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This invention relates to a cobalt-base alloy for high
temperature service and, more particularly, to a cobalt-
base alloy suitable for high temperature service in either
cast or wrought form.

Research directed to mcreasmg ‘the power and effi-
ciency of jet propulswn and gas turbine engines has pro-
vided designs for engines that will operate at higher tem-
peratures than currently known metals and alloys can
withstand. Metals and alloys capable of withstanding
these high temperature stresses are avidly sought there-
fore. Of especial interest are alloys having high creep
resistance strength which are thereby suitable for ex-
tended service. Furthermore, alloys are sought which,
in addition to possessing outstanding high temperature
strength, must also be capable of being fabricated into
useful parts by known methods.

In some cases the alloys may be employed in the form
of castings, while for other operatlons these alloys must
be capable of being hot-worked into sheet and strip, or
subjected to cold-working or machining. Furthermore,
materials fabricated from these alloys must have good
oxidation, impact and thermal shock resistance.

While several alloys have been proposed for high
temperature service under the conditions set forth above,
none have possessed the required combination of high
strength, high heat resistance and high workability.

The primary object of this invention, therefore, is
to provide an alloy which has higher tensile, stress-
rupture, and creep-rupture strength than alloys hereto-
fore known, as well as increased ductility and impact
resistance, to enable its use in a wide variety of applica-
tions at temperatures higher than the limiting tempera-
tures of currently known alloys of this type and up to
a temperature of about 1800° F.

Another object of this invention is to provide an alloy
with high oxidation resistance and fatigue strength at
elevated temperatures.

A further object of the invention is to provide an alloy
suitable for use at elevated temperatures which may be
fabricated by casting or forging, and which can be cold-
worked to increase its hardness.

Other aims and advantages of the invention will be
apparent from the following description and appended
claims.

In accordance with the present invention, a cobalt-
base alloy is provided having compositions defined by
the ranges given in Table A.

TABLE A

Constituents: Percentage by weight
ChromiumM e o e cecc e s 15 to 25.
Tungsten. - 10 to 15.
Molybdenum.._— Up to 5.
Iron Up to 3.
Carbon_ Up to 0.70.
Cobalt _— At least 55.
Nickel Up to 10.
Boron Up to 0.20.
Nitrogen . —mmceeu Up to 0.06.

To this composition should be added at least one modi-
fying element selected from the group consisting of
titanium, magnesium and zirconium such that the mini-
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mum amount of said modifying elements present is de-
fined by the following equation:

1) Ti+50xX Mg+Zr==0.05

percent by weight of the alloy wherein Ti equals the
percent by weight titanium, Mg equals the percent by
weight magnesium, Zr equals the percent by weight zir-
conium, the maximum allowable amount of said titanium
present being 2 percent by weight, the maximum allow=
able amount of said magnesium present being 0.50 per-
cent by welght, and the maximum allowable amount of
said zirconium present being 1 percent by weight.

According to Equation 1 if titanium is the only modi-
fying metal selected, there must be a minimum of 0.05
percent titanium present. Or if magnesium is the only
modifying metal selected, there must a minimum of
0.001 percent magnesium. Similarly there must a mini-
mum amount of 0.05 percent zirconium present, if that
metal is the only one selected. Of course more than one
modifying metal may be selected and used in the alloy
provided there is a minimum amount of said modifying
metals present as defined by Equation 1 and up to the
maximum amounts of each modifying metal listed above.

Silicon and manganese may be present in amounts up
to 2 percent by weight of each.

A preferred composition is defined by the ranges listed
in Table B.

Table B

Constituents: Percentage by weight
Chromium.-. 19 to 21.
TUDNESeN e e e e e e e e 11.5t0 13.5.
Molybdenum e 3 maximum.
Tron . 1 maximum.
Carbon ~ 0.43 to 0.53.
Cobalt ~. Balance.
Nickel e 1 maximum.
Boron.a . _ _~ 0.03t0 0.07.
Nitrogen  me e e e 0.04 maximum.

To this composition there should be added at least
one modifying metal selected from the group consisting
of titanium, magnesium and zirconium such that the
minimum amount of said modifying metals present is
defined by the following equation:

2) Ti+ 100X Mg+-Zr=0.10

percent by weight of the alloy wherein Ti equals the
percent by weight of titanium, Mg equals the percent by
weight of magnesium, Zr equals the percent by weight
of zirconium, the maximum allowable amount of said
titanium present being 1 percent by weight, the maximum
allowable amount of said magnesium present being 0.50
percent by weight, and the maximum allowable amount
of said zirconium present being 1 percent by weight.
According to Equation 2 the minimum amounts of titani-
um, magnesium and zirconium present in the preferred
form of the alloy when only one of these modifying
metals is selected is as follows: 0.10 percent titanium or
0.001 percent magnesinm or 0.10 percent zirconium.
When more than one of these metals is used, there should
be enough of those selected to represent at least the mini-
mum defined by Equation 2. The maximum of each
metal to be used in any case is also listed above.

Silicon and manganese may be present in amounts up
to 1 percent by weight of each.

By maintaining the composition within the spec1ﬁed
critical limits, alloys are produced which exhibit the
superior strength, creep-resistance and- workability de-

- scribed herein.
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Chromium and “tungsten both improve the high tem-
perature strength of the alloy, and give the alloy in-
creased ability to resist deformation while under severe
loading. -Tungsten may be complemented by molyb-
denum in amounts up to 5 percent by weight molybdenum.
The addition of molybdenum will increase high tempera-
ture tensile and stress-rupture strength at the expense of
4 “loss  of ‘room temperature duct1hty ‘Therefore, "the
molybdenum content is limited in the preférred embcdl-
ment to 3 percent.

While the presence of mckel increases toughness at
lower temperatures it causes a reduction in high tem-
perature strength. Therefore the mnickel content: should
‘be adjusted to achieve specific desired results.  For high
temperature service the nickél content ‘should not be
greater than one percent.
~ 'Carbon and boron are necessary additions for ductility
and strength in products composed of this “alloy. “Al-
though the addition of boron greatly increases the strength
of this alloy, boron is detrimental to oxidation res1stance,
and therefore the desired level of boron content is de-
pendent upon the anticipated service temperature of the
alloy. However, while higher carbon contents are ‘stif-
able for casting operatxons when the alioy is to be rolled
both the carbon and boron contents should be lowered.

The high temperature strength of the cobalt matrix ‘is
further increased by the existence of a precipitated phase,
composed of carbides of the CrysCg type. Of especial
nnportance are the rates of diffusion of chromium and
carbon in the cobalt-rich matrix. If these elements are
able to diffuse rapidly through the matrix, the carbides

4

ba.lance cobalt
TABLE C

Stress-rupture data at 1700° F. and 20,000 p.s.i.

5
Nitrogen content, percent by weight Life, Hours | Elongation,
: Percent
94.7 16
30.5 18
217 14
220 5
18. 4 17
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are readily formed and grow rapidly yielding a hardenmg ’

through precipitation. However, beyond a limiting size
and concentration, these carbides are no longer useful in
increasing the strength of the alloy. Therefore by limit-
ing the dlﬁuswn of carbon and chromium, the rate of
growth of these carbides is diminished and their size kept
within limits with the desired result that the alloy achieves
maximum strength from this precipitated- phase _Tung-~
sten, chromijum, and the nickel are effective in controllmg
the diffusion of carbon and the formation of carbides.

Furthermore in ordinary chromium-cobalt “alloys, a
condition occurs wherein " alternate layers ‘of ‘the ‘CryyCs
type carbides and the cobalt-rich matrix form. Since the
presence of this lamellar constituent lowers the fatigue re-
sistance of the alloy, efforts were made to ‘prevent its
occurrence. This lamellar constituent is formed during
cooling from the molten state.and is not easily altered or
removed by heat-treatment. In. the alloy of this inven-
tion, however, the lamellar constituent is suppressed by
the interactive effects of chromlum, carbon, ntrogen, and
titanium, magnesium or zirconium, singly or in combi-
nation. The fatigue resistance of products composed of
the alloy is thus raised, especially at elevated” tempera-
tures.
control of the rate of diffusion of the carbides are the
basis for the chosen composition of the alloy and the
ranges given in the preceding paragraphs.

Manganese and silicon may be present in amounts up
to 2 percent by welght of each. These elements are
found as impurities in the constituents of the alloy and
are useful as deoxidizers. However for a preferred com-
position of the alloy their presence should be limited to
one percent maximum amounts of each.

Iron may be present in amounts up to 3 percent; but

since iron does not contribute to high temperature
strength, it should be limited to amounts not exceeding
one percent in the preferred alloy composition.

The amount of nitrogen in the ‘alloy i of ‘critical “ifn:
portance. Heretofore it was thought that nitrogen ‘was
€ssential in alloys of this type, but it has been found to
have a deleterlous effect on- these cobalt base_vaﬂoys
contents on a cobalt-base alloy_ havmg the followmg
nominal composition: 20% chromium, 12.5% tungsten,
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Therefore the nitrogen content should be kept below
0.06 percent by weight, and ‘preferably below 0.04 per-
cént for maximum strength in the alloy.

On ‘the “other “hand, the presence of titanium, mag—
nesium, and zirconium, alone or."in combination, in-
creases the “stress-rupture life ‘of the alloy at elevated
temperatures. . Furthermore, the addition of these metals
also increases ductility. The beneficial effects of titaniurn,
‘thagaesium and zircohium additions are shown in Tables
D, E'and'F. These tests were performed on cast speci-
mens having the following composition by weight: 20 per-
cent’ chrommm, 1275 “percent tungsten, 0.48 percent car-
Bon, "0.05 percent. boron, 0.03 -percent nitrogen, and the
balance substantially ‘all ‘cobalt with varying additions of
titanium "and magnesinm.

In Table D, the samples from the “a” subgroups repre-
sent_three original heats of the alloy The “subgroups
destgnated “b” and “¢” ‘demonstrate “the “effects of addi-

-tions -of “magnesium; and ‘magneshun and titaniom, re-

“spectively, to the original heat.

- Since the titanium and ‘magnesium ‘additions were- par-
tlally ‘vaporized out of the mielt, the analysis of ‘the
titanium “arid ‘magnesinm coritents of the ‘cast products is

- ‘also glven
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.- 'The increase’in stress-rupture life as'a result of the addl-
tions is’ definite in each case. In'each case the amount of
magnesmm “in ‘the ‘cast material was below the level ‘of
€xact quantitative determination, but it was ascertained
speetrographlcally that the metal was present in ‘amounts
gqual 'to about "0.001 ‘percent by weight. The small
amounts of magnesxum rémaining in the alloy prove to
be effectlve, however. ‘The presence of titanium nitrides
“hds ‘béen ‘noted in the strictures of materials to which
titaium has béen added, indicating removal of nitrogen
from the matrix. )
TABLE D

The elimination of this lamellar constituent and the.

50 - Effect of titanium and magnesium additions on stresi-
rupture life at 1700° F. and 20,000 D.S.d.
- Addltion to the Analysis of titanium g
Tnolten alloy, and magnesium Life, Elo’ﬁga-
55 No. percent by weight | content of cast alloy, | Hours |- ton,
R X . __pereent by weight pex_jcent
la_..... Nrme ...................... 9.8 -5
5. 0.10 Magnesium_._| trace of magnesium._.__| 42.1 38
0:10 Magnesium+- | trace of magnesiam, 65. 5 18
0.0 Titanium, [  0.08 titanium. -
None. L. L |l . 23.2 3
0.10 Magnesium-._| trace of magnesium.___| . 81.¢ 26
0.10 Magnesium+- | trace of magnesinm, 155. ¢ 33
0.25 Titanium, 0.15 titanium.
NORe oL 18.2 21
21°0.10 Magnesium?._| trace of magnesinm....| -51.3 - 25
0. 10 Magnesium+- | trace of magnesium 136.6 18
0 titanium, - 0.73 titaninm.
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Table E _.demonstrates the effects of additions of ti-
tanium ‘to 'the alloy. “The results of tests conducted on
specimens containing varying amounts of titanium all in-
dicate ‘an"inci&ase in stress-rupture life with additions of
txtamum

Table F shows the effects of additions of titanium and
zirconium to the alloy. Again there is a marked increase
in stre§§-rupture life accompanying the addition of these
elements
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TABLE E

Effect of titanium additions on stress-rupture
life at 1700° F. and 21,000 p.s.i.

TMtanium addition, Percent by weight | Life, Hours | Elongation,
Percent
None . 110 foeeimacmcmcnn
0.15_ - 33.1 16
1.0. 95.7 24
15 e 78.5 16

1 An extrapolated value.
TABLEF

Effect of titanium and zirconium additions on stress-
rupture life ar 1700° F. and 22,000 p.s.i.

Titanium, Percent | Zirconium, Percent
by weight by weight Life, Elonga-
No. , Hours tion,
Percent
Addition |Analysis || Addition { Analysis !
NONG |ecvmooean NONG |ooccmamen L7
2.5 1.45 none {___....._. 19.5 45
2.0 1.87 b110) ¢ T DR 64.1 35
fale)s - P 0. 50 0.07 11.1 31
1 0.77 0. 50 0.23 86.1 16

1 Since the titenium and zirconium additions were partially vaporized
out of the melt, the analysis of the titanium and zirconium content of
the cast alloy is also given.

2 An extrapolated value.

From the results of Tables D, E and F, the beneficial
effects of additions of titanium, magnesium, and zirco-
nium, either alone or in combination, are evident. Stress-
rupture life and ductility at elevated temperatures show
marked increases as a result of these additions. It is to
be noted that titanium, magnesium and zirconium may be
replaced by other elements of similar chemical charac-
teristics, such as calcium, barium or vanadium. Mag-
nesium may be replaced in equally effective amounts by
calcium or barium; titanium and zirconium may be re-
placed by an equally effective amount of vanadium.

The alloy may be melted by standard furnacing pro-
cedures, such as by induction heating, but the melting
should be conducted in the protective atmosphere of an
inert gas, such as argon. This shielding of the molten
metal by an inert gas will prevent contamination by the
nitrogen in the air. The alloy may be used in the as-cast
condition. A heat treatment is beneficial in enhancing
the properties of the alloy, but it is not required.

Table G shows the short time tensile properties of
this alloy in the as-cast condition.

TABLE G
Tensile test data for cast material

Ultimate Yield Elonga-
Temperature, ° F. Strength, | Strength, tion,
p.s.i. p.s.i. Percent
ROOM . e 108, 500 78,700 7
1,200 - 84, 500 53,700 16

This alloy may also be fabricated by hot or cold work-
ing into useful parts. Alloys may be produced that can
be mechanically fabricated by known methods to produce
such items as wire, strip, rod, plate, bar, sheet, tubings,
forgings, and extruded shapes. The preparation of ingots
for use in these forging operations should preferably in-
clude melting under vacuum conditions to remove dis-
solved gases.

These products all have excellent mechanical proper-
ties at elevated temperatures. The alloy may also be
rolled into sheets.

Alloys having especially significant mechanical prop-
erties in the wrought form may be prepared without the
addition of the modifying metals titanium, magnesium
or zirconium. These alloys are disclosed and claimed
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in my copending application entitled Cobait-Base Alloys,
Serial No. 778,053, filed concurrently herewith, wherein
compositions are defined containing from 19 to 22 percent
by weight chromium, from 11.5 to 13.5 percent by weight
tungsten, carbon below about 0.25 percent by weight,
and boron below about 0.15 percent by weight, and the
balance substantially all cobalt and incidental impurities.
These alloys possess higher mechanical properties in the
wrought form than heretofore known alloys.

Table H gives typical stress-rupture data for sheet prod-
ucts having the following composition by weight: 20 per-
cent chromium, 12.35 percent tungsten, 0.16 percent car-
bon, 0.005 percent boron, 0.48 percent silicon, 0.72 per-
cent manganese, and the balance substantially all cobalt.

TABLE H
Stress-rupture data for 0.040 inch thick sheet
Stress, Life, Elonga-
Temperature, ° F. p.s.i. Hours tion,

- Percent
1,500 30,000 59.8 43
1,800, 24, 000 47.3 73
1,700 e e ———— 15,000 93.8 77
1,800 10, 000 49.3 38

In the wrought form, the alloy has sufficient ciuctility
to undergo cold-working to increase hardness. Table J
shows the results of cold-working on sheet products.

TABLE T
Condition: Hardness, Rockwell C test
As 1olled - e 31
Cold-reduced 20 percent ... 49
Cold-reduced 25 percent . 51

In addition the cold-worked alloy may be further hard-
ened by heat treatment. Heat treatments at temperatures
up to about 1200° F. will cause an increase in hardness
without subjecting the alloy to temperatures so high as
to cause distortion in the finished parts.

What is claimed is:

1. A cobalt-base alloy characterized by improved
stress-rupture strength at temperatures of about 1700° F.,
said alloy consisting essentially of between 15 and 25
percent by weight chromium, between 10 and 15 per-
cent by weight tungsten, up to 5 percent by weight molyb-
denum, up to 3 percent by weight iron, up to about 1
percent by weight nickel, up to 0.70 percent by weight
carbon, up to 0.20 percent by weight boron, up to 0.04
percent by weight nitrogen, manganese and silicon in
amounts up to 2 percent by weight of each, at least one
modifying the metal selected from the group consisting
of titanjum, magnesium and zirconium, the minimum
amount of modifying metal being defined by the follow-
ing equation

Ti+50 X Mg+Zr=0,05 percent by weight of the alloy

wherein Ti equals the percent by weight titanium, Mg
equals the percent by weight magnesium, Zr equals the
percent by weight zirconmium, the maximum allowable
amount of said ‘titanium being 2 percent by weight, the
maximum allowable amount of said magnesium being
0.50 percent by weight, the maximum allowable amount
of said zirconium being 1 percent by weight, and the
balance cobalt and incidental impurities, the minimum
amount of cobalt being 55 percent by weight.

2. A cobalt-base alloy characterized by improved stress-
rupture strength at temperatures of about 1700° F., said
alloy consisting essentially of between 19 and 21 percent
by weight chromium, between 11.5 and 13.5 percent by
weight tungsten, up to 3 percent by weight molybdenum,
up to 1 percent by weight iron, up to 1 percent by weight
nickel, between 0.43 and 0.53 percent by weight carbon,
between 0.03 and 0.07 by weight boron, up to 0.04 per-
cent by weight nitrogen, manganese and silicon in
amounts up to 1 percent by weight of each, at least one
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modifying metal selected from the group consisting of
titanium, magnesium and zirconium, the minimum amount
of said modifying mietal being defined by the following
eq ation

T1+100><Mg+Zr ==0.10 percent by weight of the alloy

Wherem T1 equals the percent by welght of t1tamum Mg
equals the percent by weight of magnesium, Zr equals
the percent by weight of zirconium, the maximum allow-
able amount of said titanium being 1 percent by weight,
the maximum allowable amount of said magnesium being
0.50 percent by weight, the maximum allowable amount
of said zirconium being 1 percent by weight, and the
balance ¢obalt and incidental impurities.

3. A cobalt-base alloy characterized by 1mnroved
stress-rupture strength at témperatures of abont 1700°
F., said alloy-consisting essentially of between 19 and 21
percent by weight chromlum between 11.5 and 13.5 per-
cent by weight tungsten, less than 1 percent by weight
iron; up to 1 percent by weight nickel, between 0.43 and
0.53 percent by weight carbon, between 0.03 and 0.07
percent by weight boron,; up to 0.04 percent by weight
nitrogen, between about 0.10 and 1 percent by weight
titanium, ‘between 0.001 and 0.50 percent by weight mag-
nesium, up to 1 percent by weight zirconium, and the
balance cobalt and incident impurities.

N 4, A cobalt-base alloy characterized by -improved
stress-rupture strength at temperatures of about 1700°
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F., said alloy consisting essentially of about 20 percent
by weight chromium, about 12:5 percent by weight tung-
sten, about 0.48 percent by weight carbon, about 0:05 per-
cent by weight boron, about 0.03 percent by weight ni-
trogen, .about 0.15 percent by weight titanium, between
0.001 and 0.10 percent by weight magnesium, and the
balance cobalt and incidental impurities.

5. A cobalt-base alloy characterized by improved
stress-rupture strength at temperatures of about 1700°
F., said alloy consisting ‘essentially ‘of about 20 percent
by weight chromium, about 12.5 percent by weight tung-
sten, about 0.48 percent by weight carbon, about 0.05
percent by weight boron, about 0.03 percent by weight
nitrogen, about 1 percent by weight titanium, and the
balance cobalt and incidental impurities.

6. A ‘cobalt-base alloy characterized by improved
stress-rupture strength at temperatures of about 1700°
F., said alloy consisting ¢ssentially of aboiit 20 percent
by weight chromium, about 12.5 percent by weight tung-
sten, about 0.48 percent by weight carbon, about 0:05
percent by weight boron, about 0.03. percent by weight
nitrogen, about 0.77 percent by weight titanium, about
0.23 percent by weight zirconium, and the balance co-
balt and incidental impurities.
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