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(57) Disclosed are a high-strength superalloy for use
in a thermal generating unit and a process of preparing
the same, wherein the superalloy comprises by weigh
percent constituents: C: 0.05%-0.08%, Cr: 14%-17%,
Mn: <0.5%, Si: <0.5%, W: 1.0%-2.5%, Mo: 0.3%-2.0%,
Ti: 2.0%-2.5%, Al: 1.0%-1.5%, B: <0.003%, Zr: <0.03%,
Fe: 37%-48%, balance Ni. The pre-prepared alloy con-
stituents are smelted in an arc furnace under a vacuum

degree up to 0.5Pa; the ally is cogged with a deformation
amount up to 70% at a temperature 200°C ~250°C above
the Ni3Al (γ’) precipitation temperature, and hot rolled
with a deformation amount up to 80% at a temperature
150°C ~200°C above the γ’ precipitation temperature.
The resulting alloy has an excellent high-temperature
mechanical property at 650°C above.
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Description

FIELD

[0001] The disclosure relates to the field of materials
and material preparation, and more particularly relates
to a high-strength superalloy for a thermal generating
unit and a process of preparing the same, wherein the
resulting high-strength superalloy may satisfy require-
ments of thick-wall parts such as the main steam pipeline
and the header tank of an advanced 700°C ultra-super-
critical (A-USC) thermal generating unit with respect to
workability and service performance.

BACKGROUND

[0002] Ever-increasing demand on electricity intensi-
fies energy deficiency and environment pollution; there-
fore, it is pressing to develop an efficient, energy-con-
servative, environment-friendly means of power gener-
ation. Since fossil-fired power generation has always
been a leading power generation technology over a long
time, it is believed that the most effective means to ad-
dress the above problems is increase steam parameters
of the power generating unit. Substantial practices reveal
that service performance of the material for critical com-
ponents is a primary factor that restricts improvement of
boiler unit steam parameters, while the large-diameter,
thick-wall pipes such as the main steam pipeline and the
header tank, which are essential components operating
under the severest conditions in a thermal generating
unit, are very demanding on material serviceability. In
the industry of thermal power generation, to satisfy sig-
nificant increase of the main steam parameters of the
thermal generating unit, it is needed to develop a super-
alloy material which may satisfy performance require-
ments of large-diameter, thick-wall pipes of a 700°C unit
with an excellent workability.
[0003] Currently, the large-diameter, thick-wall pipes
of under-600°C thermal generating units mainly use fer-
ritic heat-resisting steels (Cr: 9 wt.%-12 wt.%) and heat-
resistance austenitic steels. Typical ferritic heat-resisting
steels include TP91, NF616, E911, and HCM12A, etc.,
which have excellent durability and corrosion-resistance
properties and are thus extensively applied in large-di-
ameter, thick-wall pipes of under-600°C units. Now, TP91
steel has been extensively used in subcritical and super-
critical thermal generating units, from which massive
service performance data have been accumulated.
These data and practices indicate that the ferritic heat-
resisting steels can hardly meet serviceability require-
ments of higher temperature parameters of large-diam-
eter, thick-wall pipes. Compared with ferritic heat-resist-
ing steels, the coarse-grained (TP304H, TP347H), fine-
grained (Super304H, TP347HFG), and high-chromium
(HR3C, NF709, SAVE25) heat resistant austenitic steels
are better in durability, anti-oxidization, and corrosion-
resistance. However, the heat resistant austenitic steels

also have issues such as low heat transfer efficiency,
high thermal expansion coefficient, and expensiveness.
Particularly when the main steam temperature reaches
700°C or above, the strength of heat-resistant austenitic
steels cannot satisfy requirements of large-diameter,
thick-wall pipes with respect to material serviceability.
[0004] To satisfy the requirements of large-diameter,
thick-wall pipes of a 700°C (A-USC) thermal generating
unit boiler with respect to material serviceability, various
wrought nickel-based superalloy materials have been
developed, e.g., Inconel®740H developed by Special
Metals, Haynes®282 developed by Haynes International,
CCA 617 developed by Thyssenkrupp, Nimonic 263 de-
veloped by Rolls-Royce, and USC41 developed by Hi-
tachi, etc. Despite their excellent high-temperature du-
rability and anti-oxidization property, the above materials
are expensive and highly demanding on smelting and
hot working techniques with poor weldability, which re-
strict their rapid promotion and application. Additionally,
Sumitomo has developed iron-nickel-based superalloys
including HR6W and HR35; Sandvik has developed
Sanicro25 iron-nickel-based alloy; CAS IMR (Institute of
Metal Research, Chinese Academy of Sciences) and
CISRI (China Iron & Steel Research Institute Group)
have developed wrought iron-nickel-based superalloys
such as GH2984 and GH110, etc., respectively. Com-
pared with wrought nickel-based superalloys, the iron-
nickel-based superalloys have a low hot strength, a poor
structure stability, and a poor corrosion-resistance prop-
erty despite their cost advantages. Besides, to achieve
a desired structure and performance, they still need de-
forming processing, resulting in preparation and process-
ing complexity and further incurring a relatively high over-
all manufacture cost, which renders it difficult for perform-
ance improvement.

SUMMARY

[0005] To overcome the above and other features in
conventional technologies, a high-strength superalloy for
use in a thermal generating unit and a method of prepar-
ing the same are provided.
[0006] A technical solution adopted by the disclosure
is provided below:
[0007] A high-strength superalloy for use in a thermal
generating unit, comprising, by weigh percent constitu-
ents: Carbon (C) between 0.05 and 0.08, Chromium (Cr)
between 14 and 17, Manganese (Mn) less than or equal
to 0.5, Silicon (Si) less than or equal to 0.5, Tungsten
(W) between 1.0 to 2.5, Molybdenum (Mo) between 0.3
and 2.0, Titanium (Ti) between 2.0 and 2.5, Aluminum
(Al) between 1.0 and 1.5, Boron (B): less than or equal
to 0.003, Zirconium (Zr) less than or equal to 0.03, Iron
(Fe) between 37 and 48, balance Ni.
[0008] In an aspect, a process of preparing a high-
strength superalloy for use in a thermal generating unit
is provided, comprising steps of:
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(1) smelting and homogenization treating, compris-
ing: taking, by weigh percent constituents: Carbon
(C) between 0.05 and 0.08, Chromium (Cr) between
14 and 17, Manganese (Mn) less than or equal to
0.5, Silicon (Si) less than or equal to 0.5, Tungsten
(W) between 1.0 to 2.5, Molybdenum (Mo) between
0.3 and 2.0, Titanium (Ti) between 2.0 and 2.5, Alu-
minum (Al) between 1.0 and 1.5, Boron (B): less than
or equal to 0.003, Zirconium (Zr): less than or equal
to 0.03, Iron (Fe) between 37 and 48, balance Ni;
after the chromium, nickel, tungsten, silicon, man-
ganese, molybdenum and iron are melted and re-
fined under vacuum, adding the aluminum, titanium,
boron, zirconium and carbon under argon protection,
followed by alloy casting; and after the alloy is solid-
ified, subjecting the solidified alloy to homogeniza-
tion treatment, followed by air cooling to room tem-
perature;

(2) cogging, comprising: subjecting the smelted and
homogenized alloy resulting from step (1) to cogging
at a temperature 200°C ~ 250°C above an NiaAl (γ’)
precipitation temperature, with a deformation
amount of each pass being not less than 30% and
a final deformation amount in total being not less
than 70%;

(3) hot rolling, comprising: subjecting the cogged al-
loy resulting from step (2) to hot rolling at a temper-
ature 150°C ~ 200°C above the γ’ precipitation tem-
perature, with a deformation amount of each pass
being not less than 35% and a final deformation
amount in total being not less than 80%;

(4) high-temperature solution and aging treatment:
subjecting the hot-rolled alloy resulting from step (3)
to high-temperature solution and aging treatment.

[0009] In a further improvement of the disclosure, ta
duration of the refining in step (1) ranges from 0.5 hours
to 1 hour.
[0010] In a further improvement of the disclosure, step
(1) specifically comprises: melting the chromium, nickel,
tungsten, silicon, manganese, molybdenum and iron
when the vacuum degree reaches between 0.3Pa and
0.5Pa, followed by adding coke for deoxidization, the
mass of the coke added not exceeding 25% ~ 50% of
the mass of carbon, then adding a Ni-Mg alloy for second
deoxidization, followed by adding aluminum, titanium,
boron, zirconium and carbon, and then stirring for 5~ 10
minutes (min) and discharging liquid alloy for casting, the
casting temperature being not lower than 1600°C, and
after the liquid alloy is solidified, subjecting the solidified
alloy to homogenization treatment, followed by air cooling
to room temperature.
[0011] In a further improvement of the disclosure, in
step (1), a metal mold is used for casting; and a surface
of the liquid alloy is covered with an aluminum exothermic

compound upon solidifying.
[0012] In a further improvement of the disclosure, in
step (1), the homogenization treating specifically com-
prises: heating from room temperature to
1050°C~1120°C at a heating rate ranging from 10°C/min
to 30°C/min, and dwelling at the temperature for 24 hours.
[0013] In a further improvement of the disclosure, in
step (1), the solidified alloy dwells at a temperature rang-
ing from 900°C to 980°C for 1.0 to 1.5 hours, followed by
homogenization treating.
[0014] In a further improvement of the disclosure, in
step (2), after each pass of cogging, the ingot is charged
back into the furnace to keep temperature, wherein a
dwell time T at the temperature and an out-of-furnace
time t satisfy 5t≤T≤10t.
[0015] In a further improvement of the disclosure, in
step (3), after each pass of hot rolling, the ingot is charged
back into the furnace to keep temperature, wherein a
dwell time T at the temperature and an out-of-furnace
time t satisfy 5t≤T≤10t.
[0016] In a further improvement of the disclosure, step
(4) specifically comprises: first heating to 1100°C
~1125°C for solution treating for 3 to 5 hours and then
air cooling to room temperature, followed by reheating
from the room temperature to 630°C ~ 680°C at a heating
rate of 10°C /min to 30°C /min and dwelling at the tem-
perature for 7 to 10 hours, and then air cooling to room
temperature, and finally reheating from the room temper-
ature to 740°C to 800°C at a heating rate of 10°C /min
to 30°C /min, dwelling at the temperature for 1 to 3 hours,
and then air cooling to room temperature.
[0017] Compared with conventional technologies, the
disclosure offers the following benefits: the alloy provided
by the disclosure has a high Fe content but lower contents
of precious metals such as W and Nb, thereby having a
reduced raw material cost. Meanwhile, the alloy prepar-
ing process abandons the conventional triple melting
process for superalloys, but adopts a scheme of directly
cogging after arc melting, which reduces the preparation
composition of the alloy. The smelting process involves
second oxidization, reducing the metal liquid solidifica-
tion rate with an exothermal compound after casting, and
then carrying out multiple passes of large-deformation-
amount treatment to the alloy, wherein the cogging and
rolling temperatures are controlled to 200°C ~ 250°C and
150°C ~200°C above the γ’ precipitation temperature,
respectively, and their single-pass deformation amounts
are not less than 30% and 35%, respectively, which en-
sures enough energy storage for strains during delivery
of the alloy. The resulting hot-treated alloy has an excel-
lent high-temperature strength property, a yield strength
of not lower than 540MPa and a ductility rate higher than
12% at 700°C.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]
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Fig. 1 is an image of an ingot (the oxide scale has
been turn-milled) according to example 1;

Fig. 2 is an image of a cogged slab of example 1;

Fig. 3 is an image of a sheet after the first pass of
rolling according to example 2; and

Fig. 4 is an image of a rolled sheet according to ex-
ample 2.

DETAILED DESCRIPTION

[0019] Hereinafter, the present disclosure will be de-
scribed in further detail with reference to the accompa-
nying drawings.
[0020] The disclosure provides a high-strength super-
alloy for a thermal generating unit, comprising, by weigh
percent constituents: Carbon (C) between 0.05 and 0.08,
Chromium (Cr) between 14 and 17, Manganese (Mn)
less than or equal to 0.5, Silicon (Si) less than or equal
to 0.5, Tungsten (W) between 1.0 to 2.5, Molybdenum
(Mo) between 0.3 and 2.0, Titanium (Ti) between 2.0 and
2.5, Aluminum (Al) between 1.0 and 1.5, Boron (B): less
than or equal to 0.003, Zirconium (Zr) less than or equal
to 0.03, Iron (Fe) between 37 and 48, balance Ni.
[0021] A process of preparing the alloy mainly com-
prises three steps: alloy smelting, deforming, and heat
treating, specifically:

(1) smelting and homogenization treating, compris-
ing: smelting the alloy in an induction arc furnace
with a magnesium oxide basic lining, the furnace be-
ing rinsed with pure nickel before smelting, and sub-
jecting raw materials of the alloy to shot blasting
treatment before addition; refining the raw materials
for 0.5h ~1h after the Cr, Ni, W, Si, Mn, Mo and Fe
are completely melted under a vacuum degree con-
trolled between 0.3Pa and 0.5Pa; then, introducing
highly pure argon for protection, followed by adding
Al, Ti, B, Zr, and C followed by alloy casting; after
the alloy is solidified, subjecting the solidified alloy
to homogenization treatment at a temperature rang-
ing from 1050°C to 1120°C for 24h ~ 72h, followed
by air cooling to air temperature;

(2) cogging, comprising: subjecting the smelted and
homogenized alloy from step (1) at a temperature
200°C ~ 250°C above a γ’ precipitation temperature,
wherein a deformation amount of each pass is not
less than 30%, and a final total deformation amount
is not less than 70%;

(3) hot rolling, comprising: subjecting the cogged al-
loy resulting from step (2) to turn milling of an oxide
scale on the surface of the ingot, with a turn-milling
depth ranging from 0.5mm to 1mm; after the oxide
scale is turn-milled, heating rollers to 500°C above

so as to carry out hot rolling at a temperature
150°C~200°C above a γ’ precipitation temperature,
wherein the deformation amount of each pass is not
less than 35%, and the final deformation amount in
total is not less than 80%; and after each pass of
cogging and rolling, charging the alloy back to the
furnace to keep temperature, wherein a dwell time
T at the temperature and an out-of-furnace time t
satisfy 5t≤T≤10t.

(4) high-temperature solution and aging treatment:
heating the high-temperature rolled ingot resulting
from step (3) to 1100°C ~1125°C for solution treat-
ment for 3h ~ 5h, followed by air cooling to room
temperature, then reheating to 630°C~680°C to
dwell at the temperature for 7h ~ 10h, followed by
air cooling, finally heating to 740°C~800°C to dwell
at the temperature for 1h~3h, followed by air cooling
to room temperature.

[0022] Preferably, coke is added for deoxidization after
the Cr, Ni, W, Si, Mn, Mo and Fe are completely molten,
wherein the mass of coke added is not greater than
25%~50% of the mass of carbon in the alloy composition;
after the deoxidization, Ni-Mg alloy is added for second
deoxidization, and finally, easily burnable elements in-
cluding Al, Ti, B, Zr, and C are added and stirred for 5min
to 10min, and then the melt is discharged, wherein the
casting temperature upon discharge is not lower than
1600°C. In addition, a metal mold is used for casting; and
the liquid alloy surface is covered with an aluminum ex-
othermic compound during solidification, so as to lower
solidification rate and facilitate feeding of the metal liquid.
[0023] During the temperature rise period of the alloy
in the procedures of homogenization treatment, solution
treatment, and aging treatment, the heating rate should
be controlled within a range from 10°C to 30°C/min,
wherein the ingot should dwell at 900°C~980°C for 1.0h
to 1.5h before being heated to the homogenization treat-
ment temperature; and then the ingot is heated to 1050°C
~ 1120°C at the heating rate between 10°C/min and
30°C/min.
[0024] The hot-treated alloy has an excellent high-tem-
perature strength property, with a yield strength not less
than 540MPa and a ductility higher than 12% at 700°C.

Example 1

[0025] This example provides a high-strength super-
alloy for use in a thermal generating unit, comprising, by
weigh percent constituents: Carbon (C) 0.06, Chromium
(Cr) 16, Manganese (Mn) 0.2, Silicon (Si) 0.15, Tungsten
(W) 1.6, Molybdenum (Mo) 1.2, Titanium (Ti) 2.2, Alumi-
num (Al) 1.4, Boron (B) 0.002, Zirconium (Zr) 0.02, Iron
(Fe) 37, balance Ni.
[0026] A magnesium oxide basic lining was applied for
smelting the alloy, the furnace was rinsed with pure nickel
before smelting, and the raw materials of the alloy were
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subjected to shot blasting treatment before addition. The
alloy was smelted with an induction arc furnace, with the
vacuum degree being controlled at 0.35Pa. The elements
including Cr, Ni, and W were completely molten and then
refined for 40min, and before adding Al, Ti, B, Zr, and C,
highly pure argon was introduced for protection. After the
alloy composition including Cr, Ni, and W were complete-
ly molten, coke was added for deoxidization, wherein the
mass of coke added does not exceed 50% of the carbon
content in the alloy composition; upon completion of de-
oxidization, the Ni-Mg alloy was added for second deox-
idization; finally, easily burnable elements including Al,
Ti, B, Zr, and C were added; the melt was stirred for 5min
and then discharged for casting, wherein the casting tem-
perature was 1630°C. A metal mold was used for the
casting; after casting, the liquid alloy surface was covered
with a sodium nitrate + aluminum oxide exothermic com-
pound so as to reduce the solidification rate and facilitate
feeding of the metal liquid.
[0027] After the liquid alloy was solidified into an ingot,
the ingot was heated to 1020°C at a rate of 10°C/min and
dwelled at the temperature for 1.0h; then, the tempera-
ture rose up to 1160°C, followed by homogenization
treatment for 24h, and then air cooled to room tempera-
ture. After the oxide scale was turn-milled, the alloy was
cogged at a temperature 220°C above a γ’ precipitation
temperature, the deformation amount of each pass being
30% and the final deformation amount in total being 70%.
Afterwards, the alloy was subjected to hot rolling at a
temperature 160°C above the γ’ precipitation tempera-
ture, with the deformation amount of each pass being
35% and the final deformation amount in total being 80%.
Before rolling of the alloy, the rollers were heated to
500°C above, and after each pass of cogging and rolling,
the alloy was charged back to the furnace to keep the
temperature for 30min. The rolled alloy was reheated to
1120°C for solution treatment for 4h and then air cooled
to room temperature, followed by reheating to 650°C and
holding at the temperature for 8h, and then air cooled to
room temperature; finally, the alloy was reheated to
760°C and dwelled at the temperature for 2h, followed
by air cooling, wherein the heating rate during the pro-
cedures of homogenization treatment, solution treat-
ment, and aging treatment was 10°C/min, and the ingot
should dwell at 950°C for 1.0h before being heated to
the homogenization treatment temperature.
[0028] Figs. 1 and 2 are images of the ingot and the
forged alloy slab according to example 1, where no no-
ticeable cracks are found in their surface, which indicates
that the alloy smelting and processing solution is reason-
able. The alloy performance testing result indicates that
the alloy has a yield strength of 582MPa and a ductility
of 14.2% at 700°C, showing that the alloy has an excellent
high-temperature strength property.

Example 2

[0029] This example provides a high-strength super-

alloy for use in a thermal generating unit, comprising, by
weigh percent constituents: Carbon (C) 0.07, Chromium
(Cr) 15, Manganese (Mn) 0.2, Silicon (Si) 0.15, Tungsten
(W) 2.2, Molybdenum (Mo) 0.4, Titanium (Ti) 2.2, Alumi-
num (Al) 1.4, Boron (B) 0.002, Zirconium (Zr) 0.02, Iron
(Fe) 47, balance Ni. A magnesium oxide basic lining was
applied for smelting the alloy, the furnace was rinsed with
pure nickel before smelting, and the raw materials of the
alloy were subjected to shot blasting treatment before
addition. The alloy was smelted with an induction arc
furnace, with the vacuum degree being controlled at
0.35Pa. The elements including Cr, Ni, and W were com-
pletely molten and then refined for 40min, and before
adding Al, Ti, B, Zr, and C, highly pure argon was intro-
duced for protection. After the alloy constituents including
Cr, Ni, and W were completely molten, coke was added
for deoxidization, wherein the mass of coke added does
not exceed 40% of the carbon content in the alloy com-
position; upon completion of deoxidization, the Ni-Mg al-
loy was added for second deoxidization; finally, easily
burnable elements including Al, Ti, B, Zr, and C were
added; the melt was stirred for 5min and then discharged
for casting, wherein the casting temperature was 1650°C.
A metal mold was used for the casting; after casting, the
liquid alloy surface was covered with a sodium nitrate +
aluminum oxide exothermic compound so as to reduce
the solidification rate and facilitate feeding of the metal
liquid. The proportion between sodium nitrate and alumi-
num oxide exothermic compound was known to those
skilled in the art.
[0030] After the liquid alloy was solidified into an ingot,
the ingot was heated to 1020°C at a rate of 10°C /min
and dwelled at the temperature for 1.0h; then, the tem-
perature rose up to 1160°C, followed by homogenization
treatment for 24h, and then air cooled to room tempera-
ture. After the oxide scale was turn-milled, the alloy was
cogged at a temperature 240°C above a γ’ precipitation
temperature, the deformation amount of each pass being
30% and the final deformation amount in total being 70%.
Afterwards, the alloy was subjected to hot rolling at a
temperature 180°C above the γ’ precipitation tempera-
ture, with the deformation amount of each pass being
35% and the final deformation amount in total being 80%.
Before rolling of the alloy, the rollers were heated to
500°C above, and after each pass of cogging and rolling,
the alloy was charged back to the furnace to keep the
temperature for 30min. The rolled alloy was reheated to
1120°C for solution treatment for 4h and then air cooled
to room temperature, followed by reheating to 650°C and
holding at the temperature for 8h, and then air cooled to
room temperature; finally, the alloy was reheated to
760°C and held at the temperature for 2h, followed by air
cooling, wherein the heating rate during the procedures
of homogenization treatment, solution treatment, and ag-
ing treatment was 10°C /min, and the ingot should dwell
at 950°C for 1.0h before being heated to the homogeni-
zation treatment temperature.
[0031] Figs. 3 and 4 are images of the alloy subjected

7 8 



EP 4 148 157 A1

6

5

10

15

20

25

30

35

40

45

50

55

to the first pass of rolling and the rolled alloy, respectively,
where no noticeable cracks are found in their surface,
which indicates that the alloy processing solution is rea-
sonable. The alloy performance testing result indicates
that the alloy has a yield strength of 543MPa and a duc-
tility of 16.1% at 700°C, showing that the alloy has an
excellent high-temperature strength property.

Example 3

[0032]

(1) smelting and homogenization treating, compris-
ing: taking, by weigh percent constituents: Carbon
(C) 0.05, Chromium (Cr) 14, Manganese (Mn) 0.5,
Silicon (Si) 0.1, Tungsten (W) 1.0, Molybdenum (Mo)
2.0, Titanium (Ti) 2.0, Aluminum (Al) 1.0, Boron (B)
0.003, Zirconium (Zr) 0.01, Iron (Fe) 37, balance Ni;
After the Cr, Ni, W, Si, Mn, Mo and Fe were com-
pletely molten under a vacuum degree reaching
0.3Pa~0.5Pa, coke was added for deoxidization,
wherein the mass of coke added was not greater
than 25% of the mass of carbon; and then a Ni-Mg
alloy was added for second deoxidization, and final-
ly, Al, Ti, B, Zr, and C were added and stirred for
5min, and then the melt was discharged for casting,
wherein a metal mold was used for the casting, the
casting temperature being not lower than 1600°C,
followed by solidification, with the liquid alloy surface
being covered with an aluminum exothermic com-
pound, dwelling at 900°C for 1.5h, and finally, the
solidified alloy was heated from room temperature
to 1120°C at a heating rate of 10°C/min, followed by
homogenization treating for 24h, and then the ho-
mogenized alloy was air cooled to room temperature.

(2) cogging: the smelted and homogenized alloy re-
sulting from step (1) was cogged at a temperature
200°C above the γ’ precipitation temperature, with
the deformation amount of each pass being not less
than 30%, and the final deformation amount in total
being not less than 70%; the alloy was charged back
to the furnace to keep temperature after completion
of each pass of cogging, wherein the dwell time T at
the temperature and the out-of-furnace time t satisfy
5t≤T≤10t.

(3) hot rolling: subjecting the cogged alloy resulting
from step (2) to hot rolling at a temperature 150°C
above the γ’ precipitation temperature, the deforma-
tion amount of each pass being not less than 35%,
and the final deformation amount in total being not
less than 80%; the alloy after each pass of hot rolling
was charged back to the furnace to keep tempera-
ture, wherein the dwell time T at the temperature and
the out-of-furnace time t satisfy 5t≤T≤10t.

(4) high-temperature solution and aging treatment:

the alloy resulting from step (3) was first heated to
1100°C for solution treating for 5h and then air-
cooled to room temperature, followed by being re-
heated to 630°C from the room temperature at a
heating rate of 10°C/min and dwelling at the temper-
ature for 10h, then air-cooled to room temperature,
followed by being reheated to 740°C from the room
temperature at a heating rate of 10°C/min and dwell-
ing at the temperature for 3h, and then air-cooled to
room temperature.

Example 4

[0033]

(1) smelting and homogenization treating: compris-
ing: taking, by weigh percent constituents: Carbon
(C) 0.08, Chromium (Cr) 15, Manganese (Mn) 0.2,
Silicon (Si) 0.5, Tungsten (W) 2.5, Molybdenum (Mo)
1.0, Titanium (Ti) 2.0, Aluminum (Al) 1.5, Boron (B)
0.001, Zirconium (Zr) 0.02, Iron (Fe) 48, balance Ni;
After the Cr, Ni, W, Si, Mn, Mo and Fe were com-
pletely molten under a vacuum degree reaching
0.3Pa~0.5Pa, coke was added for deoxidization,
wherein the mass of coke added was not greater
than 35% of the mass of carbon; and then a Ni-Mg
alloy was added for second deoxidization, and final-
ly, Al, Ti, B, Zr, and C were added and stirred for
7min, and then the melt was discharged for casting,
wherein a metal mold was used for the casting, the
casting temperature being not lower than 1600°C,
followed by solidification, with the liquid alloy surface
being covered with an aluminum exothermic com-
pound, dwelling at 980°C for 1h, and finally, the so-
lidified alloy was heated from room temperature to
1100°C at a heating rate of 20°C/min, followed by
homogenization treating for 24h, and then the ho-
mogenized alloy was air cooled to room temperature.

(2) cogging: the smelted and homogenized alloy re-
sulting from step (1) was cogged at a temperature
220°C above the γ’ precipitation temperature, with
the deformation amount of each pass being not less
than 30%, and the final deformation amount in total
being not less than 70%; the alloy was charged back
to the furnace to keep temperature after completion
of each pass of cogging, wherein the dwell time T at
the temperature and the out-of-furnace time t satisfy
5t≤T≤10t.

(3) hot rolling: subjecting the cogged alloy resulting
from step (2) to hot rolling at a temperature 200°C
above the γ’ precipitation temperature, the deforma-
tion amount of each pass being not less than 35%,
and the final deformation amount in total being not
less than 80%; the alloy after each pass of hot rolling
was charged back to the furnace to keep tempera-
ture, wherein the dwell time T at the temperature and
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the out-of-furnace time t satisfy 5t≤T≤10t.

(4) high-temperature solution and aging treatment:
the alloy resulting from step (3) was first heated to
1120°C for solution treating for 3h and then air-
cooled to room temperature, followed by being re-
heated to 650°C from the room temperature at a
heating rate of 20°C/min and dwelling at the temper-
ature for 8h, then air-cooled to room temperature,
followed by being reheated to 800°C from the room
temperature at a heating rate of 20°C/min and dwell-
ing at the temperature for 1h, and then air-cooled to
room temperature.

Example 5

[0034]

(1) smelting and homogenization treating: compris-
ing: taking, by weigh percent constituents: Carbon
(C) 0.06, Chromium (Cr) 17, Manganese (Mn) 0.1,
Silicon (Si) 0.3, Tungsten (W) 2.0, Molybdenum (Mo)
0.3, Titanium (Ti) 2.1, Aluminum (Al) 1.3, , Zirconium
(Zr) 0.01, Iron (Fe) 42, balance Ni;
After the Cr, Ni, W, Si, Mn, Mo and Fe were com-
pletely molten under a vacuum degree reaching
0.3Pa~0.5Pa, coke was added for deoxidization,
wherein the mass of coke added was not greater
than 50% of the mass of carbon; and then a Ni-Mg
alloy was added for second deoxidization, and final-
ly, Al, Ti, B, Zr, and C were added and stirred for
10min, and then the melt was discharged for casting,
wherein a metal mold was used for the casting, the
casting temperature being not lower than 1600°C,
followed by solidification, with the liquid alloy surface
being covered with an aluminum exothermic com-
pound, dwelling at 950°C for 1h, and finally, the so-
lidified alloy was heated from room temperature to
1050°C at a heating rate of 30°C/min, followed by
homogenization treating for 24h, and then the ho-
mogenized alloy was air cooled to room temperature.

(2) cogging: the smelted and homogenized alloy re-
sulting from step (1) was cogged at a temperature
250°C above the γ’ precipitation temperature, with
the deformation amount of each pass being not less
than 30%, and the final deformation amount in total
being not less than 70%; the alloy was charged back
to the furnace to keep temperature after completion
of each pass of cogging, wherein the dwell time T at
the temperature and the out-of-furnace time t satisfy
5t≤T≤10t.

(3) hot rolling: subjecting the cogged alloy resulting
from step (2) to hot rolling at a temperature 170°C
above the γ’ precipitation temperature, the deforma-
tion amount of each pass being not less than 35%,
and the final deformation amount in total being not

less than 80%; the alloy after each pass of hot rolling
was charged back to the furnace to keep tempera-
ture, wherein the dwell time T at the temperature and
the out-of-furnace time t satisfy 5t≤T≤10t.

(4) high-temperature solution and aging treatment:
the alloy resulting from step (3) was first heated to
1115°C for solution treating for 4h and then air-
cooled to room temperature, followed by being re-
heated to 680°C from the room temperature at a
heating rate of 30°C/min and dwelling at the temper-
ature for 7h, then air-cooled to room temperature,
followed by being reheated to 770°C from the room
temperature at a heating rate of 30°C/min and dwell-
ing at the temperature for 2h, and then air-cooled to
room temperature.

[0035] The high-temperature superalloy according to
the present disclosure comprises, by weigh percent con-
stituents: Carbon (C) between 0.05 and 0.08, Chromium
(Cr) between 14 and 17, Manganese (Mn) less than or
equal to 0.5, Silicon (Si) less than or equal to 0.5, Tung-
sten (W) between 1.0 to 2.5, Molybdenum (Mo) between
0.3 and 2.0, Titanium (Ti) between 2.0 and 2.5, Aluminum
(Al) between 1.0 and 1.5, Boron (B): less than or equal
to 0.003, Zirconium (Zr) less than or equal to 0.03, Iron
(Fe) between 37 and 48, balance Ni. The pre-prepared
alloy constituents are smelted in an electric arc furnace
under a vacuum degree not higher than 0.3Pa; the alloy
was cogged with a deformation amount up to 70% at a
temperature 200°C ~ 250°C above the Ni3Al (γ’) precip-
itation temperature, and hot rolled with a deformation
amount up to 80% at a temperature 150°C ~ 200°C above
the γ’ precipitation temperature. The alloy preparing proc-
ess according to the disclosure has a low manufacture
cost, and the alloy prepared according to the method has
an excellent high-temperature mechanical property at
650°C above.

Claims

1. A high-strength superalloy for use in a thermal gen-
erating unit, comprising, by weigh percent constitu-
ents: Carbon (C) between 0.05 and 0.08, Chromium
(Cr) between 14 and 17, Manganese (Mn) less than
or equal to 0.5, Silicon (Si) less than or equal to 0.5,
Tungsten (W) between 1.0 to 2.5, Molybdenum (Mo)
between 0.3 and 2.0, Titanium (Ti) between 2.0 and
2.5, Aluminum (Al) between 1.0 and 1.5, Boron (B):
less than or equal to 0.003, Zirconium (Zr) less than
or equal to 0.03, Iron (Fe) between 37 and 48, bal-
ance Ni.

2. A process of preparing a high-strength superalloy
for use in a thermal generating unit, comprising:

(1) smelting and homogenization treating, com-
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prising: taking, by weigh percent constituents:
Carbon (C) between 0.05 and 0.08, Chromium
(Cr) between 14 and 17, Manganese (Mn) less
than or equal to 0.5, Silicon (Si) less than or
equal to 0.5, Tungsten (W) between 1.0 to 2.5,
Molybdenum (Mo) between 0.3 and 2.0, Titani-
um (Ti) between 2.0 and 2.5, Aluminum (Al) be-
tween 1.0 and 1.5, Boron (B): less than or equal
to 0.003, Zirconium (Zr): less than or equal to
0.03, Iron (Fe) between 37 and 48, balance Ni;
after the chromium, nickel, tungsten, silicon,
manganese, molybdenum and iron are melted
and refined under vacuum, adding the alumi-
num, titanium, boron, zirconium and carbon un-
der argon protection, followed by alloy casting;
and after the alloy is solidified, subjecting the
solidified alloy to homogenization treatment, fol-
lowed by air cooling to room temperature;
(2) cogging, comprising: subjecting the smelted
and homogenized alloy resulting from step (1)
to cogging at a temperature 200°C ~ 250°C
above an Ni3Al (γ’) precipitation temperature,
with a deformation amount of each pass being
not less than 30% and a final deformation
amount in total being not less than 70%;
(3) hot rolling, comprising: subjecting the
cogged alloy resulting from step (2) to hot rolling
at a temperature 150°C ~ 200°C above the γ’
precipitation temperature, with a deformation
amount of each pass being not less than 35%
and a final deformation amount in total being not
less than 80%;
(4) high-temperature solution and aging treat-
ment: subjecting the hot-rolled alloy resulting
from step (3) to high-temperature solution and
aging treatment.

3. The process of preparing a high-strength superalloy
for use in a thermal generating unit according to claim
2, wherein a duration of the refining in step (1) ranges
from 0.5 hours to 1 hour.

4. The process of preparing a high-strength superalloy
for use in a thermal generating unit according to claim
2, wherein step (1) specifically comprises: melting
the chromium, nickel, tungsten, silicon, manganese,
molybdenum and iron when the vacuum degree
reaches between 0.3Pa and 0.5Pa, followed by add-
ing coke for deoxidization, the mass of the coke add-
ed not exceeding 25% ~ 50% of the mass of carbon,
then adding a Ni-Mg alloy for second deoxidization,
followed by adding aluminum, titanium, boron, zirco-
nium and carbon, and then stirring for 5~ 10 minutes
(min) and discharging liquid alloy for casting, the
casting temperature being not lower than 1600°C,
and after the liquid alloy is solidified, subjecting the
solidified alloy to homogenization treatment, fol-
lowed by air cooling to room temperature.

5. The process of preparing a high-strength superalloy
for use in a thermal generating unit according to claim
2, wherein in step (1), a metal mold is used for cast-
ing; and a surface of the liquid alloy is covered with
an aluminum exothermic compound upon solidify-
ing.

6. The process of preparing a high-strength superalloy
for use in a thermal generating unit according to claim
2, wherein in step (1), the homogenization treating
specifically comprises: heating from room tempera-
ture to 1050°C~1120°C at a heating rate ranging
from 10°C/min to 30°C/min, and dwelling at the tem-
perature for 24 hours.

7. The process of preparing a high-strength superalloy
for use in a thermal generating unit according to claim
2, wherein in step (1), the solidified alloy dwells at a
temperature ranging from 900°C to 980°C for 1.0 to
1.5 hours, followed by homogenization treating.

8. The process of preparing a high-strength superalloy
for use in a thermal generating unit according to claim
2, wherein in step (2), after each pass of cogging,
the ingot is charged back into the furnace to keep
temperature, wherein a dwell time T at the temper-
ature and an out-of-furnace time t satisfy 5t≤T≤10t .

9. The process of preparing a high-strength superalloy
for use in a thermal generating unit according to claim
2, wherein in step (3), after each pass of hot rolling,
the ingot is charged back into the furnace to keep
temperature, wherein a dwell time T at the temper-
ature and an out-of-furnace time t satisfy 5t≤T≤10t.

10. The process of preparing a high-strength superalloy
for use in a thermal generating unit according to claim
2, wherein step (4) specifically comprises: first heat-
ing to 1100°C ~1125°C for solution treating for 3 to
5 hours and then air cooling to room temperature,
followed by reheating from the room temperature to
630°C ~ 680°C at a heating rate of 10°C /min to 30°C
/min and dwelling at the temperature for 7 to 10
hours, and then air cooling to room temperature, and
finally reheating from the room temperature to 740°C
to 800°C at a heating rate of 10°C /min to 30°C /min,
dwelling at the temperature for 1 to 3 hours, and then
air cooling to room temperature.
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