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Abstract

Recent fluctuations in raw material pricing have led to a demand for stainless steels
with better price stability. The answer to this request can be either ferritics with
enhanced weldability, or austenitic grades with higher manganese contents, as well
as lean duplex stainless steels. The appropriate choice depends on the final
application.

Recent developments within the family of duplex stainless steels have made it possible

to obtain a corrosion resistance comparable to that of 304L (SS 2333/EN 1.4306) and 316L
(SS 2348/EN 1.4404) with considerably lower nickel content. In addition, the duplex
alternatives have about twice the mechanical strength compared to the conventional austenitic
materials in their solution annealed condition. This paper discusses properties of a recent
addition to the lean duplex family: UR 2202.

Introduction

The invention of stainless steel was not made at a fixed point in time, but was a result
of developments took place in the period from 1909 to 1912, making 2009 a jubilee
year of some sort. Different sources quote Portevin (France), Monnartz (Germany),
or Brearley (the United Kingdom). At the time, iron-chromium alloys had been under
study for several decades, but the increased corrosion resistance had not been noted
due to problems with purity in the material. One of the main difficulties was to keep
the carbon content on a sufficiently low level. Today, alloy development is still about
controlling the interaction between different elements to achieve the desired overall
properties of the material.

A strong driving force for alloy development is price. With the heavy oscillations in

nickel pricing in the past decade with variations from 10 000 to 50 000 USD/ton, it is
comprehensible that customers have been searching for alternatives to limit material cost. For
this reason, the focus on alloy development in recent years have been on low or no-nickel
containing alloys. Recently, nickel prices have returned to moderate levels. Still, lean
alternatives might be interesting from different aspects. There are several alternatives to
choose from: iron-chromium ferritic stainless steels, manganese alloyed 200-series [i],as well
as duplex (austeno-ferritic) materials. The ferritic grades suffer from grain coarsening during
heat treatment, which might lead to brittle material, especially for thicker gauges. Manganese-
alloyed 200-series materials are austenitic, but their low chromium levels are still a draw back
for their corrosion resistance. The duplex stainless steels combine many advantages of the
austenitic and ferritic product families. Their strength is about twice that of a solution
annealed austenitic 18Cr9Ni stainless steel, while giving a comparable localized corrosion
resistance. For certain niche products, e.g. suction rolls that remove water in paper machines,
duplex stainless steels have given successful service for many decades, but it is only with the
advent of lean duplex alloys that they have become viable alternatives to standard materials
such as 304L (EN 1.4307)or 316L (EN 1.4404) for a wide range of applications.
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Figure 1. Yield strength values and corrosion data for duplex stainless steels as well as

some selected austenitic counterparts. The yield strength of UR 2202 is

somewhat higher thanks to its higher nitrogen content.

Duplex (austeno-ferritic) grades have been in industrial production since the early
1930:s, and have since been subject to constant development. A recent review has been
written by J. Charles [ii]; a general introduction to the subject has been compiled by
Nilsson [iii]. Their market share has been fairly low, less than 1% of overall stainless steel
consumption. For quarto plate, the main product of Industeel, the duplex part of the market
has been some 10%, as quarto plate is a tailored products for different project types. The first
grade of the new generation duplex was 2205, introduced in the 1970:s. It has a localized
corrosion resistance comparable to 904L or 317LMN. This leaves market room for leaner
duplex alloys that could replace 304L or 316L. One such example is the grade UR 2304,
former UR 35N, brought to the market in the mid eighties [iv]. The introduction of UR 2202
in 2007 is a more recent example. A schematic comparison of the different grades can be seen
in Fig. 1. Typical compositions for austenitic volume grades together with matching duplex
materials are given in Table 1.
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Table 1. Compositions of lean duplex stainless steels and corresponding austenitic
counterparts. PREN = Pitting Resistance Equivalent Number = Cr%
+3.3M0% +16N%.

AISI EN & Cr Ni Mo N PREN
304L 1.4307 <0.030 185 10.5 18.5
316L 1.4404 <0.030 17 115 2.1 24

UR 2202 1.4062 <0.030 22.5 2 03 0.20 26
UR 2304 1.4362 <0.030 23 4 03 0.10 25

Material

The UR 2202 material used in this study has its origin either from the Industeel plants
in Charleroi, Belgium or Le Creusot, France. The material is normally continuously
cast, rolled to thickness in a quarto mill, with subsequent heat treatment to re-
establish the mechanical properties followed by pickling and final inspection.
Following the rolling procedure, the microstructure will show elongated austenite
regions as bright contrast. For optimum properties, the phase balance should be
50/5C + 20%. A typical microstructure of UR 2202 is given in Fig. 2, with a ferrite
centent estimated to 55% according to the ASTM E562 standard. Typical
compositions of UR 2202, UR 2304 and corresponding austenitic grades are given in
Table 1.

Figure 2. Duplex microstructure with austenite appearing as bright contrast. The ferrite

content was estimated to 55%.

Corrosion Resistance

Today's duplex grades show a resistance to localized corrosion which is perfectly
comparable to corresponding austenitic grades. In addition, the duplex grades are
virtually insensitive to stress corrosion cracking and have excellent corrosion fatigue
properties. On the contrary, in terms of general corrosion, duplex grades may show
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higher propagation rates than austenitic alternatives, although they remain
comparable in terms of critical initiation and repassivation temperatures. Fig. 3a
illustrates the relative resistance to pitting, estimated using the ferric chloride test
(ASTM G48(A)). The test is heavily accelerated and does not represent realistic
operating conditions for any of the grades on display, but its simplicity permits to gain
a first impression of their relative resistance to localized corrosion. For the 304L, the
critical pitting temperature falls below 5 °C, and the 316L around 10 °C. The duplex
grades show slightly better values with the highest temperature for UR 2304 [v].
Laboratory testing is used when a response is needed within a short period of time. If

possible, field tests normally give more representative results, but require much longer
exposure times. For most tests, samples are placed in relevant locations for 1-5 years, with the
very shortest evaluation time being 6 months.

Fig. 3b shows a field test rack exposed to a low corrosion environment. It is
located near Lyon, France an industrial-urban environment. After almost two years of
exposure, no corrosion was observed on the UR 2202 samples. The atmospheric
tests are currently ongoing with inspection at regular intervals.
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Figure 3. (left) Critical Pitting Temperatures obtained in Ferric Chloride, ASTM G48(4)
practice and (right) test racks of different materials exposed at a chemical

plant near Lyon, France.

Mechanical Properties

In general, duplex stainless stecls show higher Young’s moduli and yield strengths
compared to their austenitic counterparts. For UR 2202, the modulus of elasticity is slightly
higher than for the other duplex materials, mainly explained by its higher nitrogen content.
Figure 4 shows the ultimate tensile strength and the yield strength for UR 2202 in the
temperature range 0 — 300 °C. The recommended maximum temperature for continuous
operation is 250 °C, at which the yield strength is still well above 300 MPa. Another
important mechanical property is the impact toughness. Figure 4 shows a comparison between
the grades UR 2304 and UR 2202, where the influence of nickel on the low temperature
toughness is clearly demonstrated. Although not as good as UR 2304, the impact toughness of
UR 2202 remains above 70 J even at -40 °C. Evidently, for use at temperatures far below
freezing, the viable stainless alternative is an austenitic material, since it does not show a
ductile to brittle transition. The effect of nickel is illustrated in Fig. 5. The UR 2304 alloy has
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a nickel content of about 4%, compared to 2% for UR 2202, and consequently, the ductile to
brittle transition occurs at a considerably lower temperature.
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Figure 4. Tensile properties of the UR 2202 for temperatures between 0 and 300 °C.

Data were recorded on a 20 mm plate in the transverse rolling direction.
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Figure 5. Impact toughness (Charpy V) for UR 2304 and UR 2202 taken transverse to
the rolling direction. The impact toughness of UR 2202 is above 70J even at
-40 °C.

Lean duplex grades have a good weldability thanks to balanced compositions
of both base and filler metals. The UR 2202 heat affected zone and the weld metal
must also have sufficient structural stability to avoid ternary phase precipitation.
Figure 6 shows microstructures from weld metals in the as-welded condition for three
different duplex filler materials. The images represent transverse cuts through the
weld after etching in 10N NaOH. Austenite formation has occurred at the grain
boundaries and within the ferritic grains. The ferrite content (o) was estimated using
point counting in different magnifications up to 1000 times magnification, as can be
seen in Fig. 6.

Although Flux cored wire (FCAW) and shield metal arc (SMAW) welding were
used in this case, duplex materials can be welded using any of the conventional
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welding methods and with a wide variety of different duplex commercial filler
materials. Austenitic filler metals such as 309L or 309LMo could also be used,
especially for hybrid joints with austenitic materials.

The critical part of the weld is the heat affected zone. Figure 7 shows the
ductile to brittle transition for UR 2202 in the base metal as well in the heat affected
zone. It is satisfying to note that the impact toughness in the heat affected zone
remained acceptable for temperatures down to -10 °C.

2209 / FCAW 2304 / SMAW 2101 /FCAW
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Figure 6. Metallographic examination of the weld metal in the as-welded condition and

maximum ferrite content. From Fanica and Passot [vi].
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Figure 7. Impact toughness in the base and HAZ for UR 2202.

Applications

Lean duplex grades can be competitive alternatives to standard austenitic grades for
many applications. They are particularly competitive where a high strength is
necessary in combination with an adequate corrosion resistance. An application,
interesting from the architectural point, is the embellishment of the fagade of the
French ministry of culture in Paris, completed in the grade UR 2304 in 2003, see Fig.
8a. Another application within the construction segment is bridges. Depending on the
environment, it is possible to select a high strength duplex grade with sufficient
corrosion resistance. Fig. 8b shows a bridge in Siena, Italy, constructed in 2005 with
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bearing components in the duplex grade UR 2304. In this case, the high strength of
the duplex material was used to make a light-weight construction.

R,

Figure 8 Applications of duplex stainless steels: Wall decorations of the French culture
ministry in Paris with an external structure in lean duplex stainless steel. A
bridge made in lean duplex in Siena, Italy. Both constructions were

accomplished using the UR 2304 grade.

Conclusions

Duplex stainless steels have shown a strong volume growth in recent years. Their
properties are attractive both in terms of mechanical strength and corrosion
resistance. The yield strength is close to twice that of austenitic material in a solution
annealed condition. Recent investigations on welding have shown that it is possible
to obtain corrosion and mechanical properties also in the weld region, perfectly
comparable to that of the base metal.
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