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The current study presents some fundamental observations on the effects of the welding heat input in the
chemical composition, microstructure, hardness and petroleum corrosion resistance of the fusion zone,
formed by the AWS E309MoL austenitic stainless steel covered electrode and the AISI 410S ferritic stain-
less steel, being a dissimilar welding procedure. Such welding configurations are widely used as an over-
lay of equipment in the petroleum and gas industries. The welds were performed with the application of
three different levels in heat inputs (6, 9 and 12 kJ/cm). Samples of the weld metals were conventionally
prepared for the microstructural characterization by light microscopy and scanning electron microscopy.
A corrosion test with samples immersed in heavy oil heated at 300 �C, was carried out for a period of 60 h.
The corrosion rate was determined by the weight loss given after the aforesaid test. The fusion zone
microstructure has a typical d-ferrite acicular morphology, from which the level of d-ferrite was duly
altered with the increases of the welding heat input, due to the variations in the composition of the weld
metal caused by dilution. It was also concluded that the chemical composition and the weld metal micro-
structure had a slight influence in the material’s corrosion rate. As a matter of fact, the corrosion rate of
the weld metals evaluated herein, was considered satisfactory with few variations between the welding
heat inputs duly applied.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

The welding process is widely used in the constructions and re-
pairs of equipments in the gas and petroleum industries. In the
petroleum distillation towers, these said weldings can be used, in
order to apply lining coatings or weld overlays in internal surfaces
[1]. In this type of repair, the base metal is usually the original
stainless steel clad, which covers internal surface of the equipment.

One particular example of the material which has been used as
a clad of the petroleum distillation towers, are the ferritic stainless
steels, due to its good resistance to localized corrosion (pits and
crevice) and excellent stress corrosion cracking [2]. Among several
ferritic stainless steels it can be pointed the AISI 410S which has a
chemical composition basically composed by 11–12% of chro-
mium. This stainless steel is derived from AISI 410 martensitic
stainless steel, however, its microstructure is completely ferritic,
instead of martensitic due to a lower carbon content and a con-
trolled cooling rate. In the decade of the 1970s, some equipments
were constructed using AISI 410S ferritic stainless steel as clad-
ding, mainly due to the low corrosivity of the crude oil processed
in this period. The advantages of the use of this stainless steel were
ll rights reserved.
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based on its lower cost if compared with other classes of stainless
steels and due to its physical properties, specially thermal expan-
sion coefficient and thermal conductibility, which are near the
structural ferritic steels. These characteristics avoid the occurrence
of some problems associated to thermal fatigue.

As commented before, the above steel was considered in pro-
jects of distillation towers for the older petroleum refineries, des-
tined to the processing of high quality oil with a low acid level.
Nevertheless, with the discovery of new petroleum fields with hea-
vy oil and extreme acid, however economically attractive, this par-
ticular oil started to be processed in the refinering settings. As
result, an intense corrosive process was observed in some equip-
ments, especially in distillation towers, which are innerly coated
by the AISI 410S ferritic stainless steels.

To restore these equipments and to guarantee a good perfor-
mance in operations, the inner surface corroded are again coated
with the application of linings derived from the ferritic and/or
austenitic stainless steel, especially those containing high chro-
mium levels and addition of molybdenum, as types 444, 316L
and 317L [3–5]. Another possibility to recover the degraded sur-
faces is the weld overlay, in which one or more layers are deposited
on the surface using a corrosion resistant alloy consumable.

In this context, three distinct zones are formed during welding:
fusion zone (FZ), partial melted zone (PMZ) and a heat affected
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zone (HAZ) [6,7]. In many of the cases, the heat affected zone is the
most critical due to the metallurgical changes caused by the weld-
ing heat cycle [8–11]. However, other parts of the welded joint may
have significant metallurgical changes, such as the fusion zone,
being needed a careful evaluation of its characteristics.

As a general rule, the ferritic stainless steels are subjected to
excessive grain growth in the fusion zone and heat affected zone
[12,13]. This behavior is mainly due to the complete solidification
in ferrite mode and negligible phase transformation in the solid
state which could help the grain refinement [14]. In fact, after
the weld solidification of the 11% Cr ferritic stainless steels a net
of austenite is formed along the ferrite grain boundaries at high
temperatures, which transformers in martensite on cooling [7].
Nonetheless, this phase transformation is insufficient to avoid
the grain growth. Because of the grain coarsening and formation
of martensite along the ferrite grain boundaries these ferritic stain-
less steel welds exhibit poor toughness, ductility and corrosion
resistance [14,15].

In order to apply these linings or weld overlays and to overcome
these undesirable situations, the welding procedure for ferritic
stainless steels recommends the use of austenitic filler metals,
resulting in a dissimilar ferritic/austenitic stainless steel weld me-
tal [16–19]. In the petroleum, gas and petrochemical industries the
AWS E309MoL-16 covered electrodes are frequently utilized for
both linings and overlay applications due to high content of alloy-
ing elements such chromium, nickel and addition of molybdenum
above 2 wt.% [3,20]. The resultant chemical composition of the fu-
sion zone is related to the degree of mixing between filler metal
and base metal (dilution level).

In this case, a biphasic microstructures constituted by austenite
plus d-ferrite is expected. However, the proportion in d-ferrite and
morphology may varying significantly depending on the percent-
age of ferritizing and austenitizing elements, as well as the cooling
rate [21,22]. Despite progress in the study of the effects in the
stainless steel weld metal’s microstructure and its mechanical
properties, little is known regarding the influence of the solidifica-
tion mode and the d-ferrite content, as well as the morphology on
the corrosion resistance weld metals, encouraging the develop-
ment of studies in this area, especially when the microstructural
changes are so expressive, due to the aspects of dilution and high
cooling rates.

Therefore, knowledge of the corrosion resistance in the materi-
als applied as linings and weld overlays in the equipments that
process heavy oil, especially distillation towers, should not be re-
stricted to the study of the HAZ [4,10,23], since the fusion zone
can also represent a critical zone. This particular study evaluated
the microstructure and corrosion behavior caused by the Brazilian
heavy oil in the dissimilar weld metals, between the AWS
E309MoL-16 austenitic stainless steel covered electrode diluted
with AISI 410S ferritic stainless steel.
2. Materials and methods

2.1. Crude oil characterization

The crude oil used in this study (a heavy oil from Campos Basin
in Rio de Janeiro, without any pre-processing), was supplied by the
Leopoldo Américo M. de Mello Center for Research and Develop-
Table 1
Physico-chemistry analysis of the crude oil.

Gravity (20/40) API Viscosity at 50 �C (mm2/s) Sulfur (%m/m)

0.91042 16.8 240 0.56
ment – CENPES/Petrobras. The physical properties of the petro-
leum used are presented in Table 1.

2.2. Base metal and filler metal characterization

The base metal used in this study was a cold rolled plate of AISI
410S ferritic stainless steel with 3 mm thickness. The chemical
composition determined by optical emission spectroscopy is pre-
sented in Table 2. To confirm the ferritic microstructure a test spec-
imen was extracted from the plate and prepared to metallographic
evaluation, being observed using optical microscopy, as shown in
Fig. 1. The filler metal used was the AWS E 309MoL-16 austenitic
stainless steel covered electrode with a diameter of 2.5 mm. The
chemical composition of the filler metal was determined by optical
emission spectroscopy and is presented in Table 3.

2.3. Welding procedure

Weldings were performed by the shielding metal arc welding
(SMAW) process in flat position on the AISI 410S ferritic stainless
steel plates, measuring 50 � 150 mm and 3.0 mm thick. The proce-
dure was carried out manually and the welding speed was con-
trolled using an Automatic Positioner for Experimental Welds
with the Covered Electrode, developed by the ‘‘Laboratório de Enge-
nharia de Soldagem’’ (Engineering Welding Laboratory) at the Fed-
eral University of Ceará. A multi-process welding supply, being the
INVERSAL 450 was used together with a data acquisition system
(arc current and voltage). Three levels of welding heat input were
used in this study; their parameters are shown in Table 4.

2.4. Thermal treatments

After welding the process, the plates were cleaned in order to
remove the slag. Next to the plates, there were cuts to extract
12 � 25 � 3.0 mm in samples from the welded metal. The samples
were submitted to a thermal treatment immersed in crude oil, at
300 �C. This treatment in heavy oil lasted 60 h. It is noteworthy
that these test conditions are apparently less severe than those
in distillation towers, in which apart from the effects of tempera-
ture and oil corrosiveness, there are the action of stresses and fluid
flows, among other factors in the effect of the corrosion process of
in the material used with the coating.

2.5. Metallurgical analysis

After the welding, samples were extracted from the plates and
conventionally prepared for metallographic analysis in the sections
transverse to the welding direction. These samples were analyzed
using the optical microscopy (OM), scanning electron microscope
(SEM) and energy dispersive X-ray spectroscopy (EDS). This said
samples were etching with Vilela’s reagent (1 g of picric acid,
100 mL of ethylic alcohol and 5 mL of chloridric acid).

The delta ferrite quantify was carried out through two tech-
niques: image analysis from the metallographic images and the
ferritoscope (magnetic method). To evaluate the delta ferrite con-
tent by image analysis technique, 50 images for each weld metal
were obtained by scanning electron microscopy. These images
were processed and analyzed using a new solution software based
on a multilayer neuronal network, which has been successful used
Table 2
Chemistry composition of the AISI 410S stainless steel (wt.%).

C Mn Si P S Cr Ni

0.014 0.45 0.39 0.025 0.002 11.5 0.17



Fig. 1. Microstructure of AISI 410S base metal displaying a matrix completely
ferritic and some particles of TiN.

Table 3
Chemistry composition of the electrode AWS E309MoL-16 (wt.%).

C Mn Si P S Cr Ni Mo

0.04 1.10 0.90 0.03 0.01 23.9 12.1 2.4

Table 4
Welding parameters in CC+.

Current
(A)

Voltage
(V)

Welding speed (cm/
min)

Welding heat input (kJ/
cm)

80 25 20.0 6.0
80 25 12.5 9.0
80 26 10.0 12.0
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for microstructural evaluation [24]. An example of micrograph ob-
tained by SEM in secondary electron (SE) mode and used in image
analysis is presented in Fig. 2a, as well as its respective segmented
image (Fig. 2b). The delta ferrite content was also evaluated by a
magnetic induction method, using a Ferritoscope� instrument,
which was previously calibrated. The chemical composition of
the weld metal was determined by optical emission spectroscopy.
2.6. Superficial characterization after thermal treatment

After treatment the samples were cleaned with kerosene for a
subsequent evaluation of their surface. SEM and EDS analysis were
used to identify the corrosion products present on the surface and
the corrosion types, caused by heavy oil. The aforesaid samples
were kept in a closed container, immersed in kerosene, until they
were examined with the SEM. This condition was taken to avoid
prolonged contact with the air, which could cause an atmospheric
corrosion process.
2.7. Corrosion rate evaluation

In order to determine the velocity of the corrosion process and
the aggressiveness of the corrosive environment, mass loss was
determined through measurements of the sample’s mass, before
and after the heat treatment in heavy oil. The samples were
submitted to clean chemical, using an alcohol solution with 20%
of nitric acid during 10 min. A sample of each material as-welded
(without petroleum treatment), was placed in acid together with
the duly treated samples, in order to check whether there is a loss
of mass due to the cleaning. However, none of the welded samples
showed a loss in mass. The corrosion rate was determined by Eq.
(1), following ASTM: G1-03.

Corrosion rate ðmm=yearÞ ¼ 8:76� 104 �W
A� D� T

ð1Þ

where W is the weight loss in g; A is the surface area of the spec-
imen in cm2; D is the density of the material in g/cm3; and T is the
corrosion time in h.
3. Results and discussions

3.1. Microstructural characterization

3.1.1. Dilution evaluation
The weld metal dilution with the AISI 410S stainless steel base

metal grew with the increase in the welding heat input, as shown
in Fig. 3. The dilution level determined by the image analysis was
initially used to estimate the chemical composition in the fusion
zone. However, the possibility of more accuracy in the determina-
tion of the alloying elements contents in the welded metal, a
chemical composition analysis by optical emission spectroscopy
was carried out. The results are presented in Table 5. Based on
the equations in WRC-1992 diagram, presented by Kotecki and
Siewert [25] and Kotecki [26], Creq – (Eq. (2)) – and Nieq (Eq. (3)),
as well as the Creq/Nieq ratio, were calculated and which are shown
in Table 5.

Creq ¼ Niþ 35Cþ 20Nþ 0:25Cu ð2Þ
Nieq ¼ CrþMoþ 0:7Nb ð3Þ

Creq reduces between 21.59% and 21.86%, and when compared
with the Creq for the pure weld metal (24.7%). This reduction in
the values of Creq is attributed to the low chromium content in
the base metal (11.5 wt.% Cr) and the absence of the molybdenum.
However, the main effect of dilution in the weld metal chemical
composition is on Nieq, due to the AISI 410S ferritic stainless steel
having a very low austenitizing element levels, such as nickel and
carbon. Regarding the weld metal without dilution (pure filler me-
tal), the reduction in the value of Ni varied between 8.54 wt.% and
7.39 wt.% with the increase in the welding heat input, which corre-
sponds to a drop of 30–39% in Ni content approximately, when
compared to 12.1 wt.% Ni content in the pure filler metal.

As a result, the Nieq decreased from 11.5 for the 6 kJ/cm to 10.22
for the 12 kJ/cm heat input. It is important to highlight that in this
evaluation was considered the presence 0.08 wt.% N in the bulk of
weld metal, which would be a typical value for AWS E309MoL-16
weld metal [27]. In this calculation it was considered that the aus-
tenite contains virtually all of the original nitrogen content of the
weld metal, which is in agreement with Ogawa and Koseki [28]
study in which it was demonstrated that the ferrite contains virtu-
ally 0 wt.% N. Thus was established in this study that the ferrite
contains 0 wt.% N and the austenite will contain approximately
0.10 wt.% N, due to the presence of approximately 20% of ferrite.

It is observed that the drop in Nieq is more significant when
compared to the reduction in Creq, since the base metal contains
some quantities of Cr (11.5 wt.%), however, the Ni content is resid-
ual (0.17 wt.%). Calculating the Creq/Nieq ratio, we observed a slight
difference in the values and a small tendency to increase with the
increase in the heat input.

According the literature four distinct solidification modes may
occur – fully austenitic (A); primary austenite and secondary fer-
rite (AF); primary ferrite and secondary austenite (FA); fully ferritic
(F). In addition, after solidification a solid state transformations
from the primary phase to a secondary phase may occur [29,30],
therefore, resulting in a duplex structure being formed by austen-

http://www.astm.org/Standards/G1.htm


Fig. 2. (a) SEM micrograph using secondary electron mode used in image analysis.
The data bar was intentionally removed. (b) Segmented image by the software
based on a multilayer neuronal network.

Fig. 3. Welding heat input effect on the dilution.

Table 5
Dilution results and chemical composition of the weld metal (wt.%).

Welding heat input (kJ/cm) C Cr Ni Mo

6 0.03 19.64 8.54 1.45
9 0.02 19.16 8.04 1.58

12 0.03 19.06 7.39 1.53

4 C.C. Silva et al. / Materials and Design 47 (2013) 1–8
ite and ferrite. These solidification modes are shown in the pseudo-
binary Fe–Cr–Ni diagram in Fig. 4.

Based on Creq/Nieq ratio for the three weld heat inputs, which
presented a slight difference, in all cases the results indicated that
the weld metal was solidified in a completely ferritic mode, subse-
quently undergoing a solid state phase transformation from ferrite
to austenite. This mode of solidification causes significant altera-
tions in the d-ferrite morphology, as can be seen in the next section.

The alterations in the values of Creq and Nieq can have a higher
influence on the d-ferrite formation. Although there was a reduc-
tion in Creq, and consequently a decrease in the percentage of the
ferrite stabilizers elements, whereas the reduction in Nieq being
more accentuated, which caused a significant reduction in the ele-
ments such as nickel and carbon, being strong promoters of aus-
tenite, leading to an increase in the d-ferrite content.

3.1.2. Evaluation of the d-ferrite content
The d-ferrite content measured by image analysis and by a mag-

netic method, presents a tendency to grow with the increase of the
welding heat input for both methods, as shown in Fig. 5. This in-
crease in the d-ferrite content is attributed to changes in the weld
metal’s chemical composition. Although the chemical composition
undergoes a small reduction in the chromium level, the reduction
in the nickel content for the joint is more significant and expressive
in promoting d-ferrite.

As in the ferrite–austenitic solidification mode, the completely
ferritic solidification mode is also influenced by the cooling rate,
which tends to increase the d-ferrite content with increases in
the cooling rate [22] and in the ferritic base metal (410S), due to
its constitution and its chemical composition, which is rich in
ferritizing elements and poor in austenite stabilizing elements. It
is believed that the chemical composition is sufficient to offset
the cooling rate effect, promoting a tendency for stabilizing the
d-ferrite in the weld metal and avoiding the ferrite-to-austenite
solid state transformation with the increase of the welding heat
input.

Based on the results of the chemical composition shown in
Table 5 and using the WRC 1992 [25] diagram with the correspon-
dent Creq and Nieq equations, we also estimated the d-ferrite, which
are shown in Table 6. The results indicated that the d-ferrite
contents increase from 22 FN to 24 FN, when the heat input
increase from 6 to 9 kJ/cm. Considering the increase in heat input
from 9 to 12 kJ/cm, we observed again an increase in the d-ferrite
content, which was estimated in 29 FN. Comparing these results
with measurement methods duly presented in this study, the
values observed were considered very close, except to higher heat
input conditions, in which the measurements showed a lower
d-ferrite content when compared to the WRC 1992 results. This
behavior can be associated to the effect of the cooling rate, which
is slower for higher heat input, proportioning more time to occur
the d-ferrite-to-austenite solid state transformation. Due to this
probable effect which is not considered in constitution diagrams,
the difference in measured and estimated results in the content
of d-ferrite was observed.

3.1.3. Morphology evaluation of the d-ferrite
The d-ferrite morphology in the pure weld metal was vermicu-

lar, being characteristic of austenitic stainless steel weld metals
Mn Si Nb Creq Nieq Creq/Nieq

0.83 0.5 0.02 21.86 11.50 1.90
0.81 0.54 0.02 21.56 10.90 1.98
0.79 0.59 0.02 21.49 10.22 2.10



Fig. 4. Iron–chromium–nickel pseudo-binary diagram [22].

Fig. 5. Welding heat input effect on the d-ferrite content.

C.C. Silva et al. / Materials and Design 47 (2013) 1–8 5
solidifying in FA mode, as can be seen in Fig. 6a. However, due to the
dilution between the filler metal and the base metal, the welds for
the three heat input conditions tested in this study shows acicular
d-ferrite morphology, as shown in Fig. 6b–d. There is no consensus
on the definition of this morphology among researchers. David [29]
states that acicular morphology is characterized by a random
arrangement of ferrite in the needle form, distributed on an austen-
itic matrix. Lippold and Savage [31], studied the effect of joints
composition in the morphology of d-ferrite. They defined this mor-
phology as formed by acicular austenite in a ferritic matrix, circled
almost completely by a net of austenite around the grain.

Although there are differences regarding the definition of acic-
ular morphology, there is a consensus that this morphology is typ-
ical of the weld metal with a Creq/Nieq ratio above 2. However,
David [29] found the d-ferrite with acicular morphology in welds
whose Creq/Nieq ratio was 1.66. The presence of this morphology
was attributed to macrosegregations, causing localized variation
in the chemical composition of the weld metal.
Table 6
Dilution results and d-ferrite content in the weld metal.

Welding heat input (kJ/cm) Dilution (%) d

Image analysis Chemical analysis M

6 35 31 2
9 38 34 2

12 40 39 2
3.2. Corrosion evaluation in heavy petroleum

3.2.1. Superficial characterization
The superficial characterization in the weld metal obtained by

SEM, is shown in Fig. 7. Fig. 7a and b, which shows the surface of
the test samples welded using a heat input of 6 and 9 kJ/cm, show-
ing some regions with a more attacked appearance, characterized
by the formation of large amounts of corrosion products. Fig. 7c
shows the surface of the weld metal where 12 kJ/cm of heat input
was used. The whole surface of this particular sample, was covered
by a layer of iron sulfide (Fig. 7d). Fig. 8a and b shows the details of
the morphology of the layer from the corrosion product formed.

An important observation regarding the characterization of the
corrosion products present on the surface of all the materials eval-
uated, was the chemical analysis obtained with EDS (Fig. 7d),
showing the presence of high levels of sulfur and iron, indicating
that the corrosion product present was iron sulfide. The formation
of iron sulfide as a corrosion product, is a strong indication of cor-
rosion processes associated to substances rich in sulfur, such as
acids originating from sulfur compounds (especially hydrogen sul-
fide), as well as corrosion by naphthenic acids [32–34]. Another
important factor influencing these corrosion processes in the
equipments in the oil and gas industries, are the high temperatures
in which these forms of corrosion occur, generally varying between
200 and 400 �C [35–38].

The petroleum used in this study has a high level of corrosive-
ness with a total acid number (TAN) above the minimum necessary
for a potential corrosion problem by naphthenic acids. The temper-
ature used in the test is high enough and within the range in which
corrosion by hydrogen sulfide and by naphthenic acids is probable.
The corrosion products are made up of iron sulfide, also a charac-
teristic of corrosion by the both corrosion process. Thus, there
are indicators that reinforces suspicions to the ones to be most
probable, being the corrosion processes caused by heavy oil
through naphthenic acids attacks. Additionally, the presence of sul-
fur (Table 1) is considered to encourage joint action between the
naphthenic acids and hydrogen sulfide, therefore, resulting in an
intense and complex corrosion process.
3.2.2. Corrosion evaluation
The corrosion rate practically did not vary; there was only a

slight tendency to increase with the increase in the welding heat
input (Fig. 9). These said welds, properly presented above, shows
that dilution acts decisively in modifying the chemical composi-
tion, leading to significant microstructural alterations, such as vari-
ations in the level and morphology of d-ferrite, when compared to
the pure weld metal. However, it is possible that this variation does
not influence the corrosion resistance as much.

The levels of chromium were reduced. The original presence of
24 wt.% of chromium dropped to 19.64 wt.%, 19.16 wt.% and
19.06 wt.%, respectively, due to the dilution for each welding heat
input 6, 9 and 12 kJ/cm. As a matter of fact, the molybdenum levels
vary expressively, remaining between 1.45% and 1.58%, below to
the minimum levels recommended to promote a better satisfactory
naphthenic acids corrosion resistance [37–39]. The element which
varied with dilution was nickel, which drops from its original level
-Ferrite content

icroscopy (% d-ferrite) Ferritoscope (% d-ferrite) WRC 1992 (FN)

1.8 ± 1.8 22.7 ± 0.7 22
3.7 ± 2.3 23.0 ± 0.5 24
5.6 ± 1.5 27.8 ± 0.6 29



Fig. 6. (a) Microstructure of the pure AWS E309MoL filler metal showing austenite phase and d-ferrite with vermicular morphology obtained by optical microscopy, etching:
Vilelás reagent (200�). Microstructure of the weld metal AWS E 309MoL diluted with AISI 410S. (b) Welded with 6 kJ/cm. (c) Welded with 9 kJ/cm. (d) Welded with 12 kJ/cm.
Etching: Vilela. Optical microscopy (200�).

Fig. 7. Superficial characterization by SEM of the weld metal treated at 300 �C. (a) 6 kJ/cm. (b) 9 kJ/cm. (c) 12 kJ/cm. (d) EDS analysis of the iron sulfide layer indicated in a.
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Fig. 8. Sample welded at 9 kJ/cm heat input energy. (a) Corrosion product layer. (b)
Morphology detail of the corrosion product.

Fig. 9. Effect of welding heat input on weld metal corrosion rate.

Fig. 10. Evaluation of corrosion resistance and microstructure relationship. Behav-
ior of corrosion rate caused by the petroleum as a function of the d-ferrite content in
the weld metal.
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(12.1 wt.%) to 8.54 wt.%, 8.04 wt.% and 7.39 wt.%, corresponding to
a reduction of between 29.4% and 38.9% of the original level. The
alterations in chemical composition do not significantly influence
the corrosion resistance of the weld metal.

When the microstructure of the weld metal was diluted with
AISI 410S stainless steel is evaluated, there is an increase in the lev-
els of d-ferrite with the increases in the welding heat input, there-
fore, the corrosion rates are apparently unaffected, as shown in
Fig. 10. This behavior was quite different with that seen by Silva
et al. [3] in which the effect of d-ferrite on corrosion resistance
was attributed to the difference in the chemical composition
between ferrite and austenite, due to segregation during solidifica-
tion and partitioning due to phase transformation.

Regarding the resistance to corrosion, Delong [40] mentions
that the presence of d-ferrite in the weld metal has a neutral or
modestly beneficial effect. Tuthill and Avery [41], studied the cor-
rosion behavior of stainless steel and high alloys welded joints.
They verified that the high d-ferrite content was not related to
the low corrosion resistance of the welded metal, which was
attributed to the molybdenum and the chromium segregations.
However, Manning et al. [42], studied localized corrosion in 304L
stainless steels with a dual phase microstructure (d-ferrite and aus-
tenite), which verified that pits occurred in the d-ferrite/austenite
interface; the explanation for this was the sulfur and phosphorous
segregation in the interface.

It is well known that d-ferrite is more rich in chromium content,
this fact can explain its high resistance to corrosion when
compared with austenite phase. Besides of that, the presence of
two phases with different corrosion resistance can form an
active–passive region, accelerating the attack on the austenite
matrix. This characteristic was observed by Cui and Lundin [43]
in the evaluation of pitting immersion performance of the AISI
316L stainless steel weld metal and shown that the preferential
corrosion attack occurred in the austenite phase instead of ferrite
phase. However, analysis performed by EDS indicated no signifi-
cant change in chemical composition between ferrite and austenite
in the weld metal.
4. Conclusions

Based on the experimental results obtained in the welding con-
ditions and in the corrosion tests of petroleum at high temperature
for austenitic–ferritic stainless steel dissimilar weld metal used in
this study, it was possible to conclude that the AWS E309MoL
stainless steel weld metal diluted with the AISI 410S stainless steel,
has a typical d-ferrite acicular morphology, which occurs in welds
that solidify in primary ferrite mode (F). The level of d-ferrite al-
tered with the increases of the welding heat input, was due to
the variations in the composition of the weld metal, caused by
dilution. The material surface was corroded by acid present in
the petroleum. The corrosion product formed in corroded surfaces,
was only iron sulfide. In general, the corrosion rate in the weld
metals evaluated was considered satisfactory with little variation
between the welding heat inputs applied.
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