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ABSTRACT

Because of its excellent corrosion resistance, high tensile strength and high ductility, duplex stainless steel 2205 of-
fers many areas of application. Though laser beam welding accompanied by high cooling rates, duplex steels tend
to perform higher ferrite contents in weld metal as the base metal, which leads to a reduction of ductility and cor-
rosion resistance of the weld joint. To overcome this problem, a solution, based on buttering the plate edges by la-
ser metal deposition (LMD) with material containing higher Ni concentrations prior to laser welding was suggested.
In this context different process parameters for LMD process were investigated. In a second step the possibility of welding
those edges defect free while achieving balanced austenite-ferrite ratio was verified with metallographic analysis, Electron
Backscatter Diffraction (EBSD) and impact testing according to Charpy. The improved corrosion resistance was observed with

ASTM G48 standard test method.
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INTRODUCTION

Laser beam welding of thick plates has great rele-
vance for applications in the chemical and the off-
shore industry, were defect free weld seams with a
homogenous microstructure are crucial. But often it
is necessary to add filler materials to achieve the de-
sired properties. A known problem with laser beam
welding of thick plates is the decreasing detectability
of the elements of said filler materials in the depth of
the welds. Gook et al. [1] proved that up to a depth
of 14 mm the elements are traceable, even if they are
not transported uniformly through the molten pool,
which results in weld seams with different properties
between the upper and the lower part. An example for
this is the duplex stainless steel 2205. Those steels
are characterized by a balanced austenite-ferrite ratio,
which is accompanied by the combined properties of
both microstructures, an excellent ductility and ten-
sile strength. Welding, especially laser beam welding,
of those materials leads to a massive change of the
austenite-ferrite ratio to a much higher ferrite con-
tent, up to 90 % and with that to changed properties
of the weld seam in comparison to the base material,
e.g. a reduced ductility as reported by Kotecki [2].
A solution for this problem is the usage of nitrogen
for a better formation of the austenite phase. Lai et
al., suggested the usage of nitrogen as shielding gas
for laser welding processes, as the gas stabilizes the
forming of austenite [3]. Another approach to reduce
the ferrite content of the welds is the usage of filler
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materials in form of electrodes with a higher Ni-con-
tent. This leads to a higher austenite ratio in the mi-
crostructure. Muthupandi et al. studied the influence
of such electrodes for laser beam and electron beam
welding processes [4]. Wu et al. used a powder nozzle
to distribute nickel powder into the molten pool [5].
As mentioned, the filler material only reaches a depth
of maximal 14 mm, this solution is only feasible for
thinner plates. For thick plates Westin et al. [6] pro-
posed nickel foils which were placed between both
welding partners before the tacking, but the handling
of foils is complicated and time consuming. In this
paper another approach for the homogenous distribu-
tion of the filler material by laser cladded buttering is
proposed.

In the last years Laser Metal Deposition (LMD)
became more important for different types of appli-
cations, for repair of components, e.g., of the tip of
turbine blades and in the additive manufacturing of
whole parts as well. Another common application is
cladding of components with corrosion or wear re-
sistant layers. In this study the edges of the welding
partners were coated with a duplex steel and nickel
powder mixture before the laser welding to ensure a
homogenous distribution of the alloying elements in
the laser weld seams, which must display a balanced
duplex microstructure.

EXPERIMENTAL SETUP

Base plates with the dimensions 300x100x15 mm
were of the duplex stainless steel 2205. For the LMD
process, duplex powder 2205 with a grain size of




IMPROVEMENT OF THE MECHANICAL PROPERTIES AND CORROSION RESISTANCE OF LASER WELDS

Table 1. Chemical composition (wt.%) of the investigated materials

Material Form Fe Cr Ni Mo Nb Mn N C Si P
Duplex (1.4462) Base material Bal. 22.96 5.18 3.00 - 1.82 0.17 0.02 0.29 0.03
Duplex (1.4462) Powder Bal. 22.80 5.57 3.16 - 1.09 0.16 0.02 0.68 0.02
Nickel (24.053) Powder - - Bal. - - - - 0.05 - -

53-250 pm and nickel powder with a grain size of
45-125 pum were used.

Table 1 shows the chemical composition of the
base material and the powders. The resulting pow-
der mixture contained a 12 % total amount of nickel.
The coatings of the plates’edges were produced in a
five-axis laser cell (TruLaser Cell 3000, Trumpf), that
is coupled with a 16 kW Yb:YAG-disk laser (TruDisk
16002, Trumpf) with a wavelength of 1030 nm. A
three-jet nozzle with a working distance of 16 mm
and a powder feeder (Flowmotion Twin, Medicoat)
were used.

The cladding was done with a laser spot diameter
of 1.6 mm, a constant powder mass flow of 15 g-min,
a laser power of 0.8 kW, a velocity of 0.8 m-min and
a stepover of 1.5 mm. For all experiments the carrier
gas was helium with a gas flow of 4 1-min-t and shield-
ing gas was argon with 10 I-min-. The experimental
setup is shown in Figure 1 and chemical composition
in Table 1.

For a longer coverage of the edges with shielding
gas, protection sheets were used on either side of the
plate. Those were clamped in the vice about 1-2 mm
under the base plate. One layer per edge was cladded
using a bidirectional strategy. The stepover was cho-
sen in respect with the intention to produce preferably
smooth coatings for the following laser beam welding
process. The tacking was done with a cladding track
on the upper and the lower side of the weld seam. For
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Figure 1. Experimental setup for the coatings

those tack welds the welding parameters were the
same as for the clad layers.

The laser beam welding was performed with a
20 kW Yb-fiber laser (YLR-20000, IPG) with a wave-
length of 1064 nm, a focus diameter of 0.56 mm and a
beam parameter product of 11.2 mm-mrad.

After the coating of the edges and the tacking,
the plates were welded with different welding gas-
es. Shielding gas and the gas in the dragging nozzle
was always argon, for the root shielding nozzle the
influence of argon was tested as well as nitrogen. The
laser power was 14.3 kW by a speed of 1.5 m-min~*
with a defocusing of =5 mm. The experimental setup
is shown in Figure 2.

Different destructive and non-destructive tests
were executed on both kinds of weld seams, with and
without coating, to ensure the quality of the coatings
and the welds. Cross sections as well as electron back-
scatter diffraction (EBSD), impact testing according
to Charpy and corrosion testing according to the
ASTM G48-11 Method A were used to characterize
their properties.

RESULTS AND DISCUSSION

The buttering of edges with twenty single tracks is
shown in Figure 3. The optical analysis of the micro-
structure showed that the austenite-ferrite ratio of the
coatings was balanced due to the higher nickel con-
tent of the powder.

The LMD-tracks were set closer than the usual
overlap of 30 % to realize an even surface. Other ste-
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Figure 3. Cross section of buttering of edges
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Figure 4. Microsection of weld seam with LMD-tacking

povers with a more moderate space between the lines
were tested as well, but they resulted in surfaces, that
were too uneven for the laser welding process. How-
ever, the edges display a certain waviness and a dip-
ping at the corners, which proved to be problematic
with the laser beam welding, were a technical zero-gap
is preferred. Thus, the weld seams showed irregular-
ities in the upper and the root side. To overcome this
problem, LMD-tacking with the same parameter set
as the buttering was applied on both sides of the coat-
ed plates to fill the gaps instead of the typical tacking
with laser beam at the beginning, in the middle and at
the end of the plates. The weld seam with this tacking
showed a good appearance with only minimal relapse
on the root side, shown in Figure 4.

The optical and EBSD-analysis of the weld seams
with coated edges displayed a significantly better aus-
tenite-ferrite ratio than the ones which were welded
without any filler material. For the last ones, the seams
showed an austenite content below 10 %, whereas the
austenite-ferrite ratio of the welds with the coated edg-
es was balanced, with 40-50 % austenite, depending
on the root shielding gas. Figure 5 shows a part of an
EBSD-analysis of one of the weld seams. The ferrite
phase was colored red, while the austenite is shown in
blue. The amount of austenite measured with EBSD
for this weld was 41.8 %. Those, that were performed
with nitrogen as root shielding gas, displayed a higher
austenite content up to 56.8 %, which affirms the dis-
coveries of Lai et al.

Impact testing was executed by means of un-
dersize Charpy-V samples with the dimensions
7.5x10x55 mm. The notch was placed in the mid-
dle of the weld seam and the testing performed at a
temperature of —20 °C. Specimens welded with and
without buttering were compared. The surface of the
unbuttered ones implied brittle fractures (Figure 6,
a) with an average impact toughness of 29 J.cm??,
whereas the buttered ones displayed a far more ductile
fracture behavior with values of 140 J-cm~2 (Figure 6,
b). The results show, that due to the buttering the weld
seams show satisfactory ductility in contrast to that of
unbuttered ones.

The corrosion testing was done with the standard
testing method according to ASTM G48 for pitting
corrosion for stainless steels in chlorite containing
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environments. The testing was done at 25 °C for
24 hours in a FeCl,-6H,0 (6 % FeCl, by mass)-testing
solution. The specimen size was 55x25x15 mm. No
corrosion was observed in the base metal in any of
the tests. The ferritic weld seam of the uncoated spec-
imen (Figure 7, a, b) showed corrosion in the weld
metal. While the coated test pieces showed no corro-
sion, neither in the base metal nor in the weld seam
(Figure 7, c, d). The proposed two-step process with
the LMD-coated edges of the plates with a powder
mixture containing 12 % nickel is able to form weld
seam that are corrosion resistant.

CONCLUSIONS

Laser beam welding of 15 mm thick duplex plates
LMD-coated with a powder mixture containing 12 %
nickel was performed. The cross-sections as well as
the EBSD-analysis showed a balanced duplex struc-
ture throughout the whole weld seam. The austenite
content in the welds with nitrogen as shielding gas
was higher by 15 %. The impact testing of the speci-
men confirmed the better ductility of the weld seams
with coated edges and the defect free corrosion testing
specimen confirmed the superiority of the mechanical
properties as well.

ACKNOWLEDGEMENTS

This work was supported by the Federation of Industrial
Research Association (AiF, project number 19.228N) and
the German Federal Ministry for Economic Affairs and
Energy (BMWi-Bundesministerium fir Wirtschaft und
Energie) based onaresolutionofthe Deutscher Bundestag.
The authors want to thank Butting GmbH and personally
Mr. M. Schlundt kindly for providing the base material
as well as for performing the corrosion testing.

Additionally, the authors want to thank Mr. R. Sa-
liwan Neumann (Department 5.1 — Materialography,
Fractography and Ageing of Engineered Materials,
BAM) for the EBSD measurements.

REFERENCES

1. Gook, S., Gumenyuk, A., Rethmeier, M. (2014) Hybrid laser
arc welding of X80 and X120 steel grade. Sci. and Technol. of
Welding and Joining, 19(1), 15-24.

2. Kotecki, D.J. (1986) Ferrite control in duplex stainless steel
weld metal. Welding Research Suppl.,65(10), 273-278.

3. Lai, R., Cai, Y., Wu, Y. et al. (2016) Influence of absorbed
nitrogen on microstructure and corrosion resistance of 2205




IMPROVEMENT OF THE MECHANICAL PROPERTIES AND CORROSION RESISTANCE OF LASER WELDS

duplex stainless steel joint processed by fiber laser welding.
J. of Materials Proc. Technology, 231, 397-405.

4. Muthupandi, V., Bala Srinivasan, P., Shankar, V. et al. (2005)
Effect of nickel and nitrogen addition on the microstructure
and mechanical properties of power beam processed duplex
stainless steel (UNS 31803) weld metals. Materials Letters,
59(18), 2305-2309.

5. Wu, H.C., Tsay, L.W., Chen, C. (2004) Laser beam welding of
2205 duplex stainless steel with metal powder additions. ISIJ
Intern., 44(10), 1720-1726.

6. Westin, E.M., Stelling, K., Gumenyuk, A. (2011) Single-pass
laser-GMA hybrid welding of 13.5 mm thick duplex stainless
steel. Welding in the World, 55, 39-49.

CONFLICT OF INTEREST
The Authors declare no conflict of interest

CORRESPONDING AUTHOR

A. Gumenyuk

Bundesanstalt fur Materialforschung und -prifung
(BAM), Unter den Eichen 87, 12205 Berlin,
Germany. E-mail: andrey.gumenyuk@bam.de

SUGGESTED CITATION

A. StraBBe, A. Gumenyuk, M. Rethmeier (2022)
Improvement of the mechanical properties and
corrosion resistance of laser welds on thick duplex
plates by laser cladded buttering. The Paton Welding
J., 1,18-21.

JOURNAL HOME PAGE
https://pwj.com.ua/en

Received: 28.10.2021
Accepted: 07.02.2022

21




Correction to:
https://doi.org/10.37434/tpwj2022.01.04

IMPROVEMENT OF THE MECHANICAL PROPERTIES
AND CORROSION RESISTANCE OF LASER WELDS
ON THICK DUPLEX PLATES BY LASER CLADDED BUTTERING

A. Stralle, A. Gumenyuk, M. Rethmeier

Bundesanstalt fiir Materialforschung und -priifung (BAM)
Unter den Eichen 87, 12205 Berlin, Germany

The Paton Welding Journal, No. 1, Pages 18-21 (2022).
The Original Article was Published on January 2022.

The original version of this article, unfortunately, contained an mistakes. Figures 5, 6, 7 were missing.
The Figuress should look like the one below.
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Figure 5. EBSD-analysis of weld seam with argon as root shield-
ing gas (blue (light): austenite, red (dark): ferrite)

Figure 6. Broken impact testing specimen; with coated edges (a),
without coating (b)

Figure 7. Corrosion specimens; without coated edges (a) and (b), with coating (c) and (d)
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