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Description
Technical Field

[0001] The present invention belongs to the technical field of nickel-based superalloy, in particular to a nickel-based
superalloy for 700°C ultra-supercritical coal-fired power plant. This new superalloy can be applied as the high-temperature
components in advanced ultra-supercritical coal-fired power plants at the steam temperature rating of 700°C. The highest
service temperatures of the new alloy can be reached at 800°C.

Description of the Related Art

[0002] The shortage of energy supply and the deterioration of environment have become the main factors in restraining
the sustainable development of the economy, society and the environment throughout the world. Electricity, as secondary
energy, will still take a main position in the energy consumption market for a quite long time in the future. In electric
power generation structure, thermal power generation occupies a leading position in the majority of countries in the
world, which will likewise not be changed for quite a long time in the future. At present, the majority of coal-fired power
plants in the world are sub-critical power plants with a steam parameter in the rating of 538°C /18.5MPa. However, from
the end of last century, supercritical power plants with a rating of 566°C /24MPa and ultra-supercritical power plants
with a rating of 600°C /27MPa take a main position in the development of the coal-fired power plants. The thermal
efficiency of the power plants has been enhanced from about 35% for the sub-critical units to about 45% for the ultra-
supercritical units. This plays an important role in saving coal and reducing emission of the pollutants such as SOx, NOx
and CO,. Meanwhile, in the recent decades, the major developed countries and country unions in the world, for example,
EU, USA and Japan, have implemented research and development of the 700°C (or 760°C) advanced ultra-supercritical
coal-fired power generation technologies in succession. EU is the first one that started this project in 1998, enhancing
the steam temperature to 700°C /720°C/35MPa, with the expected power generation efficiency increasing from the
current 45% to over 50%. USA and Japan then started similar study projects at the beginning of the 21st century. In
2011, China also started to research and develop the 700°C ultra-supercritical coal-fired power generation technologies.
In Chinese electrical power generation structure, thermal power units take position up to 80%, while the mean coal
consumption of the power plants is far higher than that of the developed countries in the world. To reduce the coal
consumption by increasing the steam parameter of the coal-fired power plants, not only will be savings on coal resources
and a reduced emission of CO,, etc, but also will be significant for the sustainable development of the economy, society
and the environment.

[0003] As the temperature and pressure of the coal-fired power generation units are increased to the rating of 700°C
/720°C /35MPa, higher requirements are imposed on the strength and corrosion resistance of key high-temperature
components of the power plants, for example, the HP and IP rotors, cylinders and valve shellsin the turbines, superheaters
and reheaters in boilers, headers and steam pipes, etc. Generally, the outer wall temperature of the superheater and
reheater tubes in the boilers is about 50°C higher than the inner steam temperature. Therefore, when the steam tem-
perature in the superheater and reheater tubes reaches 700°C and 720°C, the maximum temperature of the outer walls
of the tubes may reach about 770°C and even higher. At the same time, the steam pressure in the tubes is also increased.
With such steam temperature and pressure, the 9~12 Cr% steel and austenitic steels, such as Super304H and HR3C,
which are widely applied to the ultra-supercritical coal-fired power plants, fail to meet the requirements for the strength
and the corrosion resistance, therefore the nickel-based superalloys must be used.

[0004] At present, for nickel-based alloys used in civil projects (for example the petrochemical industry), the corrosion
resistance and high temperature properties are required to be considered in the oxidation or reduction environment.
However, for some age-hardening nickel-based alloys applied to the aerospace field, the service duration of the alloys
is relative short and the requirements of high-temperature strength are more important. Due to the great difference in
the purposes, in particular the prominent characteristics of long operating time (30-40 years) of the ultra-supercritical
power plants, the current nickel-based superalloys usually fail to meet the requirements for high-temperature strength,
maximum service temperature, structure stability and resistance to oxidation/sulfuration at the same time and thus fail
to meet the requirements for long-term use by the high-temperature components of the 700°C ultra-supercritical coal-
fired power plants. EU studied nickel-based alloys Inconel 617 and Nimonic 263 in the 700°C ultra-supercritical power
generation program, obtained the 617B alloy through optimizing the composition of the 617 alloy and now is optimizing
the 263 alloy. Japanese company Sumitomo has developed the Fe-Ni-based alloy HR6W. The Swedish company
Sandvik has also developed the Fe-Ni-based Sanicro25 austenitic alloy. Those alloys all fail to meet the requirements
of the highest temperature components. For EU’s 700°C ultra-supercritical plan, SMC has developed Inconel 740 alloy
which possess obvious characteristics of high strength and high corrosion resistance and has thus become the main
candidate materials of the high-temperature parts of the power units. China also actively exploits alloys for use at higher
temperatures on the basis of the nickel-iron-based alloy GH2984 which is originally used as the superheater of the
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marine boilers. So far, the above-mentioned alloys are still under development.

[0005] WO 2009/158332 discloses a nickel (Ni), chromium (Cr), cobalt (Co), iron (Fe), molybdenum (Mo), manganese
(Mn), aluminum (Al), titanium (Ti), niobium (Nb), silicon (Si) welding alloy that contains in % by weight about: 23.5 to
25.5% Cr, 15t0 22% Co, up to 3% Fe, up to 1% Mo, up to 1% Mn, 1.1 to 2.0% Al, 0.8 to 1.8% Ti, 0.8 to 2.2% Nb, 0.05
to 0.28% Si, up to 0.3% Ta, up to 0.3% W, 0.005 to 0.08% C, 0.001 to 0.3% Zr, 0.0008 to 0.006% B, up to 0.05% rare
earth metals, up to 0.025% Mg plus optional Ca and the balance Ni including trace additions and impurities. The welding
alloy is proposed for joining boiler tubing to the header pipe in supercritical, ultra-supercritical and advanced ultra-
supercritical boiler applications.

[0006] Based on the results of influence of the elements such as Co, Cr, Mo, W, Al, Ti, Nb and C on the structures
and properties, a comprehensive consideration of the reasonable combination of the solid solution strengthening and
precipitation strengthening of alloys and by means of good grain boundary strengthening, the present invention obtains
a nickel-based alloy capable of being used for the long term at a temperature below 800°C. It has the high room
temperature and high temperatures tensile properties, creep-rupture properties at high temperatures and excellent
corrosion resistance. It has the great prospects in the application of the 700°C-class ultra-supercritical coal-fired power
plants.

Contents of the Present Invention

[0007] The objective of the present invention is to provide a nickel-based superalloy for 700°C ultra-supercritical coal-
fired power plants and a fabrication method thereof. The new nickel-based superalloy has advantages of reasonable
combination of chemical compositions, hot deformation property, excellent high-temperature mechanical properties and
corrosion resistance, and good structure stability also.

[0008] To fulfill the above-mentioned objective, the present invention provides a nickel-based superalloy for 700°C
ultra-supercritical coal-fired power plants, characterized by comprising: C 0.01~0.07wt%, Cr 23~25.5wt%, Co
10~14.6wt%, Mo 0.3~3.5wt%, W 0.5~2.5wt%, Nb 0.8~2.2wt%, Ti 1.0~2.5wt%, Al 1.0~2.5wt%, B 0.001~0.005wt%, Zr
0.01~0.3wt%, Mg 0.002~0.015wt%, V 0.01~0.5wt%, La 0.001~0.005wt%, balance of Ni and inevitable impurity elements
including S <0.010wt%, P <0.015wt%, Si <0.3wt% and Mn <0.5wt%, wherein the ratio (Al/(Ti+Nb)) of the atomic per-
centage of Al to the sum of the atomic percentages of Ti and Nb is in the range of 1.0-1.3; the sum of the atomic
percentages of Al, Tiand Nb is 5.5-6.2at%; the ratio (Cr/(Mo+W)) of the atomic percentage of Cr to the sum of the atomic
percentages of Mo and W is greater than 12 and the sum of the atomic percentages of Cr, Mo and W is not greater than
30at%.

[0009] Furthermore, the percentage of age-precipitated strengthening phase y’ of the nickel-based superalloy for 700°C
ultra-supercritical coal-fired power plants is 14~19wt%.

[0010] The present invention also provides a fabrication method of the nickel-based superalloy for 700°C ultra-super-
critical coal-fired power plants, characterized by including the following steps of:

Step 1: Put 0.01~0.07wt% of C, 23~25.5wt% of Cr, 10~14.6wt% of Co, 0.3~3.5wt% of Mo,0.5~2.5wt% of W,
0.8~2.2wt% of Nb, 1.0~2.5wt% of Ti, 1.0~2.5wt% of Al, 0.001~0.005wt% of B, 0.01~0.3wt% of Zr, 0.01~0.5wt% of
V, 48-58wt% of Ni into a vacuum induction furnace, keeping the ratio (Al/(Ti+Nb)) of the atomic percentage of Al to
the sum of the atomic percentage of Ti and Nb in the range of 1.0-1.3, the sum of the atomic percentages of Al, Ti
and Nb in the range of 5.5-6.2at %, the ratio (Cr/(Mo+W)) of the atomic percentage of Cr to the sum of the atomic
percentage of Mo and W is greater than 12. The sum of the atomic percentages of Cr, Mo and W is not greater than
30at%. Meanwhile, feed 3-6wt% of the dry auxiliary materials with a purity greater than 99.5% into the vacuum
induction furnace and the auxiliary materials consisting of 40wt% of CaF,, 40wt% of CaO and 20wt% of Al,O3. Melt
those raw materials in the vacuum induction furnace at a vacuum condition not lower than 10-3 Bar. After the raw
materials are completely melted, refine the molten metal for over 30min to remove gases while keeping the vacuum
at 10-3 Bar. After refining, charge with argon (Ar) protective gas until the pressure reaches 0.4bar, adding 0.3-0.6wt%
of Ni-20Ca alloy at the same time to remove the harmful impurity element S, where the temperature of the molten
alloy is not lower than 1,500°C. Add 0.01~0.025wt% of Ni-20Mg alloy and 0.001~0.005 wt% of the metal La in turn
to perform desulfurization and purification. Fully melting the materials, mixing the molten metal well, filtering the
molten metal and pouring the molten metal into mould, the alloy ingot will form at an Argon atmosphere.

Step 2: performing diffusion annealing, billet forging, solid-solution and aging treatment on the alloy to obtain the
nickel-based superalloy for 700°C ultra-supercritical coal-fired power plants.

[0011] Preferably, in step 2, the temperature of the diffusion annealing is implemented at 1,150~1,220°C, and the
duration is 16~48h.

[0012] Preferably, in step 2, the temperature of the billet forging is not lower than 1,050°C.

[0013] Preferably, in step 2, the temperature of the solid solution treatment is implemented at 1,100~1,200°C and the
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duration is 0.5~2h.

[0014] Preferably, in step 2, the temperature of the aging treatment is implemented at 800°C and the duration is 4~16h.
[0015] Preferably, in step 2, before diffusion annealing, the alloy ingot are refined again by vacuum arc re-melting or
by electro-slag re-melting in a protective gas atmosphere.

[0016] More preferably, if the vacuum arc re-melting method is employed in step 2, the re-melting rate shall be strictly
controlled to be less than 300kg/h.

[0017] More preferably, when the electro-slag re-melting in a protective gas atmosphere is employed in step 2, a
complex quinary slag purified system is used. The complex quinary slag purified system comprises 40~45wt% of CaF,,
20~30wt% of Al,O3, 15~20wt% of CaO, 5~10wt% of MgO and 5-10wt% of TiO,. The complex quinary slag purified
system should be extracted to ensure SiO,<0.5%, and should be baked for 4h at a temperature of 800°C before usage.
Using (40~45%CaF, + 20~30%Al,045 + 15~20%Ca0 + 5~10%MgO + 5~10%TiO,) can ensure stable Al, Ti and Mg
ingredients.

[0018] The chemical composition content ranges of the main alloy elements of the nickel-based high-temperature
alloy of the present invention including Ni, Cr, Co, Mo, W, Nb, Ti, Al, B, Zr, Mg, V, La and some impurity elements S, P,
Si, Mn, etc. which are inevitable in the industrial production process mentioned above. Besides, the contents of harmful
trace impurity elements such as Pb, Sn, As, Sb and Bi are required to be strictly controlled according to the current
industrial protection technologies because those trace elements are harmful to the forging process and the durability as
well as the high-temperature plasticity of the alloy.

[0019] The reasons for limiting the chemical composition of this nickel-based superalloy for 700°C ultra-supercritical
coal-fired power plants in the above-mentioned ranges are respectively described below.

[0020] C, as a strengthening element, is good for high-temperature stress-rupture strength of the alloy when M,3Cq
carbide is formed at grain boundaries and when C with the content of less than 0.01 % is not enough to form a certain
amount of My3Cgq. C together with Ti and Nb can form a primary carbide MC, good for grain size control. In the case of
excessive C content, more Ti and Nb will be consumed to form MC, so the C content should be kept below 0.06%.
Besides, C also has a function of ensuring mobility of the melted metal during pouring.

[0021] Cris an important element for enhancing the resistance to oxidation and corrosion and the high-temperature
strength of the nickel-based alloy and is also a main element for the formation of the carbides at grain boundaries.
Research has shown that, under the condition that the interior of the boiler tubes are full of high temperature steam, in
the alloy, Cr with a content greater than 23% can form a protective Cr,0O4 oxide film on the inner wall of the tube and
can ensure that the outer wall of the tube is resistant to flue gas corrosion at the same time. Excessive Cr content will
affect the structure stability and workability of the alloy so that the Cr content is required to not exceed 25.5%.

[0022] Co is beneficial to strength of the nickel-based alloy at a high temperature and to the resistance of high-
temperature corrosion. Co in the Ni-Cr solid solution can reduce the stacking fault energy and plays a good solid solution
strengthening role. When the Co content is lower than 10%, the high-temperature strength is reduced. However, Co is
a strategic element with a high price. Excessive Co prompts the formation of n phase in the alloy, which is harmful to
the properties of the alloy and affects the forgeability of the alloy. Therefore, the Co content is limited in the range of
10.0~14.6%. For the present invention, it is an important factor for rationally controlling the strengthening elements and
reducing the alloy cost.

[0023] Mo entering the y matrix of the nickel-based alloy plays an important role of solid solution strengthening. In
particular, at the condition of reducing Co content to weaken solid solution strengthening, the use of Mo to perform solid
solution strengthening is also one of the strengthening element control features of the present invention. However, when
excessive Mo is added, it is not only obviously harmful to the resistance of the alloy to the flue gas corrosion in the coal-
fired environment but also promotes the formation of ¢ phase and reduces the hot workability. Therefore the Mo content
is controlled to be at 0.3~3.5%.

[0024] The W enters the y matrix and the y’ strengthening phase by half, respectively. The W has a relatively large
atom radius which is greater than the radius of the matrix element Ni by over ten percent and plays an obvious role of
solid solution strengthening. In particular, W and Mo added together perform a compound solid solution strengthening.
However, W is an element for speeding up thermal corrosion and therefore the W content is controlled to be at 0.5~2.5%.
[0025] The Nb content is controlled to be at 0.8~2.2%. The difference between the radii of the Nb and Ni atoms is
greater than that of the W and Ni atoms. Nb is an important precipitation strengthening and solid solution strengthening
element in the alloy of the present invention and together with Al and Ti are strengthening elements of the y’ phase.
However, Nb content must be controlled to be appropriate because excessive Nb will promote the formation of the n
phase, reduce the protection properties of the oxide film and deteriorate the welding property due to promotion of liquation
cracks.

[0026] Tiis controlled to be at 1.0~2.5%. It is an important strengthening element for forming y’ phase. The Ti element
is also an important grain size stabilizer, together with the Nb forming primary carbide (Ti, Nb)C. However, an excessive
Ticontentwill promote the formation of the harmful y phase and cause internal oxidation, reducing the plasticity of the alloy.
[0027] Alis good for resisting oxidation and improving the structure of the oxide film, together with Ti and Nb forming



10

15

20

25

30

35

40

45

50

55

EP 3 109 331 B1

the y’ strengthening phase with Ni. Al is an important element for stabilizing the y’ phase and restraining the formation
of the n phase. A low Al content causes undesirable strengthening effect and reduces the high-temperature strength;
while a high Al content obviously reduces the plasticity and toughness of the alloy and narrows the processing temperature
scope of the alloy. Meanwhile, in a high-temperature sulfurization environment, a high Al content promotes the internal
oxidation and internal sulfurization corrosion. Therefore, Al is limited in the range of 1.0~2.5%.

[0028] B is a micro-alloying element, rich at grain boundaries, strengthening the bonding force of grain boundaries.
Boride at grain boundary can prevent the grain boundary sliding, cavities connection and crack propagation, it has an
obvious effect of enhancing the creep property of the alloy. There is an optimum B content. In the present invention, the
B content in the alloy is controlled to be at 0.001~0.005%.

[0029] Zris controlled to be at 0.01-0.3%, good for purifying the grain boundaries and strengthening the bonding force
of grain boundaries and together with B is good for keeping the high-temperature strength and endurance plasticity of
the alloy. An excessive Zr will reduce the hot workability. Another effect of the Zr is obviously to increase the adhesion
property of the protective oxide film on the surface of the alloy.

[0030] Mg is added as a micro-alloying element. Proper Mg is good for improving the creep-rupture life and plasticity
of the alloy. Segregation of Mg at the grain boundary and phase boundaries can reduce the grain boundary energy and
inter-phase boundary energy, improve the precipitation morphology of the second phase and reduce the local stress
concentration. Besides, Mg can also be combined with impurity elements to purify the grain boundaries. Mg is controlled
to be at 0.004~0.015%.

[0031] V, when distributed in the y matrix, can effectively increase the lattice deformation and enhance solid solution
strengthening. Meanwhile, a part of the V also enters the strengthening phase y’ to replace Al. V can also easily form
precipitates, fine and dispersive VC during solidification, is good for refining grains. Besides, V can improve the thermal
working plasticity of the alloy and is controlled to be at 0.001~0.5wt%.

[0032] La is added as a micro-alloying element and can be combined with the impurity elements, in particular the
harmful element S, to play the role of purifying and strengthening grain boundaries. Besides, La is good for oxidation
resistance. La is controlled to be at 0.001~0.005%.

[0033] S is a harmful impurity element, prompting the segregation of elements and the formation of a harmful phase
during solidification. In the alloy, S is segregated at grain boundaries and the inter-phase boundaries, seriously affecting
the thermal plasticity and high-temperature creep-rupture properties of the alloy. S is controlled at below 0.010% and
should be controlled to be as low as possible.

[0034] P has dual effects, prompting the segregation of elements and the precipitation of harmful phases during
solidification. Proper P content can improve creep property. Excessive P is seriously segregated at grain boundaries to
reduce the grain boundary strength and affects the toughness. P shall be controlled to be at below 0.015%.

[0035] Siis a common impurity element, rich at the grain boundaries. Si can reduce the grain boundary strength and
promote the formation of TCP phase. The research results of the present invention indicate that a high Si content can
promote the precipitation of the Si-riched G phase at the grain boundary to obviously affect the plasticity, toughness and
workability of the alloy. Thus Si must be controlled below 0.3%.

[0036] Mn, like other impurities, is segregated at grain boundaries. Mn can weaken the grain boundary bonding force,
reduce creep strength and promote the formation of the harmful phase at grain boundaries. Mn should be controlled
below 0.5%.

[0037] Niis the most important element of y matrix and the main formation element of y’ precipitation strengthening
phase. To ensure the stability of the structure, obtain the high-temperature strength and toughness and ensure that the
alloy has good workability, the Ni content must be kept about 50%.

[0038] Figure 1 is a diagram of the research result on the relationship of the precipitation amount and the Al+Ti+Nb
content. According to the alloy composition design of the present invention, the principles of controlling the precipitation
strengthening phase Al, Ti and Nb focus on: the ratio Al/(Ti+Nb) is in the range of 1.0-1.3, and the sum of Al+Ti+Nb is
5.5~6.2at%, so that the precipitation amount of the strengthening phase is in the range of 14~19wt%. Forming proper
precipitation strengthening effect is the first guarantee factor for obtaining a proper high strength and without y’ phase
to n phase transformation. The structure of the strengthened precipitation phase of the alloy is stable.

[0039] The y phase of this alloy for the present invention is of the Niz(Al, Ti,Nb) type. Although the Nb and Ti have
good strengthening effects at a temperature of 700-800°C, a large coherent strain field is generated due to a large
mismatch degree of y'/y, so this v’ phase is metastable. It is also easy to form Ni; (Ti,Nb) type n phase. At the condition
of reasonable control over the compositions and using the melting technology, billet forging method and heat-treatment
method, the present invention ensures that the y’ phase is precipitated at a favorable position in the grains and at grain
boundaries during the heat treatment. This results that the characteristics of discontinuous distribution of y’ at grain
boundaries, can prevent the crack propagation along the grain boundaries and improves the impact toughness and
creep property of the alloy. This is a remarkable characteristic of the structure design of the present invention for improving
Y phase stability and optimizing the y’ phase strengthening effect. Figure 2 is a microstructure diagram of the alloy of
the present invention after heat-treatment.
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[0040] In the composition design of the alloy of the present invention, the principle of controlling Mo and Cr element
is as follows: the atom ratio Cr/(Mo+W) is greater than 12, and the sum of Mo+Cr+W does not exceed 30at%. In a long-
term aging process at a temperature of 700-800°C, no ¢ phase and p. phase is formed in this alloy and the content of
the impurity element Si is controlled below 0.3wt% to restrain the precipitation of the G phase. The microstructures at
standard heat-treatment state and after long-term aging of the ally can be seen in figure attached to abstract and figure
2, respectively.

[0041] In conclusion: the present invention takes into consideration not only the rational combinations of compound
solid solution strengthening of a proper amount of W in the Ni-Cr-Co-Mo matrix combined with Al, Ti and Nb precipitation
strengthening, but also the addition of a small amount of vanadium to enhance the strengthening and the optimization
of the micro-alloying elements B, Zr and Mg. This invention is to strictly control the contents of the conventional harmful
elements S, P, Si and Mn, in particular, and adding a trace of La in the melting process, and thus it plays the role of
purifying and strengthening grain boundaries. The chemical composition design of the alloy is more rational; the micro-
structure has a high stability during long-term aging. The 14~19wt% y’ phase precipitation strengthening is generated,
and the precipitation of harmful phases such as the n phase, G phase and o phase are restrained in the aging process.
The y' phase in the alloy is of the Nis (Al, Ti, Nb) type and the sum of the Al, Ti and Nb, and the ratio Al/(Ti+Nb) are
rationally controlled to obtain the proper amount of the stable strengthening phases. Accompany with the corresponding
purified melting process, the reasonable billet forging method and the heat treatment process, the y’ phases are precip-
itated in the grains and also at favorable positions of grain boundaries, capable of effectively preventing the propagation
of intergranular cracks and improving the impact toughness and creep property thereof.

Description of Several Views of the Attached Drawings
[0042]

Figure 1 is a research result diagram of the relationship between y’ precipitation amount and Al+Ti+Nb content.
Figure 2 is a microstructure diagram of this alloy after long-term aging.

Figure 3 is a TTT diagram of n phase precipitation of the alloy 2 in a comparative example.

Figure 4 is a TTT diagram of ¢ phase precipitation of the alloy 3 in a comparative example.

[0043] The Figure attached to the abstract is a microstructure diagram of this alloy at standard heat treatment state.
Description of the Preferred Embodiments

[0044] To make the present invention easily understood, the invention is described in detail in combination with the
following preferred embodiments and comparative examples as well.

Embodiment 1

[0045] A nickel-based superalloy for 700°C ultra-supercritical coal-fired power plants comprises with C, Cr, Co, Mo,
W, Nb, Ti, Al, B, Zr, Mg, V, La, Ni and the inevitable impurity elements. The actually tested weight percentages of chemical
compositions and the weight percentages of the impurities S, P, Si and Mn can be seen in table 1. The ratio (Al/(Ti+Nb))
of the atomic percentage of Al to the sum of the atomic percentage of Ti and Nb, the sum (Nb+Ti+Al) of the atomic
percentages of Al, Ti and Nb, the ratio (Cr/(Mo+W)) of the atomic percentage of Cr and the sum of Mo and W atoms,
and the sum (Cr+Mo+W) of the atomic percentages of Cr, Mo and W can be seen in Table 1.

[0046] A fabrication method of this nickel-based superalloy for 700°C ultra-supercritical coal-fired power plants com-
prises with the following steps of:

Selecting high quality raw materials, placing 0.05wt% of C, 24.3wt% of Cr, 14.2wt% of Co, 0.32wt% of Mo,1.05wt% of
W, 1.48wt% of Nb, 1.52wt% of Ti, 1.61wt% of Al, 0.003wt% of B, 0.02wt% of Zr, 0.18wt% of V, 55wt% of Ni and 5wt%
of the dry auxiliary materials with a purity of 99.5% into a vacuum induction furnace, the auxiliary materials consisting
of 40wt% of the CaF,, 40wt% of CaO and 20wt% of Al,O5;. These raw materials are melted in the vacuum induction
furnace under vacuum conditions of 10-3 Bar. After the raw materials are completely melted, the molten metal are refined
for 10minutes to remove gases while keeping the vacuum at not lower than 10-3 Bar. After the refining is complete,
charge the Argon gas until the pressure reaches 0.4bar, adding 0.5wt% of Ni-20Ca alloy at the same time to remove
the harmful impurity element S. When the temperature of the molten metal is at 1,520°C before pouring; add 0.015wt%
Ni-20Mg alloy and 0.005 wt% metal La in turn to perform desulfurization and purification. Fully melting the materials,
mixing the molten metal well, filtering the molten metal and pouring the molten metal into moulds, the alloy ingot will
form at an Argon atmosphere.

[0047] Perform diffusion annealing for the alloy ingot at a temperature of 1,190°C and billet forging at a temperature
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of 1,200°C, forging the alloy ingot into @15mm bar product through three times reheating, implementing a solid solution
treatment on the bar product for 1h at a temperature of 1,150°C, water cooling and aging the bar product for 16h at a
temperature of 800°C, air cooling. Thus, the weight fraction of the y’ strengthening phase of this nickel-based superalloy
for 700°C ultra-supercritical coal-fired power plants is at 16.8wt%.

Embodiment 2

[0048] A nickel-based superalloy for 700°C ultra-supercritical coal-fired power plants comprises C, Cr, Co, Mo, W,
Nb, Ti, Al, B, Zr, Mg, V, La, Ni and the inevitable impurity elements. The actually tested weight percentages of chemical
composition and the weight percentages of the impurities S, P, Si and Mn can be seen in Table 1. The ratio (Al/(Ti+Nb))
of the atomic percentage of Al to the sum of the atomic percentage of Ti and Nb, the sum (Nb+Ti+Al) of the atomic
percentages of Al, Ti and Nb, the ratio (Cr/(Mo+W)) of the atomic percentage of Cr and the sum of Mo and W, and the
sum (Cr+Mo+W) of the atomic percentages of Cr, Mo and W can be seen in Table 1, too.

[0049] The fabrication method of this nickel-based superalloy for 700°C ultra-supercritical coal-fired power plants
comprises the following steps:

Select high quality raw materials and place 0.05wt% of C, 24.5wt% of Cr, 10.2wt% of Co, 1.35wt% of Mo,1.05wt% of
W, 1.67wt% of Nb, 1.49wt% of Ti, 1.72wt% of Al, 0.003wt% of B, 0.02wt% of Zr, 0.17wt% of V, 57wt% of Ni and 5wt%
of the dry auxiliary materials with a purity of 99.5% into a vacuum induction furnace. The auxiliary materials consist of
40wt% of CaF,, 40wt% of CaO and 20wt% of Al,O5. Smelt these raw materials in vacuum induction furnace at the
vacuum condition of 10-3Bar. After the raw materials are completely melted, refine the metal for 10min to remove gases
while keeping the vacuum not lower than 10-3 Bar. After refining is complete, charge with Argon gas until the pressure
reaches 0.4bar, adding 0.5wt% Ni-20Ca alloy at the same time to remove the harmful impurity element S. When the
temperature of the molten metal is at 1,520°C before pouring, add 0.015wt% Ni-20Mg alloy and 0.005 wt% metal La in
turn to perform desulfurization and purification. Fully melting the materials, mixing the molten metal well, filtering the
molten metal and pouring the molten metal into moulds, the alloy ingot will form in an argon atmosphere.

[0050] Performing diffusion annealing on alloy ingot at a temperature of 1,190°C and billet forging at a temperature
of 1,200°C, forging the alloy ingot into @15mm bar product through three times reheating, implementing solid solution
annealing on the bar product for 1h at a temperature of 1,150°C, water cooling and aging the bar product for 16h at a
temperature of 800°C, air cooling. Thus, the weight fraction of precipitation strengthening phase vy of this nickel-based
superalloy for the 700°C ultra-supercritical coal-fired power plants is at 18.5wt%.

Embodiment 3

[0051] A nickel-based superalloy for 700°C ultra-supercritical coal-fired power plant comprises with C, Cr, Co, Mo, W,
Nb, Ti, Al, B, Zr, Mg, V, La, Ni and the inevitable impurity elements. The actually tested weight percentages of chemical
composition and the weight percentages of the impurities S, P, Si and Mn can be seen in Table 1. The ratio (Al/(Ti+Nb))
of the atomic percentage of Al to the sum of the atomic percentage of Ti and Nb, the sum (Nb+Ti+Al) of the atomic
percentages of Al, Ti and Nb, the ratio (Cr/(Mo+W)) of the atomic percentage of Cr and the sum of Mo and W, and the
sum (Cr+Mo+W) of the atomic percentages of Cr, Mo and W can be seen in Table 1, too.

[0052] The fabrication method of this nickel-based superalloy for 700°C ultra-supercritical coal-fired power plant com-
prises the following steps:

Select high quality raw materials, placing 0.05wt% of C, 24.7wt% of Cr, 14.5wt% of Co, 2.43wt% of Mo, 1.15wt% of W,
1.62wt% of Nb, 1.56wt% of Ti, 1.56wt% of Al, 0.002wt% of B, 0.04wt% of Zr, 0.10wt% of V, 52wt% of Ni and 5wt% of
the dry auxiliary materials with a purity of 99.5% into a vacuum induction furnace. The auxiliary materials consist of
40wt% of CaF,, 40wt% of CaO and 20wt% of Al,O3. Those raw materials are melted in the vacuum induction furnace
at a vacuum condition of 10-3 Bar. After the raw materials are completely melted, refine the materials for 10min to remove
gases while keeping the vacuum at not lower than 10-3 Bar. After refining is completed, charge with Argon gas until the
pressure reaches 0.4bar, adding 0.5wt% Ni-20Ca alloy at the same time to remove the harmful impurity element S.
When the temperature of the molten metal is at 1,52000 before pouring; add 0.015wt% Ni-20Mg alloy and 0.005 wt%
metal La in turn to perform desulfurization and purification. Fully melting the materials, mixing the molten metal well,
filtering the molten metal and pouring the molten metal into the moulds, the alloy ingot will form at an Argon atmosphere.
[0053] Performing diffusion annealing for 24 hr on the alloy ingot at a temperature of 1,190°C and billet forging at a
temperature of 1,200°C, forging the alloy ingot into @15mm bar product through three times reheating, implementing
solid solution treatment on the bar product for 1h at a temperature of 1,150°C, water cooling and aging the bar product
for 16h at a temperature of 800°C, air cooling. Thus, the weight fraction of precipitation strengthening phase y’ of this
nickel-based superalloy for 700°C ultra-supercritical coal-fired power plants is at 17wt%.
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Embodiment 4

[0054] A nickel-based superalloy for 700°C ultra-supercritical coal-fired power plant comprises with C, Cr, Co, Mo, W,
Nb, Ti, Al, B, Zr, Mg, V, La, Ni and the inevitable impurity elements. The actually tested weight percentages of chemical
composition and the weight percentages of the impurities S, P, Si and Mn can be seen in Table 1. The ratio (Al/(Ti+Nb))
of the atomic percentage of Al to the sum of the atomic percentage of Ti and Nb, the sum (Nb+Ti+Al) of the atomic
percentages of Al, Ti and Nb, the ratio (Cr/(Mo+W)) of the atomic percentage of Cr and the sum of Mo and W atoms
and the sum (Cr+Mo+W) of the atomic percentages of Cr, Mo and W can be seen in Table 1, too.

[0055] The fabrication method of this nickel-based superalloy for 700°C ultra-supercritical coal-fired power plants
comprises the following steps:

Select high quality raw materials and place 0.07wt% of C, 25.0wt% of Cr, 14.6wt% of Co, 2.87wt% of Mo,1.20wt% of
W, 1.56wt% of Nb, 1.60wt% of Ti, 1.58wt% of Al, 0.002wt% of B, 0.04wt% of Zr, 0.15wt% of V, 51wt% of Ni and 5wt%
of the dry auxiliary materials with a purity of 99.5% into a vacuum induction furnace and the auxiliary materials consisting
of 40wt% of CaF,, 40wt% of CaO and 20wt% of Al,O5. These raw materials are melted in the vacuum induction furnace
at a vacuum condition of 10-3 Bar. After the raw materials are completely melted, refine the materials for 10min to remove
gases while keeping the vacuum not lower than 10-3 Bar. After the refining is completed, charge with Argon gas until
the pressure reaches 0.4bar, adding 0.5wt% Ni-20Ca alloy at the same time to remove the harmful impurity element S.
When the temperature of the molten metal is at 1,520°C before pouring; add 0.015wt% Ni-20Mg alloy and 0.005 wt%
of metal La in turn to perform desulfurization and purification. Fully melting the materials, mixing the molten metal well,
filtering the molten metal and pouring the molten metal into the moulds, the alloy ingot will form at an Argon atmosphere.
[0056] Performing diffusion annealing for 24 hr for the alloy ingot at a temperature of 1,190°C and billet forging at a
temperature of 1,200°C, forging the alloy ingot into @15mm bar product through three times reheating, implementing
solid solution treatment on the bar product for 1h at a temperature of 1,150°C, water cooling and aging the bar product
for 16h at a temperature of 800°C, air cooling. Thus, the weight fraction of y’ precipitation strengthening phase of this
nickel-based superalloy for 700°C ultra-supercritical coal-fired power plant is at 17.3wt%.

Embodiment 5

[0057] A nickel-based superalloy for 700°C ultra-supercritical coal-fired power plant comprises with C, Cr, Co, Mo, W,
Nb, Ti, Al, B, Zr, Mg, V, La, Ni and the inevitable impurity elements. The actually tested weight percentages of chemical
composition and the weight percentages of the impurities S, P, Si and Mn can be seen in table 1. The ratio (Al/(Ti+Nb))
of the atomic percentage of Al to the sum of the atomic percentage of Ti and Nb, the sum (Nb+Ti+Al) of the atomic
percentages of Al, Ti and Nb, the ratio (Cr/(Mo+W)) of the atomic percentage of Cr and the sum of the Mo and W, and
the sum (Cr+Mo+W) of the atomic percentages of Cr, Mo and W can be seen in Table 1, too.

[0058] The fabrication method of this nickel-based superalloy for 700°C ultra-supercritical coal-fired power plants
comprises the following steps:

Selecting high quality raw materials and place 0.06wt% of C, 24.4wt% of Cr, 13.6wt% of Co, 3.04wt% of Mo,1.16wt%
of W, 1.51wt% of Nb, 1.51wt% of Ti, 1.51wt% of Al, 0.003wt% of B, 0.05wt% of Zr, 0.16wt% of V, 52wt% of Ni and
0.5wt% of the dry auxiliary materials with a purity of 99.5% into a vacuum induction furnace with the auxiliary materials
consisting of 40wt% of CaF,, 40wt% of CaO and 20wt% of Al,O5. Smelt those raw materials in the vacuum induction
furnace under vacuum condition of 10-3 Bar. After the raw materials are completely smelted, refine the materials for 10
minutes for removing gases while keeping the vacuum not lower than a 10-3Bar. After the refining is completed, charge
with Argon gas until the pressure reaches 0.4 bar, adding 0.5wt% o Ni-20Ca alloy at the same time to remove the harmful
impurity element S. When the temperature of the molten metal is at 1,520°C before pouring, add 0.020wt% of the Ni-
20Mg alloy and 0.005 wt% metal La in turn to perform desulfurization and purification; Fully melting the materials, mixing
the molten metal well, filtering the molten metal and pouring the molten metal into moulds, the alloy ingot will form at an
Argon atmosphere.

[0059] Remeltthe alloy ingot melted by the vacuum induction furnace by vacuum arc remelting. Annealing the electrode
for 1h at a temperature of 900°C; removing the oxide scale on the surface; welding the electrode at a vacuum of
10-3mmHg; smelting at a voltage of 25V; controlling the vacuum to be 10-3mmHg; keeping the melting rate at 250kg/h;
and finally stress release annealing alloy ingot for 1h at a temperature of 900°C; performing diffusion annealing on the
re-melted alloy ingot at a temperature of 1,190°C and billet forging at a temperature of 1,200°C, forging the alloy ingot
into @15mm bar product through three times reheating, implementing solid solution treatment on the bar product for 1h
at a temperature of 1,150°C, water cooling and aging the bar product for 16h at a temperature of 800°C, air cooling.
Thus, the weight fraction of y’ precipitation strengthening phase of the nickel-based superalloy for 7001 ultra-supercritical
coal-fired power plant is at 15wt%.
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Embodiment 6

[0060] A nickel-based superalloy for 700°C ultra-supercritical coal-fired power plant comprises with C, Cr, Co, Mo, W,
Nb, Ti, Al, B, Zr, Mg, V, La, Ni and the inevitable impurity elements. The actually tested weight percentages of chemical
composition and the weight percentages of the impurities S, P, Si and Mn can be seen in Table 1. The ratio (Al/(Ti+Nb))
of the atomic percentage of Al to the sum of the atomic percentage of Ti and Nb, the sum (Nb+Ti+Al) of the atomic
percentages of Al, Ti and Nb, the ratio (Cr/(Mo+W)) of the atomic percentage of Cr and the sum of Mo and W atoms,
and the sum (Cr+Mo+W) of the atomic percentages of Cr, Mo and W can be seen in Table 1, too.

[0061] The fabrication method of this nickel-based superalloy for 700°C ultra-supercritical coal-fired power plant com-
prises the following steps:

Selecting high quality raw materials and place 0.06wt% of C, 24.7wt% of Cr, 12.9wt% of Co, 0.53wt% of Mo,2.23wt%
of W, 1.59wt% of Nb, 1.62wt% of Ti, 1.54wt% of Al, 0.004wt% of B, 0.005wt% of Zr, 0.15wt% of V, 54wt% of Ni and
5wt% of the dry auxiliary materials with a purity of 99.5% into a vacuum induction furnace and the auxiliary materials
consisting of 40wt% of CaF,, 40wt% of CaO and 20wt% of Al,O3. Those raw materials are melted in the vacuum induction
furnace under vacuum conditions of 10-3Bar. After the raw materials are completely melted, refine the molten metal for
10 min to remove gases while keeping the vacuum not lower than 10-3Bar. After the refining is completed, charge with
argon gas until the pressure reaches 0.4bar, adding 0.5wt% Ni-20Ca alloy at the same time to remove the harmful
impurity element S. When the temperature of the molten metal is at 1,520°C before pouring, add 0.025wt% Ni-20Mg
alloy and 0.005 wt% of metal La in turn to perform desulfurization and purification. Fully melting the materials, mixing
the molten metal well, filtering the mixed materials and pouring the molten metal into moulds, the alloy ingot will form at
an Argon atmosphere.

[0062] Remelt the alloy ingot by electroslag remelting under a protective atmosphere. Remove the oxide scale from
the surface of the alloy ingot, then being welded with the electrode, Perform electroslag remelting by using (40% CaF,+
25%Al,03 + 15%Ca0 + 10%MgO + 10%TiO,) complex quinary slag purified system, wherein the slag is extracted while
the SiO, is ensured to be less than 0.5%. The electroslag ingot are baked for 4h at a temperature of 800°C, keeping
the smelting voltage of ESR furnace at 50V and the smelting at remelting rate of 250kg/h; and finally annealing the
electro-slag remelted ingot for 1h at a temperature of 900°C. Performing diffusion annealing on ESR re-melted alloy
ingot at a temperature of 1,190°C and billet forging at a temperature of 1,200°C, forging the ESR alloy ingot into @15mm
bar productthrough three times reheating, implementing solid solution treatment on the bar product for 1h at atemperature
of 1,150°C, water cooling and aging the bar product for 16h at a temperature of 800°C, air cooling. Thus, the weight
fraction of y’ precipitation strengthening phase of the nickel-based superalloy for 700°C ultra-supercritical coal-fired
power plants is at 17.2wt%.

Comparative example 1

[0063] A nickel-based superalloy for 700°C ultra-supercritical coal-fired power plant comprises with C, Cr, Co, Mo, W,
Nb, Ti, Al, B, Zr, Mg, V, La, Ni and the inevitable impurity elements. The actually tested weight percentages of chemical
compositions and the weight percentages of the impurities S, P, Siand Mn can be seen in Table 1. The ratio (Al/(Ti+Nb))
of the atomic percentage of Al to the sum of the atomic percentage of Ti and Nb, the sum (Nb+Ti+Al) of the atomic
percentages of Al, Ti and Nb, the ratio (Cr/(Mo+W)) of the atomic percentage of Cr and the sum of Mo and W atoms,
and the sum (Cr+Mo+W) of the atomic percentages of Cr, Mo and W can be seen in Table 1, too.

[0064] The fabrication method of this nickel-based superalloy for 700°C ultra-supercritical coal-fired power plant com-
prises the following steps:

Selecting high quality raw materials and place 0.05wt% of C, 24.98wt% of Cr, 14.6wt% of Co, 1.36wt% of Mo,1.19wt%
of W, 1.54wt% of Nb, 1.53wt% of Ti, 1.51wt% of Al, 0.002wt% of B, 0.04wt% of Zr, 53wt% of Ni and 0.5wt% of the dry
auxiliary materials with a purity of 99.5% into a vacuum induction furnace and the auxiliary materials consisting of 40wt%
of CaF,, 40wt% of CaO and 20wt% of Al,O5. Smelt these raw materials in the vacuum induction furnace at vacuum
condition of 10-3Bar. After the raw materials are completely melted, refine the materials for 10min to remove gases while
keeping the vacuum not lower than 10-3Bar. After the refining is completed, charge with Argon gas until the pressure
reaches 0.4bar, adding 0.5wt% Ni-20Ca alloy at the same time to remove the harmful impurity element S When the
temperature of the molten metal is at 1,520°C before pouring; add 0.015wt% Ni-20Mg alloy and 0.015 wt% metal La in
turn to perform desulfurization and purification. Fully melting the materials, mixing the molten metal well, filtering the
molten metal and pouring the molten metal into moulds, the alloy ingot will form at an argon atmosphere;

[0065] Remelt the VIM alloy ingot by means of vacuum arc remelting (VAR). Annealing the electrode for 1h at a
temperature of 900°C, removes the oxide scale from the surface; welding the electrode of the alloy ingots at a vacuum
of 10-3mmHg; then melting both of them at a voltage of 25V; controlling the vacuum at 10-3mmHg; keeping the melting
rate 250kg/h; and finally annealing the VAR alloy ingot for 1h at a temperature of 900°C; perform diffusion annealing on
the re-melted VAR alloy ingot at a temperature of 1,190°C and forging the alloy ingot at 1,200°C, into @15mm bar product
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through three times reheating, implementing solid solution annealing on the bar product for 1h at a temperature of
1,150°C, water cooling and aging the bar product for 16h at a temperature of 800°C, air cooling. Thus, the weight fraction
of y’ precipitation strengthening phase of the nickel-based superalloy for 700°C ultra-supercritical coal-fired power plant
is at 16wt%.

Comparative example 2

[0066] A nickel-based superalloy for 700°C ultra-supercritical coal-fired power plant comprises with C, Cr, Co, Mo, W,
Nb, Ti, Al, B, Zr, Mg, V, La, Ni and the inevitable impurity elements. The actually tested weight percentages of chemical
composition and the weight percentages of the impurities S, P, Si and Mn can be seen in Table 1. The ratio (Al/(Ti+Nb))
of the atomic percentage of Al to the sum of the atomic percentage of Ti and Nb, the sum (Nb+Ti+Al) of the atomic
percentages of Al, Ti and Nb, the ratio (Cr/(Mo+W)) of the atomic percentage of Cr and the sum of Mo and W atoms,
and the sum (Cr+Mo+W) of the atomic percentages of Cr, Mo and W can be seen in Table 1, too.

[0067] The fabrication method of this nickel-based superalloy for 700°C ultra-supercritical coal-fired power plant com-
prises the following steps:

Select high quality raw materials and place 0.05wt% of C, 24.4wt% of Cr, 13.6wt% of Co, 1.19wt% of Mo,1.06wt% of
W, 1.81wt% of Nb, 1.73wt% of Ti, 1.14wt% of Al, 0.003wt% of B, 0.05wt% of Zr, 0.16wt% of V,54wt% of Ni and 0.5wt%
of the dry auxiliary materials with a purity of 99.5% into a vacuum induction furnace and the auxiliary materials consisting
of 40wt% of CaF,, 40wt% of CaO and 20wt% of Al,O5. Melting those raw materials in the vacuum induction furnace
under vacuum conditions of 10-3Bar. After the raw materials are completely melted, refine the materials for 10min to
remove gases while keeping the vacuum not lower than 10-3Bar. After refining is completed, charge with Argon gas until
the pressure reaches 0.4bar, adding 0.5wt% Ni-20Ca alloy at the same time to remove the harmful impurity element S.
When the temperature of the molten metal is at 1,520°C before pouring, add 0.020wt% Ni-20Mg alloy and 0.005wt%
metal La in turn to perform desulfurization and purification. Fully melting the materials, mixing the molten metal well,
filtering the molten metal and pouring the molten metal into moulds, the alloy ingot will form at an Argon atmosphere.
[0068] Remelt the VIM alloy ingot by means of vacuum arc re-melting. Annealing the VIM electrode for 1h at a tem-
perature of 900°C, removes the oxide scale from the surface; welding the VIM electrode with auxiliary electrode at a
vacuum of 10-3mmHg; smelting both of them at a voltage of 25V; controlling the vacuum to be 10-3mmHg; keeping the
melting rate 250kg/h; and finally annealing the VAR alloy ingot for 1h at a temperature of 900°C; performing diffusion
annealing on the VAR re-melted alloy ingot at a temperature of 1,190°C and forging the VAR alloy ingot at 1,200°C into
@15mm bar product through three times reheating, implementing solid solution treatment on the bar product for 1h at
a temperature of 1,150°C, water cooling and aging the bar product for 16h at a temperature of 800°C, air cooling. Thus,
the weight fraction of y’ precipitation strengthening phase of the nickel-based superalloy for 700°C ultra-supercritical
coal-fired power plant is at 13.4wt%.

Comparative example 3

[0069] A nickel-based superalloy for 700°C ultra-supercritical coal-fired power plant comprises with C, Cr, Co, Mo, W,
Nb, Ti, Al, B, Zr, Mg, V, La, Ni and the inevitable impurity elements. The actually tested weight percentages of chemical
composition and the weight percentages of the impurities S, P, Si and Mn can be seen in Table 1. The ratio (Al/(Ti+Nb))
of the atomic percentage of Al to the sum of the atomic percentage of Ti and Nb, the sum (Nb+Ti+Al) of the atomic
percentages of Al, Ti and Nb, the ratio (Cr/(Mo+W)) of the atomic percentage of Cr and the sum of Mo and W atoms,
and the sum (Cr+Mo+W) of the atomic percentages of Cr, Mo and W can be seen in Table 1, too.

[0070] The fabrication method of this nickel-based superalloy for 700°C ultra-supercritical coal-fired power plants
comprises the following steps:

Select high quality raw materials and place 0.06wt% of C, 24.4wt% of Cr, 12.91wt% of Co, 3.41wt% of Mo,2.33wt% of
W, 1.59wt% of Nb, 1.63wt% of Ti, 1.53wt% of Al, 0.004wt% of B, 0.005wt% of Zr, 0.15wt% of V,51wt% of Ni and 5wt%
of dry auxiliary materials with a purity of 99.5% into a vacuum induction furnace and the auxiliary materials consisting
of 40wt% of CaF,, 40wt% of CaO and 20wt% of Al,O5. Those raw materials are melted in the vacuum induction furnace
at vacuum condition of 10-3Bar. After the raw materials are completely melted, refine the materials for 10min to remove
gases while keeping the vacuum not lower than 10-3Bar. After refining is completed, charge with Argon gas until the
pressure reaches 0.4bar, adding 0.5wt% Ni-20Ca alloy at the same time to remove the harmful impurity element S.
When the temperature of the molten metal is at 1,520°C before pouring, add 0.025wt% Ni-20Mg alloy and 0.005wt%
metal La in turn to perform desulfurization and purification. Fully melt the materials, mixing the molten metal well, filtering
the molten metal and pouring the molten metal into moulds, the alloy ingot will form at an Argon atmosphere.

[0071] Remelt the VIM alloy ingot by means of electro-slag re-melting under a protective argon atmosphere. Remove
the oxide scale from alloy ingot surface, being welded it with the auxiliary electrode. Perform electro-slag re-melting by
using (40% CaF, + 25%Al,05 + 15%Ca0 + 10%MgO + 10%TiO,) complex quinary slag purified system, wherein the
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slag is extracted while the SiO, is ensured to be less than 0.5%, and the electro-slag ingot are baked for 4h at a
temperature of 800°C; keeping the ESR smelting voltage at 50V and the smelting rate 250kg/h. Finally anneal the electro-
slag ingot for 1h at a temperature of 900°C; performing diffusion annealing on the ESR re-melted alloy ingot at a
temperature of 1,190°C and billet forging at a temperature of 1,200°C, forging the alloy ingot into @15mm bar product
through three times reheating, implementing solid solution treatment on the bar product for 1h at a temperature of
1,150°C, water cooling and aging the bar product for 16h at a temperature of 800°C, air cooling. Thus, the weight fraction
of y’ precipitation strengthening phase of the nickel-based superalloy for 700°C ultra-supercritical coal-fired power plants
is at 18.2wt%.
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[0072] The chemical compositions of the alloys in embodiments 1-6 are fully in accordance with the composition scope
of the alloy of the present invention and within the requirements of the limiting conditions. The alloy in the comparative
example 1 is not added with V and La during smelting. The atom ratio of Al/(Ti+Nb) and the sum of the Nb+Ti+Al of the
alloy in comparative example 2 do not conform to the limiting conditions of the alloy of the present invention. The atomic
ratio Cr/(Mo+W) in comparative example 3 does not conform to the limiting conditions of the alloy of the present invention.

Room-temperature and high-temperature tensile tests:
[0073] The nickel-based superalloys for 700°C ultra-supercritical coal-fired power plant in embodiments 1-6 and com-
parative examples 1-3 are forged to round bars for implementation of the tensile tests at room temperature and at 700°C

and 800°C, respectively. The tensile test results can be seen in Table 2.

Table 2. Room-temperature and high-temperature tensile performance of the nickel-based alloys of the embodiments
and comparative examples

tem:)-eersatture Alloy Mechanical property
Yieldstrength Tensile strength Elongation A/ re;jb\l:i;]on
Rpo.2/MPa Rn/MPa % 2/%
1 796.9 1225.8 324 38.9
2 824.7 1239.7 30.0 37.2
temi‘;?;ure Embodiments 3 788.1 1214.9 28.0 33.0
4 814.2 1233.1 27.6 325
5 795.6 1218.3 24.2 323
6 804.1 1209.3 24.9 31.1
Comparative 1 708.4 1119.5 18.1 22.3
examples 2 652.9 1010.2 30.7 39.6
3 813.9 1219.4 23.5 321
1 646.0 1008.0 27.2 313
2 666.8 1023.0 24.8 324
Embodiments 3 645.3 986.0 27.2 314
4 662.1 1020.2 23.8 314
700°C
5 650.9 1006.9 23.9 30.5
6 645.2 1012.4 247 30.0
Comparative 1 561.8 886.2 14.9 19.0
examples 2 519.5 822.6 225 30.4
3 659.3 978.0 20.2 26.1
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(continued)
tem:)-eersatture Alloy Mechanical property
Yieldstrength Tensile strength Elongation A/ re;jb\l:i;]on
Rpo.2/MPa Rn/MPa % 2/%
1 611.2 841.3 19.8 25.5
2 628.3 849.1 20.8 27.5
Embodiments 3 602.1 809.3 18.0 25.6
4 622.9 845.0 18.0 25.6
800°C 5 619.5 815.6 20.1 28.2
6 615.2 816.8 19.1 27.2
1 540.3 708.9 9.8 14.4
C‘e’:;‘:j;?etze 2 491.7 642.2 16.3 24.0
3 616.1 837.5 14.9 241

[0074] From the data in Table 2, it can be seen that the room temperature tensile test shows that the yield strength
of the nickel-based alloys of the embodiments and comparative examples is greater than 780MPa, the tensile strength
is greater than 1,200MPa, the elongation is greater than 24.0%, and the area reduction is greater than 32.0%. In the
case of a 700°C tensile test, the yield strength is greater than 640MPa, the tensile strength is greater than 980MPa, the
elongation is greater than 23.0%, and the area reduction is greater than 30.0%. In the case of an 800°C tensile test, the
yield strength is greater than 600MPa, the tensile strength is greater than 800MPa, the elongation is greater than 17.0%,
area reduction is greater than 25.0%; the alloys have high tensile strength and tensile ductility at both room temperature
and high temperatures.

[0075] Comparatively, for the alloy of comparative example 1 without V and La, not only the tensile strength decreases,
but also the tensile ductility reduces by 35%~50% in comparison with the embodiment, in particular to the alloy with high
S content. The alloy of the compositions Nb, Ti and Al in comparative example 2 do not conform to the restriction
conditions, shows relatively low strength and the tensile strength reduced by 15%~20% in comparison with the embod-
iment, besides the equilibrium phase this alloy contains n phase, as shown in figure 3. The alloy of the compositions
Cr, Mo and W in comparative example 3 do not conform to the restriction conditions, shows that the strength and
toughness are affected, and moreover there is a harmful brittle ¢ phase as the equilibrium phase of the alloy, as shown
in Figure 4. These results indicate that the scopes and the restriction conditions of chemical composition limited by the
present invention are strong guarantee for good tensile properties of the alloy.

High-temperature stress-rupture tests:

[0076] The nickel-based superalloys for 700°C ultra-supercritical coal-fired power plant in embodiments 1-6 is forged
into bar product for stress-rupture tests at 750°C, 800°C and 850°C, respectively.

[0077] Atthe condition of 750°C /205MPa, the stress-rupture life of the alloy in embodiments 1-6 is greater than 5,000h,
the elongation is greater than 12.0%, the area reduction is greater than 16.0%; at the condition of 800°C /125MPa the
stress-rupture life is greater than 5,000h, the elongation is greater than 14.0%, the area reduction is greater than 18.0%;
at the condition of 850°C /100MPa, the stress-rupture life is greater than 1,500h, the elongation is greater than 20.0%,
and the area reduction is greater than 25.0%.

[0078] At the condition of 750°C/205MPa, the stress-rupture life of the alloy in comparative examples 1-3 is less than
3,000h, the elongation is less than 8.0%, the area reduction is less than 11.0%; at the condition of 800°C /125MPa the
stress-rupture life is less than 2,500h, the elongation is less than 10.0%, the area reduction is less than 14.0%; at the
condition of 850°C /100MPa, the stress-rupture life is less than 750h, the elongation is less than 12.0%, and the area
reduction is less than 17.0%.

[0079] The nickel-based alloy of the present invention characterizes with high forgeability, can be used to manufacture
the highest-temperature parts of the turbines and boilers of the 700°C ultra-supercritical coal-fired power plants and also
can be applied to other fields where it needs a material with high ability of oxidation resistance, corrosion resistance,
and with high tensile strength and creep strength as well.
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Claims

A nickel-based superalloy for 700°C ultra-supercritical coal-fired power plant, characterized by comprising : C
0.01~0.07wt%, Cr 23~25.5wt%, Co 10~14.6wt%, Mo 0.3~3.5wt%, W 0.5~2.5wt%, Nb 0.8~2.2wt%, Ti 1.0~2.5wt%,
Al 1.0~2.5wt%, B 0.001~0.005wt%, Zr 0.01~0.3wt%, Mg 0.002~0.015wt%, V 0.01~0.5wt%, La 0.001~0.005wt%,
the balance of Ni and the inevitable impurity elements including S <0.010wt%, P <0.015wt%, Si <0.3wt% and Mn
<0.5wt%; wherein the ratio of the atomic percentage of Al to the sum of the atomic percentages of Ti and Nb is in
arange of 1.0-1.3; the sum of the atomic percentages of Al, Tiand Nb is 5.5-6.2at%; the ratio of the atomic percentage
of Cr to the sum of the atomic percentages of Mo and W is greater than 12, and the sum of the atomic percentages
of Cr, Mo and W is not greater than 30at%.

A fabrication method of the nickel-based superalloy for 700°C ultra-supercritical coal-fired power plant according to
claim 1, characterized by comprising the following steps:

Step 1: placing 0.01-0.07wt% of C, 23~25.5wt% of Cr, 10~14.6wt% of Co, 0.3~3.5wt% of Mo0,0.5~2.5wt% of W,
0.8~2.2wt% of Nb, 1.0~2.5wt% of Ti, 1.0~2.5wt% of Al, 0.001~0.005wt% of B, 0.01~0.3wt% of Zr, less than
0.5wt% of V, 48~58wt% of Ni and 3~6wt% of the dry auxiliary materials with a purity greater than 99.5% into a
vacuum induction furnace and the auxiliary materials consisting of 40wt% of CaF,, 40wt% of CaO and 20wt%
of Al,O,, these raw materials being melted in the vacuum induction furnace under vacuum condition no lower
than 10-3Bar, after the raw materials are completely melted, refining the metal for 30min to remove gases while
keeping the vacuum not lower than 10-3Bar, after refining is completed, charging with argon gas until the pressure
reaches 0.4bar, adding 0.3~0.6wt% of Ni-Ca alloy at the same time to remove the harmful impurity element S,
when the temperature of the molten metal is not less than 1,500°C before pouring; adding 0.01~0.025wt% Ni-
Mg alloy and 0~0.005wt% metal La in turn to perform desulfurization and purification, fully melting the materials,
mixing the molten metal well, filtering the molten metal and pouring the molten metal into moulds, the alloy ingot
forming in an argon atmosphere;

Step 2: performing diffusion annealing, billet forging, solid solution and aging treatment for alloy ingot to obtain
the nickel-based superalloy for 700°C ultra-supercritical coal-fired power plants.

The fabrication method of the nickel-based superalloy for 700°C ultra-supercritical coal-fired power plant according
to claim 2, characterized in that, in step 2, the temperature of the diffusion annealing is implemented at
1,150~1,220°C, and the duration is 16~48h.

The fabrication method of the nickel-based superalloy for 700°C ultra-supercritical coal-fired power plant according
to claim 2, characterized in that, in step 2, the temperature of billet forging is not lower than 1,050°C.

The fabrication method of the nickel-based superalloy for 700°C ultra-supercritical coal-fired power plant according
to claim 2, characterized in that, in step 2, the temperature of the solid solution treatment is implemented at
1,100~1,200°C, and the duration is 0.5~2h.

The fabrication method of the nickel-based superalloy for 700°C ultra-supercritical coal-fired power plant according
to claim 2, characterized in that, in step 2, the temperature of the aging treatment is implemented at 800°C and
the duration is 4~16h.

The fabrication method of the nickel-based superalloy for 700°C ultra-supercritical coal-fired power plant according
to claim 2, characterized in that, in step 2, before diffusion annealing, the alloy ingot is refined again by vacuum
arc re-melting or by electro-slag re-melting in a protective gas atmosphere.

The fabrication method of the nickel-based superalloy for 700°C ultra-supercritical coal-fired power plant according
to claim 7, characterized in that, if the vacuum arc re-melting method is adopted in step 2, the re-melting rate shall
be strictly controlled at less than 300kg/h.

This fabrication method of the nickel-based superalloy for 700°C ultra-supercritical coal-fired power plant according
to claim 7, characterized in that, when the electro-slag re-melting at a protective gas atmosphere is adopted in
step 2, acomplex quinary slag purified system is used; the complex quinary slag purified system comprises 40~45wt%
of CaF5,, 20~30wt% of Al,O5 , 15~20wt% of CaO, 5~10wt% of MgO and 5-10wt% of TiO,; before using, the complex
quinary slag purified system should be extracted to ensure Si0,<0.5%, and should be baked for 4h at a temperature
of 800°C.
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Patentanspriiche

1.

Nickel-basierte Superlegierung fir ein ultra-Uberkritisches 700°C-Kohlekraftwerk, dadurch gekennzeichnet, dass
die Superlegierung aufweist: 0,01 - 0,07 Gew.-% C, 23 - 25,5 Gew.-% Cr, 10 - 14,6 Gew.-% Co, 0,3 - 3,5 Gew.-%
Mo, 0,5-2,5 Gew.-% W, 0,8 - 2,2 Gew.-% Nb, 1,0 - 2,5 Gew,-% Ti, 1,0 - 2,5 Gew.-% Al, 0,001 - 0,005 Gew.-% B,
0,01 - 0,3 Gew.-% Zr, 0,002 - 0,015 Gew,-% Mg, 0,01 - 0,5 Gew,-% V, 0,001 - 0,005 Gew.-% La, wobei der Rest
aus Ni und den unvermeidbaren Verunreinigungselementen besteht, die < 0,010 Gew.-% S, < 0,015 Gew.-% P, <
0,3 Gew.-% Si und < 0,5 Gew.-% Mn umfassen; wobei das Verhaltnis zwischen dem atomaren Anteil von Al zu der
Summe der atomaren Anteile von Ti und Nb in einem Bereich von 1,0 - 1,3 liegt; wobei die Summe der atomaren
Anteile von Al, Ti und Nb 5,5 - 6,2 Atomgew.-% betragt; wobei das Verhaltnis des atomaren Anteils von Cr zu der
Summe der atomaren Anteile von Mo und W grof3er als 12 ist, und wobei die Summe der atomaren Anteile von Cr,
Mo und W nicht gréRer als 30 Atomgew.-% ist.

Herstellungsverfahren fiir die Nickel-basierte Superlegierung fiir ein ultra-berkritisches 700°C-Kohlekraftwerk ge-
mafR Anspruch 1, dadurch gekennzeichnet, dass das Verfahren die folgenden Schritte aufweist:

Schritt 1: Anordnung von 0,01 - 0,07 Gew.-% C, 23 - 25,5 Gew.-% Cr, 10 - 14,6 Gew.-% Co, 0,3 - 3,5 Gew.-%
Mo, 0,5-2,5 Gew.-% W, 0,8 - 2,2 Gew.-% Nb, 1,0 - 2,5 Gew,-% Ti, 1,0 - 2,5 Gew.-% Al, 0,001 - 0,005 Gew.-
% B, 0,01 - 0,3 Gew.-% Zr, weniger als 0,5 Gew.->% V, 48 - 58 Gew.-% Ni und 3 - 6 Gew.-% der trockenen
Hilfsstoffe mit einer gréBeren Reinheit als 99,5 % in einem Vakuum-Induktionsofen, wobei die Hilfsstoffe aus
40 Gew.-% CaF,, 40 Gew.-% CaO und 20 Gew.-% Al,O3 bestehen, wobei diese Rohmaterialien in dem Vakuum-
Induktionsofen unter Vakuum-Bedingungen von weniger als 10-3 bar geschmolzen werden, wobei nach voll-
sténdiger Schmelzung der Rohmaterialien eine Verfeinerung des Metalls Giber 30 Minuten stattfindet, um Gase
zu entfernen, wahrend das Vakuum bei nicht weniger als 10-3 bar gehalten wird, nach dem Ende der Verfeinerung
eine Beladung mit Argongas stattfindet, bis der Druck 0,4 bar erreicht, dann 0,3 - 0,6 Gew.-% einer Ni-Ca-
Legierung zur gleichen Zeit zugegeben werden, um das schéadliche Verunreinigungselement S zu entfernen,
wenn die Temperatur des geschmolzenen Metalls nicht weniger als 1.500°C vor dem Gief3en betragt; dann
Zugabe von 0,01 - 0,025 Gew.-% einer Ni-Mg-Legierung und wiederum 0 - 0,005 Gew.-% des Metalls La zur
Durchfiihrung einer Entschwefelung und Reinigung, wonach die Materialien vollstdndig geschmolzen werden,
dann das geschmolzene Metall gut vermischt wird, das geschmolzene Metall gefiltert und das geschmolzene
Metall in Formen gegossen wird, wobei die Legierung in einer Argon-Atmosphare Barren formt;

Schritt 2: Durchfiihrung eines Diffusionsgliihens, eines Stabschmiedens, einer Mischkristall- und Alterungsbe-
handlung an dem Legierungsbarren, um die Nickel-basierte Superlegierung fiir ultra-tiberkritische 700°C-Koh-
lekraftwerke zu erhalten.

Herstellungsverfahren fiir die Nickel-basierte Superlegierung fiir ein ultra-tberkritisches 700°C-Kohlekraftwerk ge-
mafl Anspruch 2, dadurch gekennzeichnet, dass in Schritt 2 die Temperatur des Diffusionsgliihens auf 1.150 -
1.220°C und die Dauer auf 16 - 48 Stunden eingestellt wird.

Herstellungsverfahren fiir die Nickel-basierte Superlegierung fiir ein ultra-tberkritisches 700°C-Kohlekraftwerk ge-
maf Anspruch 2, dadurch gekennzeichnet, dass in Schritt 2 die Temperatur fiir das Stabschmieden nicht niedriger
als 1.050°C ist.

Herstellungsverfahren fiir die Nickel-basierte Superlegierung fiir ein ultra-tberkritisches 700°C-Kohlekraftwerk ge-
maf Anspruch 2, dadurch gekennzeichnet, dass in Schritt 2 die Temperatur fir die Mischkristallbehandlung auf
1.100 - 1.200°C und die Dauer auf 0,5 - 2 Stunden eingestellt wird.

Herstellungsverfahren fiir die Nickel-basierte Superlegierung fiir ein ultra-tberkritisches 700°C-Kohlekraftwerk ge-
mafl Anspruch 2, dadurch gekennzeichnet, dass in Schritt 2 die Temperatur fir die Alterungsbehandlung auf
800°C und die Dauer auf 4 - 16 Stunden eingestellt wird.

Herstellungsverfahren fiir die Nickel-basierte Superlegierung fiir ein ultra-tberkritisches 700°C-Kohlekraftwerk ge-
mafl Anspruch 2, dadurch gekennzeichnet, dass in Schritt 2 vor dem Diffusionsgliihen der Legierungsbarren
nochmals durch Vakuum-Lichtbogenumschmelzung oder durch Elektro-Schlacke-Umschmelzung in einer Schutz-
gasatmosphare verfeinert wird.

Herstellungsverfahren fiir die Nickel-basierte Superlegierung fiir ein ultra-tberkritisches 700°C-Kohlekraftwerk ge-
mafl Anspruch 7, dadurch gekennzeichnet, dass wenn das Vakuum-Lichtbogenumschmelzungsverfahren in
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Schritt 2 gewahlt wird, die Umschmelzungsrate streng kontrolliert bei weniger als 300 kg/h liegen sollte.

Herstellungsverfahren fiir die Nickel-basierte Superlegierung fiir ein ultra-berkritisches 700°C-Kohlekraftwerk ge-
mafl Anspruch 7, dadurch gekennzeichnet, dass wenn das Elektro-Schlacke-Umschmelzungsverfahren in einer
Schutzgasatmosphare in Schritt 2 gewahlt wird, ein komplexes, quindres, von Schlacke gereinigtes System ver-
wendet wird; wobei das komplexe quinare, von Schlacke gereinigte System 40 - 45 Gew.-% CaF,, 20 - 30 Gew.-
% Al,O5, 15-20 Gew.-% Ca0, 5 - 10 Gew.-% MgO und 5 - 10 Gew.-% TiO, aufweist; und wobei vor der Benutzung
das komplexe, quinére, von Schlacke gereinigte System extrahiert werden sollte, um sicherzustellen, dass SiO, <
0,5 % ist, und es wahrend 4 Stunden einer Temperatur von 800°C ausgesetzt sein sollte.

Revendications

Super-alliage a base de nickel pour une centrale au charbon a 700°C ultra-supercritique, caractérisé en ce que
I'alliage comprend : 0,01 - 0,0 7 % en poids de C, 23 - 25 % en poids de Cr, 10 - 14.6 % en poids de Co, 0,3 - 3,5
% en poids de Mo, 0,5 - 2,5 % en poids de W, 0,8 - 2,2 % en poids de Nb, 1,0 - 2,5 % en poids de Ti, 1,0- 2,5 %
en poids de Al, 0,001 - 0,005 % en poids de B, 0,01 - 0,3 % en poids de Zr, 0,002 - 0,015 % en poids de Mg, 0,01
- 0,5 % en poids de V, 0,001 - 0,005 % en poids de La, le reste étant du Ni et les éléments d’impureté inévitables
comprenant < 0,010 % en poids de S, < 0,015 % en poids de P, < 0,3 % en poids de Si et < 0,5 % en poids de Mn ;
le rapport entre le pourcentage atomique de Al et la somme des pourcentages atomiques de Ti et de Nb étant
compris dans une plage de 1,0 - 1,3 ; la somme des pourcentages atomiques de Al, de Ti et de Nb étant compris
entre 5,5 et 6,2 % en poids atomique ; le rapport entre le pourcentage atomique de Cr etla somme des pourcentages
atomiques de Mo et de W étant plus grand que 12 et la somme des pourcentages atomiques de Cr, Mo et de W
étant inférieure a 30 % en poids atomique.

Procédé de fabrication du super- alliage a base de nickel pour une centrale au charbon a 700°C ultra-supercritique
selon la revendication 1, caractérisé en ce que le procédé comprend les étapes suivantes de:

étape 1 : placer 0,01 - 0,0 7 % en poids de C, 23 - 25 % en poids de Cr, 10 - 14.6 % en poids de Co, 0,3 - 3,5
% en poids de Mo, 0,5 - 2,5 % en poids de W, 0,8 - 2,2 % en poids de Nb, 1,0-2,5 % en poids de Ti, 1,0- 2,5
% en poids de Al, 0,001 - 0,005 % en poids de B, 0,01 - 0,3 % en poids de Zr, moins de 0,5 % en poids de V,
48 - 58 % en poids de Ni et 3 - 6 % en poids des matiéres auxiliaires seches ayant une pureté supérieure a
99,5 % dans un four de fusion a induction, les matiéres auxiliaires consistant en 40 % en poids de CaF,, de 40
% en poids de CaO et de 20 % en poids de Al,O5, ces matiéres premiéres étant mélangées dans le four de
fusion & induction sous vide, qui n’est pas inférieur a 10-3 bar, et aprés la fusion compléte des matiéres premiéres,
raffiner le métal pendant 30 minutes pour enlever des gaz en gardant le vide supérieur ou égale & 10-3 bar,
apres le raffinage achevé, charger le four avec du gaz d’argon jusqu’a ce que la pression parvienne a 0,4 bar,
ajouter 0,3 - 0,6 % en poids d’un alliage Ni-Ca en méme temps pour enlever I'élément d’impureté nuisible de
S, quand la température du métal fondu n’est pas inférieure a 1.500°C avant la coulée ; ajouter 0,01 - 0,025 %
en poids d’un alliage de Ni-Mg et 0 - 0,005 % en poids du métal La a son tour pour effectuer une désulfuration
et une purification, fondre les matiéres complétement, mélanger bien le métal fondu, filtrer le métal fondu et
couler le métal fondu dans des moules, I'alliage formant des lingots dans une atmosphére d’argon ;

étape 2 : effectuer un recuit de diffusion, une opération de forger des billettes, un traitement de solution solide
et un traitement de vieillissement de lingots en alliage pour obtenir le super--alliage a base de nickel pour des
centrales au charbon a 700°C ultra-supercritiques.

Procédé de fabrication du super- alliage a base de nickel pour une centrale au charbon a 700°C ultra-supercritique
selon la revendication 2, caractérisé en ce que dans I'étape 2 la température du recuit de diffusion est fixée dans
une plage comprise entre 1.150 et 1.220°C et la durée est fixée entre 16 et 48 heures.

Procédé de fabrication du super- alliage a base de nickel pour une centrale au charbon a 700°C ultra-supercritique
selon la revendication 2, caractérisé en ce que dans I'étape 2 la température de I'opération de forger des billettes
n’est pas inférieure a 1.050°C.

Procédé de fabrication du super- alliage a base de nickel pour une centrale au charbon a 700°C ultra-supercritique

selon la revendication 2, caractérisé en ce que dans I'étape 2 la température du traitement de solution solide est
fixée dans une plage comprise entre 1.100 et 1,200°C et la durée est fixée entre 0,5 et 2 heures.
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Procédé de fabrication du super- alliage a base de nickel pour une centrale au charbon a 700°C ultra-supercritique
selon la revendication 2, caractérisé en ce que dans I'étape 2 la température du traitement de vieillissement est
fixée a 800°C et la durée est fixée entre 4 et 16 heures.

Procédé de fabrication du super- alliage a base de nickel pour une centrale au charbon a 700°C ultra-supercritique
selon la revendication 2, caractérisé en ce que dans I'étape 2, avant le recuit de diffusion, le lingot en alliage est
raffiné de nouveau par moyen d’un procédé a arc de refusion sous vide ou par moyen d’un procédé de refusion
sous laitier électroconducteur dans une atmosphére de gaz de protection.

Procédé de fabrication du super- alliage a base de nickel pour une centrale au charbon a 700°C ultra-supercritique
selon la revendication 7, caractérisé en ce que si le procédé a arc de refusion sous vide est choisi dans I'étape 2,
le taux de refusion doit étre strictement contrélé et fixé & moins de 300 kg/h.

Procédé de fabrication du super- alliage a base de nickel pour une centrale au charbon a 700°C ultra-supercritique
selon la revendication 7, caractérisé en ce que si le procédé de refusion sous laitier électroconducteur dans une
atmosphére de gaz de protection est choisi dans I'étape 2, un systeme complexe quinaire et purifié de scories sera
utilisé ; le systéme complexe quinaire et purifié de scories comprenant 40 -45 % en poids de CaF,, 20 - 30 % en
poids de Al,O5, 15 - 20 % en poids de CaO, 5 - 10 % en poids de MgO et 5 - 10 % en poids de TiO, ; avant
I'utilisation, le systeme complexe quinaire et purifié de scories devrait étre vidé pour assurer SiO, < 0,5 %, et il
devrait étre soumis a une température de 800°C pendant 4 heures.
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