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This invention relates to a nickel-chromium-molyb 
denum base alloy. 

Claim is made for the benefit of the filing date of 
patent application No. 18040/54 filed in Great Britain 
the 18th day of June 1954. 
As the power of the gas-turbine engine is raised by 

using higher gas temperatures, existing alloys for both 
the rotating turbine blades and the nozzle guide vanes 

0 

15 

. . . . . 2 . . . . . . 

such index of about 70, and an hours to fracture under 
the stated conditions of about 350, each substantially 
higher than the corresponding property of any known 
alloy. Consequently, we believe we have discovered an 
alloy which can be used equally well in either blades or 
vanes, and which is better in either service than the alloys previously used for that purpose. . . . . . . 
According to the present invention in its broadest 

sense, the alloy consists by weight of about 18 to 25% 
chromium, about 8.5 to 12% molybdenum, about 0.20 
to 0.85% carbon, about 5 to 15% cobalt, and the balance essentially nickel, except for impurities. 
The effect of variations in the amounts of the fore 

going ingredients, according to our present information, 
is as follows: . . . . . . . 
Chromium-The corrosion and creep resistance of 

the alloy is best when the chromium is between about 
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20% and 23%. As the amount of chromium is reduced 
below 20%, there is a progressive falling off in corrosion 
and creep resistance. When the amount of chromium 
has been reduced to about 18%, the alloy is no longer 

or static blades not only have a shorter creep life but, 
owing to the steeper time-temperature rise, are liable to 
fail by cracking after a limited number of thermal cycles 
before their static creep life is expended at the higher 
temperature. The latter failure is because the tempera 
ture gradients on both blades and vanes on heating and 
cooling cause very severe stress conditions in these high 
powered engines. 
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Sufficiently resistant to be acceptable for the purposes 
mentioned. Increasing the amount of chromium above 
23% appears to be without detriment to the qualities of 
the alloy. Since however chromium appears to serve 
no useful function in amounts larger than about 23 to 
25%, we do not recommend its use in larger amounts. 
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The latter form of stressing, more commonly referred 
to as “Thermal Shock,” has become a very serious prob 
lem. The edges of the blade or vane in a modern gas 
turbine engine in starting up can be raised in a matter 
of seconds from cold to temperatures in the order of 
900° C. on the blade and 1200° C. on the vane while 
the central portion remains relatively cool and, on shut 
down of the engine, the edges are cooled again almost 
as quickly while the central portion remainshot. 
An alloy which has very good creep strength usually 

has poor thermal shock resistance and one which has 
satisfactory thermal shock resistance usually has poor 
creep strength. No alloy is known to us which is easy to 
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cast, and in both the as cast and the forged conditions 
possesses a thermal shock index at 950° C. of 60 or 
more combined with high creep strength at temperatures 
in the range of 825 to 1225 C. 

It is at present the practice in Great Britain to use 
nickel-chromium base alloys both for blades and vanes, 
and to incorporate in such alloys various. hardeners, 
usually including substantial amounts of aluminum and 
titanium as hardeners, along with molybdenum. When 
using alloys of this type, it has heretofore been neces 
sary to utilise one species for the manufacture of blades 
where, because of operation under heavy centrifugal 
stress at slightly lower temperatures, the most important 
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property to be emphasized is creep strength. On the 
other hand, this particular species of alloy cannot be 
satisfactorily used in the vanes where, because of the 
higher temperatures of operation, a different species of 
the above alloy has been developed to provide adequate 
resistance to thermal shock. Thus, two different alloys 
had heretofore been required for blades and vanes..." 

In the United States it is common practice to cast both 
blades and vanes in cobalt base materials such as those 
known under the name "Stellite,' the compositions of 
which are summarized below. . . . . 
An alloy according to the present invention possesses 

a thermal shock index at 950 C. of at least about 60 
and an hours to fracture characteristic (creep strength) 
under stress of 4480 lbs. per square inch at 1050 C. of 
at least about 30 hours, In its preferred form it has 
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Molybdenum-Our alloy appears to be at its best 
When the molybdenum is about 9.5 to 11%. As the 
amount of molybdenum is reduced below about 9.5%, 
the screep strength falls off progressively. ... If the molyb. 
denum is less than about 8.5%, the alloy is unacceptable 
for use in turbine blades because its creep strength, is 
less than that of other alloys. We do not find that any 
significant advantage (or detriment) is produced in the 
properties of our alloy by increasing the molybdenum 
above 11 to 12%, and therefore do not recommendits 
use in larger amounts. . - . . . . . . 
Carbon- The highest creep strength is attained when 

the carbon is in the approximate range 0.30 to 0.50%, 
combined with optimum amounts of cobalt as pointed 
out below. A reduction of carbon below about 0.30% 
produces detectable reduction in the thermal shock and 
Creep properties of the alloy, and when carbon is below 
about 0.20% these properties are so far reduced that 
the alloy is no longer useful for its intended purpose. 
Likewise, an increase of carbon from about 0.50 to 
0.85%, with the same amount of cobalt, produces a 
progressive deterioration of the thermal shock and creep 
properties, and when the carbon exceeds about 0.85% 
these properties have fallen off so far that the alloy is 
no longer useful for its intended purpose. 
Cobalt-The best results are obtained using cobalt 

Within the range of about 9 to 11%, with carbon held 
constant in the optimum-portion of its range. As the 
amount of cobalt is progressively reduced from about 9 
to 5%, there is a slight but progressive reduction in the 
Creep strength of the alloy, and when the amount of co 
balt is reduced below about 5% the creep properties are 
Such that the alloy is no longer useful for its intended 
purpose. Increase of cobalt from about 11 to 15% does 
not appear to cause any significant improvement (or de 
triment) in the properties of the alloy. Since cobalt is 
costly and scarce, it is not believed that it would serve any 
useful function in the present alloy in amounts above 
15%. Above about 15% there is a significant falling off 
of the thermal shock properties. . . . . . . . . . . . . . . . 

Impurities-While aluminum and titanium have regul 
larly been included as hardeners in the several kinds of 
alloys heretofore used for the blades and vanes of gas 
turbine engines, we find that in the alloy of the present 
invention they seriously reduce creep strength...and, if 
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present as impurities, are to be kept at a minimum. In 
making up alloys according to this invention, aluminium 
should not exceed about 0.2%, titanium should not exceed 
about 0.3%, iron should not exceed about 0.75%, and 
residual traces of cleansers and deoxidisers such as sili 
con and manganese should not exceed about 1%. Fur 
thermore, as will be understood by experts in this art, 
all of the impurities stated should not simultaneously be 
presentat: their stated maximum amounts. The total 
of all of the foregoing impurities, together with such 
other impurities as may b 
about 2%. . . . ... :::: 
. The following table contains data with respect to the ... - - - 
creepstrength of various alloys within and without our 
invention. Each of the five alloys set forth in Table I 
below contained about 21% - chromium, 10%. molyb 
denum, the amounts of carbon and cobalt respectively 

isent, should not exceed 
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stated for each, and the balance essentially all nickel plus 
impurities as above described: 

TABLE I 
Effect on creep strength of variations in 

carbon and cobalt 

The expression "t. s. i" means long tons (of 2240 lbs, each) 
per square inch. ' ' ' ... " 

Of the foregoing examples alloys Nos. 3, 4, 5 and 6 
are within the scope of our invention having an hours to 
fracture characteristic under the stated conditions of at 
least about 30 hours. On the other hand, alloys Nos. 
1 and 2 are not within the scope of our invention. In 
each of these the carbon is too low, and in the case of 
alloy No. 1 the cobalt is also too low. Alloys Nos. 3, 
4 and 5-are within the preferred range of our alloy in 
that the hours to fracture characteristic is at least about 
50 hours or more. The best form of our alloy known to 
us is approximately that indicated by alloy No. 4, which 
has an hour to fracture characteristic under the stated 
condition above 350 hours. 
The deleterious effects of the addition of excessive 

amounts of the impurities aluminium and titanium are 
indicated in Table II below. The alloys referred to in 
this table consist of about 21% chromium, 10% molyb 
denum, the amounts of carbon, cobalt, aluminium and . 
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No. 5 in this table is the same as the alloy of the same 
titanium respectively set forth in the table, and the 
balance essentially nickel plus residual impurities. Alloy 

number in Table I. 
TABLE II 

Effect on creep strength of addition of 
: "... aluminium and titanium . . . ." 

Alumin . . . . Tita- Hours to 

Alloy No. Carbon, Cobalt, iun, nium, . Fracture, 
Percent Percent. Percent. Percent 2t.s. if 

. it. - - - - - - 1,050° C. 

... 0. : ... O 133.3 
- 0.93 2.04 22 

The superior thermal shock resistance of our alloy, 
in comparison with that of other known alloys hereto 
fore used in the nozzle vanes of internal combustion tur 
bine engines, was shown by the following thermal shock 
test, by which the thermal shock index for the alloy was 
Ketermined. . . . . . . -- ris : ... . . . . . . . . 
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4. 
According to this test a piece of the alloy is cast in such 

manner as to have an acute-angle edge, the contained 
angle between the two flat sides of the piece being about 
25°. The edge itself is rounded so that the distance be 
tween the points at each side where the rounded edge 
merges into the flat side of the piece is approximately 
.062 inches. In each cycle of the test, such a piece is 
raised in temperature from room temperature to the in 
dicated maximum temperature of the particular test (i. e. 
850, 950° C., etc.) at an average rate of about 30° to 
50° C. per second, held at the indicated maximum tem 
perature for five seconds, and then cooled at approxi 
mately the same rate by a spray of water or compressed 
air, or both, to room temperature. The spray is main 
tained for a period of about forty seconds, and the 
cycle is then repeated. In these tests the "thermal shock 
index” for the designated temperature is the number of 
complete cycles reaching that temperature which the 
piece will withstand before appearance of a crack visible 
to the naked eye extending completely across the rounded 
edge from one side or point of tangency to the other. 
As shown in Table III below, these tests were carried 

out at various maximum temperatures. The alloys used 
25 

30 

. . . . . . . . . Hours to 
. . . . Alloy, No. Erik Set Settle, ... . . . . . . . . . . . . . . . . . . . . . percent percen .S. i. 

1,050° C. 

0.14 4.8 15.5 
0.4 8.6. 28.0 
0.29 - 5.0 78.0 

' 0.33 10, 0. 357.5 
0.589.72. ... 33.3 

, 0.75 9,55 40.0 
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in these tests for comparison with the alloy according 
to the present invention are alloys which have heretofore 
been used in the guide vanes and turbine blades of in 
ternal combustion turbine engines. - 

- TABLE III 
Thermal shock index at various maximum temperatures 

Number of cycles to crack) 

850° C. 950° C. 1,050° C. 1,150° C. 

0 10 5 4. 
25 37 20 ---------- 
90 58 20 ---------- 

1.125 70. 25 0. 
85 60 7 8 
5 6. 12 5 

liest suspended, no sign of cracking or other failure. 
The alloys used in the above tests were as follows: 
Alloy No. 8 was the alloy known in Great Britain as 

"H. R. Crown Max' which, until about November 1953, 
was in regular use in the guide vanes of Rolls-Royce 
"Dart" engines. This alloy, which does not contain 
molybdenum or cobalt, consists approximately of 0.15 to 
0.30% carbon, 0.75 to 2% silicon, a maximum of 1% 
manganese, 10 to 15% nickel, 20 to 25% chromium, 2.5 
to 3.5% tungsten, and the remainder (over 50%) iron. 
The alloy referred to above as alloy No. 9 is the alloy 

sold in Great Britain under the name "Nimonic 90” which 
has been widely used in the turbine blades of internal 
combustion, turbine engines. It does not contain any 
molybdenum. Its composition is approximately not more 
than 0.10% carbon, not more than 1.5% silicon, not 
more: than 1% - manganese, not more than 5% iron, 0.8 
to 2% aluminium, 1.8 to 3%, titanium, 18 to 21% 
chromium, 15 to 21% cobalt, and the balance (about 
50%) nickel. ". . . 
The alloy referred to above as alloy, No. 10 is the 

alloy known commercially in Great Britain as "C.130” 
which since November 1953 has been in regular use in 
the nozzle guide vanes of Rolls-Royce "Dart' engines. 
This alloy does not contain any appreciable amount of 
cobalt nor more than trace amounts of carbon and relies 
upon the presence of substantial amounts of aluminium 
and titanium. Such alloy consists of about 21 to 23% 
chromium, 9.5 to 0.5% molybdenum, 0.7 to 1% alumini 
um, 2.4 to 2.9% titanium, not more than 0.06% car 
bon, not more than 0.75% iron, not more than 0.60% 
silicon, not more than 0.60% manganese, no cobalt, and 
the balance (nearly 60%) nickel plus traces of impurities. 

Alloy No. 11, which was made according to the pres 
ent invention, consists - of about 21% chromium, 9.6% 

  

  

  



5 
molybdenum, 0.35% carbon, 10% cobalt, and the balance 
essentially nickel plus impurities as above described. 
The alloy referred to above as alloy No. 12 is the alloy 

known commercially as "Stellite 21” and commonly used 
in the United States as a casting material for vanes and 
blades. This alloy is of cobalt base and its composition 
is approximately 0.2 to 0.3% carbon, 1% max. manga 
nese, 1% max. silicon, 0.007% max. boron, 3% max. 
iron, 25 to 29% chromium, 1.75 to 3.75% nickel, 5 to 
6% molybdenum, and the remainder cobalt. 
The alloy No. 13 referred to above is that known as 

"Stellite No. 31' and is also commonly used in the United 
States for casting vanes and blades. It is of cobalt base 
and its composition is approximately 0.45 to 0.55% 
carbon, 1% max. manganese, 1% max. silicon, 0.04% 
max. phosphorus, 0.04% max. sulphur, 2% max. iron, 
24.5 to 26.5% chromium, 9.5 to 11.5% nickel, 7 to 8% 
tungsten, and the remainder cobalt, 
Our alloy may be prepared by any of the electric 

furnace melting processes which are well-known to those 
skilled in the art. 
The alloy may be used as cast or in the forged condition 

by which we mean mechanically reduced in cross-section 
area. Stationary blades and vanes are preferably cast 
and turbine rotating blades preferably forged. 
When forged a suitable heat treatment is solution treat 

ment at 1200 to 1280 C. for a period of 1 to 4 hours, 
followed by air cooling and thereafter followed by an 
ageing heat treatment of 1 to 8 hours at 750 to 1000 C.; 
the part is again air cooled. Normally where the alloy 
is used in the cast condition it is not heat treated. 

Percentages of composition throughout this specification 
are percentages by weight of the whole alloy. 
What is claimed is: 
1. An alloy having a thermal shock index at 950° C. 

of at least about 60, and an hours to fracture character 
istic under stress of 4480 lbs. per sq. inch at 1050° C. 
of at least about 30 hours, said alloy consisting essentially 
by weight of about 18 to 25% chromium, about 8.5 to 
12% molybdenum, the impurities iron, aluminium and 
titanium not exceeding respectively about 0.75% of iron, 
about 0.2% of aluminium and about 0.3% of titanium, 
all impurities including residual traces of cleansers and 
de-oxidizes not exceeding about 2%, and the balance 
nickel, said alloy being characterized in that it contains 
about 0.20 to 0.85% carbon and about 5 to 15% cobalt. 

2. An alloy having a thermal shock index at 950° C. 
of at least about 60, and an hours to fracture character 
istic under stress of 4480 lbs. per sq. inch at 1050 C. of 
at least about 30 hours, said alloy consisting essentially 
by weight of about 18 to 25% chromium, about 8.5 to 
12% molybdenum, about 0.20 to 0.85% carbon, about 
5 to 15% cobalt, and the balance nickel plus impurities. 

3. An alloy having a thermal shock index at .950° C. 
of at least about 60, and an hours to fracture character 
istic under stress of 4480 lbs. per sq. inch at 1050° C. 
of at least about 50 hours, said alloy consisting essentially 
by weight of about 18 to 25% chromium, about 8.5 to 
12% molybdenum, the impurities iron, aluminium and 
titanium not exceeding respectively about 0.75% iron, 
about 0.2% aluminium and about 0.3% titanium, all im 
purities including residual traces of cleansers and de 
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oxidizers not exceeding about 2%, and the balance nickel, 
said alloy being characterized in that it contains about 
0.20 to 0.60% carbon and about 5 to 11% cobalt, 

4. An alloy having a thermal shock index at 950 C. 
of at least about 60, and an hours to fracture character 
istic under stress of 4480 lbs. per. sq. inch at 1050° C. 
of at least about 50 hours, said alloy consisting essential 
ly by weight of about 20 to 23% chromium, about 9.5 
to 11% molybdenum, about 0.30 to 0.60% carbon, about 
9 to 11% cobalt, and the balance nickel plus impurities. 

5. An alloy having a thermal shock index at 950 C. 
of at least about 60, and an hours to fracture character 
istic under stress of 4480 lbs. per sq. inch at 1050° C. of 
about 78 hours, said alloy consisting by weight of about 
21% chromium, about 10% molybdenum, the impurities 
iron, aluminium and titanium not exceeding respectively 
about 0.75% of iron, about 0.2% of aluminium, and 
about 0.3% of titanium, all impurities including residual 
traces of cleansers and de-oxidizers not exceeding about 
2%, and the balance essentially nickel, said alloy being 
characterized in that it contains about 0.20% carbon and 
about 5% cobalt. 

6. An alloy having a thermal shock index at 950 C. 
of at least about 60, and an hours to fracture character 
istic under stress of 4480 lbs. per sq. inch at 1050 C. of 
about 133.3 hours, said alloy consisting by weight of 
about 21% chromium, about 10% molybdenum, the im 
purities iron, aluminium and titanium not exceeding re 
spectively about 0.75% of iron, about 0.2% of aluminium, 
and about 0.3% of titanium, all impurities including 
residual traces of cleansers and de-oxidizers not exceeding 
about 2%, and the balance essentially nickel, said alloy 
being characterized in that it contains about 0.58% car 
bon and about 9.72% cobalt. 

7. An alloy having a thermal shock index at 950 C. 
of at least about 60, and an hours to fracture character 
istic under stress of 4480 lbs. per sq. inch at 1050 C. of 
about 40 hours, said alloy consisting by weight of about 
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21% chromium, about 10% molybdenum, the impurities 
iron, aluminium and titanium not exceeding respectively 
about 0.75% of iron, about 0.2% of aluminium, and 
about 0.3% of titanium, all impurities including residual 
traces of cleansers and de-oxidizers not exceeding about 
2%, and the balance essentially nickel, said alloy being 
characterized in that it contains about 0.75% carbon and 
about 9.55% cobalt. 

8. An alloy having a thermal shock index at 950° C. 
at least about 60, and an hours to fracture characteristic 
under stress of 4480 lbs. per sq. inch at 1050 C. of at 
least about 30 hours, said alloy consisting essentially by 
weight of about 21% chromium, about 9.6% molyb 
denum, the impurities iron, aluminium and titanium re 
spectively about 0.75% of iron, about 0.2% of aluminium, 
and about 0.3% of titanium, all impurities including 
residual traces of cleansers and de-oxidizers not exceeding 
about 2%, and the balance nickel, said alloy being char 
acterized in that it contains about 0.35% carbon and 
about 10% cobalt. 
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