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DUPLEX

Stainless steels are used predominantly for their corrosion resistance in moderate to
highly aggressive environments. For construction purposes, carbon steel normally
is the common choice due to low cost, long experience, applicable design rules and
a large variety of strength classes. However, different stainless steel types can also
provide a very wide range of mechanical properties and they have the advantage of
no need for surface protection. Some examples of industry end uses are structural
supports for offshore oil & gas industry, chemical process industry, desalination and
water treatment, chemical tankers, architecture, building & construction, pulp and paper
industry, pollution control, etc.

Duplex stainless steels in particular, with up to twice the mechanical strength of
conventional austenitic and ferritic stainless steels, have a potential for use in
constructions.

Since the introduction of
this family of steels about
eighty years ago, they
have been used widely
and are being considered
as substitutes for stain-
less steel types 304L,
316L, 904L or 254SMO
depending on environment
and corrosion aspects.
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Pic. 1 - Laser-hybrid welded Duplex beam

Available structural sections in Duplex stainless steel

The following table lists all structural sections that are all available in laser-hybrid welded execution:

Product Size Range Ref. Norm Tolerances Norm
Equal leg angle bars 50x50x3 - | 500x500x30 EN 10056-1 EN 10056-2
Unequal leg angle bars 50x30x3 - | 400x200x20 EN 10056-1 EN 10056-2
Tee-sections 40x40x3 - | 300x300x20 EN 10055 EN 10055
UPN-channels UPN-50 - UPN-400 EN 10365 EN 10279
UPA-channels UPA-50 - UPA-200 - EN 10279
UPE-channels UPE-80 - UPE-400 EN 10365 EN 10279
IPE-beams IPE-80 - IPE-600 EN 10365 EN 10034
HEA-beams HEA-100 - HEA-1000 EN 10365 EN 10034
HEB-beams HEB-100 - HEB-1000 EN 10365 EN 10034
SHS sharp edged 50x50x3 - | 500x500x12 - similar to
RHS sharp edged 50x50x3 - | 500x300x12 - EN 10219-2
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Laser vs. laser-hybrid welding of Duplex

Welding of Duplex stainless steels can be carried out with all commonly
used processes, including arc and beam welding. However, sever-
al studies on welding of Duplex warn about rapid cooling as this
leads to a freezing of the ferritic structure (up to 90% ferrite in the
weld zone). This happens especially with methods characterized
by high-energy density welding like laser beams. The resulting un-
balanced ferrite content leads to a loss of corrosion resistance. On
the other hand, an excessively slow cooling rate, that might result
e.g. from multi-pass welding (necessary in certain circumstances
for some type of traditional welding), can lead to the formation
of secondary phases such as: X, ¢ and secondary austenite; which
is detrimental from the corrosion resistance standpoint. This is
uncritical if the material was specified mainly for its higher yield and
mechanical properties. In cases where the weld zone needs to grant the
same corrosion resistance as the parent material the components
have to be solution-annealed after welding or a filler material has
to be integrated in the laser welding process. Unfortunately anneal-
ing is not a viable solution for open structural sections like beams,
channels, angles or tee bars. Industrial tests show that the stress
released by the sections during the annealing process will lead to a
distortion of the geometry (Pic. 3).
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Pic. 1 - Laser-hybrid welded Duplex beam

Pic. 2 - Duplex sharp edged channel
Laser-hybrid welding is a combination of laser and arc welding (MIG/MAG). This technology L
has shown very good results when welding Duplex stainless steels as it combines the
advantages of each welding technology. The arc integrates a reliable filler into the weld pool
and the laser takes care of a full weld penetration (monolithic) with increased weld speed,
which avoids the multi-pass welding and reduces the distortion of the components. Thanks
to laser-hybrid welding, the classical balanced Duplex microstructure (max. ferrite content
between 35% and 65%) is achieved without the necessity of a final solution-annealing.
The corrosion resistance of the weld and heat affected zone of a Duplex structural section
produced with laser-hybrid is equivalent to its parent material.
The laser-hybrid welding process is a recognized and officially accepted welding process.
The welding procedure (WPS) is specified within the EN ISO 15609-6, the qualification in the
EN 15614-14 and the EN ISO 12932 specifies alike other welding processes its acceptance
criteria for welding defects.

Pic. 3 - Annealed beam
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Corrosion resistance

Duplex’s resistance to localized corrosion, such as pitting and crevice attack is extremely remarkable. A numerical relationship
between pitting resistance and alloying content has been developed to compare stainless steels. This is known as pitting resistance
equivalent number or PREN (Cr + 3.3 x %Mo + 16 x %N) (Tab. 4).

Chemical analysis PREN

1.4307 (304L) 0,03 17,5-19,5 8,0-10,0 — 0,11 18
1.4404 (316L) 0,03 16,5-18,5 10,0-13,0 2,0-2,5 0,11 24
1.4539 (904L) 0,02 19,0-21,0 24,0-26,0 4,0-5,0 0,15 36
1.4547 (254 SMO0) 0,02 19,5-20,5 17,5-18,5 6,0-7,0 0,25 >40
1.4162 (2101) 0,04 21,0-22,0 1,35-1,7 0,1-0,8 0,25 26
1.4362 (2304) 0,03 22,0-24,0 3,6-5,5 0,1-0,6 0,20 26
1.4462 (2205 / 31803) 0,03 21,0-23,0 4,5-6,5 2,5-3,5 0,22 35
1.4410 (2507) 0,03 24,0-26,0 6,0-8,0 3,0-4,5 0,35 >40

Tab. 4 - Pitting and crevice corrosion resistance

The reference testing for pitting and crevice corrosion resistance is defined within the ASTM G48. In the American ASTM A 923
standard a specific reference is made to welded joints. The Norsok MDS M-630 for Duplex steel requires more stringent conditions
e.g. regarding weight loss allowance or the temperature of the G48 testing solution. The acid ferritic chloride solution indicated
is the same for both methods while the specimen preparation differs slightly. According to the welding method, the results are
different (Tab. 5).

Corrosion test G48

Macrography

Micrography

roE
T

Ferrite /Austenite ratio 774 % [22.6% 57-.25% / -42.4%
ASTM A 923 for 24h G48 at 22° G48 at 22° G48 at 22°
Weight loss > 10mdd * <10mdd * <10mdd *
NORSOK G48 at 25° G48 at 25° G48 at 25°
Weight loss > 4g/m2 < 4g/m2 < 4g/m?
Result FAIL PASS PASS

* mdd = weight loss devided by specimen area devided by time Tab. 5 - Corrosion test results
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Mechanical properties

Laser-hybrid welded structural sections have a mono-
lithic structure with a controlled area of heat input and
a reduced seam compared to conventional welding
technologies.

Extensive destructive testing has shown that the fracture
points in laser-hybrid welded sections are never located
in the weld area itself.

External stresses and loads applied to the sections are
transmitted to the neighbouring parent material, which
only fails when exceeding its own mechanical limits
(Pic. 6).

All Duplex grades feature significantly better mechanical
properties than common austenitic stainless steels.
Wear resistance and especially fatigue strength, which
becomes an important material property in structures
where dynamic loads are present, are all closely related
to yield strength. The mechanical characteristics of the
weld and heat affected zone of laser-hybrid welded
structural sections in Duplex are no constraint in

industrial applications.
Pic. 6 - Crash test laser-hybrid welded Duplex beam

Cost saving potential

The higher yield properties of Duplex are therefore an advantage for structural applications (see Eurocodes for the design of steel
structural). In the specific case of sections like beams, channels, angles or Tee-bars, Duplex offers a huge cost saving potential by
using lighter sections without decreasing the structural performance. The following charts show the cost saving potential of structural
sections made of Duplex type 1.4462 (2205 / 31803) compared to structural sections in type 1.4404 (316L).

Chart 7 shows the improved buckling load of Duplex compared to standard austenitic stainless steel. E.g. in case of a 4m long HEB
200 beam, Duplex 1.4462 can bear a 52% higher load compared to the same beam size in type 1.4404.
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Chart 7 - Buckling load
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Chart 8 - Buckling load weight savings

This means that Duplex can reduce, under the same buckling load, the weight of an austenitic stainless steel section by e.g. 23%
using a HEB 220 beam instead of a HEB 260 at a bar length of 4m (Chart 8).

The following chart 9 clearly shows the advantages of higher yield properties in structural sections based on single span performance. E.g.
an IPE 270 in Duplex achieves the same structural performance like an IPE 360 in standard austenitic stainless steel.

This means that, under the same span load, the material saving potential of Duplex is about 40% compared to austenitic stainless steel beams.
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Cart 9 - Single span load comparison and savings
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