W &

e L g

United States Patent O

2 974, 036
- Patented Mar. 7, 1961

-
CC

)

2,974,036 ,
HIGH TEMPERATURE COBALT-BASE ALLOY

Rudolf H. Thielemann, Palo Alto, Calif., assignor to
Sierra Metals Corporation, Chicago, Ili., a corporation
of Delaware

No Drawing. . Filed July 28, 1958, Ser. No. 751,136
7 Claims, (Cl. 75—171%)

This inventicn relates to-a cobalt base metal alloy
which includes alloying metal additives which make the
resulting alloy corrosion resistant and of great mechani-
cal work strength at temperatures between about 1500°
F. and about 2200 F.

Important features of the alloy of this invention are
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that it may be cast, is highly resistant to oxidation and -

other forms of corrosion, and possesses great mechanical
strength at temperatures up to between about 1500° F.
and about 2200° F. = As a result, this alloy may be used
as blades, vanes and other parts of high temperature gas
turbine -engines. * Other important uses of the alloy of
this invention are as exhaust valves and manifolds in
internal combustion engines, heat exchangers, as linings
for retorts and container vessels used in the chemical and
metallurgical industries, and as an oxidation resistant
coating material for metals and metal alloys such as
columbium, tantalum, nickel base alloys, cobalt base
alloys, etc., which possess high strength characteristics at
elevated temperatures but whose resistance to oxidation
at elevated temperatures, ie., above about 1500° F.,
is inadequate. The alloy of this invention can also be
utilized as high temperature, high strength, corrosion
resistant .tubing and sheet material, as a material for
forming cutting blades useful for cutting molten glass
and other hot corrosive materials, as a matetial for form-
ing supporting members or holders for use in metallurgi-
cal testmg apparatus, etc.

The prior art nickel and/or cobalt base metal alloys
which have been used as blades, vanes, and other parts
of high temperature gas turbine engines, have a maxi-
mum operatmg temperature of about 1500° F.  For ex-
ample, a common nickel-cobalt base metal alloy which
incorporates molybdenum as a constituent is for all prac-
tical purposes non-utilizable as a structural member in a
gas turbine -engine if the metal temperature is above
1500° F. One reason for this temperature limit is that
the oxidation resistance of such an alloy fails ‘above
1500° F. )

The alloy of this ipvention‘ when used as a blade or
vane in a high temperature gas turbine engine can be
operated at markedly higher temperatures than was pos-
sible heretofore. The performance of gas.turbine en-
gines incorporating such blades or vanes is considerably
improved, since at higher temperatures the total thrust
of a gas turbine engine increases and the amount of fuel
consumed per pound of thrust decreases.

The metal alloy of this invention is comprised, by
weight, of the following constituents: from about 15 to

_about 30 percent of chromium; from about 5 to about

15 percent of tungsten; from about. 0.5 to about 20 per-
cent of tantalum; from about 0.01 to about 3 percent of
zirconium; from about 0.1 to about 1.3 -percent -of
carbon; and the balance essentially -cobalt.

I have found that the high temperature corrosion re-
sistant properties of the alloy of this invention are not
affected if the alloy includes an amount of columbium
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which is not more than one-half of the amount of
tantalum in the alloy and, in any event, is no greater
than 3 percent, by weight, of the alloy, and preferably
not more than 2.0 percent, by weight, of the alloy.

" It is important to note that in the past the metals tan-
talum and columbium have been considered to be equiva-
lent for various purposes. This is not true in the case
of the alloy of this invention. For example, if in the
alloy of this invention, columbium is substituted for tan-
talum in the range of proportions specified, the resultmg
alloy does not possess the high temperature corrosion
resistance characteristic of the alloy of this invention.

While molybdenum is not a primary constituent of the
alloy of this invention, I have found that the properties
of the alloy of-this invention are not deleteriously . af-
fected if the alloy includes an amount of molybdenum
which is not more than one-half of the amount of tung-
sten in the alloy and, in any event, is no greater than
3.5 percent, by weight, of the alloy.

I have also found that titanium may be tolerated in
the alloy of this invention in an amount up to - about 0.5
percent by weight of the total alloy, but in no event more
than about 70 percent of the amount of zirconium in
the alloy.

It has further been found that the inclusion of any
one or more of the following ingredients: up to about
0.2 percent of borom, up to about 1.5 percent of s1hcon,
and up to about 5 percent of nickel and/or iron may'in
certain formulations improve various metallurgical char-
acteristics of the alloy. For example, the oxidation re-

sistance of alloys of the invention may be somewhat im-
proved by the addition of from about 0.1 to about 0.3 .
percent of silicon; and the strength characteristics of such
alloys may be increased by the addition of from about
0.1 to-about 0.15 percent of boron. Additional amounts
of these ingredients' may in some cases be tolerated in
the alloy without deleterious effects. -

It is to be noted that, if the boron content in the a]loy
of this invention exceeds about 0.2 percent, then the alloy
of this invention becomes unsatisfactory, particularly in .
those applications where thermal shock requirements are
important.

To achieve the optimum desired properties, it is pre:
ferred that the following impurities which may be in the -

alloy be held to the following limits by weight.. - The
manganese content in.the final alloy should mnot be
greater than about 2 percent. .The interstitial elements:-
such as nitrogen, hydrogen, tin, lead, and ‘the like shoulld
be kept as low as possible. In addition, not more than
about 0.5 percent total of deoxidizers such as “calciim,”

.- magnesium, and the like should be present in’the ﬁnal
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alloy.

- A preferred range of proportlons of constltuents of the
alloy of this invention which has especially high oxidation
resistanice and stréngth characteristics, at temperatures ‘of

- 2000° F. and above, and which is particularly suitable for
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use as a vane material in a gas turbine, high temperature
engine, is as follows: from about 16 to about 25 percent
of chromium; from about 7.5 to about 12.5 percent -of
tungsten; from about 7 to about 11 percent of tantalum,'
from about .08 to about 0.5 percent of zirconiums; from\
about 0.6 to about 1.0 percent of carbon; -and- “the
balance being essentially cobalt, o

A second and somewhat more preferred range of pro-
portions of constituents is as follows: from about 19
to about 23 percent of chrommm from about” 7.5 to
about 12.5 percent of tungsten; from about 8 to about 10

percent of tantalum; from about 0.1 to about 0.3 percent

of zirconium; from about 0.7 to about 1.0 percent of car-
bon; and the balance being essentially cobalt,
- A preferred range of proportions of constituents ot
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the alloy of this invention, which is particularly suitable
for use as a high temperature corrosion resistant wrought
material in the form of bars, sheets, etc., is as follows:
from about 16 to about 25 percent of chromium; from
about 7.5 to about 12.5 percent of tungsten, from about
7 to about 11 percent of tantalum;; from about .08 to
about .5 percent of zirconium; from about 0.1 to about
0.5 percent of carbon; and the balance being essentially
cobalt. The corrosion resistance of such wrought mate-
rial may be further improved by the addition of any or
all of the following constituents: up to about 1.5 percent
of silicon; up to about 2.5 percent of nickel; and up to
about 2.5 percent of iron. Also the strength character-
istic of the wrought material may be improved by the
addition of up to about 0.2 percent of boron. The pre-
ferred wrought material may also include up to about
3 percent of columbium.

Following are examples of the preparation and test
results of the cobalt base metal alloy of this invention:

Example 1

A 5 pound alloy melt of a cobalt base metal alloy com-
position containing about 20 percent of chromium, about
11 percent of -tungsten, about 1.5 percent of tantalum,
about 1.5 percent of zirconium, about 0.4 percent of
carbon, and the balance essentially cobalt, all percentages
by weight, was prepared by melting the chromium and
cobalt under a blanket of argon gas in a magnesia cru-
cible, following which the tungsten, tantalum, zirconium,
and carbon, in the form of graphite, were added. A
cluster of 6 test bars were formed from the 5 pound
melted alloy heated and cast by the usual investment cast-
ing technique under a blanket of argon gas. These bars
were each 3 inches long and % inch in diameter.

The test bars of this example had an elongation of 7
percent at room temperature under a tensile stress of
115,000 p.s.i.

The test bars of this example had a rupture life in
exces of 100 hours under a load of 20,000 p.s.i. at a
temperature of about 1700° F. in air and a rupture life
in excess of 100 hours under a load of 15,000 p.s.i. at a
temperature of about 1800° F. in air.

Example 2

A 5 pound alloy melt and test bars of the same dimen-
sions as set forth in Example 1 of a cobalt base metal
alloy composition containing about 28 percent of chro-
mjum, about 5 percent of tungsten, about 1.5 percent of
tantalum, about 1.5 percent of zirconium, about 0.4 per-
cent of carbon, and the balance essentially cobalt, all
percentages by weight, were prepared in the same manner
as set forth in Example 1.

The test bars of this example had an elongation of 5
percent at room temperature under a tensile stress of
98,000 p.s.i.

The test bars of this example had a rupture life in
excess of 100 hours under a load of 20,000 p.s.i. at a tem-
perature of about 1700° F. in air and a rupture life in
excess of 100 hours under a load of 15,000 p.s.i. at a
temperature of about 1800° F. in air.

Example 3

A 5 pound alloy melt and test bars of the same dimen-
sions as set forth in Example 1 of a cobalt base metal
alloy composition containing about 20 percent of chro-
mium, about 11 percent of tungsten, about 4 percent of
tantalum, about 1.5 percent of zirconium, about 0.4 per-
cent of carbon, and the balance essentially cobalt, all per-
centages by weight, were prepared in the same manner as
set forth in Example 1. '

The test bars of this example had an elongation of 7
percent at room temperature under a tensile stress of
115,000 p.s.i.

The test bars of this example had a rupture life in ex-
cess of 100 hours under a load of 20,000 p.s.i. at a tem-
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perature of about 1700° F. in air and a rupture life in
excess of 100 hours under a load of 15,000 p.s.i. at a tem-
perature of about 1800° F. in air.

Example 4

A 5 pound alloy melt and test bars of the same dimen-
sions as set forth in Example 1 of a cobalt base metal
alloy composition containing about 20 percent of chro-
mium, about 11 percent of tungsten, about 0.5 percent of
tantalum, about 3 percent of zirconium, about 0.7 percent
of carbon, and the balance essentially cobalt, all per-
centages by weight, were prepared in the same manner as
set forth in Example 1.

The test bars of this example had an elongation of 7
percent at room temperature under a temsile stress of
115,000 p.s.i.

The test bars of this example had a rupture life in
excess of 100 hours under a load of 20,000 ps.i. at a
temperature of about 1700° F. in air and a rupture life
in excess of 100 hours under a load of 15,000 ps.i. at a
temperature of about 1800° F. in air.

Example 5

A 5 pound alloy melt and test bars of the same dimen-
sions as set forth in Example 1 of a cobalt base metal
alloy composition containing about 18 percent of chro-
mium, about 8.6 percent of tungsten, about 2.5 percent
of tantalum, about 0.4 percent of zirconium, about 0.49
percent of carbon, and the balance essentially cobalt, all
percentages by weight, were prepared in the same manner
as set forth in Example 1.

The test bars of this example had an elongation of 2.5
percent at room temperature under a tensile stress of
105,600 p.s.i.

The test bars of this example had a rupture life in ex-
cess of 397 hours under a load of 25,000 p.s.i. at a tem-
perature of about 1700° F. in air and a rupture life in
excess of 100 hours under a load of 14,000 ps.i. at a
temperature of about 1800° F. in air.

Example 6

A 5 pound alloy melt and test bars of the same dimen-
sions as set forth in Example 1 of a cobalt base metal
alloy composition containing about 20 percent of chro-
mium, about 10 percent of tungsten, about 2.5 percent
of tantalum, about 0.3 percent of zirconium, about 0.44
percent of carbon, and the balance essentially cobalt, all
percentages by weight, were prepared in the same manner
as set forth in Example 1.

The test bars of this example had an elongation of 5
percent at room temperature under a tensile stress of
111,600 p.s.i.

The test bars of this example had a rupture life in
excess of 386 hours under a load of 25,000 ps.i. at a
temperature of about 1600° F. in air, a rupture life in
excess of 100 hours under a load of 19,000 p.s.i. at a
temperature of about 1700° F. in air and a rupture life
in excess of 100 hours under a load of 13,000 p.s.i. at 2
temperature of about 1800° F. in air.

Example 7

A 5 pound alloy melt and test bars of the same dimen-
sions as set forth in Example 1 of a cobalt base metal
alloy composition containing about 20 percent of chro-
mium, about 10 percent of tungsten, about 1.4 percent
of tantalum, about 0.4 percent of zirconium, about 0.55
percent of carbon, and the balance essentially cobalt, all
percentages by weight, were prepared in the same manner
as set forth in Example 1.

The test bars of this example had an elongation of 3.5
percent at room temperature under a tensile stress of
119,300 p.s.i.

The test bars of this example had a rupture life in
excess of 100 hours under a load of 25,000 psi. at a
temperature of about 1600° F. in air, a rupture life in
excess of 100 hours under a load of 18,000 ps.d. at a



2,974,036

temperature of about 1700° F. in air, and a rupture life
in excess of about 100 hours under a load of 12,000 p.si.
at a temperature of about 1800° F. in air.

Example 8

A 5 pound alloy melt and test bars of the same dimen-
sions as set forth in Example 1 of a cobalt base metal
alloy composition containing about 20 percent of chro-
mium, about 10 percent of tungsten, about 2.5 percent
of tantalum, about 0.4 percent of zirconium, about 0.52
percent of carbon, and the balance essentially cobalt, all
percentages by weight, were prepared in the same manner
as set forth in Example 1.

The test bars of this example had an elongation of 4.0
percent at room temperature under a tensile stress of
110,000 p.s.i.

The test bars of this example had a rupture life in
excess of 100 hours under a load of 25,000 p.si. at a
temperature of about 1600° F. in air, a rupture life in
excess of 100 hours under a load of 19,000 p.s.i. at a
temperature of about 1700° F. in air, and a rupture life
in excess of about 100 hours under a load of 13,000 p.s.i.
at a temperature of 1800° F. in air.

Example 9

A 5 pound alloy melt and test bars of the same dimen-
sions as set forth in Example 1 of a cobalt base metal
alloy. composition containing about 20 percent of chro-
mium, about 10 percent of tungsten, about 1 percent of
tantalum, about 0.4 percent of zirconium, about 0.1 per-
cent of titanium, about 0.52 percent of carbon, and the
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6 percent at room temperature under a tensrle stress of
118,000 p.s..

The test bars of this example had a rupture llfe m S

excess of 100 hours under a load of 25,000 p.s.i, at-a
temperature of about 1600° F. in air, a rupture life in
excess of 100 hours under a load of 20,000 p.s.i. at-a
temperature of about 1700° F. in air, and a rupture life
in excess of 100 hours under a load of 15,000 pis.i.
at a temperature of about 1800° F. in air.

Example 12

A 5 pound alloy melt and test-bars of the same di-
mensions as set forth in Example 1 of a cobalt base metal
alloy composition containing about 20 percent of chro-
mium, about 10 percent of tungsten, about 10 percent of
tantalum, about 0.4 percent of zirconium, about 0.8 per-

cent of carbon, and the balance essentrally cobalt, all
percentages by weight, were prepared in the same manner
as set forth in Example 1. - - -

- The tests-bars of this example had an elongatron of

6.6 percent at room temperature under a tensﬂe stress of -

127,000 p.s.i.
The test bars of this example had a rupture life in

~ excess of 100 hours under a load of 25,000 p.s.i. at a
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balance essentially cobalt, all percentages by weight, were -

prepared in the same manner as set forth in Example 1,
except under high vacuum conditions instead of a blanket
of argon gas.

The test bars of this example had an elongation of 4.5
percent at room temperature under a tensile stress of
98,000 p.s.i.

The test bars of this example had a rupture life in
excess of 100 hours under a load of 25,000 p.si. at a
temperature of about 1600° F. in air, a rupture life in
excess of 100 hours under a load of 18,000 p.s.i. at a
temperature of about 1700° F. in air, and a rupture life
in excess of 100 hours under a load of 10,000 p.s.i. at a
temperature of about 1800° F. in air.

Example 10

A 5 pound alloy melt and test bars of the same dimen-
sions as set forth in Example 1 of a cobalt base metal
alloy composition containing about 20 percent of chro-
mium, about 10 percent of tungsten, about 10 percent of
tantalum, about 0.4 percent of zirconium, about 0.65

percent of carbon, and the balance essentrally cobalt, all-

percentages by weight, were prepared in the same manner
as set forth in Example 1.
The test bars of this example had an elongatron of 2.5

percent at room temperature under a tensile stress of

118,000 p.sd.

The test bars of this example had a rupture life in ex-
cess-of 100 hours under a load of 25,000 p.s.i. at a tem-
perature of about 1600° F. in air, a rupture life in ex-
cess of 100 hours under a load of 15,000 p.s.i. at a tem-
perature of about 1700° F. in air, and a rupture life in
excess of 100 hours under a load of 15,000 p.si. at a
temperature of about 1800° F. in air.

Example 11
A 5 pound alloy melt and test bars of the same dimen-

sions as set forth in-Example 1 of a cobalt base metal

alloy composition containing about.20 percent. of ‘chro-
mium, about 10 percent of tungsten, about 10 percent of
tantalum, about 0.3 percent of zirconium, about 0.1 per-
- cent of carbon, and the balance essentially cobalt; all
percentages by weight, were prepared in the same manner
-as set forth in Example 1.

- The test bars of this' example had an clongation of
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temperature of about 1600° F. in air, a rupture life in
excess of 100 hours -under a load of 20,000 ps.i. at a
temperature of about 1700° F. in air, and rupture life in
excess of 100 hours under a load of 15,000 p.s.i. at a
temperature of about 1800° F. in air.

Example 13

A 5 pound alloy melt and test bars of the same di-~
mensions as set forth in Example 1 of a cobalt base
metal alloy composition containing about 15 percent of
chromium, about 15 percent of tungsten, about 13 percent
of tantalum, about 0.01 percent of zirconium, about 0.65
percent of carbon and the balance essentrally cobalt,- all
percentages by wezght were prepared in the same manner
as set forth in Example 1.

The test bars of this example had an elongatlon of 10
percent at room temperature under a tensile siress of
124,000 p.s.i.

The test bars of this example had a rupture hfe in
excess of 100 hours under a load of 25,000 ps.i. at a
temperature of about 1600° F. in air, a rupture life in
excess of 100 hours under a load of 20,000 ps.i. at a-
temperature of about 1700° F. in air, and a rupture life
in excess of 100 hours under a load of 15,000 p.s.i. at a
temperature of about 1800° F. in air,

Example 14"

A_5 pound alloy melt and test bars of the same di-
mensions. as set forth in Example 1 of a cobalt base metal -

_-alloy composition containing about 20 percent of chro-
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mium, about 10 percent of tungsten, about 12 percent of
tantalum, about 1.0 percent of zirconium, about 0.5 per-
cent of titanium, about 0.6 percent of carbon and the
balance essentrally cobalt, all percentages by weight, were
prepared in the same manner as set forth in Example 1,
except under high vacuum conditions instead of & blanket
of argon gas.

The test bars of this example had an elongation of 9
percent at room temperature under a tensile stress of
127,000 p.s.i.

The test bars of this example had a rupture life in
excess of 100 hours under a load of 25,000 p.s.i. at a tem-
perature of about 1600° F. in air, a rupture life-in ex-

“cess of 100 hours under a load of 20 000 ps i ata tem-

a temperature of about 1800° F, in air,
Example 15 »

A 5 pound alloy melt-and test bars of the same dlmen-j -
sions as set forth in Example.1 of a.cobalt base’ metal’
alloy composmon containing’ about 20:. percent of chro-r
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mium, about 10 percent of tungstén, about 20 percent
of tantalum, about 3 percent of zirconium, about 0.85
percent of carbon, and the balance esséntially cobalt, all
percentages by weight, were prepared in the same manner
as set forth in Example 1.

The test bars of this example had an elongation of 6
percent at room temperature under a tensile stress of
118,000 p.s.i.

The test bars of this example had a rupture life in
excess of 100 hours under a load of 25,000 ps.i. at a
temperature of about 1600° F. in air, a rupture life in
excess of 100 hours under a load of 20,000 p.si. at a
temperature of about 1700° F. in air, and a rupture life
in excess of 100 hours under a load of 15,000 p.si. at
a temperature of about 1800° F. in air,

Example 16

A 5 pound alloy melt and test bars of the same di-
mensions as set forth in Fxample 1 of a cobalt base metal
alloy composition containing about 28 percent of chro-
mium, about 5 percent of tungstem, about 8 percent of
tantalum, about 2.5 percent of zirconium, about 0.7 per-
cent of carbon, and the balance essentially cobalt, all
percentages by weight, were prepared in the same manner
as set forth in Example 1.

The test bars of this example had an elongation of
10 percent at room temperature under a tensile stress
of 120,000 p.s.i.

The test bars of this example had a rupture life in
excess of 100 hours under a load of 25,000 ps.d. at a

temperature of about 1600° F. in air, a rupture life in ex-

cess of 100 hours under a load of 20,000 p.s.i. at a tem-
perature of about 1700° F. in air, and a rupture life in
excess of 100 hours under a load of 15,0600 p.si. at a
temperature of about 1800° F. in air.

Example 17

A 5 pound alloy melt and test bars of the same di-
mensions as set forth in Example 1 of a cobalt base
metal alloy composition containing about 30 percent of
chromium, about 5 percent of tungsten, about 5 percent
of tantalum, about 0.4 percent of zirconium, about 0.5
percent of carbon, and the balance essentiaily cobalt,
all percentages by weight, were prepared in the same
manner as set forth in Example 1.

The test bars of this example had an elongation of
7 percent at room temperature under a tensile stress of
110,000 p.s.i.

The test bars of this example had a rupture life in
excess of 100 hours under a load of 25,000 ps.i. at a
temperature of about 1600° F. in air, a rupture life in ex-
cess of 100 hours under a load of 20,000 ps.i. at a
temperature of about 1700° F. in air, and a rupture
life in excess of 100 hours under a load of 19,000 p.s.i.
at a temperature of about 1800° F. in air.

Example 18

A 5 pound -alloy melt and test bars of the same di-
mensions as set forth in Example 1.of a cobalt base
metal alloy composition containing about 21.3 percent
of chromium, about 9.7 percent of tungsten, about 2.7
percent of tantalum, about 0.4 percenmt of zirconium,
about 0.45 percent of carbon, about 1.5 percent of sili-
con, about 0.28 percent of manganese, about 0.5 percent
of nickel, about 0.5 percent of iron, and the balance es-
sentially cobalt, all percentages by weight, were prepared
in the same manner as set forth in Example 1, except
under high vacuum conditions instead of .a blanket of
argon gas.

The test bars of this example had an elongation of
about 2 percemt at room temperature under a tensile
stress of 113,000 p.s.i.

The: test bars of this example had a rupture life in
excess of 250 hours under a load of 25,000 psi. at a
temperature -of about 1600° F. in air, a rupture life of
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8
about 329 hours under a load of 17,500 p.s.d. at a tem-
perature of about 1700° F., and a rupture life in ex-
cess of 63 hours under a load of 10,000 p.sd. at a tem-
perature of about 1800° F. in air.

Example 19

A 5 pound alloy melt and fest bars of the same di-
mensions as set forth in Example 1 of a cobalt base metal
alloy composition containing about 21.5 percent of
chromium, about 9.6 percent of tungsten, about 1.2 per-
cent of tantalum, and 0.3 percent of zirconium, about
0.45 percent of carbon, about 0.4 percent of silicon,
about 0.28 percent of manganese, about 1.5 percent of
nickel, about 1.5 percent of iron, and the balance es-
sentially cobalt, all percentages by weight, were prepared
in the same manner as set forth in Example 18.

The. test bars of this example had an elongation of
about 3.3 percent at room temperature under a tensile
stress of 118,000 p.s.i.

The test bars of this example had a rupture life in
excess of 233 hours under a load of 18,000 p.s.i. at a
temperature of about 1700° F. in air, and a rupture
life in excess of 154 hours uznder a load of 12,000 ps.i.
at a temperature of about 1800° F. in air.

Example 20

A 5 pound alloy melt and test bars of the same di-
mensions as set forth in Example i of a cobalt base
metal alloy composition containing about 22 percent of
chromium, about 10 percent of tungsten, about 9 per-
cent of tantalum, about 0.2 percent of zirconium, about
0.85 percent of carbon, and the balance essentially co-
balt, all percentages by weight, were prepared in the
same manner as set forth in Example 18.

The test bars of this example had an elongation of
about 1.66 percent at room temperature under a fen-
sile stress of 138,000 p.s.i.

The test bars of this example had a rupture life of
about 48 hours under a load of 17,000 ps.i. at a tem-
perature of 1800° F. in air, and a rupture life of about
25 hours under a load of 8000 p.s.i. at a temperature
of 2000° F. in air.

The oxidation penetration of the alloy of this example
was determined in the usual fashion and found to be .04
mil per side per hour at a temperature of 2000° F, in
moving air after 100 hours and .10 mil per side per
hour after 24 hours at 2100° F. in moving air.

Example 21

A 5 pound alloy melt and test bars of the same di-
mensions as set forth in Example 1 of a cobalt base
metal alloy composition. containing about 21.5 percent
of chromium, about 9.7 percent of tungsien, about 10.6
percent of tamtalum, about 0.5 percent of zirconium,
about 0.75 percent of carbon, and the balance essentially
cobalt, all percentages by weight, were prepared in the
same manner as set forth in Example 18.

The test bars of this example has an elongation of 1.1
percent at room temperature under a temsile stress of
110,600 p.s.d.

The test bars of this example had a rupture life in
excess of 59 hours under a lead of 17,000 ps.i. at-a
temperature of about 1300° F, in air.

Example 22

A 5 pound alloy melt and test bars of the same dimen-
sions as set forth in Example 1 of a cobalt base metal
alloy composition containing about 21 percent of chromi-
um, about 7.5 percent of tungsten, about 9 percent of tan-
talum, about 0.2 percent of zircomium, about 0.85 per-
cent of carbon, and the balance essentially cobalt, all
percentages by weight, were prepared in the same man-

ner -as set forth in Example 18. Molybdenum in 3.5

percent amount was also present.

"-The ‘test bars of this example had an élongatio
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percent at room temperature under a tensile stress of
126,200 ps.i. ) - -

The test bars of this example had a rupture life in
excess of 30 hours under a load of 15,000 p.s.i. at a
temperature of about 1800° F. in air.

Example 23

A 5 pound alloy melt and test bars of the same di-
mensions as set forth in Example 1 of a cobalt base
metal alloy composition containing about 21 percent of
chromium, about 9 percent of tungsten, about 9 percent
of tantalum, about 0.2 percent of zirconium, about 0.85
percent of carbon, about 1.0 percent of molybdenum,
and the balance essentially cobalt, all percentages by
weight, were prepared in the same manner as set forth
in Example 18.

The test bars of this example had an elongation of 1
percent at room temperature under a tensile stress of
125,000 ps.i.

The test bars of this example had a rupture life in
excess of 51 hours under a load of 12,000 p.s.i. at a tem-
perature of about 1800° F. in air.

Example 24

A 5 pound alloy melt and test bars of the same di-
mensions as set forth in Example 1 of a cobalt base
metal alloy composition containing about 19 percent of
chromium, about 7.7 percent of tungsten, about 6.7 per-
cent of tantalum, about 0.05 percent of zirconium, about
0.88 percent of carbon, about 0.1 percent of silicon,
about 0.05 percent of nickel, about (.48 percent of iron,
about 0.1 percent of manganese, and the balance essen-
tially: cobalt, all percentages by weight, were prepared
in the same manner as set forth in Example 18.

The test bars of this example had an elongation of
about 3.3 percent at room temperature under a tensile
stress of 142,800 p.s.i. )

The test bars of this example had a rupture life in
excess of 41 hours under a load of 17,000 p.s.i. at a tem-
perature of about 1800° F. in air and a rupture life in
excess of 60 hours under a load of 22,500 ps.i. at a
temperature of about 1700° F. in air.

The oxidation penetration was .02 mil per side per
hour after 24 hours at 2100° F. in moving air. )

Example 25

A 5 pound alloy melt and test bars of the same di-
mensions as set forth in Example 1 of a cobalt base metal
alloy composition containing about 20 percent of chromi-
um, about 10 percent of tungsten, about 10 percent of
tantalum, about 0.9 percent of carbomn, about 0.3 percent
of silicon, about 0.5 percent of manganese, about 0.4
percent of zirconium, about 0.13. percent of titanium,
and the balance essentially cobalt, all percentages by
weight, were prepared in the same manner as set forth
in Example 18. ’

The test bars of this example had an elongation of 2.5
percent at room temperature under a tensile stress of
139,000 p.s.i. :

The test bars of this example had a rupture life in
excess of 51 hours under a load of 22,500 p.si. at a
temperature of about 1700° F. in air, and a rupture life
in excess of 137 hours under a load of 17,000 p.si. at-a
temperature of about 1800° F. in air. :

Example 26

A 5 pound alloy melt and test bars of the same di-
mensions as” set forth in Example 1 of a cobalt base
metal alloy composition containing about 20 percent of
chromium, about 7.5 percent of tungsten, about 7.5 per-
cent of tantalum, about 0.1 percent of zirconium, about
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The test bars of this example had an elongation of
1.6 percent at room temperature under a tensile stress

~of 142,000 ps.i. ‘
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The test bars of this example had a rupture life in
excess of 134 hours under a load of 22,500 p.si. at a
temperature of about 1700° F. in air and a rupture life:
in excess of 51 hours under a load of 17,000 p.s.i. at
temperature of about 1800° F. in air. co

Example 27
A 5 pound alloy melt and test bars of the same di-

‘mensions as set forth in Example 1 of a cobalt base

metal alloy composition containing about 20 percent of
chromium, about 10 percent of tungsten, about 10 per-
cent of tantalum, about 0.1 percent of zirconium, about
0.85 percent of carbon, about 0.01 percent of boron, and
the balance essentially cobalt, all percentages by weight,
were prepared in the same manner as set forth in Ex-

‘ample 18.

The test bars of this example had an elongation of
0.8 percent at room temperature under a tensile stress
of 125,100 p.s.i. )

The test bars of this example had a rupture life in
excess of 262 hours under a load of 22,500 ps.i. at a
temperature of about 1700° F. in air, and a rupture life
in excess of 56 hours under a load of 17,000 p.sdi. at a
temperature of about 1800° F. in air.

The oxidation penetration was 0.005 mil per side per

- hour after 100 hours in moving air at 2000° F. and 0.08
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0.85 percent of carbon, about 0.01 percent of boron, and -

the balance essentially cobalt, all percentages by weight,
-were: prepared in the same manner as set forth in Ex-
‘ample 18, oo o

(s

mil per side per hour after 24 hours at 2100° F. in mov-
ing air. o -
Example 28

A 5 pound alloy melt and test bars of the same di-
mensions as set forth in Example 1 of a cobalt base
metal alloy composition containing about 20 percent of
chromium, about 12.5 percent of tungsten, about 12.5
percent of tantalum, about 0.1 percent of zirconium,
about 0.85 percent of carbon, about 0.01 percent. of
boron, and the balance essentially cobalt, all percentages
by weight, were prepared in the same manner as set forth -
in-Example 18.

The test bars of this example had an elongation of
0.8 percent at room temperature under a tensile stress
of 144,800 p.s.i. E .

The test bars of this example had a rupture life ‘in
excess of 129 hours under.a load of 22,500 p.s.i. at a
temperature of about 1700° F. in air and a rupture lifé =
in excess of 84 hours under a load of 17,000 psd. ata
temperature of about 1800° F., in air. ) -

The oxidation penetration was 0.005 mil per ‘side per

ho_ur after 100 hours in moving air at 2000° F. and 0.12 =

mil per side per hour after 24 hours at 2100° F. in mov-

ing air. , ’ S
Example 29

A 5 pound alloy melt and test bars of the same dimen-
sions as set forth in Example 1 of a cobalt base metal
alloy composition containing about 22 percent of chromic'.
um, about 10 percent of tungsten, about 10 percent of -
tantalum, about 0.1 percent of zirconium, about 0.85
percent of carbon, about 0.01 percent of boron, and the
balance essentially cobalt, all percentages by weight, were

.prepared in the same manner as set forth in Example 18.

The test bars of this example had an elongation of
2.5 percent at room temperature under a tensile stress of
135,900 p.s.i. -

The test bars of this example had a rupture life in
excess of 350 hours under a load of 22,500 p.si. at a
temperature of about' 1700° F. in air, and a rupture
life in excess of 92 hours under a load of 17,000: p.s.i.
at a temperature of about 1800° F. in air. - - e

The oxidation penetration was nil after -100 hours at:
2000° F. in moving air and was:0.005.-mil -per. side
per hour after 24 hours at 2100° F, in:-moving aif. -
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Example 30

A 5 pound alloy melt and test bars of the same dimen-
sions as set forth in Example 1 of a cobalt base metal
alloy composition containing about 18 percent of chromi-
um, about 10 percent of tungsten, about 10 percent of
tantalum, about 0.1 percent of zirconium, about. 0.85
percent of carbon, about 0.01 percent of boron, and the
balance essentially cobalt, all percentages by weight,
were prepared in the same manner as set forth in Ex-
ample 18.

The test bars of this example had an elongation of
0.83 percent at room temperature under a tenmsile stress
of 131,200 p.s.i.

The test bars of this example had a rupture life in
excess of 168 hours under a load of 22,500 ps.. at
a temperature of about 1700° T. in air and a rupture
life in excess of 105 hours under a load of 17,000 p.s.i.
at a temperature of about 1800° F. in air.

Example 31

A 5 pound alloy melt and test bars of the same dimen-
sions as set forth in Example 1 of a cobalt base metal
alloy composition containing about 15 percent of chromi-
um, about 10 percent of tungsten, about 10 percent of
tantalum, about 0.1 percent of zirconium, about 0.85 per-
cent of carbon, about 0.01 percent of borom, and the
balance essentially cobalt, all percentages by weight, were
prepared in the same manner as set forth in Example 18.

The test bars of this example had an elongation of
1.7 percent at room temperature under a tensile stress
of 140,000 p.s.i.

The test bars of this example had a rupture life in
excess of 156 hours under a load of 22,500 p.si. at a
temperature of about 1700° F. in air, and a rupture life
in excess of 67 hours under a load of 17,000 p.si. at a
temperature of about 1800° F. in air.

The oxidation penetration was 0.005 mil per side per
hour in moving air after 100 hours at 2000° F. and 0.08
mil per side per hour after 24 hours in moving air at
2100° F.

Example 32

A 5 pound alloy melt and test bars of the same dimen-
sions as set forth in Example 1 of a cobalt base metal
alloy composition containing about 15 percent of chromi-
um, about 10 percent of tungsten, about 10 percent of
tantalum, about 0.1 percent of zircomium, about 0.85
percent of carbon, about 0.01 percent of boron, about 5
percent -of nickel, and the balance essentially cobalt, all
percentages by weight, were prepared in the same manner
as set forth in Example 18.

The test bars of this example had an elongation of
2.5 percent at room -temperature under a tensile stress
of 125,600 p.s.i.

The test bars of this example had a rupture life in
excess of 166 hours under a load of 22,500 p.si. at a
temperature of about 1700° F. in air and a rupture life
in excess of 68 hours under a load of 17,000 p.s.d. at
a temperature of about 1800° F. in air:

Example 33

A 5 pound alloy melt and test bars of the same dimen-
sions as set forth in Example 1 of a cobalt base metal
alloy composition containing about 22 percent of chromi-
um, about 10 percent of tungsten, about 10 percent of
tantalum, about 0.1 percent of zirconium, about 0.83
percent of carbon, about 0.01 percent of boron, about 5
percent of iron, and the balance essentially cobalt, all
percentages by weight, were prepared in the same man-
ner as set forth in Example 18.

The test bars of this example had an elongation of
1.6 percent at room temperature under -a tensile stress
of 137,500 p.s.i. o ) ]

The test bars of this example had a rupture life in
excess of 59 hours under-a load of 17,000 ps.i.-at a
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temperature of about 1800° F. in air and a rupture
life in excess of 49 hours under a load of 8000 p.si. at
a temperature of about 2000° F. in air.

The oxidation penetration was 0.005 mil per side per
hour after 100 hours in moving air at 2000° F. and 0.03
mil per side per hour after 24 hours in moving air at
2100° F.

Example 34

A 5 pound alloy melt and test bars of the same dimen-
sions as set forth in Example 1 of a cobalt base metal
alloy composition containing about 22 percent of chromi-
um, about 10 percent of tungsten, about 10 percent of
tantalum, about 0.1 percent of zirconium, about 0.85
percent of carbon, about 0.01 percent of boron, about
5 percent of mickel, and the balance essentially cobalt,
all percentages by weight, were prepared in the same
manner as set forth in Example 18.

The test bars of this example had an elongation of
3.3 percent at room temperature under a tensile stress
of 134,000 p.s.i.

The test bars of this example had a rupture life in
excess of 56 hours under a load of 17,000 ps.i. at a
temperature of about 1800° F. in air and a rupture life
in excess of 37 hours under a load of 8000 ps.i. at a
temperature of about 2000° F. in air.

The oxidation penctration of the alloy was 0.02 mil
per side per hour after 24 hours in moving air at 2100° F.

Example 35

A 5 pound alloy melt and test bars of the same di-
mensions as set forth in Example 1 of a cobalt base
metal alloy composition containing about 22 percent of
chromium, about 7.5 percent of tungsten, about 7.5 per-
cent of tantalum, about 0.1 percent of zirconium, about
1 percent of carbon, about 0.01 percent of boron, and
the balance essentially cobalt, all percentages by weight,
were- prepared in the same manner as set forth in Ex-
ample 18. - .

The test bars of this example had an elongation of 3.3
percent at room temperature under a temsile stress of
145,800 p.s.i. :

The test bars of this example had a rupture life in
excess of 178 hours under a load of 22,500 p.s.i. at 2

. temperatiire of about 1700° F. in air and a rupture life
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in excess of 57 hours under a load of 17,000 p.s.i at a
temperature of about 1800° F. in air. The oxidation
penetration was 0.005 mil per side per hour after 100
hours in.moving air at 2000° F. and 0.05 mil per side
per hour after 24 hours in moving air at 2100° F.

Example 36

A 5 pound alloy melt and test bars of the same di-
mensions as set forth in Example 1 of a cobalt base metal
alloy composition containing about 22 percent of chro-
mium, about 10 percent of tungsten, about 10 percent of
tantalum, about 0.1 percent of zirconium, about 1.3 per-
cent of carbon, about 0.01 percent of boron, and the
balance essentially cobalt, all percentages by weight,
were prepared in the same manner as set forth in Ex-
ample 18. '

The test bars of this example had an elongation of 1.7
percent at room temperature under ‘a tensile stress of
145,500 p.sd.

The test bars of this example had a rupture life in ex-
cess of 41 hours under a Joad of 17,000 p.si at a tem-
perature of about 1800° F. in air. The oxidation pene-
tration of the alloy was 0.005 mil per side per hour
after 100 hours in moving air at 2000° F. and the same
value after 24 hours in moving air at 2100° F.

Example 37

A 5 pound alloy melt and test bars of the same di-
mensions as set forth in Example 1 of a cobalt base metal

_ alloy composition containing about 22 percent of chro-

75

mium, about 10 percent of tungsten, about 10 percent
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of tantalum, about 0.1 percent of zirconium, about 0.2
percent of borom, about 0.85 percent of carbon, and
the balance essentially cobalt, all percentages by welght,
were prepared in the same manner as set forth in Ex-
ample 18.

The test bars of this example had an elongation of
0.8 percent at room temperature under a tensrle stress
of 135,000 p.s.i.

The test bars of this example had a rupture life in
excess of 50 hours under a load of 17,000 p.si. at a
temperature of about 1800° F. in air.

Example 38

A 5 pound alloy melt and test bars of the same di-
mensions as set forth in Example 1 of a cobalt base
metal alloy composition containing about 22 percent of
chromium, about 12.5 percent of tungsten, about 7.5 per-
cent of tantalum, about 0.1 percent of zirconium, about
0.84 percent of carbon, about 0.01 percent of boron, and
the balance essentially cobalt, all percentages by Welght
were prepared in the same manner as-set forth in Ex-
ample 18.

The test bars of this example had an elongation of 0.8
percent at room temperature under a tensﬂe stress of
144,900 p.s.i.

The ‘test bars of this example had a rupture life in
excess of 85 hours under a load of 17,000 p.si at a
temperature of about 1800° F. in air. The -oxidation
penetration was 0.005 mil per side per hour after 100
hours in moving air at 2000° F. and 0.08 mil per side
per hour after 24 hours in moving air at 2100° F

Example 39

A 5 pound alloy melt and test bars of the same di-
mensions as set forth in Example 1 of ‘a cobalt base
metal alloy composition containing about 22 percent of
chromium, about 7.5 percent of tungsten, about 12.5
percent of tantalum, about 0.1 percent of zirconium,
about 0.86 percent of carbon, about 0.01 percent of
boron, and the balance essentially cobalt, all percentages
by weight, were prepared in the same manner as set
forth in Example 18. ,

The test bars of this example had an-elongation of
1.6 percent at room temperature under a tensile stress
of 149,800 p.s..

The test bars of this example had a rupture life in
excess of 66 hours under a load of 17,000 p.si. at a
temperature of about 180° F. in air. - The oxidation
penetration was nil after 100 hours in moving air at
2000° F. and was 0.15 mil per side per hour after 24
hours in moving air at 2100° F.

Example 40

A5 pound alloy melt and test bars of the same: di-
‘mensions as set forth in Example 1 of a cobalt base
metal alloy composition containing about 22: percent of
chromium, about 8 percent of tungsten, about 8 percent
of tantalum, about 3 percent of columbium, about 0.1
percent of zirconium, about 0.85 percent of carbon, about
0.01 percent of boron, and the balance essentlally cobalt,
all percentages by weight, were prepared in the same
manner as set forth in Example 18.

The test bars of this example had an elongation. of
0.95 percent at room temperature under a temsile stress
of 125,000 p.s.i.

The test bars of this example had a rupture life in
excess of 62 hours under a load of 17,000 p.s.i. at a
temperature of about 1800° F. in air.

Example 41

A 5 pound alloy melt and test bars of the same di-
mensions as set forth in Example 1 of a cobalt base

]
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metal alloy composition containing about 22 percent of -

chromium, about 12.5 percent of tungsten, about 3 per-
cent of tantalum, about 1 percent of columbium, about
0.1 percent of zirconium, about 1 percent of carbon,

15

14
about 0.01 percent of boron, and the balance essentially
cobalt, all percentages by weight, were prepared in the:
same manner as set forth in Example 18.

The test bars of this example had an elongauon of 8.3
percent at room temperature under a tensile stress of
137,000 p.s.i.

The test bars of this example had a rupture hfe in
excess of 22 hours under a load 17,000 psi at a tem-
perature of about 1800° F. in air. The oxidation pene-
tration of the alloy was 0.015 mil per side per hour after
100 hours in moving air at 2000° F. and 0.065 mil per
side per hour after 24 hours in moving air at 2100° F.

Example 42

A 5 pound alloy melt and test bars of the same
dimensions as set forth in Example 1 of a cobalt base
metal alloy composition containing about 22 percent of
chromium, about 12.5 percent of tungsten, about. 3 per-
cent of tantalum, about 1 percent of columbium, about
0.1 percent of zirconium, about 1-percent of carbon,
about 0.01 percent of boron, about 5 percent of nickel,
and the balance essentialy cobalt, all percentages by
‘weight, were prepared in the same manner as set forth
in Example 18.

The test bars of this example had an eloagation of 3.3
percent at room temperature under a tensile stress of
131,900 p.s.i.

The test bars of this example had a rupture life in
excess of 41 hours under a load of 17,000 p.s.i. at a tem-
perature of about 1800° F. in air. " The oxidation pene-
tration of the alloy was nil after 100 hours in moving
air at 2000° F. and was 0.01 mil per side per hour after
24 hours at 2100° F

Example 43

A 5 pound alloy melt and test bars of the same di-
mensions as set forth in Example 1 of a cobalt base
metal alloy composition containing about 22 percent of
chromium, about 8 percent of tungsten, about 8 percent .
of tantalum, about 1’ percent of columbium, about 0.1
percent of zirconium, about 0.85 percent: of carbon,
about 0.01 percent of boron, and the balance essentially
cobalt, all percentages by weight, were prepared in the
same manner as set forth in Example 18.

The test bars of this example had an elongation of 1.6 -
percent at room temperature under a tensile stress. of
132,100 p.s.i.

The test bars ‘of th1s example had a rupture hfe in
excess of 277 hours under a load of 22,500 p.si..at a
temperature of about 1700° F. in air, a rupture life in
excess of 128 hours under a load of 17,000 p.si.-at a
vtemp'erature of about. 1800° F. in air, and a rupture life
in excess of 28 hours under a load’ of 8000 ps1 -ata
temperature of about 2000° F. in air.

The oxidation penetratlon was 0.005 mil per side per
hour after 100 hours in moving air at 2000° F.and 0.09
mil per side per hour after 24 hours at 2100° F. in mov-
ing air.

Example 44

A 5 pound alloy melt and test bars of the same ‘di-
mensions as set forth in Example 1 of a cobalt base metal
alloy composition containing about 22 percent of chromi-
um, about & percent of tungsten, about 8 percent of-
tantalum, abount 1 percent of columbium, about 0.1 per-
cent of zirconium, about 0.74 percent of carbon, about
0.01 percent of boron and the balance essentlally cobalt,
all percentages by Welght were prepared in the same
manner as set forth in Example 18.

The test bars of this example had an elongatmn of
0.8 percent at room temperature under a tensile stress'
of 103,800 p.s.i.

The test bars of this example had a rupture life in
excess of 84 hours under a load of 17,600 pSl at a
temperature of about 1800° F.in air. - - E

The oxidation penetration was '0.015 mil per sxde per :
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hour after 100 hours in moving air at 2000° F. and 0.02
mil per side per hour after 24 hours in moving air at
2100° F.

Example 45

A 5 pound alloy melt and test bars of the same di-
mensions as set forth in Example 1 of a cobalt base metal
alloy composition containing about 22 percent of chro-
mium, about 8 percent of tungsten, about 8 percent of
tantalum, about 1 percent of columbium, about 0.1 per-
cent of zirconium, about 0.85 percent of carbon, about
0.01 percent of boron, about 2.5 percent of iron, and the
balance essentially cobalt, all percentages by weight,
were prepared in the same manner as set forth in Ex-
ample 18.

The test bars of this example had an elongation of
0.8 percent at room temperature under a tensile stress of
140,600 p.s.i.

The test bars of this example had a rupture life in ex-
cess of 84 hours under a load of 17,000 p.s.i. at a tem-
perature of about 1800° F. in air and a rupture life in
excess of 31 hours under a load of 8000 p.s.i. at a tem-
perature of about 2000° F. in air.

The oxidation penetration was 0.01 mil per side per
hour after 100 hours at 2000° F. in moving air and 0.085
mil per side per hour after 24 hours in moving air at
2100° F.

Example 46

A 5 pound alloy melt and test bars of the same di-
mensions as set forth in Example 1 of a cobalt base
metal alloy composition containing about 22 percent of
chromium, about § percent of tungsten, about 8 percent
of tantalum, about 1 percent of columbium, about 0.1
percent of zirconium, about 0.85 percent of carbon, about
0.01 percent of boron, about 5 percent of iron, and the
balance essentially cobalt, all percentages by weight,
were prepared in the same manner as set forth in Ex-
ample 18.

The test bars of this example had an elongation of 0.8
percent at room temperature under a tensile stress of
127,600 p.s.i.

The test bars of this example had a rupture life in
excess of 33 hours under a load of 17,000 psi. at a
temperature of about 1800° F. in air and a rupture life

in excess of 19 hours under a load of 8000 ps.i. at a ;

temperature of about 2000° F. in air.

The oxidation penetration after 100 hours in moving
air at 2000° F. was nil and was 0.10 mil per side per hour
after 24 hours in moving air at 2100° F.

Example 47

A 5 pound alloy melt and test bars of the same dimen-
sions as set forth in Example 1 of a cobalt base metal
alloy composition containing about 25 percent of chromi-

um, about 10 percent of tungsten, about 5 percent of impurities and minor alloying constituents which do not

tantalum, about 2 percent of columbium, about 0.1 per-
cent of zirconium, about 0.85 percent of carbon, about
0.01 percent of boron, and the balance essentially cobalt,
all percentages by weight, were prepared in the same
manner as set forth in Example 18.

The test bars of this example had an elongation of 1.6
percent at room temperature under a tensile stress of
132,800 p.s..

The test bars of this example had a rupture life in
excess of 41 hours under a load of 17,000 ps.i. at a
temperature of about 1800° F. in air and a rupture life
in excess of 38 hours under a load of 8000 ps.. at a
temperature of about 2000° F. in air.

The oxidation penetration was 0.01 mil per side per
hour after 100 hours in moving air at 2000° F. and 0.08
mil per side per hour after 24 hours in moving air at
2100° F.

Example 48

A 5 pound alloy melt and test bars of the same
dimensions as set forth in Example 1 of a cobalt base
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metal alloy composition containing about 25 percent of
chromium, about 10 percent of tungsten, about 5 percent
of tantalum, about 2 percent of columbium, about 0.85
percent of carbon, about 0.1 percent of zirconium, about
0.01 percent of boron, about 5 percent of irom, and the
balance essentially cobalt, all percentages by weight, were
prepared in the same manner as set forth in Example 18.

The test bars of this example had an elongation of
1.6 percent at room temperature under a tensile stress
of 139,400 p.s.i.

The test bars of this example had a rupture life in
excess of 53 hours under a load of 17,000 psd. at a
temperature of about 1800° F. in air and a rupture life
in excess of 21 hours under a load of 8000 p.s.i. at a tem-
perature of about 2000° F. in air.

The oxidation penetration was 0.017 mil per side per
hour after 100 hours in moving air at 2000° F. and 0.07
mil per side per hour after 24 hours in moving air at
2100° F.

The above detailed description has been given for
clearness of understanding only. No unnecessary lim-
itations should be understood therefrom, as modifications
will be obvious to those skilled in the art.

I claim:

1. A metal alloy composed of, by weight, from about
15 to about 30 percent of chromium, from about 5 to
about 15 percent of tungsten, from about 0.5 to about
20 percent of tantalum, from about 0.01 to about 3 per-
cent of zirconium, from about 0.1 to about 1.3 percent
of carbon, and the balance cobalt except for impurities
and minor alloying constituents which do not substantial-
ly affect the properties of the basic alloy.

2. A metal alloy composed of, by weight, from about
16 to about 25 percent of chromium, from about 7.5
to about 12.5 percent of tungsten, from about 7 to about
11 percent of tantalum, from about 0.08 to about 0.5
percent of zircomium, from about 0.6 to about 1 per-
cent of carbon, and the balance cobalt except for im-
purities and minor alloying constituents which do not
substantially affect the properties of the basic alloy.

3. A metal alloy composed of, by weight, from about
19 to about 23 percent of chromium, from about 7.5
to about 12.5 percent of tungsten, from about 8 to about
10 percent of tantalum, from about 0.1 to about 0.3
percent of zircomium, from about 0.7 to about 1.0 per-
cent of carbon, and the balance cobalt except for im-
purities- and minor alloying constituents which do not
substantially affect the properties of the basic alloy.

4, A metal alloy composed of, by weight, from about
16 to about 25 percent of chromium, from about 7.5
to about 12.5 percent of tungsten, from about 7 to about
11 percent of tantalum, from about 0.08 to about 0.5
percent of zirconium, from about 0.1 to about 0.5 per-
cent of carbon, and the balance cobalt except for

substantially affect the properties of the basic alloy.

5. A metal alloy composed of, by weight, from about
16 to about 25 percent of chromium, from about 7.5
to about 12.5 percent of tungsten, from about 7 to about
11 percent of tantalum, from about 0.08 to about 0.5
percent of zirconium, from about 0.6 to about 1 per-
cent of carbom, up to about 0.5 percent titanium but
not more than 70 percent of the amount of zirconjum,
up to about 3 percent of columbium, up to about 1.5
percent of silicon, up to about 5 percent of iron, up
to about 5 percent of nickel, up to about 0.2 percent
of boron, up to about 3.5 percent of molybdenum, and
the balance cobalt except for impurities which do not
substantially affect the properties of the basic alloy.

6. A metal alloy composed of, by weight, from about
19 to about 23 percent of chromium, from about 7.5 to
about 12.5 percent of tungsten, from about 8 to about
10 percent of tantalum, from about 0.1 to about 0.3
percent of zirconium, from about 0.7 to about 1.0 per-
cent of carbon, up to about 0.5 percent titanium but
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not more than 70 percent of the amount of zirconium,
up to about 3 percent of columbium, up to about 1.5
percent of silicon, up to about 5 percent of iron, up to
about 5 percent of nickel, up to about 0.2 percent of
boron, up to about 3.5 percent of molybdenum, and the
balance cobalt except for impurities which do not sub-
stantially affect the properties of the basic alloy.

7. A metal alloy composed of, by weight, from about
16 to about 25 percent of chromium, from about 7.5
to about 12.5 percent of tungsten, from about 7 to
about 11 percent of tantalum, from about 0.08 to about
0.5 percent of zircomium, from about 0.1 to about 0.5
percent of carbon, up to about 0.5 percent titanium but
not more than 70 percent of the amount of zirconium,
up to about 3 percent of columbium, up to about 1.5
percent of silicon, up to about 5 percent of iron, up to
about 5 percent of nickel, up to about 0.2 percent of
boron, up to about 3.5 percent of molybdenum, and the

5
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balance cobalt except for impurities which do not sub-
stantially affect the properties of the basic alloy.
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