to reveal evi-
dences of the presence of chromium nitrides precipitates:
10% oxalic acid solution by applying 3 V for 30 s (indirect
evidence due to sensitization occurrence where chromium
nitrides precipitate) and Beraha II etchant (20-mL HCl, 80-
mL H2O, 1-g K2S205, 2.4-g (NH4)HSO4) for 10 s (direct evi-
dence due to the revelation of nanostructured chromium ni-
trides) (Refs. 27, 28).

Transmission Electron Microscopy Analysis

     To verify the presence of chromium nitrides, transmis-
sion electron microscopy (TEM) analysis was performed.
For that, the FZ of the AT100 sample was previously pre-
pared by the focused electron beam (FIB) technique in a
Quanta 3D field emission gun FEI SEM. Through the cut
performed by the FIB, a wedge-shaped sample was ob-
tained in the dimensions of 4 × 2 mm and thickness of less
than 200 nm, hence the TEM analysis could be performed.
TEM was carried out with the aid of the Tecnai G2-20 Su-
perTwin FEI, 200-kV TEM.

Table 2 — Heat Treatment Temperatures

    Temperature of Isothermal                                Identification
       Heat Treatment (10 min)                                             

                    850C                                                         L1
                    950C                                                        L2
                    1050C                                                        L3
                    1150C                                                        L4

Fig. 3 — Dimensions of the specimens used in the tensile
tests (in mm).
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Porosity Measurement in the Fusion Zone

     The used measurement method was the light OM cross
sections. Several OM images of the FZ cross section were
submitted to image analyses, and the total pore area, in
m2, were measured (SP), as well as the FZ total area (SFZ).
This method consisted of calculating the average relative
pore area in relation to the FZ area [P (%)] (Eq. 1). Qualita-
tive sampling ensured a R.A. value, i.e., relative accuracy of
less than 5% (Ref. 29).

P (%) = Sp/SFZ (1)

Vickers Microhardness and
Ultramicrohardness Measurements

     To evaluate the effects of welding and the PWHT on FZ
and BM, Vickers microhardness measurements were per-
formed on the etched cross section of the welded samples
AT100, L1, L2, L3, and L4. For this, a Pantec digital micro-
hardness tester was used with a load of 0.1 kgf holding for
5 s. The hardness of the BM and FZ were considered as the
average values calculated from several measurements per-
formed in each area. Figure 2 shows a schematic figure that
highlights the hardness profiles planning for all studied
samples.
     To verify the differences between ferrite and austenite
specific hardness values and to evaluate if there is some in-
fluence of welding and heat treatment performed at 1150˚C
on the phase hardness, Vickers ultramicrohardness meas-
urements were performed on AT100 and L4 samples. These
samples were selected because they presented the most ap-
propriate microstructure, considering the need and the de-
sire to obtain similar amounts of austenite and ferrite as the
main criterion. The test was performed by a Shimadzu
DUH-211/DUH-211S dynamic ultramicrohardness tester
with a load of 0.005 kgf holding for 5 s. The average values
were calculated from five measurements performed in each
phase.

Corrosion Tests

     The samples AT100 and L4 were submitted to a corrosion
test with microarea analyses. The potentiostat used to
measure the open circuit potential (OCP) curves and polar-
ization curves was the Metrohm Autolab model PG-
STAT204. Three electrodes were used in the investigation:
the working electrode (the specimen), the tungsten refer-
ence electrode with a 125 m diameter and oxidized in 0.1
mol/L solution of sulfuric acid from potentials, 0.954 to
1.854 V in relation to the saturated Ag/AgCl electrode, and
the platinum counter electrode with a 100 m diameter. The
tests were carried out under a controlled atmosphere with a
relative humidity of 78  4%. All analyses were performed in
a Faraday cage.
     A precision syringe was used to deposit about 30 l of
3.5% NaCl solution under a PET laser-cut adhesive mask to
demarcate the analyzed area. The exposed surface area ana-
lyzed was approximately 0.077 mm2, corresponding to a ra-
dius of approximately 157 m. The BM and the FZ of each
sample were analyzed. The samples underwent OCP stabi-
lization for 30 min, followed by a polarization test starting
from –0.1 to 1.2 mV in relation to the oxidized tungsten
electrode –243 mV vs. Ag/AgCl) at a potential scanning rate
of 1 mVs–1 and with a step size of 0.2 mVs–1.

Tensile Tests

     Three conditions were chosen for the tensile test: as-
received steel, laser welded (AT100), and postweld heat
treated at 1150˚C (L4). The tensile test specimens were
adapted from a fatigue test specimen standard (ASTM
E466-15, Standard Practice for Conducting Force Controlled
Constant Amplitude Axial Fatigue Tests of Metallic Materials)
by conventional machining. The dimensions of the speci-
mens (in mm) are shown in Fig. 3.
     The tensile tests were performed on a MTS servohy-
draulic machine using displacement control with a displace-
ment rate of 5 mm/min at room temperature until the spec-
imen fractured. Three specimens were used for each sample

Fig. 4 — Microstructure of UNS S32304 DSS. KOH electrolytic
etching. OM-500.

Fig. 5 — EBSD map confirming the phase identification deter-
mined by the OM in the as-received sample.
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condition, and the average values, of each measured parame-
ter, were taken for the result analyses. The fractured sur-
faces of the tensile test specimens were examined by a Vega
3 – Tescan SEM.

Results

As-Received Microstructural Characterization

     The microstructural analysis of the as-received UNS
S32304 DSS (Fig. 4) showed that the structure is lamellar
with grains aligned in the rolling direction, composed of
austenite islands in a ferritic matrix. The phase fraction
measurements, using the quantitative metallography
method, highlighted a microstructure constituted of 55 
5% of ferrite and 45  5% of austenite.
     The EBSD image of the as-received sample confirmed
that the phases indicated as ferrite (darker phase) and
austenite (lighter phase) analyzed by the OM was accurate,
as shown in Fig. 5.

Computational Simulation

     The characteristics of the weld bead, such as penetration
depth, FZ width, and cooling rate in laser welding, are de-
pendent on the speed and power of the process. Figure 6
shows the temperature distribution as a function of the po-

sition relative to the center of the weld bead estimated by
the SYSWELD software.
     The yellow dots indicate the fixed points in relation to
the center of the weld bead for which the temperature varia-
tion as a function of time was calculated during the laser
passage. The mesh width is 0.3 mm, as shown in Fig. 6. The
point in the center of the weld bead is the distance 0, the
second point indicates the distance of 0.3 mm, and so on to
the last point (1.5 mm). Figure 7 shows the result of the
computational simulation obtained using the SYSWELD
software. Time 0 represents the time at which the laser fo-
cus was on the FZ at the position 0. In this way, the tempo-
ral evolution of the temperature at these fixed points after
the passage of the laser can be observed. Figure 6 considers
the melt bath above 1500˚C, while in Fig. 7 the temperature
curves at point 0 extend to the vaporization limit.
     According to the simulations done in the SYSWELD, the av-
erage cooling rate at the center of the weld (distance 0), from
the maximum temperature to around 500°C, in the AT50 sam-
ple was roughly 3870°C/s. The AT100 sample cooling rate was
approximately 1105°C/s, about 3.5 times lower than the one
calculated for the AT50, as may be observed in Fig. 7.

Fusion Zone Characterization

     As shown in Fig. 6, the FZ and HAZ are smaller in the
welded joint manufactured with a speed of 2400 mm/s and a
laser power of 2000 W (AT50) than in the one with a speed

Fig. 6 — Temperature profile (in ˚C) as a function of the displacement relative to the center of the FZ: A — AT50; B — AT100.

Fig. 7 — Cooling curves as a function of the position in relation to the center of the FZ obtained by SYSWELD software: 
A — AT50; B — AT100.

A

A

B

B

Layout Magalhaes (201997) Supp.qxp_Layout 1  6/8/20  2:52 PM  Page 189



WELDING RESEARCH

WELDING JOURNAL / JULY 2020, VOL. 99190-s

of 600 mm/s and a laser power of 1000 W (AT100). For the
abovementioned welding conditions, a heat input of 50 and
100 J/mm is generated, respectively.
     Figure 8 shows the micrograph of the weld bead of plates
that were welded applying the same simulating conditions.
The welds exhibited a typical keyhole shape. Comparing the re-
sults presented in Figs. 6 and 8, it is possible to verify that the
morphology of the weld beads is consistent with that predict-
ed by the simulation. The width of the FZ in sample AT50 and
AT100 was approximately 444 and 1376 m in the center of
the weld bead, respectively. These values were similar to those
calculated by the simulation; that is, 400 and 1000 m, which
validate the computational model. Figure 8B shows the pres-
ence of porosity in the FZ. These porosities were observed re-
currently in the laser-welded joints, some of which had a small
fraction of pores (considered in this study as around 0.4  0.2
mm–2) and other higher fractions (considered in this study as
around 1.0  0.2 mm2).
     The solidification process in the FZ involves epitaxial
growth from the BM to the weld interface. The initial den-
dritic growth is oriented toward the direction of the thermal
gradient and produces a columnar ferritic structure. From
this structure, the other transformations in the solid state
are obtained after the cooling (Ref. 1), as can be seen in Fig.
8. The initial lamellar structure, typically observed in DSSs,
was replaced by elongated ferritic grains with columnar

growth oriented in the direction of the heat flow, whereas
the austenite concentrated in the ferrite grain boundaries in
both welding conditions. The volume fraction of austenite in
the samples AT50 and AT100 were 1.8 and 3.5%, respective-
ly, indicating that a small amount of austenite was reformed
during the cooling stage, as shown in Fig. 9.
     The electrolytic etching with oxalic acid evidenced the
presence of chromium nitrides (Fig. 10), as well as in the
work of Ramirez et al. (Ref. 9). The chromium nitrides pre-
cipitated in the ferrite grain boundaries in both samples.
However, chromium nitrides were concentrated within fer-
rite grains in the AT100 sample, as observed in Fig. 10B.
     For a further investigation, aiming to confirm the precipita-
tion of chromium nitrides at some ferrite grain boundaries in
the FZ, the AT50 sample was analyzed by SEM submitted to
two different etchants: oxalic acid and Beraha II. The first one
was adopted to indicate the indirect effect of sensitization,
that is, chromium-depleted zones that are susceptible to pref-
erential corrosion during the etching (Refs. 27, 31, 32). The
second one was applied to reveal directly the chromium ni-
trides as a mean of confirmation. In both etchings, indirectly
or directly, it was possible to obtain evidences of the chromi-
um nitrides precipitation along the / grain boundaries, as
indicated in Fig. 11. It was not possible for the precipitation of
Cr2N within ferrite grains to be observed neither by OM nor
SEM in the AT50 sample because of the limitation of the later-

Fig. 8 — Micrographs of FZs: A — AT50; B — AT100. KOH electrolytic etching. OM-50.

BA
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al resolution of these techniques.
     Complementary analyses were performed in a TEM with
the aim to confirm the presence of chromium nitrides with-
in ferrite grains. The TEM analyses confirmed the presence
of tiny needles precipitates in the AT100 sample, typical of
chromium nitrides precipitated within ferrite grains (Fig.
12), as observed in a previous study by Yang et al. (Ref. 33).
Due to the size of the TEM sample prepared in FIB, the tan-
gle of lines in Fig. 10B could not be observed.

Effects of PWHTs on the Microstructure

     The effects of laser PWHTs on the microstructure will be
presented only for the AT100 condition, since this was the
condition of greater representativeness because it presented
the greatest amount of reformed austenite in the FZ just as
welded and had fewer defects in the welded joint.
     Heat treatments had a significant effect on the fraction
and morphology of the austenite found in the FZ, as shown
in Fig. 13A–D. In the sample heat treated at 850˚C, the mi-
crostructure consisted of a ferritic matrix with the reformed

austenite concentrated mainly in the ferrite grain bound-
aries. Widmanstätten austenite formation was also ob-
served, nucleating from the reformed austenite in the ferrite
grain boundary — Fig. 13A. At 950˚C, there was a signifi-
cant increase in the amount of intragranular austenite and
in the nucleation and growth rate of Widmanstätten austen-
ite from the reformed austenite in the ferrite grain bound-
ary — Fig. 13B. An increase in the amount of Widmanstät-
ten austenite was noticed, as well as the presence of intra-
granular austenite at 1050˚C — Fig. 13C. In the isothermal
heat treatment at 1150˚C, a refined structure with the pre-
dominance of intragranular austenite and the spheroidiza-
tion of some austenite particles were observed — Fig. 13D.
     Table 3 shows the volumetric fraction of austenite/ferrite
phases for the different heat treatment temperatures. Notice
when increasing temperature from 850˚ to 1150˚C, the
austenite fraction also increased. It is important to emphasize
only the volumetric fraction of austenite/ferrite phase was
evaluated in this work. The PWHT did not have the aim to
reach the thermodynamic equilibrium condition, or to
reestablish the prior weld phase chemical composition, but

Fig. 9 — Detailed micrographs of FZs: A — AT50; B — AT100. KOH electrolytic etching. OM-200.

Fig. 10 — Micrographs of FZs (A) AT50 and (B) AT100, indicating the precipitation of chromium nitrides and austenite. KOH elec-
trolytic etching followed by oxalic acid etching. OM-500.
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just to readjust the phase fraction balance and dissolve delete-
rious precipitates in a relatively short time that makes its use
economically and operationally feasible (Ref. 24). Due to that,
the chemical composition in the weld was not estimated, but
according to the literature, it is possible to affirm that the fer-
rite phase is richer in Cr and Mo while the austenite is richer
in Ni and N during the short-time PWHT (Ref. 34).
     It is well known that nitrogen plays an important role in
the austenite formation in the FZ during cooling of DSS. In
welding processes, there is a tendency of nitrogen loss, and
it can affect the amount of austenite precipitated in the
weld metal. According to the literature (Ref. 35), nitrogen
depletion in the FZ of DSS welds is most seriously observed
in gas tungsten arc welding. In laser welding, the nitrogen
depletion in the FZ occurs in a smaller magnitude when
compared to other welding processes. Due to the complexity
of the characterization techniques to perform an accurate
measurement of nitrogen in such a narrow region as in the
FZ of laser welding, the nitrogen amount was not measured
in this work, but in the scientific literature, there are some
studies showing the loss of nitrogen in the weld pool. For
example, Lai et al. (Ref. 36) measured the nitrogen content

in the weld pool by the oxygen and nitrogen analyzer, LECO
TC-436 in a 2205 DSS fiber laser welded with 100% Ar as a
shielding gas. The percentage of nitrogen in the as-received
sample was 0.16 wt-%, while the amount of nitrogen in the
weld pool was 0.085 wt-% in the center section of the weld
and 0.095 wt-% in the upper section of the weld. According
to them, the decrease of nitrogen content can lead to drop-
ping the amount of austenite reformed in the FZ during the
FZ cooling.
     As shown in Fig. 14, in addition to the readjustment of
the austenite fraction, the L4 sample had the chromium ni-
tride fraction considerably decreased, and it was not possi-
ble to observe this via the OM.
     The EBSD images of the FZ of the samples AT100 and L4
(Fig. 15) present the evolution of austenite growth, from the
as-welded condition to PWHT at 1150˚C for 10 min. Thus,
the higher amount of reformed austenite among the tem-
peratures of the heat treatments evaluated was obtained.
     The EBSD phase quantification analysis of AT100 and L4
samples was 96.2 and 61.2% of ferrite and 1.8 and 27.8% of
austenite, respectively. The fraction of points that were not
indexed in the EBSD analysis was presented as zero solu-

Fig. 11 — SEM micrographs of FZ of AT50 sample: A — Oxalic acid; B — Beraha II etchings.

Table 3 — Volume Fractions of Austenite and Ferrite at Different Heat Treatment Temperatures

                Sample                                                                                % Austenite                                                                         % Ferrite

                            L1                                                                                           18, 7                                                                                   81, 3
                    L2                                                                                          37, 0                                                                                   63, 0
                    L3                                                                                          38, 0                                                                                  62, 0
                    L4                                                                                          44, 2                                                                                  55, 8
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tions: 2.0 and 11.0% for each sample. It should be highlight-
ed that in the EBSD analysis, the indexing routine is a chal-
lenge for accurate data (Ref. 37). Taking this into considera-
tion, and also that phase measurement by the OM for DSS is
a consolidated technique in the literature (Refs. 21, 22, 25),
the discussion of the results was made considering the
phase amounts obtained via OM analysis. Hosseini et al.
(Ref. 26) stated the most accurate method to measure the
phase amounts of DSS welds was the etching with modified
Beraha followed by image analysis software.

Vickers Microhardness and
Ultramicrohardness

     The results obtained from the microhardness tests are
presented in Table 4. The samples AT50 and AT100 had 
the highest hardness values in the FZ, 319  8 and 272  5
HV, respectively.
     The ultramicrohardness of the specific phases (ferrite
and austenite) were evaluated only for the extreme condi-
tions (AT100 and L4), shown in Table 5. Because of the
AT100 condition, the microstructure is mostly ferritic; as a
result, the hardness measurement of austenite was not per-
formed. Instead of the ferrite hardness, the measured mi-
crohardness for the FZ was applied. The theory guarantees
the load of the hardness test on the Vickers scale does not
significantly change the hardness values.

Corrosion Tests

     Samples AT100 and L4 were subjected to a corrosion test
with microarea analysis to examine the effects of welding

and PWHTs on the corrosion resistance of the FZ and BM.
These conditions were chosen based on the results obtained
by the microscopic analysis related to the weld quality and
the austenite/ferrite adequate ratio. Figure 16 shows the
BM and FZ polarization curves for each condition.
     In the as-welded sample (AT100), there was a marked de-
crease in the corrosion resistance for the FZ in relation to
the BM, whereupon the BM of the AT100 sample had a be-
havior that was similar to the as-received material. The val-
ues of Ecorr (corrosion potential) and jcorr (corrosion current
density), listed in Table 6, show that the BM had a more no-
ble potential than the FZ under this condition (AT100).
     Although the analysis indicated a pitting potential near
0.9 V, in the FZ of the postweld heat treated sample (L4),
the pits did not become stable in the studied potential range
up to 1 V. As both samples had low and very close corrosion
current values, of the order of 10–7A.cm–2, it is possible to af-
firm the heat treatment did not significantly affect the cor-
rosion current density of the samples.

Tensile Tests

     The stress-strain curves for as-received, laser-welded
(AT100), and postweld heat-treated (L4) samples are shown
in Fig. 17. The tests were conducted for condition L4, consid-
ering two specimen groups classified in function of their
porosity: one with a relatively low fraction of pores (0.4  0.2
mm–2) and another with a relatively high fraction (1.0  0.2
mm–2). As the porosity of the weld bead was recurrent, con-
sidering the laser welding condition applied to the studied
DSS, this was done to evaluate the effect of the pore fraction
on the tensile behavior of the postweld heat-treated samples.
     Table 7 shows the parameters measured in the tensile test.
From the first analyses, it can be seen that the as-received
specimen presented the highest yield strength (578 MPa),
followed by the AT100 condition, L4 with higher porosity on
the fractured surface (Fig. 18A), and L4 with lower porosity

Fig. 12 — TEM analyses of AT100 sample: A — TEM micrograph; B — TEM micrograph showing in detail the chromium nitrides as a
needle morphology; C — diffraction profile of ferritic matrix coincident with Cr2N; D — elastic scattering image correspondent to C.

D

Table 4 — Vickers Microhardness and Volume Fraction of Austenite
in the Fusion Zone

                           BM                      FZ            % Austenite (FZ)

    AT50            263  4               319  8                   1, 8

   AT100           250  8               272  5                  3, 5

      L1              235  4               219  7                  18, 7

      L2              237  5               234  7                  37, 0

      L3              240  5               237  8                 38, 0

      L4              232  8              238  8                 44, 2

Table 5 — Vickers Hardness

                                        BM                                              FZ

                        Austenite        Ferrite               Austenite         Ferrite

   AT100             339  10       264  16                   ***              272  5

     L4                298  9        267  10                304  7          268  5
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— Fig. 18B. Comparing the ultimate strength of the sam-
ples, the as-received specimen had the highest value (729
MPa), followed by the AT100 condition, L4 with lower
porosity, and L4 with higher porosity (605 MPa). The as-re-
ceived and AT100 conditions had higher tensile strength
than the heat-treated samples of both groups. Also, the as-
received specimen was the one that deformed the most
(52%), presenting greater ductility. Then, the specimen,
postweld heat treated at 1150˚C and with lower porosity ex-
hibited a greater plastic elongation (30%). While as-welded
and L4 with higher porosity were the least plastic deformed,
both presented a total deformation of 22%. In all specimens,
the fracture occurred in the weld bead.

     The as-received sample had a completely ductile frac-
ture surface (Fig. 19A), while the as-welded specimen re-
vealed a semiductile fracture. The fractured surface of this
sample was subjected to electrolytic etching with oxalic

Fig. 13 — Micrograph of the FZ after isothermal heat treatment at different temperatures for 10 min: A — 850˚C; B — 950˚C; C —
1050˚C; D — 1150˚C. KOH electrolytic etching. OM-200.

A

C D

Table 6 — Potential and Corrosion Current Density

                                     AT100                                         L4

                            BM                  FZ                   BM                  FZ

Ecorr (VAg/AgCl)        –0, 181             –0, 187              –0, 145             –0, 137

jcorr(A/cm2)       1, 50  10–7           1, 38  10–7               1, 90  10–7           2, 13  10–7

Table 7 — Yield Strength (ys), Ultimate Strength (ult), Total Strain (), and Reduction Area (R.A.) of the Tensile Test Specimens Evaluated

                   Condition                                  ys (MPa)                                 ult (MPa)                   (%)                                         R.A. (%)

                 As-received                                     578                                           729                          52                                                50

                      AT100                                          485                                          675                          22                                                29

           L4 (higher porosity)                               462                                          605                         22                                                30

            L4 (lower porosity)                               426                                          666                         30                                                37

B
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acid, so the presence of chromium nitrides inside the
cleavage facets was revealed — Fig. 19B. The heat-treated
specimens presented a semiductile fracture, and the sam-

ple with the highest porosity presented a smaller extent of
ductile fracture (presence of dimples) (Fig. 20A) than the
one with lower porosity in the FZ — Fig. 20B.

Fig. 14 — Micrographs of FZ of L4 sample indicating the dissolution of chromium nitrides: A — OM-200; B — OM-1000. KOH elec-
trolytic etching followed by oxalic acid etching.

Fig. 15 — EBSD maps: FZ phase distribution of the samples: A — AT100; B — L4. Band contrast: C — AT100; D — L4.

B

B
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A
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Discussion

Simulation and Laser Welding

     Under both welding conditions, the FZ reached a tempera-
ture above 1500°C. Ramirez et al. (Ref. 9) found that at
1350°C, there is a complete dissolution of austenite in UNS
S32304 DSS, and the FZ becomes completely ferritic in the so-
lidification. The austenite is reformed only during the welded
joint cooling to room temperature, if there is enough time for
the diffusional processes to occur. It was also noticed that the
cooling rate was higher in the first welding condition (AT50)
than in the second (AT100), as presented in Fig. 7. Induced by
laser welding, the high cooling rates cause the formation of an

almost completely ferritic structure in the FZ after cooling
(Ref. 8). If the cooling is fast, the time is insufficient for
austenite nucleation and growth. The cooling rate is funda-
mental to the extent of the transformation (Ref. 1). The
austenite precipitation is a nucleation and growth process con-
trolled by diffusion. The reformed austenite is controlled by a
paraequilibrium transformation mechanism, whereby the dif-
fusion of the interstitial elements (carbon and nitrogen) is the
process controller (Refs. 1, 38). Thus, increasing the cooling
rate will reduce the diffusion of austenite stabilizing elements,
such as N and Ni, and few austenite will be transformed from
supersaturated ferrite (Ref. 39).
     The heat input is an effective parameter to judge the quali-
ty of the weld surface and the properties of the welded materi-
al (Ref. 40). According to Zhao et al. (Ref. 41), the lower the

Fig. 16 — BM and FZ polarization curves of samples AT100 and
L4, set up by a potentiostatic test performed in an aerated
aqueous solution with a nitrogen flow in 3.5 wt-% NaCl at
room temperature.

Fig. 17 — Stress-strain curves obtained in the tensile tests for
different conditions.

Fig. 18 — SEM surface images of tensile test specimens heat treated at 1150˚C, indicating the presence of pores (white arrows): 
A — High porosity; B — low porosity.
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heat input, the lower the weld bead width because a smaller
amount of material is molten. Therefore, the weld bead is nar-
rower, as shown in Fig. 8 and in the computer simulation —
Fig. 6. The following is another important consideration: The
lower the heat input, the higher the cooling rate, and hence,
the lower the amount of reformed austenite during the welded
joint cooling.
     Regarding the as-received condition, besides the intense
modification in the austenite and ferrite volume fractions,
there may also be intense chromium nitride precipitation due
to the rapid supersaturation of nitrogen in the ferrite during
the fast cooling (Ref. 42).
     According to Perren et al. (Ref. 43), Cr2N is rarely found
close to the ferrite/austenite grain boundaries because, dur-
ing the quenching, the nitrogen that is close to the / in-
terface migrates to the adjacent austenite, which has a high-
er solubility by nitrogen than ferrite. In Fig. 11A, where
there is secondary austenite along the grain boundaries, no
preferential corrosion areas could be observed after the ox-
alic acid etching. This is because the nitrogen probably dis-
solved in austenite and the Cr2N did not precipitate along
the / grain boundaries. Otherwise, where there is a pref-
erential corrosion at / grain boundaries, i.e., sensitization
occurrence, it is possible to affirm it is an indirect indication
of chromium nitride precipitation at the grain boundaries,
responsible for chromium-depleted regions (Refs. 27, 28, 31,
32). Because the cooling rate in the AT50 sample is higher
than in the AT100 sample, and a small amount of austenite
had been reformed, the chromium nitrides were mainly con-
centrated in the ferrite grain boundaries — Fig. 10A. Bettini
et al. (Ref. 44) also detected the presence of chromium ni-
trides along the / boundaries. No chromium nitrides pre-

cipitates were observed in the austenite phase as well, which
is in accordance with this work — Fig. 11.
     Magalhães et al. (Ref. 45) observed in a UNS S32304 DSS
with a completely ferritic structure and fast cooled that
there was precipitation of chromium nitrides in the form of
black needles in the ferrite grains, similar to that verified in
this study for the AT100 condition, as shown in Fig. 10B.
The supersaturation of nitrogen in ferrite and the alignment
of discordances favor the formation of chromium nitrides in
subgrain boundaries, exhibiting this structure in the form of
a tangle of lines (Refs. 22, 39, 43).
     The suppression of austenite transformation in a high
cooling rate condition propitiates a scenario that is favorable
for obtaining a microstructure constituted of a high fraction
of ferrite and chromium nitrides, which can result in the
degradation of corrosion and mechanical properties of a
welded joint (Ref. 9), as will be presented later.
     Additionally, the presence of porosity found in the solidi-
fication of laser-welded joints are consistent with other
studies (Refs. 46–51). Previous articles affirm that the
porosity formation in laser welding will occur, if the solidifi-
cation rate of the molten metal exceeds the backfilling speed
of the liquid-metal during the keyhole collapse and solidifi-
cation processes. Porosity formation is even more serious in
laser welding, mainly because of the high cooling rates, as
shown in the computational simulation. The porosity may
cause damage to the quality of the weld, deteriorating its
mechanical properties (Ref. 52).

Effects of PWHT on the Microstructure

     Two types of secondary austenite (2) can be observed in

Fig. 19 — Fractography (A) as-received and (B) AT100 indicating the presence of chromium nitrides. KOH electrolytic etching fol-
lowed by oxalic acid etching, applying 3 V for 30 s.
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DSSs based on their morphology and site of precipitation cri-
teria. The first type is formed at the / interfaces, denomi-
nated intergranular austenite. It is a result of the growth from
the preexisting austenite particle toward the ferrite. The sec-
ond type is intragranular 2, which nucleates and grows intra-
granularly in the ferrite (Refs. 9, 53). Within these two types,
there are subclassifications of the morphology of 2, which are
observed in Fig. 13 as the following: A) allotriomorphic along
the ferrite grain boundaries, B) Widmanstätten, and C) intra-
granular austenite. Intragranular austenite particles assume a
spheroid shape because they do not have a preferential orien-
tation during their growth (Ref. 54). Zhang et al. (Ref. 53) re-
ported the increase of the heat treatment temperature from
1020˚ to 1050˚C promoted the growth of austenite, the forma-
tion of intragranular austenite, and the complete dissolution
of chromium nitrides. When the temperature increased from
1080˚ to 1100˚C, the intragranular austenite particles were
spheroidized, and the amount of secondary austenite de-
creased due to more rapid diffusion, and thus, it is in accor-
dance with the present study.
     Magalhães et al. (Ref. 45) used the Thermo-Calc software to
simulate under thermodynamic equilibrium conditions and
the austenite/ferrite fraction ratio as a function of the temper-
ature for the UNS S32304 DSS. For this particular steel, at
temperatures above 1250˚C, a completely ferritic microstruc-
ture can be obtained (during the laser welding process, tem-
peratures reach around 1500˚C at the fusion zone), and at
temperatures around 800˚ or 1050˚C, the 50% fraction for
each phase is obtained. However, the sample that had the
austenite fraction closest to 50% was the one submitted to
1150˚C for 10 min, approximately 44% (the value close to the
amount of austenite in the as-received condition). This pro-
portion in a relatively short time and at a temperature higher
than that predicted by Magalhães et al. (Ref. 45) can be ex-

plained by the fact that the simulation was done at equilibri-
um, and kinetic aspects were not considered.
     In equilibrium phase diagrams, at temperatures around
1150°C, there is a tendency for ferrite formation. However,
the microstructure of the laser-welded FZ is almost com-
pletely ferritic as the cooling is extremely fast and there is
not enough time for austenite precipitation during cooling.
Thus, there is a driving force for the formation of austenite
if the material is reheated, as this is a nonequilibrium condi-
tion. Therefore, if the laser-welded plate is heated at any
temperature in the range studied in this paper, there will be
a predisposition for austenite to be precipitated because
they are postweld heat treated for a short time. It was no-
ticed the higher the temperature, the kinetics of austenite
formation was favored for this DSS. Therefore, the tempera-
ture of 1150˚C was more suitable for the phase fraction
readjustment in the fusion zone. Thus, it is important to
emphasize the optimum heat treatment temperature is a
variable, and it depends on the chemical composition of the
steel and microstructural condition of the FZ. Austenite for-
mation is a time-dependent diffusional process. According
to Magalhães et al. (Ref. 45), the residence time at the treat-
ment temperature proved to be a parameter of great influ-
ence on the transformation of ferrite into austenite.
     Moreover, the dissolution of Cr2N at 1150˚C PWHT can
be attributed to a cooperative mechanism of precipitation of
intergranular nitrides and 2, as explained by Ramirez et al.
(Ref. 9). The precipitation of Cr2N at /primary precedes the
growth of the secondary austenite. The low-energy inter-
faces formed between Cr2N, ferrite, and austenite, along
with the diffusion processes, are the factors that control this
phase transformation. In the case of intragranular nitrides,
they serve as heterogeneous nucleation sites of intragranu-
lar 2. It was also verified the dissolution of chromium ni-
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Fig. 20 — Fractography of L4 sample: A — High porosity; B — low porosity in the FZ.
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trides is favored at temperatures from 1000˚ to 1200˚C
(Refs. 24, 53).

Vickers Microhardness and
Ultramicrohardness

     The highest hardness values in the as-welded samples
can be associated with the fact that the low fraction of
austenite causes the supersaturation of nitrogen in the fer-
rite grain, promoting the Cr2N precipitation (Ref. 45), as
seen in Fig. 10B. These particles significantly increase the
hardness in the FZ, even with the presence of large ferrite
grains and few reformed austenite grains (Ref. 55). In the
heat-treated samples, the hardness values are close in both
the FZ and BM. The decrease in the FZ hardness after the
heat treatments was due to the relief of welding stress, the
globularization of the intragranular austenite particles (Ref.
54), and the dissolution of the chromium nitrides. On the
other hand, the hardness decreases in the BM of the heat-
treated samples, which was caused by the increase of the fer-
rite interlamellar spacing and by the relief of stress due to
dislocation density decrease. According to Muthupandi et al.
(Ref. 54), the microhardness reduction cannot be explained
by the / ratio changes.
     As also verified in previous studies, including Muthu-
pandi et al. (Refs. 54, 56), ultramicrohardness measure-
ments of the ferrite and the austenite in this study have
shown that austenite is only slightly harder than ferrite
(Table 5). Therefore, a significant difference of hardness in
the treated samples was not noticed, even when there was
an increase of the austenite fraction with the increase of
the heat treatment temperature, because the specific hard-
ness variation of each phase was small. Therefore, the pro-
portion of ferrite and austenite has little effect on the mi-
crohardness of the material, as observed in Table 4 for
samples L1, L2, L3, and L4. Gunn (Ref. 1) reported that
ferrite and austenite do not differ much in composition be-
cause the substitutional elements do not have enough time
to perform a significant partition during thermal process-
ing. Thus, only the amount of austenite varies, but not the
hardness of the  phase.

Corrosion

     As shown previously, the AT100 sample presented a small
amount of reformed austenite and abundant precipitation
of chromium nitrides — Fig. 10B. It may have caused a
chromium depletion around these precipitates and compro-
mised the formation of passive film, which caused a deleteri-
ous effect on pitting corrosion resistance in the FZ (Refs. 24,
39, 57).
     The results show the heat treatment at 1150˚C for 10
min significantly increased the corrosion potential in both
the BM and FZ, making the entire weld more noble. This can
be explained by the increase in the efficiency of the passive
film by the dissolution of the chromium nitrides, which re-
leases the chromium to form the protective oxide by the pre-
cipitation of the intragranular austenite, which increases the
solubility of N and C, and by the redistribution of the alloy-
ing elements by diffusion (Ref. 7).

Tensile Test

     Some authors claim that welding has a great influence on
the mechanical properties of DSSs because of the phase dis-
proportion produced in the procedure and the specific prop-
erties of each phase. By comparing the as-received condition
with the as-welded sample (AT100) in the tensile tests, this
could be observed (see Fig. 17 and Table 7). Some authors
have verified an increase of ductility of heat-treated welded
joints, and this was observed in this study for the L4 sample
with lower porosity. Muthupandi et al. (Ref. 54) suggested
the differences in ductility of as-welded and PWHT samples
of DSS joints could not be explained only by changes in the
ratio of the two phases in the FZ. Possible reasons for signif-
icant toughness improvements in PWHT samples, as in the
case of hardness, would be stress relief and spheroidization
of intragranular austenite particles. In their research, Zhang
et al. (Ref. 58) stated that heat treatment at 1080˚C for 3
min increased the impact toughness at –40˚C of the welded
joint of the UNS S32750 DSS. This improvement in ductility
was attributed to the fact that PWHT helped to restore
phase balance, as well as to relieve residual stresses in the
weld.
     Furthermore, the decrease in mechanical strength and
ductility in the AT100 and L4 conditions can be accredited
to the ferritic grain growth and changes in austenite and fer-
rite morphology. De Lacerda et al. (Ref. 59) evaluated the ef-
fects of annealing heat treatments on the fatigue behavior
of a UNS S31803 DSS at different temperatures (1060˚,
1200˚, and 1300˚C). The authors reported that, as the an-
nealing temperature increased, the hardness of the ferrite
increased, mainly due to the precipitation of chromium ni-
trides in ferritic grains. Fatigue crack growth was facilitated
in the ferritic phase due to its hardening and the reduction
of / interfaces with the increase in grain size of the two
phases (Ref. 59).
     In addition to the fraction and morphology phases, liter-
ature points out the presence of porosity due to the welding
process can also influence the mechanical properties of the
workpiece. In this study, in addition to the mechanism that
causes the recurrent formation of porosities in the laser
welding process as mentioned in the item FZ characteriza-
tion, the pores may have been formed by poor preparation
of the edge, causing an inconsistent weld. If the two plates
are not in juxtaposed contact, there is not enough material,
and the liquid metal covers the pore, resulting in porosities
such as those observed in Fig. 8B. Defects in the weld are
one of the main reasons to decrease the mechanical strength
of the material (Ref. 40). However, pores are stress concen-
trators, and, thus, for the same applied engineering stress,
the real stress around the defects is considerably higher, so
the yield and ultimate strength (which use the concept of
engineering stress) are smaller. The porosity is a defect in
the weld bead, deteriorating its mechanical properties and
decreasing its plastic strain capability. In Fig. 20, it is no-
ticed that around the pores, the fracture presented a brittle
behavior (presence of cleavage facets). This could explain the
poorer performance of the specimen with higher porosity in
the weld. Because the pores are sources of stress concentra-
tion, this justifies the brittle behavior in the vicinity of
pores and the overall ductility loss of the sample.
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     The material in the as-received condition presented the
best tensile behavior in relation to the as-welded material
and the heat-treated material. The AT100 sample, which has
a predominantly ferritic microstructure with the presence of
Cr2N precipitates, attained higher values of yield strength
and lower values of total strain (Refs. 59, 60) than the L4
sample with lower porosity. Moreover, the fact that ferrite
hardness is lower than austenite hardness in the as-welded
sample (see Table 5), mainly the ferritic phase, contributed
to the reduction of the mechanical strength of the material.
The decrease in the tensile properties of the as-welded spec-
imen can be attributed to the large volumetric fraction of
ferrite, the change in the morphology of the two phases, and
the precipitation of chromium nitrides (Refs. 59, 60).
     When comparing the samples L4 (with higher porosity)
and L4 (with lower porosity), they presented significantly
different yield and strength limits, area reduction, and total
strain, even though they have a similar proportion of ferrite
and austenite phases. These results indicate that even if
there is an adequacy of the austenite and ferrite fraction,
and the dissolution of chromium nitrides during the heat
treatment, the specimens in which the weld presented a
higher porosity in the fractured surface presented a behav-
ior close to the specimen without PWHT. When comparing
the L4 sample (with lower porosity) with the as-received
condition, despite having similar ferrite and austenite pro-
portions, the mechanical properties are different (see Fig. 17
and Table 7). Thus, despite the similar phase fractions, the
grain size, phase morphology, and porosity are very relevant
factors in the tensile behavior of the welded joint of duplex
stainless steel. It follows that simply restoring the phase
fraction of the DSS does not guarantee restoration of the
tensile properties of welded joints.

Conclusion

     The high cooling rates characteristic of the laser welding
process provided a mostly ferritic structure, as little austenite
was reformed during the cooling process. In the condition with
higher heat input (100 J/mm) and consequently, lower cooling
rate, the largest fraction of reformed austenite was obtained
(3.5%), while in the condition with the lowest heat input (50
J/mm), only 1.8% of the austenite volumetric fraction was ob-
tained. These values are well below what is desirable, which is
around 50%.
     In both laser welding conditions, there was precipitation of
chromium nitrides due to the fast cooling of the weld bead.
Thus, diffusion of nitrogen is difficult and precipitates in the
form of Cr2N, inside the ferritic grain or within its boundaries.
     The heat treatment after laser welding provided a 
readjustment of the volumetric fraction in the FZ at 1150˚C
for 10 min, obtaining a volume fraction of 44.2%, close to
the as-received sample. Also, the presence of chromium ni-
trides via the OM was not noticed.
     As-welded samples presented a hardness increase in the
FZ in relation to the BM due to the precipitation of chromi-
um nitrides. After heat treatment, the hardness values were
very close in both the FZ and BM. The FZ hardness decrease
is attributed to stress-relieving globularization of the intra-
granular austenite particles and dissolution of chromium 
nitrides.

     The as-welded sample (AT100) presented the worst per-
formance in the corrosion test compared to the postweld
heat-treated sample (L4) because of the presence of Cr2N.
Heat treatment at 1150˚C for 10 min considerably improved
the corrosion properties of the welded joint. There was an
efficiency increase of the passive film because of the dissolu-
tion of the chromium nitrides.
     Phase balance by heat treatment tends to improve the
tensile behavior of the welded joint. However, phase grain
sizes, phase morphology, and porosity are very relevant fac-
tors that influence the tensile behavior of the welded joint
of DSSl. The results show there is a great influence of the
weld quality on the mechanical properties of the workpiece,
besides the microstructure of the material. The presence of
discontinuities, such as porosities in the weld, greatly impair
the mechanical strength of the material.
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