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Description
FIELD OF THE INVENTION

[0001] The present invention is directed to alloys and
components comprising alloys. More specifically, the
presentinvention is directed to Nickel-Chromium-Molyb-
denum-Vanadium (NiCrMoV) alloys.

BACKGROUND OF THE INVENTION

[0002] In general, steam turbine plants can include a
high pressure steam turbine, an intermediate pressure
steam turbine, and a low pressure steam turbine. Each
steam turbine is formed of materials appropriate to with-
stand operating conditions, pressure, temperature, flow
rate, etc., for that particular turbine. Each turbine can
include a rotor and a casing jacket. The rotor includes a
rotatably mounted turbine shaft that includes blades.
When heated and pressurized steam flows through the
flow space between the casing jacket and the rotor, the
turbine shaft is set in rotation as energy is transferred
from the steam to the rotor.

[0003] Recently, steam turbine plant designs directed
toward a larger capacity and a higher efficiency have
been designed that include steam turbines that operate
at higher temperatures and/or for longer periods. For ex-
ample, the low pressure steam turbine can include low
pressure rotor forgings that operate for long periods of
time at temperatures in excess of 600°F. Alloys of
NiCrMoV formed by conventional steel making process-
es and used at temperatures above 600°F undesirably
require special cooling otherwise an undesirable in-
crease in the ductile to brittle transition temperature oc-
curs.

[0004] NiCrMoV alloys capable of handling these high
temperatures require extensive steelmaking processing
to reduce the content of deleterious impurities, for exam-
ple, having manganese at a concentration of less than
about 0.06% and phosphorus ata concentration of less
than about 0.005%. These alloys are referred to as su-
perclean. These superclean alloys can incur a high man-
ufacturing cost and/or are not capable of being produced
by conventional steel making processes.

[0005] An alloy and turbine component having an alloy
that do not suffer from one or more of the above draw-
backs would be desirable in the art.

BRIEF DESCRIPTION OF THE INVENTION

[0006] In an exemplary embodiment, a NiCrMoV alloy
includes, by weight, between about 0.06% and about
0.12% manganese, atleastabout 3.40% nickel, between
about 0.24% and about 0.30% carbon, up to about0.60%
molybdenum, up to about 0.15% vanadium, up to about
2.00% chromium, up to about 0.012% phosphorus, up
to about 0.007% sulfur, up to about 0.10% silicon, up to
about 0.002% antimony, up to about 0.008% arsenic, up
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to about 0.012% tin, and up to about 0.015% aluminum.
[0007] In an exemplary embodiment, a NiCrMoV alloy
includes, by weight, between about 0.06% and about
0.12% manganese, atleast about 3.40% nickel, between
about0.22% and about 0.30% carbon, up to about 0.60%
molybdenum, up to about 0.15% vanadium, up to about
2.00% chromium, up to about 0.012% phosphorus, up
to about 0.007% sulfur, up to about 0.10% silicon, up to
about 0.002% antimony, up to about 0.008% arsenic, up
to about 0.012% tin, and up to about 0.015% aluminum.
The phosphorus is present at a concentration of at least
about 0.007%, the sulfur is present at a concentration of
at least about 0.006%, the silicon is present at a concen-
tration of at least about 0.05%, or a combination thereof.
[0008] In another exemplary embodiment, a NiCrMoV
alloy includes nickel, chromium, molybdenum, vanadi-
um, and manganese, the manganese being ata concen-
tration of, by weight, at least about 0.06%. The NiCrMoV
alloy is resistant to embrittlement at temperatures above
371°C (700°F).

[0009] Other features and advantages of the present
invention will be apparent from the following more de-
tailed description of the preferred embodiment, by way
of example, the principles of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0010] Provided is an exemplary NiCrMoV alloy and
turbine component. Embodiments of the present disclo-
sure increase resistance to embrittlement, permit use of
NiCrMoV alloys at higher temperatures (for example, in
excess of 600°F and especially at 700°F and higher, such
as above 725°F or above 750°F), extend the operational
use of non-superclean NiCrMoV alloys above 600°F, per-
mit production/fabrication of NiCrMoV alloys that are not
superclean alloys without requiring special cooling pro-
visions, limit an increase in the ductile to brittle transition
temperature to 60% of what a comparable conventional
alloy would experience, reduce costs of production/fab-
rication (for example, by about 25%), increase operation-
al efficiency of turbine systems, or combinations thereof.
[0011] The NiCrMoV alloy is a portion or all of any suit-
able component. In one embodiment, the NiCrMoV alloy
is in a turbine component, for example, in a power gen-
eration system, such as, a steam turbine and/or steam
turbine system, a gas turbine and/or gas turbine system,
or any other suitable system. In one embodiment, the
turbine component is a low pressure rotor of a steam
turbine in a steam turbine system.

[0012] The NiCrMoV alloy and/or the turbine compo-
nent is/are formed by any suitable fabrication process
(es). Inone embodiment, the fabrication process is a con-
ventional steel-making process and/or is not a super-
clean process, where the superclean process requires
much longer times to refine the steel thereby removing
impurities, such as, manganese, sulfur, and/or phospho-
rus.

[0013] In one embodiment, the turbine component in-
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cludes the NiCrMoV alloy and the NiCrMoV alloy has a
composition of, by weight, between about 0.06% and
about 0.12% manganese, at least about 3.40% nickel,
between about 0.24% and about 0.30% carbon, up to
about 0.60% molybdenum, up to about 0.15% vanadium,
up to about 2.00% chromium, up to about 0.012% phos-
phorus, up to about 0.007% sulfur, up to about 0.10%
silicon, up to about 0.002% antimony, up to about 0.008%
arsenic, up to about 0.012% tin, and up to about 0.015%
aluminum. In one embodiment, the phosphorus is
present at a concentration of at least about 0.007%, the
sulfur is present at a concentration of at least about
0.006%, the silicon is present at a concentration of at
least about 0.05%, or a combination thereof. In a further
embodiment, the NiCrMoV alloy includes a balance of
iron and incidental impurities.

[0014] Additionally or alternatively, in one embodi-
ment, the NiCrMoV alloy includes, by weight, at least
about 0.06% manganese, the NiCrMoV alloy being re-
sistant to embrittlement, for example, at temperatures of
between about 700°F and about 750°F, between about
700°F and about 725°F, between about 725°F and about
750°F, above about 700°F, above about 725°F, about
700°F, about 725°F, about 750°F, or any suitable com-
bination, sub-combination, range, or sub-range thereof.
[0015] In one embodiment, the NiCrMoV alloy limits
the amount of manganese permitting the NiCrMoV alloy
to beresistant to embrittlement and retain sufficient man-
ganese to combine with the deleterious sulfur impurity.
Suitable amounts of manganese include, by weight, be-
tween about 0.06% and about 0.09% manganese, be-
tween about 0.09% and about 0.12%, between about
0.08% and about 0.10%, about 0.06%, about 0.08%,
about 0.10%, about 0.12%, or any suitable combination,
sub-combination, range, or sub-range thereof.

[0016] In one embodiment, the phosphorus is present
in the NiCrMoV alloy at a concentration of, by weight,
between about 0.010% and about 0.012%, between
about 0.007% and about 0.010%, between about 0.008%
and about 0.011%, about 0.007%, about 0.008%, about
0.009%, about 0.010%, about 0.011%, about 0.012%, or
any suitable combination, sub-combination, range, or
sub-range thereof.

[0017] In one embodiment, the sulfur is present in the
NiCrMoV alloy at a concentration of, by weight, about
0.006%, about 0.007 %, or any suitable combination, sub-
combination, range, or sub-range thereof.

[0018] In one embodiment, the silicon is present in the
NiCrMoV alloy at a concentration of, by weight, between
about 0.05% and about 0.08%, between about 0.08%
and about 0.10%, between about 0.07% and about
0.08%, about 0.05%, about 0.07%, about 0.08%, about
0.10%, or any suitable combination, sub-combination,
range, or sub-range thereof.

[0019] Inone embodiment, the carbonis presentinthe
NiCrMoV alloy at a concentration of, by weight, between
about 0.22% and about 0.30%, between about 0.24%
and about 0.26%, between about 0.22% and about
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0.26%, between about 0.22% and about 0.24%, between
about 0.24% and about 0.26%, between about 0.26%
and about 0.30%, between about 0.28% and about
0.30%, up to about 0.30%, about 0.22%, about 0.24%,
about 0.26%, about 0.28%, about 0.30%, or any suitable
combination, sub-combination, range, or sub-range
thereof.

[0020] Inone embodiment, the molybdenum is present
in the NiCrMoV alloy at a concentration of, by weight,
between about 0.35% and about 0.50%, between about
0.35% and about 0.40%, between about 0.45% and
about 0.50%, between about 0.45% and about 0.60%,
between about 0.50% and about 0.60%, between about
0.55% and about 0.60%, about 0.35%, about 0.40%,
about 0.45%, about 0.50%, about 0.55%, about 0.60%,
or any suitable combination, sub-combination, range, or
sub-range thereof.

[0021] Inone embodiment, the vanadium is presentin
the NiCrMoV alloy at a concentration of, by weight, be-
tween about 0.10% and about 0.15%, between about
0.05% and about 0.10%, between about 0.09% and
about 0.13%, between about 0.10% and about 0.12%,
about 0.05%, about 0.07%, about 0.08%, about 0.09%,
about 0.10%, about 0.11%, about 0.12%, about 0.13%,
about 0.14%, about 0.15%, or any suitable combination,
sub-combination, range, or sub-range thereof.

[0022] In one embodiment, the chromium is presentin
the NiCrMoV alloy at a concentration of, by weight, be-
tween about 1.70% and about 2.00%, between about
1.50% and about 1.80%, between about 1.80% and
about 2.00%, between about 1.70% and about 1.80%,
between about 1.50% and about 1.70%, between about
1.50% and about 1.60%, about 1.50%, about 1.70%,
about 1.80%, about 2.00%, or any suitable combination,
sub-combination, range, or sub-range thereof.

[0023] In one embodiment, the nickel is present in the
NiCrMoV alloy at a concentration of, by weight, between
about 3.40% and about 3.80%, between about 3.40%
and about 3.70%, between about 3.40% and about
3.60%, between about 3.70% and about 4.00%, between
about 3.80% and about 4.00%, between about 3.90%
and about 4.00%, between about 3.70% and about
3.80%, or any suitable combination, sub-combination,
range, or sub-range thereof.

[0024] Inone embodiment,the NiCrMoV alloy includes
a concentration of, by weight, up to about 0.012% tin, up
to about 0.010% tin, up to about 0.005% tin, between
about 0.001% and about 0.012% tin, between about
0.008% and about 0.012% tin, between about 0.001%
and about 0.010% tin, between about 0.008% and about
0.010% tin, about 0.001% tin, about 0.005% tin, about
0.010% tin, about 0.012% tin, or any suitable combina-
tion, sub-combination, range, or sub-range thereof.
[0025] Inone embodiment,the NiCrMoV alloy includes
a concentration of, by weight, up to about 0.015% alumi-
num, up to about 0.010% aluminum, up to about 0.005%
aluminum, between about 0.001% and about 0.015%
aluminum, between about 0.008% and about 0.015%
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aluminum, between about 0.012% and about 0.015%
aluminum, between about 0.001% and about 0.010%
aluminum, between about 0.008% and about 0.010%
aluminum, about 0.001% aluminum, about 0.005% alu-
minum, about 0.010% aluminum, about 0.015% alumi-
num, or any suitable combination, sub-combination,
range, or sub-range thereof.

[0026] Inone embodiment, the NiCrMoV alloy includes
a concentration of, by weight, up to about 0.002% anti-
mony, up to about 0.001% antimony, about 0.002% an-
timony, or about 0.001% antimony, or any suitable com-
bination, sub-combination, range, or sub-range thereof.
[0027] Inone embodiment, the NiCrMoV alloy includes
up to about 0.008% arsenic, up to about 0.006% arsenic,
up to about 0.004% arsenic, up to about 0.002% arsenic,
between about 0.001% and about 0.008% arsenic, be-
tween about 0.003% and about 0.008% arsenic, between
about 0.005% and about 0.008% arsenic, between about
0.007% and about 0.008% arsenic, between about
0.003% and about 0.006% arsenic, between about
0.002% and about 0.007% arsenic, or any suitable com-
bination, sub-combination, range, or sub-range thereof.
[0028] Inone embodiment, the NiCrMoV alloy includes
oxygen, as either dissolved oxygen or in oxides, ata con-
centration of, by weight, up to about 0.0075%, up to about
0.0050%, up to about 0.0030%, up to about 0.0010%,
between about 0.0010% and about 0.0075%, between
about 0.0030% and about 0.0075%, between about
0.0010% and about 0.0030%, about 0.0010%, about
0.0030%, about 0.0075%, or any suitable combination,
sub-combination, range, or sub-range thereof.

[0029] In one embodiment, the NiCrMoV alloy is sub-
stantially devoid of certain impurities and/or trace ele-
ments. For example, in one embodiment, the NiCrMoV
alloy is substantially devoid of or completely devoid of
tungsten, cobalt, and/or niobium. Alternatively, in one
embodiment, the NiCrMoV alloy includes trace amounts
or more of tungsten, cobalt, and/or niobium.

[0030] Whiletheinvention hasbeen described with ref-
erence to a preferred embodiment, it will be understood
by those skilled in the art that various changes may be
made and equivalents may be substituted for elements
thereof without departing from the scope of the invention.
In addition, many modifications may be made to adapt a
particular situation or material to the teachings of the in-
vention without departing from the essential scope there-
of. Therefore, it is intended that the invention not be lim-
ited to the particular embodiment disclosed as the best
mode contemplated for carrying out this invention, but
that the invention will include all embodiments falling
within the scope of the appended claims.

Claims
1. A NiCrMoV alloy, comprising, by weight:

between about 0.06% and about 0.12% manga-
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10.

1.

12.

13.

nese, at least about 3.40% nickel; between
about 0.24% and about 0.30% carbon, up to
about 0.60% molybdenum, up to about 0.15%
vanadium, up to about 2.00% chromium, up to
about 0.012% phosphorus, up to about 0.007 %
sulfur, up to about 0.10% silicon, up to about
0.002% antimony, up to about 0.008% arsenic,
up to about 0.012% tin, and up to about 0.015%
aluminum.

The NiCrMoV alloy of claim 1, further comprising a
balance of iron and incidental impurities.

The NiCrMoV alloy of claim 1 or claim 2, wherein the
phosphorus is present at a concentration of at least
about 0.007%, the sulfur is present at a concentra-
tion of at least about 0.006%, the silicon is present
at a concentration of at least about 0.05%, or a com-
bination thereof.

The NiCrMoV alloy of any preceding claim, wherein
the phosphorus is present at a concentration of at
least about 0.007%.

The NiCrMoV alloy of any preceding claim, wherein
the sulfur is present at a concentration of at least
about 0.006%.

The NiCrMoV alloy of any preceding claim, wherein
the silicon is present at a concentration of at least
about 0.05%.

The NiCrMoV alloy of any preceding claim, wherein
the manganese is present at a concentration of, by
weight, at least about 0.06%.

The NiCrMoV alloy of any preceding claim, wherein
the molybdenum is present at a concentration of, by
weight, at least about 0.35%.

The NiCrMoV alloy of any preceding claim, wherein
the vanadium is present at a concentration of, by
weight, at least about 0.05%.

The NiCrMoV alloy of any preceding claim, wherein
the chromium is present at a concentration of, by
weight, at least about 1.50%.

The NiCrMoV alloy of any preceding claim, wherein
the nickel is present at a concentration of, by weight,
up to about 4.00% nickel.

The NiCrMoV alloy of any preceding claim, wherein
the NiCrMoV alloy is resistant to embrittlement at
temperatures above 700°F.

The NiCrMoV alloy of any preceding claim, wherein
oxygen is present at a concentration, by weight, of
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up to about 0.0075%.

A turbine component including the alloy of any pre-
ceding claim.

A NiCrMoV alloy, comprising, by weight:

between about 0.06% and about 0.12% manga-
nese, at least about 3.40% nickel; between
about 0.22% and about 0.30% carbon, up to
about 0.60% molybdenum, up to about 0.15%
vanadium, up to about 2.00% chromium, up to
about 0.012% phosphorus, up to about 0.007 %
sulfur, up to about 0.10% silicon, up to about
0.002% antimony, up to about 0.008% arsenic,
up to about 0.012% tin, and up to about 0.015%
aluminum;

wherein the phosphorus is present at a concentration
of at least about 0.007%, the sulfur is present at a
concentration of at least about 0.006%, the silicon
is present at a concentration of at least about 0.05%,
or a combination thereof.
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