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Abstract — Stainless steel has always been a fascinating area
of interest for researchers, manufacturers and end-users.
They face many challenges and very attractive service
characteristics. In addition, Duplex Stainless Steel enjoys an
excellent cost / ownership ratio in vital markets including: Qil
& Gas, Chemical Industry, Paper & Cellulose, Chemical Oil
Tankers, Desalination Plants, and Water Networks.
Underwater arc welding allows very large welds to be
deposited less time compared to a larger number of passes
with less deposition per pass. For large constructions and
large straight welding operations, SAW is a relatively
profitable and satisfactory way of welding stainless steel. In
the current investigation, SAW machine was used to
manufacture double stainless-steel tubes. The pilot work
focuses on compliance with ASME and NORSOK
requirements. The GTAW seal is used only for backup
purposes for internal welding. In the current investigation,
stainless steel duplex plates with a thickness of 32205 and
31803 degrees with a thickness of 20 mm were used to
manufacture 20-inch, 20 mm and 5725-meter tubes. The
stainless-steel stainless steel is manufactured according to the
NORSOK standard and complies with the ASTM standard
requirements such as corrosion tests, crash tests and ferrite
content measurement.
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I. INTRODUCTION

In this current scenario, adverse conditions in the oil and gas
industry have grown steadily in intensity. The offshore oil
industry is constantly pushing for deeper oil exploration,
leading to higher pressure  conditions and more hostile
environments. In addition, advanced technologies have
allowed to increase the total production of local reservoirs,
which has led to an increase in the useful life of underground
wells and the concentration of corrosive factors in these wells.
As the age increases, the water to oil in the produced fluids
increases to 95% or more. To adapt to these difficult
environments, as well as to protect against the high cost of
component failures, it became necessary to ensure the
selection of suitable alloys for applications within the oil and
gas industry. This has created an excellent opportunity for
Duplex 2205 and other double-sided stainless steel.
Two-sided stainless steel was first introduced into the oil and
gas industry in the late 1970s, when it was selected for natural
gas pipelines. At that time, this option made a commercial
breakthrough for 2205 Duplex (UNS S32305 / S31803). This
has helped pave the way for the acceptance of Duplex 2205
not only in the oil and gas industry, but also in many other
industries. Now, more than 30 years ago, Duplex 2205,
Duplex Duplex, Double Duplex and Duplex are playing an

increasingly important role in the oil and gas industries on
land and at sea.

Il. WELDING CONSUMABLES

Use of overmatching consumables now considered to be a
viable option which can give improved properties provided
the correct welding procedure and heat treatment are applied.
We have a number of choices for filler wire and flux
combination. According ASME Sec Il Part C, when close
control of ferrite content is required, the effects of
flux/electrode combination should be evaluated before
production welding is undertaken. So we have used a
continuous solid corrosion resisting duplex wire OK Autrod
2209. OK Autrod has a higher general corrosion resistance. In
media containing chloride and hydrogen sulphide alloy has
higher resistance to intergranular, pitting, and as specially
stress corrosion. OK Autrod 2209 can be used in combination
with OK Flux 10.93. OK Autrod 2209 is approved by many
societies like DNV, LR, ABS, DB, CE, GL. It has also a
overmatching nickel content that is required for balancing the
austenite against the ferrite. Typical weld metal composition
and mechanical properties due to combination of this
flux/electrode combination is shown in Table 1. OK Flux
10.93 is a basic non-alloying agglomerated flux for the
submerged arc welding of duplex stainless steel. These
consumables are designed in such a way that minimum
matching mechanical properties and corrosion resistance can
be guaranteed. They are therefore higher in elements
promoting austenite formation compared to the corresponding
steel grade, to avoid excessively high weld metal ferrite
content. [21]

Before going for the manufacturing of duplex stainless steel
pipe, we want be ensure whether welding of duplex stainless
steel by SAW will going to give us desired results or not. So,
we have done two experiments on plate of UNS S32205.
Multiple pass welds, a portion of the previous weld pass is
refined, and the toughness improved, as the heat from each
pass tempers the weld metal below it. If the beads are smaller,
more grain refinement occurs, resulting in better notch
toughness. We have taken two trials on duplex stainless steel
plate of 20 mm thickness (Grade: UNS S32205).

Forplate no 111, we have done testing without heat treatment
and for plate no. 222 after heat treatment. For plate no. 111
without heat treatment, we have found deformed grains in
weld after micro-examination and also low temperature
toughness values were not meeting with standards like MESC
SPE, PDO, and DEP.

Table I: - Weld Metal Composition and Mechanical Properties for
Different Filler Wire/Flux Combination
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Typical all . Ferrite
Product Description | Classification weld uluetal Merlmnl.ml content/CPT/ | Approvals
name chemical | Properties PRE
composition
OK Flux | Basic flux/ |[EN760SAAF2| C0.03Si0.5 | YS:630 N 30 TUVCE
10.93/ OK | duplex solid DCENISO Mn14Cr22 | MpaUTS 50127 5. DNVLR
Autrod wire for | 14343-AS229 Ni9Mo3 N| 780 MPa 20°C/34 GL Rina BV
2209 |SAW welding 3NL 0.15 Charpy-V - ABS
OK Flux | Basic flux/ |EN 760 SAAF 2| C0.0258i0.7 :{:E‘g
10.93/OK| leanduplex | DCENISO Mnll Cr 84% MPa EN35-65 CE
Autrod  |solid wire for| 14343-AZ 23 7| 225Ni 7.5 N N
2307 |SAW welding NL 0.12 Charpy-V -
40°C 601
YS:640
OK FluxN | Basic flu/ |EN 760 SAAF 2| C0025i05 g’i%a;:[;j
10.93/ OK | super duplex | DCENISO Mno0.35Cr Chapy-V - FN30- TUV
Autrod |solid wire for| 14343-AS259| 245Ni 9.5 60°C 507 50/60°C/43
2509  |SAW welding 4NL Mo4N0.25 Y5626
Mpa
OK Flux | Basic flux/ |EN 760 SAAF 2| C0.028i0.5 | UTS 830
10.94/ OK | super duplex | Ct DCENISO | Mn 0.5 Cr 25 | MPa Charpy- FN30-
Autrod |solid wire for| 14343-A$259 |Ni9.5Mo 4 N| VB -60°C | 50/60°C/43
2509  |SAW welding 4NL 0.25 507

Table 11: - Submerged-Arc Welding Details

SAW Wire Diameter

2.4 mm

SPECN/GRADE

SFA 5.9, AWS ER 2209

FLUX MFG

ESAB OK FLUX 10.93

As we have choose a 2.4 mm wire diameter electrode , so
current range that we can use is generally between 250 — 600
A and voltage between 25 — 35 V. Joint geometry that we have
used for SAW of plate is as shown in fig 1.
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Fig 1: Joint Geometry for SAW of Plate

Table I11: Welding Parameter for Plate No 111

Plate : 111 ( coupon plate of UNS S32205)

Travel Heat

Current (A) [Voltage (V)|  Speed Input

0/s .

mm/min | KJ/mm
1 375 26 450 1.3
2 480 30 450 1.92
3 475 30 500 1.71
4 490 30 500 1.76
5 500 30.5 500 1.83
Travel Heat

/S Current Voltage Speed Input
6 485 30.5 500 1.77
7 500 32 500 1.92

We want to observe the effect of heat treatment on toughness
of the welded duplex stainless steel. So, for plate no 111, we
have done testing without heat treatment and for plate no. 222
after heat treatment.

For plate no. 111 without heat treatment, we have found
tensile strength and side bend test satisfactory but found
deformed grains in weld after micro-examination and also low
temperature toughness values were not meeting with
standards like MESC SPE, PDO, and DEP.

Table IV: Welding Parameter for Plate No 222

Plate : 222 ( Coupon plate of UNS S32205)
Travel Heat Input
0/s Current (A)|Voltage (V) Speeq K3/mm
mm/min
1 360 27 450 1.30
2 415 30.5 500 1.52
3 460 30.5 500 1.68
4 450 30.5 500 1.65
5 475 30.5 550 1.66
/S Current | Voltage 'IS'Lae\gal Heat Input
6 460 30.5 550 1.53
7 475 32 550 1.65

PLATE 111
2/
17
lb

PLATE 222

Fig 2: Number of weld layers for plate no. 111 and plate no.
222

111.MECHANICAL TESTING RESULTS

TABLE V: Mechanical Testing Results

PLATENO. |PLATENO 222| Required
111
SIDE BEND | Satisfactory | Satisfactory
TEST
U.T.:S. 796.54 752.36 655 Min
(N/mm2)
HARDNESS |15-20 HRC| 17 -21 HRC | MAX 31
HRC

Table VI: - Impact Values for Plate no 111 and Plate no 222

Impact Value (Energy in Joule)

111

Plate No. (Without HT) 222
Parent 150 83.33
Weld 52 94.00
HAZ 64.67 95.00
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Table VII: Specified Impact value requirements according to different
standards.
MESC SPE|PDO SP-1189 DEP
SPECIFIED 31.40.20.34-
741022 Clause
REQUIREME Gen Clause
NTS Clause 15.5| 7.21.1& 7211 & Table
& Table-3 |TablePage 12| "1
Page 21
Tempoerature 50°C 50°C 50°C
C)
Min. Avg.
Value (Joule) 60 0 60
Min. Ind. Value 45 53 45
(Joule)

IV.MICROSTRUCTURAL EXAMINATION

Etchant: 40% NaOH electrolyte Magnification: 500 X

Parent

A
Plate No. 111
(Without heat treatment)

(Without heat treatment)
Fig 3: Micro-structure of Weld and Base of plate no 111

and plate no 222

From the parameters for the welding, you can clearly see that
we have maintained a heat input between 1.5 to 2.0 kJ/mm by
increasing the travel speed. Tensile test and side bend test
results were found satisfactory for both the plate no 111 and
plate no 222. For low temperature toughness measurement,
plate no. 111 was not meeting with the intended requirement
from the agencies like PDO and specifications like MESC. On
the other hand, plate no 222 that was heat treated after welding
meeting the intended requirements.

Micro examination of parent metal shows the smooth
interface between ferrite and austenite phases without any
significant presence of any inter-metallic phases, unaffected
structure for both the plates. Micro examination of weld
shows different structure. For plate 111 which are tested
without heat treatment shows distorted structure whereas plate
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no 222 shows smooth interface between ferrite and austenite
phase without ant presence of inter-metallic phases,
unaffected structure.

V. CONCLUSIONS

Weld metal possessed excellent ductility and soundness as
there was no crack, fissure or any other discontinuity found
during bend test. Bend test results are satisfactory.

Tensile strength of weld metal was high as compared to the
base metal. Toughness in terms of absorbed energy in joule
value for UNS S31803 pipe for all three locations from weld
and HAZ at -46 ° C temperatures are 73.55 J and 115.11 J
respectively. For pipe of grade UNS S32205 for all three
locations toughness values from weld and HAZ at -46° C are
76.67 Jand 188.67 J respectively. All these values are meeting
the NORSOK standard requirement that is 35J single and 45J
average.

From micro-examination, it is clear that PWHT results in
avoiding the precipitation of inter-metallic phases and also
results in acceptable low temperature toughness requirement.
With use of HI in the range of 1.5 - 4.0kJ/mm for welding in
a combination with full solution annealing after welding
results in absence of inter-metallic phases in micro-
examination and acceptable low temperature toughness
requirement in weld and HAZ for both the grades

V|.REFERENCES

[1] Scheid, M. Sartori, T. Renck, F.P. Santos, M.F. Borges,
C.E.F. Kwietniewski, Effect of K-rate and cathodic
protection potential on fracture toughness of the super
duplex stainless steel UNS S32750, Eng. Fract. Mech.
184 (2017) 296-306.

[2] A. Pinéau, J. Besson, Thermal embrittlement of cast
Duplex Stainless Steel: Observation and Modeling, Iris
Alvarez-Armas and Suzanne Degallaix-Moreuil. Duplex
Stainless Steels, ISTE Ltd and John Wiley & Sons, Inc,
Great Britain, 2013, pp. 161-208.

[3] F. Bonollo, A. Tiziani, P. Ferro, Welding process,
microestructural evolution and final properties of diplex
and superduplex stainless steels, Iris Alvarez-Armas and
Suzanne Degallaix-Moreuil. Duplex Stainless Steels,
ISTE Ltd and John Wiley & Sons, Inc, Great Britain,
2013, pp. 141-159.

[4] D.C. Santos, R. Magnabosco, Kinetic study to predict
sigma phase formation in duplex stainless steel, Metall.
Trans. A. 47A (2016) 1554-1565.

[5] D. Topolska, J. Abanowski, Impact-toughness
investigations of duplex stainless steels, Mater. Technol.
49 (4) (2015) 481-486

[6] T. Bérvic, H. Lange, L.A. Marken, M. Langseth, O.S.
Hopperstad, M. Aursand, G. Rérvic, Pipefittings in
duplex stainless steel with deviation in quality caused by
sigma phase precipitation, Mater. Sci. Eng. A 527 (2010)
6945-6955.

[71 M.V. Biezmaa, C. Berlangab, G. Argandonac,
Relationship between microstructure and fracture types

ISSN No. — 2581-5806

Page 70



H
ke 2

in a UNS S32205 Duplex stainless steel, Mater. Res. 16
(5) (2013) 965-9609.

[8] J.L. Abra-Arzola, M.A. Garcia-Renteria, V.L. Cruz-
Hernandez, J. Garcia-Guerra, V.H. Martinez-Landeros,
L.A. Falcén-Franco, F.F. Curiel-Lopez, Study of the
effect of sigma phase precipitation on the sliding wear
and corrosion behaviour of duplex stainless steel AlSI
2205, Wear 400-401 (2018) 45-51.

[9] C. Lee, Y. Lee, C. Lee, S. Hong, Precipitation behavior
of the sigma phase with Ni and Mn content variations in
superaustenitic stainless steel weld metal, Mater.
Charact. 144 (2018) 148-154.

[10] T. Takei, M. Yabe, F.G. Wei, Effect of cooling condition
on the intergranular corrosion resistance of UNS S32506
duplex stainless steel, Corros. Sci. 122 (2017) 80-89.

[11] C.R. Corleto, G.R. Argade, Failure analysis of dissimilar
weld in heat exchanger, Case Studies Eng. Failure
Analysis 9 (2017) 27-34.

[12] K. Chandra, A.P. Singh, V. Kain, N. Kumar, Sulphide
stress cracking of a valve stem of duplex stainless steel,
Eng. Fail. Anal. 94 (2018) 41-46.

[13] S.S.M. Tavares, C. Scandian, J.M. Pardal, T.S. Luz, F.J.
da Silva, Failure analysis of duplex stainless steel weld
used in flexible pipes in off shore oil production, Eng.
Fail. Anal. 6 (6) (2010) 1500-1506.

2" International Conference on
L Contemporary Technological Solutions towards fulfiliment of Social Needs

[14] J. Yang, Q. Wang, Z. Wei, K. Guan, Weld failure
analysis of 2205 duplex stainless steel nozzle, Case
Studies Eng. Failure Analysis 2 (2014) 69-75.

[15] Y. Ma, S. Yan, Z. Yang, G. Qi, X. He, Failure analysis
on circulating water pump of duplex stainless steel in
1000 MW ultra-supercritical thermal power unit, Eng.
Fail. Anal. 47 (2015) 162-177.

[16] H.M. Shalaby, B. Al-Wakaa, N. Tanoli, Failure of large-
scale pilot evaporator duct nozzle, Eng. Fail. Anal. 57
(2015) 521-527.

[17] G.R. Hitchcock, W.F. Deans, D.S. Thompson, A. Coats,
Pin-hole and crack formation in a duplex stainless steel
downhole tool, Eng. Fail. Anal. 8 (2001) 213-226.

[18] A. Mateo, F. Heredero, G. Fargas, Failure investigation
of a centrifuge duplex stainless steel basket, Eng. Fail.
Anal. 18 (2011) 2165-2178.

[19] S.S.M. Tavares, J.M. Pardal, B.B. Almeida, M.T.
Mendes, J.L.F. Freire, A.C. Vidal, Failure of
superduplex stainless steel flange due to inadequate
microstructure and fabrication process, Eng. Fail. Anal.
84 (2018) 1-10.

[20] J.M. Pardal, G.C. de Souza, E.C. Ledo, M.R. da Silva,
S.S.M. Tavares, Fatigue cracking of high pressure oil
tube, Case Studies Eng. Failure Analysis 1 (2013) 171—
178.

ISSN No. — 2581-5806

Page 71



