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This invention relates to the treatment of high cobalt 
alloys to render them resistant to erosion due to oxida 
tion at elevated temperatures. 
Gas turbine blades such as rotor blades and stator vanes 

require the use of metal alloys which are dimensionally 
stable for long periods of time at elevated temperatures. 
Many cobalt alloys have been found to possess satisfac 
tory dimensional stability at normal operating temper 
atures. However, at temperatures as high as 2100° F., 
many of the conventional cobalt alloys show a tendency 
toward excessive oxidation and erosion of the oxidation 
product. 

It has been proposed heretofore to coat various high 
temperature alloys with chromium or aluminum in order 
to increase their oxidation resistance. However, cobalt 
alloys coated by conventional means still show a signif 
icant decrease in weight i.e., erosion due to oxidation, 
when held at 2100° F., for 50 to 100 hours. It has now 
been found that superior oxidation resistance can be 
achieved if high cobalt alloys are diffusion coated with 
a mixture of chromium and an aluminum-magnesium 
alloy containing about 15% magnesium. The thickness of 
the diffusion coating is not very great, being on the order 
of from about 0.001" to 0.005”. Such coated high cobalt 
alloys are resistant to erosion due to oxidation for period 
of 100 hours or more at 2100° F. 

The pack diffusion method of applying the diffusion 
coating is employed in this invention. Generally, in the 
process of this invention, the shaped alloy to be coated is 
embedded in a retort or other suitable container contain~ 
ing a predetermined mixture of granular chromium metal, 
granular aluminum-magnesium alloy, a chromium halide, 
preferably chromic chloride, and an iodine source such as 
elemental iodine or ammonium iodide. The retort or other 
container is treated to remove air, sealed and sintered in 
a hydrogen or other inert gas atmosphere for the time and 
temperature, generally above 1800° F., su?icient to ob 
tain the desired coating thickness and degree of diffusion. 
' Cobalt alloys to be treated in accordance with this in 
vention generally contain at least about 35% of cobalt. 
Preferably the alloy contains at least about 50% cobalt 
and about 15% to 27% by weight of chromium. Excellent 
results are obtained when such cobalt-chromium alloys 
also contain from 0% to 12% of nickel, from 5% to 12% 
of tungsten, from 0% to 1% of titanium, from 0.4% to 
1.2% of carbon, and from 0.05% to 2.5% of zirconium. 
In some instances, the presence of other trace materials is 
desirable including up to 10 tantalum, up to 3 columbium, 
up to 0.01% boron, up to 1.5% iron, up to 0.2% man 
ganese, and up to 0.2% silicon. Traces of such impurities 
as sulfur, phosphorus and copper and the like in amounts 
which do notvdetract from the thermal resistance of the 
basic cobalt alloy can also be present. 
A preferred alloy for, treatment in accordance with 

this invention is a commercial alloy known as SM 302 
which has the following nominal chemical analysis: 

Percent by Weight 
Chromium ____________ ___‘ __________________ __ 21.5 

Tungsten ___________________________ _; ____ __ 10.0 

Tantalum _________________________________ __ 9.0 
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2 
Percent by weight 

Zirconium ___ ____ __ ___ 0.25 

Iron _____________________________________ __ 1.0 

Nickel ______________________________ __max__ 1.5 

Boron ___ _ 0.01 

Carbon __________________________________ __ 0.86 

Cobalt, remainder. 
Alloy WI 52 is a cobalt base alloy having relatively 

large amounts of chromium and tungsten in its composi 
tion which is speci?ed as follows: 

Percent by weight 
Carbon ____________________________ __ 0.40~0.50 

Manganese ___________________ __max__ 0.50 

Phosporus ____________________ __max__ 0.040 

Sulfur ________________________ __max__. 0.040 

Silicon _ ____ max _ 0.50 

Chromium _________________________ __ 22.00~22.00 

Tungsten ___________________________ __ 10.00—12.00 

Columbium tantalum _________________ __ 1.50—2.50 

Iron _______________________________ __ 1.00-2.50 

Nickel _ _ ____ ___ max _ 1.00 

Cobalt, remainder. 
Alloy X 40 is a cobalt base alloy having the following 

speci?cation analysis: 
Carbon ______________________________ __ 0.45-0.55 

Manganese _____________________ __max__ 1.0 
Silicon _________________________ .._max__ 1.0 
Phosphorus ____ max 0.04 

Sulfur _ _ _ _ _ _ _ _ _ _ __ ____ max 0.04 

Chromium ___________________________ __ 24.5—26.5 

Nickel _______________________________ __ 9.5—11.5 

Tungsten _____________________________ __ 7.0—8.0 

Iron ___________________________ __max__ 2.0 

Cobalt, remainder. 

The granular composition making up the pack would 
generally contain from about 0.5% to 2% by weight of 
chromium metal, from 1.5% to 3% by weight of the 
aluminum magnesium alloy containing from 10% to 20% 
magnesium, from 0.005 to 0.008 by weight of a chromic 
halide, preferably chromic chloride and from 0.001%. to 
.005 by weight of either elemental iodine or ammonium 
iodide and from 95% to 98% by weight of an inert car 
rier material. The preferred inert carrier material is acti 
vated alumina, i.e., aluminum oxide, although other ma 
terials such as baked kaolin and magnesium oxide can 
also be employed. 
The preferred composition contains about 1% by 

weight of chromium, about 2% by weight of an aluminum 
magnesium alloy, containing 15% by weight of mag 
nesium, about 0.005% by weight of chromic chloride, 
about 0.001% by weight of either elemental iodine or 
ammonium iodide and about 97% by weight of activated 
aluminum oxide. . 

The granular material should be ?nely divided and will 
be sufficiently ?ne to pass through a 50 mesh sieve and 
preferably through a 75 mesh sieve. 
FIGURE 1 represents a suitable container for use in 

carrying out the method of this invention. This container 
consists of an inner retort 1 having a cover 2 both fabri 
cated of any substance capable of withstanding the tem 
peratures of operation. Deposited Within the container 
is the granulated packing material 3 having been the 
composition described above andem‘bedded within the 
packing material are one or more shaped cobalt alloy 
particles 4 to be coated. A glass ring 5 surroundsthe 
inner retort at its contact point with cover 2. 

In operation, the alloy to be coated is ?rst cleaned 
by sandblasting and is then subsequently heat treated 
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in a hydrogen atmosphere to remove any traces of an ox 
ide layer. The treated alloy is then embedded in the 
powder mixtures within container 1. The container is 
closed and placed in a suitable heating device such as a 
mu?ie furnace equipped with a gas-tight door and con 
taining gas inlet and outlet ports. The heating device is 
purged with an inert gas such as helium or argon to re 
move the air, and thereupon the protective gas to be em 
ployed in the process, either hydrogen or an inert gas 
such as helium or argon is supplied. Hydrogen is pre 
ferred. The temperature within the heating device is 
raised to a temperature of from 300° F. to 500° F., pref 
erably about 400° F. and maintained for a short time 
to remove any moisture contained within the system. 
The temperature is then raised slowly to just below the 
melting point of the glass 5 to allow the system to come 
to equilibrium temperature and to allow any remaining 
air or other gases to leave the retort. The temperature 
is then raised to above the melting point of the glass 
ring 5, thereby causing the glass to melt and form a 
liquid seal isolating completely the contents of the con 
tainer from the outside environment. Thereupon the heat 
ing device is allowed to come to the diffusion tempera 
ture, about 1800° F. to 2200° F. and maintained there for 
the desired time, generally from 8 to 16 hours. The par 
ticular time and temperature employed will, of course, 
vary within the suggested range depending upon the 
exact composition of the alloy and the desired amount 
of coating to be applied. 
The following example represents the preferred mode 

of carrying out the invention. 
Two samples of SM 302 alloy, a high cobalt alloy de 

scribed above, were sand blasted and heated in a hydro 
gen atmosphere at a temperature of 2000-2100“ F. for 
two to four hours to remove any surface oxide coating. 
The alloy articles were then embedded in 2000 grams of 
a granular powder mixture within a retort. This granular 
powder contained 97% by weight of 100 mesh activated 
alumina, 2% by weight of a 100-250 mesh aluminum 
magnesium alloy containing 85% aluminum and 15% 
magnesium, 1% of a 100 mesh chromium metal, 0.005% 
of chromic chloride and 0.001% of elemental iodine. 
The retort employed was that illustrated in FIGURE 1. 

After the retort was closed with the top and the glass 
ring, it was placed in an oven equipped with gas inlet 
and outlet ports and purged with argon to remove the 
air and thereupon hydrogen gas was admitted and the 
furnace was held at a temperature of 400° F. for 30 
minutes to remove any moisture contained in the mixf 
ture. The temperature of the furnace was then raised at 
the rate of 200° F. per hour to about 1200° F., to allow 
the system to come to equilibrium temperature and to 
allow any remaining air to escape from the retort. T here 
upon the temperature was raised to 1350” F., 50° above 
the melting point of the glass and maintained for 30 
minutes while the glass melted and formed a liquid seal. 
Thereupon the temperature was raised to 2050“ F. and 
maintained for 16 hours. At the conclusion of this period, 
the furnace was allowed to cool, the glass seal was 
broken and the diffusion coated alloy removed. Upon 
testing, none of the samples showed any weight loss after 
being heated for 100 hours at 2100° F., indicating that 
the coating method of this invention is well suited for 
use in protecting gas turbine blades from erosion due 
to oxidation. One of the samples showed a negligible 
weight increase at the end of 100 hours of about 0.4%, 
while the other sample showed an equally negligible 
weight increase of about 1.6%. This contrasts with an 
uncoated alloy which would show a weight loss of 12% 
or more when heated for even as much as 60 or 70 
hours at 2100° F. v , 

Similar results are obtained when other high cobalt 
alloys are employed. 
We claim: _ 

1. The method of forming a protective coating on a 
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oobalt alloy containing at least about 35% of cobalt, 
which renders the alloy resistant to oxidation at elevated 
temperatures, comprising embedding the alloy to be 
coated in a granular mixture of from 0.5% to 2% by 
weight of chromium metal, from 1.5% to 3% by weight 
of an aluminum-magnesium alloy containing from 10% 
to 20% magnesium, from 0.005% to 0.008% by weight 
of chromic chloride and from 0.001% to 0.005% ‘by 
weight of a substance selected from the group consist 
ing of elemental iodine and ammonium iodide, and from 
95 % to 98% by weight of an inert carrier material, and 
heating the embedded alloy, in a protective atmosphere, 
at a temperature, at least about 1800° F., and a time 
su?icient to obtain the desired coating thickness. 

2. The method of claim 1 wherein the inert carrier 
material is activated aluminum oxide. 

3. The method of claim 2 wherein the granular mix 
ture is of a particle size small enough to pass through a 
50 mesh sieve. 

4. The method of claim 3 wherein the cobalt alloy 
contains from 15 % to 27% by weight of chromium, from 
5% to 12% of tungsten, from 0.4% to 1.2% of carbon, 
from 0.05% to 2.5% of zirconium, up to 12% nickel 
and up to 1% titanium. 

5. The method of claim 4 wherein the protective at 
mosphere is a hydrogen atmosphere. 

6. The method of claim 3 wherein the protective at 
mosphere is a hydrogen atmosphere. 

7. The method of claim 3 wherein the cobalt alloy is 
embedded in the granular mixture within a container, 
and the temperature is slowly elevated to permit the 
escape of extraneous gases and then the melting of a 
glass ring to form a liquid glass seal closing the container 
to the passage of gases. , 

8. The method of forming 1a protective coating on a 
cobalt alloy containing at least about 50% by weight of 
cobalt and from about 15% to 27% by weight of chrom 
ium, thereby rendering the alloy more resistant to oxida 
tion at elevated temperatures, comprising embedding the 
alloy to be coated on a finely divided granular mixture 
containing about 1% by weight of chromium, about 2% 
by weight of an aluminum-magnesium alloy containing 
15 % by weight of magnesium, about 0.005 % by weight 
of chromic chloride, about 0.001% by weight of a sub 
stance selected from the group consisting of elemental 
iodine and ammonium iodide and about 97% by weight 
of activated aluminum oxide, and heating the embedded 
alloy, in a hydrogen atmosphere, at a temperature, at 
least about 1800° F., at a time, sut?cient to obtain the 
desired coating thickness. 

9. The method of claim 8 wherein the cobalt alloy is 
embedded in the granular mixture within a container 
and the temperature is slowly elevated to permit the 
escape of extraneous gases and then the melting of a 
glass ring to form a liquid glass seal closing the con 
tainer to the passage of gases. 

10. The method of claim 9 wherein the cobalt alloy 
contains from 15 % to 27% by weight of chromium, from 
5% to 12% of tungsten, from 0.4% to 1.2% of carbon, 
from 0.05% to 2.5% of zirconium, up to 12% nickel 
and up to 1% titanium. _ 

11. The method of claim 9 wherein the cobalt alloy 
has the following approximate chemical composition 

Percent 
Chromium -_ _______________________________ __ 21.5 

Tungsten _________________________________ __ 10 

Zirconium ________________________________ __ .25 

Tantalum ________________________________ __ 9 

Iron _____________________________________ __ 1 

Nickel ___________________________ __up to __ 1.5 

Boron ____________________________________ __ 0.01 

Carbon __________________________________ __ 0.9 

Cobalt, remainder. 
(References on following page) 
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