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EFFECT OF EXTERNAL ELECTROMAGNETIC FIELD ON CORROSI ON
FATIGUE OF DUPLEX STAINLESS STEEL 2205 WELDED JOINT S
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Centre for Corrosion Research of Autonomous University, Mexico

Duplex stainless steel 2205 (DSS) is an alloy coimtgi22% of Cr and 5% of Ni. The
steel microstructure is a matrix dfferrite BCC withg-austenite FCC grain islands in a
50:50 ratio. DSS is used in industry due to its hmglchanical strength and corrosion
resistance, that are better than of ferritic oteniic stainless steels. During the welding
process an electromagnetic interaction of low iritgnsas induced by applying axial
external electromagnetic fields of 0; 3 and 12 Microstructural characterization and the
assessment of localized corrosion resistance mstef pitting corrosion were conducted.
Resistance to nucleation and growth of cracks wasealaluated in the low-cycle regime
of corrosion fatigue test to observe the shortlctaehaviour. The electromagnetic inter-
action of low intensity (3 mT) was found to improVve tlocalized corrosion resistance but
the 12 mT one showed no improvement in this asppecogmparison to O mT. The resistances
to crack initiation and fracture toughness were asproved with the application of the
3 mT external electromagnetic fields due to the ification of the microstructural evolu-
tion during thermal cycle involved in the weldingpess.

Keywords: corrosion fatigue, duplex steel, stress intenfttor, fracture resistance.

Hymnekcra nepkasua cranp 2205 (THC) — e crumas 3 22% Cri 5% Ni. Cranesi mikpo-
CTPYKTYpH — MatpHils 3 BmicToM O-¢epury i3 OLIK cTpykTyporo i3 BKparuieHHsIMH Ipa-
HELEHTPOBaHOI KyOi4HOI IpaTku 3 g-aycTeHiToM y criBiguomenui 50:50.THC Buko-
PHUCTOBYIOTH Y IIPOMHUCIIOBOCTI 3aB/ISIKM BHCOKIi MeXaHI4Hil MIIIHOCTI Ta KOPO3iiiHil CTil-
KOCTI, Kpalliif, Hixk y (epuTHUX ab0 ayCTEHITHUX Hep:kaBHUX cTansax. IIin yac 3BaproBaH-
HS 1HIyKYBaJI €JICKTPOMArHETHY B3aEMO/IIF0 HU3bKOI IHTECHCHBHOCTI, 3aCTOCOBYIOUH OCBOBI
3oBHimHI enekrpomarnetHi monst 0; 31 12 nil. BukoHaHO MIKPOCTPYKTYpHHMIT aHAN3 Ta
OIIHKY JIOKaJIi30BaHOT KOPO3iHHOT CTIKOCTI B yMOBaX MiTTHHrOBO1 KOpo3ii. CTIHKICTB 110
3apOJDKECHHS Ta POCTY TPIIIMH TAKOXX OLIHIOBAIM B MAJIOLUKIOBOMY PEXHMi BHIIPOOY-
BaHb Ha KOPO3iliHY BTOMY /ISl CIIOCTEPEKEHHS 3a MOBEIHKOK KOPOTKOI TpinuHu. Bera-
HOBJICHO, IO €JICKTPOMArHeTHa B3a€MOIisi HU3bKOI iHTeHcuBHOCTI (3 MT) momimmrye Jo-
KaJIi30BaHy KOPO3iliHY CTiHKiCTh, aje 3a 12 Nl nmokpaileHHs He CIOCTEePiraay MOpiBHIHO
13 0 mil. CrifikicTh 10 3apOKEHHS TPIIHH i B'A3KICTh PYHHYBaHHS TaKOX ITOCHIIFOBAIIICS
IiJ1 9ac 3aCTOCYBaHHS 30BHIIIHIX €JIEKTPOMArHeTHUX MOJIIB 3aBIOBKKH 3 M uepe3 Mo u-
¢bikanio MIKpOCTPYKTYPHOI €BOJIIOLIT 3@ TENI0BOr0 LUKy 3BapIOBaHH.

Kunro4doBi cioBa: xoposiiina emoma, oyniekcna cmans, Koegiyicnm inmeHcueHoCmi Ha-
NPYHCeHb, CMIUKICMb 00 PYUHYBAHHSL.

Introduction. Attractive mechanical and electrochemical propsrtiave signifi-
cant influence on the ferrite-austeniey) phase balance of approximately 50:50 and
are used in demanding industries such as chenpieathpchemical, nuclear and power
generation. However, exposure of DSS’s to the astoh welding thermal cycle de-
teriorates these properties as a result of profatiatiges in microstructure and balance
of phases; i.e. increasing and coarsedupdpase [1-3]. The weld metal solidifies into
coarse columnar structures virtually in a compjefietritic matrix andy-phase grows at
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the ferrite grain boundaries either allotriomorplaod Widmanstatten shaped or
acicular intragranular [1, 4].

It is shown that while there are attempts to refireweld metal grain structure of
austenitic and ferritic stainless steels therenisasearch into grain refinement of DDS’s
o matrix during welding to promote an increase ¢dssifor nucleation and growth of
y-phase. Instead, research efforts have focusedshweld heat treatment [1, 5] or
adding elementay-phase stabilizers [1, 6]. This study seeks to uatal the use of
electromagnetic stirring during welding in termsdphase grain refinement and its
effect on thély ratio and the mechanical properties.

The behaviour of cracks in the components andtategin engineering constructed
with duplex stainless steel is strongly influenbgdhe mode and type of load, and the
microstructural characteristics including chemioainposition of the alloy, volumetric
fraction of the phases, distribution, of grain sinel heat treatment [7, 8]. Although some
researchers had proposed to minimize this problémpost-weld thermal treatments,
we proposed to use the low intensity electromagraattion during welding with inert
gas by electric arc welding to minimize the pre@ifion of unwanted phases, and also
the redistribution and the change of the phase @4ti which greatly improved the resis-
tance to localized corrosion since it suppressedthbcipitation of the andy phases,
as well as the formation of chromium carbides aimities [9].

The present investigation evaluates the effecthaf application of external
magnetic field during the process of gas metalveetding of the DSS 2205 in the
microstructural evolution associated with the tharoycle of welding and its impact
on the increased resistance to localized corrammmhfatigue cracking.

Materials and methods.Plates of DSS 2205 (6.830x150 mm) with a single V
groove preparation (Fig.a)], were welded using the gas metal arc welding \aith
ER-2209 electrode of 1.2 mm in diameter and addhg gas a mixture of 98% Ar +
+ 2% G (17 L/min) was used. Figblshows the experimental setup for welding with the
application of an external magnetic field. The bximgnetic fields applied during
welding were 0, 3 and 12 mT.

The welding torch was displaced at 3.6 mm/s wigtick of 10 mm. Current (236
to 248 A) and voltage (27.5 V) were adjusted ineorttd maintain an approximate heat
input of 1.4 kJ/mm considering an efficiency of 7586 the gas metal arc welding
process.

Fig. 1. Single V groove joint preparatioa) @nd experimental welding setup.(

For the specimens preparation, transversal cute wade in the direction of the
weld bead and machined in a prism with a width ofr, a height of 5 mm and a length
of 100 mm, containing a weld bead in the centrestamvn in Fig. 2. Subsequently,
they were cut with SiC paper of different granuldmes up to 1200 and polished with
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diamond paste until a completely smooth surface eotdained. To reveal phases and
grain boundaries, an electrochemical attack wa®peed in the 30% HN@solution.

Fig. 2. Cross-section cuts to the weld bead.

Rectangular shape of the specimen
with the geometric orientation shown in the: 7
right part of Fig. 2 was used for corrosion:;
fatigue test with specimens dimensions o'
5x5x100 mm. A sinusoidal waveform of ©
load with a frequency of 0.90 Hz was use
The initial maximum stress of 0.98ys
(yield strength) and a load rati®)(of 0.5
was applied in the fatigue test. The loadin
was applied parallel to the short transversi¢
(S direction. '

Fatigue tests were conducted in natura
seawater at open circuit potential at ambien
temperature. After determining the fatigue
life (N;), some interrupted fatigue tests at
certain loading cycles were also performed. Thesgection and fracture surface were
examined microscopically as demonstrated in Fig. 3.

Results and discussionThe basis for determining the resistance of coorogia-
terials were the dependences of fatigue crack ¢gr@ntthe number of load cycles for
different materials and working environments. Theseilts are shown in Fig. 4.
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lLig. 3. A microscopy fracture surface view.

Fig. 4. Dependences of fatigue crack £
growth on the number of load cycles <
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Using the crack growth data (Fig. 4) the statistar@alysis of the Paris depen-
dences was carried out for each of the casesglrbRive can see that 0 and 3 mT have
a similar behaviour with 3 mT being much bettertl@other hand, welding with a 12 mT
magnetic field presents an unfavourable behavieenen the worse condition than
conventional welding. In seawater 0 and 3 mT wdildge a very similar behaviour
until the stress is reduced to 90% of the sedalimit where the effect of the
electrolyte is more evident and the electrochentbalracteristics previously shown by
3 mT welds make a difference in favour of the samég more resistant to the
initiation of cracks.
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For the determination of the crack behaviour chaeréstics in the studies of
structural elements, the experimental basis andulagstical relationship, described by
the Paris dependence [10], were used.
da_ C(AK)",
dN
whereC andn — constants of the system “material-environmehiK;— stress intensity

factor.
In addition, based on the presented results foP#rés curves, the parameters for

the studied system “material-environment” were mheieed.
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Fig. 5. Paris dependence for different systemsénat-environment’a —in air (L —0 mT — air;
2-12mT —air3—3 mT —air)p —for 0 mT (L — air;2 — 99 — seawateB — 90 — seawater);
¢ —for 3 mT (L — air;2 — 99 — seawatent —seawaterl(— 0 mT — 992 — 3 mT — 993 — 0 mT — 90).

Parameters for the studied system “material-enviroment”

“Material-environment” system C n
0 mT — air 1.22x10° 0.716
12 mT — air 3.35x 10°® 0.448
3 mT — air 6.14x 10° 0.808
0 mT — seawater 1.28x 10° 0.346
3 mT — seawater 3.43x 10° 0.622

The results of these studies are shown in the Tdlilese results will make it
possible to enter the obtained results into e)gstdatabases for estimating the
corrosion resistance of real objects made of thdiestl materials.

CONCLUSIONS
In fatigue tests it is concluded that the cracksleate on the surface of the weld

metal, both in the joints welded in a conventiomanner and in the welding assisted
by the 0; 3 and 12 mT electromagnetic field. Howeeeacks take more time to start
on welded joints under the influence of the 3 mTgnwic field than on welded joints
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without a magnetic field. Based on experimentakaesh the criteria value of para-

meters of the system “material-environment” for thelex stainless steel 2205 is

determined. Applying analytical relations for SHacacteristics these results will make
it possible to enter the obtained results intotexjsdatabases for estimating the corrosion
resistance of real objects made of the studiedriage
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