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Description
TECHNICAL FIELD
[0001] The present invention relates to a two-phase alloy containing a Cr (chromium).
BACKGROUND ART

[0002] Materials for apparatus for oil wells or natural gas wells are often exposed to an extremely severe acidified
corrosion atmosphere containing a chloride ion, or containing a corrosive gas of carbon dioxide (CO,) or hydrogen sulfide
(H,S). Materials exposed to such a severe corrosion atmosphere are also found in those of apparatus constituting, for
example, a waste product plant, a chemical plant, an atomic power plant, and a nuclear fuel reprocessing facility.
Properties required for these materials for apparatus generally include good corrosion resistance and strength. In addition,
in slide member materials for a product, abrasion resistance is additionally required.

[0003] As materials for apparatus having such properties, for example, low-alloy steels, stainless steels, and Ni based
alloys have been used in accordance with severity of a corrosion atmosphere. In choosing materials, when better strength
properties (maintaining high proof stress and toughness) and cost advantage are required in addition to a higher corrosion
resistance, stainless steels are more advantageous. Ni based alloys are inferior in cost advantage because it is mainly
composed of costly Ni. When abrasion resistance is required, alloys, in which a hard phase is precipitated in its corrosion
resistance matrix phase, such as Stellite(R) of Co based alloys are widely used as, for example, cladding materials.
[0004] In the stainless steels, a two-phase stainless steel is advantageous in balance between corrosion resistance
and strength properties. The two-phase stainless steel generally contains Cr, Ni, Mo, and N to maintain corrosion
resistance. In addition, two-phase stainless steels containing Cu to improve the corrosion resistance are disclosed (see,
e.g., PTL 1 and PTL 2). However, from the viewpoints of further extending lifetime and maintaining reliability of structural
materials in application under a more severe corrosion atmosphere, further enhancement and improvement of the
corrosion resistance and strength of the two-phase stainless steel are required. Further, sufficient abrasion resistance
of the two-phase stainless steel cannot be expected as a slide member used under a corrosion atmosphere.

[0005] On the other hand, Cr based alloys which contains more than 60% by mass of Cr and includes a ferrite single
phase having a crystalline structure of the body-centered cubic structure to improve corrosion resistance and heat
resistance are disclosed (see PTL 3, PTL 4, and PTL 5). In these Cr based alloys, corrosion resistance and abrasion
resistance can be expected. However, with respect to strength, they lack ductility and are very brittle.

CITATION LIST
PATENT LITERATURE
[0006]

PTL 1: JP Hei 4 (1992)-72013 A;

PTL 2: WO 2013/058274 Af1;

PTL 3: JP Hei 4 (1992)-301048 A;
PTL 4: JP Hei 4 (1992)-301049 A; and
PTL 5: JP Hei 8 (1996)-291355 A.

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0007] Inaconventional Fe based two-phase stainless steel (see, e.g., PTL 1 and PTL 2) and Cr based alloys including
aferrite single phase (see, e.g., PTL 3 to PTL 5), improvements in corrosion resistance, strength, and abrasion resistance
of the materials to deal with influence of a severe corrosion atmosphere are required, and are problematic. In addition,
an alloy having these properties and containing as a main component Cr which is inexpensive in price compared to Ni
based alloys is not found.

[0008] Accordingly, an object of the present invention is to provide a two-phase alloy including a ferrite phase and an
austenite phase, which is superior in strength properties such as corrosion resistance, proof stress, and toughness, and
in abrasion resistance to conventional materials of a two-phase stainless steel and a Cr based single phase alloy even
under a severe corrosion atmosphere, and which contains inexpensive Cr as a main component, by adding an element
such as Cu which is effective for further improving the high corrosion resistance achieved by enrichment of the Cr.
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SOLUTION TO PROBLEMS

[0009] The presentinventors produced a Crbased two-phase alloy which has a main composition of Cr-Ni-Fe containing
33% by mass or more of Cr, and which contains Cu and others using different production processes. That is, an alloy
having a two-phase structure including ferrite and austenite which contains Cu is produced by using an ingot produced
in a melting-casting step as a master ingot followed by steps of 1) a step of heat treatment including a hot forging-solution
treatment of the master ingot, 2) a step of re-melting-casting the master ingot, and 3) a step of re-melting-gas atomization
of the master ingot. Then, the present inventors evaluated corrosion resistance, mechanical properties, and abrasion
resistance of the alloy to accomplish the present invention.

[0010] The present invention is a Cr based two-phase alloy including two phases of a ferrite phase and an austenite
phase in a mixed state, in which a chemical composition of the Cr based two-phase alloy consists of a major component,
an accessory component, impurities, a first optional accessory component, and a second optional accessory component;
the major component consists of 33% by mass or more and 65% by mass or less of Cr (chromium), 18% by mass or
more and 40% by mass or less of Ni (nickel), and 10% by mass or more and 33% by mass or less of Fe (iron); the
accessory component consists of 0.1% by mass or more and 2% by mass or less of Mn (manganese), 0.1% by mass
or more and 1.0% by mass or less of Si (silicon), 0.005% by mass or more and 0.05% by mass or less of Al (aluminum),
and 0.1% by mass or more and 5.0% by mass or less of Cu (copper); and the impurities contain more than 0% by mass
and 0.04% by mass or less of P (phosphorus), more than 0% by mass and 0.01% by mass or less of S (sulfur), more
than 0% by mass and 0.03% by mass or less of C (carbon), more than 0% by mass and 0.02% by mass or less of N
(nitrogen), and more than 0% by mass and 0.03% by mass or less of O (oxygen).

ADVANTAGEOUS EFFECTS OF THE INVENTION

[0011] According to the present invention, a two-phase alloy which contains inexpensive Cr as a main component,
and which is superior in strength properties such as corrosion resistance and toughness, and in abrasion resistance to
conventional ones under a high corrosion circumstance can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

Fig. 1 is an operation flowchart for illustrating hot working in a method for producing a two-phase alloy according to
an embodiment of the present invention;

Fig. 2 is an operation flowchart for illustrating casting in a method for producing a two-phase alloy according to an
embodiment of the present invention;

Fig. 3 is an operation flowchart for illustrating powderization in a method for producing a two-phase alloy according
to an embodiment of the present invention;

Fig. 4 is an optical microscope photograph of a two-phase alloy produced by hot working;

Fig. 5 is an optical microscope photograph of a two-phase alloy produced by casting; and

Fig. 6 is an optical microscope photograph of a powder cladding welded two-phase alloy.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0013] A two-phase alloy of an embodiment of the present invention is described in detail below.

<Two-phase alloy>

[0014] A two-phase alloy of an embodiment of the present invention is a two-phase alloy which has a composition of
Cr-Ni-Fe containing Cr as a main component, and which contains Cu and other elements to further improve corrosion
resistance. This two-phase alloy is formed of two phases including a ferrite phase and an austenite phase as a main
phase structure, and contains Ni, Fe, Mn, Si, Al, Cu, Mo, and others in predetermined amounts, and the remnants
consisting of Cr and unavoidable impurities. In addition, in order to control C, N, and O which have an influence on
strength and corrosion resistance, at least one of V, Nb, Ta, and Ti is added. Each of the constituents of the two-phase
alloy is described below.

<Material structure>

[0015] A material structure in s two-phase alloy of the present embodiments is a two-phase structure including a ferrite
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phase and an austenite phase. The two-phase structure is formed by different production methods described below,
that is, via the steps of thermal processing, casting, or gas atomizing a master ingot. Then, a material structure of hot
working materials differs from a material structure of cast materials or cladding materials using a gas atomized powder.
The former basically facilitates sufficient elimination of segregation of components, and micronization of the structure.
However, the latter basically has a solidified structure which allows segregation of components.

[0016] Generally, Cr based alloys including a ferrite single phase having a crystalline structure of the body-centered
cubic structure has higher mechanical strength and superior in abrasion resistance, but is inferior in toughness. In
particular, it is characterized in that when contents of C, N, and O increase, plastic deformation properties decrease
sensitively. Ni based alloys including an austenite single phase having a face-centered cubic structure is ductile and
superior in toughness, but is costly.

[0017] On the other hand, a two-phase alloy of the present embodiments contains Cr as a main component, and
consists of a ferrite phase and an austenite phase. The two-phase alloy has a high corrosion resistance due to high Cr
concentration and addition of Cu, and is superior in strength including toughness and in abrasion resistance, and also
is economical.

[0018] An occupation ratio of the ferrite phase in a two-phase alloy of the present embodiments (hereinafter simply
referred to as a "ferrite ratio") can be set to in a range of 10% or more and 95% or less, and the occupation ratio of the
austenite phase can be set to in a range of 5% or more and 90% or less in accordance with the ferrite ratio. The reason
why the ferrite ratio is set to 95% or less so that the austenite phase is contained is to maintain toughness. A structure
having a higher ferrite ratio contains a higher concentration of Cr in the composition, and is observed in a quench-
solidified structure, for example, in cladding welding.

[0019] In order to realize this set range of phase fraction, a range of chemical compositions of a two-phase alloy of
the present embodiments is defined. The range of the chemical compositions is especially controlled between contents
of Cr and Ni, which are the main components. Then, in the above-described two-phase alloy produced in the thermal
processing step, when a solution treatment temperature is 1100°C or more and ferrite ratio is more than 95%, heat
treatment for phase ratio control can be performed atin a range of 800 to 1000°C to maintain a ferrite ratio of 95% or less.
[0020] On the other hand, since structure of the above-described two-phase alloy produced in casting or gas atomizing
step becomes a solidified structure affected by structures formed at a higher temperature of 1100°C or more, the ferrite
ratio further increases in a high Cr content two-phase alloy. Accordingly, in order to maintain the above-described
predetermined ferrite ratio of 95% or less, decreasing the Cr content ratio to increase the Ni content is generally required
as shown in the following <chemical composition>. However, in a cast material in which heat treatment can be performed,
by controlling the ratio between a ferrite and an austenite phases (phase ratio control) in a range of 800 to 1000°C, the
ferrite ratio of 95% or less can certainly be maintained.

[0021] The "ferrite ratio" in the present embodiments refers to an occupation ratio of ferrite [%] obtained by EBSP
(Electron BackScattering Pattern) analysis.

[0022] In terms of ensuring both corrosion resistance and strength properties including favorable toughness, a ferrite
ratio in a two-phase alloy of the present embodiments is more preferably 20% or more and 70% or less.

[0023] In addition, the two-phase alloy in the present embodiments, for example in a two-phase stainless steel, is
preferably a two-phase alloy containing no hard different phase such as a sigma (o) phase which is precipitated by
phase-transition from a ferrite phase. However, the hard phase is tolerated when it is contained to such an extent that
diverse properties such as mechanical properties are not considerably impaired.

<Chemical composition>

[0024] Next, reasons for restricting a numerical range of a chemical composition in a two-phase alloy of the present
embodiments are described. A content of each of the components is shown in % by mass.

[0025] Cris a component of remnants, and its concentration is the highest in those of constituent components of the
two-phase alloy. In a Cr-Ni-Fe based two-phase alloy of the present embodiments, Cr is a Cr based ferrite phase-forming
element with a high mechanical strength as a material, and it improves corrosion resistance as a solid solution element.
[0026] The Cr content is set so that a two-phase structure including a ferrite phase and an austenite phase may be
formed as a thermal equilibrium state structure of the major ternary system at a solution treatment temperature of 1050
to 1250°C as described below.

[0027] The content of Cris preferably 33% or more in consideration of an amounts of the major components including
Ni and Fe, an amounts of minor components such as active elements including Mn, Si, Al, Cu, Mo, P, S, C, N, O, and
V, and amounts of unavoidable impurities. When the amount of Cr is set to 33% or more, a high concentration of Cr is
achieved to result in further improvement in corrosion resistance of the two-phase alloy.

[0028] In a two-phase alloy produced in a hot working step, the content of Cr is preferably 65% or less. When the
content of Cr is set to 65% or less, superior toughness can be imparted to the two-phase alloy while high proof stress
and high hardness are maintained. On the other hand, since a two-phase alloy produced in a casting or gas atomization
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step, specifically in a composition with a high Cr concentration, forms a structure with a high ferrite ratio, the content of
Cr is reduced to maintain a ferrite ratio of 95% or less, and is preferably 60% or less.

[0029] Inthe presentexamples, a chemical composition of the Crbased two-phase alloy consists of a major component,
an accessory component, impurities, a first optional accessory component, and a second optional accessory component.
The major component is composed of Cr, Ni, and Fe; the accessory component is composed of Mn, Si, Al, and Cu; the
impurities is composed of P, S, C, N, and O; the first optional accessory component is composed of Mo (molybdenum);
and the second optional accessory component is composed of V (vanadium), Nb (niobium), Ta (tantalum), and Ti
(titanium).

[0030] Ni stabilizes an austenite phase and maintains a two-phase state with a ferrite phase in a solution treatment.
In addition, Ni ensures and imparts corrosion resistance, and also ductility and toughness to the two-phase alloy.
[0031] In a two-phase alloy produced in a hot working, the content of Ni is set to 18% or more. This results in the
occupation ratio of the austenite phase of 10% or more at solution treatment temperature described below, and contributes
to further improving toughness of the structure. On the other hand, in a two-phase alloy produced in a casting or gas
atomization, a structure with a high ferrite ratio is formed as described above, the content of Ni is increased to maintain
a ferrite ratio of 95% or less, and is preferably 23% or more. In addition, the content of Ni is set to 40% or less. This
results in a ferrite ratio of 10% or more at solution treatment temperature described below.

[0032] The content of Fe is set to 10% or more. This reduces the contents of Ni and Cr, which are more expensive
than Fe, and suppresses production of an intermetallic compound which may exert a harmful effect on strength properties
in a melt extraction process of a two-phase alloy.

[0033] The content of Fe is set to 33% or less. In general, in a ternary alloy of Cr-Ni-Fe, when the concentration of Fe
is increased, a ¢ phase is produced at temperature range around 800°C as the center. However, in a two-phase alloy
of the present embodiments, since the content of Fe is set to 33% or less, production of the ¢ phase is suppressed.
[0034] The total content ratio of Ni component and Fe component is preferably 37% by mass or more and 65% by
mass or less. When the total content ratio becomes less than 37% by mass, ductility/toughness of the two-phase alloy
becomes insufficient. On the other hand, when the total content ratio becomes more than 65% by mass, mechanical
strength is significantly reduced.

[0035] The content of Mn is set to 0.1% or more. This allows desulfurization and deoxidation of the two-phase alloy
to improve strength and toughness of the two-phase alloy. Preferred lower limit is 0.3%.

[0036] The contentof Mnis setto 2.0% orless. This prevents deterioration of corrosion resistance and strength caused
by formation of bulky MnS, and maintains preferred resistance properties of the two-phase alloy against corrosion by
carbon dioxide gas.

[0037] The content of Siis set to 0.1% or more. This allows deoxidation of the two-phase alloy, and improves strength
and toughness of the two-phase alloy. Preferred lower limit is 0.3%.

[0038] The content of Si is set to 1.0% or less. This brings about sufficient effects of a hot forging step described
below, and maintains a preferred toughness of the two-phase alloy.

[0039] The content of Al is set to 0.005% or more. This improves a deoxidation effect in conjunction with Mn and Si.
More preferred lower limit is 0.008%.

[0040] In addition, the content of Al is set to 0.05% or less. Reduction of the amount of oxygen in a Cr based two-
phase alloy of the present invention is indispensable for maintaining hot forging properties and toughness of an alloy of
the present invention. The content of oxygen is reduced as low as possible during production. On the other hand, Al,O5
and AIN, which are produced when a lot of Al is contained, impair toughness of the alloy, and thus the production should
be suppressed as low as possible. The content of Al is preferably 0.05% or less.

[0041] Cu is an element which increases corrosion resistance of a Cr based two-phase alloy of the present invention
similarly to Mo, and can be included together as required to enhance the effect cooperatively. When it is included, in
order to improve corrosion resistance, the content is set to 0.1% or more. When Cu is included, an austenite phase is
stabilized. However, when the amount included is excessive, Cu precipitates are produced during hot working specifically
in aferrite phase, leading to decreased processability. Accordingly, itis desirably 5.0% or less, and preferably 3.0% orless.
[0042] Mo is an element which increases corrosion resistance of the Cr based two-phase alloy, is effective specifically
in stabilization of passivation film, and raises an increased expectation of pitting resistance properties. Thus, Mo can be
included together as required to enhance the effect cooperatively. When it is included, in order to improve corrosion
resistance, the content is set to 0.1% or more. On the other hand, when Mo is included, a ferrite phase is stabilized.
However, when the contentis too high in concentration, formation of ¢ phase and formation of an intermetallic compound
in thermal processing may occur, leading to further decreased processability and corrosion resistance. Accordingly, it
is desirably 3% or less, and preferably 2% or less.

[0043] The content of P is set to 0.04% or less. P is an element which deteriorates corrosion resistance, weldability,
and processability, and thus it should be limited as low as possible in production. When the content of P is set to 0.04%
or less, segregation of P at the crystal grain boundary is prevented, and preferred toughness of the two-phase alloy and
corrosion resistance at the grain boundary are maintained. Furthermore, when cleaner refine and production processes
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are used, the content of P can be further reduced. Accordingly, the lower limit of P is the detection limit of an analysis
or less, and it must not be included in the two-phase alloy, that is, may be 0%.

[0044] The contentof S is setto 0.01% or less. S is an element which produces a sulfide such as MnS to deteriorate
corrosion resistance and processability, and thus it should be limited as low as possible in production. When the content
of Sis setto 0.01% or less, the amount of a sulfide is reduced, and preferred pitting resistance properties and toughness
are maintained.

[0045] Furthermore, when cleaner refine and production processes are used, the content of S can be further reduced.
Accordingly, the lower limit of S is the detection limit of an analysis or less, and it must not be included in the two-phase
alloy, that is, may be 0%.

[0046] C provides, when its concentration is increased, solid solution hardening of C at a low concentration, and
significantly prevents plastic deformation specifically in a ferrite phase. At a high concentration, specifically, it causes
formation of a Cr carbide and reduces local Cr concentration around it, leading to decrease in corrosion resistance.
Large amount of the carbide causes decrease in toughness. In addition, when active elements of V, Nb, Ta, and Ti are
added, in order to reduce formation of their carbides, the content of C is desirably reduced, and is preferably 0.03% or less.
[0047] Furthermore, when cleaner refine and production processes are used, the content of C can be further reduced.
Accordingly, the lower limit of C is the detection limit of an analysis or less, and it must not be included in the two-phase
alloy, that is, may be 0%.

[0048] N improves, when its concentration is increased, solid solution hardening and corrosion resistance of N. How-
ever, at a higher concentration, there is a concern that toughness may be decreased by formation of a nitride such as
Cr. In a two-phase alloy of the present invention produced in a hot working production process described below, in order
to maintaining processability, the content of N is desirably 0.02% or less. Furthermore, when cleaner refine and production
processes are used, the content of N can be further reduced. Accordingly, the lower limit of N is the detection limit of
an analysis or less, and it must not be contained in the two-phase alloy, that is, may be 0%.

[0049] On the other hand, in a cast material or power of a two-phase alloy of the present invention produced in a
casting step or a gas atomization step described below, even if the above-described atmosphere for production is an
inert gas atmosphere, unavoidable intrusion of N should be taken into consideration, and thus the content becomes
higher. The upper limit of N is set to 0.04%, and the lower limit is set to 0.005%.

[0050] O readily forms anoxide with metallicelements in the two-phase alloy, and thus there is a concern that toughness
may be decreased by increase in the content of O accompanied by increase in the oxide. In a two-phase alloy of the
present invention produced in a hot working production step described below, in order to maintain processability, the
content of O is desirably 0.03% or less. Furthermore, when cleaner refine and production processes are used, the content
of O can be further reduced. Accordingly, the lower limit of O is the detection limit of an analysis or less, and it must not
be contained in the two-phase alloy, that is, may be 0%.

[0051] On the other hand, in a cast material or power of a two-phase alloy of the present invention produced in a
casting step or a gas atomization step described below, even if the above-described atmosphere for production is an
inert gas atmosphere, unavoidable intrusion of O should be adequately taken into consideration, and thus the content
becomes higher. The upper limit is set to 0.05%, and the lower limit is set to 0.005%.

[0052] V binds to gaseous impurities of C, N, and O to form respective compounds, and then gaseous impurities are
gathered and immobilized. This effect of cleaning substrate materials is effective for improving toughness. However,
whenV is added excessively, V readily reacts with other component elements to form respective intermetallic compounds,
leading to concern about decrease in toughness. A preferred amount of V added in production in which an amount of
V in excess of that used for immobilization is reduced as low as possible is, in atomic % (at%), preferably in a range
between 0.8 times or more and 2 times or less of the total at% of C, N, and O. When at least one of Nb, Ta, and Ti is
added together with V, the total amount including V is also preferably in a range between 0.8 times or more and 2 times
or less.

[0053] Nb binds to gaseous impurities of C, N, and O to form respective compounds, and then gaseous impurities are
gathered and immobilized. This effect of cleaning substrate materials is effective for improving toughness. However,
when Nb is added excessively, Nb readily reacts with other component elements to form respective intermetallic com-
pounds, leading to concern about decrease in toughness. A preferred amount of Nb added in production in which an
amount of Nb in excess of that used for immobilization is reduced as low as possible is, in atomic % (at%), preferably
in a range between 0.8 times or more and 2 times or less of the total at% of C, N, and O. When at least one of V, Ta,
and Ti is added together with Nb, the total amount including Nb is also preferably in a range between 0.8 times or more
and 2 times or less.

[0054] Ta binds to gaseous impurities of C, N, and O to form respective compounds, and then gaseous impurities are
gathered and stabilized. This effect of cleaning substrate materials is effective for improving toughness. However, when
Ta is added excessively, Ta readily reacts with other component elements to form respective intermetallic compounds,
leading to concern about decrease in toughness. A preferred amount of Ta added in production in which an amount of
Ta in excess of that used for immobilization is reduced as low as possible is, in atomic % (at%), preferably in a range
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between 0.8 times or more and 2 times or less of the total at% of C, N, and O. When at least one of V, Nb, and Ti is
added together with Ta, the total amount including Ta is also preferably in a range between 0.8 times or more and 2
times or less.

[0055] Tibinds to gaseous impurities of C, N, and O to form respective compounds, and then gaseous impurities are
gathered and stabilized. This effect of cleaning substrate materials is effective for improving toughness. However, when
Ti is added excessively, Ti readily reacts with other component elements to form respective intermetallic compounds,
leading to concern about decrease in toughness. A preferred amount of Ti added in production in which an amount of
Ti in excess of that used for immobilization is reduced as low as possible is, in atomic % (at%), preferably in a range
between 0.8 times or more and 2 times or less of the total at% of C, N, and O. When at least one of V, Nb, and Ta is
added together with Ti, the total amount including Ti is also preferably in a range between 0.8 times or more and 2 times
or less.

<Method for producing a two-phase alloy>

[0056] Next, a method for producing a two-phase alloy of the present embodiments is described. A two-phase alloy
of the present invention is provided, as the final product form, as hot working materials produced in a series of production
steps of, for example, melting-ingot forming-hot forging-solution treatment steps, a cast material from re-melting of the
master ingot, and a powder from an atomizing process.

<Hot working>

[0057] Fig. 1is an operation flowchart for illustrating a method for producing a two-phase alloy according to the present
embodiments.

[0058] As shown in Fig. 1, in the production method, the above-described Cr, Ni, Fe, Mn, Si, Al, Cu, and Mo as the
materials, and as required, at least one or more of V, Nb, Ta, and Ti in predetermined amounts are melted in a high
frequency vacuum melting furnace to form an alloy (step F1). The melting furnace used in this step is not limited to the
high frequency vacuum melting furnace, but other melting furnaces can be used in the present invention.

[0059] Next, an ingot is formed by casting using a predetermined die (step F2). The resulting ingot can be also used
as a cast material of the two-phase alloy and a master ingot for powder production as described below. Then, the ingot
is subjected to hot forging treatment (step F3) . In this step, hot forging can be performed on the ingot using a press
forging machine or a hammer forging machine to provide a required product shape. The temperature for hot forging is
set to about 1050 to 1250°C. The hot forging can prevent component segregation and facilitate structure micronization
in the ingot. Furthermore, as the following thermal processing, for example, hotrolling can be performed at a temperature
in a range of 1050°C or more if a plate-shaped two-phase alloy is desired, and hot extrusion can be performed at the
above-described temperature range if a tube-shaped two-phase alloy is desired.

[0060] Next, the above-described hot forged material is subjected to a solution heat treatment step (step F4). By this
solution heat treatment, structure of the two-phase alloy is basically defined. The temperature of the solution heat
treatment is, in order to sufficiently produce solid solution of constituent atoms and eliminate lattice defects such as
dislocation which remains after hot working, desirably in a range of 1050 to 1250°C, and preferably 1100 to 1200°C. By
setting this solution treatment temperature range, the ferrite ratio of the two-phase alloy of 10 to 95% can be adequately
achieved.

[0061] In addition, as an additional heat treatment to improve strength after the solution heat treatment, a so-called
an aging heat treatment is performed (step F5) to facilitate phase-transition from a ferrite phase to an austenite phase,
and from an austenite phase to a ferrite phase in high Ni conditions. By this treatment, the phase ratio can be controlled
to be a desired value in a range of 10 to 95%. Conditions of the aging heat treatment desirably include, in accordance
with an extent of the phase ratio control, a solution treatment temperature of 1050 to 1250°C, an aging treatment
temperature of 800 to 1000°C, and an aging time of 0.5 to 6 hours In a two-phase alloy with higher Cr concentration,
although it is expected that at a solution treatment temperature of 1150°C or more the ferrite ratio may be more than
90%, a phase ratio can be controlled within the above-defined phase ratio by an aging heat treatment.

[0062] Accordingly, in a solution treated alloy, when the two-phase alloy has a ferrite ratio of about 30% or more, the
ferrite phase can be decreased and an austenite phase can be increased in amounts to improve elongation and toughness
of the two-phase alloy. In an alloy having a ferrite ratio of about 30% or less in which an austenite phase is fairly dominant,
when an austenite phase is decreased and a ferrite phase is increased by aging, proof stress and tensile strength can
be improved.

[0063] On the other hand, an active element-added two-phase alloy is subjected to a solution heat treatment, and
then subjected to an aging heat treatment step similar to that described above is performed (step F5) to complete a
series of the method for producing the two-phase alloy. The aging heat treatment can cause an appropriate aging reaction
between the active elementand C, N, and O, that is, it can produce precipitates of these compounds. At the same time,
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the above-described phase ratio control can be achieved. Conditions of the aging heat treatment desirably include a
solution treatment temperature of 1050 to 1250°C, an aging treatment temperature of 800 to 1000°C, and an aging time
of 0.5 to 6 hours.

[0064] The final heat treatment step in such a method for producing the two-phase alloy may, in accordance with
desired corrosion resistance and strength properties, be a solution heat treatment step, or the method may be carried
out including an aging heat treatment step subsequent to the solution heat treatment.

[0065] In addition, in accordance with such a method for producing the two-phase alloy, a hot forging step of an ingot
and a subsequent heat treatment step are performed, which leads to elimination of casting defects and destruction of
a bulky two-phase cast solidified structure containing segregates of alloy elements and having a high ferrite phase
occupation ratio. Accordingly, a two-phase alloy of the present embodiments having a two-phase structure which is
homogeneous in chemical composition and structure, and thermodynamically more stable can be obtained.

[0066] In the two-phase alloy containing at least one or more of the above-mentioned V, Nb, Ta, and Ti, when the
above-described heat treatment step is carried out, more efficient stabilization of the above-described C, N, and O can
be achieved.

[0067] A two-phase alloy according to the present embodiments, which is obtained by hot forging and heat treating
an ingot consisting of the above-specified chemical composition under the above-specified conditions, includes two
phases of a ferrite phase containing Cr as a main component and an austenite phase. Such a two-phase alloy of the
present embodiments contains inexpensive Cr as a main component, and is superior in strength properties such as
corrosion resistance and toughness to conventional ones even under a high corrosion circumstance such as in an oil well.

<Casting>

[0068] Fig. 2is an operation flowchart for illustrating a method for producing a two-phase alloy cast material according
to the present embodiments.

[0069] A master ingot casted in step F2 of the steps in Fig. 1 is used as a raw material. The master ingot is re-melted
in a melting furnace such as a high frequency or induction furnace (step C1), and then casted in a mold (step C2) to
produce a cast material. An atmosphere for melting and casting may be the air, an inert gas, or a vacuum depending
on purposes. In order to prevent pollution such as oxidation as low as possible, a clean casting in an inert gas or vacuum
is preferred.

[0070] The cast material has a solidified structure. An additional heat treatment can be further performed after the
castingto improve segregation of component elements. Accordingly, desired corrosion resistance and strength properties
can be achieved. Specifically, the cast material can be subjected to a solution treatment for, for example, homogenization
of constituent components, and subsequently subjected to a heat treatment including aging (step C3) . The temperature
of the solution heat treatment is desirably about 1050 to 1250°C, and preferably 1100 to 1200°C. When phase ratio
control is carried out and an active element-added two-phase alloy is subjected to an aging heat treatment to facilitate
an appropriate aging reaction between the active element and C, N, and O, solution treatment temperature of 1050 to
1250°C, an aging treatment temperature of 800 to 1000°C, and an aging time of 0.5 to 6 hours are preferred.

[0071] Fig. 5 is an optical microscope photograph of a two-phase alloy produced by casting.

<Powderization>

[0072] Fig. 3 is an operation flowchart for illustrating a method for producing a two-phase alloy powder according to
the present embodiments.

[0073] A master ingot casted in step F2 of the steps in Fig. 1 is used as a raw material. The master ingot is re-melted
in a melting furnace such as a high frequency or induction furnace (step A1), and then subjected to a gas atomization
method using an inert gas of Ar or He to obtain a two-phase alloy powder containing lower amount of oxygen (step A2).
Then, the powders were classified into a range of about 50 to 200 (step A3), and used as a two-phase alloy powder of
the present invention. The range of size of the two-phase alloy powder can be changed in accordance with purposes
by controlling the classification. A structure of the two-phase alloy powder is a solidified structure by quenching from
about liquid phase temperature. Accordingly, in particular in a part of the alloy powder having a high Cr (55% or more)
and low Ni (25% or less) composition, a ferrite phase is likely to be enriched, and thus the above-defined range of the
ferrite ratio of 95% or less can not necessarily be satisfied. However, when these alloy powders are thermally processed
subsequently in accordance with purposes to provide a two-phase alloy product having a structure satisfying the above-
defined range, the alloy powder having a ferrite ratio of 95% or more is acceptable. The alloy powder can be provided
as a two-phase alloy powder for purposes including, for example, cladding, 3D printing, or sintering.

[0074] Fig. 6 is an optical microscope photograph of a powder cladding welded two-phase alloy.

[0075] Such atwo-phase alloy can preferably be used as a component material of apparatuses such as compressors
and pumps used under a high corrosion circumstance in an oil well, for example, as a slide part. Furthermore, the two-
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phase alloy can be used not only as such materials for apparatus, but also as structural materials used in a sea water
environment such as umbilical, a sea water purification plant, and a LNG vaporizer, and structural materials of, for
example, various chemical plants.

EXAMPLES

[0076] Next, examples of studying effects of a two-phase alloy of the present invention are described.

<Hot working alloy>

(Examples 1 to 22)

[0077] Inthe Examples, hot working two-phase alloys containing no active element such as V in the present invention
were studied. Chemical compositions of alloys of alloy numbers A1 to A16 used in Examples 1 to 22 are shown in Table
1. Production of these alloys are described in detail below. Master ingots of these alloys are produced by melting them

using a high frequency vacuum melting furnace (Ar atmosphere under reduced pressure; melting temperature: 1500°C
or more).
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[0078] The resulting ingots were subjected to hot forging. The hot forging was carried out at a temperature in a range
of 1250 to 1050°C at which reduction in area in a tensile test becomes 60% or more. No forging crack was formed.
These forging conditions also applied to all alloys of Examples and Comparative Examples concerning the following hot
forging. Next, a solution treatment was carried out, in most two-phase alloys, under the following conditions: holding at
1100°C for 60 minutes, followed by water cooling. However, in alloys of A6 (Examples 7 to 9), A11 (Examples 15 to 17),
and A15 (Examples 21), the solution treatment was carried out at 1100, 1200, or 1250°C, and subsequently additional
aging heat treatments were carried out for phase ratio control under the following conditions: holding at 900 to 1000°C
for 60 minutes, followed by water cooling. The alloys of alloy numbers A1 to A16 having chemical compositions shown
in Table 1 were produced by the steps described above.
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[0079] The alloys of alloy numbers A1 to A16 were Cr based alloys containing Cr as a main component and Cu in an
amount of 0.11 to 4.65% by mass, and were two-phase alloys consisting of a ferrite phase and an austenite phase. The
alloys of alloy numbers A14 to A16 further contained Mo. Ferrite ratios of the alloys of Examples 1 to 22 (alloy numbers
A1 to A16) are shown in Table 2. The ferrite ratios in the present embodiments are shown in ferrite ratios [%] obtained
by EBSP analysis. The ferrite ratios had a tendency to increase with increase in Cr concentration. In the above-described
Examples 7 t0 9, 15 to 17, and 21 subjected to the aging treatment, ferrite ratios were decreased by aging, which leads
to structures in which secondary austenite phases were minutely precipitated in ferrite phases by phase-transition.
[0080] Fig. 4 is an optical microscope photograph of the two-phase alloy of alloy number A10 produced in Examples
13. This optical microscope photograph was taken after the surface of the two-phase alloy of Examples 13 was subjected
to mirror polishing and electric field etching in an aqueous oxalic acid solution.

[0081] As shown in Fig. 4, the structure of the alloy of Examples 13 which was subjected to a solution treatment at
1100°C after hot forging consisted of an austenite phase P1 having a light color and a ferrite phase P2 having a dark
color, and the phases contain minute ferrite and austenite phase, respectively. Similar structures were observed in other
two-phase alloys of the present invention which was subjected to thermal processing. Alloys of alloy numbers A9 and
A11 which have higher Fe contents and in which a ¢ phase might be generated were subjected to a heat treatment at
800°C for 60 minutes to study whether ¢ phase generation occurred or not. These alloys after the heat treatment were
analyzed by X-ray diffraction to verify that no o phase was generated. This indicates that also in other alloys of other
Examples including addition of activation elements of, for example, Cu and V, excluding in the following Mo-containing
case, a ¢ phase is hardly produced at an intermediate temperature range around 800°C. In the alloy of alloy numbers
16 having higher content of Fe and containing a higher amount of Mo, a ¢ phase was not observed in a solution treatment,
but production of the ¢ phase was observed in the subsequent 800°C aging.

[0082] In addition, as shown in Table 2, a strength test, a corrosion test, and an abrasion test were performed on
alloys of the present Examples 1 to 22 (alloy numbers A1 to A16) .

(Strength test)

[0083] Vickers hardness and tensile tests were performed to measure 0.2% proof stress, tensile strength, and plastic
elongation. Vickers hardness was obtained by performing 5 measurements using a Vickers hardness meter under
conditions of load of 1 kg and load application time of 15 seconds and averaging the values.

[0084] A tensile test was performed using a test piece having a size of 4.0 mm in diameter and 20 mm in length of the
parallel portion at room temperature of 23°C. Strain rate was 3 X 104/s. In the tensile test, 3 specimens of each alloy
were tested to obtain the average value of the measurements. In a stress-strain curve, when brittle fracture of a test
piece occurred before a yield point of stress-strain curve or in a midpoint of a flow stress having positive work hardening,
a breaking stress was defined instead of a proof stress or tensile strength. The results of these measurements are shown
in Table 2. In Table 2, the symbol "*" represents that the value refers to a breaking stress obtained instead of a proof
stress or tensile strength. Plastic elongation was evaluated as follows and the results are shown in Table 2: A: 15% or
more, B: 5 to less than 15%, C: 0.2 to less than 5.0%, and D: less than 0.2%.

(Corrosion test)

[0085] A corrosion test was performed with respect to pitting resistance properties and oxidation resistance properties.
First, pitting resistant properties were evaluated according to JIS G0577 (2005). Specifically, 2 polarized test pieces
having an area of 10 mm X 10 mm were obtained from each of the alloys of Examples 1 to 22, and subjected to the
following test to evaluate pitting resistance properties. A polarized test piece was installed on a gap corrosion-preventing
electrode. An anode polarization curve was obtained using a gap corrosion-preventing electrode to give an average
electric potential corresponding to a corrosion current density of 100 wA/cm2. A saturated calomel electrode was used
as a reference electrode. After the measurement, observation using an optical microscope was carried out to study
whether pitting was generated or not.

[0086] Next, oxidation resistance properties were evaluated by corrosion rate in sulfuric acid according to JIS G0591
(2000). From each of the alloys of Examples 1 to 22, 2 test pieces having dimensions of 3 mm (thickness) X 1.30 mm
(width) X 40 mm (length) were obtained, and subjected to an immersion test in 5% boiling sulfuric acid for 6 hours to
evaluate sulfuric acid resistance. Each test piece was weighted before and after the measurement to evaluate an average
rate of weight loss by corrosion m[g/(m2-h)]. The rate of weight loss in sulfuric acid with respect to each of the alloys of
Examples 1 to 22 was classified into the following grades of A to D to evaluate sulfuric acid resistance: A: m < 0.1, B:
0.1<m<0.3,C:0.3<m<0.5, and D: 0.5 <m. The results of these evaluations are shown in Table 2.
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(Abrasion test)

[0087] Abrasion resistance was evaluated by an abrasive wear test. From each of the alloys of Examples 1 to 22, 2
test pieces having a cylindrical pin shape of 10 mm (diameter) X 20 mm (length) were obtained, and subjected to an
abrasion test. The abrasion test was carried out using a Pin-on-Disk abrasion tester. The test method is described below.
The abrasion test was performed as follows: fixing waterproof abrasive paper having grit size of 240 (fixed piece) on a
disk, rotating the disk at a rotation rate of 200 rpm, pressing a pin of a test piece (movable piece) against the waterproof
abrasive paper under a load of 4 kgf, and moving the waterproof abrasive paper from the outermost circumference to
the center. Similar tests were performed sequentially using 3 pieces of waterproof abrasive paper. The outmost grinding
diameter was 156 mm, and the total moving distance of the pin was 6 m. Accordingly, an average length of decrease
in pin length by abrasion in two specimens was measured as an amount of abrasion under conditions of at room
temperature of 22 = 2°C in an atmospheric environment.

[0088] As shown in Table 6 below, decrease in size with respect to a cladding material (Comparative Examples 11)
of a powder of Stellite(R) No. 6 (alloy numbers C19) was 0.088 mm. As compared to this value as 100, a relative value
of decrease in size of each of the two-phase alloys of Examples 1 to 22 was calculated, and the value is shown Table
2 as an evaluation of abrasive resistance.

[0089] Similar strength test, corrosion test, and abrasion test were performed on other alloys of the following Examples
and Comparative Examples.

(Comparative Examples 1 to 5)

[0090] Chemical compositions of alloys of alloy numbers A17 to A21 used in Comparative Examples 1 to 5 corre-
sponding to Examples 1 to 22 are shown in Table 1. Similar steps to those in alloys of the alloy numbers A1 to A16 were
performed to produce alloys of alloy numbers A17 to A21.

[0091] The alloys of alloy numbers A17 and A18 are Cr based two-phase alloys containing no Cu. The alloys of alloy
numbers A19 and 20 contain no Cu and are a ferrite single phase Cr based alloy containing Cr as a main component
and an austenite single phase Ni based alloy containing Ni as a main component, respectively. The alloy of alloy number
A21 is a two-phase stainless steel containing Cu. Ferrite ratios of these alloys were measured similarly to the two-phase
alloys of alloy numbers 1 to 16 of Examples. The results of the measurements are shown in Table 2.

[0092] As shown in Table 2, it was found that a ferrite ratio of the alloy of Comparative Examples 3 (alloy numbers
A19) was 100% and had a ferrite single phase, and a ferrite ratio of the alloy of Comparative Examples 4 (alloy numbers
A20) was 0% and had a austenite single phase. In addition, Comparative Examples 5 (alloy numbers A21) was a two-
phase steel having a ferrite ratio of 43%.

[0093] Thestrengthtestwas performed on alloys of Comparative Examples 1 to 4, and the corrosion test was performed
on alloys of Comparative Examples 1 to 5, and the abrasion test was performed on alloys of Comparative Examples 1
to 4. The results of the tests are shown in Table 2.

(Examples 23 to 38)

[0094]

15



EP 3 438 304 A1

‘O puB ‘N ‘D JO % OIWOJe |B]O} U} 0} 8AlR|al sejel Juasaldal I] pue ‘Bl ‘gN ‘A Jo sesayjualed ul siaquinN (8joN)
"saindwl pue 19 ale g 0} L g siequinu Aojje Jo suonisoduwod [eoiwsyd 8y} Jo sjueuwsy (81oN)

10°0 | 2L0°0 | 9L0°0 Amm“% 100 | €10 | viue | evsz | 9e'6e | 520000 | 9100 | 0zo0 | zzL | es0 | pig
€100 | 1100 | 2100 Ammmv Aﬂm%v 8L'0 | z1'ie | seze | seee | 810000 | v10'0 | 1200 | et | zso | elg
LL0'0 | £L0°0 | 200 Awm”% zsc | seoe | veoz | 9sze | 21000 | €100 | 9zo0 | veL | 1s0 | zig
L0°0 | 7L0°0 | $1LO°0 Amm”% 1z | eg0e | vz'9z | 60'se | 510000 | €100 | zz00 | ovL | vs0 | wa
21070 | £40°0 | 5100 Amw% 12’0 | 1862 | 26'S2 | Zovw | w1000 | 21070 | p00 | vl | es0 | olg
0100 | ZL0'0 | ZL0'0 Amw”% c1'0 | 1o'sz | 1oz | Lger | 91000 | sLoo | ato0 | e | es0 | 69
6000 | 510°0 | 9100 Awwwv Awwmv 910 | 802 | vS€ | 896¢ | 1000 | 9100 | £100 | 88 | 50 | 88 | o
9100 | 5L0°0 | 2100 Aww”% esv | Loz | seez | srzv | 1000 | 6100 | 0zo0 | 621 | zs0 | 29
01070 | 940°0 | €400 Aww”% ye'h | vzoz | v6'0e | seov | 610000 | 0200 | 8100 | vl | vs's | od
€10°0 | 7100 | 1400 Aww% 210 | ssoz | Loe | zeov | 210000 | 2100 | sz00 | gL | Lso | sg
1070 | 2L0°0 | ZL0'0 Amw% 0z0 | z6'8L | vz'uz | ovis | €100 | €100 | vz00 | ovL | es0 | e
21070 | £40°0 | £40°0 AMN_% o0 | 1zzL | 968 | ee'sv | 21000 | sLo0 | 1zo0 | 6eL | zso | ed
51070 | 1400 | 9L0°0 Amm”% o | 2021 | 62e | 1ozs | vLoo0 | 9100 | 0zoo | se | vs0 | za
1070 | 2b0°0 | 2b0'0 wﬂ..wv p1'0 | 66'1L | 209z | 69'6s | 910000 | 100 | vO0 | zvL | Lso | 1g
o | N | o | w e /|aN| A |own|n]| e | N |0 s d | v | w | s [Son

[ssew Aq 9,] uonisodwoo [eoiway)

10

15

20

25

30

35

40

45

[€ ST9eL]

50

55

16



10

15

20

25

30

35

40

45

50

55

EP 3 438 304 A1

[0095] Inthe Examples, hot working alloys of the present invention containing active elements such as V were studied.
Chemical compositions of alloys of alloy numbers B1 to B14 used in Examples 23 to 38 are shown in Table 3. Each of
the master ingots of alloys of alloy numbers B1 to B14 was produced by melting using a high frequency vacuum melting
furnace. The number in parentheses in Table 3 represents a rate of each of the V, Nb, Ta, and Ti as compared to the
total atomic % of C, N, and O. In alloy of B8, Nb and Ti were added together, and the rates of the amounts added were
0.51 and 0.49 respectively, and the total rate was 1.00.

[0096] The resulting ingots were subjected to a hot forging treatment and a solution heat treatment under conditions
similar to those in the alloys of alloy numbers A1to A21. Then, all of the alloys were subjected to an aging heat treatment.
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[0097] The aging heat treatment was carried out, as shown in Table 4, under the following conditions: holding at
temperatures of 800, 900, and 1000°C in the alloy number B6 or at 900°C in all the other alloys for 60 minutes, followed
by water cooling. Consequently, C, N, and O were stabilized by reactions with active elements of V, Nb, Ta, and Ti, and
at the same time, phase ratio control occurred to result in Examples 23 to 38 of alloys of alloy numbers B1 to B14.
[0098] Accordingly, the alloys of alloy numbers B1 to B14 stabilized by active elements were Cr based alloys containing
Cr as a main component and containing 0.11 to 4.53% by mass of Cu, and were two-phase alloys consisting of a ferrite
phase and an austenite phase. The alloy of alloy numbers B14 further contained Mo. Ferrite ratios of the alloys of alloy
numbers B1 to B14 are shown in Table 4. The ferrite ratios of the present embodiments were obtained by EBSP analysis
similarly to Examples 1 to 22. Furthermore, the alloys of alloy numbers B12 and B13 which had a higher Fe content and
in which o phase could be generated were subjected to a heat treatment at 800°C for 60 minutes to study whether o
phase generation occurred or not. These heat treated alloys were analyzed by X-ray diffraction to verify that no o phase
was generated similarly to alloys of the A series. This indicates that a o phase is hardly produced at an intermediate
temperature range around 800°C in B series alloys of Examples.

[0099] In addition, a strength test, a corrosion resistance test, and an abrasion test were performed on alloys of
Examples 23 to 38 (alloy numbers B1 to B14). The results are shown in Table 4.

<Casting alloy and powder alloy>
(Examples 39 to 51)
[0100] Two-phase alloy cast materials and powder alloys of the presentinvention were studied. Chemical compositions

of alloys of alloy numbers C1 to C8 which are cast materials of two-phase alloys of the present invention used in Examples
39 to 46 are shown in Table 5.

[Table 5]
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(Note) Numbers in parentheses of V, Nb, Ta, and Ti represent rates relative to the total atomic % of C, N, and O.

[0101] First, a cast material of an alloy of each of the alloy numbers C1 to C4 was produced by adding minute amounts
of Cu and Al, and Mo formulated as required to a master ingot of an alloy of each of the alloy numbers A4, 5, and 8
under Ar atmosphere, re-melting them, and casting the liquid material into a water-cooling cupper die equipped with an
inlet for liquid materials in the upper portion. The size of the casted ingot was 40 mm in outer diameter and 100 mm in
length. Next, alloy cast materials of alloy numbers C5 to C8 were produced by adding at least one or more of V, Nb, Ta,
and Ti formulated with minute amounts of Cu and Al together when re-melting the master ingots of the alloys of alloy
numbers A4, 5, 8, and 10, melting them, and casting in the same size as that described above. The alloy of alloy numbers
C5 was subjected to a solution treatment at 1100°C for 1 hour, and the alloy of alloy numbers C8 is subjected to a
solution treatment at 1200°C for 1 hour followed by an aging treatment at 900°C for 1 hour to produce Examples 43 and
46, respectively.
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[0102] Testpieces were obtained from lower and center portion of the prepared ingot and were subjected to a structure
examination, a Vickers hardness measurement, a strength test, a corrosion test, and an abrasion test. The results of
ferrite ratios, Vickers hardness, strength properties, strength properties, and results of the corrosion test and the abrasion
test of alloys of Examples 39 to 46(alloy numbers C1 to 8) are shown in Table 6.

[0103] Next, chemical compositions of alloys of alloy numbers C9 to C13, which are powder alloys of two-phase alloys
of the present invention used in Examples 47 to 51 are shown in Table 5. First, powder alloys of alloy numbers C9 and
C10 were obtained by adding minute amounts of Cu and Al to master ingots of alloys of alloy numbers A4 and 5 under
Ar atmosphere, re-melting them, and powderizing by a gas atomization method. In addition, powder alloys of alloy
numbers C11 to C13 were obtained by adding minute amounts of Cu and Al, and Mo formulated as required and further
at least one or more of V, Nb, Ta, and Ti together to master ingots of alloys of alloy numbers A4, 5, and 10, melting
them, and powderizing by a gas atomization method. Each of the powder alloys having a particle diameter in a range
of 50 to 200 uwm was obtained by classification. These powders alloys were built-up on a surface of commercially available
SUS 304 steel by a powder plasma cladding welding method up to about a thickness of 5 mm. The cladding welding
conditions were arc current of 120 A, voltage of 25 V, and a welding rate of 9 cm/minutes.

[0104] Test pieces for a structure examination, a Vickers hardness measurement, a corrosion test, and an abrasion
test were obtained from a surface of the built-up portion of the two-phase alloys of the present invention, and properties
of the test pieces were evaluated. The results of the evaluation of the above-described properties of alloys of Examples
47 to 51 (alloy numbers C9 to C13) are shown in Table 6.

(Comparative Examples 6 to 11)

[0105] Chemical compositions of alloys of alloy numbers C14 to C19 used in Comparative Examples 6 to 11 corre-
sponding to Examples 39 to 51 are shown in Table 5. The alloys of alloy numbers C14 to C16 were produced by a
casting step similar to that described above using a Cr based two-phase alloy of alloy numbers A17 containing no Cu,
a Cr based single-phase ferrite alloy of A19, and a two-phase steel of A21 containing Cu as master ingots. Powder
alloys of alloy numbers C17 to C19 were produced by a gas atomization step similar to that described above by re-
melting the same master ingots of the alloys of alloy numbers A17 and A19, and the commercially available Stellite(R)
No. 6.

[0106] Using test pieces obtained from cladding materials made from the above-described alloys of the cast materials
and powder alloys, a measurement and a test similar to those in the cast material two-phase alloy of Examples 39 to
46 and cladding materials of Examples 47 to 51 which were for comparison. The results are shown in Table 6 as
Comparative Examples 6 to 11.

[0107] Next, evaluation results of strength, corrosion resistance, and abrasion resistance of a two-phase alloy of the
present invention are described.

[Evaluation of strength]

[0108] Vickers hardness was linearly increased in accordance with increase in the ferrite ratio. The Vickers hardness
became 400 or more when the ferrite ratio became about 40% or more.

[0109] Proof stress was increased in accordance with the increase in the ferrite ratio. As shown in Table 2 or Table
4, excessively high proof stress can be decreased by reducing the ferrite ratio by an aging treatment. This contributes
to improvement of ductility as described below.

[0110] When the ferrite ratio exceeded 60%, plastic elongation becomes 5.0% or less (rated as C) in inverse proportion
to the increase in the proof stress, and a single-phase ferrite alloy with the ferrite ratio of 100% was fractured before the
yield point (rated as D).

[0111] Two-phase alloys in which an amount of Cr was decreased or an amount of the ferrite phase was decreased
by an aging heat treatment at 800 to 1000°C showed elongation exceeding 20%.

[0112] As shown in Table 4, two-phase alloys to which active elements such as V were added had a tendency to
clearly increase in plastic elongation as compared to two-phase alloys containing no active element shown in Table 2.
In Table 2 and 4, more alloys in Table 4 were rated as A. On the other hand, since two-phase alloys (alloy numbers C1
to C8) produced by casting steps had a solidified structure by quenching from a high temperature, the ferrite ratios
became higher to reduce elongation.

[Evaluation of corrosion resistance]
[0113] Intwo-phase alloys containing Cu and alloys of Comparative Examples 1 to 10, favorable results were produced

with respect to pitting resistance properties. That is, electric potential of each of the alloys corresponding to corrosion
current density of 100 wA/cm2 was 1000 mV (vs. SHE) or more, and in the range more than this electric potential, oxygen

23



10

15

20

25

30

35

40

45

50

55

EP 3 438 304 A1

was generated in the transpassive region. In all alloys tested, generation of pitting was not observed. On the other hand,
in Stellite(R) of Comparative Examples 11, corrosion current density exceeded 100 wA/cm? at electric potential of 400
mV (vs. SHE) .

[0114] As shown in Tables 2, 4, and 6, in two-phase alloys containing 0.1 to 4.65% by mass of Cu, an average rate
of weight loss by corrosion m was smaller than 0.1 g/(m2-h), and sulfuric acid resistance was rated as the best class A.
Comparative Examples 1 and 2, which were two-phase alloy without addition of Cu were rated as B, and the effect of
addition of Cu on corrosion resistance was confirmed. In alloys containing Cu and Mo together, the m value was smaller
than 0.1 g/(m2-h) and was rated as the best class A.

[0115] On the other hand, Comparative Examples 5 and 8 of Cu-added two-phase stainless steels were rated as class
B and C, respectively. In Stellite(R) No. 6 of Comparative Examples 11, the rate of weight loss was 152 g/(m2-h) and
was unfavorable in sulfuric acid resistance.

[0116] Accordingtotheresults of corrosion tests with respect to pitting resistance properties and sulfuric acid resistance,
a corrosion resistance of a two-phase alloy containing Cr as a main component was rated as good, and the sulfuric acid
resistance of the two-phase alloy was further improved by addition of Cu, and overall high corrosion resistance could
be further improved.

[Evaluation of abrasion resistance]

[0117] Abrasion resistance was expressed in a relative value based on the amount of abrasion of Stellite(R) No. 6 as
100, and decreased generally in inverse proportion to increase in hardness, that is, increase in the amount of a ferrite
phase. All alloys except for Comparative Examples 4 (alloy numbers A20), which is a single-phase austenite alloy, are
superior to Stellite(R) No. 6 in abrasion resistance.

[0118] Thus, each of the two-phase alloys of hot working materials, cast materials, and cladding materials formed with
powders of the present invention contains a hard ferrite phase, which can lead to improvement of abrasive resistance
effectively.

[0119] By enriching Cr as described above to provide a two-phase alloy including ferrite and austenite phases of
Examples rather than a ferrite single phase, strength and elongation as material properties can be maintained. In addition,
since the constituent elements include Cu, high corrosion resistance can be achieved. Furthermore, since a hard ferrite
phase is contained, abrasion resistance can be improved.

[0120] Such atwo-phase alloy having versatile and various favorable properties can be used as a hot working material,
a cast material, and a cladding material formed from powders, and is specifically appropriate for a materials for apparatus
subjected to severe corrosion atmosphere.

[0121] The above-described two-phase alloys of Examples of the present invention contains inexpensive Cr as a main
component, and it is confirmed that the two-phase alloys are superior in overall strength, corrosion resistance, and
abrasion resistance to conventional ones even under a high corrosion circumstance such as in an oil well.

LEGEND
[0122]
P1 austenite phase; and

P2  ferrite phase.

Claims
1. ACrbasedtwo-phase alloy comprising two phases of a ferrite phase and an austenite phase in a mixed state, wherein

a chemical composition of the Cr based two-phase alloy consists of a major component, an accessory compo-
nent, impurities, a first optional accessory component, and a second optional accessory component,

the major component consists of 33% by mass or more and 65% by mass or less of Cr, 18% by mass or more
and 40% by mass or less of Ni, and 10% by mass or more and 33% by mass or less of Fe,

the accessory component consists of 0.1% by mass or more and 2% by mass or less of Mn, 0.1% by mass or
more and 1.0% by mass or less of Si, 0.005% by mass or more and 0.05% by mass or less of Al, and 0.1% by
mass or more and 5.0% by mass or less of Cu, and

the impurities contain more than 0% by mass and 0.04% by mass or less of P, more than 0% by mass and
0.01% by mass or less of S, more than 0% by mass and 0.03% by mass or less of C, more than 0% by mass
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and 0.02% by mass or less of N, and more than 0% by mass and 0.03% by mass or less of O.

The Cr based two-phase alloy according to claim 1, wherein
the first optional accessory component is 0.1% by mass or more and 3.0% by mass or less of Mo.

The Cr based two-phase alloy according to claim 1 or 2, wherein

the second optional accessory component consists of at least one of V, Nb, Ta and Ti, and

a total atomic content ratio of the V, Nb, Ta and Ti is in a range of 0.8 times or more and 2 times or less of a total
atomic content ratio of the C, N and O.

The Cr based two-phase alloy according to any one of claims 1 to 3, wherein
an occupation ratio of the ferrite phase is 10% or more and 95% or less.

The Cr based two-phase alloy according to claim 1, wherein
the component of Niis in a range of 23% by mass or more and 40% by mass or less.

The Cr based two-phase alloy according to claim 5, wherein
the first optional accessory component is 0.1% by mass or more and 3.0% by mass or less of Mo.

The Cr based two-phase alloy according to claim 5 or 6, wherein
the second optional accessory component consists of at least one of V, Nb, Ta and Ti, and
the total atomic content ratio of the V, Nb, Ta and Ti is in a range of 0.8 times or more and 2 times or less of

the total atomic content ratio of the C, N and O.

The Cr based two-phase alloy according to any one of claims 5 to 7, wherein
an occupation ratio of the ferrite phase is 10% or more and 95% or less.

A two-phase alloy product which is a product using a two-phase alloy, wherein
the two-phase alloy is the Cr based two-phase alloy according to any one of claims 1 to 4.

A two-phase alloy product which is a product using a two-phase alloy, wherein
the two-phase alloy is the Cr based two-phase alloy according to any one of claims 5 to 8.

The two-phase alloy product according to claim 9, wherein
the product is a molded body having a forged structure.

The two-phase alloy product according to claim 10, wherein
the product is a molded body having a cast structure.

The two-phase alloy product according to claim 10, wherein
the product is a powder.
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