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ABSTRACT

The current work is concentrated on scientific and deep understanding of GTA
welding of 254SMO superaustenitic stainless steel. In this regard, influence of
different GTA welding parameters on size and microstructure of weld zone then, on
mechanical and corrosion properties of the concerned steel welded joints was
clarified. Both bead-on-plate and butt welded joints were made. Welded joints were
subjected to visual, dye penetrant and radiography tests before sectioning it for
different destructive tests. Accelerated corrosion test was carried out based on tafel
plot technique.

The results achieved in this investigation disclosed that welding parameters played
an important role in obtaining acceptable weld profile. Lower welding current and/or
lower oxygen content in purging gas resulted in better weld profile with smaller weld
zone due to lower heat input. Besides, acceptable mechanical and corrosion
properties were obtained in comparison with that of base metal.

Mechanical propertied of GTA welded joints were not significantly affected by either
welding current or oxygen content in purging gas since the used base metal is not
susceptible to hardening due to welding.

On the other hand, corrosion rate increased with the increase in welding current
and/or oxygen content in purging gas. This is related to the increase in weld zone
size due to higher heat input in this case. This means that GTA welded joint made
using lower welding current and/or lower oxygen content in purging gas with smaller
fusion zone size has better mechanical properties as well as corrosion resistance.
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INTRODUCTION

Austenitic stainless steels are widely used in many industrial applications, mainly due
to their good corrosion resistance. 316L stainless steel is one of the most popular
austenitic stainless steel used for desalination plants and offshore facilities. The
316/316L stainless steels include Molybdenum which makes the passive layer
tougher and more adherent, thereby increasing the material’s resistance to pitting in
reducing environments (1). Super-austenitic stainless steel 254SMO UNS 31254
was developed to overcome the conventional austenitic stainless steels corrosion
problems without severe losses in mechanical properties (2-4).

The excellent corrosion resistance of Type 254SMO stainless steel in chloride
solution is due to the presence of high Mo content and synergistic action of its
alloying elements (5-7). In common with all austenitic stainless steels including
254SMO have low thermal conductivity and high thermal expansion. Then, welding
should be carefully planned in advance so that distortion of the welded joint can be
minimized.

Fusion welding is one of the most employed methods of fabricating superaustenitic
stainless steels components (8-10). Due to the intense heat input, many problems
arise and welding parameters have been shown to exhibit a significant effect on weld
metal composition, segregation behavior and corrosion resistance. Since the welded
joint is generally the weakest part in the components, the processing parameters
used during welding must be carefully controlled in order to ensure the deposition of
welds that do not corrode easily or experience solidification cracking (11-16).

Since the welds are more sensitive to corrosion, it is important for understanding the
factors, which affect the weldability of those materials to the successful
implementation. Previous investigations have demonstrated that mechanical
properties and corrosion resistance of both weld and heat affected zones are function
of different welding parameters. However, this research area has not yet completed
and more work is required for understanding the effect of welding current and oxygen
content in the back purging gas on properties of austenitic stainless steels
weldments.

EXPERIMENTAL WORK

The used base metal is a commercial superaustenitic stainless steel 254SMO with
6.4mm thickness as well as chemical composition and mechanical properties given in
Table 1.

Both bead-on-plate and single-V butt welds were made using TIG welding process.
Bead-on- plate welds were made using 150x100x6.4mm specimens. Schematic
illustrations of TIG butt weld joint are shown in Figure 1. Weld specimens of
100x100x6.4mm were prepared as single-V butt joints with machined surfaces and
were held firmly using fixture to prevent distortion. Welding was carried out in flat
position using TIG welding parameters given in Table 2. Ni-base alloy ERNiCrMo-3
with 2mm diameter was used as a filler metal according to AWS A4.14 (96). Effect of
heat input as a function of welding current was studied by changing welding current
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between 100 and 150A that resulted in heat input in the range of 0.57-1.03 kdJ/mm.
Also, effect of oxygen content in purging gas was clarified by changing it in the range
of 0.05 and 0.5%. The travel speed was adopted to 14cm/min to avoid excessive
weld deposit. Other welding parameters were kept constant including 15 I/min argon
shielding and 10 I/min argon back shielding. Stainless steel brush was used to
remove any slag before depositing the next pass. The inter-pass temperature was
maintained at 140°C to avoid variations in the cooling rate among the passes.
Thereafter welded samples were allowed to cool in air.

Table 1 Chemical composition and mechanical properties of
the used 254SMO base metal.

Chemical Composition.

Material | C% Si |[Mn| P S Cr Ni Mo | Cu | Ti Fe
Used BM | 0.007 | 0.45 | 0.4 | 0.0 0.0 | 20.1 171 | 6.96 | 0.69 | 0.18 | 53.7
254SMO 19.5- | 17.5- | 6.0- | 0.5-
Standard 0.02 | 0.80 | 1.0 | 0.083 | 0.01 205 | 185 | 65 10 Bal.
Mechanical Properties.
. Yield Strength. Tensile Strength, o
Material MPa MPa Elongation, %
Used BM 440 750 52
254SMO
Standard 340 650 35
_T
6.4 mm
!
Figure 1. Schematic illustration of single V-groove butt weld joint.
Table 2. TIG welding parameters studied.
Welding Welding | Welding | Shielding Backin Oxygen Heat
current Voltage speed gas as ( A?) content( input
(A) (V) cm/min (Ar) 9 %) (kd/mm)
, . 0.57
15 I/min 10 I/min ’
100, 125, 150 14 14 Argon Argon 0.05,0.5 ?%?3
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After welding, joints were inspected first using different non-destructive methods
including visual, dye penetrant and radiography tests. Both visual and dye penetrant
tests were carried out to check external welding defects such as surface porosity,
surface crack, undercut, overlap. Then, accepted joints were subjected to
radiography test to check internal welding defects such as internal porosity, internal
cracks and lack of fusion or incomplete penetration.

Based on results of non-destructive tests, , accepted welded joints were sectioned
and subjected to different destructive tests as shown schematically in Figure 2.
Chemical analysis of welded joints was conducted using Emission Arc Spark
Spectrometer (SPECTROLAB M5).

Corrosion jest Bendingrtest

//\

))))))))))))))))))))))))))))))))

R

Tensile test

Macro/Hardness test

Start/ Stop

Figure 2. Schematic illustration of welded joint showing sections
taken for different examinations.

Both macro- and microscopic examinations were carried out for cross sections taken
from welded specimens. The aim of macro-examination is to clarify the size of weld
metal as well as width of heat affected zone. Microscopic examinations were carried
to clarify the microstructure of weld metal, heat affected zone and base metal. In this
regard, the specimens were prepared using standard grinding, polishing and etching
techniques. In other words, specimens used for metallographic examination were
ground with emery paper ranging in fineness from 180 up to 1500 equivalent mesh,
then polished with alumina suspension. Electrolytically etching was carried out using
10% oxalic acid solution in order to reveal the grain structure of weld metal, heat
affected zone and base metal. Microscopic examination for weld metal, heat affected
zone and base metal was carried out using optical microscope-Nikon Epiphot 300.

Measurements of microhardness of welded joints were carried out using Vickers
hardness (HV) tester under a 200g load for 15 sec on cross-sections cut from
polished and etched specimens. for hardness measurements of weld metal (WM),
heat affect zone (HAZ) and base metal (BM) of welded joints. The given hardness
values are the average of five readings.

Bending and tensile tests were performed for welded specimens sectioned
transverse to the welding direction, at room temperature according to relevant
standards (American Welding Standard). U-bend test was made for both weld face
and weld root sides. In this concern, both weld and heat-affected zone of bend test
specimen to be completely located within the bent portion of the specimen. Tensile
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test was performed for two samples in each condition and the data reported are the
average of the two individual results. Dimensions of used tensile test specimen are
shown in Figure 3. The tensile test specimens were prepared in such a way that the
entire weld region (weld metal, heat-affected zone and base metal) is located at the
middle of specimen's gauge section. Tensile test was conducted using 100 ton
electro-mechanically controlled SHIMADZU universal testing machine.

S50mm

wwnz

! 50mm ‘

Figure 3. Dimensions of tensile test specimen.

Different welded samples were subjected to accelerated corrosion test based on tafel
plot technique where corrosion rate was measured using potentiostat-Auto Lab
PGSTAT 30 device. In this context, specimens were subjected to 3.5% sodium
chloride under open circuit condition for 30 minutes until E-corr becomes constant.
Then, potential is passed through the specimen for another 30 minutes to measure
the relation between potential and current, from which corrosion rate is, deduced.

RESULTS AND DISCUSSION

Bead-on-Plate Welds

Examples of photographs of weld face and macrographs of cross sections of GTA
bead-on-plate autogeneous welds made using 140mm/min welding speed, 15 I/min
argon shielding, 0.05% oxygen content in purging gas and different welding currents
(100, 150A) are shown in Figures 4 and 5 respectively.

Visual examination of weld face of both welds showed smooth and uniform weld
bead. Visual examinations of cross sections showed incomplete penetration for both
bead-on-plate welds. Macroscopic examinations of cross sections confirmed that
weld penetration depth as well as HAZ width increase with increasing welding
current. Weld penetration depth is increased from 3mm at 100A welding current
(Figure 4-b) to 6.5mm at 150A welding current (Figure 5-b). It was reported that no
welding cracks or porosity were found and this could be partly due to proper welding
conditions used.

Effect of welding current on weld penetration depth has been confirmed using filler
metal where weld penetration depth was increased also with increasing welding
current and no welding cracks or porosity were found. In comparison with
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(b) 5mm

Figure 4. Photograph of face side (a) and macrograph of a cross section (b)
of GTA bead-on-plate autogeneous weld made using 100A welding
current, 13V welding voltage, 140mm/min welding speed, 15 I/min
argon flow rate, 0.05% oxygen content in back purging.

150 A

I 111 WA I

P

Figure 5. Photograph of face side (a) and macrograph of a cross section (b) of
GTA bead-on-plate autogeneous weld made using 150A welding
current, 15V welding voltage, 140mm/min welding speed , 151/min
argon shielding flow rate, 0.05% oxygen content in back purging.

autogeneous welding, using filler metal has resulted in deeper weld penetration.
Summary of the effect of welding current on penetration depth of bead-on-plate
autogeneous welds made using 140mm/min welding speed, 15 I/min argon
shielding and 0.05% oxygen in purging gas is shown in Figure 6. Effect of welding
current on penetration depth/width ratio of bead-on-plate autogeneous welds of
254SMO superaustenitic stainless steel made using 140mm/min welding speed, 15
I/min argon shielding and 0.05% oxygen in purging gas is shown in Figure 7. In this
regard, three different welding current (100, 125, 150A) were used with other
parameters kept constant. The most important notice in Figures 6, 7 is the increase
in weld penetration depth and subsequently, weld depth/width ratio with increasing
welding current. The weld depth is varied with welding current as a linear relation
where it increased from 3mm to 6.5mm with increasing welding current from 100A to
150A. It is seen that as the welding current increases, the weld penetration depth
increases leading to higher penetration depth/width ratio that means more acceptable
and stronger weld. Higher weld penetration depth (6.5mm) that corresponds to higher
depth/width ratio (0.830) is obtained using 150A welding current. This is mainly due
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Figure 6. Effect of welding current on penetration depth of bead-on-plate
autogeneous welds made using 140mm/min welding speed,
15 I/min argon shielding and 0.05% oxygen in purging gas.
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Figure 7. Effect of welding current on penetration depth/width ratio of bead-
on-plate autogeneous welds made using 140mm/min welding
speed, 15 I/min argon shielding and 0.05% oxygen in purging gas.

to proper heat input in this case. In general, it is known that high depth/width ratio of
weld bead is of remarkable importance concerning metallurgical and mechanical
properties and consequently stronger weld.

Summary of the effect of welding current on penetration depth of bead-on-plate
welds made using filler metal, 140mm/min welding speed, 15 I/min argon shielding
and 0.05% oxygen in purging gas is shown in Figure 8. Effect of welding current on
penetration depth/width ratio of bead-on-plate welds made using filler metal,
140mm/min welding speed, 15 I/min argon shielding and 0.05% oxygen in purging
gas is shown in Figure 9. In this regard, three different welding current (100, 125,
150A) were used with other parameters kept constant. The most important notice in
Figures 8, 9 is the increase in weld penetration depth and subsequently, weld
depth/width ratio with increasing welding current. The weld depth is varied with
welding current as a linear relation where it increased from 4mm to 6.7mm with
increasing welding current from 100A to 150A, respectively. It can be observed that



Proceedings of the 171" Int. AMME Conference, 19-21 April, 2016 MS | 118

as the welding current increases, the weld penetration depth increases leading to
higher penetration depth/ width ratio that means more acceptable and stronger weld.
Higher weld penetration depth (6.7mm) that corresponds to higher depth/width ratio
(0.628) is obtained using 150A welding current. This is mainly due to proper heat
input in this case. In general, it is known that high depth/width ratio of weld bead is of
remarkable importance concerning metallurgical and mechanical properties and
consequently stronger weld. In comparison with autogeneous welding (Figures 6, 7),
filler metal (Figures 8, 9) has resulted in deeper weld penetration and higher weld
depth/width ratio.

—

100 A 125 A 150 A

Pentration depth, mm
O NWEOON®

Welding Current, Amps

Figure 8. Effect of welding current on penetration depth of bead-on-plate
welds made using filler metal, 140mm/min welding speed,
15 I/min argon shielding and 0.05% oxygen in purging gas.
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Figure 9. Effect of welding current on penetration depth/width ratio of bead-
on-plate welds made using filler metal, 140mm/min welding
speed, 15 I/min argon shielding and 0.05% oxygen in purging gas.

Butt Welded Joints

Concerning effect of welding current, photograph of face side and macrograph of
cross sections of GTA butt welded joints produced using 135mm/min welding speed,
15 I/min argon shielding, 0.05% oxygen in purging gas and different welding currents
(100, 150A) are shown in Figure 10 and 11 respectively. Both visual and radiographic
examinations of GTA butt welded joints produced using different welding currents
showed no welding defects such as porosity, undercut, cracks, incomplete
penetration or lack of fusion. This may be partly due to the precise control and good
reproducibility of the processing parameters selected.
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Figure 10. Photograph of face side (a) and macrograph of a cross section (b)
of GTA butt welded joint produced using 100A welding current,
13V welding voltage, 135mm/min welding speed, 15 I/min argon
shielding and 0.05% oxygen in purging gas.

Figure 11. Photograph of face side (a) and macrograph of a cross section (b)
of GTA butt welded joint produced using 150A welding current,
15V welding voltage, 135mm/min welding speed, 15 I/min argon
shielding and 0.05% oxygen in purging gas.

It can be deduced from Figures 10, 11 that the development of the weld pool was
essentially symmetrical about the axis of the electrode. Consequently, the
electromagnetic force was equal to the surface tension force thereby convective heat
transfer was not influenced. Visual examination of weld face showed smooth and
uniform weld bead. Visual examinations of cross sections showed complete
penetration for all butt welded joints. Macroscopic examinations of cross sections
indicated that weld penetration width as well as HAZ width are increased with
increasing welding current. Weld penetration width is increased from 10mm at 100A
welding current (Figure 10) to 14.5mm at 150A welding current (Figure 11).
Macroscopic examination showed no internal welding defects such as cracks or
porosity and this could be partly due to proper welding conditions used.
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Effect of welding current on penetration width of butt welded joints made using
135mm/min welding speed, 15 I/min argon shielding and 0.05% oxygen in purging
gas is shown in Figure 12. Effect of welding current on penetration depth/width ratio
of butt welded joints made using 135mm/min welding speed, 15 I/min argon
shielding and 0.05% oxygen in purging gas is shown in Figure 13. In this regard,
three different welding current (100, 125, 150A) were used with other parameters
kept constant. The most important notice in Figures 12, 13 is the complete
penetration for the full thickness (6.4mm) regardless of welding current value.
Another notice is the increase in weld penetration width and subsequently, the
decrease in weld depth/width ratio with increasing welding current.

The weld width and weld depth/width ratio are varied with welding current as a linear
relation where weld width is increased from 10mm to14.5mm with increasing welding
current from 100A to 150A, respectively. It is seen that as the welding current is
increased, the weld width increases leading to lower penetration depth/ width ratio
that means less acceptable weld. Lower weld width (10mm) that corresponds to
higher depth/width ratio (0.64) is obtained using 100A welding current. This is mainly
due to proper heat input in this case. In general, it is known that high depth/width
ratio of weld bead is of remarkable importance concerning metallurgical and
mechanical properties and consequently stronger weld.

14 A
12
10 A

Penetration width, mm
02

100 A 125 A 150 A

Welding current, Amps

Figure 12. Effect of welding current on penetration width of butt welded
joints made using 135mm/min welding speed, 15 I/min argon
shielding and 0.05% oxygen in purging gas.
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Figure 13. Effect of welding current on penetration depth/width ratio of
butt welded joints made using 135mm/min welding speed,
15 I/min argon shielding and 0.05% oxygen in purging gas.
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Regarding effect of oxygen content in purging gas, photographs of root side and
macrographs of cross sections of GTA welded joint produced using 125A welding
current, 14V welding voltage, 135mm/min welding speed, 15 I/min argon shielding
are and different oxygen contents in purging gas (0.05, 0.5%) are shown in Figures
14 and 15 respectively.

Figure 14. Photograph of root side (a) and macrograph of a cross section (b)
of GTA welded joint produced using 0.05% oxygen in purging
gas, 125A welding current, 14V welding voltage and 135mm/min
welding speed and 15 I/min argon shielding.

Figure 15. Photograph of root side (a) and macrograph of a cross section (b)
of GTA welded joint produced using 0.5% oxygen in purging gas,
125A welding current, 14V welding voltage, 135 mm/min
welding speed and 15 I/min argon shielding.

Visual examination of weld face showed smooth and uniform weld bead. Visual
examinations of cross sections showed complete penetration for all butt welded
joints. Macroscopic examinations of cross sections indicated that weld width and HAZ
width are not affected by oxygen content in purging gas. In other words, similar weld
width was obtained regardless of oxygen content in purging gas where 12.4mm weld
width was obtained with 0.05% oxygen in purging gas (Figure 14-b) and 12.5mm
weld width was obtained in case of 0.5% oxygen content in purging gas (Figure 15-
b). Macroscopic examination showed no internal welding defects such as cracks or
porosity and this could be partly due to proper welding conditions used.

Effect of oxygen content in purging gas on weld width of welded joints made using
125A welding current, 14V welding voltage, 135mm/min welding speed and 15 I/min
argon shielding is shown in Figure 16. Effect of oxygen content in purging gas on
penetration depth/width ratio of welded joints made using 125A welding current, 14V
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Figure 16. Effect of oxygen content in purging gas on weld width of welded
joint made using 125A welding current, 14V welding voltage,
135mm/min welding speed and 15 I/min argon shielding.
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Figure 17. Effect of oxygen content in purging gas on penetration
depth/width ratio of welded joint made using 125A welding
current, 14V welding voltage and 135mm/min welding speed.

welding voltage, 135mm/min welding speed and 15 I/min argon shielding is shown in
Figure 17.

The most important notice in Figures 16, 17 is the negligible change in weld width
and subsequently, weld depth/width ratio with increasing oxygen content in purging
gas. The weld width is increased from 12.4mm to 12.5mm and weld depth/width ratio
is decreased from 0.52 to 0.51 with increasing oxygen content in purging gas from
0.05% to 0.5%, respectively. In other words, the oxygen content in purging gas has
almost no influence on weld geometry (penetration depth, weld width, weld
depth/width ratio). However, weld profile is influenced by oxygen content in purging
gas. Lower oxygen content in purging gas (0.05%) has resulted in better weld profile
due to narrower weld root (Figure 14) in comparison with that obtained in case of
higher oxygen content in purging gas (Figure 15). This is mainly due to lower heat
input in case of lower oxygen content in purging gas since lower oxygen means
limited exothermic reaction. On the other hand, higher oxygen in purging gas (0.5%)
results in more heat as a result of exothermic reaction. It is known that better weld
profile as a result of narrower weld root is of remarkable importance concerning
metallurgical and mechanical properties and consequently stronger weld.
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Regarding microscopic examinations, Figure 18 shows microstructure of the used
254SMO base metal. It can be noticed that this microstructure is a typical austenitic
structure for superaustenitic stainless steel 254SMO. It shows mainly austenite
phase with a few percentage of delta ferrite. Usually, the austenitic region contains
higher quantities of the austenite formers (nickel, manganese, carbon and nitrogen)
while the ferrite region contains larger proportions of ferrite formers (chromium, iron,
silicon and molybdenum). An average hardness value of about 230HV was obtained
for this microstructure type.

Figure 18. Optical micrographs of the used 254SMO base metal.

Optical micrographs of a cross section taken from butt welded joint produced using
135mm/min welding speed, 15 I/min argon shielding, 0.05% oxygen in purging gas
and different welding currents (100, 150A) are shown in Figures 19 and 20
respectively. The noticeable feature is the directional nature of the superaustenitic
microstructure around weld center of both welded joints. No solidification cracking
was found in the weld zone. Structures of weld metal in both joints were almost
similar where a dendritic microstructure was developed at fusion boundary due to
fast cooling conditions (Figures 19c, 20-c). More globular structures were observed at
weld metal center that exposed to lower cooling rates and with a less pronounced
heat flow direction. The higher the welding current, the coarser is the dendritic
structure due to decreasing cooling rate.

The heat affected zone (HAZ) is the area of the base metal that has its
microstructure and properties altered by inducing intensive heat into the metal. HAZ
microstructure is critical for welded joint properties. Re-crystallization and grain
growth were observed in HAZ where its width is slightly increased with increasing
welding current due to higher heat input. However, a reasonable HAZ width was
observed in all cases.

Optical micrographs of cross sections taken from butt welded joint made using 125
100A welding current, 14V welding voltage, 135mm/min welding speed, 15 I/min
argon shielding and different oxygen contents in purging gas (0.05, 0.5%) are shown
in Figures 21, 22 respectively. The noticeable feature is the directional nature of the
austenitic microstructure around weld center of both welded joints. No solidification
cracking was found in the weld zone. Structures of weld metal in both joints were
almost similar. A dendritic microstructure was developed at fusion boundary due to
fast cooling conditions (Figures 21-c, 22- c). More globular structures were observed
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100A

Figure 19. Optical micrographs
of a cross section taken from
butt welded joint produced using
100A welding current, 13V
welding voltage, 135mm/min
welding speed, 15 I/min argon
shielding and 0.05% oxygen in

purging gas.

150A

Figure 20. Optical micrographs of

a cross section taken from butt

welded joint produced using 150A

welding current, 15V welding
voltage, 135mm/min welding
speed, 15 I/min argon shielding
and 0.05% oxygen in purging
gas.
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at weld metal center that exposed to lower cooling rates and with a less pronounced
heat flow direction. In general, the higher the oxygen content in purging gas, the
coarser is the dendritic structure, particularly at weld root side due to decreasing

cooling rate as a result of higher heat input.

0.05% O in purging

Figure 21. Optical micrographs of a
cross section taken from butt welded
joint made using 0.05% oxygen in
purging gas, 100A welding current,
14V welding voltage, 135mm/min
welding speed and 15 I/min argon
shielding. (a) Fusion boundary, (b),
(c) Higher magnifications of HAZ and
weld Metal.

0.5% O in purging

Figure 22. Optical micrographs of a
cross section taken from butt welded
joint made using 0.5% oxygen in
purging gas, 125A welding current,
14V welding voltage, 135mm/min
welding speed and 15 I/min argon
shielding. (a) Fusion boundary, (b), (c)
Higher magnifications of HAZ and weld
metal.
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Regarding heat affected zone (HAZ) microstructure, re-crystallization and grain
growth were observed in HAZ while its width is slightly increased with increasing
oxygen content in purging gas, particularly at weld root side due to higher heat input
as a result of exothermic reaction. In general, a reasonable HAZ width was observed
in both cases. Generally, the effect of oxygen content in purging gas on
microstructure is relatively less than that of the welding current.

Hardness profile through WM, HAZ and BM of butt welded joints made using
135mm/min welding speed, 15 I/min argon shielding, 0.05% oxygen in purging gas
and different welding currents (100, 125, 150A) is shown in Figure 23. The results
reveal that welding current has no significant effect on hardness values of both WM
and HAZ. Generally, hardness values of WM and HAZ are close to that of base
metal. This is attributed mainly to low heat input in case of GTAW process as well as
the nature of the used superaustenitic stainless steel, which is not susceptible to
hardnening during heat treatment. In other words, no significant difference between
hardness of the base metal and that of weld metal or HAZ was observed regardless
of welding current. This is expected because mechanical properties of austenitic
stainless steel, in general, are based on its microstructure that was not remarkably
changed.

100A, 125A, 150A, 125mm/min, 15 I/min Ar., 0.05% OZ2 in back purging
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Figure 23. Comparison of hardness profiles through WM, HAZ and BM
of butt welded joints made using different welding currents,
135mm/min welding speed and 0.05 % oxygen in purging gas.

Comparison of hardness profiles through WM, HAZ and BM of butt welded joints
made using 125A welding current, 14V welding voltage, 135mm/min welding speed,
15 I/min argon shielding and different oxygen contents in purging gas (0.05, 0.5%) is
summarized in Figures 24. The results of hardness measurements reveal that
oxygen content in purging gas has no significant effect on hardness values of both
WM and HAZ. Generally, hardness values of WM and HAZ are close to that of base
metal. This is attributed mainly to low heat input in case of GTAW process as well as
the nature of the used superaustenitic stainless steel, which is not susceptible to
hardnening during heat treatment. In other words, no significant difference between
hardness of the base metal and that of both weld metal or HAZ was observed
regardless of oxygen content in purging gas. This is expected because mechanical
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properties of austenitic stainless steel, in general, are based on its microstructure
that was not remarkably changed.

125A, 14V, 135mm/min, 15|/minAr using 0.05% and 0.5%02 in back purging
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Figure 24. Hardness profile through WM, HAZ and BM of butt welded joint
produced using different oxygen contents in purging gas, 125A
welding current, 14V welding voltage, 135mm/min welding speed
and 15 |/min argon shielding.

Mechanical Properties of Butt Welded Joints

Results of both face and root bend tests of all welded joints showed no cracking
after U-bend was made. Results of tensile test of butt welded joints made using
135mm/min, 15 I/min argon shielding and different welding currents (100, 125, 150A),
as well as that of base metal and standard material are summarized in Figure 25.
The given values of tensile properties are the average of two readings. The tensile
fracture was occurred either in HAZ or weld metal of all welded joints. However, the
obtained tensile strength of all welded joints is higher than that specified minimum
tensile strength for base metal. This means that the obtained tensile strength of all
welded joints is satisfactory and accepted since it meets the requirements of the
concerned standard (APl 570). It indicates that tensile test for welding procedure
qualification is passed if failure occurred either in weld metal at strength >= that of
specified minimum tensile strength for base metal or in base metal. It can be noticed
that the tensile strength of welded joint is not significantly affected by welding current
since the used base metal is not susceptible to hardening due to heat treatment or
welding.

Results of tensile test of butt welded joint made using 125A, 14V, 135mm/min, 15
I/min argon shielding and different oxygen contents in purging gas (0.05, 0.5%) as
well as that of base metal and standard material are summarized in Figure 26. The
given values of tensile properties are the average of two readings. The tensile
fracture was occurred either in HAZ or weld metal of all welded joints. However, the
obtained tensile strength of all welded joints is higher than that specified minimum
tensile strength for base metal. This means that the obtained tensile strength of all
welded joints is satisfactory and accepted since it meets the requirements of the
concerned standard for engineering applications as mentioned above. It can be
noticed that the tensile strength of welded joint is not significantly affected by oxygen
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100A,125A,150A, 135mm/min, 151/min Ar., 0.05 02 in back purging
mUTS aYield TS OFElo %
60
50
40 E
i
308
g
r2058
w
10
} 0
(Standard) BM 100A 150A
Welding current, Amps

Figure 25. Tensile properties of butt welded joints as a function of welding
current together with that of base metal and standard material.
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Figure 26. Tensile properties of butt welded joints of as a function of
oxygen content in purging gas.

contents in purging gas since the used base metal is not susceptible to hardening
due to heat treatment or welding.

Corrosion Properties of Butt Welded Joints

Based on Tafel Polarisation data, corrosion rate, corrosion resistance, current density
and corrosion potential open circuit were obtained for different welded joints as well
as for the used base metal. Corrosion rate of GTA welded joints made using different
welding currents in comparison with that of base metal are shown in Figure 27. It is
found that corrosion rate of welded joint increases with the increase in welding
current as the welding area increases. In addition, it is noticed that increasing the
welding current caused a significant increase in corrosion rate. This may attribute to
increasing fusion zone area with increasing welding current. Usually, the rate of
corrosion increases with the increase in fusion zone size. GTA welded joint made
using lower welding current with its smaller fusion zone size did not have the highest
percentage weight loss in comparison with that made using higher welding current.
Because the base metal corrosion was negligible, the weight loss is limited by the
amount of weld metal available for corrosion.
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Figure 27. Comparison of corrosion rate of GTA welded joints made using

different welding currents in comparison with that of base metal.

Corrosion resistance of GTA welded joints made using different welding currents in
comparison with that of base metal are shown in Figure 28. It is found that corrosion
resistance of welded joint decreases with the increase in welding current as the
welding area increases. In other words, increasing the welding current causes a
significant decrease in corrosion resistance of welded joint. This is attributed to
increase in fusion zone area with increasing welding current. Usually, the rate of
corrosion increases with the increase in fusion zone size. GTA welded joint made
using lower welding current with its smaller fusion zone size did not have the highest
percentage weight loss in comparison with that made using higher welding current.
Because the base metal corrosion was negligible, the weight loss is limited by the
amount of weld metal available for corrosion.
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Figure 28. Comparison between the corrosion resistance of GTA welded
joints made using different welding currents.

Corrosion rate of GTA welded joints as a function of different oxygen contents in
purging gas is shown in Figure 29. It is found that corrosion rate of welded joint
increases with the increase in oxygen content in purging gas. This is attributed to

relatively higher heat input as well as existence of oxidation at root side.
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Figure 29. Comparison between corrosion rates of GTA welded joints
made using different oxygen contents in purging gas.

In other words, welded joint made using lower oxygen content in purging gas with
smaller fusion zone size has better corrosion resistance in comparison with that
produced using higher oxygen content in purging gas. Because the base metal
corrosion was negligible, the weight loss is limited by the amount of weld metal

available for corrosion.

Comparison of the corrosion resistance of GTA welded joints made using different
oxygen contents in purging gas is shown in Figure 30. It is found that corrosion
resistance of welded joint decreases with the increase in oxygen content in purging
gas. This is attributed to larger weld zone due to higher heat input, as well as
increasing oxidation in case of higher oxygen content in purging gas.
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Figure 30. Corrosion resistance of GTA welded joints made using
different oxygen contents in purging gas.
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CONCLUSION

Based on the results achieved in this investigation it can be concluded that welding
parameters played an important role in obtaining acceptable weld profile. Lower
welding current and/or lower oxygen content in purging gas resulted in better weld
profile with smaller weld zone due to lower heat input. Besides, acceptable
mechanical and corrosion properties were obtained in comparison with that of base
metal.

Mechanical propertied of GTA welded joints were not significantly affected by either
welding current or oxygen content in purging gas since the used base metal is not
susceptible to hardening due to welding.

On the other hand, corrosion rate increased with the increase in welding current
and/or oxygen content in purging gas. This is related to the increase in weld zone
size due to higher heat input in this case. This means that GTA welded joint made
using lower welding current and/or lower oxygen content in purging gas with smaller
fusion zone size has better mechanical properties as well as corrosion resistance.
This welded joint did not have the highest loss in mechanical and corrosion
properties, in comparison with that made using higher welding current and/or oxygen
content in purging gas. Because the base metal corrosion was negligible, the weight
loss is limited by the amount of weld metal available for corrosion.
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