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The present invention relates to a malleable and age 
hardenable nickel-chromium base alloy and, more par 
ticularly, to a malleable nickel-chromium base alloy hav 
ing a particularly high combination of strength properties 
and ductility over the temperature range extending from 
room temperature to approximately 1400° F. 

It is well known that there are a number of age~harden~ 
able nickel-base alloys available to the art for service at 
ordinary room temperature and at elevated temperatures. 
These prior art alloys have been characterized by disad 
vantages either from the standpoint of strength or from 
the standpoint of ductility. Thus, While many such alloys 
are capable of developing high tensile strength in the age 
hardened condition, they are characterized by an un 
satisfactorily low yield strength as conventionally meas 
ured by the stress required to produce a set of 0.02% or 
0.2% upon a specimen of the alloy in the tensile test. 
Conversely, many prior art nickel-base, age-hardenable 
alloys having satisfactory strength properties Were char 
acterized by an unsatisfactorily low ductility. In addition, 
many of the prior art age-hardenable nickel-base alloys 
displayed a brittle range at temperatures on the order of 
1200° F. Designers of equipment for service at high 
stress and elevated temperature have required that a 
nickel-base alloy possess a yield strength representing a 
high proportion of the tensile strength thereof since the 
yield strength is the property of the alloy employed by the 
designer, In addition, age-hardenable nickel-base alloys 
having improved ductility in combination with improved 
strength properties were required by the art. Although 
attempts have been made to overcome the foregoing dif 
?culties, none, as far as I am aware, Was entirely suc 
cessful when carried into practice commercially on an 
industrial scale. 

It has now been discovered that a special age-harden 
able, malleable, nickel-chromium base alloy containing 
special controlled and ‘coordinated amounts of alloying 
elements possesses an improved and outstanding combina 
tion of high strength and high ductility over a wide tem 
perature range extending from ordinary room tempera 
ture up to about 1400° F. > 

It is an object of the present invention to provide a 
malleable, age-hardenable, nickel-chromium base alloy 
having an improved combination of high strength and 
high ductility over a Wide range of temperatures. 

Another object of the invention is to provide an im 
proved nickel-chromium base alloy of specially controlled 
composition which exhibits a high rupture life at elevated 
temperatures. 
The invention also contemplates providing an improved 

age-hardenable nickel~chromium base alloy having a yield 
strength representing a very high proportion of the tensile 
strength in the age-hardened condition while at the same 
time displaying a very high elongation. 
Another object of the invention is to provide an im 

proved age-hardenable nickeLchromium base alloy which 
is readily producible in usual mill forms such as sheet, 
rod, tubing, shapes, etc. 

Other objects and advantages of the invention will be 
come apparent from the following description and from 
the drawing which depicts strength properties for alloys 
contemplated in accordance With the invention over a 
range of nickel contents and over a range of temperatures. 
The present invention particularly contemplates a 
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nickel-base alloy containing about 4.0% to about 8.0% 
columbium, about 2% to 4% molybdenum, about 15% 
to about 23% chromium, about 0.2% to about 2% alu 
minum, about 0.2% to about 2% titanium, not more than 
0.5 % silicon, with the sum of the aluminum and titanium 
contents not exceeding ‘about 2%, up to about 0.1% car 
bon, up to about 0.5% zirconium, about 0.005% to about 
0.015% boron, up to about 1% manganese, up to about 
30% iron, and the balance essentially metal from the 
group consisting of nickel and cobalt, said balance being 
about 45% to about 58% or 60% of the alloy with the 
cobalt content being up to about 30% and with the nickel 
content being at least 30% of the alloy. These alloys 
are characterized by a very high combination of tensile 
strength and ductility as measured in the room tempera 
ture tensile test and will provide a yield strength (0.2% 
set) in the annealed and age-hardened condition of at 
least about 100,000 p.s.i. coupled with a high elongation 
which will usually be at least about 20%. In addition, 
these alloys will provide very high rupture strength in the 
age-hardened condition at temperatures on the order of 
about l200° F. to about 1350° F. or 1400° F. For ex 
ample, the age'hardened alloys will usually provide a 
rupture life of at least about 100 hours under a stress of 
90,000 psi. at 1200° F. along With an elongation of at 
least about 5% and with a fracture frequently of the cup 
and-cone type. Within the foregoing compositional 
ranges, maximum tensile properties occur in the range of 
about 45% to 58% nickel, while maximum rupture prop‘ 
erties at 1200° F. occur in the range of about 51% to 
about 56% nickel plus cobalt With the nickel being at 
least 30%. A preferred alloy contemplated in accordance 
with the invention contains about 0.03% carbon, about 
0.18%, manganese, about 0.27% silicon, about 53% 
nickel, about 21% chromium, about 0.6% aluminum, 
about 0.6% titanium, about 4% columbium, about 3% 
molybdenum, about 0.009% boron and the balance essen 
tially iron. The sum of the columbium and molybdenum 
contents preferably is at least about 7%. Aluminum and 
titanium in small amounts impart malleability, age hard 
enability and high strength to the alloy and must be pres 
ent in amounts of at least about 0.2% each. Molybdenum 
in the ‘alloy contributes to the strength properties thereof 
at elevated temperatures but does not contribute age hard 
enability to the alloy. The molybdenum content of the 
alloy may be replaced by an equal weight amount of 
tungsten while retaining substantially the same properties 
although the hot malleabillty of the alloy is reduced 
thereby. columbium in the alloy may be replaced in part 
with tantalum in the amount of up to 4% of the alloy‘ 
without materially changing the properties of the alloy. 
In partially replacing the columbium content of the ‘alloy 
with tantalum, double the weight of tantalum should \be 
used to obtain the same effect on properties. Tantalum 
free alloys and/or alloys wherein not more than 50% of 
the columbium content is replaced by tantalum are notch 
ductile at elevated temperatures. Boron in an amount 
exceeding about 0.001% and up to about 0.02%, e.g., 
about 0.005% to about 0.015%, contributes to the 
strength of the alloy over the temperature range from 
about atmospheric temperature to about 1400° F. Boron 
contributes particularly to high strength and ductility in 
the stress-rupture test at elevated temperatures. The alloy 
may also contain up to about 0.5% zirconium, e.g., about 
0.05% to about 0.3% zirconium. Zirconium functions as 
a malleabilizer and deoxidizer and contributes to age 
hardening. 
The alloys are soft and ductile in the annealed or solu~ 

tion-treated condition, i.e., after a heat treatment at a‘ 
temperature of at least about l550° or 1600" F. up to 
about 2200° F. for a period of about 1 hour. The alloys 
respond readily to age hardening in the temperature range 
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of about 1200° to 1350° F. for periods of time of at least 
about 4 hours and up to 24 hours, e.g., 16 hours. The 
alloys may be solution treated or annealed prior to aging 
or may be aged directly from the as-forged or hot rolled 

4 
alloys de?ned in Table I were subjected to tensile tests at 
room temperature with the results set forth in the follow 
ing Table III. In addition, specimens from certain of 
the heat treated bars were subjected to stress-rupture tests 

TABLE I 

A110 Percent Percent Percent Percent Percent Percent Percent Percent Percent Percent 
No. 0 Fe Ni Cr Al Ti 0 Si 

0.05 16.97 40.73 20.20 0.46 0. 58 1. 99 3. 85 0.010 0.23 
0.07 28.55 45. 96 14. 58 0.59 0.52 2. 93 6.16 0.005 0.27 
0. 05 21. 75 49.27 20. 77 0.66 0.61 2.06 4. 23 0.006 0.29 
0. 06 14. 5O 52. 74 20. 37 0. 60 0. 68 4. 99 5. 38 0. 005 0. 31 
0.05 13. 19 52.85 20. 69 0. 68 0. 69 5. 91 5. 24 0.005 0.33 
0.04 15. 04 53. 08 22.93 0. 62 0. 66 2. 34 4. 61 _ 0.006 0.33 
0.04 15.09 53 35 21.14 0.48 0. 62 4.15 4. 18 0.007 0. 18 
0.03 16. 99 53. 44 21.38 0. 63 0.61 2.15 4. 27 0.009 0.27 
0.04 Bal 53. 45 21.21 0.33 0. 30 2.15 4. 32 0.008 0.27 
0. 05 19. 59 53. 58 18. 26 0. 60 0. 62 2. 15 4. 52 0.005 0. 32 
0. O4 15. 44 54. 25 20.85 0. 66 0. 68 2. l0 5. 30 0.005 0. 33 
0. 05 13. 74 54. 29. 47 0. 66 0. 65 5. 01 4. 45 0.005 0.34 
0. 04 16. 02 54.34 20. 85 0.55 0. G2 3. 22 3. 79 0. 007 0.30 
0.05 16. 50 54.35 20. 60 0.52 0. 64 2. 95 3. 81 0. 006 0.32 
0.04 16. 66 54.45 20. 70 0.98 0.63 2.03 3. 94 0. 007 0.31 
0. O4 16. 26 54. 89 20. 53 0. 53 1‘. 00 2. 02 4. 16 O. 007 0.30 
0. 04 18. 36 55. 46 14. 91 0. 59 O. 59 3. 00 6. 39 0. 006 0. 29 
0.04 14. 36 55. 97 20.11 0.61 0.64 2. 50 5.10 0.005 0.31 
0.05 11. 93 58. 44 21.06 0.60 0.68 2.13 4. 42 0. 004 0.34 

1 Alloy contains 14.67% of cobalt. 
5 Boron added to melt. 

Nora-The values reported for columbium in the foregoing alloys include about 10% by weight of tantalum 
The alloys also contained manganese in the range of 1.01% to 0.34%. 

condition. . It is a feature of the alloys described herein 
before that they develop high stress-rupture properties at 
1200° F. when directly aged from the hot rolled or as 
forged state without a solution anneal. The ‘alloy in the 
‘as-cast condition is readily wrought using commercial hot 35 
working operations such as rolling, forging, extrusion, etc. 
For the purpose of giving those skilled in the art a 

better understanding of the invention, the following illus 
trative examples are given: 
A number of alloys having the compositions set forth 4,0 

in the above Table I were melted in an induction 
furnace open to the air and were cast into graphite molds 
to form 4-inch diameter round ingots. The ingots were 
forged to bars approximately 5/a of an inch square using 
a series of forging and reheating steps. The ingots were 45 
forged without di?iculty. 

Specimens from the bars obtained in the foregoing man 
ner were subjected to various heat treatments as set forth 
in the following Table II. 

50 
TABLE 11 

Heat Treatment Procedure 

Heat Initial heating Reheating 
treatment 55 

As forged ____________________ __ 

d 1,250° F., 16 hours. 
1,300" F., 16 hours. 
1.325" F., 16 hours. 
1,350° E, 16 hours. 60 

1,500” F., 1 hour; W.Q-_.__.-_ 1,300° E, 16 hours. 
1,550° F., 1 hour; W.Q_ ._ 1,250° F., 16 hours. 
_-__-d0 ....................... _. 1,275° F., 16 hours. 
___..do 1,300° E, 16 hours. 
1,600“ F., 1 hour; W.Q._.__._. Do. 
1,650° F., 1 hour; W._Q ______ __ 1,250° F., 16 hours. 
_.--.do 1,275° F., 16 hours. 

1,300° F., 16 hours. 65 
Do. 

1,250° F., 16 hours. 
1,300° E, 16 hours. 

1,250° E, 16 hours. 
1,300° F., 16 hours. 
1,325° F., 16 hours. 
1,350” F., 16 hours. 70 
1,300° F., 16 hours. 
1,350° F., 16 hours. 

NorE.—-W.Q.=Water quenched. 

Specimens of heat treated bar stock made from the 75 

at elevated temperatures of 1200" F. or higher with the 
results set forth in the following Table IV. 

TABLE III 

Room Temperature Properties 

Yield strength, p.s.i. Tensile 
Alloy H.T. strength, EL, R.A., 
No, - p.s.i. percent percent 

0.02% set 0.2% set 

1 _____ __ R 89, 500 100,000 168,000 30.0 49. 5 
B 148, 500 161, 000 191. 000 23.0 47. 5 

2 _____ __ B 184, 000 212,000 223, 500 14. 5 19.0 
P 50, 500 64, 500 130, 000 31. 0 41. 5 
S 126,000 145,500 189, 000 17.0 31.0 

3 _____ __ 0 177,000 195, 500 212, 500 15.0 41. 0 
P ,500 48, 121,500 50.0 66.0 
L 127,000 139, 500 186, 500 20. 0 , 43. 0 

4 _____ __ A 115, 000 124,000 163, 000 30. 0 40. 0 
C 191, 500 215,000 231, 000 10. 0 28.0 
P 54,000 67, 500 140,000 49.0 55. 5 
T 135,000 153, 500 201, 500 24.0 39.0 

5 _____ __ A 150,000 163,000 185,500 26.0 36. 5 
0 180,000 200,000 217,000 10.0 31. 5 
P 56, 500 66,500 147, 000 41.0 50.5 

6 ..... __ C 200, 000 220,000 229, 000 5.0 27. 0 
P 43, 500 55, 500 132,000 48. 0 62. 5 
L 125,000 140,000 194,000 26.0 38.0 

7 ..... __ R 121, 000 135,500 183, 000 34. 0 51.0 
B 164, 500' 184,000 207,000 18. 0 46. 5 

B _____ ._ A 110,500 117,500 150,500 35.0 58. 5 
B 155,500 171,500 197,000 24.0 50.5 
G 171,500 190,000 213,000 18.0 41.0 

9 _____ __ B 119,000 137,500 178,000 26. 0 50.0 
E 147, 500 167, 500 192, 000 19. 0 46. 5 

1O ____ __ 0 168,500 186, 000 209,000 17.0 47.0 
P 37, 500 48, 50 122, 500 52. 0 67. 5 
L 130,000 142,000 194,000 22.0 41. 5 

11______ 0 210,000 226,500 236,500 13.0 39.0 
P 44, 500 55,000 129, 500 53.0 64. 5 
S 134,000 150,500 192,000 30.0 47.0 

12 ____ __ 0 182,000 203, 500 219,000 4.0 ' 32. 5 
P 47, 000 69,000 130,000 45. 0 ' 58.0 
T 106, 000 118,000 174,000 31. 0 39.0 

13 ____ __ O 173, 500 189,000 208,000 16. 0 45.0 
H 144,000 166,000 192, 000 22.0 42. 5 
P 40,000 ,000 122,500 52. 0 69.0 

14 ____ __ 0 148,000 165,000 191,000 20.0 49. 5 
H 151,000 164,000 191, 500 25. 0 48.0 
L 107, 000 118, 000 172,500 30.0 53.0 

15 ____ __ R 102,500 111, 500 177,500 40. 0 51. 5 
16 ____ __ S 115,000 132,500 180,500 36.0 49.5 
17 ____ _. C 208,000 231, 500 239, 560 15.0 36. 5 

P 45, 000 55, 000 126, 000 49. 0 61. 5 
S 149, 500 168,000 203, 000 23.0 47. 5 

18 ____ __ C 182,000 201,500 216, 500 15.0 46. 5 
P 41, 000 52, 000 125, 000 56.0 67. O 
T 127,000 140, 500 185,500 80.0 47. 5 

19 ____ ._ 0 178,500 195, 500 212, 500 14. 0 38. 5 
P 41,500 52,000 130,000 47.0 63. 5 
L 121, 000 131, 500 186, 500 28. 0 53. 5 
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TABLE IV alloy contributes to elevated temperature strength and 
-treating temperatures. 
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e a“ V om 1 9% e mic. mm .m W. cm ma Another type of alloy contemplated in accordance with 

the invention, particularly for service where high stress 
rupture life at temperatures exceedin 
e.g., about 1200° to about ‘lit-00° F. 

g about 12000 F‘, 55 R, e.g., about 1350° ‘R, the alloy should be solution 
treated or annealed prior to aging. This solution treat 
ment involves a heating in the te 
about 1800° F. to about 2000“ 

, is the criterion, con~ 
mperature range of 

F. for a period of time 
tains about 4% to about 8% colurnbium, about 13% to 
about 23% chromium 
denum, about 0.2% 

, about 2% to about 5% molyb~ 
to about 2% aluminum , about 0.2% up to about 8 hours, e.g., about 1 to about 8 hours. 

, with the sum of aluminum and 60 
titanum not exceeding about 2%, not over about 0.5% 
silicon, up to about 1% manganese, more than 0.001% 
up to about 0.02% ‘boron, em, about 0.005% to about 

In order to give those skilled in the art a better under 
standing of the properties and advantages of the fore 
going high nickel alloys, the following illustrative ex 
amples are given: 

to about 2% titanium 

W p A number of alloys having the compositions set forth in 
‘)0 

0.015% boron, not more than about 0.1% carbon, up to 
about 20% iron, and the balance essentially metal from 
the group consisting of nickel and cobalt with the balance 

e following table V were melted and processed in the 
same manner as the alloys given in Table I hereinbefore. 

bar stock made from the alloys 
subjected to room temperature 

0 tensile tests with the results set forth in the following 
an M6 eW U av 66 hm. fa 0T mm md . 6 De Sd being about 60% to about 75% of the alloy with the 

nickel content being at least about 30% and ‘with the 
cobalt content being up to about 40% of the alloy. 

‘ Table VI. In addition, specimens from certain of the 
heat treated bars made of alloys de?ned in Table V were 
subjected to stress-rupture tests at elevated temperatures 

In these alloys, the sum of the columbium and molyb 
denum contents advantageously is at least about 7%. 
Aluminum and titanium in the aforementioned small 
amounts impart malleability, additional age harden- under the conditions and with the results set forth in the 
ability, and high strength to the alloy. Cobalt in the 75 following Table VII. 
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test specimens employed were machined ‘from forgings 
and were subjected to a heat treatment prior to testing, 
which treatment comprised a heating at 1900-2000° F. 
for one hour, a quench in water, and a reheating at 
1300~1350° F. for sixteen hours, followed by air cooling. 
The curves labeled “A” and “B” show, respectively, the 
tensile and yield (0.2% offset) strengths for the alloys 
at room temperature. The curves labeled “C,” “D” and 
“E” show, respectively, the 100-hour rupture strength 
for the alloys at 1200° F., 1300° ‘F. and 1400° F. The 
data presented in the drawincr demonstrate that the maxi 
mum room temperature strength is obtained in the alloys 
at about 53% nickel and that increasing the nickel con 
tent beyond 53% increases the rupture strength for the 
alloys at elevated temperatures. 

It will be evident from the foregoing that the present 
invention is directed to age hardenable nickel alloys con 
taining about 10% to about 25% chromium, up to about 
7% molydenum, about 3% to about 8% columbium, 
about 0.2% to about 2% titanium, about 0.2% to about 
2% aluminum, with the sum of aluminum and titanium 
not exceeding about 2.5%, not more than about 0.2% car 
bon, up to about 0.02% ‘boron, up to about 40% iron, 
and the balance essentially a metal from the group con 
sisting of cobalt and nickel with the sum of the nickel 
and cobalt contents being about 45% to about 80% of 
the alloy and the cobalt content being up to about 40% 
of the alloy and the nickel content being at least 30%. 
In these alloys generally, it is advantageous that the sum 
of the columbium and molybdenum contents be at least 
about 9% and up to about 15%, and that the amount of 
columbium be at least about 4%. Aluminum and ti 
tanium in small amounts are essential to provide mallea 
bility, additional age hardenability and high strength in 
the alloy and must be present in amounts of at least 
about 0.2% each. It is important that alloys within the 
invention have contents of columbium plus tantalum, 
aluminum plus titanium, chromium and nickel as related 
according to the following formulae: 

(1) For nickel contents of 50% and over, 

150 
(Ni) % 

(2) For nickel contents less than 50%, 

(Cbd-Ta) %+2(Al+Ti) % +0.05(Cr) % 
+0.06(Ni) %;8.5 

28.5 

The alloy may be substantially or entirely copper free or 
may contain up to about 4% copper, preferably not over 
about 0.15% copper. Cobalt in the alloy is bene?cial 
from the standpoint of improving properties at elevated 
temperature and, in addition, cobalt enables the use of 
lower annealing or solution-treating temperatures. Mo 
lybdenum in the alloy contributes to the elevated tem 
perature strength properties thereof but does not con 
tribute age hardenability to the alloy. The molybdenum 
content of the alloy may be replaced in whole or in part 
by an equal weight amount of tungsten while retaining 
substantially the same properties although the hot mallea 
bility of the alloy is reduced thereby. Columbium in the 
alloy may be replaced in part with tantalum in the 
amount of up to about 4% of the alloy without mate 
rially changing the properties of the alloy. In partially 
replacing the columbium content of the alloy with tanta 
lum, double the weight of tantalum should be used to ob 
tain the same effect upon properties. Tantalum-free 
alloys and/or alloys wherein not more than 50% of the 
columbium content is replaced by tantalum are notch 
ductile at elevated temperatures. Since commercially 
available columbium contains about 10% tantalum, the 
values reported herein for columbium include about 10% 
by weight of tantalum. Boron in an amount exceeding 
0.001% and up to about 0.02%, e.g., about 0.005% to 
about 0.015%, contributes to the strength of the alloy 
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over the temperature range from about atmospheric tem 
perature to about 1400° F. Boron contributes particular 
ly to high strength and ductility in the stress-rupture test 
at elevated temperatures. The alloy may also contain up 
to about 0.5% Zirconium, e.g., about 0.05% to about 
0.3% zirconium, which functions as a malleabilizer and 
deoxidizer and contributes to age hardening. 
When it is stated herein that the balance of the alloy is 

metal from the group consisting of nickel and cobalt, it is 
to be understood that the balance will include small 
amounts of impurities and incidental elements which 
do not materially change the properties of the alloy. 
Thus, impurities such as sulfur and phosphorus in a total 
amount up to about 0.05% may be present in the alloy. 
The alloy may contain up to about 1% silicon, but the 
silicon content should not exceed this amount as other 
wise forgeability of the alloy is impaired. Advantageous 
1y, silicon does not exceed 0.5% to secure best properties 
at elevated temperatures. Manganese in an amount up to 
about 1% may be present in the alloy. The alloy is 
readily age hardenable when heated in the temperature 
range of about 1200° to about 1350° F. for periods of 
time of ‘at least 4‘ hours and up to 24 hours, e.g., 16 hours. 
The alloy may be aged to develop high strength either di 
rectly from the as-forged or hot rolled condition or after a 
solution treatment at a temperature of about 1550“ F. to 
about 2200° F. for a period of about 1 hour. In the 
aged condition, the alloys are strong and ductile and do 
not develop brittleness after long exposure to stress at 
elevated temperature. 

Reference to the data in the foregoing tables demon 
strates that alloys contemplated in accordance with the 
invention possess a very high combination of strength and 
ductility. Thus, these alloys generally will provide a 
room temperature yield strength of at least. 100,000 p.s.i. 
or much higher along with a substantial elongation which 
usually isat least 20%. In addition, many of the alloys 
contemplated in accordance with the invention will pro 
vide a 10"-hour rupture strength of at least about 110,000 
p.s.i., or much higher,.at 1200" F. As an example, alloy 
No. 25 displayed a rupture life of 482.8 hours at 1200° 
F. and 100,000 p.s.i. Alloys within the invention are 
strongly age hardenable and will provide a room tem 
perature yield strength in the aged condition which is at 
least 50% or 100% or more than the room temperature 
yield strength for the same alloy in the solution annealed 
condition. 
The small content of aluminum and titanium required 

in the allot , which advantageously is a total of at least 
about 0.75%, contributes very importantly to the age 
hardena-bility of the alloy and to the development of high 
strength in the alloy at elevated temperature. As ‘an ex 
ample, an alloy outside the scope of the invention and ' 
containing about 0.07% carbon, about 18.26% iron, 
about 53.42% nickel, about 20.95% chromium, about 
0.024% aluminum, about 0.041% titanium, about 2.08% 
molybdenum and about 4.59% columbium ‘was essen 
tially non-age hardenable and developed a room tem 
perature yield strength (0.2% set) of only 68,000 psi. 
and had a 100-hour rupture strength at 1200” F. of only 
about 75,000 p.s.i. in contrast thereto, comparable al 
loys Nos. 9 and 8 developed room temperature yield 
strengths (0.2% set) in the aged condition of 167,500 
p.s.i. and 190,000 p.s.i., respectively, and were character 

0 ized by 100-hour rupture strengths at 1200° in the 
aged condition of 100,000 psi. and 105,000 p.s.i., re‘ 
spectively. On the other hand, the sum of aluminum 
and titanium does not exceed about 2.5% or, more ad 
vantageously, about 2%, as greater amounts of these ele 
ments reduce the rupture strength of the alloy at elevated 
temperatures and also greatly reduce forgeability of the 
alloy. 

In anotl er example, a commercial-scale melt weighing 
about 5000 pounds was air melted in a commercial induc 
tion ‘furnace. This melt contained about 4.29% colum 
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bium, about 2.45% molybdenum, about 20.81% chro 
mium, about 17.66% iron, about 53.02% nickel, about 
0.009% boron, about 0.39% aluminum, about 0.64% 
titanium, about 0.39% silicon, about 0.05% carbon and 

12. 
The fatigue strength (endurance limit at 108 cycles) at 

room temperature of hot-rolled, heat-treated bar stock 
made from this metal was 80,000 p.s.i. after aging at 
1300° F. for 16 hours and 97,500 p.s.i. after aging at 

about 0.29%emanganese. Six ingots weighing about 550 5 1325° F. for 16 hours. In addition, it was found that 
pounds each and two ingots weighing about 825 pounds hot-rolled bar stock made of this metal displayed excel 
each were produced. The ingot surfaces were machlned lent resistance to the destructive effects of boiling nitric 
to remove skin defects. The ingots were then heated to acid both in the as-rolled and the ‘as-rolled and aged condi 
about 2050” F. and were forged to billets having a sec-' 10 tions. 
tion of about 3 inches ‘by about 7 inches. The billets were In another example, another commercial-‘scale melt 
heated to about 2050° F. and were hot rolled to various weighing about 5000 pounds was air melted in a commer 
rn-ill forms, including sheet, and % in. diameter rounds. cial induction furnace and cast into ingots. This melt 
One half of a 550-pound ingot was heated to 2000" F. ' contained about 5.35% columbium, about 3.12% molyb 
and extruded to 31/2 in. diameter round. 15 denum, about 15.56% chromium, about 8.85% iron, about 
The forging and rolling operations were conducted 65% nickel, about 0.003% boron, about 0.47% alumi 

without di?iculty. num, about 0.92% titanium, about 0.32% silicon, about 
_ Hot-rolled sheet 0.082 inch thick and cold-rolled sheet 0.30% manganese and about 0.03% carbon. The ingots 
0.070 inch thick made [from the alloy were aged by heat- were overhauled to remove surface defects and were 
ing for 16 hours at 1300° F. In addition, cold~rolled 20 heated and forged to billets. The billets were reheated 
sheet 0.060 inch thick made from the alloy was annealed and hot rolled to various mill forms, including hot-rolled 
at 1800° F. in a production gas-?red continuous anneal- rounds about 1% inch in diameter. Tensile data were ob 
ing furnace, and was then aged by heating for 16 hours tained upon the hot-rolled rounds in two conditions of 
at 1300° F. These sheet materials were subjected to ten- heat treatment and over a range of temperatures with the 
sile testing over a range of temperatures with the follow- 25 following results: 
in‘g results: 

30 

Yield 
_ Test strength Tensile Elon- R.A., 

Yield Condition temp, (0.2% strength, gation, percent 
Test stren?th Tensile Elon- ° F. Offset), 13.5.1. percent 

Condition temp., (0.2% strength, gation, p.s.1 
° F 011001;), p.s.1'. percent 35_ 

.S.1 p Hot-rolled, aged 10 hrs. 85 103, 000 109,000 31.0 51.4 
at1325° F, 400 152,000 185,000 20.0 50.2 

0.082 inch hot~r0lled, aged ______ __ 85 153,000 179,000 23.0 800 151,000 178,000 25.0 47.0 
000 140,000 100,500 220 1,000 145,000 177,000 25.0 42.0 
800 139,500 155,000 18.5 1, 200 140,000 105,000 11.0 14.0 

1,000 132,000 148,000 17.5 40 1.300 137.000 145.000 5.0 14.4 
1,200 131,000 151,000 21_() - 1, 400 109,000 111,500 5.0 10.1 
1,300 124,000 130, 500 14.0 1,500 62,000 63.000 23.0 24.5 
1,400 101,000 105,000 15_() Hot-rolled, annealed 1 85 133,000 174, 000 38.0 44.6 
1, 500 50,000 51,000 610 hr. 501,950‘ F., Water 400 123.000 158,500 35.0 51.4 

0070111511 c0ld-ro1led,agedl'______ 85 158,000 125, 000 22.0 quenched and 029d 16 800 119.500 147.000 34.0 50.2 
000 143,000 100, 500 21,0 hrs. at1,325° F. 1,000 115,500 144,000 33.0 54.0 
300 143,000 159,500 145 v ' 1, 200 115,500 148,000 39.0 54.4 

1,000 139,500 150,000 17.5 45 1,300 112,000 133,000 10.0 21.0 
1,200 137,000 153, 500 27.0 1.400 98.000 106,500 12.0 17.5 
1,300 130,000 137, 000 18.5 1.500 72,500 74,000 30.0 45.8 
1,400 98,000 100,000 27.0 
1,500 59,500 02,000 41.0 

0.000 inch cold-rolled, annealed 
and aged _____________________ _- 85 134,500 175,500 27.5 

000 121,500 157,500 24.5 50 
800 120,000 152,500 20.0 

1,000 117,000 148,000 23.0. 
118, 140,500 34.3 

,3 11 , 120,000 27. . . . . 1,400 93, 0 97,000 33_ 5 Additional examples of alloys wlthm the scope of the 
1,500 59,500 60,000 76-5 lnvention and the properties thereof are given in the fol 

55 lowing tables: 

TABLE VIII 

Alloy No. Percent Percent Percent Percent Percent Percent Percent Percent Percent Percent 
Fe N1 r i M0 Ch 1 B ' 

0.02 22.95 53.81 10.01 0.70 0.07 5.09 0.28 0.005 0. 04 
0.03 22.41 53.15 10.00 0.88 0. 79 3.17 8.94 0. 005 0.13 
0. 02 18.20 53.70 10. 00 0. 81 0. 07 0.93 9.01 0. 005 0.13 
0. 02 3.07 70.88 10. 01 0. 93 0. 70' 5.17 8.79 0. 005 0. 02 
0.05 15.10 55.98 20.09 0.55 1.47 2.00 4.10 0. 005 0.34 
0. 04 15.52 53.88 21.28 0.40 1.08 2.11 4.40 0. 005 0. 29 
0.04 15. 31 53.88 21.21 1.83 0.50 2.10 4.44 0. 005 0.29 
0. 02 17. 45 53.42 21.21 0.01 0. 58 3. 09 3.10 0.007 0.20 
0.05 17.87 54.52 20.78 0. 54 0. 05 ....... _- 5.21 0.009 0.31 
0. 05 18.95 54.77 20. 5s 0. 50 0. 05 ....... __ 4.12 0.009 0.31 

1 Includes about 10% of tantalum. 
2 Boron added to melt. 



3,046,108 

TABLE IX 

Yield strength, p.s.i. Tensile 
Allo H.'I‘. strength, El., 12.11,, 
No. p.s.i. percent percent 

0.02% set 0.2% set 

33 ____ __ C 182, 500 205, 500 239, 500 11v 0 30. 6 
SS 153, 000 175,500 214, 000 21.0 37. 8 

34 ____ __ C 190, 500 248, 500 255, 500 5. 0 16.7 
T 174,000 198,000 222, 500 12.0 18. 8 

35 ____ __ O 217, 500 248, 000 260,500 2.0 9. 3 
S 179, 000 205, 500 223, 500 10.0 10.0 

36 ____ __ CC 263,000 270, 000 9. 0 23. 9 
'1‘ 191,000 233, 500 16.0 21. 7 

37 ____ __ D 199,500 214,000 12.0 45. 0 
'P 49,500 122,000 53. 0 64. 5 
T 132, 500 183, 500 29.0 50. 0 
11 185,500 211,500 1'7. 0 34. 0 

38. _ ____ C 225,000 239, 000 10.0 29. 0 
T 150, 000 196, 000 26. 5 38. 0 

39 ____ _. C 203, 000 225, 500 8. 0 26. 0 
P 52, 000 121,000 49. 0 53. 5 
T . , 135,000 191, 000 23. 0 35. 0 

40 ____ _. B 142, 000 152,000 182,500 24.0 51.5 
G_____ 140, 500 163,500 101, 500 20.0 31.0 

41 ____ _. C 160,000 179,000 201.500 16.0 42. 5 
H 100, 000 181, 500 206,000 17.0 35. 0 
P 55, 500 47, 500 117,000 55.0 69.0 
S 144,000 160, 000 107, 500 24. 0 39.0 

42 ____ __ C 161, 500 176. 000 197, 000 17.0 46. 0 
11 148,000 167,000 191, 000 16. 0 45. 5 
P 36,500 47, 500 118, 500 46. 0 65. 5 
S 111, 000 125, 000 170,000 28. 0 48. 0 

TABLE X 

Temper- Stress, Life, EL, RA 
Alloy No. H.T ature, p.s.i. hrs. per- por 

° F, cent cent 

V 1, 300 80,000 37. 6 4.0 10.0 
V 1, 300 80,000 87. 3 11.0 28. 5 
V 1, 300 80,000 62. 8 19. 5 33. 5 
V 1,300 80, 000 35. 6 3.0 4. 5 
C 1,200 100, 000 114.1 4v 0 17.5 
0 1,200 100, 000 115. 4 S. 5 11.5 
0 1, 300 60.000 145. 3 19. 5 43.0 
0 1,350 45, 000 189. 3 7. 0 12. 5 
S 1,200 100.000 73. 5 4. 0 10.0 

38 ________ _. 0 1,200 100,000 130.4 7.0 21.5 
0 1, 200 100, 000 51. 4 10.0 14. 5 
O 1, 300 65, 000 98.1 18. 0 25.0 
0 1, 350 50, 000 71. O 22.5 32.0 
0 1,500 20, 000 55.0 33. 5 62.0 

39 ________ __ 0 1,200 100,000 33. 7 17.0 31.0 
0 1, 200 100,000 48. 7 4.0 6. 5 
0 1,300 ,000 67. 4 14. 0 16.5 
0 1, 350 50, 000 68. 0 17. 0 19.0 
0 1,500 20,000 69.9 33. 5 40. 5 

40 ________ __ B 1, 200 90,000 252. 3 9.0 28.0 

Alloys contemplated in accordance with the invention 
may be produced by melting the required ingredients to 
gether in a furnace satisfactory for melting high-nickel 
alloys. Additions of aluminum, titanium, columbium 
and boron are made late in the melting cycle. Additional 
deoxidation with magnesium or calcium may be employed. 
The alloys produced in accordance with the invention 

are characterized by the fact that they provide high 
strength properties as re?ected in the stress-rupture test 
at elevated temperatures of about 1200° F. to 1400° F. 
in the as-rolled and aged condition. The alloys within 
the invention are characterized by an essentially feature 
less microstructure even after prolonged exposure to the 
deleterious eifects of combined stress and temperature. 
The alloys within the invention are characterized by high 
fatigue strength over a range of temperatures up to about 
1400° F. The microstructure displays clean grain 
boundaries and shows no precipitate other than carbides 
at usual optical magni?cations in the aged condition. 
The alloy can be produced in the usual hot-worked 

mill forms, including sheet, strip, rods, bars, tubing, etc. 
The alloy is useful in a wide variety of applications as a 
structural member in air frames, missiles, rockets and the 
like. It is also useful for compressor and turbine rotors 
in gas turbines. It is also useful as compressor and 
turbine blading in gas turbines and as turbine blading in 
steam turbines. The alloy may also be used in a variety 
of forms such as sheet and tubing in applications such 
as pressure vessels, steam lines, high-temperature piping 
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and the like. The alloy may also be used in high 
temperature bolts such as those used in aircraft gas tur 
bines, stationary gas turbines and steam turbines and it 
is also useful in the form of springs subjected in use to 
elevated temperatures. The corrosion resistance of the 
alloy is good. 

In addition, the alloy provides a very high ratio of 
strength to density (the Shapiro index). The alloy is 
non~magnetic. 

it is to be noted that all alloy compositions given herein 
are expressed in percentage by weight. 

Although the mechanism involved in producing the 
greatly enhanced properties provided by alloys contem 
plated in accordance with the present invention is not 
fully understood, it is believed that the columbium con 
tent of the alloys is basically responsible for the excep 
tional properties developed in the age~hardened alloys. 
These exceptional properties include a unique and hereto 
fore undisclosed combination of high room temperature 
and elevated temperature strength properties along with 
high ductility. 

Although the present invention has been described in 
conjunction with preferred embodiments, it is to be un 
derstood that modi?cations and variations may be re 
sorted to without departing from the spirit and scope of 
the invention, as those skilled in the art will readily 
understand. Such modi?cations and variations are con 
sidered to be within the purview and scope of the inven 
tion and appended claims. 

I claim: .. 

1. An age-hardenable, hot-workable nickel-base alloy 
consisting essentially of about 21% chromium, about 3% 
molybdenum, about 4% of metal from the group con 
sisting of columhium ‘and tantalum wherein the tantalum 
content does not exceed about 50% of the colu-mbium, 
about 0.6% titanium, about 0.6% aluminum, about 
0.03% carbon, about 0.27% silicon, about 0.18% manga 
nese, about 0.009% boron, about 53% nickel, and the 
balance essentially iron, said alloy being characterized 
in the age-hardened condition by ‘a yield strength (0.2% 
oifset) of at least about 100,000 pounds per square inch 
at room temperature and by a 100-hour rupture strength 
of at least ‘about 90,000 psi. at 1200° F. 

2. An age-hardenable, hot-workable nickel alloy c0n~ 
sisting essentially of about 15% to about 231% chromium, 
about 2% to about 4% molybdenum, about 4% to about 
8% of metal from the group consisting of colum'bium 
and tantalum wherein the tantalum content does not ex 
ceed about 50% of the columbium, aluminum and ti 
tanium each in a small amount of at least about 0.2%, 
with the total aluminum plus titanium content not ex 
ceeding about 2%, not more than about 0.1% carbon, 
not more than about 0.5% silicon, about 0.005% to about 
0.015% boron, up to about 30% iron, up to about 1% 
manganese, and the balance essentially metal from the 
group consisting of nickel and cobalt, with the sum of 
the nickel and cobalt contents being about 45% to about 
60% of the alloy, with the nickel content being at least 
about 30% of the alloy, said alloy being characterized 
in the age-hardened condition by a yield strength (0.2% 
offset) of at least about 100,000 pounds per square inch 
‘at room temperature and by a 100-h0ur rupture strength 
of at least about 90,000 p.s.i. at 1200° F. 

3. An age-hardenable, hot-workable nickel alloy con 
sisting essentially of about 15% to about 23% chro 
mium, about 2% to about 4% molybdenum, ‘about 4% 
to about 8% of metal from the group consisting of 
columbium and tantalum wherein the tantalum content 
does not exceed about 50% of the eolumbiurn, aluminum 
and titanium each in a small amount of at least about 
0.2%, with the total aluminum plus titanium content 
not exceeding about 2%, not more than about 0.1% 
carbon, not more than about 0.5% silicon, about 0.001% 
to about 0.02% boron, up to about 30% iron, up to 
about 1% manganese, and the balance essentially nickel, 
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with the nickel content being about 45 % to about 60% 
of the alloy, said alloy being characterized in the age 
hardened condition by a yield strength (0.2% offset) of 
‘at least about 100,000 pounds per square inch at room 
temperature and by a l00-hour rupture strength of at 
least ‘about 90,000 p.s.i. at 1200° F. 

4. An age~hardenable, hot-workable nickel alloy con 
sisting essentially of about 15% to about 23% chromium, 
about 2% to about 4% molybdenum, about 4% to about 
8% of metal from the group consisting of columbium and 
tantalum wherein the tantalum content does not exceed 
‘:about 50% of the columbium, aluminum plus titanium 
each in a small amount of at least about 0.2%, with 
the total aluminum plus titanium content not exceeding 
about 2%, not more than about 0.1% carbon, not more 
than about 0.5% silicon, about 0.005 % to about 0.015% 
boron, up to about 30% iron, up to about 1% manganese, 
and the balance essentially metal ‘from the group consist 
ing of nickel and cobalt, with the sum of the nickel and 
cobalt contents being about 51% to about 56% of the 
alloy and the nickel content being at least ‘about 30% 
of the ‘alloy, said alloy beingcharacterized in the age 
hardened condition by a yield strength (0.2% offset) of 
at least about 100,000 pounds per square inch at room 
temperature'and by high rupture strength at temperatures 
up to about 1400° F. 

5. An age-hardenable, hot~workable nickel-base alloy 
consisting essentially of about 13% to about 23% chro 
mium, about 2% to about 5% molybdenum, about 4% 
to about 8% of metal from the group consisting of 
columbium and tantalum wherein the tantalum content 
does not exceed about 50% of the columbium, aluminum 
and titanium each in a small amount ‘of at least about 
0.2%, with the total aluminum plus titanium content 
not exceeding about 2%, not more than about 0.1% car 
bon, not more than about 0.5% silicon, about ‘0.001% 
to about 0.02% boron, up to about 20% iron, up to 
about 1% manganese, and the balance essentially metal 
from the group consisting of nickel and cobalt, with the 
sum of the nickel and cobalt contents being about 60% 
to about 75% of the alloy, with the nickel content being 
at least about 30% of the alloy, and with the cobalt 
content being up to about 40% of the alloy, said alloy 
being characterized in the age-hardened condition by a 
yield strength (0.2% offset) of at least about 100,000 
pounds per square inch at room temperature and by a 
1‘00-hour rupture strength of at least about 100,000 p.s.i. 
at 1200° F. 

-6. An age-‘hardenable, hot-workable nickel alloy con 
sisting essentially of about 15% chromium, about 3% 
molybdenum, about 7.5% of metal from the group con 
sisting of columbium and tantalum wherein the tantalum 
content does not exceed about 50% of the colum-bium, 
about 0.7% titanium, about 0.7% aluminum, about 0.04% 
carbon, about 0.3% silicon, about 0.005% boron, about 
8% iron, about 0.3% manganese, and the balance essen 
tially nickel, said alloy being characterized in the age 
hardened condition by a yield strength (0.2% offset) of 
at least about 100,000 pounds per square inch at room 
temperature and by a 100-hour rupture strength at 1200° 
F. of at least about 100,000 pounds per square inch. 

7. An age-'hardenable, ‘hot-workable nickel alloy con 
sisting essentially of about 10% to about 25% chromium, 
about 2% to about 7% of metal from the group con 
sisting of molybdenum and tungsten, more than 3% and 
up to about 9% of metal from the group consisting of 
columbium and tantalum with the tantalum content not 
exceeding about 50% of the colum‘bium, aluminum and 
titanium each in a small amount of at least about 0.2%, 
with the total aluminum plus titanium content not ex 
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16 
ceeding about 2.5%, not more than 0.2% carbon, not 
more than 0.5 % silicon, about 0.001% to about 0.02% 
boron, up to about 30% iron, up to about 1% manganese, 
and the balance essentially metal from the group con 
sisting of nickel and cobalt, with the sum of the nickel 
and cobalt contents being about 45% to about 80% of 
the alloy, with the nickel content being at least about 
30% and with the cobalt content being up to about 40% 
of the alloy, said alloy being characterized in that when 
the nickel content is at least 50%, the contents of 
columbium plus tantalum, aluminum plus titanium, chr0 
mium and nickel are related such that 

is at least equal to 8.5; and when the nickel content does 
not exceed 50%, the contents of these elements are re 
lated such that 

is at least equal to 8.5, and being further characterized 
after hot working and aging by a yield strength (0.2% 
o?set) of at least about 100,000 pounds per square inch 
at room temperature and by a 100-hour rupture strength 
of at least about ‘90,000 p.s.i, at 1200“ F. . 

8. An age-hardenable, hot-workable nickel alloy con 
sisting essentially of about 10% to about 25% chromium, 
about 2% to about 7% of metal from the group con 
sisting of molybdenum and tungsten, more than 3% and 
up to about 9% of metal from the group consisting of 
columbi-um and‘ tantalum wherein the tantalum content 
does not exceed 50% of the columbium, aluminum plus 
titanium each in a small amount of at least about 0.2%, 
with the total aluminum plus titanium content not ex 
ceeding about 2.5%, not more than 0.2% carbon, not 
more than 1% silicon, about 0.001% to about 0.02% 
boron, up to about 0.5% zirconium, up to about 1% 
manganese, up to about 30% iron and the balance essen 
tially nickel, said alloy being characterized after hot 
working and aging by a yield strength (0.2% offset) of at 
least about 100,000 pounds per square inch at room tem 
perature and by a 100~hour rupture strength of at least 
about 90,000 p.s.i. at 1200” F. 

9. An age-hardenable, bot-workable nickel alloy con 
sisting essentially of about 10% to about 25% chromium, 
about 2% to about 7% molybdenum, about 4% to about 
9% of metal from the group consisting of columbium 
and tantalum wherein the tantalum content does not ex 
ceed about 50% of the columbium, about 0.75% to about 
2% of metal from the group consisting of aluminum and 
titanium, not more than about 0.1% carbon, not more 
than about 0.5 % silicon, about 0.001% to about 0.102% 
boron, up to about 30% iron, up to about 1% manga 
nese, and the balance essentially nickel, said alloy being 
characterized after hot working and aging by a yield 
strength (‘0.2% offset) of at least about 100,000 pounds 
per square inch at room temperature and by a rupture 
strength of at least about ‘90,000 pounds per square 
inch at 1200° F. 
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UNITED STATES PATENT OFFICE 

CERTIFICATE OF CORRECTION 
Patent No. 3,046,108 July 24, 1962 

Herbert L. Eiselstein 

It is hereby certified that error appears in the above numbered pat 
ent requiring correction and that the said Letters Patent should read as 
corrected below. 

Columns 3 and 4, TABLE I, first column thereof, strike 
out the superscript "2" after "11" and insert the same after 
"12"; same TABLE I, fourth column thereof, in the nickel 
percentage "53 35" for Alloy No. 7, read -— 53.35 —~-; same 
table, fifth column thereof, for the chromium percentage 
"29.47" for Alloy No. 12, read —- 20.47 —-; same TABLE I, 
eighth column thereof, the symbol "W" for tungsten should be 
inserted after "4.15", for Alloy No. 7; same columns 3 and 4, 
in the explanatory note directly below TABLE I, for "1.01%" 
read —- 0.01% —-; column 5, TABLE IV, fifth column thereof, 
figure for heat treatment "S" of Alloy No. 12, for "127,1" 
read —- 127.1 -—; columns 7 and 8, TABLE V, seventh column 
thereof, for the titanium percentage "5.53" for Alloy No. 32, 
read -- 0.53 -—; same TABLE V, eleventh column thereof, the 
silicon percentages for Alloys No. 31 and 32, for "0.22" and 
"0.21", respectively, should be reversed to read —— 0.21 — 
and -— 0.22 ——, respectively; column 7, TABLE VI, fourth 
column thereof, the "0.2% set" Yield strength figure for 
"Alloy No. 31" in condition "T", for "12,500" read —- 121,500 

Signed and sealed this 20th day of November 1962. 

(SEAL) 
Attest: 

ERNEST W. SWIDER DAVID L. LADD 
Attesting Officer Commissioner of Patents 


