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Outline

• Influence of nickel on structure and transformation.
• Recent developments
• Implications for welding
• Implications for design
• Applications
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Why duplex stainless steels are used

• Duplex grades are ~ 1% of stainless steel production

• A lot of work has gone into their development and they 
are well-characterised

• Used because of the combination of:
– Corrosion resistance - including to stress corrosion cracking
– Mechanical properties - particularly strength
– Fabricability
– Economical overall
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Nickel

• A costly alloying element

• A deliberate alloying element in almost all commercial 
duplex stainless steels

• What benefits does it bring?

Nickel Institute 4
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Schaeffler diagram (Charles)

Nickel Institute 5Structure of stainless steel families.  

Where commercial duplex grades lie.

Phase balance

• In duplex grades, aim is around 50/50 austenite/ferrite

• This requires approximately Nieq = 0.5 Creq -2

• Nieq = Ni + 0.5 Mn + 0.3 Cu + 25 N + 30 C

• Creq = Cr + 1.5 Mo + 0.75 W
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Formula for “Nickel Equivalent” shows 
nitrogen is a strong austenite stabiliser
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Partitioning of elements between ferrite and austenite

• Broadly similar for all alloys
• N has low solubility in ferrite so is concentrated in 

austenite
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Lean duplex
2101

Cr  1.14
Ni   0.62
Mn 0.84

Partitioning of elements between austenite 
and ferrite is similar for all grades.

Charles

Precipitation reactions which may occur in duplex grades 
(Charles)
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Ranking for pitting resistance

• PRE = Cr + 3.3 Mo + 0.5 W + 16 N

• Compositions balanced so that commercial duplex 
grades have similar PRE for both phases

• Nickel does not influence initiation but does reduce the 
propagation rate of localised corrosion
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Pitting Resistance Equivalent is familiar for 
ranking resistance of stainless steels to 
initiation of localised corrosion.

It is relevant to commercial duplex grades 
because both phases have similar PRE so 
that there is no strong preferential attack.

Nitrogen has a strong effect in improving 
resistance.

Recent alloy developments

• 2205 is the most common grade

• Superduplexes are well-established

• Extending towards lean duplexes - 21% Cr

• Extending towards hyperduplexes - PRE ~ 50

• Creating a range of alloys suitable for a range of 
requirements
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New duplex grades are being developed 
towards both leaner and richer compositions
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Lean duplexes

• Lower Cr and Mo.  Increased N retains pitting and 
crevice corrosion resistance.

• Increased N (and Mn) allows less Ni whilst retaining 
phase balance.

• Some Ni (> 1%) still needed to achieve phase balance 
and for toughness.

• Need sufficient alloying level to avoid martensite.
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Development is driven by economics.

Grades may compete with alternative 
materials, e.g. coated carbon steel.

Super- and hyperduplexes

• Higher Cr, Mo, N increase corrosion resistance.  Higher 
Cr increases solubility of N.

• N and Ni needed for phase balance.  In practice, around 
7% Ni.
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Development aimed at improving corrosion 
resistance to more aggressive conditions.

Formation of deleterious phases limits the 
extent of alloying.



11/29/2009

7

Chloride Stress Corrosion SCC resistance (Sandvik data)

• 1000 hour test: no SCC in hyperduplex grade
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Welding

• Duplex stainless steels solidify as ferrite.  

• Ni encourages the formation of austenite on cooling.

• Most filler metals are over-alloyed with about 2% extra Ni 
to help formation of sufficient austenite (>30%) to 
provide toughness.

• Filler metal with 7-8% Ni has been shown to be suitable 
for lean duplex, where it also helps with low temperature 
toughness.

• Further details are in recently revised publication 
“Fabricating Duplex Stainless Steels” from IMOA.
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Duplex stainless steels

Alloy %Cr %Ni %Mo %N

S32101 21.5 1.5 0.4 0.22

S32205 22.5 5.5 3.2 0.17

S32750 25.0 7.0 4.0 0.28

Alloy %Cr %Ni %Mo %N

2101 23.0 7.0 0.2 0.14

ER2209 23.0 8.5 3.2 0.17

25-10-4L 25.0 9.5 4.0 0.25

Wrought material

Weld filler metal for above

2205

15
Nickel Institute

Comparison shows filler metal 
compositions.

Design

• A full range of duplex stainless steels are now contained 
in a number of design codes, e.g. ASME, API.

• Higher proof strength compared with similar austenitic 
grades offers weight-saving advantages, up to ~50%.

• Full advantage of higher strength may not be gained if 
the design is limited by elastic modulus, which is similar 
for all grades of stainless steel.
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Allowable design stresses per ASME Boiler and Pressure 
Vessel Code (Allegheny Ludlum data)

Nickel Institute 17Shows that higher strength of duplex grades 
can be used to advantage.

Weight saving

• LDX2101 used for the main 
part of the tank, 2304 for the 
bottom part

• 25% weight saving 
compared with austenitic 
grades because a minimum 
wall thickness is required
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Outokumpu and Oostwouder 
Tank- & Silobouw BV information

Structural considerations prevent use of even 
thinner material
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Minimum tank wall thickness, API 650 standard, Outokumpu 
data
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Factors to consider when selecting a stainless steel

• Corrosion resistance
• Metallurgical stability at the operating temperature
• Strength - which influences thickness & weight
• Other mechanical properties
• Fabrication and welding
• Physical properties
• Appearance
• Tooling costs
• Life cycle costs
• Availability: confidence in suppliers
• Familiarity
• Recyclability, environmental impacts and benefits
• Degree of comfort (risk, insurance)

• Choose the appropriate grade for the application!

Nickel Institute 20All these factors must be considered so that 
the grade will be suitable for the application.
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Application areas

• Chemical industry
• Architecture, building and construction
• Power industry - flue gas desulphurisation
• Water industry
• Oil & gas industry
• Transport
• Etc
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Municipal water storage tank – Matsuyama, Japan

Roof + top 
7.5m of side 
wall:
2205

Floor + 2.2m side 
wall: 304

4m intermediate side 
wall: 316

Staircase,
Piping and
ancillaries:
304

1374

Different 
grades were 
selected to 
suit the 
corrosive 
environment.  
The duplex 
grade was 
needed for 
the particular 
conditions of 
the roof and 
the vapour 
space below 
it.
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Pumps

• Pump for seawater reverse osmosis desalination (Photo: 
Sulzer)

Nickel Institute 23An example of the use of a cast duplex.

Emission control

• Reduction in NOx emissions 
from diesel engines.

• Tank to hold diesel exhaust fluid 
(DEF: urea + water) for injection

• 2101
• Photo: Outokumpu
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This is a developing application.   2101 was 
chosen for the combination of corrosion 
resistance and light weight compared with 
other materials.
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Footbridge in Holyhead, UK

• 2304 selected for weight saving and life cycle cost 
reasons
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Information and photo Cimolai and Outokumpu

Trough bridge, Bilbao, Spain, 1.4462

• Strength and corrosion resistance
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Photo: Javier Azurmendi Perez
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Stonecutters bridge, Hong Kong

• 2,000 t of hot-rolled 2205 
duplex stainless steel plate 
used for top 120 m of 
towers

• Structural requirements 
and zero maintenance
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Doha International Airport, S32003

Nickel Institute 28
Image: Qatar Airways
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Nickel Institute information

• www.nickelinstitute.org

• Nickel magazine (electronic)

• Technical publications, including Nickel 
Advantage, Nickel in Society and Safe Use 
of Nickel

• Conference presentations

• Workshops

• Technical enquiry service

• Beijing office
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