
Introduction

Ferritic stainless steels are gaining
more interest because they exhibit good
corrosion resistance and lower cost com-
pared to austenitic stainless steels. Low-
chromium grades have fair corrosion
resistance and low cost fabricability, and
they have been widely used in automotive

exhaust systems. The fact that a fully fer-
ritic structure has poor low-temperature
toughness and poor high-temperature
strength compared to austenite led these
steels to be considered as low-weldable
steels, and they have mostly been used for
applications that do not require welding.
In recent years, there has been an in-
creased use of fusion welding in such in-
dustrial applications, hence the welding
metallurgy of ferritic stainless steels has
drawn more attention. However, in join-
ing ferritic stainless steels, a grain-coars-

ening problem occurs at the weld zones
and, consequently, low toughness and duc-
tility due to the absence of phase transfor-
mation. The performance potential of lean
alloyed chromium stainless steels has been
increased with the tight control of compo-
sition that can provide extremely low lev-
els of carbon and nitrogen with the
consequent improvement in the as-welded
heat-affected zone (HAZ) properties, as
well as the reduction of chromium car-
bides, which degrade corrosion perform-
ance (Refs. 1–17).

In some predominantly ferritic steels, a
small amount of austenite forms at high
temperatures and may transform to
martensite on cooling. With this idea, 12%
Cr transformable stainless steels, poten-
tially with better weldability than either
ferritic or martensitic steels, were devel-
oped with tight control of the carbon con-
tent and martensite/ferrite balance to
avoid the extremes of completely ferritic
or martensitic structures. These structured
stainless steels with low carbon and inter-
stitials have been finding increasing engi-
neering applications (i.e., vs. S355 steel),
depending on the improvements in weld-
ability. The first generation of these fer-
ritic steels is 3Cr12 stainless steel, which
was developed in the late 1970s with a car-
bon level of 0.03%. It is produced by sev-
eral steel suppliers and is named in ASTM
A240 as UNS S41003 and in European
Standards as Material Number 1.4003.
This 3Cr12 is variously described as ferritic
or ferritic-martensitic 12% Cr stainless
steel with good corrosion resistance in
many environments and provides consid-
erable economic advantage over austenitic
stainless steels (Refs. 1, 4, 11, 12, 18–28).
Although 3Cr12 has excellent corrosion
resistance in many environments, its lim-
ited weldability and relatively low impact
toughness at the HAZ have restricted its
use where nonstatic loads are concerned.
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ABSTRACT
In this study, modified 12% Cr stainless steel with very low carbon level (0.01%) to

improve the weldability and mechanical properties, still conforming to EN 1.4003 and
UNS S41003 grades, was joined by gas metal arc welding. Plates 12 mm thick were
welded with ER309LSi, ER308LSi, and ER316LSi austenitic stainless steel consum-
ables. Several samples extracted from the joints were subjected to mechanical testing by
means of tensile, bend, and Charpy impact toughness tests, while tensile fractographs
were examined. Toughness after the postweld heat treatment (PWHT) for 30 min at
720° and 750°C was also examined. Microstructural examinations, including macro- and
micrographs, grain size analysis, hardness, and ferrite measurements, were conducted.
Salt spray and blister tests for corrosion testing were applied. Considering all data ob-
tained, good strength and satisfactory ductility results were determined, while mi-
crostructure-property relationship was explained. It can be recommended to use 309
and 316 welding wires for better corrosion resistance compared to 308 welding wires.
More encouraging impact toughness properties related with finer grained microstructure
were also obtained for the welds produced by 309 and 316 wires. Postweld heat treatment
of the GMA weld with ER308LSi showed good improvement for toughness due to the
tempering of the martensite at the coarse-grained heat-affected zone. Increasing heat
treatment temperature from 720° to 750°C made additional improvements in toughness.
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The correct balance between ferrite- and
austenite-forming elements is very impor-
tant, and this can be controlled using cer-
tain relationships based on the ferrite- or
austenite-forming tendencies of alloying
elements, depending on both alloying and
heat treatment conditions (Refs. 6, 19,
25–36). A modified 12%Cr stainless steel
was fabricated conforming in composition
to Grade EN 1.4003 with quite low

(<0.015%) carbon levels, improving weld-
ability and mechanical properties with
modern production facilities. Initial appli-
cations of this steel were limited to mate-
rials handling equipment in corrosive
environments, but the 1.4003 steel is now
used commonly in the coal and gold min-
ing industries, for sugar-processing equip-
ment, road and rail transport, power
generation, and in aerospace engineering.

This 1.4003 steel is considered a link be-
tween carbon steels and corrosion-resis-
tant alloys since it displays both the
advantages of stainless steels for corrosion
resistance and the engineering properties
of carbon steels. For the long-term main-
tenance costs, this modified low-carbon
12Cr stainless steel requires less coating
renewals, offering substantial economic
and considerable environmental advan-
tages. For other applications, when com-
pared with higher-alloyed stainless steels,
the use of this steel with improved weld-
ability would be more economical (Refs.
12, 16–19, 23, 25, 35–49). Modified lower-
carbon 12Cr stainless steel (0.01%) is in-
tended to be used for structural
applications, so welding and weldability of
this alloy gains more importance. 

This study aims to investigate the weld-
ability properties of this steel. The prop-
erties of gas metal arc welded modified
12% Cr ferritic stainless steel joints with
various types of consumables (ER309LSi,
ER308LSi, and ER316LSi) were investi-
gated. Microstructural, mechanical, im-
pact toughness, and corrosion testing were
carried out to determine the gas metal arc
weldability of this steel, and the results
were compared to evaluate the effect of
consumable type on the properties of the
welded joints.

Material and Experimental 
Procedure

Material

The chemical composition and trans-
verse tensile properties of the 12-mm-
thick modified base metal are given in
Table 1. Chemical composition data were
obtained by glow discharge optical emis-
sion spectrometry (GDOES), and nitro-
gen was determined by melt extraction.

Welding

Three types of gas metal arc welded
joints (B9, B8, and B6) of modified EN
1.4003 steel with various types of consum-
ables were produced. Matching welding
electrodes and 17% Cr welding wires are
available for welding of EN 1.4003 steel.
However, in applications where impact, fa-
tigue, or any other form of nonstatic load-
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Fig. 1 — Photo macrographs of welded joints. A — B9; B — B8; C — B6.

Table 1 — Chemical Composition and Tensile Properties of the Base Metal

Chemical Composition (wt-%) (data from chemical analysis)(a)

C Si Mn P S Cr Ni

0.01 0.32 0.97 0.033 0.003 12.2 0.52
[≤ 0.030] [≤ 1.00] [≤ 1.50] [≤ 0.04] [≤ 0.015] [10.5–12.5] [0.30–1.00]
N (ppm) Cu Mo Ti V Al Nb

90 0.39 0.14 0.001 0.039 0.027 0.031
[≤ 300]

Yield strength Ultimate tensile strength Strain at fracture 
(MPa) (MPa) (%)

362–363 500–502 30–32

(a) Values between square brackets are as specified in EN10088.

A

A

B

B

D

C

C

Fig. 2 — Photomicrographs of GMA weld with 309 filler metal (B9). A — BM, 200×; B — WM+HAZ,
50×; C — HAZ, 200×; D — WM, 200×.
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ing is anticipated, mainly austenitic weld-
ing wires are recommended. Reported
weldability studies have shown that
austenitic stainless steel consumables can
be used to produce arc welds to minimize
the risk of HAZ hydrogen cracking and to
ensure deposition of tough weld metal to
yield adequate properties required for
structural purposes (Refs. 12, 15, 18, 19,
23, 35, 41–49). Weld B9 was prepared with
a solid ER309LSi wire of 1-mm diameter
protected by a slightly oxidizing EN 439-
M12(2) gas and by using pulsed arc. The
plate preparation consisted of a V-groove
with an opening angle of 50 deg. Four
passes were used to complete the weld,
supported by a copper backing strip. No
preheat was applied, while the maximum
interpass temperature was 100°C. The
heat input varied from 0.41 to 1.73 kJ/mm.
The same conditions were applied for
GMAW with ER308LSi and ER316LSi
solid wires respectively for Welds B8 and
B6. The heat input in these cases changed
respectively from 0.68 to 1.90 kJ/mm and
from 0.53 to 1.73 kJ/mm. The maximum
interpass temperatures were 115° and
118°C. Welding details of the joints are
given in Table 2.

Microstructural, Mechanical, and 
Corrosion Testing of the Welded Joints

For the chemical analyses of the weld
deposits, longitudinal sections were pre-
pared perpendicular to the plate surface
and entirely located at the weld metal. At
least two measurements were done by
GDOES, and nitrogen was again deter-

mined by melt extraction. Welded joints
were cross-sectioned perpendicular to the
welding direction for metallographic
analyses. Specimens were prepared, pol-
ished and etched with Vilella’s reagent.
Photomacro and photomicrographs of the
weld zones were obtained by light optical
microscope (LOM) with magnifications of
50 and 200×.

Notch impact test samples were ex-
tracted transverse to the weld with notches
positioned at the weld metal (WM) cen-
ter, at the weld interface (WI), at the HAZ
2 mm away from the WI (WI+2 mm).
Testing was carried out at –20°, 0°, and
20°C. The impact test samples were also
tested at –20°C after PWHT for 30 min re-
spectively at 720° and 750°C. The ASTM
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Table 2 — Welding Details Applied for Gas Metal Arc Joining the 12-mm-Thick Base Metals

Weld Welding Type of Protection Plate Backing Welding Welding Heat Preheat Interpass 
Joint Position Consumable Preparation Material Parameters Speed Input Temp. Temp.

(V/A) (cm/min) (kJ/mm) (°C) (°C)

B9 (1mm diameter) 20.0–24.5/
ER309LSi 100–153 30/13 0.41/1.73 — ≤100

Pulsed arc
PA 63Ar/

B8 4 passes (1mm diameter) 35He/ V / 50° Cu 23.0–29.0/
ER308LSi 2CO2 (c= 2–4 mm) 100–178 25/16 0.68/1.90 ≤115

Pulsed arc
B6 (1mm diameter) 22.0–27.5/

ER316LSi 90–185 30/18 0.53/1.73 ≤118
Pulsed arc

Table 3 — Chemical Compositions of the Weld Deposits Made for the GMA Welds

Weld C Si Mn P S Cr Cu Ni Mo Ti V Al Nb N
Joint (%) (%) (%) (ppm) (ppm) (%) (%) (%) (%) (ppm) (ppm) (ppm) (ppm) (ppm)

B9 0.02 0.79 1.80 180 70 23.6 0.04 12.9 0.04 80 1100 280 <10 524
B8 0.02 0.76 1.51 210 70 20.0 0.10 9.79 0.10 50 790 280 10 653
B6 0.03 0.72 1.56 230 120 18.6 0.15 11.9 2.52 40 820 260 <10 474

A B

DC

Fig. 3 — Photomicrographs of GMA weld with 308 filler metal (B8). A — WM+HAZ, 50×; B — HTHAZ,
200×; C — HAZ, 200×; D — WM, 200×.
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grain size numbers were measured at po-
sitions sampled by notches located at WI
and WI+2 to investigate for a possible
correlation between toughness and mi-
crostructure. 

Ferrite content of the weld metal was
calculated and predicted by chemical
analysis results, then was determined by
Feritscope® measurements across the
weld metal. Vickers hardness measure-
ments under 5-kg load were carried out
over the weld cross sections in accordance
with the EN 1043-1 standard. Transverse,
full-thickness, rectangular tensile test
specimens were extracted from the welds
and testing was performed with a 600-kN
capacity servo-hydraulic test machine at
room temperature. The width at the pris-
matic section was 25 mm, while the excess
flush of the weld metal was removed in
order not to overestimate the weld metal
strength. Cylindrical test samples, com-
pletely positioned at the weld metal were
prepared in the longitudinal direction.
Moreover, transverse face and root bend
test specimens with a nominal specimen
width of 30 mm were prepared. Bending

was executed to 180 deg unless severe
cracking was observed before.

To assess the resistance against atmos-
pheric attack, salt spray and blister corro-
sion tests were executed. Salt spray tests
were done on the corrosion test samples,
which were coated with a two-layer pro-
tection system used in the industry. Test-
ing was applied in a 5% NaCl aqueous
solution with a fog volume of 24 to 28 mL
per 24 h, a pH of 6.5 to 7.2, and at a tem-
perature of 35°C. The samples were pro-
vided with a scratch in the shape of a cross
over the entire test surface across the weld
metal surface to estimate the resistance of
the welds when the coating is accidentally
damaged prior to or during operation and
also with paraffin at the sawed and ma-
chined surfaces. Samples with a dimension
of 150 × 75 mm were positioned at 60 deg
with the weld horizontal. Blister tests were
executed on coated samples prepared sim-
ilarly as those for salt spray testing. Sam-
ples were exposed to real atmospheric
conditions at the center of Gent/Belgium
with their test surface oriented to direct
sunlight.

Results and Discussion

Chemical Analysis

Chemical composition of the weld de-
posits of gas metal arc welded joints are
given in Table 3. Data were obtained by
the experimental analysis (GDOES and
melt extraction) from the top passes of the
weld metal.

More chromium and nickel were meas-
ured at the weld metal of Weld B9 com-
pared to the welds produced with 308 and
316 filler metals. On the other hand, more
Mo was determined at the B6 weld due to
the increased alloying elements of the re-
lated wire.

Microstructural Analysis

A microstructural investigation was
carried out on the metallographic speci-
mens from the joints. Relevant macropho-
tographs obtained from each joint are
given in Fig. 1. All welds show a reason-
able weld profile.

An investigation of the weld zones was
performed from base metal (BM) across
the HAZ to weld metal (WM) (Figs. 2, 3,
and 4, respectively, for B9, B8, and B6
joints).

The base metal used in this study is
often described as a ferritic or
ferritic/martensitic stainless steel since it
includes both ferrite and martensite in the
base metal structure — Fig. 1A. Unlike
the HAZ for plain carbon steels, the HAZ
for 12%Cr stainless steels has two visually
distinct zones: the high-temperature HAZ
(HTHAZ) and the low-temperature HAZ
(LTHAZ) — Figs. 1B, 2A, 3A. The steel
is heated close to the liquidus and trans-
forms completely to δ  ferrite and rapid
grain growth occurs. On cooling, the
HTHAZ frequently consists of coarse-
grained δ  ferrite with islands of marten-
site at the grain boundaries. On the
micrographs, martensite islands can be ob-
served, and adjacent to the weld interface
some grain coarsening at the HAZ of the
stainless steel was observed — Figs. 1C,
2B, 3B. When the material temperature
reached 1050°C within 1–2 s, no reversion
to γ occurred, and the δ  ferrite structure
was maintained at room temperature.
However, material that was  heated be-
tween Ac1 and Ac5, and contained signif-
icant fractions of γ, transformed to
martensite, resulting in a tough fine-
grained structure (Refs. 19, 28). The base
metal had the tendency for grain coarsen-
ing at the HAZ close to the weld interface
where temperature cycles occur with peak
temperatures above 1200°C if the heat
input during welding is not properly con-
trolled. This is due to the transformation
to ferrite in the HTHAZ of fusion welds. 
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Fig. 4 — Photomicrographs of GMA weld with 316 filler metal (B6). A — WM+HAZ, 50×; B — HAZ,
200×; C — LTHAZ, 200×; D — WM, 200×.

A B

C D

Table 4 — Full-Thickness Transverse Tensile Properties of the 12-mm-Thick GMA Welds

Welding Process Type of Consumable Specimen Code Rm
(MPa)

ER309LSi B9TT1 484
B9TT2 504

GMAW ER308LSi B8TT1 491
B8TT2 492

ER316LSi B6TT1 490
B6TT2 499
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Impact Toughness Test Results

Curves of Charpy impact energies vs.
test temperature for the 12-mm-thick
GMA welded joints (B9, B8, and B6) with
309, 308, and 316 consumables are given
in Fig. 5. Considering 27 J as the required
mean toughness, it could be concluded
that all welds proved adequate for low-
temperature impact toughness (achievable
down to –20°C, which is very encourag-
ing). Each point in the figure represents
an average value of three samples. How-
ever, only the samples with weld interface
(WI) notch position of B8 weld tested at
low temperatures failed. The PWHT of
the B8 weld for 30 min at 720° and 750°C
showed good improvement for HAZ
toughness. With  increasing the heat treat-
ment temperature from 720° to 750°C, re-
sults improved —  Fig. 5. Similar Charpy
impact toughness test results were ob-
tained for WM notched samples, while
samples removed from welds notched at
the WI and WI+2 positions possessed less
impact energy results compared to WM
positions. In general, better impact tough-
ness results were obtained at the weld pro-
duced with 316 welding wires for all test
temperatures. As the alloying elements in-
crease in 309 and 316 filler metals, the al-
loying of the weld metal improved, and
more encouraging results were obtained in
B9 and B6 welds.

Grain Size Analysis

Grain coarsening in the fusion welds of
this steel results in deterioration of me-
chanical properties, in particular of tough-
ness, as also observed in earlier research
(Refs. 12, 41–50). Considering this, ASTM

grain size numbers
were measured on
the existing macro-
sections at the HAZ
close to the weld in-
terface to investigate
for a correlation be-
tween impact tough-
ness and grain size
of the welds. It is
emphasized that
fine-grained mi-
crostructures have
high ASTM grain
size numbers (i.e.,
6–10), while coarse-
grain microstruc-
tures are identified
by small ASTM grain size numbers (i.e.,
1–3). In general, poor weld interface
toughness corresponds with coarse grains
(i.e., 1 or 2). Grain size analysis of the
GMA welds of 12-mm-thick 12Cr stainless
steel revealed there was considerable grain
coarsening, in particular at the HTHAZ,
with ASTM grain size numbers between 1
and 3, resulting in lower toughness data
compared to those at the LTHAZ. The
grain coarsening of the HAZ originating
from the B6 joint was determined to be
lower than the other welds (B9 and B8) —
Fig. 3A. Less grain coarsening at B6 HAZ
provided better toughness results at low
temperatures compared to B9 and B8.
Studies show that ferrite grain size has a
marked effect on the impact properties of
the HAZ, and ductile-to-brittle transition
temperatures (DBTT) of 12% Cr steel in-
crease with ferrite grain size (Refs. 12, 35,
51). In accordance with the literature,
fine-grained structures enhance toughness
properties. Grain coarsening can be re-

stricted to microstructures with ASTM
grain size numbers of 6 or higher with
more proper control of the heat input.

Ferrite Content Results

When the chemical composition data
of the base metal obtained by GDOES
(Table 1) is taken into account, approxi-
mately 12.8 and 1.00 are calculated as Creq
and Nieq . According to the Balmforth and
Lippold diagram (Ref. 3), the steel used
here seems to consist of 80% ferrite and
20% martensite. Creq of approximately
24.0, 20.5, and 23.9, and Nieq of 14.7, 11.8,
and 13.9 for B9, B8, and B6, respectively,
are calculated from the Balmforth and
Lippold diagram, using all-weld-metal
chemical composition data from Table 3,
and the representative points are situated
in austenite + martensite + ferrite region.
Martensite islands as dark areas within the
ferrite grains and some grain coarsening at
the HAZs of the welds can be noticed —
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Fig. 5 — Notch impact toughness of the GMA welded joints (B9, B8, and B6).

Table 5 — Cylindrical All-Weld-Metal Tensile Properties of the Welds

Welding Process Type of Consumable Specimen Code Rp Rm Elongation Reduction of Area
(MPa) (MPa) (%) (%)

ER309LSi B9TW1 329 565 44.5 51
GMAW B9TW2 360 575 38.8 64

ER308LSi B8TW1 336 595 47.0 62
B8TW2 316 589 47.2 65

ER316LSi B6TW1 483 573 ? 53
B6TW2 337 566 25.8 44
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Figs. 1C, 2B, 3B. Again using data from
Table 3 and the Schaeffler diagram (Ref.
1), Creq of approximately 24.82, 21.24, and
22.20, and Nieq of 14.4, 11.1, and 13.48 for
B9, B8, and B6, respectively, were calcu-
lated. With this diagram, between 5 and
10% ferrite is expected for the weld metals
of B9, B8, and B6 joints, respectively. De-
pending on the ferrite content investiga-
tion by Feritscope®, weld metal ferrite
content was measured at approximately
between 9.5 and 12.7% for B9, while the
results changed between 8.2 and 9.9% for
B8, and between 7.9 and 11.8% for B6
(Fig. 7) due to the 309, 308, and 316
austenitic-type stainless steel filler metals
used. The measured ferrite-% data are in
general compatible, but a little higher than
those predicted using the diagram.

Hardness Test Results

Relavant hardness measurements under
5-kg load over the weld cross sections of 12-
mm-thick GMA welds made with
ER309LSi, ER308LSi, and ER316LSi weld-

ing wires were taken. A representative hard-
ness distribution is given for Weld B9 in Fig.
7. For each sample, HAZ measurements in-
cluded two indentations 0.7 mm above and
below the line of indentations for the left
HAZ and for locations 0.7 mm below and
above the line of indentations for the right
HAZ. Weld metal hardness of the welds
varied between 170 and 235 HV5. Maxi-
mum hardness values 275, 290, and 278
HV5 were measured at the HAZs of B9,
B8, and B6 joints, respectively.

Transverse Tensile Test

Transverse tensile test results are given
in Table 4. Test specimens prepared from
each joint showed an overmatch with Rm
values between 484 and 504 MPa. Fracture
of the welds occurred at the base metal.
Splitting of the base metal was observed
close to the fracture surfaces parallel with
the plate surface in accordance with the
literature and is attributed to intergranular
decohesion along ferrite-martensite grain
boundaries (Refs. 13, 23).

All-Weld-Metal Tensile Test Results of
Cylindrical Test Samples

Cylindrical test samples completely po-
sitioned at the weld metal and extracted
from the respective welds in longitudinal
direction were tested. The room-temper-
ature tensile test results for the 12-mm-
thick GMA welds made in modified 12%
Cr stainless steel are given in Table 5.

Bend Test Results

None of the face and root bend sam-
ples failed during 180-deg bending. Harm-
less undercuts were observed.

Corrosion Properties

Uncoated and coated salt spray sam-
ples, respectively, after an exposure of 350
h and 1000 h are illustrated in Figs. 8 and
9. As a rule of thumb, damage caused in a
salt spray test after 1000 h of exposure
time may be extrapolated to about five
years of atmospheric attack. 
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Fig. 6 — Ferrite content measurements of B9, B8, and B6 welds obtained by
Feritscope®.

Fig. 8 — Uncoated salt spray test samples after 350 h. A — B9; B — B8; C — B6.

Fig. 7 — Hardness measurements on the cross sections of B9 joint.

A B C
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After an exposure of 24 h, uncoated
salt spray test samples revealed red and
brown attacks with drains from the weld
metal. Drains increased when the expo-
sure time increased. After an exposure
time of 167 h, an increase of drains from
welds was observed, with black-brown
drains seen. A maximum increase was ob-
served after 350 h. The test was ended for
the related duration, since increasing the
exposure time did not lead to an increase
in corrosion. In the uncoated condition
and after 350 h of exposure, Weld B6 re-
vealed less deterioration than Welds B9
and B8. Weld B8 had the highest attack at
the weld metal due to the least alloying el-
ement context compared to B9 and B6
weld metals. Thus, it was concluded that
Weld B6 showed improved resistance with
regard to B8 and B9.

Photographs after 1000 h of salt spray
corrosion testing of coated samples are il-
lustrated in Fig. 9. Short-term behavior
(24 h) of coated samples heavily scratched
across the welds, revealed small spots of

corrosion at the scratched part of the
welds. Damage systematically worsened in
the course of testing till about 140 h of ex-
posure. Long-term behavior of coated
samples revealed some corrosion at the
scratch in case of all welds. The applied
coating provided a good protection, as in
general only scratched regions deterio-
rated. The influence of the type of con-
sumable is very detectable and confirmed
on the samples after the test, as Weld B6
proved to be the most resistant and Weld
B8 the least resistant — Fig. 8A–C and
Fig. 9A and B. After 1000 h, the GMA
welds on modified 12% Cr stainless steel
were found resistant enough for mild 
environments. 

Some ranking between welds has been
given, but this should be treated with great
care as interpretation of such type of obser-
vations is often distorted by personal bias.
The purpose, therefore, is not to distinguish
between good and bad combinations but
rather between resistant and less-resistant
welds. Each data describes the changes in

observations, i.e., any worsening or new ob-
servations, with regard to the former period.
Taking this into account, Fig. 10A summa-
rizes the damage factor due to the weld
combinations after 24 and 350 h of salt spray
testing of uncoated samples. Figure 10B
represents the mean damage factor of short
and long time exposure after 24 and 1000 h
of salt spray testing of coated samples. Most
damage was observed at Weld B8 as ob-
served in Fig. 10.

Coated samples after 3120 h of blister
testing are illustrated in Fig. 11. At each
observation for the blister sample, air tem-
peratures were noted, ranging from mini-
mum about 0° to maximum 42°C, as this
parameter can have a great effect on cor-
rosion response. Only Weld B8 showed
some small spots at the scratch already
after 360 h, then the sample succeeded
practically in preventing further damage
to occur. Weld B6 was totally resistant
against atmospheric attack over a period
of 2500 h even when damaged by a severe
scratch across the entire welded joint.
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Fig. 9 — Coated salt spray corrosion test samples after 1000 h. A — B9; B — B8; C — B6. 

Fig. 10 — Damage factor during salt spray corrosion test. A — After 24 and 350 h for uncoated samples; B — after 24  and 1000 h for coated samples.
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From the blister test samples, it is con-
cluded that Weld B6 made with 316LSi
consumable was again the most resistant
against atmospheric attack over periods
that cover both winter and summer sea-
sons. In general, corrosion behavior is af-
fected by the type of consumables
certainly in protected condition and artifi-
cially damaged across the entire weld. In
these cases, 316LSi filler metal improves
the corrosion resistance of the whole sys-
tem with regard to 309 or 308 filler metals
that, due to its lower alloying, demonstrate
an inferior corrosion behavior.

Conclusions

The following conclusions of this re-
search work concerning the GMAW of 12-
mm-thick modified 12% Cr stainless steel
conforming to EN 1.4003 and UNS
S41003 were drawn: 

Modified X2CrNi12 ferritic stainless
steel complying with EN10088 can be fab-
ricated with a low level of carbon and im-
purities. In general, defect-free joining of
12-mm-thick X2CrNi12 stainless steel is
feasible by GMAW. The weld metal in the
present welds without exception was over-
matched in tensile strength. The 180-deg
bending of the face and root bend samples
revealed no defects except harmless small
undercuts.

Welds B6 and B9 produced with
316LSi and 309LSi austenitic welding
wires, respectively, have proven that ade-
quate low-temperature impact toughness
is achievable down to –20°C, which is very
encouraging. Only Weld B8 produced with

308LSi consumable failed at low tempera-
tures because of insufficient mean tough-
ness at the weld interface notch position.
However, HTHAZ toughness at subzero
temperatures has been improved by
PWHT for 30 min at 720° and 750°C,
which is promising.

The major challenge of the stainless
steel is the tendency for grain coarsening
at the HTHAZ. Grain coarsening had no
negative effect on tensile and bend prop-
erties, but the HTHAZ impact toughness
may be disappointing, which depends on
the amount of grain-coarsened mi-
crostructures. Microscopic investigations
have shown that if the grain coarsening
could be restricted to microstructures with
ASTM grain size numbers of 6 or higher
with a more controlled heat input range,
welds would be much tougher. The corre-
lation between microstructure and impact
toughness was defined as less substantial
grain coarsening and was determined for
Weld B6, which exhibited higher tough-
ness values. Considerable grain coarsen-
ing was found for B8, which failed in
toughness at low temperature. Hardness
at the HAZs of this steel can easily be lim-
ited to 300 HV5.

Atmospheric corrosion resistance of the
welds is also very promising even when eval-
uated under severe circumstances, such as
artificial damage. Under pure atmospheric
conditions, all welds demonstrated the pos-
sibility to prevent further development of
corrosion once initiated. Weld B8 was clas-
sified as less corrosion resistant than the
welds B9 and B6 with 309 and 316 consum-
ables. In particular, 316 filler metal provides
the best corrosion resistance.

Interpreting all data gathered within
this work, the effects of the consumable
are mostly observed for the toughness and
corrosion properties. Taking this into ac-
count, it can be recommended to use 309
and 316 austenitic consumables for gas
metal arc welding of 12-mm-thick modi-
fied 12Cr stainless steel conforming to EN
1.4003 grade in the areas where impact or
shock is anticipated and adequate atmos-
pheric corrosion is required. 
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Robotic and Automatic Welding
The D16 Committee on Robotic and

Automatic Welding seeks general interest
and educators to help revise its documents.
Contact B. McGrath, bmcgrath@ aws.org;
ext. 311.

Soldering; Joining Nickel Alloys
The G2C Subcommittee on Nickel Al-

loys to review B2.3/B2.3M, Specification
for Soldering Procedures and Performance
Qualification. Contact S. Hedrick, steveh@
aws.org; ext. 305.

Local Heat Treating of Pipe Work
The D10P Subcommittee for Local

Heat Treating of Pipe seeks members.
Contact B. McGrath, bmcgrath@aws.org;
ext. 311.

Magnesium Alloy Filler Metals 
A5L Subcommittee on Magnesium

Alloy Filler Metals to assist in the updating

its document. Contact R. Gupta,
gupta@aws.org, ext. 301.

Thermal Spray
C2 Committee on Thermal Spraying

seeks educators, general interest, and
users to update its documents. Contact E.
Abrams, eabrams@aws.org; ext. 307. 

Oxyfuel Gas Welding and Cutting
C4 Committee on Oxyfuel Gas Welding

and Cutting seeks general interest and ed-
ucators to help review its documents. Con-
tact E. Abrams, eabrams@aws.org; ext.
307.

Surfacing Industrial Mill Rolls
D14H Subcommittee on Surfacing and

Reconditioning of Industrial Mill Rolls to
revise AWS D14.7, Recommended Prac-
tices for Surfacing and Reconditioning of In-
dustrial Mill Rolls. Contact M. Rubin, mru-
bin@aws.org, ext. 215.

Automotive Welding
The D8 Committee on Automotive

Welding seeks members to help prepare
standards on all aspects of welding in the
automotive industry. Contact E. Abrams,
eabrams@aws.org; ext. 307.

Resistance Welding Equipment
The J1 Committee on Resistance Weld-

ing Equipment seeks educators, general
interest, and users to help develop its doc-
uments on controls, installation and main-
tenance, calibration and resistance weld-
ing fact sheets. Contact E. Abrams,
eabrams@aws.org; ext. 307.

Welding Handbook
Volunteers with experience in welding

copper, lead, zinc, and titanium are
sought to help update the Welding Hand-
book. Contact A. O’Brien, aobrien@
aws.org; ext. 303.

Opportunities to Contribute to AWS Welding Standards and Codes

NOTE:  LEARN MORE ABOUT TECHNICAL COMMITTEES AND APPLY FOR MEMBERSHIP ONLINE AT WWW.AWS.ORG/TECHNICAL/JOINTECHCOMM.HTML.
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