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Description

BACKGROUND

[0001] The field of the disclosure relates generally to compositions, and more particularly to alloy compositions and
articles formed with the alloy compositions. The alloy compositions are broadly applicable in applications requiring alloys
with at least one of improved hardness stability, improved Charpy performance, and improved creep strength.
[0002] Iron-based alloys are commonly used in cast and wrought steel products. However, at higher operating
temperatures, such as temperatures experienced for a midshaft of a turbine, conventional iron-based alloys exhibit
instability and poor long-term rupture characteristics such as creep strength. Tomitigate property losses, lower operating
temperatures are recommended with such iron-based alloys. Such lower operating temperatures are incompatible with
many steam turbine applications. Cooling air may also be utilized to keep the part temperature at an acceptable level,
however, this cooling air is an added cost and results in loss of efficiency turbines (e.g., gas turbines).
[0003] Accordingly, there is a need for iron-based alloys that possess with at least one of improved hardness stability,
improved Charpy performance, and improved creep strength at higher operating temperatures.

BRIEF DESCRIPTION

[0004] In one aspect, a composition is provided. The composition includes from about 0.12 wt% to about 0.23 wt%
carbon, fromabout 0.2wt% to about 0.6wt%manganese, fromabout 0.1wt% to about 0.3wt%silicon, fromabout 7.0wt%
to about 9.0 wt% chromium, from about 0.5 wt% to about 0.9 wt% nickel, from about 1.8 wt% to about 2.4 wt%
molybdenum, from about 2.0 wt% to about 2.6 wt% tungsten, from about 3.5 wt% to about 4.5 wt% cobalt, from about
0.8wt% to about 1.2wt%copper, fromabout 0.5wt% to about 0.8wt%niobium, fromabout 0.005wt% to about 0.025wt%
nitrogen, from about 0.05 wt% to about 0.20 wt% aluminum, from about 0.05 wt% to about 0.25 wt% titanium, from about
0.4 wt% to about 0.8 wt% tantalum, from about 0.005 wt% to about 0.025 wt% boron, and iron.
[0005] In another aspect, an article including a composition is provided. The composition includes from about 0.12 wt%
to about 0.23 wt% carbon, from about 0.2 wt% to about 0.6 wt%manganese, from about 0.1 wt% to about 0.3 wt% silicon,
from about 7.0 wt% to about 9.0 wt% chromium, from about 0.5 wt% to about 0.9 wt% nickel, from about 1.8 wt% to about
2.4 wt% molybdenum, from about 2.0 wt% to about 2.6 wt% tungsten, from about 3.5 wt% to about 4.5 wt% cobalt, from
about 0.8wt% toabout1.2wt%copper, fromabout0.5wt% toabout 0.8wt%niobium, fromabout 0.005wt% toabout 0.025
wt% nitrogen, from about 0.05 wt% to about 0.20 wt% aluminum, from about 0.05 wt% to about 0.25 wt% titanium, from
about 0.4 wt% to about 0.8 wt% tantalum, from about 0.005 wt% to about 0.025 wt% boron, and iron.
[0006] In another aspect, a composition is provided. The composition includes from about 0.20 wt% to about 0.28 wt%
carbon, fromabout 0.3wt% to about 0.6wt%manganese, fromabout 0.05wt% to about 0.20wt% silicon, from about 10.0
wt% to about 11.0 wt% chromium, from about 0.3 wt% to about 0.7 wt% nickel, from about 1.35 wt% to about 1.65 wt%
molybdenum, from about 1.3 wt% to about 1.6 wt% tungsten, from about 0.85 wt% to about 1.15 wt% cobalt, from about
0.85 wt% to about 1.15 wt% copper, from about 0.25 wt% to about 0.35 wt% niobium, from about 0.05 wt% to about 0.10
wt% nitrogen, from about 0.03 wt% to about 0.07 wt% tantalum, from about 0.20 wt% to about 0.30 wt% vanadium, and
iron.
[0007] In another aspect, an article including a composition is provided. The composition includes from about 0.20 wt%
to about 0.28 wt% carbon, from about 0.3 wt% to about 0.6 wt% manganese, from about 0.05 wt% to about 0.20 wt%
silicon, fromabout 10.0wt% toabout 11.0wt%chromium, fromabout 0.3wt% toabout 0.7wt%nickel, fromabout 1.35wt%
to about 1.65 wt% molybdenum, from about 1.3 wt% to about 1.6 wt% tungsten, from about 0.85 wt% to about 1.15 wt%
cobalt, from about 0.85 wt% to about 1.15 wt% copper, from about 0.25 wt% to about 0.35 wt% niobium, from about 0.05
wt% to about 0.10wt%nitrogen, from about 0.03wt% to about 0.07wt% tantalum, fromabout 0.20wt% to about 0.30wt%
vanadium, and iron.
[0008] In yet another aspect, a composition is provided. The composition includes from about 0.16 wt% to about 0.24
wt% carbon, from about 0.4 wt% to about 0.8wt%manganese, from about 0.10wt% to about 0.30wt% silicon, from about
9.5 wt% to about 11.0 wt% chromium, from about 0.3 wt% to about 0.7 wt% nickel, from about 2.0 wt% to about 2.8 wt%
molybdenum, from about 1.2 wt% to about 2.0 wt% tungsten, from about 3.7 wt% to about 4.3 wt% cobalt, from about 1.1
wt% to about 1.5 wt% copper, from about 0.35 wt% to about 0.55 wt% niobium, from about 0.005 wt% to about 0.025 wt%
nitrogen, from about 0.20 wt% to about 0.40 wt% tantalum, from about 0.01 wt% to about 0.05 wt% aluminum, from about
0.005 wt% to about 0.025 wt% boron, and iron.
[0009] In another aspect, an article including a composition is provided. The composition includes from about 0.16 wt%
to about 0.24 wt% carbon, from about 0.4 wt% to about 0.8 wt% manganese, from about 0.10 wt% to about 0.30 wt%
silicon, fromabout 9.5wt% toabout 11.0wt%chromium, fromabout 0.3wt% toabout 0.7wt%nickel, fromabout 2.0wt% to
about 2.8 wt%molybdenum, from about 1.2 wt% to about 2.0 wt% tungsten, from about 3.7 wt% to about 4.3 wt% cobalt,
from about 1.1 wt% to about 1.5 wt% copper, from about 0.35 wt% to about 0.55 wt% niobium, from about 0.005 wt% to
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about 0.025 wt% nitrogen, from about 0.20 wt% to about 0.40 wt% tantalum, from about 0.01 wt% to about 0.05 wt%
aluminum, from about 0.005 wt% to about 0.025 wt% boron, and iron.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] These and other features, aspects, and advantages of the present disclosure will become better understood
when the following detailed description is read with reference to the accompanying drawings in which like characters
represent like parts throughout the drawings, wherein:

FIG. 1 depicts stress rupture testing for a comparative composition and compositions in accordance with the present
disclosure;
FIG. 2 depicts creep testing for a comparative composition and compositions in accordance with the present
disclosure; and
FIG. 3 depicts Charpy testing for a comparative composition and compositions in accordance with the present
disclosure.

DETAILED DESCRIPTION

[0011] It was discovered herein that compositions according to the present disclosure could be used for wrought and
cast alloys. The compositions include altered elemental content compared to other alloy compositions. Compositions
according to the present disclosure are broadly applicable in applications requiring alloys possessing at least one of
improved hardness stability, improved Charpy performance, and improved creep strength at higher operating tempera-
tures.
[0012] Compositions according to the present disclosure were discovered by producing 150 different iron-based alloy
compositionsandanalyzing thesecompositions todetermine their correspondingproperties. Thecompositionsaccording
to the present disclosure include elemental content resulting in optimized properties.

First alloy composition.

[0013] The embodiments described herein overcome at least some of the disadvantages of known iron-based alloys.
The exemplary embodiments described herein include a composition. The composition includes from about 0.12 wt% to
about 0.23 wt% carbon, from about 0.2 wt% to about 0.6 wt% manganese, from about 0.1 wt% to about 0.3 wt% silicon,
from about 7.0 wt% to about 9.0 wt% chromium, from about 0.5 wt% to about 0.9 wt% nickel, from about 1.8 wt% to about
2.4 wt% molybdenum, from about 2.0 wt% to about 2.6 wt% tungsten, from about 3.5 wt% to about 4.5 wt% cobalt, from
about 0.8wt% toabout1.2wt%copper, fromabout0.5wt% toabout 0.8wt%niobium, fromabout 0.005wt% toabout 0.025
wt% nitrogen, from about 0.05 wt% to about 0.20 wt% aluminum, from about 0.05 wt% to about 0.25 wt% titanium, from
about 0.4 wt% to about 0.8 wt% tantalum, from about 0.005 wt% to about 0.025 wt% boron, and iron.
[0014] In some embodiments, the composition may include any suitable amount of carbon (C) that facilitates the
composition described herein. In some embodiments, the composition includes from about 0.12 wt% to about 0.23 wt%
carbon. In some embodiments, the composition includes from about 0.15 wt% to about 0.20 wt% carbon.
[0015] In some embodiments, the composition includes at least about 0.12 wt% C, at least about 0.13 wt% C, at least
about 0.14wt%C, at least about 0.15wt%C, at least about 0.16wt%C, at least about 0.17wt%C, at least about 0.18wt%
C, at least about 0.19 wt% C, at least about 0.20 wt% C, at least about 0.21 wt% C, or at least about 0.22 wt% C. In some
embodiments, the composition includes atmost about 0.13wt%C, atmost about 0.14wt%C,atmost about 0.15wt%C, at
most about 0.16wt%C,atmost about 0.17wt%C,atmost about 0.18wt%C,atmost about 0.19wt%C,atmost about 0.20
wt% C, at most about 0.21 wt% C, at most about 0.22 wt% C, or at most about 0.23 wt% C.
[0016] In some embodiments, the compositionmay include any suitable amount of manganese (Mn) that facilitates the
composition described herein. In some embodiments, the composition includes from about 0.2 wt% to about 0.6 wt%
manganese. In some embodiments, the composition includes from about 0.3 wt% to about 0.5 wt% manganese.
[0017] In someembodiments, the composition includes at least about 0.20wt%Mn, at least about 0.25wt%Mn, at least
about 0.30wt%Mn,at least about 0.35wt%Mn,at least about 0.40wt%Mn,at least about 0.45wt%Mn,at least about 0.50
wt% Mn, or at least about 0.55 wt% Mn. In some embodiments, the composition includes at most about 0.25 wt% Mn, at
most about 0.30 wt% Mn, at most about 0.35 wt% Mn, at most about 0.40 wt% Mn, at most about 0.45 wt% Mn, at most
about 0.50 wt% Mn, at most about 0.55 wt% Mn, or at most about 0.60 wt% Mn.
[0018] In some embodiments, the composition may include any suitable amount of silicon (Si) that facilitates the
composition described herein. In some embodiments, the composition includes from about 0.1 wt% to about 0.3 wt%
silicon. In some embodiments, the composition includes from about 0.15 wt% to about 0.25 wt% silicon.
[0019] In some embodiments, the composition includes at least about 0.10 wt% Si, at least about 0.15 wt% Si, at least
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about 0.20wt%Si, or at least about 0.25wt%Si. In some embodiments, the composition includes atmost about 0.15wt%
Si, at most about 0.20 wt% Si, at most about 0.25 wt% Si, or at most about 0.30 wt% Si.
[0020] In some embodiments, the composition may include any suitable amount of chromium (Cr) that facilitates the
composition described herein. In some embodiments, the composition includes Cr. In some embodiments, the composi-
tion includes fromabout 7.0wt% to about 9.0wt% chromium. In someembodiments, the composition includes fromabout
7.5 wt% to about 8.5 wt% chromium.
[0021] In some embodiments, the composition includes at least about 7.0 wt% Cr, at least about 7.1 wt% Cr, at least
about7.2wt%Cr, at least about7.3wt%Cr, at least about 7.4wt%Cr, at least about7.5wt%Cr, at least about7.6wt%Cr, at
least about 7.7 wt%Cr, at least about 7.8 wt%Cr, at least about 7.9 wt%Cr, 8.0 wt%Cr, at least about 8.1 wt%Cr, at least
about8.2wt%Cr, at least about8.3wt%Cr, at least about 8.4wt%Cr, at least about8.5wt%Cr, at least about8.6wt%Cr, at
least about 8.7 wt% Cr, at least about 8.8 wt% Cr, or at least about 8.9 wt% Cr. In some embodiments, the composition
includes at most about 7.1 wt%Cr, at most about 7.2 wt%Cr, at most about 7.3 wt%Cr, at most about 7.4 wt%Cr, at most
about 7.5wt%Cr, atmost about 7.6wt%Cr, atmost about 7.7wt%Cr, atmost about 7.8wt%Cr, atmost about 7.9wt%Cr,
8.0wt%Cr, atmost about 8.1wt%Cr, atmost about 8.2wt%Cr, atmost about 8.3wt%Cr, atmost about 8.4wt%Cr, atmost
about 8.5wt%Cr, atmost about 8.6wt%Cr, atmost about 8.7wt%Cr, atmost about 8.8wt%Cr, atmost about 8.9wt%Cr,
or at most about 9.0 wt% Cr.
[0022] In some embodiments, the composition may include any suitable amount of nickel (Ni) that facilitates the
composition described herein. In some embodiments, the composition includes from about 0.5 wt% to about 0.9 wt%
nickel. In some embodiments, the composition includes from about 0.6 wt% to about 0.8 wt% nickel.
[0023] In some embodiments, the composition includes at least about 0.50 wt% Ni, at least about 0.55 wt% Ni, at least
about 0.60 wt% Ni, at least about 0.65 wt% Ni, at least about 0.70 wt% Ni, at least about 0.75 wt% Ni, at least about 0.80
wt%Ni, or at least about 0.85wt%Ni. In some embodiments, the composition includes atmost about 0.55wt%Ni, atmost
about 0.60 wt% Ni, at most about 0.65 wt% Ni, at most about 0.70 wt% Ni, at most about 0.75 wt% Ni, at most about 0.80
wt% Ni, at most about 0.85 wt% Ni, or at most about 0.90 wt% Ni.
[0024] In someembodiments, the compositionmay include any suitable amount ofmolybdenum (Mo) that facilitates the
composition described herein. In some embodiments, the composition includes from about 1.8 wt% to about 2.4 wt%
molybdenum. In some embodiments, the composition includes from about 2.0 wt% to about 2.2 wt% molybdenum.
[0025] In some embodiments, the composition includes at least about 1.8 wt% Mo, at least about 1.9 wt% Mo, at least
about 2.0 wt% Mo, at least about 2.1 wt% Mo, at least about 2.2 wt% Mo, or at least about 2.3 wt% Mo. In some
embodiments, thecomposition includesatmostabout1.9wt%Mo,atmostabout2.0wt%Mo,atmostabout2.1wt%Mo,at
most about 2.2 wt% Mo, at most about 2.3 wt% Mo, or at most about 2.4 wt% Mo.
[0026] In some embodiments, the composition may include any suitable amount of tungsten (W) that facilitates the
composition described herein. In some embodiments, the composition includes from about 2.0 wt% to about 2.6 wt%
tungsten. In some embodiments, the composition includes from about 2.2 wt% to about 2.4 wt% tungsten.
[0027] In some embodiments, the composition includes at least about 2.0 wt% W, at least about 2.1 wt% W, at least
about 2.2 wt%W, at least about 2.3 wt%W, at least about 2.4 wt%W, or at least about 2.5 wt%W. In some embodiments,
the composition includes at most about 2.1 wt%W, at most about 2.2 wt%W, at most about 2.3 wt%W, at most about 2.4
wt% W, at most about 2.5 wt% W, or at most about 2.6 wt% W.
[0028] In some embodiments, the composition may include any suitable amount of cobalt (Co) that facilitates the
composition described herein. In some embodiments, the composition includes from about 3.5 wt% to about 4.5 wt%
cobalt. In some embodiments, the composition includes from about 3.9 wt% to about 4.1 wt% cobalt.
[0029] In some embodiments, the composition includes at least about 3.5 wt% Co, at least about 3.6 wt% Co, at least
about 3.7 wt%Co, at least about 3.8 wt%Co, at least about 3.9 wt%Co, at least about 4.0 wt%Co, at least about 4.1 wt%
Co, at least about 4.2 wt% Co, at least about 4.3 wt% Co, or at least about 4.4 wt% Co. In some embodiments, the
composition includes at most about 3.6 wt% Co, at most about 3.7 wt% Co, at most about 3.8 wt% Co, at most about 3.9
wt%Co, atmost about 4.0wt%Co, atmost about 4.1wt%Co, atmost about 4.2wt%Co, atmost about 4.3wt%Co,atmost
about 4.4 wt% Co, or at most about 4.5 wt% Co.
[0030] In some embodiments, the composition may include any suitable amount of copper (Cu) that facilitates the
composition described herein. In some embodiments, the composition includes from about 0.8 wt% to about 1.2 wt%
copper. In some embodiments, the composition includes from about 0.9 wt% to about 1.1 wt% copper.
[0031] In some embodiments, the composition includes at least about 0.80wt%Cu, at least about 0.85wt%Cu, at least
about 0.90 wt% Cu, at least about 0.95 wt% Cu, at least about 1.0 wt% Cu, at least about 1.05 wt% Cu, at least about 1.1
wt% Cu, or at least about 1.15 wt% Cu. In some embodiments, the composition includes at most about 0.85 wt% Cu, at
most about 0.90wt%Cu, atmost about 0.95wt%Cu, atmost about 1.0wt%Cu, atmost about 1.05wt%Cu, atmost about
1.1 wt% Cu, at most about 1.15 wt% Cu, or at most about 1.2 wt% Cu.
[0032] In some embodiments, the composition may include any suitable amount of niobium (Nb) that facilitates the
composition described herein. In some embodiments, the composition includes from about 0.5 wt% to about 0.8 wt%
niobium. In some embodiments, the composition includes from about 0.6 wt% to about 0.7 wt% niobium.
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[0033] In some embodiments, the composition includes at least about 0.50wt%Nb, at least about 0.55wt%Nb, at least
about 0.60 wt% Nb, at least about 0.65 wt% Nb, at least about 0.70 wt% Nb, or at least about 0.75 wt% Nb. In some
embodiments, the composition includes at most about 0.55 wt% Nb, at most about 0.60 wt% Nb, at most about 0.65 wt%
Nb, at most about 0.70 wt% Nb, at most about 0.75 wt% Nb, or at most about 0.80 wt% Nb.
[0034] In some embodiments, the composition may include any suitable amount of nitrogen (N) that facilitates the
composition described herein. In someembodiments, the composition includes fromabout 0.005wt% to about 0.025wt%
nitrogen. In some embodiments, the composition includes from about 0.005 wt% to about 0.015 wt% nitrogen.
[0035] In some embodiments, the composition includes at least about 0.005 wt%N, at least about 0.01 wt% N, at least
about 0.015wt%N, or at least about 0.02wt%N. In someembodiments, the composition includes atmost about 0.01wt%
N, at most about 0.015 wt% N, at most about 0.02 wt% N, or at most about 0.025 wt% N.
[0036] In some embodiments, the composition may include any suitable amount of aluminum (Al) that facilitates the
composition described herein. In some embodiments, the composition includes from about 0.05 wt% to about 0.20 wt%
aluminum. In some embodiments, the composition includes from about 0.05 wt% to about 0.15 wt% aluminum.
[0037] In someembodiments, the composition includes at least about 0.05wt%Al, at least about 0.10wt%Al, or at least
about 0.15wt%Al. In someembodiments, the composition includes atmost about 0.10wt%Al, atmost about 0.15wt%Al,
or at most about 0.20 wt% Al.
[0038] In some embodiments, the composition may include any suitable amount of titanium (Ti) that facilitates the
composition described herein. In some embodiments, the composition includes from about 0.05 wt% to about 0.25 wt%
titanium. In some embodiments, the composition includes from about 0.10 wt% to about 0.20 wt% titanium.
[0039] In some embodiments, the composition includes at least about 0.05 wt% Ti, at least about 0.10 wt% Ti, at least
about 0.15 wt%Ti, or at least about 0.20 wt%Ti. In some embodiments, the composition includes at most about 0.10 wt%
Ti, at most about 0.15 wt% Ti, at most about 0.20 wt% Ti, or at most about 0.25 wt% Ti.
[0040] In some embodiments, the composition may include any suitable amount of tantalum (Ta) that facilitates the
composition described herein. In some embodiments, the composition includes from about 0.4 wt% to about 0.8 wt%
tantalum. In some embodiments, the composition includes from about 0.55 wt% to about 0.65 wt% tantalum.
[0041] In some embodiments, the composition includes at least about 0.40 wt% Ta, at least about 0.45 wt% Ta, at least
about 0.50 wt% Ta, at least about 0.55 wt% Ta, at least about 0.60 wt% Ta, at least about 0.65 wt% Ta, at least about 0.70
wt%Ta, or at least about 0.75wt%Ta. In someembodiments, the composition includes atmost about 0.45wt%Ta, atmost
about 0.50 wt% Ta, at most about 0.55 wt%Ta, at most about 0.60 wt%Ta, at most about 0.65 wt% Ta, at most about 0.70
wt% Ta, at most about 0.75 wt% Ta, or at most about 0.80 wt% Ta.
[0042] In some embodiments, the composition may include any suitable amount of boron (B) that facilitates the
composition described herein. In someembodiments, the composition includes fromabout 0.005wt% to about 0.025wt%
boron. In some embodiments, the composition includes from about 0.005 wt% to about 0.015 wt% boron.
[0043] In some embodiments, the composition includes at least about 0.005wt%B, at least about 0.010wt%B, at least
about 0.015 wt% B, or at least about 0.020 wt% B. In some embodiments, the composition includes at most about 0.010
wt% B, at most about 0.015 wt% B, at most about 0.020 wt% B, or at most about 0.025 wt% B.
[0044] In some embodiments, the composition may include any suitable amount of iron (Fe) that facilitates the
composition described herein. In many embodiments, the composition includes balance iron. In these embodiments,
the amount of iron is sufficient to bring the total weight percent of the composition to 100 wt%.
[0045] In some embodiments, the composition includes at least about 76 wt% Fe, at least about 77 wt% Fe, at least
about 78wt%Fe, at least about 79wt%Fe, at least about 80wt%Fe, at least about 81wt%Fe, at least about 82wt%Fe, or
at least about 83wt%Fe. In someembodiments, the composition includes atmost about 77wt%Fe, atmost about 78wt%
Fe,atmost about79wt%Fe,atmostabout 80wt%Fe,atmostabout 81wt%Fe,atmost about82wt%Fe,atmostabout 83
wt% Fe, or at most about 84 wt% Fe.
[0046] In some embodiments, the composition may include tramp elements. As used herein, tramp elements include
elements that may be inherently present in the composition and substantially alter the material properties of the
composition. In some embodiments, tramp elements are not necessary in the composition and provide no benefit to
the composition.
[0047] In some embodiments, the composition includes balance iron and residual elements. As used herein, residual
elements include elements that may be inherently present in the composition but do not substantially alter the material
properties of the composition if appropriately limited.
[0048] In these embodiments, the amount of iron and residual elements is sufficient to bring the total weight percent of
the composition to 100 wt%.
[0049] In some embodiments, the composition further comprises a coating. In some embodiments, the composition
further comprises a coating selected from the group consisting of nickel-cadmium coatings, phosphate-aluminum
coatings, and combinations thereof.
[0050] In someembodiments, the composition exhibits a stress rupturedurationof at least 35hourswhenexposed to62
ksi at 1050 °F. In some embodiments, the composition exhibits a stress rupture duration of at least 100 hours when
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exposed to62ksi at 1050 °F. In someembodiments, the compositionexhibits a stress rupturedurationof at least 350hours
when exposed to 62 ksi at 1050 °F.
[0051] In some embodiments, the composition exhibits less than 5% creep deformation for at least 200 hours when
exposed to 60 ksi at 1050 °F. In some embodiments, the composition exhibits less than 5% creep deformation for at least
400 hours when exposed to 60 ksi at 1050 °F. In some embodiments, the composition exhibits less than 5% creep
deformation for at least 800 hours when exposed to 60 ksi at 1050 °F.
[0052] In someembodiments, the composition exhibits a hardness loss of less than 4HRCwhenexposed to 1050 °F for
1000hours. In someembodiments, the composition exhibits a hardness loss of less than 2HRCwhenexposed to 1050 °F
for 1000 hours.
[0053] In some embodiments, the composition is an alloy composition. In some embodiments, the composition is a
wrought composition, a forged composition, and/or a cast composition.
[0054] Also described herein is an article including the composition. Generally, the compositionmay be included in any
suitable article known in the art that facilitates the use of the composition described herein.
[0055] In some embodiments, the article is produced using, but not limited to only using, a wrought process, a forge
process, and/or a cast process. In some embodiments, the article is produced using a cast process.
[0056] In some embodiments, the article is a component of a turbine. In some embodiments, the turbine is a gas turbine
or a steam turbine.
[0057] In some embodiments, the article is a component of a turbine such as, but not limited to only being, a nozzle, a
shroud, a splash plate, a combustor component, a diffuser case, an inner diffuser case, a compressor case, an inner
compressor case, a splitter, an inner barrel, a turbine shell, compressor blades, compressor vanes, guide vanes, retaining
rings, and a combination thereof.
[0058] In someembodiments, thearticle isacomponentof a turbinesuchas,butnot limited toonlybeing,an innercasing
for an in-case steam turbine high pressure rotor, an inner casing for an in-case steam turbine intermediate pressure rotor,
an outer casing for an in-case steam turbine high pressure rotor, an outer casing for an in-case steam turbine intermediate
pressure rotor, a packing head, a diaphragm casing, and a combination thereof.
[0059] In some embodiments, the article is a component of a turbo charger component. In some embodiments, the
article is a component of an automobile.
[0060] Further aspects of the present disclosure are provided by the subject matter of the following clauses:

1. A composition comprising:

from about 0.12 wt% to about 0.23 wt% carbon;
from about 0.2 wt% to about 0.6 wt% manganese;
from about 0.1 wt% to about 0.3 wt% silicon;
from about 7.0 wt% to about 9.0 wt% chromium;
from about 0.5 wt% to about 0.9 wt% nickel;
from about 1.8 wt% to about 2.4 wt% molybdenum;
from about 2.0 wt% to about 2.6 wt% tungsten;
from about 3.5 wt% to about 4.5 wt% cobalt;
from about 0.8 wt% to about 1.2 wt% copper;
from about 0.5 wt% to about 0.8 wt% niobium;
from about 0.005 wt% to about 0.025 wt% nitrogen;
from about 0.05 wt% to about 0.20 wt% aluminum;
from about 0.05 wt% to about 0.25 wt% titanium;
from about 0.4 wt% to about 0.8 wt% tantalum;
from about 0.005 wt% to about 0.025 wt% boron; and
iron.

2. The composition according to the preceding clause, comprising:

from about 0.15 wt% to about 0.2 wt% carbon;
from about 0.3 wt% to about 0.5 wt% manganese;
from about 0.15 wt% to about 0.25 wt% silicon;
from about 7.5 wt% to about 8.5 wt% chromium;
from about 0.6 wt% to about 0.8 wt% nickel;
from about 2.0 wt% to about 2.2 wt% molybdenum;
from about 2.2 wt% to about 2.4 wt% tungsten;
from about 3.9 wt% to about 4.1 wt% cobalt;
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from about 0.9 wt% to about 1.1 wt% copper;
from about 0.6 wt% to about 0.7 wt% niobium;
from about 0.005 wt% to about 0.015 wt% nitrogen;
from about 0.05 wt% to about 0.15 wt% aluminum;
from about 0.10 wt% to about 0.20 wt% titanium;
from about 0.55 wt% to about 0.65 wt% tantalum;
from about 0.005 wt% to about 0.015 wt% boron; and
iron.

3. The composition according to any preceding clause, comprising:

about 0.17 wt% carbon;
about 0.4 wt% manganese;
about 0.2 wt% silicon;
about 8.0 wt% chromium;
about 0.7 wt% nickel;
about 2.1 wt% molybdenum;
about 2.3 wt% tungsten;
about 4.0 wt% cobalt;
about 1.0 wt% copper;
about 0.65 wt% niobium;
about 0.01 wt% nitrogen;
about 0.1 wt% aluminum;
about 0.15 wt% titanium;
about 0.6 wt% tantalum;
about 0.01 wt% boron; and
iron.

4. The composition according to any preceding clause, wherein the composition comprises balance iron and residual
elements.
5. Thecompositionaccording toanyprecedingclause,wherein the compositionexhibits a stress rupturedurationof at
least 35 hours when exposed to 62 ksi at 1050 °F.
6.Thecompositionaccording toanyprecedingclause,wherein the compositionexhibits a stress rupturedurationof at
least 100 hours when exposed to 62 ksi at 1050 °F.
7.Thecompositionaccording toanyprecedingclause,wherein the compositionexhibits a stress rupturedurationof at
least 350 hours when exposed to 62 ksi at 1050 °F.
8. The composition according to any preceding clause, wherein the composition exhibits less than 5% creep
deformation for at least 200 hours when exposed to 60 ksi at 1050 °F.
9. The composition according to any preceding clause, wherein the composition exhibits less than 5% creep
deformation for at least 400 hours when exposed to 60 ksi at 1050 °F.
10. The composition according to any preceding clause, wherein the composition exhibits less than 5% creep
deformation for at least 800 hours when exposed to 60 ksi at 1050 °F.
11. The composition according to any preceding clause,wherein the composition exhibits a hardness loss of less than
4 HRC when exposed to 1050 °F for 1000 hours.
12. Thecomposition according to anypreceding clause,wherein the composition exhibits a hardness loss of less than
2 HRC when exposed to 1050 °F for 1000 hours.
13. The composition according to any preceding clause, wherein the composition further comprises a coating.
14.Thecompositionaccording toanyprecedingclause,wherein thecomposition further comprisesacoatingselected
from the group consisting of nickel-cadmium coatings, phosphate-aluminum coatings, and combinations thereof.
15. The composition according to any preceding clause, wherein the composition is a wrought composition, a forged
composition, and/or a cast composition.
16. An article comprising a composition, the composition comprising:

from about 0.12 wt% to about 0.23 wt% carbon;
from about 0.2 wt% to about 0.6 wt% manganese;
from about 0.1 wt% to about 0.3 wt% silicon;
from about 7.0 wt% to about 9.0 wt% chromium;
from about 0.5 wt% to about 0.9 wt% nickel;
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from about 1.8 wt% to about 2.4 wt% molybdenum;
from about 2.0 wt% to about 2.6 wt% tungsten;
from about 3.5 wt% to about 4.5 wt% cobalt;
from about 0.8 wt% to about 1.2 wt% copper;
from about 0.5 wt% to about 0.8 wt% niobium;
from about 0.005 wt% to about 0.025 wt% nitrogen;
from about 0.05 wt% to about 0.20 wt% aluminum;
from about 0.05 wt% to about 0.25 wt% titanium;
from about 0.4 wt% to about 0.8 wt% tantalum;
from about 0.005 wt% to about 0.025 wt% boron; and
iron.

17. The article according to the preceding clause, wherein the composition is a wrought composition, a forged
composition, and/or a cast composition.
18. The article according to any preceding clause, wherein the article is a component of a turbine selected from the
group consisting of an inner casing for an in-case steam turbine high pressure rotor, an inner casing for an in-case
steam turbine intermediate pressure rotor, an outer casing for an in-case steam turbine high pressure rotor, an outer
casing for an in-case steam turbine intermediate pressure rotor, a packing head, a diaphragm casing, and a
combination thereof.
19. The article according to any preceding clause, wherein the article is a component of a turbine selected from the
group consisting of a nozzle, a shroud, a splash plate, a combustor component, a diffuser case, an inner diffuser case,
a compressor case, an inner compressor case, a splitter, an inner barrel, a turbine shell, compressor blades,
compressor vanes, guide vanes, retaining rings, and a combination thereof.
20. The article according to any preceding clause, wherein the composition further comprises a coating.

[0061] References to "some embodiments" in the above description are not intended to be interpreted as excluding the
existence of additional embodiments that also incorporate the recited features.

Second alloy composition.

[0062] The embodiments described herein overcome at least some of the disadvantages of known iron-based alloys.
The exemplary embodiments described herein include a composition. The composition includes from about 0.20 wt% to
about 0.28wt% carbon, from about 0.3 wt% to about 0.6 wt%manganese, from about 0.05wt% to about 0.20wt% silicon,
from about 10.0 wt% to about 11.0 wt% chromium, from about 0.3 wt% to about 0.7 wt% nickel, from about 1.35 wt% to
about 1.65 wt% molybdenum, from about 1.3 wt% to about 1.6 wt% tungsten, from about 0.85 wt% to about 1.15 wt%
cobalt, from about 0.85 wt% to about 1.15 wt% copper, from about 0.25 wt% to about 0.35 wt% niobium, from about 0.05
wt% to about 0.10wt%nitrogen, from about 0.03wt% to about 0.07wt% tantalum, fromabout 0.20wt% to about 0.30wt%
vanadium, and iron.
[0063] In some embodiments, the composition may include any suitable amount of carbon (C) that facilitates the
composition described herein. In some embodiments, the composition includes from about 0.20 wt% to about 0.28 wt%
carbon. In some embodiments, the composition includes from about 0.22 wt% to about 0.26 wt% carbon.
[0064] In some embodiments, the composition includes at least about 0.20 wt% C, at least about 0.21 wt% C, at least
about 0.22wt%C, at least about 0.23wt%C, at least about 0.24wt%C, at least about 0.25wt%C, at least about 0.26wt%
C, or at least about 0.27wt%C. In some embodiments, the composition includes at most about 0.21wt%C, atmost about
0.22wt%C, atmost about 0.23wt%C, atmost about 0.24wt%C, at most about 0.25wt%C, atmost about 0.26wt%C, at
most about 0.27 wt% C, or at most about 0.28 wt% C.
[0065] In some embodiments, the compositionmay include any suitable amount of manganese (Mn) that facilitates the
composition described herein. In some embodiments, the composition includes from about 0.3 wt% to about 0.6 wt%
manganese. In some embodiments, the composition includes from about 0.4 wt% to about 0.5 wt% manganese.
[0066] In someembodiments, the composition includes at least about 0.30wt%Mn, at least about 0.35wt%Mn, at least
about 0.40 wt% Mn, at least about 0.45 wt% Mn, at least about 0.50 wt% Mn, or at least about 0.55 wt% Mn. In some
embodiments, the composition includes at most about 0.35 wt%Mn, at most about 0.40 wt%Mn, at most about 0.45 wt%
Mn, at most about 0.50 wt% Mn, at most about 0.55 wt% Mn, or at most about 0.60 wt% Mn.
[0067] In some embodiments, the composition may include any suitable amount of silicon (Si) that facilitates the
composition described herein. In some embodiments, the composition includes from about 0.05 wt% to about 0.20 wt%
silicon. In some embodiments, the composition includes from about 0.05 wt% to about 0.10 wt% silicon.
[0068] In someembodiments, the composition includes at least about 0.05wt%Si, at least about 0.10wt%Si, or at least
about 0.15wt%Si. In someembodiments, the composition includes atmost about 0.10wt%Si, atmost about 0.15wt%Si,
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or at most about 0.20 wt% Si.
[0069] In some embodiments, the composition may include any suitable amount of chromium (Cr) that facilitates the
composition described herein. In some embodiments, the composition includes Cr. In some embodiments, the composi-
tion includes from about 10.0 wt% to about 11.0 wt% chromium. In some embodiments, the composition includes from
about 10.0 wt% to about 10.6 wt% chromium.
[0070] In some embodiments, the composition includes at least about 10.0 wt% Cr, at least about 10.1 wt% Cr, at least
about 10.2 wt% Cr, at least about 10.3 wt% Cr, at least about 10.4 wt% Cr, at least about 10.5 wt% Cr, at least about 10.6
wt% Cr, at least about 10.7 wt% Cr, at least about 10.8 wt% Cr, or at least about 10.9 wt% Cr. In some embodiments, the
composition includes atmost about 10.1wt%Cr, atmost about 10.2wt%Cr, atmost about 10.3wt%Cr, atmost about 10.4
wt% Cr, at most about 10.5 wt% Cr, at most about 10.6 wt% Cr, at most about 10.7 wt% Cr, at most about 10.8 wt% Cr, at
most about 10.9 wt% Cr, or at most about 11.0 wt% Cr.
[0071] In some embodiments, the composition may include any suitable amount of nickel (Ni) that facilitates the
composition described herein. In some embodiments, the composition includes from about 0.3 wt% to about 0.7 wt%
nickel. In some embodiments, the composition includes from about 0.4 wt% to about 0.6 wt% nickel.
[0072] In some embodiments, the composition includes at least about 0.30 wt% Ni, at least about 0.35 wt% Ni, at least
about 0.40 wt% Ni, at least about 0.45 wt% Ni, at least about 0.50 wt% Ni, at least about 0.55 wt% Ni, at least about 0.60
wt%Ni, or at least about 0.65wt%Ni. In some embodiments, the composition includes atmost about 0.35wt%Ni, atmost
about 0.40 wt% Ni, at most about 0.45 wt% Ni, at most about 0.50 wt% Ni, at most about 0.55 wt% Ni, at most about 0.60
wt% Ni, at most about 0.65 wt% Ni, or at most about 0.70 wt% Ni.
[0073] In someembodiments, the compositionmay include any suitable amount ofmolybdenum (Mo) that facilitates the
composition described herein. In some embodiments, the composition includes from about 1.35 wt% to about 1.65 wt%
molybdenum. In some embodiments, the composition includes from about 1.45 wt% to about 1.55 wt% molybdenum.
[0074] In someembodiments, the composition includes at least about 1.35wt%Mo, at least about 1.40wt%Mo, at least
about 1.45 wt% Mo, at least about 1.50 wt% Mo, or at least about 1.55 wt% Mo, or at least about 1.60 wt% Mo. In some
embodiments, the composition includes at most about 1.40 wt%Mo, at most about 1.45 wt%Mo, at most about 1.50 wt%
Mo, at most about 1.55 wt% Mo, at most about 1.60 wt% Mo, or at most about 1.65 wt% Mo.
[0075] In some embodiments, the composition may include any suitable amount of tungsten (W) that facilitates the
composition described herein. In some embodiments, the composition includes from about 1.3 wt% to about 1.6 wt%
tungsten. In some embodiments, the composition includes from about 1.4 wt% to about 1.5 wt% tungsten.
[0076] In some embodiments, the composition includes at least about 1.3 wt% W, at least about 1.35 wt% W, at least
about 1.4wt%W,at least about 1.45wt%W,at least about 1.5wt%W,or at least about 1.55wt%W. In someembodiments,
the composition includesatmost about 1.35wt%W,atmost about 1.4wt%W,atmost about 1.45wt%W,atmost about 1.5
wt% W, at most about 1.55 wt% W, or at most about 1.60 wt% W.
[0077] In some embodiments, the composition may include any suitable amount of cobalt (Co) that facilitates the
composition described herein. In some embodiments, the composition includes from about 0.85 wt% to about 1.15 wt%
cobalt. In some embodiments, the composition includes from about 0.95 wt% to about 1.05 wt% cobalt.
[0078] In some embodiments, the composition includes at least about 0.85wt%Co, at least about 0.90wt%Co, at least
about 0.95 wt% Co, at least about 1.0 wt% Co, at least about 1.05 wt% Co, or at least about 1.1 wt% Co. In some
embodiments, the composition includesatmost about 0.90wt%Co,atmost about 0.95wt%Co,atmostabout 1.0wt%Co,
at most about 1.05 wt% Co, at most about 1.1 wt% Co, or at most about 1.15 wt% Co.
[0079] In some embodiments, the composition may include any suitable amount of copper (Cu) that facilitates the
composition described herein. In some embodiments, the composition includes from about 0.85 wt% to about 1.15 wt%
copper. In some embodiments, the composition includes from about 0.95 wt% to about 1.05 wt% copper.
[0080] In some embodiments, the composition includes at least about 0.85wt%Cu, at least about 0.90wt%Cu, at least
about 0.95 wt% Cu, at least about 1.0 wt% Cu, at least about 1.05 wt% Cu, or at least about 1.1 wt% Cu. In some
embodiments, the composition includesatmost about 0.90wt%Cu,atmost about 0.95wt%Cu,atmostabout 1.0wt%Cu,
at most about 1.05 wt% Cu, at most about 1.1 wt% Cu, or at most about 1.15 wt% Cu.
[0081] In some embodiments, the composition may include any suitable amount of niobium (Nb) that facilitates the
composition described herein. In some embodiments, the composition includes from about 0.25 wt% to about 0.35 wt%
niobium. In some embodiments, the composition includes from about 0.26 wt% to about 0.30 wt% niobium.
[0082] In some embodiments, the composition includes at least about 0.25wt%Nb, at least about 0.26wt%Nb, at least
about 0.27wt%Nb, at least about 0.28wt%Nb, at least about 0.29wt%Nb, at least about 0.30wt%Nb, at least about 0.31
wt%Nb, at least about 0.32wt%Nb, at least about 0.33wt%Nb, or at least about 0.34wt%Nb. In someembodiments, the
composition includes at most about 0.26 wt% Nb, at most about 0.27 wt% Nb, at most about 0.28 wt% Nb, at most about
0.29wt%Nb, atmost about 0.30wt%Nb, atmost about 0.31wt%Nb, atmost about 0.32wt%Nb, atmost about 0.33wt%
Nb, at most about 0.34 wt% Nb, or at most about 0.35 wt% Nb.
[0083] In some embodiments, the composition may include any suitable amount of nitrogen (N) that facilitates the
composition described herein. In some embodiments, the composition includes from about 0.05 wt% to about 0.10 wt%
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nitrogen. In some embodiments, the composition includes from about 0.05 wt% to about 0.08 wt% nitrogen.
[0084] In some embodiments, the composition includes at least about 0.05 wt% N, at least about 0.06 wt% N, at least
about0.07wt%N,at least about0.08wt%N,orat least about 0.09wt%N. In someembodiments, thecomposition includes
atmost about 0.06wt%N,atmost about 0.07wt%N,atmost about 0.08wt%N, atmost about 0.09wt%N, or atmost about
0.10 wt% N.
[0085] In some embodiments, the composition may include any suitable amount of tantalum (Ta) that facilitates the
composition described herein. In some embodiments, the composition includes from about 0.03 wt% to about 0.07 wt%
tantalum. In some embodiments, the composition includes from about 0.04 wt% to about 0.06 wt% tantalum.
[0086] In some embodiments, the composition includes at least about 0.03 wt% Ta, at least about 0.04 wt% Ta, at least
about 0.05wt%Ta, or at least about 0.06wt%Ta. In someembodiments, the composition includes atmost about 0.04wt%
Ta, at most about 0.05 wt% Ta, or at most about 0.06 wt% Ta, or at most about 0.07 wt% Ta.
[0087] In some embodiments, the composition may include any suitable amount of vanadium (V) that facilitates the
composition described herein. In some embodiments, the composition includes from about 0.20 wt% to about 0.30 wt%
vanadium. In some embodiments, the composition includes from about 0.23 wt% to about 0.27 wt% vanadium.
[0088] In some embodiments, the composition includes at least about 0.20 wt% V, at least about 0.21 wt% V, at least
about 0.22wt%V,at least about 0.23wt%V, at least about 0.24wt%V, at least about 0.25wt%V,at least about 0.26wt%V,
at least about 0.27 wt%V, at least about 0.28 wt%V, or at least about 0.29 wt%V. In some embodiments, the composition
includes atmost about 0.21wt%V, atmost about 0.22wt%V, atmost about 0.23wt%V, atmost about 0.24wt%V, atmost
about 0.25wt%V,atmostabout 0.26wt%V,atmost about0.27wt%V,atmostabout0.28wt%V,atmostabout 0.29wt%V,
or at most about 0.30 wt% V.
[0089] In some embodiments, the composition may include any suitable amount of iron (Fe) that facilitates the
composition described herein. In many embodiments, the composition includes balance iron. In these embodiments,
the amount of iron is sufficient to bring the total weight percent of the composition to 100 wt%.
[0090] In some embodiments, the composition includes at least about 80 wt% Fe, at least about 81 wt% Fe, at least
about 82 wt% Fe, at least about 83 wt% Fe, at least about 84 wt% Fe, or at least about 85 wt%Fe. In some embodiments,
the composition includes at most about 80 wt% Fe, at most about 81 wt% Fe, at most about 82 wt% Fe, at most about 83
wt% Fe, at most about 84 wt% Fe, or at most about 85 wt% Fe.
[0091] In some embodiments, the composition may include tramp elements. As used herein, tramp elements include
elements that may be inherently present in the composition and substantially alter the material properties of the
composition. In some embodiments, tramp elements are not necessary in the composition and provide no benefit to
the composition.
[0092] In some embodiments, the composition includes balance iron and residual elements. As used herein, residual
elements include elements that may be inherently present in the composition but do not substantially alter the material
properties of the composition if appropriately limited.
[0093] In these embodiments, the amount of iron and residual elements is sufficient to bring the total weight percent of
the composition to 100 wt%.
[0094] In some embodiments, the composition further comprises a coating. In some embodiments, the composition
further comprises a coating selected from the group consisting of nickel-cadmium coatings, phosphate-aluminum
coatings, and combinations thereof.
[0095] In someembodiments, the composition exhibits a stress rupturedurationof at least 35hourswhenexposed to62
ksi at 1050 °F. In some embodiments, the composition exhibits a stress rupture duration of at least 100 hours when
exposed to62ksi at 1050 °F. In someembodiments, the compositionexhibits a stress rupturedurationof at least 300hours
when exposed to 62 ksi at 1050 °F.
[0096] In some embodiments, the composition exhibits less than 5% creep deformation for at least 100 hours when
exposed to 60 ksi at 1050 °F. In some embodiments, the composition exhibits less than 5% creep deformation for at least
200 hours when exposed to 60 ksi at 1050 °F. In some embodiments, the composition exhibits less than 5% creep
deformation for at least 400 hours when exposed to 60 ksi at 1050 °F.
[0097] In someembodiments, the composition exhibits a hardness loss of less than 6HRCwhenexposed to 1050 °F for
1000hours. In someembodiments, the composition exhibits a hardness loss of less than 5HRCwhenexposed to 1050 °F
for 1000 hours.
[0098] In someembodiments, the composition exhibits at least 15Ft-lbsCharpy energy absorbed at room temperature.
In some embodiments, wherein the composition exhibits at least 25 Ft-lbs Charpy energy absorbed at room temperature.
[0099] In some embodiments, the composition is an alloy composition. In some embodiments, the composition is a
wrought composition, a forged composition, and/or a cast composition.
[0100] Also described herein is an article including the composition. Generally, the compositionmay be included in any
suitable article known in the art that facilitates the use of the composition described herein.
[0101] In some embodiments, the article is produced using, but not limited to only using, a wrought process, a forge
process, and/or a cast process. In some embodiments, the article is produced using a cast process.
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[0102] In some embodiments, the article is a component of a turbine. In some embodiments, the turbine is a gas turbine
or a steam turbine.
[0103] In some embodiments, the article is a component of a turbine such as, but not limited to only being, a nozzle, a
shroud, a splash plate, a combustor component, a diffuser case, an inner diffuser case, a compressor case, an inner
compressor case, a splitter, an inner barrel, a turbine shell, compressor blades, compressor vanes, guide vanes, retaining
rings, and a combination thereof.
[0104] In someembodiments, thearticle isacomponentof a turbinesuchas,butnot limited toonlybeing,an innercasing
for an in-case steam turbine high pressure rotor, an inner casing for an in-case steam turbine intermediate pressure rotor,
an outer casing for an in-case steam turbine high pressure rotor, an outer casing for an in-case steam turbine intermediate
pressure rotor, a packing head, a diaphragm casing, and a combination thereof.
[0105] In some embodiments, the article is a component of a turbo charger component. In some embodiments, the
article is a component of an automobile.
[0106] Further aspects of the present disclosure are provided by the subject matter of the following clauses:

1. A composition comprising:

from about 0.20 wt% to about 0.28 wt% carbon;
from about 0.3 wt% to about 0.6 wt% manganese;
from about 0.05 wt% to about 0.20 wt% silicon;
from about 10.0 wt% to about 11.0 wt% chromium;
from about 0.3 wt% to about 0.7 wt% nickel;
from about 1.35 wt% to about 1.65 wt% molybdenum;
from about 1.3 wt% to about 1.6 wt% tungsten;
from about 0.85 wt% to about 1.15 wt% cobalt;
from about 0.85 wt% to about 1.15 wt% copper;
from about 0.25 wt% to about 0.35 wt% niobium;
from about 0.05 wt% to about 0.10 wt% nitrogen;
from about 0.03 wt% to about 0.07 wt% tantalum;
from about 0.20 wt% to about 0.30 wt% vanadium; and
iron.

2. The composition according to the preceding clause, comprising:
from about 0.22 wt% to about 0.26 wt% carbon;

from about 0.4 wt% to about 0.5 wt% manganese;
from about 0.05 wt% to about 0.10 wt% silicon;
from about 10.0 wt% to about 10.6 wt% chromium;
from about 0.4 wt% to about 0.6 wt% nickel;
from about 1.45 wt% to about 1.55 wt% molybdenum;
from about 1.4 wt% to about 1.5 wt% tungsten;
from about 0.95 wt% to about 1.05 wt% cobalt;
from about 0.95 wt% to about 1.05 wt% copper;
from about 0.26 wt% to about 0.30 wt% niobium;
from about 0.05 wt% to about 0.08 wt% nitrogen;
from about 0.04 wt% to about 0.06 wt% tantalum;
from about 0.23 wt% to about 0.27 wt% vanadium; and
iron.

3. The composition according to any preceding clause, comprising:

about 0.24 wt% carbon;
about 0.5 wt% manganese;
about 0.075 wt% silicon;
about 10.3 wt% chromium;
about 0.5 wt% nickel;
about 1.5 wt% molybdenum;
about 1.45 wt% tungsten;
about 1.0 wt% cobalt;
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about 1.0 wt% copper;
about 0.28 wt% niobium;
about 0.065 wt% nitrogen;
about 0.05 wt% tantalum;
about 0.25 wt% vanadium; and
iron.

4. The composition according to any preceding clause, wherein the composition comprises balance iron and residual
elements.
5. Thecompositionaccording toanyprecedingclause,wherein the compositionexhibits a stress rupturedurationof at
least 35 hours when exposed to 62 ksi at 1050 °F.
6.Thecompositionaccording toanyprecedingclause,wherein the compositionexhibits a stress rupturedurationof at
least 100 hours when exposed to 62 ksi at 1050 °F.
7.Thecompositionaccording toanyprecedingclause,wherein the compositionexhibits a stress rupturedurationof at
least 300 hours when exposed to 62 ksi at 1050 °F.
8. The composition according to any preceding clause, wherein the composition exhibits less than 5% creep
deformation for at least 100 hours when exposed to 60 ksi at 1050 °F.
9. The composition according to any preceding clause, wherein the composition exhibits less than 5% creep
deformation for at least 200 hours when exposed to 60 ksi at 1050 °F.
10. The composition according to any preceding clause, wherein the composition exhibits less than 5% creep
deformation for at least 400 hours when exposed to 60 ksi at 1050 °F.
11. The composition according to any preceding clause,wherein the composition exhibits a hardness loss of less than
6 HRC when exposed to 1050 °F for 1000 hours.
12. Thecomposition according to anypreceding clause,wherein the composition exhibits a hardness loss of less than
5 HRC when exposed to 1050 °F for 1000 hours.
13. The composition according to any preceding clause, wherein the composition exhibits at least 15 Ft-lbs Charpy
energy absorbed at room temperature.
14. The composition according to any preceding clause, wherein the composition exhibits at least 25 Ft-lbs Charpy
energy absorbed at room temperature.
15. The composition according to any preceding clause, wherein the composition is a wrought composition, a forged
composition, and/or a cast composition.
16. An article comprising a composition, the composition comprising:

from about 0.20 wt% to about 0.28 wt% carbon;
from about 0.3 wt% to about 0.6 wt% manganese;
from about 0.05 wt% to about 0.20 wt% silicon;
from about 10.0 wt% to about 11.0 wt% chromium;
from about 0.3 wt% to about 0.7 wt% nickel;
from about 1.35 wt% to about 1.65 wt% molybdenum;
from about 1.3 wt% to about 1.6 wt% tungsten;
from about 0.85 wt% to about 1.15 wt% cobalt;
from about 0.85 wt% to about 1.15 wt% copper;
from about 0.25 wt% to about 0.35 wt% niobium;
from about 0.05 wt% to about 0.10 wt% nitrogen;
from about 0.03 wt% to about 0.07 wt% tantalum;
from about 0.20 wt% to about 0.30 wt% vanadium; and
iron.

17. The article according to the preceding clause, wherein the composition is a wrought composition, a forged
composition, and/or a cast composition.
18. The article according to any preceding clause, wherein the article is a component of a turbine selected from the
group consisting of an inner casing for an in-case steam turbine high pressure rotor, an inner casing for an in-case
steam turbine intermediate pressure rotor, an outer casing for an in-case steam turbine high pressure rotor, an outer
casing for an in-case steam turbine intermediate pressure rotor, a packing head, a diaphragm casing, and a
combination thereof.
19. The article according to any preceding clause, wherein the article is a component of a turbine selected from the
group consisting of a nozzle, a shroud, a splash plate, a combustor component, a diffuser case, an inner diffuser case,
a compressor case, an inner compressor case, a splitter, an inner barrel, a turbine shell, compressor blades,
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compressor vanes, guide vanes, retaining rings, and a combination thereof.
20. The article according to any preceding clause, wherein the composition exhibits at least 15 Ft-lbs Charpy energy
absorbed at room temperature.

[0107] References to "some embodiments" in the above description are not intended to be interpreted as excluding the
existence of additional embodiments that also incorporate the recited features.

Third alloy composition.

[0108] The embodiments described herein overcome at least some of the disadvantages of known iron-based alloys.
The exemplary embodiments described herein include a composition. The composition includes from about 0.16 wt% to
about 0.24wt% carbon, from about 0.4 wt% to about 0.8 wt%manganese, from about 0.10wt% to about 0.30wt% silicon,
from about 9.5wt% to about 11.0wt% chromium, fromabout 0.3wt% to about 0.7wt%nickel, fromabout 2.0wt% to about
2.8 wt% molybdenum, from about 1.2 wt% to about 2.0 wt% tungsten, from about 3.7 wt% to about 4.3 wt% cobalt, from
about 1.1 wt% to about 1.5 wt% copper, from about 0.35 wt% to about 0.55 wt% niobium, from about 0.005 wt% to about
0.025 wt% nitrogen, from about 0.20 wt% to about 0.40 wt% tantalum, from about 0.01 wt% to about 0.05 wt% aluminum,
from about 0.005 wt% to about 0.025 wt% boron, and iron.
[0109] In some embodiments, the composition may include any suitable amount of carbon (C) that facilitates the
composition described herein. In some embodiments, the composition includes from about 0.16 wt% to about 0.24 wt%
carbon. In some embodiments, the composition includes from about 0.18 wt% to about 0.22 wt% carbon.
[0110] In some embodiments, the composition includes at least about 0.16 wt% C, at least about 0.17 wt% C, at least
about 0.18wt%C, at least about 0.19wt%C, at least about 0.20wt%C, at least about 0.21wt%C, at least about 0.22wt%
C, or at least about 0.23wt%C. In some embodiments, the composition includes at most about 0.17wt%C, atmost about
0.18wt%C, atmost about 0.19wt%C, atmost about 0.20wt%C, at most about 0.21wt%C, atmost about 0.22wt%C, at
most about 0.23 wt% C, or at most about 0.24 wt% C.
[0111] In some embodiments, the compositionmay include any suitable amount of manganese (Mn) that facilitates the
composition described herein. In some embodiments, the composition includes from about 0.4 wt% to about 0.8 wt%
manganese. In some embodiments, the composition includes from about 0.5 wt% to about 0.7 wt% manganese.
[0112] In someembodiments, the composition includes at least about 0.40wt%Mn, at least about 0.45wt%Mn, at least
about 0.50wt%Mn,at least about 0.55wt%Mn,at least about 0.60wt%Mn,at least about 0.65wt%Mn,at least about 0.70
wt% Mn, or at least about 0.75 wt% Mn. In some embodiments, the composition includes at most about 0.45 wt% Mn, at
most about 0.50 wt% Mn, at most about 0.55 wt% Mn, at most about 0.60 wt% Mn, at most about 0.65 wt% Mn, at most
about 0.70 wt% Mn, at most about 0.75 wt% Mn, or at most about 0.80 wt% Mn.
[0113] In some embodiments, the composition may include any suitable amount of silicon (Si) that facilitates the
composition described herein. In some embodiments, the composition includes from about 0.10 wt% to about 0.30 wt%
silicon. In some embodiments, the composition includes from about 0.15 wt% to about 0.25 wt% silicon.
[0114] In some embodiments, the composition includes at least about 0.10 wt% Si, at least about 0.15 wt% Si, at least
about 0.20wt%Si, or at least about 0.25wt%Si. In some embodiments, the composition includes atmost about 0.15wt%
Si, at most about 0.20 wt% Si, at most about 0.25 wt% Si, or at most about 0.30 wt% Si.
[0115] In some embodiments, the composition may include any suitable amount of chromium (Cr) that facilitates the
composition described herein. In some embodiments, the composition includes Cr. In some embodiments, the composi-
tion includes fromabout 9.5wt% toabout 11.0wt%chromium. In someembodiments, the composition includes fromabout
10.0 wt% to about 10.6 wt% chromium.
[0116] In some embodiments, the composition includes at least about 9.5 wt% Cr, at least about 9.6 wt% Cr, at least
about 9.7 wt%Cr, at least about 9.8 wt%Cr, at least about 9.9 wt%Cr, at least about 10.0 wt%Cr, at least about 10.1 wt%
Cr, at least about 10.2 wt% Cr, at least about 10.3 wt% Cr, at least about 10.4 wt% Cr, at least about 10.5 wt% Cr, at least
about 10.6 wt% Cr, at least about 10.7 wt% Cr, at least about 10.8 wt% Cr, or at least about 10.9 wt% Cr.
[0117] In some embodiments, the composition includes at most about 9.6 wt% Cr, at most about 9.7 wt% Cr, at most
about 9.8wt%Cr, atmost about 9.9wt%Cr, atmost about 10.0wt%Cr, atmost about 10.1wt%Cr, atmost about 10.2wt%
Cr, at most about 10.3 wt%Cr, at most about 10.4 wt%Cr, at most about 10.5 wt%Cr, at most about 10.6 wt%Cr, at most
about 10.7 wt% Cr, at most about 10.8 wt% Cr, at most about 10.9 wt% Cr, or at most about 11.0 wt% Cr.
[0118] In some embodiments, the composition may include any suitable amount of nickel (Ni) that facilitates the
composition described herein. In some embodiments, the composition includes from about 0.3 wt% to about 0.7 wt%
nickel. In some embodiments, the composition includes from about 0.4 wt% to about 0.6 wt% nickel.
[0119] In some embodiments, the composition includes at least about 0.30 wt% Ni, at least about 0.35 wt% Ni, at least
about 0.40 wt% Ni, at least about 0.45 wt% Ni, at least about 0.50 wt% Ni, at least about 0.55 wt% Ni, at least about 0.60
wt%Ni, or at least about 0.65wt%Ni. In some embodiments, the composition includes atmost about 0.35wt%Ni, atmost
about 0.40 wt% Ni, at most about 0.45 wt% Ni, at most about 0.50 wt% Ni, at most about 0.55 wt% Ni, at most about 0.60
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wt% Ni, at most about 0.65 wt% Ni, or at most about 0.70 wt% Ni.
[0120] In someembodiments, the compositionmay include any suitable amount ofmolybdenum (Mo) that facilitates the
composition described herein. In some embodiments, the composition includes from about 2.0 wt% to about 2.8 wt%
molybdenum. In some embodiments, the composition includes from about 2.2 wt% to about 2.6 wt% molybdenum.
[0121] In some embodiments, the composition includes at least about 2.0 wt% Mo, at least about 2.1 wt% Mo, at least
about 2.2wt%Mo, at least about 2.3wt%Mo, at least about 2.4wt%Mo, at least about 2.5wt%Mo, at least about 2.6wt%
Mo,orat least about2.7wt%Mo. Insomeembodiments, thecomposition includesatmostabout2.1wt%Mo,atmostabout
2.2wt%Mo, atmost about 2.3wt%Mo, atmost about 2.4wt%Mo, atmost about 2.5wt%Mo, atmost about 2.6wt%Mo, at
most about 2.7 wt% Mo, or at most about 2.8 wt% Mo.
[0122] In some embodiments, the composition may include any suitable amount of tungsten (W) that facilitates the
composition described herein. In some embodiments, the composition includes from about 1.2 wt% to about 2.0 wt%
tungsten. In some embodiments, the composition includes from about 1.4 wt% to about 1.8 wt% tungsten.
[0123] In some embodiments, the composition includes at least about 1.2 wt% W, at least about 1.25 wt% W, at least
about 1.3wt%W,at least about 1.35wt%W,at least about 1.4wt%W,at least about 1.45wt%W,at least about 1.5wt%W,
at least about1.55wt%W,at least about1.6wt%W,at least about1.65wt%W,at least about1.7wt%W,at least about1.75
wt%W,at least about1.8wt%W,at least about1.85wt%W,at least about 1.9wt%W,orat least about1.95wt%W. Insome
embodiments, the composition includes atmost about 1.25wt%W,atmost about 1.3wt%W,atmost about 1.35wt%W,at
most about 1.4 wt%W, at most about 1.45 wt%W, at most about 1.5 wt%W, at most about 1.55 wt%W, at most about 1.6
wt%W, atmost about 1.65wt%W, atmost about 1.7 wt%W, atmost about 1.75wt%W, atmost about 1.8 wt%W, atmost
about 1.85 wt% W, at most about 1.9 wt% W, at most about 1.95 wt% W, or at most about 2.0 wt% W.
[0124] In some embodiments, the composition may include any suitable amount of cobalt (Co) that facilitates the
composition described herein. In some embodiments, the composition includes from about 3.7 wt% to about 4.3 wt%
cobalt. In some embodiments, the composition includes from about 3.8 wt% to about 4.2 wt% cobalt.
[0125] In some embodiments, the composition includes at least about 3.7 wt% Co, at least about 3.8 wt% Co, at least
about 3.9 wt% Co, at least about 4.0 wt% Co, at least about 4.1 wt% Co, or at least about 4.2 wt% Co. In some
embodiments, the composition includes atmost about 3.8wt%Co, atmost about 3.9wt%Co, atmost about 4.0wt%Co, at
most about 4.1 wt% Co, at most about 4.2 wt% Co, or at most about 4.3 wt% Co.
[0126] In some embodiments, the composition may include any suitable amount of copper (Cu) that facilitates the
composition described herein. In some embodiments, the composition includes from about 1.1 wt% to about 1.5 wt%
copper. In some embodiments, the composition includes from about 1.2 wt% to about 1.4 wt% copper.
[0127] In some embodiments, the composition includes at least about 1.1 wt% Cu, at least about 1.2 wt% Cu, at least
about1.3wt%Cu,orat least about1.4wt%Cu. Insomeembodiments, thecomposition includesatmostabout1.2wt%Cu,
at most about 1.3 wt% Cu, at most about 1.4 wt% Cu, or at most about 1.5 wt% Cu.
[0128] In some embodiments, the composition may include any suitable amount of niobium (Nb) that facilitates the
composition described herein. In some embodiments, the composition includes from about 0.35 wt% to about 0.55 wt%
niobium. In some embodiments, the composition includes from about 0.40 wt% to about 0.50 wt% niobium.
[0129] In some embodiments, the composition includes at least about 0.35wt%Nb, at least about 0.36wt%Nb, at least
about 0.37wt%Nb, at least about 0.38wt%Nb, at least about 0.39wt%Nb, at least about 0.40wt%Nb, at least about 0.41
wt%Nb, at least about 0.42wt%Nb, at least about 0.43wt%Nb, at least about 0.44wt%Nb, at least about 0.45wt%Nb, at
least about 0.46wt%Nb, at least about 0.47wt%Nb, at least about 0.48wt%Nb, at least about 0.49wt%Nb, at least about
0.50wt%Nb,at least about 0.51wt%Nb,at least about 0.52wt%Nb,at least about 0.53wt%Nb,or at least about 0.54wt%
Nb. In someembodiments, the composition includesatmost about 0.36wt%Nb,atmost about 0.37wt%Nb,atmost about
0.38wt%Nb, atmost about 0.39wt%Nb, atmost about 0.40wt%Nb, atmost about 0.41wt%Nb, atmost about 0.42wt%
Nb,atmost about0.43wt%Nb,atmost about0.44wt%Nb,atmost about0.45wt%Nb,atmost about0.46wt%Nb,atmost
about 0.47wt%Nb, atmost about 0.48wt%Nb, atmost about 0.49wt%Nb, atmost about 0.50wt%Nb, atmost about 0.51
wt%Nb,atmost about 0.52wt%Nb, atmost about 0.53wt%Nb, atmost about 0.54wt%Nb, or atmost about 0.55wt%Nb.
[0130] In some embodiments, the composition may include any suitable amount of nitrogen (N) that facilitates the
composition described herein. In someembodiments, the composition includes fromabout 0.005wt% to about 0.025wt%
nitrogen. In some embodiments, the composition includes from about 0.005 wt% to about 0.015 wt% nitrogen.
[0131] In some embodiments, the composition includes at least about 0.005 wt%N, at least about 0.01 wt% N, at least
about 0.015wt%N, or at least about 0.02wt%N. In someembodiments, the composition includes atmost about 0.01wt%
N, at most about 0.015 wt% N, at most about 0.02 wt% N, or at most about 0.025 wt% N.
[0132] In some embodiments, the composition may include any suitable amount of tantalum (Ta) that facilitates the
composition described herein. In some embodiments, the composition includes from about 0.20 wt% to about 0.40 wt%
tantalum. In some embodiments, the composition includes from about 0.25 wt% to about 0.35 wt% tantalum.
[0133] In some embodiments, the composition includes at least about 0.20 wt% Ta, at least about 0.25 wt% Ta, at least
about 0.30wt%Ta, or at least about 0.35wt%Ta. In someembodiments, the composition includes atmost about 0.25wt%
Ta, at most about 0.30 wt% Ta, at most about 0.35 wt% Ta, or at most about 0.40 wt% Ta.
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[0134] In some embodiments, the composition may include any suitable amount of aluminum (Al) that facilitates the
composition described herein. In some embodiments, the composition includes from about 0.01 wt% to about 0.05 wt%
aluminum. In some embodiments, the composition includes from about 0.02 wt% to about 0.04 wt% aluminum.
[0135] In someembodiments, the composition includes at least about 0.010wt%Al, at least about 0.015wt%Al, at least
about 0.020 wt% Al, at least about 0.025 wt% Al, at least about 0.030 wt% Al, at least about 0.035 wt% Al, at least about
0.040wt%Al, or at least about 0.045wt%Al. In someembodiments, the composition includes atmost about 0.015wt%Al,
at most about 0.020wt%Al, at most about 0.025wt%Al, at most about 0.030 wt%Al, at most about 0.035 wt%Al, at most
about 0.040 wt% Al, at most about 0.045 wt% Al, or at most about 0.050 wt% Al.
[0136] In some embodiments, the composition may include any suitable amount of boron (B) that facilitates the
composition described herein. In someembodiments, the composition includes fromabout 0.005wt% to about 0.025wt%
boron. In some embodiments, the composition includes from about 0.005 wt% to about 0.015 wt% boron.
[0137] In some embodiments, the composition includes at least about 0.005wt%B, at least about 0.010wt%B, at least
about 0.015 wt% B, or at least about 0.020 wt% B. In some embodiments, the composition includes at most about 0.010
wt% B, at most about 0.015 wt% B, at most about 0.020 wt% B, or at most about 0.025 wt% B.
[0138] In some embodiments, the composition may include any suitable amount of iron (Fe) that facilitates the
composition described herein. In many embodiments, the composition includes balance iron. In these embodiments,
the amount of iron is sufficient to bring the total weight percent of the composition to 100 wt%.
[0139] In some embodiments, the composition includes at least about 75 wt% Fe, at least about 76 wt% Fe, at least
about 77wt%Fe, at least about 78wt%Fe, at least about 79wt%Fe, at least about 80wt%Fe, or at least about 81wt%Fe.
In someembodiments, the composition includes atmost about 76wt%Fe, atmost about 77wt%Fe, atmost about 78wt%
Fe, at most about 79 wt% Fe, at most about 80 wt% Fe, at most about 81 wt% Fe, or at most about 82 wt% Fe.
[0140] In some embodiments, the composition may include tramp elements. As used herein, tramp elements include
elements that may be inherently present in the composition and substantially alter the material properties of the
composition. In some embodiments, tramp elements are not necessary in the composition and provide no benefit to
the composition.
[0141] In some embodiments, the composition includes balance iron and residual elements. As used herein, residual
elements include elements that may be inherently present in the composition but do not substantially alter the material
properties of the composition if appropriately limited.
[0142] In these embodiments, the amount of iron and residual elements is sufficient to bring the total weight percent of
the composition to 100 wt%.
[0143] In some embodiments, the composition further comprises a coating. In some embodiments, the composition
further comprises a coating selected from the group consisting of nickel-cadmium coatings, phosphate-aluminum
coatings, and combinations thereof.
[0144] In someembodiments, the composition exhibits a stress rupturedurationof at least 25hourswhenexposed to62
ksi at 1050 °F. In someembodiments, the composition exhibits a stress rupture duration of at least 35 hourswhenexposed
to 62 ksi at 1050 °F. In some embodiments, the composition exhibits a stress rupture duration of at least 40 hours when
exposed to 62 ksi at 1050 °F.
[0145] In some embodiments, the composition exhibits at least 8 Ft-lbs Charpy energy absorbed at room temperature.
In some embodiments, wherein the composition exhibits at least 12 Ft-lbs Charpy energy absorbed at room temperature.
[0146] In some embodiments, the composition is an alloy composition. In some embodiments, the composition is a
wrought composition, a forged composition, and/or a cast composition.
[0147] Also described herein is an article including the composition. Generally, the compositionmay be included in any
suitable article known in the art that facilitates the use of the composition described herein.
[0148] In some embodiments, the article is produced using, but not limited to only using, a wrought process, a forge
process, and/or a cast process. In some embodiments, the article is produced using a cast process.
[0149] In some embodiments, the article is a component of a turbine. In some embodiments, the turbine is a gas turbine
or a steam turbine.
[0150] In some embodiments, the article is a component of a turbine such as, but not limited to only being, a nozzle, a
shroud, a splash plate, a combustor component, a diffuser case, an inner diffuser case, a compressor case, an inner
compressor case, a splitter, an inner barrel, a turbine shell, compressor blades, compressor vanes, guide vanes, retaining
rings, and a combination thereof.
[0151] In someembodiments, thearticle isacomponentof a turbinesuchas,butnot limited toonlybeing,an innercasing
for an in-case steam turbine high pressure rotor, an inner casing for an in-case steam turbine intermediate pressure rotor,
an outer casing for an in-case steam turbine high pressure rotor, an outer casing for an in-case steam turbine intermediate
pressure rotor, a packing head, a diaphragm casing, and a combination thereof.
[0152] In some embodiments, the article is a component of a turbo charger component. In some embodiments, the
article is a component of an automobile.
[0153] Further aspects of the present disclosure are provided by the subject matter of the following clauses:
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1. A composition comprising:

from about 0.16 wt% to about 0.24 wt% carbon;
from about 0.4 wt% to about 0.8 wt% manganese;
from about 0.10 wt% to about 0.30 wt% silicon;
from about 9.5 wt% to about 11.0 wt% chromium;
from about 0.3 wt% to about 0.7 wt% nickel;
from about 2.0 wt% to about 2.8 wt% molybdenum;
from about 1.2 wt% to about 2.0 wt% tungsten;
from about 3.7 wt% to about 4.3 wt% cobalt;
from about 1.1 wt% to about 1.5 wt% copper;
from about 0.35 wt% to about 0.55 wt% niobium;
from about 0.005 wt% to about 0.025 wt% nitrogen;
from about 0.20 wt% to about 0.40 wt% tantalum;
from about 0.01 wt% to about 0.05 wt% aluminum;
from about 0.005 wt% to about 0.025 wt% boron; and
iron.

2. The composition according to the preceding clause, comprising:

from about 0.18 wt% to about 0.22 wt% carbon;
from about 0.5 wt% to about 0.7 wt% manganese;
from about 0.15 wt% to about 0.25 wt% silicon;
from about 10.0 wt% to about 10.6 wt% chromium;
from about 0.4 wt% to about 0.6 wt% nickel;
from about 2.2 wt% to about 2.6 wt% molybdenum;
from about 1.4 wt% to about 1.8 wt% tungsten;
from about 3.8 wt% to about 4.2 wt% cobalt;
from about 1.2 wt% to about 1.4 wt% copper;
from about 0.40 wt% to about 0.50 wt% niobium;
from about 0.005 wt% to about 0.125 wt% nitrogen;
from about 0.25 wt% to about 0.35 wt% tantalum;
from about 0.02 wt% to about 0.04 wt% aluminum;
from about 0.005 wt% to about 0.015 wt% boron; and
iron.

3. The composition according to any preceding clause, comprising:

about 0.2 wt% carbon;
about 0.6 wt% manganese;
about 0.2 wt% silicon;
about 10.3 wt% chromium;
about 0.5 wt% nickel;
about 2.4 wt% molybdenum;
about 1.6 wt% tungsten;
about 4.0 wt% cobalt;
about 1.3 wt% copper;
about 0.45 wt% niobium;
about 0.01 wt% nitrogen;
about 0.3 wt% tantalum;
about 0.03 wt% aluminum;
about 0.01 wt% boron; and
iron.

4. The composition according to any preceding clause, wherein the composition comprises balance iron and residual
elements.
5. Thecompositionaccording toanyprecedingclause,wherein the compositionexhibits a stress rupturedurationof at
least 25 hours when exposed to 62 ksi at 1050 °F.
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6.Thecompositionaccording toanyprecedingclause,wherein the compositionexhibits a stress rupturedurationof at
least 35 hours when exposed to 62 ksi at 1050 °F.
7.Thecompositionaccording toanyprecedingclause,wherein the compositionexhibits a stress rupturedurationof at
least 40 hours when exposed to 62 ksi at 1050 °F.
8. The composition according to any preceding clause, wherein the composition exhibits at least 8 Ft-lbs Charpy
energy absorbed at room temperature.
9. The composition according to any preceding clause, wherein the composition exhibits at least 12 Ft-lbs Charpy
energy absorbed at room temperature.
10. The composition according to any preceding clause, wherein the composition exhibits a stress rupture duration of
at least 25hourswhenexposed to62ksi at 1050 °Fandat least 8Ft-lbsCharpyenergyabsorbedat room temperature.
11. The composition according to any preceding clause, wherein the composition exhibits a stress rupture duration of
at least 25 hours when exposed to 62 ksi at 1050 °F and at least 12 Ft-lbs Charpy energy absorbed at room
temperature.
12. The composition according to any preceding clause, wherein the composition exhibits a stress rupture duration of
at least 35hourswhenexposed to62ksi at 1050 °Fandat least 8Ft-lbsCharpyenergyabsorbedat room temperature.
13. The composition according to any preceding clause, wherein the composition exhibits a stress rupture duration of
at least 35 hours when exposed to 62 ksi at 1050 °F and at least 12 Ft-lbs Charpy energy absorbed at room
temperature.
14. The composition according to any preceding clause, wherein the composition exhibits a stress rupture duration of
at least 40 hours when exposed to 62 ksi at 1050 °F and at least 12 Ft-lbs Charpy energy absorbed at room
temperature.
15. The composition according to any preceding clause, wherein the composition is a wrought composition, a forged
composition, and/or a cast composition.
16. An article comprising a composition, the composition comprising:

from about 0.16 wt% to about 0.24 wt% carbon;
from about 0.4 wt% to about 0.8 wt% manganese;
from about 0.10 wt% to about 0.30 wt% silicon;
from about 9.5 wt% to about 11.0 wt% chromium;
from about 0.3 wt% to about 0.7 wt% nickel;
from about 2.0 wt% to about 2.8 wt% molybdenum;
from about 1.2 wt% to about 2.0 wt% tungsten;
from about 3.7 wt% to about 4.3 wt% cobalt;
from about 1.1 wt% to about 1.5 wt% copper;
from about 0.35 wt% to about 0.55 wt% niobium;
from about 0.005 wt% to about 0.025 wt% nitrogen;
from about 0.20 wt% to about 0.40 wt% tantalum;
from about 0.01 wt% to about 0.05 wt% aluminum;
from about 0.005 wt% to about 0.025 wt% boron; and
iron.

17. The article according to the preceding clause, wherein the composition is a wrought composition, a forged
composition, and/or a cast composition.
18. The article according to any preceding clause, wherein the article is a component of a turbine selected from the
group consisting of an inner casing for an in-case steam turbine high pressure rotor, an inner casing for an in-case
steam turbine intermediate pressure rotor, an outer casing for an in-case steam turbine high pressure rotor, an outer
casing for an in-case steam turbine intermediate pressure rotor, a packing head, a diaphragm casing, and a
combination thereof.
19. The article according to any preceding clause, wherein the article is a component of a turbine selected from the
group consisting of a nozzle, a shroud, a splash plate, a combustor component, a diffuser case, an inner diffuser case,
a compressor case, an inner compressor case, a splitter, an inner barrel, a turbine shell, compressor blades,
compressor vanes, guide vanes, retaining rings, and a combination thereof.
20. The article according to any preceding clause, wherein the composition exhibits at least 10 Ft-lbs Charpy energy
absorbed at room temperature.

EXAMPLES

[0154] Without further elaboration, it is believed that one skilled in the art using the preceding description can utilize the
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present invention to its fullest extent. The followingExamples are, therefore, to be construed asmerely illustrative, and not
limitingof thedisclosure in anywaywhatsoever. Thestartingmaterial for the followingExamplesmaynot havenecessarily
been prepared by a particular preparative run whose procedure is described in other Examples. It also is understood that
any numerical range recited herein includes all values from the lower value to the upper value. For example, if a range is
stated as 10‑50, it is intended that values such as 12‑30, 20‑40, or 30‑50, etc., are expressly enumerated in this
specification. These are only examples of what is specifically intended, and all possible combinations of numerical values
between and including the lowest value and the highest value enumerated are to be considered to be expressly stated in
this application.

Example 1. Tested compositions.

[0155] Onehundredand fifty (150) different iron-basedalloy compositionswereproduced in the formof laboratory scale
ingotsandanalyzed todetermine their properties.Thesecompositionsand their correspondingpropertieswerecompared
in these examples.
[0156] Select prepared compositions are shown in the below table. CE is a comparative iron-based alloy composition,
while alloy compositions "36", "61", "79", "144", and "145" are numbered compositions that weremade in production of the
150 different iron-based alloy compositions. The use of "<" indicates that the given element includes less than the given
amount, but not that the given element is necessarily present.

Table 1. Tested compositions.

Element CE (wt%) 36 (wt%) 61 (wt%) 79 (wt%) 144 (wt%) 145 (wt%)

Carbon 0.11 0.17 0.32 0.27 0.21 0.22

Manganese 0.44 0.43 0.62 0.67 0.62 0.41

Silicon 0.08 0.20 0.18 0.28 0.24 0.13

Chromium 10.26 7.88 8.30 9.02 10.35 10.40

Nickel 0.70 0.69 0.45 0.79 0.55 0.50

Molybdenum 1.05 2.14 0.97 0.21 2.42 1.51

Tungsten 0.96 2.35 2.10 3.73 1.64 1.45

Cobalt <0.01 4.03 3.29 2.20 4.20 0.99

Copper <0.01 0.99 1.30 0.64 1.35 1.00

Vanadium 0.21 <0.01 0.48 0.13 0.34 0.26

Niobium 0.06 0.66 0.07 0.16 0.45 0.25

Nitrogen 0.03 0.01 0.02 0.01 0.01 0.03

Aluminum <0.01 0.11 0.01 0.07 0.03 <0.01

Titanium <0.01 0.15 0.29 0.20 <0.01 <0.01

Tantalum <0.01 0.62 0.23 0.09 0.28 0.05

Boron <0.005 0.012 0.015 0.016 0.016 <0.005

Iron Balance Balance Balance Balance Balance Balance

Total 100 100 100 100 100 100

Example 2. Properties.

[0157] Several properties of CE and alloys 36, 61, 79, 144, and 145 were analyzed and compared as follows.
[0158] Samples of each alloy were exposed to 1050 °F for 1,000 hours to evaluate the hardness stability. Rockwell C
hardnessmeasurementswere takenbeforeandafter theexposurecycle.CE lost 7.8pointsofRockwellC (HRC)hardness
during the test. In comparison, alloys 36 and 144, lost only 1.6 and 2.0 HRC points from the exposure. Alloy 145 lost 4.0
points while alloys 79 and 61 lost 6.1 and 7.5 HRC points, respectively. For reference, 1 point of HRChardness correlates
to approximately 2 ksi of tensile strength, which means that CE lost roughly 15 ksi of tensile strength from this exposure
cycle. Prior to the test, all alloyswere tempered to a target hardness of 35HRC.Results are shownbelow in Table 2. Alloys
36 and 144 show the best hardness stability.
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Table 2. Hardness stability.

Alloy Hardness Before Exposure (HRC) Hardness After Exposure (HRC) Change in Hardness (HRC)

CE 35.57 27.79 ‑7.78

36 35.09 33.46 ‑1.63

61 36.13 28.63 ‑7.50

79 36.66 30.57 ‑6.09

144 36.21 34.20 ‑2.01

145 36.49 32.51 ‑3.98

[0159] Stress rupture testing was performed on combination smooth and notched samples. The requirement for CE is
35 hours minimum at 62 ksi and 1050 °F. Fig. 1 depicts that alloys 36 and 145 performed much better than CE in stress
rupture. In addition, all the alloys except alloy 61 meet the minimum requirement.
[0160] Creep testing was performed at 60 ksi and 1050 °F. Fig. 2 depicts that alloys 36 and 145 show the best creep
behavior at these conditions.
[0161] Charpy testing was also performed. The minimum requirement for Charpy Energy is 30 ft-lbs absorbed at room
temperature. Fig. 3 depicts that only alloy 145 is above this minimum requirement. The significantly higher Charpy
performance of alloy 145 was unexpected.

Example 3. Inventive alloy composition ranges.

[0162] Based on the production, analysis, and comparison of the 150 different iron-based alloy compositions of these
examples, inventive alloy compositions including ranges of elements were discovered, as shown in the following table. A
value of "‑" indicates that the given element is not included in the composition.
[0163] IE1 and IE2 are based on alloy 36. IE3 and IE4 are based on alloy 145. IE5 and IE6 are based on alloy 144.

Table 3. Inventive alloy composition ranges.

Element IE1 (wt%) IE2 (wt%) IE3 (wt%) IE4 (wt%) IE5 (wt%) IE6 (wt%)

Carbon 0.12‑0.23 0.15‑0.20 0.20‑0.28 0.22‑0.26 0.16‑0.24 0.18‑0.22

Manganese 0.2‑0.6 0.30‑0.50 0.30‑0.60 0.40‑0.50 0.40‑0.80 0.50‑0.70

Silicon 0.1‑0.3 0.15‑0.25 0.05‑0.20 0.05‑0.10 0.1‑0.3 0.15‑0.25

Chromium 7.0‑9.0 7.5‑8.5 10.0‑11.0 10.0‑10.6 9.5‑11.0 10.0‑10.6

Nickel 0.5‑0.9 0.6‑0.8 0.30‑0.70 0.40‑0.60 0.30‑0.70 0.40‑0.60

Molybdenum 1.8‑2.4 2.0‑2.2 1.35‑1.65 1.45‑1.55 2.0‑2.8 2.2‑2.6

Tungsten 2.0‑2.6 2.2‑2.4 1.30‑1.60 1.40‑1.50 1.2‑2.0 1.4‑1.8

Cobalt 3.5‑4.5 3.9‑4.1 0.85‑1.15 0.95‑1.05 3.7‑4.3 3.8‑4.2

Copper 0.8‑1.2 0.9‑1.1 0.85‑1.15 0.95‑1.05 1.1‑1.5 1.2‑1.4

Vanadium - - 0.20‑0.30 0.23‑0.27 - -

Niobium 0.5‑0.8 0.6‑0.7 0.25‑0.35 0.26‑0.30 0.35‑0.55 0.40‑0.50

Nitrogen 0.005‑0.025 0.005‑0.015 0.05‑0.10 0.05‑0.08 0.005‑0.025 0.005‑0.015

Aluminum 0.05‑0.20 0.05‑0.15 - - 0.01‑0.05 0.02‑0.04

Titanium 0.05‑0.25 0.10‑0.20 - - - -

Tantalum 0.4‑0.8 0.55‑0.65 0.03‑0.07 0.04‑0.06 0.20‑0.40 0.25‑0.35

Boron 0.005‑0.025 0.005‑0.015 - - 0.005‑0.025 0.005‑0.015

Iron Balance Balance Balance Balance Balance Balance

Total 100 100 100 100 100 100

19

EP 4 818 352 A1

5

10

15

20

25

30

35

40

45

50

55



[0164] It was discovered herein that compositions according to the present disclosure could be used for wrought and
cast alloys. Compositions according to the present disclosure are broadly applicable in applications requiring alloys
possessing at least one of improved hardness stability, improved Charpy performance, and improved creep strength at
higher operating temperatures.

Definitions.

[0165] As used herein, references to "example embodiment" or "one embodiment" or "some embodiments" of the
present disclosure are not intended to be interpreted as excluding the existence of additional embodiments that also
incorporate the recited features.
[0166] When introducing elements of various embodiments disclosed herein, the articles "a," "an," "the," and "said" are
intended to mean that there are one or more of the elements. The terms "comprising," "including," and "having" are
intended to be inclusive and mean that there may be additional elements other than the listed elements. The term
"comprising" may alternatively be read to mean "consisting of" or "consisting essentially of".
[0167] Unless otherwise indicated, approximating language, such as "generally," "substantially," and "about," as used
herein indicates that the term so modified may apply to only an approximate degree, as would be recognized by one of
ordinary skill in the art, rather than to an absolute or perfect degree. Accordingly, a valuemodified by a term or terms such
as "about," "approximately," and "substantially" isnot tobe limited to theprecisevaluespecified. Inat least some instances,
theapproximating languagemaycorrespond to theprecisionofan instrument formeasuring thevalue.Additionally, unless
otherwise indicated, the terms "first," "second," etc. are used herein merely as labels, and are not intended to impose
ordinal, positional, or hierarchical requirements on the items to which these terms refer. Moreover, reference to, for
example, a "second" item does not require or preclude the existence of, for example, a "first" or lower-numbered item or a
"third" or higher-numbered item.
[0168] Although specific features of various embodiments of the invention may be shown in some drawings and not in
others, this is for convenience only. Moreover, references to "some embodiments" in the above description are not
intended to be interpretedas excluding the existenceof additional embodiments that also incorporate the recited features.
In accordance with the principles of the invention, any feature of a drawing may be referenced and/or claimed in
combination with any feature of any other drawing.
[0169] Thiswritten description uses examples to disclose the invention, including the bestmode, and also to enable any
person skilled in the art to practice the invention, including making and using any devices or systems and performing any
incorporated methods. The patentable scope of the invention is defined by the claims, and may include other examples
that occur to those skilled in the art. Such other examples are intended to be within the scope of the claims if they have
structural elements that donot differ from the literal languageof the claims, or if they includeequivalent structural elements
with insubstantial differences from the literal languages of the claims.

Claims

1. A composition comprising:

from about 0.20 wt% to about 0.28 wt% carbon;
from about 0.3 wt% to about 0.6 wt% manganese;
from about 0.05 wt% to about 0.20 wt% silicon;
from about 10.0 wt% to about 11.0 wt% chromium;
from about 0.3 wt% to about 0.7 wt% nickel;
from about 1.35 wt% to about 1.65 wt% molybdenum;
from about 1.3 wt% to about 1.6 wt% tungsten;
from about 0.85 wt% to about 1.15 wt% cobalt;
from about 0.85 wt% to about 1.15 wt% copper;
from about 0.25 wt% to about 0.35 wt% niobium;
from about 0.05 wt% to about 0.10 wt% nitrogen;
from about 0.03 wt% to about 0.07 wt% tantalum;
from about 0.20 wt% to about 0.30 wt% vanadium; and
iron.

2. The composition of claim 1, comprising:

from about 0.22 wt% to about 0.26 wt% carbon;
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from about 0.4 wt% to about 0.5 wt% manganese;
from about 0.05 wt% to about 0.10 wt% silicon;
from about 10.0 wt% to about 10.6 wt% chromium;
from about 0.4 wt% to about 0.6 wt% nickel;
from about 1.45 wt% to about 1.55 wt% molybdenum;
from about 1.4 wt% to about 1.5 wt% tungsten;
from about 0.95 wt% to about 1.05 wt% cobalt;
from about 0.95 wt% to about 1.05 wt% copper;
from about 0.26 wt% to about 0.30 wt% niobium;
from about 0.05 wt% to about 0.08 wt% nitrogen;
from about 0.04 wt% to about 0.06 wt% tantalum;
from about 0.23 wt% to about 0.27 wt% vanadium; and
iron.

3. The composition of claim 1, comprising:

about 0.24 wt% carbon;
about 0.5 wt% manganese;
about 0.075 wt% silicon;
about 10.3 wt% chromium;
about 0.5 wt% nickel;
about 1.5 wt% molybdenum;
about 1.45 wt% tungsten;
about 1.0 wt% cobalt;
about 1.0 wt% copper;
about 0.28 wt% niobium;
about 0.065 wt% nitrogen;
about 0.05 wt% tantalum;
about 0.25 wt% vanadium; and
iron.

4. The composition of claim 1, wherein the composition comprises balance iron and residual elements.

5. The composition of claim 1, wherein the composition exhibits a stress rupture duration of at least 35 hours when
exposed to 62 ksi at 1050 °F.

6. The composition of claim 1, wherein the composition exhibits a stress rupture duration of at least 100 hours when
exposed to 62 ksi at 1050 °F.

7. The composition of claim 1, wherein the composition exhibits a stress rupture duration of at least 300 hours when
exposed to 62 ksi at 1050 °F.

8. The composition of claim 1, wherein the composition exhibits less than 5% creep deformation for at least 100 hours
when exposed to 60 ksi at 1050 °F.

9. The composition of claim 1, wherein the composition exhibits less than 5% creep deformation for at least 200 hours
when exposed to 60 ksi at 1050 °F.

10. The composition of claim 1, wherein the composition exhibits less than 5% creep deformation for at least 400 hours
when exposed to 60 ksi at 1050 °F.

11. The composition of claim 1, wherein the composition exhibits a hardness loss of less than 6 HRC when exposed to
1050 °F for 1000 hours.

12. The composition of claim 1, wherein the composition exhibits a hardness loss of less than 5 HRC when exposed to
1050 °F for 1000 hours.

13. The composition of claim 1, wherein the composition exhibits at least 15 Ft-lbs Charpy energy absorbed at room
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temperature.

14. The composition of claim 1, wherein the composition exhibits at least 25 Ft-lbs Charpy energy absorbed at room
temperature.

15. An article comprising a composition, the composition comprising:

from about 0.20 wt% to about 0.28 wt% carbon;
from about 0.3 wt% to about 0.6 wt% manganese;
from about 0.05 wt% to about 0.20 wt% silicon;
from about 10.0 wt% to about 11.0 wt% chromium;
from about 0.3 wt% to about 0.7 wt% nickel;
from about 1.35 wt% to about 1.65 wt% molybdenum;
from about 1.3 wt% to about 1.6 wt% tungsten;
from about 0.85 wt% to about 1.15 wt% cobalt;
from about 0.85 wt% to about 1.15 wt% copper;
from about 0.25 wt% to about 0.35 wt% niobium;
from about 0.05 wt% to about 0.10 wt% nitrogen;
from about 0.03 wt% to about 0.07 wt% tantalum;
from about 0.20 wt% to about 0.30 wt% vanadium; and
iron.
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