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ABSTRACT OF THE DISCLOSURE 

A coating composition consisting of iron, chromium, 
aluminum and yttrium is provided to impart superior high 
temperature oxidation, sul?dation, erosion and thermal 
Sl'l10Ck resistance to the nickel-base and cobalt-base super 
a loys. 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is related to the copending applica 
tion entitled Method for Coating the Superalloys, Ser. 
No. 731,649, by R. C. Elam, J. O‘. Petrusha and F. P. 
Talboom, Jr. 

BACKGROUND OF THE INVENTION 

The present invention relates to coated articles and 
coating compositions therefor and, more particularly, to 
a coating composition of iron, chromium, aluminum and 
yttrium having particular utility in imparting high tem 
perature oxidation resistance to the nickel-base and co 
balt-base superalloys. 
As described in the patent to Hoyt et al. 1,995,923, 

alloys in the iron-chromium-aluminum system have been 
available for a number of years, particularly for use 
in high-temperature heating elements. More recently, it 
has been found that addition of small amounts of yttrium, 
together with the aluminum, will provide superior oxida 
tion resistance, improved workability and better oxide 
?lms to the iron-chromium alloys. In the patent to 
McGurty et al. 3,027,252, for example, there is described 
an alloy consisting of, by weight, 20-95 percent chro 
mium, 0.5-4 percent aluminum, ‘0.5—3 percent yttrium, 
balance iron. The patent to Wukusick, 3,298,826, dis 
closes a somewhat similar alloy consisting of, by weight, 
O—l5 percent chromium, 05-12 percent aluminum, 0.1-3 
percent yttrium, balance iron. 

Basically, the prior art has been concerned with pro 
viding a good high temperature alloy with not only good 
oxidation resistance but also good structural strength and 
workability, and the chemistry of the various related al 
loys was formulated on this basis. The criteria for a coat 
ing composition, however, are apt to be different from 
those applicable to structural alloys. This has been borne 
out by tests establishing that the prior art formulations are 
unsatisfactory in providing long term surface protection 
to the nickel-base and cobalt-base superalloys when used 
as coatings therefor at the temperatures of interest in the 
current gas turbine engines. 

SUMMARY OF THE INVENTION 

Brie?y stated, the present invention contemplates a 
coating composition comprising, by weight, about 20-50 
percent chromium, 10-20 percent aluminum, 0.03-2 per 
cent selected from the group consisting of yttrium and the 
rare earth elements, balance iron, and articles coated 
with this composition. 

In its most preferred embodiment, the coating of this 
invention is formulated to a composition comprising, by 
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weight, 25—29 percent chromium, 12-14 percent alumi 
num, 0.6—0.9 percent yttrium, balance iron, as applied 
to the nickel-base and cobalt-base superalloys. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

While the preferred coating is applicable to the nickel 
base and cobalt-base alloys generally, it was formulated 
to the composition having particularly efficacious results 
with the nickel-base and cobalt-base superalloys. The 
superalloys will be understood to be those strong, high 
temperature materials which ?nd particular utility in the 
very demanding environments such as gas turbine engines. 
Representative of these superalloys are those identi?ed 
in the industry as follows: 

Alloy: Composition (percent by weight) 
IN 100 _____ __ 10 Cr, 15 Co, 4.5 Ti, 5.5 A1, 3 

Mo, .17 C, .75 V, .075 Zr, .015 
B, balance Ni. 

MAR-M200 ___ 9' Cr, 10 Co, 2 Ti, 5 A1, 12.5 W, 
.15 C, 1 Nb, .05 Zr, .015 B, 
balance Ni. 

WI 52 ______ __ 21 Cr, 1.75 Fe, 11W, 2(Nb+Ta), 
’ .45 ‘C, balance Co. 

MAR-M302 ..__ 21.5 Cr, 1 Fe, 10 W, 9Ta, .85 C, 
.25 Zr, balance Co. 

The characteristic of the typical superalloy is its basis 
as a nickel-chromium or cobalt-chromium solid solution 
with the additions usually aluminium, titanium and/or 
refractory metals for solution strengthening, and carbon, 
boron and zirconium to promote creep-rupture ductility. 
Taken as a class, the superalloys exhibit relatively good 
oxidation resistance at the temperatures associated with 
the hot section of a jet engine. However, since a compro 
mise has normally been made in the alloy composition to 
achieve the best balance between strength and oxidation 
resistance as well as other factors, it is the usual prac 
tice to coat certain of the components formed from these 
superalloys to improve their oxidation, sul?dation, ero 
sion and thermal shock resistance, and thus to extend 
their operating lives. 
The vFe-CnAl-Y alloys, as formulated to the prior art 

chemistry, when applied as a coating to superalloy tur 
bine components, have proved unsatisfactory. While the 
short term performance of the coating is good, there is 
a progressive deterioration thereof with time at elevated 
temperature. 

It has now been discovered that an alloy of the com 
position, by weight, 20-50 percent chromium, 10-20 per 
cent aluminum, 0.03-2 percent yttrium or a rare earth, 
such as lanthanum or scandium, balance essentially iron, 
will not only maintain the short term oxidation resistance 
but will provide long duration protection as well to those 
engine components to which it is applied. Studies revealed 
that the conventional alloys when utilized as coatings, 
rapidly diffused into the base metal depleting the aluminum 
level in the coating to a point Whereat the protective oxide 
layer could not be reestablished as the oxide was eroded 
away in the high velocity gas ?ow. Usually no stable oxide 
is formed at coating compositions below about 3-8 weight 
percent aluminum. Only when the aluminum content of 
the coating was raised to a minimum of about 10 percent 
was satisfactory long term coating performance attained. 
Coincidently, improved coating performance was at 
tained with relatively high chromium contents. In general, 
the minimum quantities of the elements chromium, alum 
inum, and yttrium or rare earth are necessary to establish 
the desired oxidation resistance in the coating while the 
maximum quantities are an incident of the physical prop 
erties such as strength, melting point and oxide adherence. 
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The yttrium rare earth addition appears to lend stability 
to the protective oxide. As the best balance between com 
ponents in the coating composition, the formulation, 25 
29 weight percent chromium, 12-14 weight percent alu 
minum, 0.6-0.9 percent yttrium, balance iron, is pre 
ferred. 

In coating the nickel~base and cobalt-base turbine blades 
and vanes, the surfaces to be coated are ?rst thoroughly 
cleaned free of all dirt, grease and other objectionable 
foreign matter followed by conditioning by means of 
abrasive blasting. The coating is achieved by vapor deposi 
tion from a molten pool of the coating material held in a 
vacuum chamber at 10—4 torr or better. The melt chem 
istry in the preferred process is of the following compo 
sition: 
Carbon ________________________ __max__ .02 

Chromium ___________________________ __ 26-28 

Aluminum ____________________________ __ 12.5-13.5 

Yttrium _____________________________ __ 0.65-0.75 

Phosphorus _____________________ __max__ .01 
Sulfur _________________________ __max__ .01 

Oxygen ________________________ __max__ .01 
Nitrogen _______________________ __max__ .005 
Hydrogen ______________________ __max__ .005 
Other elements, total ______________ __max__ 0.5 
Iron _______________________________ __ Remainder 

Parts are preheated to 1750° F.:50° for 5-6 minutes 
before deposition is initiated and this temperature is main 
tained throughout the coating operation. Deposition time 
varies somewhat but is controlled to obtain the preferred 
coating thickness of .003-.005 inch. Subsequent cooling to 
below 1000° F. is accomplished in a non-oxidizing atmos 
phere at a rate equivalent to air cooling. Following the 
coating step, the parts are heat treated for 4 hours at 
1900° F.i25° in vacuum. 
The articles are then dry glass bead peened using .007 

011 inch diameter beads with an intensity equivalent to 
15 N. Further details relative to the signi?cance of this 
working process are set forth in the copending applica 
tion entitled “Method for Coating the Superalloys,” Ser. 
No. 731,649, previously mentioned. In general, the peen 
ing is conducted in accordance with the previsions of the 
processing speci?cation AMS 2430. The parts are then 
heated to 1975 ° F.i25° in dry argon, dry hydrogen or 
vacuum; held at heat for 4 hours; and cooled in the pro 
tective atmosphere at a rate equivalent to air cooling. 
The blades and vanes so processed exhibit a coating 
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thickness, excluding diffused zone, of .O03-.005 inch. The 
diffused zone for the nickel alloys is .001-.002 inch and 
for the cobalt alloys .0005-.0015 inch. 

While the present invention has been described in con 
nection with certain preferred embodiments, these will be 
understood to be illustrative only. Those modi?cations to 
the invention evident to those skilled in the art from the 
teachings herein will, in the true spirit of the invention, be 
embraced wthin the scope of the appended claims. 
What is claimed is: 
1. A composite comprising: 
a substrate formed from a nickel-base or cobalt-base 

superalloy; and 
a coating thereon which consists essentially of, by 

‘weight, 20-50 percent chromium, 10-20 percent 
aluminum, 0.02-2 percent selected from the group 
consisting of yttrium and the rare earth elements, 
balance iron. 

2. A composite comprising: 
a substance formed from a nickel-base or cobalt-base 

superalloy; and 
a coating thereon which consists essentially of, by 

weight, 20-50 percent chromium, 10-20 percent 
aluminum, 0.03-2 percent yttrium, balance iron. 

3. A composite for gas turbine engine use comprising: 
a substrate formed from a nickel-base or cobalt-base 

superalloy; and 
a coating thereon which consists essentially of, by 

weight, 25-29 percent chromium, 12-14 percent 
aluminum, 0.6-0.9 percent yttrium, balance iron. 

4. A composite according to claim 3 wherein: 
the coating thickness is 0003-0005 inch. 
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