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Abstract- The escalated concern in duplex stainless steels by
industries is due to their best mechanical and corrosion
resistance properties. In this paper, the mechanical properties of
welded joints made of duplex stainless steel 2205 were
investigated. The joints were made by the GTAW process using
different filler wires: duplex ER2209 and austenitic ER312. The
microstructure realized by the duplex filler ER2209 is similar to
that of the base material duplex 2205, but when connected with
the austenite filler ER312, the phase ratio of ferrite (6) to
austenite (y) is increased. The influence of the fillers on the weld
metal mechanical properties such as impact resistance, ultimate
tensile properties and the hardness measurement was evaluated.
The microstructure phases produced for the different fillers
causes variation of mechanical properties. Increasing the ferrite
number using ER 312 filler wire resulted in a decrease in the
absorbed energies of the impact test of the weld metal. On the
other hand, tensile strength values were enhanced by increasing
the ferrite percent.

Keywords: duplex stainless steel; gas tungsten arc
welding; pitting properties; Filler metal; Microstructure and
mechanical properties.

1. INTRODUCTION

The growing interest in duplex stainless steels by industries
is due to their best mechanical and corrosion resistance
properties, that show over other stainless and structural steels.
Thanks to the high percentage of molybdenum in their
composition, duplex stainless steels show excellent resistance
to localized pitting corrosion, which gives them a PREN
between30 and 50[1].

However, this value may be modified during the welding
processes, particularly in those that include filler material, due
to the possible modification of the proportions of the alloying
elements. This requires careful selection of the filler material
during welding operations [2].

The right selection of welding parameters such as preheat,
inter-pass temperature, shielding gas, heat input, and the most
appropriate choice of proper filler metal, will enable to obtain
a desirable microstructure and mechanical characteristics of
weldment.

The use of the duplex stainless is frequently limited to an
upper and lower service temperature generally between —40
and 250 °C, where it has good mechanical properties better
than ferritic and austenitic steel [3].

At sub-zero temperatures the duplex stainless steels exhibit
a ductile to brittle transition, where the ferrite becomes
increasingly brittle [4]. The temperature for the ductile to
brittle transition depends on the chemical composition and the
ferrite phase content [5, 6]. The ferrite content increased as
the Creq / Nieq ratio increased [7]. The addition of nickel and
nitrogen in the metal deposited leads to increase the impact
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toughness particularly at low temperature [8, 9]. It has also
been lighted that the effect of the alloying elements on the
ferrite/ austenite ratio is much more important than the
cooling rate [10].

2. EXPERIMENTAL PROCEDURE

2205 grade duplex stainless steel in the form of plates of 8
mm thickness was considered. A multi-pass welding was
performed using GTA welding process with ER2209 and
ER312 filler metals. The chemical composition of the base
metal and filler metals is given in Table 1. The two welds are
performed by the same qualified welder, who executes each
pass carefully and following a welding procedure
specification (WPS), established from qualification tests,
containing well-defined welding parameters. The welding
energy E (kJ/mm) depends on the welding current (1), welding
voltage (V), and welding speed S (mm/min) by the following
relation [11]:

E = 60*1*Vv/S*1000 (1)

Table 1. Chemical analysis of base metal and filler metals (WT.%)

Element 2205 ER 2209 ER 312

C 0.015 0.02 0.10
Mn 1.27 1.57 1.6
Si 42 0.46 0.4

S .0005 0.010 0.03

P .026 0.01 0.03

Cr 22.15 22.9 30.7
Ni 6.22 8.6 8.8
Mo 3.19 3.1 0.2
Cu 0.28 0.1 0.14

Nb = 0.01 -

N - - 0.25
Creg/Nieq 0.967 2.03 25

PREN 32.36 33.56 38.86

A radiographic test (RT) was performed on the welds, and
it shows that the two joints are accepted. Duplex stainless steel
2205 of 8mm thickness were used. Joints were butt welded
using GTAW and a duplex filler (ER 2209) and austenitic
filler ER 312 were used as filler materials.

For the study of the microstructure of the duplex stainless
steel and the welds, the surface of cross sections was prepared
by grinding and polishing. In order to reveal the
microstructure, the polished surface was electrolytic etched
using 10% KOH solution at 3V [12].
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The percentage by volume of ferrite in the BM, of the heat
affected zone (HAZ) and of the weld metal were determined
through magnetic measurements using a firritescope.

For the mechanical behavior, specimens are machined
from the two welds. Charpy V-notch reduced specimens are
prepared with dimensions of 5 x 10 x 55 mm in accordance
with ASTM A370 standard. Impact tests were carried out at
(—20 °C) for three locations that are (MB, WM, and HAZ) by
means of a machine Charpy pendulum with 150 J impact load
[13]. The tensile test is carried out on specimens that are
machined in accordance with ASTME8-04 standard [14].

For investigation of the effect of the filler metals on the
hardness profile (HV), the measures are taken across the weld
metal, HAZ and base metal.

3. RESULTS AND DISCUSSION

3.1 Elemental analyses

Chemical analysis results of the base metal and the weld
metals at the middle points of weld metals obtained using ER
2209 and ER 312 filler metals are given in Table 2. Elemental
variations of Fe, Ni, Cr, Mo, which play an important role in
microstructure of weld metal. Elemental migration due to
dilution was not significant for elements in ER 2209, with
regard to ER 312 the Cr has decreased from 30% to 26.98%
and the Mo has increased from 0.2% to 0.77%.
3.2 Ferrite Percent determination

Figure 1 and Table 3 depict the ferrite number distribution
along weld metal, HAZ and base metal. The ferrite numbers
for HAZ which is measured by firritescope for 2205 welments
using ER 2209, ER 312, were 51.70+3.5 and 59.06+2.7
respectively. On the other hand, the experimental ferrite
numbers for weld metal were 43.12+3 and 65.04+2.11,
respectively. It is observed that the joint performed using the
duplex ER 2209 has no significant change in the ferrite (3) to
austenite (y) phase ratio. The same that of the base metal and
there is no considerable increase in ferrite due to the slight
increase in nickel content of the electrode relative to the base
metal. While using ER 312, the amount of ferrite was higher
for weld metal and HAZ than that obtained using ER 2209
filler.

Table 2. Chemical analysis of base metal and filler metals (WT.%)

Element 2205 ER 2209 ER 312
Si 0.421 0.731 -
Cr 21.829 22.78 26.98
Mn 1.27 1.63 1.67
Fe 65.839 63.03 59.49
Ni 6.22 8.27 7.23
Cu 0.28 0.17 0.037
Mo 3.19 3.11 0.767
Creg/Nieq 3.36 3.3 3.52
Table 3 Ferrite content in the welding zone
Filler Base metal HAZ Weld metal
2205- 5146 +1.6 51.70 £3.5 43.12+3
ER2209
2205- 51.70+4.9 59.06+2.7 65.04+2.11
ER312
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Fig 1: Ferrite distribution

3.3 Hardness test

The Vickers hardness measurements for the weld metals,
HAZ and 2205 material have been measured in Table 4.
According to the hardness profiles presented in Figure 3, ER
2209 was the hardest sample, while the ER 312 weld showed
the lowest hardness values despite the high Cr % because the
ferrite is created in an austenite matrix. In specimen ER 312;
the hardness increased from the cap pass to the root pass
because the ferrite content increased from the cap to the root.
While, in specimen ER 2209 the hardness was decreased from
the cap to the root as showed in figure 2 and figure 3.

Table 4. Vickers hardness for the weld materials

ER 2209
W.M HAZ
Cap | Middle Root 245
245 | 239 232
ER 312
W.M HAZ
Cap | Middle Root 235
230 | 233 264
BASE METAL |
255 |

270

260
Z 250
§' 210 I = WM (CAP)
£ = WM(MIDDLE)
é 230 l WM(ROOT)

mBase metal
220
210
ER2209 ER312

Type of fillers

Fig 2: Comparison between hardness of fillers
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Fig 3: hardness distribution of the fillers

3.4 Microstructure Examination

Figure 5 shows the microstructure of HAZ, WM of fillers
ER312, ER2209, at the middle of the fusion zone and HAZ,
obtained using. In the microstructure, dark-colored areas
indicate &-ferrite, while the light-colored regions indicate the
y-austenite phase.

The microstructure of the fusion zone welded using ER312
filler exhibited acicular ferrite microstructure in an austenite
matrix and grain-boundary austenite, secondary austenite.
With regard to ER 22209 exhibited a matrix of ferrite and
needles of austenite. The microstructure of austenitic (ER
2209) welds contained grain boundary austenite, the
secondary austenite (y2), and a little widmanstatten austenite.

Fig 4: The microstructure of weld metals: (a) specimen ER 312 — Weld
metal; (b) specimen ER 2209 - Weld metal; (c) specimen ER 2209- HAZ,;
(d) specimen ER 312 - HAZ ; () D. s. s base metal.

3.5 Tensile test

Specimen ER 312 had higher tensile strength and yield
strength than specimen ER 2209 as shown in Figure 5(860,
720vs. 745,565 MPa). Besides, the mentioned ferrite values
had a significant influence on the mechanical properties. The
lowest amount of ferrite shows that Specimen ER 2209 is the
weakest behavior during tensile tests.

comparison between yield and tensile strength of fillers

- vield

Strength (Mpa)
g

= Ultimate tensile strength

ER2209 ER312
Type of filler

Fig 5: comparison between; yield and tensile strength of fillers
3.6 Impact test
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Impact test results for HAZs and weld metals using different
filler metals are given in Fig. 6. Specimen welded using ER
312 filler metal revealed that the austenite matrix absorbed
the higher impact energy at -20 °C (126 J) than Specimen
welded using ER2209 filler wire with a mixed ferritic and
austenitic microstructure (51 J). Surprisingly, HAZ for
Specimen ER2209 had the higher absorbed impact energy
(167J) than the Specimen ER 312 (116J).

Impact Energy (J)
Elongation %

0 I

ER2209
M Impact Energy of W.M

ER312

M Impact Energy of HAZ Elongation %

Fig 6: comparison between elongation and impact energy
4 CONCLUSION

Duplex stainless steel was welded using the GTAW process
with two different fillers. After studying the microstructure
and mechanical properties of the weld, the following
conclusions were drawn:

1- The hardness of weld ER 2209 was higher than the
hardness of ER 312 weld and then decreased from cap
pass to root and vice versa. The ferrite content for the
ER 312 was higher for the weld metal and HAZ than
for the ER2209.

3- The secondary austenite, grain boundary austenite, and
an amount of widmanstatten austenite were found in
the microstructure of ER 2209 welds. In specimen ER
312, the ferrite phase was the most prominent
microstructural characteristic.

4- The maximum impact energy for W.M is obtained from
the specimen welded with ER312, by raising the ferrite
number; the absorbed energies of the impact test were
reduced for ER 312, whereas the highest impact energy
for HAZ is obtained from the specimen welded with
ER2209. In specimens welded using ER2209, the
lowest impact energy for W.M is determined.

https://digitalcommons.aaru.edu.jo/erjeng/vol5/iss4/8
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5- Increased ferrite percent enhanced tensile strength values;
specimen ER 312 had stronger tensile and yield strength than
specimen ER 2209.
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