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[57] ABSTRACT

A high temperature oxidation and corrosion resistant



Re. 30,995
Page 2

" =

coated nickel-base superalloy article comprising (a) a
nickel-base superalloy article, and [(b) a first} adjacent
thereto (b) a CoCrAl(Y) coating having a substantially
uniform composition [consisting essentially ] composed
of, on a weight basis, approximately 26-32% chromium,
3-9% aluminum, 0-1% yttrium, the rare earth elements,
platinum or rhodium, and the balance [nickel] cobalt

e S i il

and impurities ordinarily associated with the aforemen-
tioned constituents.

2 Claims, 2 Drawing Figures
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1

HIGH INTEGRITY COCRAL(Y) COATED
NICKEL-BASE SUPERALLOYS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue,

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a high temperature oxidation
and corrosion resistant coated nickel-base superalloy
article comprising (a) a nickel-base superalloy article,
and [(b) a first] adjacent thereto (b) a CoCrAl(Y) coat-
ing having a substantially uniform composition [consist-
ing essentially} composed of, on a weight basis, approxi-
mately 26-32% chromium, 3-9% aluminum, 0-1%
yttrium, the rare earth elements, platinum or rhodium,
and the balance [nickel} cobalt and impurities ordinar-
ily associated with the aforementioned constituents. An
aluminide overcoating can be applied to the CoCrAl(Y)
coated superalloys and constitute another embodiment
of my invention.

2. Description of the Prior Art

Evans et al. in U.S. Pat. No. 3,676,085 describe
coated nickel-base superalloys wherein the coating
composition consists essentially of, on a weight basis,
15-40% chromium, 10-25% aluminum, 0.01-3% yt-
trium or the rare earth elements and the balance cobalt.
Evans et al, [teache] reach that when the aluminum
content of the CoCrAl(Y) coating is below about 10%
there is insufficient aluminum present in the coating
system to provide the desired long term durability in the
coating.

Unexpectedly, I have found that nickel-base superal-

loys when coated with CoCrAl(Y) coatings having an

aluminum content of less than 10% have outstanding
physical and chemical properties, i.e. signtficant oxida-
tion and corrosion resistance and high coating-substrate
interface integrity. These outstanding properties are not
associated with nickel-base superalloys when coated
with the coating systems described by Evans et al. refer-
enced above.

DESCRIPTION OF THE INVENTION

This invention embodies a high temperature oxida-
tion and corrosion resistant coated nickel-base superal-
loy article comprising (a) a nickel-base superalloy arti-
cle of manufacture, and [[(b) a first] adjacent thereto (b)
a CoCrAl(Y) coating having a substantially uniform
composition [ consisting essentially ] composed of, on a
weight basis, approximately 26-32% chromium, 3-9%

aluminum, and 0-1% yttrium, the rare earth elements,.

platinum or rhodium, and the balance [nickel] cobalr
and impurities ordinarily associated with the aforemen-
tioned constituents.

My invention is more clearly understood from the
following description taken in conjunction with the
accompanying drawings, where:
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FIG. 1 is a photomicrograph (500X) of a CoCrAl(Y)
coated nickel-base IN-738 superalloy having a coating
composition of Evans et al. U.S. Pat. No. 3,676,085, t.e.
Co-22Cr-13Al-1Y. This figure illustrates the low integ-
rity of a CoCrAl(Y) coated nickel-base superalloy of
the prior art, i.e. a coating which has a significant and a
substantial tendency to separate from a superalloy sub-
strate thereby failing to give the oxidation and corro-
sion resistant coating integrity desired for nickel-base
superalloys.

FIG. 2 is a photomicrograph (500X) of a CoCrAl(Y)
coated nickel-base IN-738 superalloy having a coating
composition of my invention, 1.e. Co-29Cr-6Al-1Y.

This figure illustrates the high integrity of a Co-
CrAXKY) coated nickel-base superalloy of my invention,
i.e. a coating of substantially uniform composition which
does not have a significant or substantial tendency to
separate from a superalloy substrate thereby giving the
oxidation and corrosion resistance coating integrity
desired for nickel-base superalloys. The coated nickel-
base superalloys of my invention have a thermal expan-
sion coefficient value a as measured in inches J0—° per
inch per °F. (in./in./°F.) over a temperature range of (1)
100°-1200° F. of 8.45 to 9.05 in./in./°F. and (1) 100° to
1740° F. of 9.45 to [10.5]3 70.05 in./in./°F.

A presently preferred nickel-base superalloy em-
ployed in my invention “IN-738” is of the following
general composition:

Ingredient IN-738
C 0.17
Mn 0.10
Si 0.30
Cr 16.0
NI Bal.
Co 8.5
Mo 1.75
W 2.6
Chb 0.9
Ti 3.4
Al 34
B 0.01
Zr 0.10
Fe (.50
Other .75 Ta

This superalloy has a thermal expansion coefficient
value a measured in 70—%in./in./°F. over the tempera-
ture ranges set out above of 8.7+0.1 and 9.7X£0.1, re-
spectively.

A presently preferred CoCrAl(Y) coating employed
in my invention “GT-29" is of the following general
composition: Co-29Cr-6Al-1Y. This coating has a ther-
mal expansion coefficient a measured in /0—% in.-
/in./°F. over the temperature ranges set out above of
8.8+0.1 and 9.920.1, respectively.

As is established hereinbelow, a successful substrate/-
coating combination within the teachings of this invention
employs IN-738 as the nickel-base superalloy and Co-
29Cr-6A41-1Y as the coating composition. The approximate
percent difference in coefficients of thermal expansion
successfully tolerated in the tests described are caiculated

from the data set forth above as follows:

TEC* MAX. TEC %
IN-738 Co-29Cr-6A1-1Y DIFFERENCE DIFFERENCE
8.7 + 0.1 3.8 + 0.1 3.9 — 8.6 = 0.3 03 . 100 — 349

8.6
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-continued
TECH MAX. TEC o
IN-7 3K Co-29Cr-6Al-1Y DIFFERENCE DIFFERENCE
9.7 + 0.1 9.9 + 0.1 10.0 - 9.6 = 0.4 g.i 100 = 417

*Thermal Expansion Coefficient 10 % in/in/°F.

Thus, in sum, this set of calculations shows that the combi-
nation of these materials had a maximum TEC difference
of about 4 percent.

The nickel-base superalloys and CoCrAl(Y) alloys
employed in my invention can be prepared by any
method well-known to those skilled.

The CoCrAl(Y) coatings can be applied to the nickel-
base superalloys by means, such as physical or chemical
vapor deposition, or any other means well-known to
those skilled in the art for the application of CoCrAl(Y)
coatings to superalloys. Among the coating techniques
that can be used are those described in

Flame Spray Handbook, Volume III, by H. S. Ing-
ham and A. P. Shepard, published by Metco, Inc.,
Westbury, Long Island, New York (1965),

Vapor Deposition, edited by C. F. Powell, J. H.
Oxley and J. M. Blocher, Jr., published by John
Wiley & Sons, Inc., New York (1966), etc.

In general, the CoCrAI(Y) coated nickel-base super-
alloys can have any coating thickness sufficient to give
a desired oxidation and corrosion resistance. Generally
economic and effective coating thicknesses are 1-20
mils for most commercial applications. In preferred
embodiments, where electron-beam techniques are em-
ployed the coating thicknesses range from 1-5 mils and
where plasma flame spray techniques are employed the
coating thicknesses range from 3-10 mils. In another
preferred embodiment where an aluminide overcoating
is employed, the aluminide overcoating—including any
duplex heat treatment where the aluminide overcoating
is heated for periods of time from 30 or 60 to 120 min-
utes at elevated temperatures of 8530° to 1200° F. in arr,
argon, etc., for the purpose of diffusing aluminum into
the CoCrAI(Y) coating—the [aluminuide]} aluminide
process 1s carried out in a manner which limits the alu-
minum penetration nto the CoCrAl(Y) coating to a
distance no nearer than a 4 mil measured from the inter-
face of the nickel-base superalloy and the CoCrAl(Y)
coating. This aluminide diffusion penetration limitation
is essential to the integrity of the CoCrAI{Y) nickel-base
superalloy interface since as indicated hereinbefore (as
illustrated by FIG. 1) an increase in the aluminum con-
tent of the CoCrAIl(Y) coating to levels of 109 or more
deleterious affects the integrity of the coating composi-
tion.

My invention is further illustrated by the following
examples:

EXAMPLE |

An experimental series was designed to study the
expanston match characteristics of nickel-base superal-
loys and CoCrAl(Y) compositions as well as their oxi-
dative and corrosion resistance.

Test specimen pins of IN-738 were prepared which
had been lightly abraded with a No. 3 alumina powder.
The resulting pins were 4.4 centimeters long and 0.25
cm. in diameter. A series of CoCrAKY) ingots having
the compositions set out hereafter in Table I were elec-
tron-beam deposited on the abraded IN-738 pin sub-
strates al a deposition rate of approximately 0.1 mils per
minute while the pins were rotated at approximately {0
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revolutions per minute. The coatings were deposited at
various pins substrate temperatures, e.g. 1022° F., 1292°
F., 1562° F. and 1832° F. The CoCrAl(Y) coated pins
were thermal cycled during deposition over a tempera-
ture range of from approximately 1832° F. to 70° F.
(room temperature).

[ Mellographic] Metallographic examination via
photomicrographs—illustrated by FIGS. 1 and 2—-
shows that the CoCrAI(Y) compositions of Evans et al.
are not suited to nickel-base superalloys defined herein
since high aluminum CoCrAl{Y) coatings as deposited
on the nickel-base superalloy IN-738 separate from the

substrate during thermal cycling over a temperature
range of from 1832°-70° F.

TABLE 1
Associated
Photo-
Inventors Compositions micrographs

Evans et al., Prior Art Co-18Cr-17A1-1Y

(

Compositions Co-22Cr-13A1-1Y FIG. 1
Co-26Cr-9Al1-1Y —
Rairden's, This Co-29Cr-6Al-1Y F1G. 2

Invention's

Compaositions (R2-7240) Co-30Cr-9A1-1Y

Co-32Cr-3Al-1Y

(

EXAMPLE 11

Another series of CoCrAKY) coated IN-738 pin sam-
ples were prepared as described in Example I above—-
having the coating compositions set out hereafter in
Table II-—were subjected to a burner rig test which
simulated conditions used in a marine gas turbine engine
under highly corrosive conditions. The test was run to
coating faillure using a diesel fuel containing 1% by
weight of sulfur and 467 parts per million sea salt at a
temperature 1600° F. coupled with thermocycling to
room temperature 3 to 5 times per week. The Co-
CrAI(Y) coated IN-738 samples were evaluated and
characterized according to hours to failure, failure
being defined as a condition wherein the resuits of the
burner rig corrosion test conditions set out in Table 11
hercafter:

TABLE I
Inventors Compositions Hours to Failure*
Evans et al. Co-22Cr-13A1-1Y 6035
Rairden’s Co0-32Cr-3Al-1Y 1235
Co-29Cr-6A1-1Y 672
< Co-30Cr-24A1-1Y 24131
Co-26Cr-9Al-1Y 1594
*Fuilure heing defined as the approximate number of hours of test prior fo the

formation of an observahle bulky, green, nickel-heanng oxide which mndicates that
the coating has been penctrated under the burner rig test conditions,

I clatm:

1. A high temperature oxidation and corrosion resis-
tant coated nickel-base superalloy article [having a
thermal cxpansion coefficient value in mmches per inch

per °F. measured over a temperature range of
(1) 100°-1200° F. of from 8.45 to 9.05, and
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(1) 100°-1740° F. of from 9.45 to 10.05:] character-
ized by high coating-substrate interface integrity, said
article comprising:

(a) a nickel-base superalloy, and

(b) a [first] CoCrAl(Y) coating providing the outer
surface of said article, said coating having a substan-
tially uniform composition fconsisting essentially}
composed of, on a weight basis, approximately
26-32 percent chromium, 3-9 percent aluminum,
and 0-1 percent yttrium, other rare earth elements,
platinum or rhodium, and the balance cobalt and
impurities ordinarily associated with the aforemen-
tioned constituents[.}, said nickel-base superalloy
and said CoCrAIl(Y) coating having substantially
matching thermal expansion coefficient values with
the maximum difference between the thermal expan-
sion coefficient value of said substrate and the thermal
expansion coefficient value of said coating being about
4 percent over a temperature range from 100° F. to
1740° F.

2. A claim 1 article, wherein

[(a) said nickel-base superalloy consists essentially
of, on a weight basis, }

Ingredient IN-738
C 0.17
Mn 0.20
Si 0.30
Cr 16.0
Ni Bal.
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6
-continued
Ingredient IN-718
B
Co 5.5
Mo 1.75
W 2.6
Ch 0.9
Ti 14
Al 3.4
B 0.01
2r 0.1C
Fe 0.50
Other 1.75 Ta

L (b) said first] the coating contains 29% chromium,
6% aluminum, 1% yttrium and the balance cobalt.

[3. A claim 2 article, further comprising

(c) an overcoating of aluminum. ]}

[4. A claim 3 article, wherein

(b) said first coating has a thickness of about 1-20
mils,

(c) satd second coating penetrates the first coating to
a depth no nearer than i mil measured from the
interface of the nickel-base superalloy and first
coating.}

[5. A claim 4 article, wherein

(b) said first coating is deposited by physical vapor
deposition and the coating thickness is about 1-5
mils,

(c) said second coating is deposited by chemical
vapor deposition.}

[6. The claim 4 article, wherein

(b) said first coating is deposited by plasma spraying

and has a coating thickness of 3-10 mils.}
* » W * *



UNTTED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : Re. 30,995
DATED . July 13, 1982

INVENTOR(S) : John R. Rairden, III
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Mn

Si

Cr
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B 0.01
2r 0.10
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