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[57] ' ABSTRACT 

A four-stage heat-treatment to improve the stress 
rupture life and stress-rupture ductility at elevated 
temperatures of nickel-chromium alloys in which a 
two-stage heat-treatment is used intermediate of an 
initial solution treatment and a ?nal aging treatment. 

8 Claims, N0 Drawings 
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HEAT TREATMENT OF 
NICKEL-CHROMIUM-COBALT BASE ALLOYS 

The instant invention relates to the heat-treatment of 
nickel-chromium-cobalt base high-temperature alloys. 

In my United States application No. 241,443, now 
abandoned, there is described and claimed castable 
nickel-chromium-cobalt alloys containing about 0.02 
to 0.25 percent carbon, about 20 to 25 percent chro 
mium, about 5 to 25 percent cobalt, one or both of mo 
lybdenum up to 3.5 percent and tungsten up to 5 per 
cent in such amounts that the value 0.5 percent Mo) 
plus %W is from 0.5 to 5 percent, about 1.5 to 5 per 
cent titanium and l to 5 percent aluminium, with the 
provisos that the sum of the aluminium and titanium (i) 
be from 4 to 7 percent and (ii) in tungsten-free alloys 
not exceed 6 percent, and further that the (iii) ratio of 
titanium to aluminium be from 0.75:1 to 4:1, about 0.5 
to 3 percent tantalum, up to 3 percent niobium, about 
0.005 to 1 percent zirconium and up to 2 percent haf 
nium, with the proviso that the value of percent Zr + 
0.5 (percent Hf) be from 0.01 to 1 percent, about 
0.001 to 0.05 percent boron, and up to 0.2 percent in 
total of yttrium or lanthanum or both, the balance, 
apart from impurities, being nickel in an amount of at 
least 30 percent. 

In order to develop a high level of stress-rupture 
strength at elevated temperatures such as 927°C 
(1700°F) or 980°C (1,800°F), the alloys were to be 
subjected, upon casting, to a heat-treatment comprised 
of solution-heating and subsequent aging. Various 
heat-treatments of this general kind were given in my 
said US. Application, namely: 

a. Solution~heating at 1,050°—1250°C for 1-10 hours; 
aging at 600°—950°C for l-24 hours. 

b. Solution-heating at 1,050°—1,250°C for 1-20 
hours; intermediate heating at 800°—1,150°C for 
l-16 hours; aging at 600°—950°C for 1-24 hours. 

c. Solution-heating at 1,200°C for 16 hours; air-cool; 
heat at 1,100°—1,150°C for 2-4 hours; air-cool; age 
at 800°C for 16 hours; air-cool. 

However, for many purposes, eg for gas turbine noz— 
zle guide vanes, rotor blades and integrally bladed ro 
tors, for small gas turbines such as for automotive pro 
pulsion, auxiliary engines on aircraft or ships and for 
diesel engine turbo-blowers, it is extremely important 
that articles and parts cast from high-temperature al 
loys should not only have high stress-rupture strength 
at the aforementioned high temperatures of 927°C or 
980°C, but also have a combination of high stress 
rupture strength and stress-rupture ductility (as mea 
sured by the elongation at fracture) at intermediate 
temperatures, e.g. 816°C (1500°F). 
Given the emphasis on stress-rupture strength, ob— 

taining an improved level of ductility has not been with 
out difficulty. For it will be appreciated that the ductil 
ity of alloys of a given base composition at a given tem 
perature generally decreases as the stress-rupture 
strength is increased by minor modi?cations in compo 
sition. And the results in Table ll of my prior Applica 
tion re?ect that the stronger alloys, i.e., those for which 

1/2 (percent Ta) + percent Nb + percent Ti + percent 
Al is between 6.7 and 7.7, generally have elongations 
at rupture, when tested under a stress of 276 l\l/mm2 
(28 kgf/mm2) at 816°C, of less than about 4 percent. 
The specimens had been heat-treated by solution 
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2 
heating at 1,150°C for 4 hours, air-cooled, aged at 
850°C and again air-cooled. Little improvement in due 
tility resulted from the interposition of an intermediate 
heating in between the solution-heating and aging, as in 
heat-treatment (b) above. 

The present invention is based on the discovery that 
the stress-rupture ductility and the stress-rupture life at 
816°C for the alloys aforedescribed can be substantially 
improved provided there is interposed between the so 
lution-heating and aging steps a two-stage intermediate 
treatment at temperatures within critical ranges. 

According to the invention the alloys are given the 
following heat-treatment: 

i. solution-heating at 1 120°—1 180°C for from 2 to 16 
hours (preferably at about 1150°C for about 4 
hours) 

ii. heating at-970°—l030°C for from 2 to 10 hours 
(preferably at about 1,000°C for about 6 hours) 

iii. heating at 870°—930°C for from 8 to 48 hours 
(preferably at about 900°C for about 24 hours) 

iv. aging at 600°~800°C for from 8 to 48 hours (pref 
erably at about 700°C for about 16 hours) 

The alloys may be cooled at any convenient rate after 
each heat-treatment stage, e.g. by air-cooling ( gener 
ally to room-temperature). 

The improvement brought about by this four-stage 
heat-treatment is most surprising, particularly since 1 
have determined that two prior art four-stage heat 
treatments (there could be others) for nickel 
chromium-cobalt base alloys seriously impair either the 
stress-rupture life or ductility at 816°C. 

It is well known that if the more advanced nickel 
chromium base alloys which possess the highest creep~ 
rupture strengths attainable at a particular chromium 
content contain a small excess of hardening elements, 
sigma phase can be formed during very long time ser 
vice under stress at temperatures in the range of about 
800° to 870°C. This is also true for alloys of the present 
invention, and for such very prolonged service in this 
temperature range in order to eliminate the possibility 
of sigma phase formation (or render the amount that 
could be formed so small that its effect on the proper 
ties of the alloys would be negligible) (i) the value of 
1/2 (percent Ta) + percent Nb + percent Ti + percent 
Al should not exceed 7.7 percent, (ii) the chromium 
content should not exceed about 23.5 percent and (iii) 
the W + 1/2 (percent Mo) should not be greater than 
about 2.5 percent. 

The advantages of the heat-treatment of the inven 
tion are clearly shown by the results of tests on an alloy 
of the same nominal composition as Alloy No. 24 of my 
prior Application, namely: 
23 percent Cr, 15 percent Co, 2 percent W, 1 percent 
Nb, 1.4 percent Ta, 3.5 percent Ti, 1.9 percent A1, 
0. 15 percent C, 0.1 percent Zr, 0.01 percent B, bal 
ance (apart from impurities) Ni. 

Test-pieces machined from tapered test-bar blanks cast 
from a vacuum-melted heat of this alloy were given var 
ious heat -treatments and then subjected to stress 
rupture tests at 816°C under a stress of 276 N/mm2 and 
to tensile tests at 20°C. The heat-treatments and tests 
results are set forth in Table l. 



3,898,109 
3 4 
TABLE I 

Strcss»rupturc Tensile 20°C 
Heat Treatment 27(1/81(i°C U.T.S. 

Life. hr. Elongf/r N/mm2 Elong.% 

A 411/1 150°C + 6h/l()()0°C 
+24h/900°C + lob/700°C 1572 8.8 941 3.7 

B 411/1 150°C + 2411/900°c 1290 5.2 897 1.0 
+16h/7()0°C 1327 5.8 903 0.8 

C 4h/l 150°C + 6h/1000°C 
+l6h/70()°C 1358 4.4 942 2.2 

D 4h/1 150°C + 16h/850°C 1336 3.4 1010 4.3 
1399 4.0 1020 2.9 

E 411/1 163°C + 411/ 1080°C 
+24h/927°C + l6h/760°C 430 8.5 922 1.1 

F 411/1 177°C + 4l1/l080°C 
+24h/843°C + loll/760°C 907 2.6 1030 1.2 

U.T,S. = Ultimate Tensile Stress 

In each case the specimens were air-cooled to room- nominal composition: 22.7 percent Cr, 19 percent Co, 
temperature between successive stages of the heat- v2 percent W, 1 percent Nb, 1.4 percent Ta, 3.7 percent 
treatment. Ti, 1.9 percent Al, 0.15 percent C, 0.1 percent Zr, 0.01 
Of the six heat-treatments in Table I, only Treatment 20 percent B, Ni balance (apart from impurities). This 

A is in accordance with the invention. In each of Treat- alloy is stronger in stress-rupture than the alloy used in 
ments B and C One Of the tWO intermediate heating the tests reported in Table l, and accordingly the stress 
steps was Omitted, these being examples of the thl'ee- rupture tests at 816°C were carried out under the 
Stage heat-treatment (b) of my Prlor U-S- Appllcatlon- higher stress of 310 N/mmz. The results of stress 
Tfeatmem D represents a Prlor Preferred twostage 25 rupture tests at 927°C under a stress of 120 N/mm2 are 
treatment. E and F are two prior art four‘stage treat- also given‘ 
ments described in U.K. speci?cation No. 1,248,492. 

TABLE I1 

Stress-rupture Tensile 20°C 
Heat Treatment ‘70 U.T.S. % 

N/mm2 clC Life h. Elong. N/mm2 Elong. 

A 411/1 150°C + 6h/l000°C 310 816 1101 9.4 950 3.0 
+24h/900°C + “Sh/700°C 120 927 800 8.0 965 3.8 

1 D 4h/1150°C+ lob/850°C 310 816 915 2.8 846 0.5 
120 927 817 8.1 875 0.7 

It will be seen that Treatment A gives the best combi- These data re?ect that the stress-rupture life and 
nation of rupture life and ductility and tensile ductility, 40 ductility at 816°C and the tensile ductility at room 
the stress'rupture ductility being more than twic? that temperature are again substantially increased by Treat 
given -by the two-Stage Treatment D with the Stfe$5— ment A compared with Treatment D, while the stress 
rupture life being some 20 percent greater. Treatments rupture properties at 927°C are substantially un 
B and C both afford some improvement in stress- changed 
rupture ductility, but Offer no signi?flam _Change _m 45 It is thought that the heat-treatment according to the 
stress-rupture life, and both treatments impaired tensile 'lnventlon may also advantageously be applled to the 
dummy Pompared “nth Treatment D- alloys in the wrought form. Moreover, it is considered 
‘The prior art four~stage Treatments and F bgth Se- that the special sequence of heating steps herein de 

riously detracted from stress-rupture life at 816 C and ‘scribed is applicable to other nlckel_chromlum high I 

inane dl‘ll‘fltlhty compared wlmzirljreatmgnt A (211805))‘ 50 temperature superalloys, particularly those hardenable 
d It 39g Jean-“en? r?s‘tl Le lfzhgoo stress'm? ure by at least from 3 percent to 12 percent of titanium plus 
uctl ‘tyift is was assoc? 6 W1 very poor 8 ress' aluminium, and/or matrix hardenable by one or more 

rurture l e" f h l n m l t d herein of niobium, tantalum, molybdenum and tungsten, with 
n terms 0 morp o ogy’ a Oys co emp a 6 elements such as cobalt, zirconium, boron, carbon and 

upon being subjected to the four-stage sequence of 55 
heating have a structure characterized by the presence 
in the grain boundaries of small, discrete M23C6-type 
carbide particles without signi?cant extra precipitation 
or denudation of gamma prime precipitates in adjacent 
areas. 60 

particularly good reSults are obtained with alloys consisting essentially of about 0.02 to about 0.25 car 
having compositions within the following ranges: 22.2 '30", about 20 to about 25 Percent Chromium, about 5 
to 22_8 percent Cr, 185 to 19,5 percent Co, ]_8 to 22 percent to about 25 percent cobalt, at least one metal 
percent W, 0.9 to 1.1 percent Nb, 1.3 to 1.5 percent from the group of molybdenum up to 3.5 percent and 
Ta, 3.6 to 3.8 percent Ti, 1.8 to 2.0 percent Al, 0.13 to 65 tungsten up to 5 percent in amounts such that 0.5 per 
0.17 percent C, 0.04 to 0.12 percent Zr, 0.004 to 0.012 ccnt Mo plus percent W is from 0.5 to 5 percent, about 
percent B, balance Ni. In Table ll are set forth the rc- 1.5 to about 5 percent titanium, about 1 to about 5 per 
Sults of tests on an alloy within this range having the cent aluminium, the sum of the Ti and A] being from 

hafnium being optionally present. 
1 claim: 
1. A heat treating process for improving properties of 

nickel-chromium alloys at elevated temperatures on 
the order of '8 1 5°C which comprises subjecting an alloy 
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about 4 to about 7 percent and not more than about 6 
percent in tungsten free alloys, and the ratio of titanium 
to aluminium being about 0.75:l::4:l, about 0.5 to 3 
percent tantalum, up to 3 percent niobium, about 
0.005 to 1 percent zirconium, up to 2 percent hafnium, 
the sum of the Zr + 0.5 % Hf being from 0.0l to l per 
cent about 0.001 to 0.05% boron, the balance being es 
sentially nickel, the nickel being at least about 30 per 
cent, to the following sequence of heat treating opera 
tions: 

a. heating at about 1,1 20° to about 1, l 80°C for about 
2 to about 16 hours; 

b. heating at about 970° to about 1.030°C for about 
2 to about 10 hours; 

c. heating at about 870° to 930°for about 8 to about 
48 hours; and 

d. heating at about 600 to about 800°C for about 8 
to about 48 hours. 

2. The process in claim 1 in which heating (a) is for 
about 4 hours at about ll50°C. 

3. The process in claim 1 in which heating (b) is for 
about 6 hours at about 1000°C. 

4. The process in claim 1 in which heating (c) is for 
about 24 hours at about 900°C. 
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5. The process in claim 1 in which heating (d) is for 

about l6 hours at about 700°C. 
6. The process in claim 1 in which the alloy treated 

contains about 0.13 to about 0.17 percent carbon, 
about 22.2 to about 22.8 percent chromium, about 
18.5 to about 19.5 percent cobalt, about 1.8 to about 
2.2 percent tungsten, about 1.3 to about 1.5 percent 
tantalum, about 0.9 to about 1.1 percent niobium, 
about 3.6 to about 3.8 percent titanium, about 1.8 to 
2 percent aluminium, about 0.04 to 0.12 percent zirco 
nium, about 0.004 to 0.012 percent boron, and the bal 
ance essentially nickel. 

7. The process in claim 1 in which 
a. 1/2 percent Ta + percent Nb + percent Ti + percent 
Al is not greater than 7.7 percent; 

b. the chromium content does not exceed about 23.5 
percent; and 

c. 1/2 percent Mo + percent W is not greater than 
about 2.5 percent. 

8. The alloy produced by the process of claim I hav 
ing a structure characterized by the presence in the 
grain boundaries of small, discrete M23C6-type carbide 
particles without signi?cant extra precipitation of 
gamma prime precipitate in adjacent areas. 

* * * >l= * 


