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ABSTRACT OF THE DISCLOSURE 

The present invention provides a hot-forgeable Ni-based superalloy excellent 

in high temperature strength, including, in terms of % by mass: C: more than 0.001% 

5 and less than 0.100%, Cr: 11.0% or more and less than 19.0%, Co: 0.5% or more and 

less than 22.0%, Fe: 0.5% or more and less than 10.0%, Si: less than 0.1%, Mo: more 

than 2.0% and less than 5.0%, W: more than 1.0% and less than 5.0%, Mo+1/2W: 2.5% 

or more and less than 5.5%, S: 0.010% or less, Nb: 0.3% or more and less than 2.0%, 

Al: more than 3.00% and less than 6.50%, and Ti: 0.20% or more and less than 2.49%, 

10 with the balance being Ni and unavoidable impurities, in which (Ti/Al)x10 is 0.2 or 

more and less than 4,0 in terms of atomic ratio, and in which AI+Ti+Nb is 8.5% or more 

and less than 13.0% in terms of atomic%.



HOT-FORGEABLE NI-BASED SUPERALLOY EXCELLENT IN HIGH 

TEMPERATURE STRENGTH 

FIELD OF THE INVENTION 

5 (0001) 

This invention relates to a hot-forgeable Ni-based superalloy excellent in high 

temperature strength.  

BACKGROUND OF THE INVENTION 

10 [0002] 

The strengthening mechanism for Ni-based superalloy is roughly classified into 

three kinds, that is, solid solution strengthening, carbide precipitation strengthening, and 

y' (gamma prime) -y" (gamma double prime) precipitation strengthening, and among 

these, yt-strengthened superalloy utilizing strengthening by y' precipitation of an 

15 intermetallic compound composed of Ni3AI, Ni3(Al,Ti) or Ni3(Al,Ti,Nb) has been 

widely used.  

[0003] 

The y'-strengthened Ni-based superalloy exhibits excellent strength properties 

in a high-temperature environment by virtue of the precipitation of y' (gamma prime) 

20 working out to a strengthening phase by an aging treatment.  

In the case of a y'-strengthened Ni-based superalloy, the strength at a high 

temperature can be more enhanced by increasing the y' amount. The y' amount varies 

according to the amount added of the forming element such as Al, Ti and Nb, and the 

precipitation amount can be made large by increasing the amount added of the forming 

25 element.  

[0004] 
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On the other hand, when the y' amount is increased by adding the forming 

element such as Ti, Al and Nb in a large amount, the solid solution temperature of y' 

rises, and the workability at hot forging is worsened. That is, in a y'-strengthened Ni

based superalloy, the high-temperature strength and the hot forgeability are in a trade

5 off relationship.  

In particular, in the case where the forming element such as Ti, Al and Nb is 

added in excess of a given amount, the workability becomes so bad that the hot forging 

can be no longer performed.  

Accordingly, an alloy where the forming element such as Ti, Al or Nb is added 

10 in excess of a given amount to precipitate a large amount of y' phase allows only casting 

to produce a target member.  

[0005] 

However, a member requiring excellent high-temperature strength, for 

example, a member requiring high strength properties in a high-temperature 

15 environment, such as gas turbine of aircraft or for electricity generation, power

generating steam turbine exposed to high-temperature/high-pressure environment 

typified by A-USC, high output automobile engine component and heat-resistant spring, 

is preferably formed by forging capable of achieving build-up of a texture via a wrought 

process, because sufficiently high strength is not obtained by the casting.  

20 (0006] 

In recent years, a material exhibiting excellent high-temperature strength 

properties while maintaining hot workability has been developed.  

For example, a forging alloy excellent in high temperature strength is disclosed 

in the following Patent Documents 1 and 2.  

25 The alloys disclosed in these Patent Documents can be worked by hot forging 

but are a hardly workable material.  
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In the case of a large-sized member such as disc material used in gas turbine, 

steam turbine and the like, high deformation needs to be added so as to build up the 

internal texture via a wrought process, but because of difficulty in employing a forging 

method involving addition of high deformation, it is difficult to apply the hardly 

5 workable material to a large-sized member.  

[0007] 

Incidentally, in the following Patent Document 3 that is another related art of 

the present invention, from the standpoint of enhancing the life of a turbine blade, a 

forged high-corrosion-resistant and heat-resistant superalloy having a composition 

10 composed of, in terms of % by weight, C: 0.015% or less, Si: 1.0% or less, Mn: 0.5% or 

less, Cr: from 15 to 25%, Co: 20% or less, one or two of Mo and W: 7% or less in terms 

of Mo+1/2W, Al: from 0.4 to 3%, Ti: from 0.6 to 4%, one or two of Nb and Ta: 6% or 

less in terms of Nb+1/2Ta, Re: from 0.05 to 2%, and Fe: 20% or less, and wherein 

Al+1/2Ti+1/4Nb+1/8Ta is from 2 to 4.5%, with the balance of Ni, is disclosed as an 

15 alloy for improving not only the conventional strength but also the resistance to 

corrosion.  

However, all of the alloys described in this Patent Document 3 and the above

described Patent Documents 1 and 2 differ from the superalloy of the present invention 

in that the amount added of Al as a basic constituent component of y' is smaller than in 

20 the present invention.  

[0008] 

Patent Document 1: US-Al-2003-0213536 

Patent Document 2: US-Al-2012-0183432 

Patent Document 3: JP-A-H9-268337 

25 

3



SUMMARY OF THE INVENTION 

[0009] 

The present invention seeks to provide an Ni-based superalloy excellent not only in high

temperature strength but also in hot forgeability.  

5 [0010] 

Namely, the present invention provides the following items.  

1. A hot-forgeable Ni-based superalloy excellent in high temperature strength, 

comprising, in terms of % by mass: 

C: more than 0.0010% and less than 0.100%, 

10 Cr: 11.0% or more and less than 19.0%, 

Co: 0.5% or more and less than 22.0%, 

Fe: 0.5% or more and less than 10.0%, 

Si: less than 0.1%, 

Mo: more than 2.0% and less than 5.0%, 

15 W: more than 1.0% and less than 5.0%, 

Mo+1/2W: 2.5% or more and less than 5.5%, 

S: 0.010% or less, 

Nb: 0.3% or more and less than 2.0%, 

Al: more than 3.00% and less than 6.50%, and 

20 Ti: 0.20% or more and less than 2.49%, 

with the balance being Ni and unavoidable impurities, 

wherein (Ti/Al)x10 is 0.2 or more and less than 4.0 in terms of atomic ratio, 

and 

wherein Al+Ti+Nb is 8.5% or more and less than 13.0% in terms of atomic% 

25 [0011] 
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2. The hot-forgeable Ni-based superalloy excellent in high temperature 

strength according to item 1, wherein: 

Fe: 1.0% or more and less than 10.0%.  

[0012] 

5 3. The hot-forgeable Ni-based superalloy excellent in high temperature 

strength according to item 2, further comprising one or more species selected from, in 

terms of % by mass: 

B: 0.0001% or more and less than 0.03%, and 

Zr: 0.0001% or more and less than 0.1%.  

10 [0013] 

4. The hot-forgeable Ni-based superalloy excellent in high temperature 

strength according to item 2 or 3, wherein, in terms of % by mass: 

P: less than 0,020%, and 

N: less than 0.020%.  

15 [0014] 

5. The hot-forgeable Ni-based superalloy excellent in high temperature 

strength according to any one of items 2 to 4, further comprising one or more species 

selected from, in tens of % by mass: 

Mg: 0.0001% or more and less than 0.030%, 

20 Ca: 0.0001% or more and less than 0,030%, and 

REM: from 0.0001% to 0.200%.  

DETAILED DESCRIPTION OF THE INVENTION 

{0015] 

25 With respect to the y'-strengthened Ni-based superalloy, addition of a larger 

amount of Ti than Al has been considered to be effective from the standpoint of 
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enhancing the mechanical properties, and Ti has been added in a large amount as 

compared with Al.  

However, Ti is a component having a high melting point. In the case where 

Ti is added in a large amount, the solid solution temperature of y' (gamma prime) rises, 

5 and, as a result, the hot forgeability of the Ni-based superalloy is worsened.  

[0016] 

In this connection, the present invention is intended to satisfy both hot 

forgeability and high-temperature strength properties by decreasing the Ti amount and 

increasing the Al amount while ensuring a y' amount on the same level as in 

10 conventional alloys.  

Al is low in the melting point as compared with Ti and even when the amount 

added thereof is increased, the solid solution temperature of y' is not elevated for the 

increase.  

In the present invention, both hot forgeability and high-temperature strength 

15 properties are satisfied by preventing the solid solution temperature of y' from rising due 

to an increase in the Al amount, while maintaining, in terms of components, the amount 

of AI+Ti+Nb at the same level as in conventional alloys.  

[0017] 

The reasons for limitation on the chemical components in the present invention 

20 are described below.  

C: more than 0.001% and less than 0.100% 

C combines with Cr, Nb, Ti, W, Mo or the like to produce various carbides.  

Among carbides, those having a high solid solution temperature, here, mainly Nb-based 

and Ti-based carbides, exhibit a pinning effect to suppress coarsening growth of a 

25 crystal grain at high temperatures and thereby contribute to improvement of hot 

workability.  

6



Also, mainly Cr-based, Mo-based and W-based carbides precipitate in the grain 

boundary to achieve grain boundary strengthening and thereby contribute to 

improvement of mechanical properties.  

However, if C is added excessively, the carbide amount becomes excessive, 

5 and this causes segregation or the like of carbide, giving rise to unevenness of the 

structure, or causes excessive precipitation or the like of grain boundary carbide, leading 

to reduction in the hot workability and mechanical properties. For this reason, in the 

present invention, the C content is limited to the range above. The preferred range is 

more than 0.001% and 0.090% or less. The more preferred range is from 0.010 to 

10 0.080%.  

[0018] 

Si: less than 0.1% 

By adding Si, improvement of oxidation resistance is promoted due to an Si 

oxide scale layer. However, localized production of a low-melting-point part occurs 

15 due to segregation or the like of Si, as a result, hot workability is reduced. For this 

reason, in the present invention, the content is limited to less than 0.1%. The preferred 

range is 0.09% or less.  

[0019] 

Co: 0.5% or more and less than 22.0% 

20 Co improves workability by forming a solid solution in an austenite base that is 

the matrix of the Ni-based superalloy, and at the same time, promotes precipitation of (' 

phase to enhance high-temperature strength such as tensile properties. However, Co is 

expensive and disadvantageous in view of cost and therefore, the upper limit is fixed.  

The preferred range is 6.5% or more and less than 22,0%. The more preferred range is 

25 from 8.0% to 21.5%. Moreover, in order to achieve high-temperature strength, the 

particularly preferred range is from 13.5% to 21.5%.  

7



[0020] 

Fe: 0.5% or more and less than 10.0% 

Fe forms a solid solution in an austenite phase that is the matrix, and when 

added in a small amount, does not affect the strength properties/workability. Also, Fe 

5 is a component mixed according to the selection of raw materials at the alloy production 

and although the Fe content may become large depending on the selection of raw 

materials, the addition of Fe leads to reduction in the raw material cost. However, if 

Fe is added in a large amount, the strength is reduced, and therefore, the amount added 

is preferably kept as low as possible. The acceptable amount of incorporation of Fe is 

10 the above-described value of less than 10.0%. The content of Fe is preferably kept in 

the range of from 1.0% to 8.0%, and more preferably kept in the range of from 1.0% to 

6.0%.  

[0021] 

Mo: more than 2.0% and less than 5.0% 

15 W: more than 1.0% and less than 5.0% 

Mo+1I-/2W: 2.5% or more and less than 5.5% 

Mo and W are a solid solution strengthening element and strengthen the alloy 

by forming a solid solution in the austenite phase having an FCC structure, which is the 

matrix of the Ni-based superalloy. Also, both Mo and W combine with C to produce a 

20 carbide.  

However, excessive addition promotes production of a Sigma phase or a Laves 

phase, which are a barmful phase, and gives rise to reduction in the hot workability and 

mechanical properties. For this reason, the Mo content is limited to be more than 2.0% 

and less than 5.0%, and the W content is limited to be more than 1.0% and less than 

25 5.0%. As for the preferred content, Mo is from 2.1% to 4.0%, and W is from 1.2% to 
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3.4%. As for the more preferred content, Mo is from 2.5% to 3.7%, and W is from 

1.6% to 3.0%.  

Incidentally, Mo has a small atomic weight as compared with W and since the 

atomic weight of this element contained per unit mass% is large, its contribution to the 

5 solid solution strengthening amount is large. Therefore, in the case of obtaining the 

same solid solution strengthening amount by the addition of W, it is necessary to 

increase the amount of addition of W. The solid solution strengthening amount of Mo 

and W can be quantified by Mo+1/2W from the difference in the atomic weight 

therebetween. In the present invention, Mo+1/2W is limited to be 2.5% or more and 

10 less than 5,5%, 

(0022] 

Cr: 11.0% or more and less than 19.0% 

Cr forms a protective oxide film of Cr20 3 and is an element indispensable for 

corrosion resistance/oxidation resistance. Also, this element contributes to 

15 enhancement of strength properties by combining with C to produce Cr23C6 carbide, 

However, Cr is a ferrite stabilizing element, and its excessive addition brings 

about austenite destabilization to thereby promote production of a Sigma phase or a 

Laves phase, which are brittle phase, and cause a reduction in hot workability and 

mechanical properties such as strength properties and impact properties. For this 

20 reason, the amount added thereof is limited to the range above. The preferred content 

is 13.5% or more and less than 18.5%. The more preferred content is from 14.0% to 

17.5%.  

[0023] 

Nb: 0.3% or more and less than 2.0% 

25 Ti: 0.20% or more and less than 2.49% 
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Nb and Ti enhance the pinning effect of suppressing coarsening of a crystal 

grain after solid-solution heat treatment by combining with C to produce an MC-type 

carbide having a relatively high solid solution temperature and are effective in 

improving high-temperature strength properties and hot workability, 

5 Also, both Nb and Ti act to bring about solid solution strengthening of y' by 

being substituted on the Al site of y' (gamma prime) phase-Ni3AI which is a 

strengthening phase and becoming Ni3(AI,TiNb), and in turn, effectively improve the 

high-temperature strength properties.  

However, their excessive addition causes an increase in the solid solution 

10 temperature of y', giving rise to a reduction in the hot workability, and brings about the 

production of a Laves phase as a brittle phase, leading to a decrease in the high

temperature strength. For this reason, the amounts added of these components are 

limited to the ranges above.  

Also, Ti reduces the high-temperature strength properties by the precipitation 

15 of Ni3Ti as an rj (Eta) phase and therefore, the content thereof is limited to the range 

above, As for the preferred range, Ti is from 0.3% to 2.3%, and Nb is from 0.4 to 

1,8%. As for the more preferred range, Ti is from 0.5% to 2.2%, and Nb is from 0.7% 

to 1.6%.  

[0024] 

20 Al: more than 3.00% and less than 6.50% 

Al acts as an element for producing y' phase-Ni3 A which is a strengthening 

phase and is an important element particularly for improvement of high-temperature 

strength properties.  

Al raises the solid solution temperature of y'but the effect on the rise of solid 

25 solution temperature is small as compared with Nb and Ti, and this element is effective 

10



in increasing the precipitation amount of y' in the aging temperature region while 

suppressing a rise in the solid solution temperature of y'.  

Furthermore, Al combines with 0 to form a protective oxide film of A12 0 3 and 

thus, is effective also for improvement of corrosion resistance/oxidation resistance.  

5 However, excessive addition of Al may cause a rise in the solid solution 

temperature of y' and reduction in the hot workability due to an increase in the 

precipitation amount of y'. For this reason, the amount added thereof is limited to the 

range above. The amount added is preferably from 3.20% to 5.90%, and more 

preferably from 3.20% to 4.70%.  

10 [0025] 

(Ti/Al)x 10: 0.2 or more and less than 4.0 in terms of atomic ratio 

Al+Ti+Nb: 8.5% or more and less than 13.0% in terms of atomic% 

As apparent from the above, the total amount of Al+Ti+Nb is a parameter 

indicative of the amount of 7' in the actual use temperature region, for example, at 

15 730*C, and if this amount is small, the mechanical properties are at a low level, whereas 

if the amount is too large, the solid solution temperature of y' as a strengthening factor 

rises to make hot working difficult. For this reason, the total amount of AI+Ti+Nb is 

limited to be 8.5% or more and less than 13.0% in terms of atomic%.  

The Ti/Al ratio is an important factor to stabilize y' in the practical temperature 

20 region and enhance the mechanical properties. In the specification, Ti/Al ratio shows a 

value obtained by dividing the amount of Ti represented by atomic % (Ti (atomic%)) by 

the amount of Al represented by atomic % (Al (atomic%)). If the tenfold value of the 

Ti/Al ratio is a low value not reaching 0.2, this is disadvantageous in that the aging is 

slow and sufficient strength is not obtained, whereas if the value is a high value of 4.0 

25 or more, the ri phase as a brittle is likely to precipitate, giving rise to a problem that the 

strength is reduced. Also, the Ti amount increases and therefore, the solid solution 
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temperature of y' rises, making hot working difficult. By properly selecting the Ti/Al 

ratiox 10 in the range of 0.2 or more and less than 4.0, enhancement of the mechanical 

properties can be successfully achieved.  

[0026] 

5 S: 0.010% or less 

S is a component unavoidably contained in a small amount as an impurity and 

when exists excessively, is thickened in the grain boundary to produce a low-melting

point compound, incurring a reduction in hot workability. For this reason, the amount 

of this component is limited to 0.010% or less.  

10 [0027] 

B: 0.0001% or more and less than 0.03% 

Zr: 0.0001% or more and less than 0.1% 

B and Zr segregate in the crystal grain boundary to strengthen the grain 

boundary and improve the workability and mechanical properties. This effect is 

15 obtained when each component is added in an amount of 0.0001% or more. However, 

if B is contained at a ratio of 0.03% or more or Zr is contained at a ratio of 0.1% or 

more, the ductility is impaired due to excessive segregation in the grain boundary and in 

turn, the hot workability is reduced, For this reason, the upper limits are less than 

0.03% and less than 0.1%, respectively.  

20 [0028] 

Mg: 0.0001% or more and less than 0,030% 

Ca: 0.0001% or more and less than 0.030% 

These elements contribute to enhancement of hot workability of the alloy when 

added as a deoxidizing or desulfurizing agent during alloy melting. This effect is 

25 observed even when the amount added is as small as 0.0001%, but if the amount added 

becomes 0.030% or more, the workability tends to be rather reduced.  

12



[0029] 

REM: from 0.0001 to 0.200% 

REM is an additive element effective for hot workability and oxidation 

resistance and by the addition in a small amount, and oxidation resistance as well as hot 

5 workability can be enhanced. However, excessive addition of REM brings thickening 

in the grain boundary to reduce the melting point and rather incurs a reduction in hot 

workability. For this reason, the amount added is limited to 0.200% or less.  

[0030] 

N: less than 0.020% 

10 N combines with Ti or Al to produce a nitride TiN or AIN. This nitride is an 

inclusion unavoidably produced due to containing N and remains in the material to 

become a starting point of breakage and cause a reduction in the mechanical properties.  

For this reason, N is limited as an impurity to less than 0.020%, preferably limited to 

0.015% or less and more preferably limited to 0,013% or less.  

15 [0031] 

P: less than 0,020% 

P is unavoidably mixed in a small mount but excessive content of P incurs a 

reduction in ductility to impair the hot workability and high-temperature mechanical 

properties. For this reason, in the present invention, P is limited as an impurity to less 

20 than 0.020%, preferably limited to less than 0.018% and more preferably limited to less 

than 0.015%.  

(0032] 

In this regard, with regard to each element contained in the Ni-based superalloy 

of the present invention, according to an embodiment, the minimal amount thereof may 

25 be the amount in any one of the Examples as summarized in Table 1-1. According to a 

further embodiment, the maximum amount thereof may be the amount in any one of the 

13



Examples as summarized in Table i-I. Furthermore, with regard to each value of 

Mo+1/2W, Al+Ti+Nb and Ti/Alx 10 regarding the Ni-based superalloy of the present 

invention, according to an embodiment, the minimal value thereof may be the value in 

any one of the Examples as summarized in Table 1-. According to a further 

5 embodiment, the maximum value thereof may be the value in any one of the Examples 

as summarized in Table 1-.  

Examples 

[0033] 

10 Working examples of the present invention are described in detail below.  

50 kg of an Ni-based superalloy having chemical components shown in Table 1 

was melted in a high-frequency induction furnace. The molten ingot was subjected to 

a homogenization heat treatment at 1,100 to 1,220*C for 16 hours and then evaluated 

for workability by hot-forging the ingot into a bar material of 30 mm in diameter.  

14
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[0035) 

Also, the hot-forged material was subjected to a solid-solution heat treatment 

(ST) at 1,000 to 1,160"C and then to an aging treatment (AG) at 700 to 900"C in one 

step or two or more steps and evaluated for the high-temperature strength, As for the 

5 evaluation of strength, a high-temperature tensile test at 730"C was performed, 

In addition, using the material in the cast state, the solid solution temperature 

of y' (gamma prime) as a strengthening phase was measured by DSC (differential 

scanning calorimetric analysis).  

[0036] 

10 Furthermore, the material after the aging treatment was further subjected to a 

long-time heat treatment at 730"C for 200 hours and after performing y' extraction by 

electrolytic extraction, the y' amount was examined.  

These results are shown in Table 2.  

Incidentally, the forging, measurement of solid solution temperature of y' by 

15 DSC, high-temperature tensile test and measurement of y' by electrolytic extraction 

were performed using the following conditions or methods.  

(0037] 

[Forging] 

In the forging, a press forging machine of 500 t (ton) was used and after a 

20 homogenization heat treatment satisfying the above-described conditions, working was 

performed by setting the soaking temperature of material to a range of 1,150 to 1,180*C.  

At this time, the forging was performed while keeping its termination temperature of 

1,050"C or more.  

As shown in Table 2, the workability was evaluated by rating "A" when 

25 forging into a round bar of 30 mm in diameter could be performed with no trouble, and 

rating "B" when the working was difficult due to generation of a crack during working.  

18
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[0039] 

[DSC Measurement] 

A test specimen with a cubic shape of 2 mm was produced from the ingot in 

the cast state and measured by DSC using STA449C Jupiter manufactured by 

5 NETZSCH. The measurement was performed in an Ar atmosphere, and the solid 

solution temperature of y' was measured by raising the temperature from room 

temperature to 1,240*C at a rate of 10"C/min.  

[0040] 

[High-Temperature Tensile Test] 

10 The forged material above was subjected to a solid-solution heat treatment and 

then to an aging treatment in one step or two or more steps, and a test specimen with a 

parallel-part diameter of 8 mm and a gauge length of 40 mm in accordance with JIS G 

0567 was produced therefrom and evaluated for the strength by performing a tensile test 

at a test temperature of 730 0C. In this test, the 0.2% proof stress and the tensile 

15 strength were measured.  

[0041] 

[Electrolytic Extraction] 

The material subjected to the long-time heat treatment above was worked into a 

cubic shape of 10 mm and then, electrolytic extraction was performed at a current 

20 density of 25 niAcm2 for 4 hours in an aqueous solution containing 1% tartaric acid and 

1% ammonium sulfate. The extraction residue was collected using a filter having a 

size of 0.1 micrometer and measured for the y' amount. The result is shown by the 

molar fraction. Incidentally, in Comparative Examples where forging was difficult, 

the test specimen was produced using a cast alloy.  

25 [0042] 

From the results in Table 2, the followings can be understood.  
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The solid solution temperature of y' greatly affects the hot workability. In a 

precipitation-strengthened Ni-based superalloy for forging, when the solid solution 

temperature of y' falls below a given value, aging precipitation of y' occurs and in turn, 

the hardness rises. This means an increase in the deformation resistance during 

5 working and incurs the impairment of deformability. Usually, forging is performed in 

the matrix single-phase temperature region and therefore, the solid solution temperature 

of y' serves as a parameter for the hot workability.  

[0043] 

In Examples, the measurement result of solid solution temperature of y' by 

10 DSC was substantially from 1,020 to 1,080"C, and working into a round bar was 

possible at the actual forging.  

On the other hand, in Comparative Examples 1, 2, 4, 10 and 13, the solid 

solution temperature of y' was high, and forging was difficult, 

In Comparative Example 5, the solid solution temperature of y' was low, C was 

15 added excessively. The strength was improved because of the effect of the carbide 

generated in the structure, deformation resistance was increased, contraction was 

decreased, and therefore, forging was difficult. Moreover, excessive addition of Si 

brought the decrease in melting point, hot workability was reduced, and the temperature 

range where hot workability was possible, as a result, hot workability was reduced.  

20 In Comparative Example 6, the excessive addition of P caused the decrease of 

the ductility, as a result, hot workability was reduced, and forging was difficult.  

In Comparative Examples 8 and 9, local melting was generated due to 

excessive addition of B or Zr and despite the low solid solution temperature of y', 

working was difficult.  
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In Comparative Example 7, an inclusion such as TiN and AlN was produced 

due to excessive addition of N and became a starting point of forging crack, as a result, 

hot working was difficult.  

In Comparative Example 12, the excessive addition of Mo brought production 

5 of a Sigma phase or a Laves phase, which are brittle phase, and therefore, forging was 

difficult.  

(0044] 

Next, in Examples, the results of tensile test at 730"C revealed high strength 

properties such that the 0.2% proof stress at 730"C was approximately from 920 to 

10 1,030 MPa and the tensile strength was approximately from 1,035 to 1,150 MPa.  

On the other hand, in Comparative Examples 3 and 11, forging was possible 

but as compared with Examples, the strength properties were low. This is because the 

total amount of Ti+Al+Nb that are forming elements of y' was at a low level and 

affected the strength properties.  

15 [0045] 

With respect to the electrolytic extraction results of the material subjected to a 

long-time heat treatment at 730"C for 200 hours, the materials of Examples had a y' 

amount of about 35 to 42 mol%.  

On the other hand, the materials of Comparative Examples had a gamma prime 

20 amount of 38 to 53 mol%, and some had a precipitation amount at the same level as in 

Examples, but the forging was difficult.  

Also, the y' amount was 30 mol% in Comparative Example 3 and 26.4 mol% in 

Comparative Example 11 and thus was low as compared with Examples, and this well 

agrees with the result that the tensile properties exhibited were at a low level.  

25 [0046] 
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The y' (gamma prime) amount is related to the total amount of Al, Ti and Nb as 

forming elements and at the same time, related to the solid solution temperature of y'.  

In general, when the total amount of Al+Nb+Ti is increased, both an increase 

in they' amount and a rise of the solid solution temperature of y' are brought about, and 

5 forging becomes difficult due to a reduction in the hot workability resulting from an 

increase in the deformation resistance.  

In the present invention, the Ti/Al ratio is made small or limited to a 

predetermined range while ensuring a large y' precipitation amount in the aging 

treatment temperature region, whereby the solid solution temperature of y' is kept low 

10 and in turn, an Ni-based superalloy having both excellent high-temperature strength 

properties in the high temperature region of 700"C or more and hot workability is 

provided.  

[0047] 

While the mode for carrying out the present invention has been described in 

15 detail above, the present invention is not limited to these embodiments, and various 

changes and modifications can be made therein without departing from the purport of 

the present invention.  

[0048] 

This application is based on Japanese patent application No. 2013-146973 filed 

20 July 12, 2013 and Japanese patent application No. 2013-251116 filed December 4, 

2013, the entire contents thereof being hereby incorporated by reference.  
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Docun tl-31/01/2014 

Throughout this specification and the claims which follow, unless the context requires 

otherwise, the word "comprise", and variations such as "comprises" or "comprising", will 

be understood to imply the inclusion of a stated integer or step or group of integers or steps 

but not the exclusion of any other integer or step or group of integers or steps.  

5 

The reference in this specification to any prior publication (or information derived from it), 

or to any matter which is known, is not, and should not be taken as, an acknowledgement 

or admission or any form of suggestion that that prior publication (or information derived 

from it) or known matter forms part of the common general knowledge in the field of 

10 endeavour to which this specification relates.  
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WHAT IS CLAIED IS: 

1. A hot-forgeable Ni-based superalloy excellent in high temperature 

strength, comprising, in terms of % by mass: 

C: more than 0.001% and less than 0.100%, 

Cr: 11.0% or more and less than 19.0%, 

Co: 0.5% or more and less than 22.0%, 

Fe: 0,5% or more and less than 10.0%, 

Si: less than 0.1%, 

Mo: more than 2.0% and less than 5.0%, 

W: more than 1.0% and less than 5.0%, 

Mo+1/2W: 2.5% or more and less than 5.5%, 

S: 0.010% or less, 

Nb: 0.3% or more and less than 2.0%, 

Al: more than 3,00% and less than 6.50%, and 

Ti: 0.20% or more and less than 2.49%, 

with the balance being Ni and unavoidable impurities, 

wherein (Ti/Al)x10 is 0.2 or more and less than 4.0 in terms of atomic ratio, 

and 

wherein AL+Ti+Nb is 8.5% or more and less than 13.0% in terms of atomic%.  

2. The hot-forgeable Ni-based superalloy excellent in high temperature 

strength according to claim 1, wherein: 

Fe: 1.0% or more and less than 10.0%.  
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3. The hot-forgeable Ni-based superalloy excellent in high temperature 

strength according to claim 2, further comprising one or more species selected from, in 

terms of % by mass: 

B: 0.0001% or more and less than 0.03%, and 

Zr: 0.0001% or more and less than 0.1%.  

4. The hot-forgeable Ni-based superalloy excellent in high temperature 

strength according to claim 2 or 3, wherein, in terms of % by mass: 

P: less than 0.020%, and 

N: less than 0.020%.  

5. The hot-forgeable Ni-based superalloy excellent in high temperature 

strength according to any one of claims 2 to 4, further comprising one or more species 

selected from, in terms of % by mass: 

Mg: 0.0001% or more and less than 0.030%, 

Ca: 0.0001% or more and less than 0.030%, and 

REM: from 0.0001% to 0.200%.  
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