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Shaping the Future 
of Stainless Steels 
for Wastewater Treatment 
Applications

The Results Are In! 
According to an independent, EU-funded 
study, Aperam’s Lean Duplex DX2202 
(1.4062) grade of stainless steel o! ers 
the same level of corrosion resistance as 
the 316L austenitic grade when used in 
wastewater treatment applications. 

As a result, it is the best alternative to 
austenitic grades for use with this type of 
application. 

Read more

Dr. Charles DavidDr. Audrey Allion



A Major Market Transformation Is Underway 

A new study published by Materials and Corrosion, a leading 
European journal in its fi eld, leaves no room for doubt: Aperam’s 
DX2202 grade of Lean Duplex stainless steel o! ers similar 
localized corrosion resistance as the 316L austenitic grade (in 
the environment used for this study). As a result, and in addition 
to its price competitiveness, Lean Duplex DX2202 is a good 
candidate to replace 316L in water treatment applications. 
The independent study was led by the French Corrosion 
Institute and done in collaboration with Veolia, a leading 
environmental engineering company with a deep expertise in 
water and wastewater treatment applications. 

To learn more about what this study means for stainless steel, 
Aperam, and end users, we sat down with Dr. Audrey Allion, 
who co-authored the report, and Dr. Charles David, who heads 
Aperam’s Lean Duplex customer technical support team. 

Why was this independent study carried out and how 
was it organized? 
Dr. Allion: When it comes to wastewater treatment applica-
tions, Lean Duplex stainless steels are well-positioned to serve 
as a good alternative to the more commonly used austenitic 
grades. However, despite the advantages they o! er, uptake 
remains low – probably due to the fact that there are very few 
– if any – case studies on using duplex grades in wastewater 
applications. 
This study aimed to change that by clearly defi ning the limits 
of using Lean Duplexes for urban wastewater treatment units. 
The study is an initiative of seven partners, including two of 
Europe’s leading stainless steel manufacturers and end user 
Veolia. It was led by the French Corrosion Institute. 

What is localized corrosion and why is it important for 
such applications? 
Dr. Allion: Uniform corrosion in stainless steel is usually negli-
gible, down to a pH of about 4, meaning it is not an issue for 
most types of environments. However, depending on such 
factors as temperature, pH, aggressive ion concentration 
(mainly chloride) and the composition of the stainless steel, 
localized corrosion can occur. 
Take for instance crevice corrosion, a type of localized corro-
sion that often occurs in an application’s confi ned spaces (i.e., 
crevices). Because these spaces have limited access to the 
oxygen needed for repassivation, the phenomenon that forms 
the protection layer that allows the material to resist corro-
sion, crevice corrosion occurs. This also increases the aggres-
sive anion content, which creates a harsher environment. As a 
result, localized corrosion has traditionally been a key factor in 
stainless steels’ wide-spread use with wastewater treatment 
applications. 

What are the main outcomes of the study? 
Dr. Allion: This study compared the localized corrosion perfor-
mance of the selected Lean Duplexes to that of austenitic 
grades 304L and 316L (and with DX2304 and DX2205). The 
materials underwent fi eld testing in municipal wastewater 
plants (WWTP) for a period of 1 year, during which time they 
were subjected to both low and high chloride content units 
representative of standard and harsh conditions. Samples of 
each grade were also fully immersed in the pre-treatment build-
ings located at the inlet works (the screen step used to remove 
large particles). Concentrations of chloride and H2S were about 
10 times higher in the harsh WWTP than in the standard one. 
What we found was that similar localized corrosion resistance 
was observed between the 316L and DX2202 grade samples 
featuring crevice confi guration or welded coupons. The study 
also included substantial lab tests that used simulated water 
systems based on Veolia’s recommendations. These simulated 
lab tests provided similar results to what we gained from our 
fi eld tests, further verifying our testing methods – and results. 

Are there other advantages of using DX2202? 
Dr. David: Like other duplexes, Lean Duplexes di! er from 
other stainless steel grades in that their microstructure has 
two phases instead of just one. Similar to composite materials, 
this dual-phase structure gives Lean Duplexes mechanical 
properties that simply cannot be obtained when each mate-
rial is used separately. This is why these grades have about 
twice the mechanical resistance as their austenitic counter-
parts, allowing thickness reduction in some cases. 



DX2202 is Easy to Weld! 
 >No risk of precipitating sigma phase during welding
 >No preheating and (usually) no post-weld heat treatment required
 >Can be welded to austenitic stainless steels, other duplexes and carbon steels
 >Welding consumables are widely available
 >Backing gas can be pure Nitrogen (cheaper than Argon)
 >Shielding gas mix containing nitrogen (2-3% usually) is recommended and available from your usual welding gas provider

How can Lean Duplexes perform so well when their 
nickel content is so low? 
Dr. David: When it comes to corrosion, stainless steel’s behav-
iour mostly depends on its chromium content. The higher it 
is, the stronger the chromium oxide layer and the better it is 
able to protect the metal from corrosion initiation. Advance-
ments in the industrial techniques for producing stainless 
steel have allowed us to merge the best of two worlds: excel-
lent mechanical properties without the need for high nickel 
content, and high corrosion resistance thanks to the possi-
bility of increasing the chromium percentage. 

Iron

Molybdenum, 
Aluminium, Copper

Nickel

Chromium

Carbon

What about DX2202’s price competitiveness? Does it o! er economic advantages over austenitic grades? 
Dr. David: Because DX2202 replaces the mechanical contribution of nickel with a dual-phase structure, it is able to o! er consid-
erable savings in terms of raw material cost. Despite the fact that Lean Duplex grades require unique know-how and special 
production methods, the resulting enhanced corrosion resistance makes for a very competitively priced stainless steel. In this 
way, DX2202 is often cheaper than 304L and 316L, especially when nickel price is high. Furthermore, Lean Duplex are much less 
impacted by nickel price fl uctuations, as illustrated below. 
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NEW! 
All information regarding Aperam’s scientifi c work 
on Duplex can now be found in one place!

Check here for the latest results, scientifi c papers, 
conference papers and presentations - and more! 

Best in Class R&D 
In conducting our research on Duplex stainless steels, Aperam counts on some of the most leading academic players in their fi elds.
Duplex - built on experience and in collaboration with our top-level partners:

 To learn more, please contact charles.david@aperam.com 

www.aperam.com
stainless@aperam.com
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Abstract

With lower alloying cost and higher mechanical properties,
lean duplex

stainless steels can be an alternative
to the more commonly used austenitic

stainless steels. However, these alloys are still not the preferred choice,

probably du
e to a lack of field experience.

A study was th
us initiated

in view of

defining the limits of use of selected
(lean) duplexes for urban wastewater

treatment units. Th
e present pa

per shows th
e localized corrosion performance

of selected lean duplexes in
chloride contaminated solutions. T

he results are

compared with austenitic S30403 and S31603 and with the more standard

duplexes S82441 and S32205. The
effect of welding was also investigated

.

Exposures i
n field municipal wa

stewater pla
nts were conducted for 1 year in

low and high chloride content units. The
results show that lean duplexes

S32101 and S32202 can be used as alternatives
to S30403 and S31603 in low

chloride electrolytes.
At 500 ppm of chloride

content, du
plex stainless steel

S32304 show
ed better corro

sion resistance th
an S30403 and

S31603. For
higher

chloride contents (1000 ppm and above) the standard duplexes S82441 and

S32205 shall be preferred.
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1 | INTRODUCTION

Stainless steels are generally successfully
used in the

range of water com
positions encountered

during waste-

water treatments. For several deca
des, austeni

tic stain-

less steels (e
.g., UNS S30403 and S31603) hav

e served as

standard materials of construct
ion for wastewa

ter treat-

ment plants (WWTP).
[1] Stainless steels are used pri-

marily as tubing and pipes in aeration, dig
ester gas, an

d

sludge transfer. Set
tling tanks and the settlement equip-

ment for both circular and rectangular
tanks, such

as

underwater
equipment and weirs of clarifiers, ar

e also

advantageou
sly made of stain

less steel.
[1] The machinery

for screening,
washing, compacting, dewatering

of

screenings,
grease and oil separation,

thickening
and

dewatering
of various ty

pes of sludg
e, sieve filtra

tion, and

so forth, is largely made of stainless steel. It is also a

preferred material of construction
for auxiliary equip-

ment, for example, climbing systems, stairs, ladders,

railings, han
drails, manhole cove

rs, general a
rchitectural

equipment, and roofing.
[2–4]

In most cases, th
e nature of urban wastewater

does

not present
major corrosio

n issues for co
mmon austenitic

grades, such
as 304 L or 316 L. However, und

er specific

conditions
the chloride and H2S concentratio

ns can

evolve to critical values incompatible with the use of
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Abstract

The relationship between microstructure and high temperature ductile tearing in duplex stainless steels has been investigated. Several

grades were considered corresponding to different chemical compositions, different volume fractions and morphologies of the ferrite and

austenite phases and different oxide inclusion contents. The high temperature cracking resistance has been quantified using both the

essential work of fracture (EWF) and the fracture strain. The EWF discriminates the different grades of duplex steels and the different

microstructures in terms of hot tearing resistance better than does the fracture strain. Metallographic characterization reveals that dam-

age preferentially nucleates near inclusions at the austenite/ferrite boundary. Voids grow inside the ferrite until they coalesce. Damage

develops more rapidly when increasing either the mismatch of rheology between the phases, which was evaluated by micro-scale strain

measurements, or the inclusion content. The cracking resistance is related to the plastic work performed in the fracture process zone

whereas the fracture strain depends on the damage kinetics. Both processes involve length scales related to the morphology and to

the microstructure dimensions. Guidelines for improving the hot cracking resistance of duplex steels are formulated.

! 2012 Acta Materialia Inc. Published by Elsevier Ltd. All rights reserved.

Keywords: Duplex stainless steels; Crack propagation; Micromechanics; High temperature deformation; Essential work of fracture

1. Introduction

Duplex stainless steels (DSSs) consist of a two phase

microstructure involving d-ferrite and c-austenite.An excep-

tional combination of strength and toughness together with

good corrosion resistance under critical working conditions

designate DSS as suitable alternatives to conventional

austenitic stainless steels. This good structural performance

explains their use in a variety of applications, particularly in

the petroleumand gas industries, as well as in chemical vessel

applications [1].

Unfortunately, the poor hot workability of these alloys

makes the industrial processing of flat products particu-

larly critical. Cracking along the edges of the coils during

hot rolling is frequently reported [2,3]. As a consequence,

additional operations like grinding, discontinuous process-

ing or scraping are often required, increasing the manufac-

turing costs. The high temperature mechanical behaviour

of DSS depends on several phenomena: phase proportions

[4], chemical composition [2], impurities [2,5], size and mor-

phology of both phases [6,7], nature of the interphase

boundaries [8], softening mechanisms in the constituting

phases [9–13], and strain partitioning between ferrite and

austenite [3,14]. A fundamental research effort is thus

needed in order to unravel the mechanisms at the origin

of a reduction in toughness at high temperature. Only the

1359-6454/$36.00 ! 2012 Acta Materialia Inc. Published by Elsevier Ltd. All rights reserved.

http://dx.doi.org/10.1016/j.actamat.2012.03.040

⇑ Corresponding author. Tel.: +33 (0) 476826707; fax: +33 (0) 476826644.
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