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4 DUPLEX

›
  Orseal super-duplex valves are used on FPSOs in the offshore oil & gas industry.

›
  Butting regularly supplies items such as vessels, tanks and columns made from duplex. Recent  

of the Johan Castberg project and (ii) 365 tons of 1.4462 duplex for a fl ue gas cleaning plant in a 

Continual improvement: duplex stainless 
2020 marked duplex’s 90th birthday, albeit in very trying 
circumstances. The sector has been badly affected by the 
Corona virus, though some markets are performing better than 
others. Despite setbacks earlier in 2020, the oil & gas industry 
is recovering, and new forming techniques – and especially 
powder-based additive manufacturing methods – make duplex 
an increasingly attractive alternative to other grades.

By James Chater 

The Swedish company partnered with Re-
nishaw to develop Osprey® 2507AM super-
duplex powder to 3D-print components ca-
ter for the off shore oil & gas industry. The 
material was used on impellers that were 
3D-printed for Norway’s state oil and gas 
company Equinor Sandvik. These impellers 
are faster, lighter and more economic to 
produce.

AM thus has the potential to transform 
the manufacture of valve and pumps de-
signed to withstand severe conditions. For 
this reason, the KSB Group has set up a new 
consulting and testing centre for AM at its 
Pegnitz location. It has so far tested 300 
alloys in the areas of cast iron, unalloyed 
steels, bronze, stainless steels and duplex 
steels.

Oil & gas

The opportunity to make components 
more cost-eff ectively is a boon for the oil 
& gas sector at a diffi  cult time. Even before 
the corona virus, the sector was struggling 
with oversupply issues. As a result of the 
pandemic, the oil price fell precipitously, at 
one point turning negative. The sector has 
since bounced back, but its future fortunes 
are hard to predict, as they depend on the 
vicissitudes of the economy and the growth 
rate of renewables. Several recent orders 
suggest that duplex is in high demand 
and that, despite the sector’s diffi  culties, 
oil & gas is still a key market for duplex 
(see Table 1).

Other corrosion applications

Because of its strength and corrosion/
erosion resistance, duplex is in demand 

for a number of industries, from wastewa-
ter/desalination, chemical tankers, sugar 
and pulp & paper. This last is proving sur-
prisingly resilient despite the onset of the 
digital age. The sector is fl ourishing, mainly 
because of the demand from packaging, it-
self stimulated by the rise in online shop-
ping. Also, the banning of single-use plastic 
products has led to a surge in demand for 
paper and cardboard. To give two recent 
pulp & paper related orders for duplex 
grades, fi rstly Butting supplied vessels and 
apparatus made from 365 tons of 1.4462 
duplex for a fl ue gas cleaning plant in a pulp 
& paper mill in South Africa. This was built 

to a new complex design, not the traditional 
cylindrical one. Secondly, Miller Mechanical 
Services delivered a custom-made duplex 
steaming vessel in 2205 duplex to a facility 
in Georgia, USA.

Waste-into-energy systems require 
strongly corrosion-resistant materials. GPI 
supplied four tanks in lean duplex grade 
LDX 2101 for a project in the Netherlands. 
These convert chemical waste into steam 
which is then used to power the plant. Du-
plex is frequently used for chemical storage 
and transport. Outokumpu recently sup-
plied 65 tonnes of Forta DX 2205 hot rolled 
sheets and coils for Rotterdam-based GPI, 

Four ages
We are well into duplex’s fourth age: that 

of better formability. Since the 1930s, when 
Avesta Ironworks (later Outokumpu) in Swe-
den started making castings, bar and plate 
for the pulp & paper industry, duplex has 
greatly expanded its range and off er. In 
the 1970s and 1980s, carbon content was 
reduced and nitrogen added to prevent 
cracking. The third age was that of expan-
sion: fi rst came the higher-alloyed grades of 
super duplex and hyper duplex for severely 
corrosive conditions in chemical, oil and 
gas and other industries; then came lower-
alloyed lean duplex grades, used in storage 
tanks and other structural and other lower-
corrosion environments. Finally, we are far 

advanced into duplex’s fourth age, that of 
better formability. New grades such as 
Forta FDX 25, Forta FDX 27 and NSSTS2351 
off er improved formability and weldability, 
making them attractive alternatives to aus-
tenitic grades(1).

Powder-based AM

This fourth age has gained a new impetus 
thanks to powder metal additive manufac-
turing technology. In metal fabrication, AM 
(aka 3D printing) aff ected titanium and nick-
el forming early on, leading to a revolution 
in the manufacture of aerospace compo-
nents and prosthetics. Now duplex grades 
are being sucked into this revolution, with 
profound implications for the oil & gas, 
petrochemical, pulp & paper, construction, 
desalination and water/ wastewater in-
dustries. A prime example of this is Sand-
vik’s gas-atomized metal powder specially 
designed for AM.

›
  Table 1. Recent duplex orders in the oil & gas sector

Operator Materials 
supplier Description

Equinor Butting 2,000 super-duplex spools for pipelines in the FPSO’s 
sulphate removal unit of the Johan Castberg project

Libra Sandvik Prysmian Group to supply SAF 2507® super-duplex 
umbilicals for Brazil’s pre-salt Mero oilfield

Aker Sverdrup 
Steel

316L, lean duplex, duplex and super duplex in plates, bars, 
and profiles for the HOD field in the Norwegian sector of the 
North Sea

OceanTools Proeon 
Systems

Deepwater subsea housings in super-duplex

2205 duplex for gas pipelines in the Tarim Basin of Xinjiang, 
China

Libra consortium 
(Petrobras)

Orseal Super-duplex valves for FPSO Guanabara MV31 in Mero field

PJ Valves 
(PJV)

Valves in carbon stainless steel, duplex and Inconel clad 
material for FPSOs in Brazil, Mexico, and Nigeria

Amarinth API 685 Magnetic Drive horizontal pump in super-duplex 
delivered to Sensia for an oil rig in the Norwegian North Sea

 New grades such as Forta FDX 25, Forta FDX 27 
and NSSTS2351 off er improved formability and 

weldability, making them attractive alternatives to 
austenitic grades
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›
  Equinor’s Johan Sverdrup phase 2 platform in the North Sea. Credit: Arne Reidar 

Mortensen. Copyright Equinor.

›
  BUMAX’s super duplex (1.4410) stainless-steel fasteners are used in wind power farms 

and on the CERN LHC particle accelerator in Switzerland.›
  Additively manufactured pumps from KSB.

deliveries include (i) 2,000 super-duplex spools for pipelines in the FPSO’s sulphate removal unit 
 pulp & paper mill in South Africa.

steels prosper with better formability

who were building a massive tank, 19 me-
tres in diameter and 18 metres in height, 
for Dow Chemical. In the cargo tanks of 
sea-borne chemical tankers, duplex is now 
standard. A recent example is the series of 
four tankers ordered by Utkilen. The Utkilen 
T32 design is an ice-class chemical tanker 
with cargo tanks in duplex stainless steel. 
Tankers for road transportation are also 
sometimes made of duplex stainless steel. 
They are favoured for the transport of LPG 
as their lower thermal expansion coeffi  cient 
compared to austenitics means the tanks 
will not buckle when the pressure drops 
and the temperature rises.

Power generation
Stringent pollution abatement rules are 

stimulating demand for duplex stainless 
steel in fossil fuel stations and on ships. 
Flue gas desulphurization (FGD) units re-
move compounds such as sulphur dioxide, 
carbon dioxide, dust and soot. For these, 
super-duplex grades are ideal.

Duplex is also fi nding a relatively new 
use in the fasteners of wind farms. Belgian 
producer BUMAX supplied corrosion-re-
sistant, high-strength studs in SDX 109 for a 
wind farm off  the Belgian coast. The 
studs fasten the wind turbine generator 

external platform to each of the 23 wind 
turbine foundations. The same product 
was used in he upgrade of CERN’s Large 
Hadron Collider (LHC) particle accelerator. 
The studs are extremely strong and can 
endure temperatures down to -271.3°C 
(absolute zero).

Construction 

Architecture & construction has suff ered 
along with the rest of the economy, but 
some sectors are more badly aff ected than 
others. The emptying of offi  ces and hotels 
has dented the appetite for new ones, but 
aff ordable and suburban housing is faring 
better, at least in the USA(2).

Duplex 2205 and lean grade LDX 2101 
are frequently used in bridge construction. 
Aesthetic and practical considerations (life-
cycle costs, strength-to-weight ratio) led de-
signers of two Swedish bridges, at Sölves-
borg and Södertälje, to specify LDX 2101. 

Duplex is often specifi ed as rebar in bridges 
and other structures.

Conclusion 

In those industries that are thriving, duplex 
stainless has a bright future, thanks to recent 
advances in formability and weldability that 
make it a more attractive than austenitic grades 
in a number of applications. In some cases, the 
newer grades permit the development of more 
effi  cient designs of tanks and vessels.
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 Duplex 2205 and lean grade LDX 2101 are 
frequently used in bridge construction for 

aesthetic and practical considerations such as 
life-cycle costs, and strength-to-weight ratio


