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TOUGHNESS AND STRENGTH

(57) The microalloyed martensitic stainless steel
grade 403Cb disclosed herein specifies a composition
range including a minimum level and a maximum level
that improves material properties leading to increased

toughness and strength. In addition, a chromium-nickel
equivalent balance (CNB) is controlled within a proper
level. With increased toughness and strength, the sen-
sitivity to temper brittleness is decreased.
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Description

BACKGROUND

TECHNICAL FIELD

[0001] Embodiments of this disclosure relate generally to martensitic stainless steel alloys, and more specifically, to
microalloying a martensitic stainless steel grade 403Cb alloy to improve toughness and strength.

DISCUSSION OF ART

[0002] Martensitic stainless steel grade 403Cb alloy is a grade of specialty martensitic stainless steel that is used
primarily for turbine and compressor components in applications requiring high strength and corrosion resistance. For
example, martensitic stainless steel grade 403Cb is commonly used for rotating components due to its good balance
between mechanical properties and cost. Typically, only some of the elements that comprise martensitic stainless steel
grade 403Cb are specified with composition ranges. For example, it is common to specify composition ranges for carbon,
manganese, chromium and niobium, while not specifying lower limits for other alloy elements that comprise the martensitic
stainless steel grade 403Cb. Nickel, molybdenum, and vanadium are some of those elements with compositions that
are typically not specified with lower limits. In order to save costs, these elements in the martensitic stainless steel grade
403Cb alloy that are not specified with lower limits in their compositions are often decreased to nearly zero.

BRIEF DESCRIPTION

[0003] The following presents a simplified summary of the disclosed subject matter in order to provide a basic under-
standing of some aspects of the various embodiments described herein. This summary is not an extensive overview of
the various embodiments. It is not intended to exclusively identify key features or essential features of the claimed subject
matter set forth in the Claims, nor is it intended as an aid in determining the scope of the claimed subject matter. Its sole
purpose is to present some concepts of the disclosure in a streamlined form as a prelude to the more detailed description
that is presented later.
[0004] The inventor to this disclosure has determined that martensitic stainless steel grade 403Cb that has some its
compositional elements specified to nearly zero such as nickel, molybdenum, and vanadium, has decreased toughness
and strength/hardness. Decreased toughness and strength/hardness corresponds to an increased sensitivity to temper
brittleness. Consequently, this martensitic stainless steel grade 403Cb alloy will have difficulty in heat treatment which
necessitates rework of the material, and ultimately undesired costs.
[0005] The inventor has discovered that the shortcomings of conventional martensitic stainless steel grade 403Cb
can be overcome by specifying trace elements of some of the elements that are nearly zero. For example, the inventor
proposes specifying trace elements such as nickel and molybdenum with compositions that enhance toughness and
strength. In one embodiment, the nickel and molybdenum in martensitic stainless steel grade 403Cb are specified with
a composition range including a minimum level and a maximum level. For example, the compositional amount of nickel
in the martensitic stainless steel grade 403Cb alloy can be specified to range from 0.3% to 0.6%, while the amount of
molybdenum can be specified to range from 0.05% to 0.2%. In addition, the Chromium-Nickel equivalent balance (CNB)
can be controlled to within a predetermined range based on the formula that CNB equals (Cr + 1.5W + 4Mo + 5Nb +
6Si + 9Ti + 11V + 12AI) - (40C + 30N + 4Ni + 2Mn + Cu). For example, the CNB of the martensitic stainless steel grade
403Cb alloy can be controlled within a range of 5.0 to 7.5.
[0006] Microalloying martensitic stainless steel grade 403Cb in this manner leads to increased toughness and strength.
With increased toughness and strength, the sensitivity to temper brittleness is decreased. Overall, the stability of the
martensitic stainless steel grade 403Cb alloy is improved with the microalloying of these embodiments. As a result,
rotating components made from the microalloyed martensitic stainless steel grade 403Cb described herein will perform
more reliably due to the enhanced stability of this alloy.
[0007] In accordance with one embodiment, a microalloyed martensitic stainless steel grade 403Cb is provided. The
microalloyed martensitic stainless steel grade 403Cb consists essentially of, by weight percent:

carbon 0.13 to 0.18
manganese 0.40 to 0.60
silicon up to 0.50
phosphorous up to 0.025
sulfur up to 0.010
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[0008] In accordance with another embodiment, a microalloyed martensitic stainless steel grade 403Cb is disclosed.
The microalloyed martensitic stainless steel grade 403Cb consists essentially of, by weight percent:

and having an impact toughness ranging over 50 J.
[0009] In accordance with a third embodiment, a turbine component is provided. The turbine component comprises
a microalloyed martensitic stainless steel grade 403Cb comprising, by weight percent:

and wherein a weight ratio of the nickel to the molybdenum is larger than 3.

DRAWINGS

[0010] The present invention will be better understood from reading the following description of non-limiting embodi-
ments, with reference to the attached drawings, wherein below:

FIG. 1 is a plot of assorted martensitic stainless steel grade 403Cb alloys showing differing compositions by weight
percent of various elements that comprise the 403Cb alloy;
FIG. 2 is a plot of Charpy V-notch (CVN) impact tests performed on the martensitic stainless steel grade 403Cb

(continued)

nickel 0.30 to 0.60
chromium 11.5 to 13.0
molybdenum 0.05 to 0.20
niobium 0.15 to 0.25
vanadium up to 0.10
iron balance
CNB (Cr-Ni equivalent balance) 5.0 to 7.5

carbon 0.13 to 0.18
manganese 0.40 to 0.60
silicon up to 0.50
phosphorous up to 0.025
sulfur up to 0.010
nickel 0.30 to 0.6
chromium 11.5 to 13.0
molybdenum 0.05 to 0.2
niobium 0.15 to 0.25
vanadium up to 0.10
iron balance
CNB (Cr-Ni equivalent balance) 5.0 to 7.5

carbon 0.13 to 0.18
manganese 0.40 to 0.60
silicon up to 0.50
phosphorous up to 0.025
sulfur up to 0.010
nickel 0.30 to 0.60
chromium 11.5 to 13.0
molybdenum 0.05 to 0.20
niobium 0.15 to 0.25
vanadium up to 0.10
iron balance
CNB (Cr-Ni equivalent balance) 5.0 to 7.5
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alloys represented in FIG. 1;
FIG. 3 are plots of yield strength and tensile strength of the martensitic stainless steel grade 403Cb alloys represented
in FIG. 1;
FIGS. 4A-4C are plots of CVN impact tests, yield strength and tensile strength, and hardness for martensitic stainless
steel grade 403Cb alloys specified with nickel and molybdenum amounts and chromium-nickel equivalent balance
levels (CNB) that do not conform with those amounts and levels specified to embodiments of the present invention;
FIGS. 5A-5C are plots of CVN impact tests, yield strength and tensile strength, and hardness for another martensitic
stainless steel grade 403Cb alloy specified in another manner that also does not conform with those amounts and
levels specified to embodiments of the present invention;
FIGS. 6A-6C are plots of CVN impact tests, yield strength and tensile strength, and hardness for martensitic stainless
steel grade 403Cb alloys specified with nickel and molybdenum amounts and CNB specified to embodiments of the
present invention;
FIGS. 7A-7D show fractography on CVN impact test samples obtained from martensitic stainless steel grade 403Cb
alloys with different nickel and molybdenum compositions; and
FIGS. 8A-8C and 8D-8F show various scanning electron microscopy (SEM) observations from the fractography
shown in FIGS. 7A and 7D, respectively.

DETAILED DESCRIPTION

[0011] The chemical composition of martensitic stainless steel grade 403Cb comprises a number of different elements.
The primary elements in the chemical composition of martensitic stainless steel grade 403Cb include carbon, manganese,
silicon, phosphorus, sulfur, nickel, chromium, molybdenum, niobium, vanadium and iron. Residual elements in the
chemical composition of martensitic stainless steel grade 403Cb can include lead, tin and aluminum.
[0012] Martensitic stainless steel grade 403Cb is known as a much cost competitive alloy with elevated toughness
and strength combination through lowest alloy elements addition, however, the inventor has determined that material
properties of this alloy including toughness and strength/hardness has potential for improvement. In particular, the
inventor has established that current supplies of martensitic stainless steel grade 403Cb are formulated with some of
its primary chemical composition elements with a weight percent that is nearly zero. As used herein, "nearly zero" means
an absolute contribution of the added alloy element to Chromium-Nickel equivalent balance (CNB) that is less than 0.5.
Considering ferrite forming and austenite forming elements weight percent, CNB can be calculated through the formula
CNB = (Cr + 1.5W + 4Mo + 5Nb + 6Si + 9Ti + 11V + 12Al) - (40C + 30N + 4Ni + 2Mn + Cu). For example, Ni<0.125%,
Mo < 0.125%, Si< 0.10% and V<0.05% can be roughly regarded as zero, but it doesn’t mean these values are absolute
critical values because the actual function of alloy elements is very complex and interactive. The reason that these
elements have a weight percent that is nearly zero is because they are not specified with a lower limit. As a result,
suppliers will take cost cutting measures and produce the martensitic stainless steel grade 403Cb with these elements
having a weight percent that is nearly zero. Nickel, molybdenum, and vanadium are some of those elements in the
chemical composition of martensitic stainless steel grade 403Cb that are typically not specified with a lower limit, and
as a result, are formulated in martensitic stainless steel grade 403Cb supplies with a weight percent that is nearly zero.
[0013] The inventor has substantiated that martensitic stainless steel grade 403Cb supplies that have a chemical
composition with nickel and molybdenum that are nearly zero have decreased toughness and strength/hardness. For
example, FIG. 1 shows a plot of assorted martensitic stainless steel grade 403Cb alloys showing differing composition
by weight percent of various elements that comprise the 403Cb alloy. In particular, FIG. 1 shows the weight percent of
carbon, manganese, silicon, phosphorus, sulfur, nickel, molybdenum, niobium, vanadium, lead, tin, and aluminum in
four different supplies of martensitic stainless steel grade 403Cb taken over varying time spans (i.e., time periods 1, 2,
3 and 4). During these time spans for the different supplies of martensitic stainless steel grade 403Cb, the weight percent
values of nickel were 0.32, 0.19, 0.16, and 0.43, while the weight percent values of molybdenum were 0.05, 0.04, 0.04,
and 0.14.
[0014] Room temperature (RT) Charpy V-notch (CVN) impact tests were performed on each of the martensitic stainless
steel grade 403Cb supplies that are represented in FIG. 1. As shown in FIG. 2, the martensitic stainless steel grade
403Cb supply from time period 3 has RT CVN impact results that are significantly less than the RT CVN impact results
of the supplies from time periods 1, 2 and 4. The lowered RT CVN impact result of the supply from time period 3 in
comparison to the RT CVN impact results of the supplies from time periods 1, 2 and 4 make clear that the martensitic
stainless steel grade 403Cb supply from time period 3 is not as tough as the martensitic stainless steel grade 403Cb
from the supplies of time periods 1, 2 and 4. The lower toughness of martensitic stainless steel grade 403Cb from the
supply of time period 3 can be attributed to the lower weight percent of nickel and molybdenum in the alloy as illustrated
in FIG. 1.
[0015] In addition to the RT CVN impact tests performed on the martensitic stainless steel grade 403Cb supplies that
are represented in FIG. 1, RT strength tests were also performed. The results of the RT strength tests in the form of
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yield strength and tensile strength for each of the martensitic stainless steel grade 403Cb supplies are presented in FIG.
3. As shown in FIG. 3, the martensitic stainless steel grade 403Cb from the supply of time period 3 had a lower yield
strength and a lower tensile strength in comparison to the martensitic stainless steel grade 403Cb supplies from time
periods 1, 2, and 4. The lower yield strength and lower tensile strength results of martensitic stainless steel grade 403Cb
from the supply of time period 3 versus the results from the supplies of time periods 1, 2, and 4 can also be attributed
to the lower weight percent of nickel and molybdenum in the particular alloy as illustrated in FIG. 1.
[0016] Based on analysis of the results presented in FIG. 1-3, the inventor proposes microalloying martensitic stainless
steel grade 403Cb with nickel and molybdenum in a manner that enhances the toughness and strength of the alloy.
From the perspective of physical metallurgy, nickel helps stabilize austenite and promotes hardenability, and molybdenum
helps delay detrimental segregation and depress brittleness. Both elements provide solution strengthening and increase
diffusion resistance like preventing impurity elements segregation and grain growth. Thus, the combination of micro-
alloying nickel and molybdenum will result in an improvement to toughness and strength.
[0017] The improvement in toughness and strength of the martensitic stainless steel grade 403Cb can be attained by
microalloying the nickel and molybdenum according to different embodiments. For example, the composition of nickel
and molybdenum in martensitic stainless steel grade 403Cb can each be specified as a range with a lower limit and an
upper limit. A microalloyed martensitic stainless steel grade 403Cb according to an embodiment consists essentially of,
by weight percent:

In addition to the above specified amounts, the microalloyed martensitic stainless steel grade 403Cb can include residual
amounts of other elements. For example, the residual elements can include lead, tin and aluminum. In one embodiment,
the residual amounts of these elements can include:

[0018] In another embodiment, the chromium-nickel equivalent balance level (CNB) in the microalloyed martensitic
stainless steel grade 403Cb can be controlled to also promote a toughening and strengthening effect of the alloy. For
example, using the aforementioned formula, CNB = (Cr + 1.5W+ 4Mo + 5Nb + 6Si + 9Ti + 11V + 12Al) - (40C + 30N +
4Ni + 2Mn + Cu), the CNB in the above microalloyed martensitic stainless steel grade 403Cb can be controlled within
5.0 to 7.5. Having the CNB in the microalloyed martensitic stainless steel grade 403Cb that is in the range of 5.0 to 7.5
can be beneficial to promoting toughness and strengthening because a delicate balance between austenite and ferrite
can be maintained. In particular, both austenite and ferrite are microstructures of low strength. Higher CNB (i.e., > 7.5)
could increase risk of ferrite formation while lower CNB (i.e., < 5.0) could increase risk of excessive retained austenite.
CNB controlled within a proper range like 5.0-7.5 helps stabilize austenite at high temperature and ensures effective
martensite transformation when quenched to low temperature.
[0019] It is understood that the nickel and molybdenum can be specified with specific amounts to improve the toughness
and strength of the martensitic stainless steel grade 403Cb alloy, of which make the material properties of the alloy more
stable. To this extent, the microalloyed martensitic stainless steel grade 403Cb will have decreased sensitivity to temper
brittleness, making it more heat treatable. Further, microalloying the martensitic stainless steel grade 403Cb in this
manner as well as according to the other embodiments, will minimize the effect of manufacturing process variation. In
one embodiment, the weight percent of nickel can be about 0.51 and the weight percent of molybdenum can be about
0.04. In another embodiment, the weight percent of nickel can be about 0.44 and the weight percent of molybdenum

carbon 0.13 to 0.18
manganese 0.40 to 0.60
silicon up to 0.50
phosphorous up to 0.025
sulfur up to 0.010
nickel 0.3 to 0.6
chromium 11.5 to 13.0
molybdenum 0.05 to 0.2
niobium 0.15 to 0.25
vanadium up to 0.10
iron balance

lead up to 0.005
tin up to 0.05
aluminum up to 0.05
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can be about 0.16. Both of these composition amounts for nickel and molybdenum have improved toughness and
strength. In contrast to the compositional amounts described herein for nickel and molybdenum amounts that do not
conform with the above ranges can have decreased toughness. For example, a martensitic stainless steel grade 403Cb
alloy with about 0.12 percent of nickel and 0.02 percent of molybdenum can obviously decrease toughness though still
has acceptable strength. As used herein, "about" is inclusive of values with +/- ten percent of state value.
[0020] The microalloying of the nickel and molybdenum can be performed by using one of a number of known tech-
niques. For example, the martensitic stainless steel grade 403Cb alloy can be microalloyed in the above manner by a
basic electric furnace (BEF) process with Argon-Oxygen-Decarburization (AOD) refining or Vacuum Ladle Degassing
(VLD), and then followed by either Electro-Slag Re-Melt (ESR) or a Vacuum-Arc-Re-Melt (VAR) process. The CNB shall
be controlled within 5.0 - 7.5 according to the formula CNB = (Cr + 1.5W + 4Mo + 5Nb + 6Si + 9Ti + 11V + 12Al) - (40C
+ 30N + 4Ni + 2Mn + Cu) during steel making, which helps promote toughening and the strengthening effect of such
microalloying method.
[0021] The above ranges with the lower limit and the upper limit, and specific composition amounts specified for both
nickel and molybdenum, as well as the CNB range can be critical to obtaining an improvement in the toughness and
strength of the microalloyed martensitic stainless steel grade 403Cb. Particularly, if both Ni and Mo, especially Ni, are
reduced to nearly zero, unbalance between toughness and strength is difficult to avoid. Basically all the alloy elements
like C, Cr, Nb, Si and V only work to enhance strength, but it is still easy to cause brittleness.
[0022] FIGS. 4A-4C are plots of CVN impact test results, yield strength and tensile strength, and hardness for martensitic
stainless steel grade 403Cb alloys specified with nickel and molybdenum amounts and chromium-nickel equivalent
balance levels that do not conform with those amounts and levels specified to embodiments of the invention. For example,
a first martensitic stainless steel grade 403Cb alloy was specified with 0.14% Ni, 0.04% Mo, and CNB=8.74 (Experiment
1) and a second martensitic stainless steel grade 403Cb alloy was specified with 0.12% Ni, 0.02% Mo, and CNB=7.43
(Experiment 2). Room temperature CVN impact results were obtained using a number of temper cooling methods. For
example, a first temper method included using still air. In particular, material or parts are tempered within 700-720 C for
sufficient time in furnace and then taken out for natural cooling in still air to room temperature. A second temper method
included using fast air. In particular, fast moving air (e.g., by air fan) is directed to the material or parts for cooling it to
room temperature after similar temper in furnace. A third temper method included using oil. In particular, the material or
parts are immersed into room temperature oil for cooling after 675 C temper. A fourth temper method included using
water. In particular, the material or parts are immersed into room temperature water for cooling after 700-720 C temper.
In these temper methods, the CVN impact results were obtained by measuring the energy absorbed when a standard
Charpy V-notched specimen is struck and broken by a single blow in a special testing machine per specification ASTM
A370.
[0023] Plots of the CVN impact results are shown in FIG. 4A. As shown in FIG. 4A, conventional air cooling (still and
fast air) and even oil cooling after temper shows that it is difficult to eliminate such brittleness given the very low content
of Ni (<0.14%) and Mo (<0.04%) in the two tested alloys. FIGS. 4B and 4C show further results of the first and second
martensitic stainless steel grade 403Cb alloys obtained after temper cooling utilizing the fast air approach. In particular,
FIG. 4B shows yield strength and tensile strength results that were obtained for the first and second martensitic stainless
steel grade 403Cb alloys. The yield strength and tensile strength results were obtained by tension test of a standard
round specimen per specification ASTM A370. With either heat treated to a high or a low hardness/strength level with
air cooling, as shown in FIGS. 4B and 4C, toughness is still difficult to improve, as shown in FIG. 4A. FIG. 4A also shows
obvious toughness improvement with water cooling after temper, which indicates reversible temper brittleness in cases
of low Ni and Mo.
[0024] FIGS. 5A-5C are plots of CVN impact test results, yield strength and tensile strength, and hardness for another
martensitic stainless steel grade 403Cb alloy specified in another manner that also does not conform with those amounts
and levels specified to the embodiments of the invention. In particular, this martensitic stainless steel grade 403Cb alloy
was specified with 0.53% Ni, 0.04% Mo, and CNB=4.9. Results of this martensitic stainless steel grade 403Cb alloy
were obtained by tempering the alloy using an air cooling method. For example, this martensitic stainless steel grade
403Cb alloy was tested after being subjected to a heat treatment: austenitized at 1140 degrees Celsius for 30 minutes
with air cooling to room temperature, and tempered at 710 degrees Celsius for 60 minutes with air cooling to room
temperature. The martensitic stainless steel grade 403Cb alloy was also subjected to the same austenization and air
quench, and then tempered at 720 degrees Celsius for 60 minutes with air cooling to room temperature.
[0025] As shown in FIGS. 5A-5C, this martensitic stainless steel grade 403Cb alloy with Ni increased to 0.53%,
exhibited significant improvement in toughness at 710 degrees Celsius temper with air cooling and balances very well
with strength/hardness. However, when temper temperature increased by 10 degrees Celsius, strength shows significant
decrease regardless of the pretty large improvement in toughness, which means a decrease of the temper resistance.
These results of FIGS. 5A-5C indicate that Ni is a sensitive toughening and strengthening element, but might reduce
temper resistance and can be balanced with the addition of Mo. Thus, it’s necessary to specify both ranges of Ni and
Mo to improve 403Cb alloy toughness and strength, while keeping other properties not changed too much. To achieve
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the best practice, an embodiment of this invention proposes to control Ni within 0.3-0.6%, Mo within 0.05-0.2%, Ni/Mo>3.0
and Cr-Ni equivalent balance level within 5.0-7.5.
[0026] Thus, in one embodiment, the microalloyed martensitic stainless steel grade 403Cb alloy can have a weight
ratio of nickel to molybdenum that is larger than 3. Compared with Mo, Ni plays a major role in improving both toughness
and strength, but it would also reduce temper resistance. For example, it’s reported that a Ni increase from 0 to 2%
would reduce critical transformation temperature (Ac3) by 50 degrees Celsius for steel containing 0.15% C. That is,
0.5% Ni could reduce about 15 degrees Celsius in temper resistance. Thus, Mo is added to balance such reduction, but
meanwhile maintain Ni/Mo>3 to make full use of Ni’s strengthening and toughening effect.
[0027] The improvements in the toughness and strength that can be attained by microalloying the martensitic stainless
steel grade 403Cb with above-mentioned nickel and molybdenum amounts and chromium-nickel equivalent balance
levels, and proportions of nickel to molybdenum can be noticeable in comparison to conventional martensitic stainless
steel grade 403Cb. For example, the microalloyed martensitic stainless steel grade 403Cb can have a yield strength
that ranges from 740 MPa to 800 MPa. The microalloyed martensitic stainless steel grade 403Cb can also have a tensile
strength that ranges from 880 MPa to 950 MPa. The microalloyed martensitic stainless steel grade 403Cb can have an
impact toughness that is greater than 50 J. The increased toughness and strength that is attained through the microalloyed
martensitic stainless steel grade 403Cb makes the alloy more heat treatable as the sensitivity to temper brittleness is
decreased with the improvement in toughness and strength. For example, fast air cooling or even still air cooling after
high temperature temper is adequate to avoid reversible temper brittleness.

Examples

[0028] The following provides particular examples of microalloyed martensitic stainless steel grade 403Cb that has
been formulated according to embodiments described herein.
[0029] FIGS. 6A-6C are plots of CVN impact test, yield strength and tensile strength, and hardness for martensitic
stainless steel grade 403Cb alloys specified with nickel and molybdenum amounts, CNB levels and nickel to molybdenum
proportions described herein. In particular, the plots of these examples are obtained from a first martensitic stainless
steel grade 403Cb alloy controlled with 0.46% Ni, 0.14% Mo, and CNB=6.7, and a second martensitic stainless steel
grade 403Cb alloy controlled with 0.56% Ni, 0.12% Mo, and CNB=7.0. Both of these alloys were subjected to the heat
treatment: austenitized at 1140 degrees Celsius / 40 minutes with fast air cooling to room temperature and tempered at
718 degrees Celsius / 90 minutes with air cooling. Both cases show a much better combination of toughness,
strength/hardness and temper resistance, as compared with previous cases shown in FIGS.4A-4C and FIGS. 5A-5C.
Air cooling after temper is enough to achieve good toughness, which means temper brittleness can be effectively de-
pressed per the embodiments described herein.
[0030] In addition, fractography on CVN impact samples with different composition control confirms fracture mode
transition from brittle to ductile with increasing amount of Ni and Mo added, as shown in FIGS. 7A-7D. In the fractography
of FIGS. 7A-7D, the brittle zone is circled by a dashed line for each case. Scanning electron microscopy (SEM) obser-
vations from the fractography of FIGS. 7A and 7D are shown in FIGS. 8A-8C and 8D-8F, respectively. The SEM obser-
vations reveal cleavage + IG (intergranular) fracture is the predominant fracture mechanism for FIGS. 7A and 7B, while
it changes to ductile tearing (dimpled) plus cleavage fracture mechanism for FIGS. 7C and 7D with Ni and Mo added to
the extent specified per the embodiments described herein. These results indicate further toughening and strengthening
of conventional 403Cb alloy with the embodiments described herein is effective.
[0031] The above description of illustrated embodiments of the subject disclosure, including what is described in the
Abstract, is not intended to beexhaustive or to limit the disclosed embodiments to the precise forms disclosed. While
specific embodiments and examples are described herein for illustrative purposes, various modifications are possible
that are considered within the scope of such embodiments and examples, as those skilled in the relevant art can recognize.
For example, parts, components, steps and aspects from different embodiments may be combined or suitable for use
in other embodiments even though not described in the disclosure or depicted in the figures. Therefore, since certain
changes may be made in the above-described invention, without departing from the spirit and scope of the invention
herein involved, it is intended that all of the subject matter of the above description shown in the accompanying drawings
shall be interpreted merely as examples illustrating the inventive concept herein and shall not be construed as limiting
the invention.
[0032] In this regard, while the disclosed subject matter has been described in connection with various embodiments
and corresponding figures, where applicable, it is to be understood that other similar embodiments can be used or
modifications and additions can be made to the described embodiments for performing the same, similar, alternative,
or substitute function of the disclosed subject matter without deviating therefrom. Therefore, the disclosed subject matter
should not be limited to any single embodiment described herein, but rather should be construed in breadth and scope
in accordance with the appended claims below. For example, references to "one embodiment" of the present invention
are not intended to be interpreted as excluding the existence of additional embodiments that also incorporate the recited
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features.
[0033] In the appended claims, the terms "including" and "in which" are used as the plain-English equivalents of the
respective terms "comprising" and "wherein." Moreover, in the following claims, terms such as "first," "second," "third,"
"upper," "lower," "bottom," "top," etc. are used merely as labels, and are not intended to impose numerical or positional
requirements on their objects. The terms "substantially," "generally," and "about" indicate conditions within reasonably
achievable manufacturing and assembly tolerances, relative to ideal desired conditions suitable for achieving the func-
tional purpose of a component or assembly. Further, the limitations of the following claims are not written in means-plus-
function format and are not intended to be interpreted as such, unless and until such claim limitations expressly use the
phrase "means for" followed by a statement of function void of further structure.
[0034] What has been described above includes examples of systems and methods illustrative of the disclosed subject
matter. It is, of course, not possible to describe every combination of components or methodologies here. One of ordinary
skill in the art may recognize that many further combinations and permutations of the claimed subject matter are possible.
Furthermore, to the extent that the terms "includes," "has," "possesses," and the like are used in the detailed description,
claims, appendices and drawings, such terms are intended to be inclusive in a manner similar to the term "comprising"
as "comprising" is interpreted when employed as a transitional word in a claim. That is, unless explicitly stated to the
contrary, embodiments "comprising," "including," or "having" an element or a plurality of elements having a particular
property may include additional such elements not having that property.
[0035] This written description uses examples to disclose several embodiments of the invention, including the best
mode, and also to enable one of ordinary skill in the art to practice the embodiments of 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 one of ordinary skill in the art. Such other examples are
intended to be within the scope of the claims if they have structural elements that do not differ from the literal language
of the claims, or if they include equivalent structural elements with insubstantial differences from the literal languages
of the claims.
[0036] Further aspects of the invention are provided by the subject matter of the following clauses:
[0037] A microalloyed martensitic stainless steel grade 403Cb consisting essentially of, by weight percent:

[0038] The microalloyed martensitic stainless steel grade 403Cb of the preceding clause, wherein the weight percent
of nickel is about 0.53 and the weight percent of molybdenum is about 0.04.
[0039] The microalloyed martensitic stainless steel grade 403Cb of any of the preceding clauses, wherein a weight
ratio of the nickel to the molybdenum is larger than 3.
[0040] The microalloyed martensitic stainless steel grade 403Cb of any of the preceding clauses, wherein the micro-
alloyed martensitic stainless steel grade 403Cb has a yield strength that ranges from 740 MPa to 800 MPa.
[0041] The microalloyed martensitic stainless steel grade 403Cb of any of the preceding clauses, wherein the micro-
alloyed martensitic stainless steel grade 403Cb has a tensile strength that ranges from 880 MPa to 950MPa.
[0042] The microalloyed martensitic stainless steel grade 403Cb of any of the preceding clauses, wherein the micro-
alloyed martensitic stainless steel grade 403Cb has an impact toughness over 50 J.
[0043] A microalloyed martensitic stainless steel grade 403Cb consisting essentially of, by weight percent:

carbon 0.13 to 0.18
manganese 0.40 to 0.60
silicon up to 0.50
phosphorous up to 0.025
sulfur up to 0.010
nickel 0.30 to 0.60
chromium 11.5 to 13.0
molybdenum 0.05 to 0.20
niobium 0.15 to 0.25
vanadium up to 0.10
iron balance
CNB (Cr-Ni equivalent balance) 5.0 to 7.5

carbon 0.13 to 0.18
manganese 0.40 to 0.60
silicon up to 0.50
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and having an impact toughness ranging over 50 J.
[0044] The microalloyed martensitic stainless steel grade 403Cb of the preceding clause, wherein the microalloyed
martensitic stainless steel grade 403Cb has a yield strength that ranges from 740 MPa to 800 MPa.
[0045] The microalloyed martensitic stainless steel grade 403Cb of any of the preceding clauses, wherein the micro-
alloyed martensitic stainless steel grade 403Cb has a tensile strength that ranges from 880 MPa to 950MPa.
[0046] The microalloyed martensitic stainless steel grade 403Cb of any of the preceding clauses, wherein a weight
ratio of the nickel to the molybdenum is larger than 3.
[0047] A turbine component comprising a microalloyed martensitic stainless steel grade 403Cb comprising, by weight
percent:

and wherein a weight ratio of the nickel to the molybdenum is larger than 3.
[0048] The turbine component of the preceding clause, wherein the microalloyed martensitic stainless steel grade
403Cb has an impact toughness over 50 J.
[0049] The turbine component of any of the preceding clauses, wherein the microalloyed martensitic stainless steel
grade 403Cb has a yield strength that ranges from 740 MPa to 800 MPa.
[0050] The turbine component of any of the preceding clauses, wherein the microalloyed martensitic stainless steel
grade 403Cb has a tensile strength that ranges from 880 MPa to 950MPa.

Claims

1. A microalloyed martensitic stainless steel grade 403Cb consisting essentially of, by weight percent:

(continued)

phosphorous up to 0.025
sulfur up to 0.010
nickel 0.30 to 0.6
chromium 11.5 to 13.0
molybdenum 0.05 to 0.2
niobium 0.15 to 0.25
vanadium up to 0.10
iron balance
CNB (Cr-Ni equivalent balance) 5.0 to 7.5

carbon 0.13 to 0.18
manganese 0.40 to 0.60
silicon up to 0.50
phosphorous up to 0.025
sulfur up to 0.010
nickel 0.30 to 0.60
chromium 11.5 to 13.0
molybdenum 0.05 to 0.20
niobium 0.15 to 0.25
vanadium up to 0.10
iron balance
CNB (Cr-Ni equivalent balance) 5.0 to 7.5

carbon 0.13 to 0.18
manganese 0.40 to 0.60
silicon up to 0.50
phosphorous up to 0.025
sulfur up to 0.010
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2. The microalloyed martensitic stainless steel grade 403Cb of claim 1, wherein the weight percent of nickel is about
0.53 and the weight percent of molybdenum is about 0.04.

3. The microalloyed martensitic stainless steel grade 403Cb of claim 1, wherein a weight ratio of the nickel to the
molybdenum is larger than 3.

4. The microalloyed martensitic stainless steel grade 403Cb of claim 1, wherein the microalloyed martensitic stainless
steel grade 403Cb has a yield strength that ranges from 740 MPa to 800 MPa.

5. The microalloyed martensitic stainless steel grade 403Cb of claim 1, wherein the microalloyed martensitic stainless
steel grade 403Cb has a tensile strength that ranges from 880 MPa to 950MPa.

6. The microalloyed martensitic stainless steel grade 403Cb of claim 1, wherein the microalloyed martensitic stainless
steel grade 403Cb has an impact toughness over 50 J.

7. A microalloyed martensitic stainless steel grade 403Cb consisting essentially of, by weight percent:

and having an impact toughness ranging over 50 J.

8. The microalloyed martensitic stainless steel grade 403Cb of claim 7, wherein the microalloyed martensitic stainless
steel grade 403Cb has a yield strength that ranges from 740 MPa to 800 MPa.

9. The microalloyed martensitic stainless steel grade 403Cb of claim 7, wherein the microalloyed martensitic stainless
steel grade 403Cb has a tensile strength that ranges from 880 MPa to 950MPa.

10. The microalloyed martensitic stainless steel grade 403Cb of claim 7, wherein a weight ratio of the nickel to the
molybdenum is larger than 3.

11. A turbine component comprising a microalloyed martensitic stainless steel grade 403Cb comprising, by weight
percent:

(continued)

nickel 0.30 to 0.60
chromium 11.5 to 13.0
molybdenum 0.05 to 0.20
niobium 0.15 to 0.25
vanadium up to 0.10
iron balance
CNB (Cr-Ni equivalent balance) 5.0 to 7.5

carbon 0.13 to 0.18
manganese 0.40 to 0.60
silicon up to 0.50
phosphorous up to 0.025
sulfur up to 0.010
nickel 0.30 to 0.6
chromium 11.5 to 13.0
molybdenum 0.05 to 0.2
niobium 0.15 to 0.25
vanadium up to 0.10
iron balance
CNB (Cr-Ni equivalent balance) 5.0 to 7.5

carbon 0.13 to 0.18
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and wherein a weight ratio of the nickel to the molybdenum is larger than 3.

12. The turbine component of claim 11, wherein the microalloyed martensitic stainless steel grade 403Cb has an impact
toughness over 50 J.

13. The turbine component of claim 11, wherein the microalloyed martensitic stainless steel grade 403Cb has a yield
strength that ranges from 740 MPa to 800 MPa.

14. The turbine component of claim 11, wherein the microalloyed martensitic stainless steel grade 403Cb has a tensile
strength that ranges from 880 MPa to 950MPa.

(continued)

manganese 0.40 to 0.60
silicon up to 0.50
phosphorous up to 0.025
sulfur up to 0.010
nickel 0.30 to 0.60
chromium 11.5 to 13.0
molybdenum 0.05 to 0.20
niobium 0.15 to 0.25
vanadium up to 0.10
iron balance
CNB (Cr-Ni equivalent balance) 5.0 to 7.5



EP 4 379 085 A2

12



EP 4 379 085 A2

13



EP 4 379 085 A2

14



EP 4 379 085 A2

15



EP 4 379 085 A2

16



EP 4 379 085 A2

17



EP 4 379 085 A2

18



EP 4 379 085 A2

19


	bibliography
	abstract
	description
	claims
	drawings

