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Description

Technical field of the invention

[0001] The present invention relates to a novel duplex steel which has a low nickel content, and which is suitable for
the manufacturing of cast articles. Especially, the novel duplex steel can be used for process components, such as pump
and agitator components for use in chemical process industry, for example the pulp and paper industry.

Background of the invention

[0002] Duplex steels have a microstructure comprising austenite and ferrite. Generally, duplex steels have superior
mechanical properties and high corrosion resistance compared to low alloyed ferritic steels. Compared to high-alloyed
austenitic steels, duplex steels are less expensive and generally easier to process and also in many applications provide
sufficient mechanical properties and corrosion resistance. Therefore, duplex steels can be advantageously used in many
applications where otherwise high alloyed stainless steels are needed.

[0003] Standard duplex steels generally comprise in the range of 4-8 wt% Nickel. There are many existing standard
duplex steels commercially available. However, since Nickel is a very expensive metal, steels comprising high amount
of Ni are very expensive. Hence, it is desirable to find novel duplex steels with low amount of Nickel, which thus can
replace the standard duplex steels.

[0004] However, such lowering must not be on expense of the reliability of the performance of the steel. The require-
ments on material properties of such duplex steel include casting aspects, mechanical aspects, and corrosion aspects.
The casting properties are very important. Casting properties include for example requirements on microstructure and
low porosity of the cast steel. In addition, the formation of undesired inclusions and precipitates must be held at a
minimum. The mechanical properties of a material used in chemical process components are important from safety
aspects. Requirements on mechanical properties include for example sufficient toughness, strength and hardness.
Typically, the material is exposed to high pressures which generally are present or may arise temporary during the
service of a chemical process equipment. In addition, the presence of particles in the process flow can contribute to
wear, erosion corrosion or the like. At the same time as the material should be hard to withstand wear, it must also
exhibit sufficient mechanical processability, since further processing may be desired after the casting step. The require-
ments on corrosion resistance such as resistance to liquid corrosion and corrosion at elevated temperatures must also
be considered. The presence of gaseous, liquid or solid chemicals in the process flow and in the surrounding environment
affect the steel in different ways, often results in different types of corrosion. Several degradation mechanisms are often
present at the same time in chemical applications, which results in synergetic effects resulting in accelerated degradation.
[0005] In order to provide reliable and sufficient material properties for a given technical application, a duplex cast
steel must fulfil all these requirements including casting aspects, mechanical aspects, and corrosion aspects. In fact,
Nickel is an important alloying element which has several important effects on the material properties. Hence, itis a very
difficult task to provide such duplex cast steel. The optimal development would be a steel which is less expensive and
also provides improved material properties.

[0006] Inrecentyears, development has resulted in the duplex steel disclosed in WO 02/27056. Due to the low Nickel
concentration, this steel can be advantageously used for rolled steel products, relative to standard duplex steels. However,
it has been indicated that it can be difficult to obtain cast articles with sufficient casting properties from this steel.
[0007] Thus, there is a need in the art for finding a novel duplex steel which has a reduced Nickel content compared
to standard duplex steels and which provides sufficient casting properties, as well as sufficient or improved material
properties and a reliable lifetime for use in chemical process equipment.

Summary of the invention

[0008] It is an object of the present invention to at least partly overcome the above-mentioned problems of the prior
art and to at least partly meet the needs in the art, and thus to provide a novel duplex cast steel comprising a lower
amount of Nickel than currently used standard duplex steels suitable for casting.

[0009] A general object is to provide a duplex cast steel, which has a high performance, that is, fulfils requirements
on casting and have sufficient or improved material properties, including mechanical aspects and corrosion aspects.
The material properties of duplex cast steel process components are of critical importance in the chemical process
industry, since a sudden failure of the material can cause instant danger, very costly emergency stops and high renovation
costs.

[0010] Accordingly, a further general object of the present invention is to provide a duplex cast steel with high per-
formance, which is suitable for use in cast articles for components for use in the chemical process industry, such as in
the pulp and paper, oil, chemical, organic, food, sugar, mining or bio fuel industry or for district heating. As used herein,
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the term "process component” refers to any cast article which comprises the present steel composition. For example,
one object is to provide a duplex cast steel, which is suitable for the manufacturing of articles such as machine parts,
or components for pumps and agitators. Pump components include pump casings, impellers, wear discs, casing covers,
seal housings, shaft couplings and propeller hubs.

[0011] These and other objects are achieved by materials and products of the present invention.

[0012] In a first aspect, the present invention provides a duplex cast steel having a microstructure comprising 30-50
vol% austenite and 50-70 vol% ferrite, wherein said steel has a composition comprising 0.50-3.40 wt% Ni, 18-27 wt%
Cr and up to 0.14 wt% N. The obtained duplex structure and the chemical composition provide a novel and inventive
duplex steel which compared to currently used standard steels comprises a low amount of Nickel and is suitable for
casting articles. It was found that the obtained cast steel has both good casting properties and good material properties,
sufficient for many different technical applications, where high material performance is needed, such as in the pulp and
paper, oil, chemical, organic, food, sugar, mining or bio fuel industry or for district heating and other chemical process
industries.

[0013] A second aspect of the invention, relates to the use of the duplex cast steel of the invention in cast articles. It
was found that the inventive steel is useful for process components for instance in the pulp and paper industry, oil industry
or organic industry, since the present composition of steel is both possible to cast and also meet the criteria on material
reliability both in terms of mechanical aspects and corrosion aspects.

[0014] A third aspect of the invention relates to a cast article made from the duplex cast steel of the present invention.
The cast article is typically a machine part such as a pump or agitator component.

[0015] A fourth aspect of the invention relates to a method for providing a cast article comprising providing a melt
comprising 0.50-3.40 wt% Ni, 18-27 wt% Cr and up to 0.14 wt% N in a mould; and allowing the melt to solidify into a
cast steel article comprising 30-50 vol% austenite and 50-70 vol% ferrite.

[0016] Embodiments ofthe invention willnow be described in more detail with reference to the accompanying schematic
drawings, which by way of examples illustrate currently preferred embodiments of the invention.

Brief Description of the drawings

[0017]

Fig. 1a shows an image of the microstructure of a part of the surface of a cast article of the steel according to the
invention.

Fig. 1b shows a cross-sectional image of the microstructure close to the inner core of a cast article of the steel
according to the invention.

Fig. 2a shows an image of the microstructure of a part of the surface of a cast article of the steel according to the
invention, which has been annealed.

Fig. 2b shows a cross-sectional image of the microstructure close to the inner core of a cast article of the steel
according to the invention, which has been annealed.

Fig. 3 shows results from a abrasion and corrosion test in water (at pH 7) with the novel duplex cast steel compared
to a standard duplex steel and an austenitic steel.

Fig. 4 shows results from a abrasion and corrosion test in white liquor (at pH 13) with the novel cast steel compared
to a standard duplex material and an austenitic steel.

Fig. 5 shows results from a abrasion and corrosion test in sulphuric acid (at pH 2) with the novel casting material
compared to a standard duplex steel and an austenitic steel.

Detailed description of the invention

[0018] According to the first aspect, the present invention relates to a duplex cast steel having a microstructure
comprising 30-50 vol% austenite and 50-70 vol% ferrite, wherein said steel has a composition comprising 0.50-3.40
wt% Ni, 18-27 wt% Cr and up to 0.14 wt% N. The obtained duplex structure and the chemical composition provide a
novel duplex steel which compared to currently used standard steels comprise a low amount of Nickel and is suitable
for casting articles. Since the amount of Nickel is lowered, the steel is less expensive than standard duplex steels. By
using a Nickel concentration of at most 3.40 wt% combined with a moderate nitrogen concentration, it was found that
the obtained cast steel had both good casting properties and unexpected good material properties, sufficient for many
different technical applications, where high material performance is needed, for example in the pulp and paper industry,
oil industry and organic industry.

[0019] The steel will be particularly useful for cast process articles, such as components for pumps and agitators.
[0020] Nickel is a very important alloying element since it strongly contributes to the austenite formation. Nickel also
contributes importantly in many other different ways, for example to the corrosion resistance and to the mechanical
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properties of the material. Typically, the duplex cast steel according to the present invention comprises 0.50-3.40 wt%
Ni, such as at least 1.80-3.35 wt% Ni or in the range of 2.50-3.35 wt% Ni.

[0021] Nitrogen is commonly known as being a dominating austenite former and as contributing to the strength and
corrosion resistance of the steels. By lowering the amount of nitrogen to 0.14 wt% or below, it was found that the casting
properties were significantly improved, but essentially without negative impact on the material properties of the cast
steel. Typically, the duplex cast steel according to embodiments of the present invention may comprise 0.12 wt% N or
less, such as in the range of 0.08-0.12. It was found that by this moderate amount of nitrogen, pore formation and
undesired precipitates can be avoided.

[0022] Chromiumisespecially importantforthe corrosionresistance, itis also animportant ferrite former and contributes
by improving the mechanical properties. Therefore, an amount of chromium of 18-27 wt% is used in the steel composition.
In embodiments of the present invention, the duplex cast steel may be specified to in the range of 18-25 wt% of Cr, such
as in the range of 20-23 wt% Cr or 21-23 wt% Cr in order to obtain a balanced content of ferrite and austenite and to
provide a sufficient corrosion resistance. If the chromium level is lower than specified above, there is a risk for the
formation of martensite in the material. A higher amount of chromium than specified above may result in precipitation
of intermetallic phases.

[0023] According to the invention, iron is used as balance in the steel composition, meaning that iron is present in the
steel in a concentration which results in that the sum of the concentrations of the present elements is 100 %.

[0024] The microstructure of the duplex cast steel according to the present invention comprises 30-50 vol% austenite
and 50-70 vol% ferrite. In embodiments of the present invention, the steel comprises 35-45 vol% austenite and 55-65
vol% ferrite, such as 40-45 vol% austenite and 55-60 vol% ferrite. By a proper balance between austenite and ferrite in
duplex steels, the mechanical and corrosion resistance properties are optimized.

[0025] In embodiments of the invention, the duplex cast steel may comprise 3-8 wt% Mn, such as 3-5 wt% Mn.
Manganese is known as an austenite former, and increases the solubility of nitrogen. However, if too much nitrogen is
dissolved into the steel, it may result in reduced casting properties. Therefore the amount of Manganese preferably is
within the specified range.

[0026] In embodiments of the invention, the duplex cast steel may comprise up to 1 wt% Mo, such as in the range of
0.3-0.6 wt% Mo. Molybdenum is optionally added to the steel composition due to its strong contribution to ferrite formation
and since it can enhance the corrosion resistance. However, Molybdenum is a very expensive metal and is therefore
only added in small amounts if required. Further, the silicon content in embodiments of the inventive steel may be up to
2 wt%, such as 1-2 wt% Si. Silicon stabilizes the high temperature strength of the ferrite at elevated temperatures and
is hence very important during the casting process. Moreover, it reduces the solubility of nitrogen.

[0027] Inembodiments of the inventive steel, the carbon content may be up to 0.05 wt%. Carbon is an austenite former
and contributes to the strength of the steel. A high amount of carbon generally results in the formation of intermetallic
carbides. Such carbides can negatively affect the corrosion resistance and result in reduced toughness characteristics.
Hence, the a low carbon concentration in the steel according to the invention is used.

[0028] According tothe second aspect, the invention relates to the use of the inventive duplex cast steel in cast articles,
for example in process components in chemical process equipment. It was found that a cast article according to the
invention can be used for process components or machine parts in a chemical process, such as for example in pulp and
paper processing and for instance in the oil industry or organic industry, since the steel according to the invention is
both possible to cast and also meet the criteria on material reliability both in terms of mechanical aspects and corrosion
aspects. The inventive steel can for example be used in a machine parts, pump components and agitator components.
[0029] According to the third aspect, the invention relates to a cast article made from the duplex cast steel of the
invention. By using a steel according to the present invention, articles which are less expensive but provide the same
or sufficient properties than existing articles are possible to obtain.

[0030] The cast article is typically a process component or a machine part for use in a chemical process, such as for
pulp and paper processing, or a pump or agitator component. These kinds of articles are generally exposed to very
complex environments where high performance and reliable lifetime are of critical importance from safety aspects and
economical aspects. For example, pump and agitator components are frequently exposed to high pressures and/or
elevated temperatures. In addition, they are often exposed to acidic or alkaline fluids such as liquids, emulsions or
dispersions containing solid particles. A material with high performance is needed in order to ensure a reliable lifetime.
Currently used pump components are expensive, since they are made of standard duplex steel or austenitic steels.
Hence, it is desirable to switch to a less expensive material with high performance. Therefore, a novel duplex steel which
is less expensive and which provides sufficient or optimally improved material properties is desired. The term "article"
used herein, refers to any product or component comprising the duplex cast steel according to the invention.

[0031] According to the fourth aspect, the invention relates to a method for providing a cast article comprising providing
a melt comprising 0.50-3.40 wt% Ni, 18-27 wt% Cr and up to 0.14 wt% N in a mould; and allowing the melt to solidify
into a cast steel article comprising 30-50 vol% austenite and 50-70 vol% ferrite. The analysis results (see examples 1-3)
from cast articles manufactured according to the method, show that the articles exhibit sufficient material performance
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for use in industrial applications such as process components for use in in chemical process industry.

[0032] Although the present invention has been described in connection with particular embodiments thereof, it is to
be understood that various modifications, alterations and adaptations may be made by those skilled in the art without
departing from the claimed scope.

[0033] Forexample,the presentsteel may, in addition to the austenite structure and ferrite structure, have an intentional
or unintentional minor content of other structural phases. For example a low amount of precipitates like carbides and
intermetallic compounds may be present in the steel.

[0034] The steel may also comprise other elements in order to further provide desired properties of steel. The elements
may be present intentionally or unintentionally. Intended elements may include for example Tungsten, Boron, Niobium
and Copper or any other elements that are added in order to provide beneficial effects. Unintended elements may include
trace elements, which are present in the raw steel material or in the surrounding environment to which the steel is
exposed during manufacturing.

[0035] Itshould also be understood that any kind of casting technique which results in a microstructure and composition
according to the invention can be used for obtaining a cast article according to the present invention. This includes for
example casting techniques currently used for standard duplex steels.

[0036] Aslong as the requirements of the material is obtained, any method can be used where liquid material is poured
into a mould of a desired shape, and then allowed to solidify. The mould is generally cooled in air, however the cooling
rate can optionally be controlled. In addition, the shaped cast article may be further heat treated, annealed or processed
such as mechanically processed to obtain fine shapes or surface texture. Especially, the steel can be heat treated in
order to control the microstructure of the steel.

[0037] Below, an example of the duplex cast steel of the present invention is presented. The examples are provided
in order to illustrate the invention and should not be regarded as limiting the scope of the invention.

Example 1

[0038] In this example test rods were moulded by conventional sand casting. The test rods were allowed to cool in
air. The microstructure of the obtained rods was analysed using a microscope. The obtained steel composition is shown
in Tab. 1.

Table 1.
Cr Ni Mo N Mn Si C P S Fe
Wt% | 20,99 | 3.32 | 0.44 | 0.119 | 416 | 1.58 | 0.03 | 0.021 | 0,003 | balance

[0039] Referring now to Fig.1a and b, showing two examples of micrographs of the microstructure of the cast steel,
Fig. 1a shows the surface of the obtained steel while Fig. 1b shows a cross-section view of the inner close to the centre
of a rod. The amount of ferrite and austenite was then calculated from the images. The amount of ferrite in Fig. 1a was
calculated to about 58%, and in Fig. 1b to about 57% ferrite.

[0040] Referring now to Fig. 2a and b, showing two examples of micrographs of the microstructure of the cast steel
after annealing at 1050 °C, Fig. 2a shows the surface of the obtained steel, while Fig. 2b shows a cross-section view of
an inner part close to the centre of a rod. The amount of ferrite in Fig. 2a was calculated to about 55%, and in Fig. 2b
to about 57% ferrite.

[0041] During the investigation of the steel microstructure, austenite and ferrite were found, and no other steel phases.
[0042] The Fig. 1 and Fig. 2 clearly show that a dense steel is formed and that undesired inclusions and pores are
essentially absent in the material. From these results, it is demonstrated that the novel duplex cast steel, comprising a
lower amount of Nickel than currently used standard steels used for casting, fulfils the requirements on casting.

Example 2

[0043] In this example the mechanical properties of the test rods from example 1 were investigated. Test rods having
a diameter of 10 mm were used in the tests. The results are presented in Tab. 2, showing the yield strength at 0.2%
permanent elongation (R »), the ultimate tensile strength (R,,), % elongation at fracture and % reduction of area at
fracture. The testing was performed in room temperature and at 150°C. In addition, the hardness of the test rods was
measured to 220-225 HV.
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Table 2.
Test rod nr Rp0,2 Rm % elongation at fracture | % reduction of area at fracture
(N/mm2) | (N/mm?2)

At room temperature:

1 (cast) 435 628 22 18

2 (cast) 450 638 27 19
3 (cast and annealed) 449 648 26 32

At 150°C:

1 (cast) 357 557 37 61

2 (cast) 342 568 36 63
3 (cast and annealed) 357 554 36 61

[0044] From the test results in Tab. 2, it is concluded that the obtained cast steel has mechanical properties which
fulfils requirements that in many cases are specified for high performance applications in chemical process equipment,
such as process components in the pulp and paper industry.

[0045] Annealing was carried out at 1050°C in order to further improve the mechanical characteristics. By annealing,
the microstructure of the cast material is altered to improve mechanical properties such as strength, toughness and
hardness.

[0046] The results in Tab. 2 showing the analysis of the annealed material, demonstrates that that the annealed cast
steel provides mechanical properties which are further improved. However, for certain applications annealing may not
be necessary to provide sufficient mechanical properties.

Example 3

[0047] In this example, the corrosion resistance was investigated theoretically and experimentally. In addition, the
combined effect of abrasion and corrosion of a steel according to the invention was investigated.
[0048] The pitting resistance equivalent, PRE value, can be calculated from the formula:

PRE = %Cr + 3.3 x %Mo + 16 x %N.

[0049] The PRE value of the novel duplex cast steel composition was calculated to be 24 for the cast steel according
to the composition in Example 1. Hence, the novel duplex cast steel provides theoretically a corrosion resistance which
is sufficient for use in chemical process equipment. It may be noted that it is very difficult to evaluate the performance
of a material by this simple calculation, since the material in use generally is exposed to complex environments.
[0050] Experiments were carried out in order to evaluate the combined effect of abrasion and corrosion of the steel
of the present invention. It should be noted that this experiment do not mimic the conditions in a real application where
the steel is used, but is rather a testing method using accelerated conditions. The results from these tests are hence
not indicative values of the wear in a real environment. However, the results can be used in order to compare the
combined abrasion and corrosion properties of different materials.

[0051] Inthe tests an annealed steel according to the present invention, denoted as 2397N in Fig. 3-5 was compared
with two different reference steels which are currently used, for example in pump parts. The annealing of 2397N was
performed at 1050°C. As reference steels, a standard duplex steel, SS 2324, and a standard austenitic steel, SS 2343
were used.

[0052] Two steel specimens of each alloy were mounted onto a rotor which was placed on top of a reaction container.
The samples were then exposed to water, white liquor or sulphuric acid, combined with 10% glass solids at 50 °C. The
samples were weighed before and after exposure, and the mass change was calculated as gram/year. The experiment
was carried out first in a low corrosive environment, water, thereafter, the experiment was repeated in an acidic and an
alkaline environment.

[0053] Referring now to Fig. 3, showing the results from the abrasion/corrosion test in water (pH7). It was shown that
the tested steels provide comparable abrasion and corrosion behaviour in this environment.

[0054] Referring now to Fig. 4, showing the results from the abrasion/corrosion test in white liquor (pH 13). It was
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clearly shown that the exposed novel steel in this environment provides improved corrosion and abrasion resistance
both compared to the standard duplex steel and to the austenitic steel.

[0055] Referring now to Fig. 5, showing the results from the abrasion/corrosion test in sulphuric acid (pH 2). As can
be concluded from the results, the novel steel has comparable corrosion and abrasion resistance compared to the
standard duplex steel and improved performance compared to the austenitic steel in this environment.

[0056] These test results show that the inventive steel fulfils the requirements on corrosion and abrasion resistance,
since the test results were comparable with currently used steels. Actually, it was found that the steel according to the
invention has improved corrosion and abrasion resistance compared to the reference steels in the alkaline test environ-
ment.

[0057] To summarize, the present invention relates to a duplex cast steel having a microstructure comprising 30-50
vol% austenite and 50-70 vol% ferrite, wherein the steel has a composition comprising 0.50-3.40 wt% Ni, 18-27 wt% Cr
and up to 0.14 wt% N. By the invention, a duplex steel which is possible to cast and which has low amount of Nickel
compared to currently used standard steels is provided. The inventive steel can be used for chemical process equipment,
such as process components in the pulp and paper industry, such as pump and agitator components.

Claims

1. A duplex cast steel having a microstructure comprising 30-50 vol% austenite and 50-70 vol% ferrite, wherein said
steel has a composition comprising 0.50-3.40 wt% Ni, 18-27 wt% Cr and up to 0.14 wt% N.

2. A duplex cast steel according to claim 1, wherein said cast steel comprises 35-45 vol% austenite and 55-65 vol%
ferrite.

3. A duplex cast steel according to any of the preceding claims, wherein said composition comprises 1.80-3.35 wt%
Ni, such as in the range of 2.50-3.35 wt% Ni.

4. A duplex cast steel according to any of the preceding claims, wherein said composition comprises in the range of
18-25 wt% Cr, such as in the range of 20-23 wt% Cr.

5. A duplex cast steel according to any of the preceding claims, wherein said composition comprises up to 0.12 wt%
N, such as in the range of 0.08-0.12.

6. A duplex cast steel according to any of the preceding claims, wherein said composition further comprises 3-8 wt%
Mn, such as 3-5 wt% Mn.

7. A duplex cast steel according to any of the preceding claims, wherein said composition further comprises up to 1
wt% Mo, such as in the range of 0.3-0.6 wt% Mo.

8. A duplex cast steel according to any of the preceding claims, wherein said composition further comprises up to 2
wt% Si, such as 1-2 wt% Si.

9. Aduplex cast steel according to any of the preceding claims, wherein said composition further comprises up to 0.05
wt% C.

10. Use of a duplex cast steel composition according to any of the preceding claims in a cast article.

11. Use of a duplex cast steel composition according to claim 10, wherein said cast article is a process component or
a machine part for use in a chemical process, such as for pulp and paper processing.

12. A cast article comprising a steel composition according to any of the claims 1 to 9.

13. A cast article according to claim 12, wherein said article is a process component or a machine part for use in a
chemical process, such as for pulp and paper processing.

14. A cast article according to claim 12 or 13, wherein said article is a pump or agitator component.

15. Method for providing a cast article comprising providing a melt comprising 0.50-3.40 wt% Ni, 18-27 wt% Cr and up
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to 0.14 wt% N in a mould;
and allowing said melt to solidify into a cast steel article comprising 30-50 vol% austenite and 50-70 vol% ferrite.
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